ICAR Research Complex for NEH Region
Umroi Road, Umiam – 793 103, Meghalaya
Telephone: 0364-2570257, Fax: 0364-2570355
Email: svngachan@rediffmail.com
Website: www.icarneh.ernet.in

Annual Report 2013-14

Guidance
Dr S.V. Ngachan
Dr N.S. Azad Thakur
Editorial Board
Dr Satish Chandra
Dr A. Pattanayak
Dr R. Laha
Dr G. Kadirvel
Dr Anup Das
Dr K.P. Mohapatra
Dr T. Ramesh
Dr N.A. Deshmukh
Dr Amrita Banerjee
Dr Avinash Pandey
Miss Nirmali Borthakur

-

Chairman
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member

Published by
Director
ICAR Research Complex for NEH Region
Umiam – 793 103, Meghalaya

Correct citation
Annual Report 2013-14, ICAR Research Complex for NEH Region, Umiam 793 103, Meghalaya

Designed and printed by print21, Ambikagirinagar, R.G.Baruah Road, Guwahati - 781 024

PREFACE
The ICAR Research Complex for NEH Region, a premier institute of ICAR, has been involved
in technology development through basic and applied research in hill agriculture since 1975. The
institute has also been providing technological support to the farmers in the north eastern hill
region of India. Food and nutritional security in terms of availability, accessibility and absorption
through different agricultural technologies are the major focus of the institute. The food production
including meat in the region needs to be doubled to meet the demand by 2050. Rice and maize are
the main food crops throughout the region. At the national level annual growth rate of rice and
maize is about 1 % and 1.6 %, respectively, whereas in the north eastern region these are 1.4 % and
1.2%, respectively. The horticulture, animal husbandry and fishery sector showed encouraging
growth. The region has to go a long way to achieve self-sufficiency in food production by increasing
the production and productivity.
The institute has developed 11 technologies including new line of drought tolerant rice
during the reporting period in agriculture and allied sectors. Significant progress was made in
development of location specific improved varieties of crops and animals, horticulture, soil and
water conservation, agricultural engineering, livestock and poultry, integrated farming system model,
secondary agriculture, training and capacity building. Considering the current need of the region,
the institute has taken up three flagship prorgramme viz., improvement of jhum cultivation, temperate
horticulture and trans-boundary diseases in the 12th five year plan. The scientists of the institute
have developed competence in rapid molecular disease diagnostics for plant and animal diseases,
rapid soil health testing kit and low-cost climate resilient pig housing model and innovative value
added pig bristle products. Changes in the temperature and rainfall pattern are major concerns for
the ecologically vulnerable NE hill region. To keep pace with such changes, the institute has
already started research towards development of climate resilient technologies. The scientists have
been engaged in identifying and developing suitable land use and cropping systems to mitigate the
global warming through increased soil carbon sequestration. State of the art facilities have been
developed for carrying out research under elevated temperature and carbon dioxide environment
like FATE, CTGC, Phenomics and controlled plant growth chamber.
I have the pleasure in presenting the Annual Report of the Institute for the year 2013-14,
where among the others; the above activities are covered in detail. I compliment the editorial
board for their effort in compiling the report. I also record my sincere thanks to the Director
General, Dr S. Ayyappan; the Deputy Director General (NRM) Dr A. K. Sikka and the Assistant
Director General (A & AF) Dr B. Mohan Kumar for their constant support and guidance that
enabled the institute to make the achievements presented here.

(S. V. Ngachan)
Director
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∑§Êÿ¸∑§Ê⁄UË ‚Ê⁄UÊ¢‡Ê
÷ÊÒÁÃ∑§Ëÿ ÃÕÊ Á„US≈UÊ∑§Á◊∑§‹ •äÿÿŸÊ¥ ∑§ •ÊœÊ⁄U ¬⁄U ◊Ä∑§
∑§Ë •Ê⁄U‚Ë∞◊ ¡Ë¬Ë vÆz ÃÕÊ •Ê⁄U‚Ë∞◊ ¡Ë¬Ë {x ¬¢ÁÄÃÿÊ¥
∑§Ê ’…∏U ÃÊ¬◊ÊŸ ∑§Ë •flSÕÊ ◊¥ •àÿÁœ∑§ ‚Á„UcáÊÈ ¬ÊÿÊ ªÿÊ–
‚ÊÿÊ’ËŸ ∑§Ë øÊ‹Ë‚ ¬¢ÁÄÃÿÊ¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ ∑Î§Á· ©U¬ÿÊªË
’Ê±ÿ flÁáÊ¸Ã ªÈáÊÊ¥ ∑§ •ÊœÊ⁄U ¬⁄U Á∑§ÿÊ ªÿÊ ÃÕÊ •ÊŸÈflÊ¢Á‡Ê∑§
◊Ê¬Œ¢«UÊ¥ ◊¥ ’Ë¡ ∑§ fl¡Ÿ ∑§Ê ¬˝÷Êfl ©U¬¡ ¬⁄U ‚flÊ¸Áœ∑§ ¬ÊÿÊ
ªÿÊ– ¬Í‚Ê ‚⁄U‚Ê¥ w|, ¬Í‚Ê ‚⁄U‚Ê¥ w{, ¬Í‚Ê ‚⁄U‚Ê¥ w} ÃÕÊ
¬Í‚Ê ‚⁄U‚Ê¥ wz ∑§Ê ©Uà¬ÊŒŸ •ãÿ ¬⁄UËÁˇÊÃ ‚⁄U‚Ê¥ ÃÕÊ ÃÊÁ⁄UÿÊ
∑§Ë ¬˝¡ÊÁÃÿÊ¥ ‚ •Áœ∑§ ¬ÊÿÊ ªÿÊ– ©UÁ◊ÿ◊ ◊¥ ◊‚Í⁄U ∑§Ë
¬Ë∞‹ } ÃÕÊ øŸ ∑§Ë ’Ë¡Ë«UË |w ∑§Ë ©Uà¬ÊŒ∑§ÃÊ ‚flÊ¸ëø
¬ÊÿË ªÿË– ß◊Ë«ÒUÄ‹ÊÁ¬˝«U v|.{ ∞‚∞‹ (x ◊Ë‹Ë/Á∑§ª˝Ê. ’Ë¡)
∑§ ‚ÊÕ ’Ë¡ ‡ÊÊœŸ ∑§⁄UŸ ‚ ¡«∏U ∞Á»§«U ÃÕÊ ©U¡‹ ª˝é‚ ∑§
ÁŸÿ¢ÁòÊÃ ÁSÕÁÃ ∑§ •¬ˇÊÊ ©U¬¡ ◊¥ |x% ∑§Ë ’…∏UÊûÊ⁄UË Œ¡¸ ∑§Ë
ªÿË– ÁŸêŸ ÷ÍÁ◊ ¬ÊÁ⁄UÁSÕÁÃ ◊¥ •Êß¸¬Ë∞◊ ÁflÁœ •¬ŸÊŸ ‚
øÊfl‹ ∑§ ©U¬¡ ◊¥ ÁŸÿ¢ÁòÊÃ ÁSÕÁÃ ∑§ •¬ˇÊÊ x~% ∑§Ë flÎÁh
Œ¡¸ ∑§Ë ªß¸– ◊Ä∑§ ∑§Ë ©Uà∑Î§c≈U ‚¢∑§⁄U ¬¢ÁÄÃÿÊ¥ ÿÕÊ-∞ø∞◊
vw (‚Ë.), ¬Ë∞ø∞◊-vw (flÊß¸), ’Ë∞ø yvvzwÆ, ¡∞ø
xv{ÆÆ ÃÕÊ ∞◊‚Ë∞ø y{ ∑§Ê ∞•Êß¸‚Ë∞◊•Êß¸¬Ë ¬⁄UËˇÊáÊÊ¥ ◊¥
ÁøÁã„UÃ Á∑§ÿÊ ªÿÊ– Áøã„U∑§ ÿÈÄÃ øÿŸ ∑§ mÊ⁄UÊ flË∞‹ x~}
∑§ ÄÿÍ¬Ë∞◊ ‚¢S∑§⁄UáÊ ∑§ Áfl∑§Ê‚ ÿÊ¡ŸÊ ◊¥ {x ’Ë‚Ëx∞»§y
¬¢ÁÄÃÿÊ¥ ∑§Ê „UÊ◊ Ê¡Êß¸ª‚ •Ùw ÃÕÊ •ÊflÁÃ¸ ¡Ÿ∑§ ∑§ •ŸÈflÊ¢Á‡Ê∑§Ë
∑§Ë ©U¬ÁSÕÁÃ ∑§Ê ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ– ÷ÊÒÁÃ∑§Ëÿ •ÊœÊ⁄U ¬⁄U
∑§Ë ªß¸ ◊Ä∑§ ◊¥ •äÿÿŸ ‚ ¬˝ŒÁ‡Ê¸Ã „ÈU•Ê Á∑§ ¬Á⁄Ufl‡ÊË ÃÊ¬◊ÊŸ
∑§Ë ÃÈ‹ŸÊ ◊¥ ’…∏U „ÈU∞ ÃÊ¬◊ÊŸ ∑§Ë •flSÕÊ ◊¥ ¬ûÊ ∑§Ê ÁflÁ‡Êc≈U
ˇÊòÊ»§‹ ÃÕÊ •¬ˇÊÊ∑Î§Ã ¡‹ ˇÊ⁄UáÊ •Áœ∑§ „UÊÃÊ „ÒU– •Áœ∑§
ÃÊ¬◊ÊŸ ∑§Ë •flSÕÊ ◊¥ ©UªÊÿ ªÿ ◊Ä∑§ ∑§Ë ¬¢ÁÄÃÿÊ¥ ∑§
∞¢≈UË•ÊÚÄ‚Ë«U¥≈U ˇÊ◊ÃÊ ∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ •ı⁄U ∞¢≈UË•ÊÚÄ‚Ë«U¥≈U
ˇÊ◊ÃÊ ∑§ SÃ⁄UÊ¥ ◊¥ ÁflÁ÷ãŸÃÊ ¬ÊÿË ªÿË– ’Ë‚ ÁŒŸ ∑§ •flSÕÊ
∑§ ¬ûÊÊ¥ ◊¥ ‚È¬⁄U•ÊÚÄ‚Êß«U ∞ŸÊÿŸ (•Êw) ∑§ Á„US≈UÊ∑§Á◊∑§‹
SÕÊŸËÿ∑§⁄UáÊ ‚ ÿ„U ’ÊÃ S¬c≈U „ÈUß¸ Á∑§ x|Æ ‚. ÃÊ¬◊ÊŸ ∑§
Á‹∞ •Ê⁄U‚Ë∞◊ ¡Ë¬Ë {x •ı⁄U •Ê⁄U‚Ë∞◊ ¡Ë¬Ë vÆz ÖÿÊŒÊ
‚Á„UcáÊÈ „ÒU– ◊Ä∑§ ∑§Ë •Ê⁄U‚Ë∞◊ v-v, •Ê⁄U‚Ë∞◊ v-w,
•Ê⁄U‚Ë∞◊ v-x, •Ê⁄U‚Ë∞◊ |z ÃÕÊ •Ê⁄U‚Ë∞◊ |{ ¬˝¡ÊÁÃÿÊ¥
∑§ ’Ë¡ (w.x ≈UŸ) ∑§Ê ©Uà¬ÊŒŸ Á∑§ÿÊ ªÿÊ– ßŸ∑§Ë •Ê¬ÍÁÃ¸
‚¢SÕÊŸ ∑§ ÁflÁ÷ãŸ ∑¥§º˝Ê¥ ÃÕÊ ∑§flË∑§ ∑§Ê Á∑§ÿÊ ªÿÊ–
•Êß¸•Êß¸¬Ë•Ê⁄U, ∑§ÊŸ¬È⁄U ∑§ ª˝Ëc◊∑§Ê‹ËŸ ◊Í°ª ∑§Ê •Êß¸’Ë≈UË

©UãŸÃ øÊfl‹ ∑§Ë ¬˝¡ÊÁÃ ∑§ Áfl∑§Ê‚ „UÃÈ ∑È§‹ Ã⁄U„U ¬⁄UËˇÊáÊ
Á∑§ÿ ªÿ– ßŸ ¬⁄UËˇÊáÊÊ¥ ◊¥ ¬¢ÁÄÃÿÊ¥ ∑§ ©U¬¡ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ
Á∑§ÿÊ ªÿÊ– ™§¬⁄UË ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ ◊¥ •Ê⁄U‚Ë¬Ë∞‹ v-yvx
(y.y} ≈U./„U.) ∑§Ê ©Uà¬ÊŒŸ ‚flÊ¸ëø ¬ÊÿÊ ªÿÊ ¡Ê Á∑§ ÷Ê‹È◊x (x.~| ≈U./„U.) ∑§Ë ÃÈ‹ŸÊ ◊¥ vw.~% •Áœ∑§ „ÒU– ©UÁ◊ÿ◊ ◊¥
Á∑§ÿ ªÿ Áfl∑§Á‚Ã ¬˝¡ÊÁÃ ¬⁄UËˇÊáÊ ◊¥ •Ê⁄U‚Ë¬Ë∞‹ v-yvw
∑§Ë ©Uà¬ÊŒ∑§ÃÊ ‚flÊ¸ëø ÕË– ÁŸêŸ ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ ◊¥
•Ê⁄U‚Ë¬Ë∞‹ v-vxv (z.vz ≈U./„U.) ∑§Ë ©U¬¡ ‚’‚ •Áœ∑§
¬ÊÿË ªÿË •ı⁄U ÿ„U ◊ÉÊÊ ∞‚∞ v ∑§Ë ÃÈ‹ŸÊ ◊¥ vÆ.z%
ÖÿÊŒÊ „ÒU– ß‚ ¬Á⁄UÁSÕÁÃ ◊¥ Á∑§ÿ ªÿ Áfl∑§Á‚Ã ¬˝¡ÊÁÃ ¬⁄UËˇÊáÊ
◊¥ ∞ø¬Ë•Ê⁄U w}{z ∑§Ë ©U¬¡ ‚’‚ •Áœ∑§ ¬ÊÿË ªÿË– ‡Ê‡Ê⁄¢Uª
ÃÕÊ ◊ÊÁ⁄Uª»§Ê¥ ∑§ ‚¢∑§⁄UáÊ ‚ Áfl∑§Á‚Ã ¬¢ÁÄÃ ‚¢ÅÿÊ ww ∑§Ë
©Uà¬ÊŒ∑§ÃÊ ‚’‚ •Áœ∑§ ¬ÊÿË ªÿË– ÁflSÃÎÃ ÁŸ·øŸ ÿÊ¡ŸÊ
∑§ Ã„UÃ Áfl∑§Á‚Ã ¬¢ÁÄÃ ‚¢ÅÿÊ v~ (∞»§} ‡Ê‡Ê⁄¢Uª & •Ê.
M§»§Ë¬ÊªÊŸ) -wz.Æ{ ª˝Ê/¬ıœ) ÃÕÊ ¬¢ÁÄÃ ‚¢ÅÿÊ v (’Ë‚Ëx
∞»§y ‹¢¬ŸÊ„U & •Ê. M§»§Ë¬ÊªÊŸ - yx.Æz ª˝Ê./¬ıœ) ∑§Ê
‚flÊ¸¬Á⁄U ¬ÊÿÊ ªÿÊ– ßŸ ŒÊŸÊ¥ ¬¢ÁÄÃÿÊ¥ ◊¥ •ÊflÁÃ¸ ¡Ÿ∑§ ∑§Ë
ˇÊÁÃ¬ÍÁÃ¸ ’„UÃ⁄U ¬ÊÿË ªÿË– øÊfl‹ ◊¥ ∞ãÕ⁄U ∑§Àø⁄U ÁflÁœ mÊ⁄UÊ
v{ ‚¢∑§⁄UáÊ ‚ xv{ ŒÊ„U⁄U „ÒU¬Ê‹Êÿ«˜UÔ‚ ∑§Ê ‚Î¡Ÿ Á∑§ÿÊ ªÿÊ–
øÊfl‹ ◊¥ ∑È§‹ ∞¢≈UË•ÊÄ‚Ë«U‡ÊŸ ˇÊ◊ÃÊ ∑§ Áfl‡‹·áÊ Ÿ ß‚
’ÊÃ ∑§Ê ¬˝ŒÁ‡Ê¸Ã Á∑§ÿÊ Á∑§ ’¢ª‹Ê◊Ë ¬˝¡ÊÁÃ ∑§Ë ˇÊ◊ÃÊ ‚flÊ¸Áœ∑§
„ÒU– ß‚∑§ ¬‡øÊÃ˜Ô ◊Ò¡ÈÁ’ÿŸ ÃÕÊ ‹Ê¥ª◊Êß¸ ∑§Ê SÕÊŸ ⁄U„UÊ–
©Uëø ÃÊ¬◊ÊŸ ∑§Ë •flSÕÊ ◊¥ ©UªÊÿ ªÿ øÊfl‹ ∑§ ¬ıœÊ¥
(•Ê⁄¢ U Á ÷∑§ •flSÕÊ) ◊ ¥ •Áª˝ ◊ ‚¬˝  ‡ ÊŸ ‚’≈˛ Ò U Á Ä≈U fl
„UÊß¸Á’˝«UÊß¡‡ÊŸ ‹Êß’˝⁄UË Áfl∑§Á‚Ã ∑§Ë ªß¸– ßŸ∑§Ê ∑˝§◊ •äÿÿŸ
∑§ ¬‡øÊÃ wÆÆ ÿÍÁŸ¡ËŸ ÁøÁã„UÃ Á∑§ÿ ªÿ Á¡Ÿ∑§Ë •ı‚Ã
‹ê’Êß¸ {z} ’Ë.¬Ë. ÕË– ÁŸêŸ »§ÊÚS»§Ê⁄U‚ ∑§Ë •flSÕÊ ◊¥ ‚∑§Ê™§,
•Ê„UÊ, •Êß¸«UË∞«UéÀÿÍ ÃÕÊ •¢¡Á‹ ∑§Ë ¬„UøÊŸ ‚Á„UcáÊÈ ¬˝¡ÊÁÃÿÊ¥
∑§ M§¬ ◊¥ ∑§Ë ªß¸– ß‚ ¬⁄UËˇÊáÊ ∑§Ê ßŸ flË≈˛UÊ ÁSÕÁÃ ◊¥ Á∑§ÿÊ
ªÿÊ– øÊfl‹ ∑§Ë ∑È§‹ vv}} ¬¢ÁÄÃÿÊ¥ ∑§Ê é‹ÊS≈U ⁄UÊª ∑§ ÁflL§h
•fl⁄UÊœË ˇÊ◊ÃÊ ∑§Ê ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ ÃÕÊ ~Æ ¬¢ÁÄÃÿÊ¥ ∑§Ê
ß‚ ⁄UÊª ∑§ Á‹ÿ •fl⁄UÊœË ¬ÊÿÊ ªÿÊ– ◊Ä∑§ ◊¥ ∑È§‹ •Ê∆U
©Uà¬ÊŒŸ ◊ÍÀÿÊ¢∑§Ÿ ¬⁄UËˇÊáÊ Á∑§ÿ ªÿ ÃÕÊ ‚¢∑§⁄U ∞ø∞◊. vw
(‚Ë.) ∑§Ê ‚flÊ¸ëø ¬ÊÿÊ ªÿÊ– •Êw Áøã„U∑§ ÿÈÄÃ øÿŸ ∑§
◊Êäÿ◊ ∑§ Á‹∞ wz „UÊ◊Ê¡Êßª‚ ¬¢ÁÄÃÿÊ¥ ∑§Ê øÈŸÊfl Á∑§ÿÊ
ªÿÊ Á¡Ÿ◊¥ •ÊflÁÃ¸ ¡Ÿ∑§ ∑§ ~x% •ŸÈflÊ¢Á‡Ê∑§Ë ◊ı¡ÍŒ „Ò¥U–
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¬⁄UËˇÊáÊ „ÈU•Ê Á¡‚◊¥ ∞‚∞◊ vx-xy, ∞‚∞◊ vx-wz ÃÕÊ
∞‚∞◊ vx-w ∑§Ê ©Uà∑Î§c≈U ¬ÊÿÊ ªÿÊ– ◊Í°ª ∑§Ë „UË ∞flË≈UË
¬⁄UËˇÊáÊ ◊¥ ∞‚∞◊ vx-w} ∑§Ê ©Uà∑Î§c≈U ¬ÊÿÊ ªÿÊ– ⁄UÊß‚’ËŸ
∑§ wÆ ¬¢ÁÄÃÿÊ¥ ∑§Ê ©Uëø ∞‹È◊ËÁŸÿ◊ ∑§ ÁSÕÁÃ ◊¥ ‚Á„UcáÊÈÃÊ
∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ– •Êß¸‚Ë v}v}v ÃÕÊ ’Ë∑§∞‚’Ë
wyz ∑§Ê ß‚ ÁSÕÁÃ ◊¥ ÖÿÊŒÊ ‚Á„UcáÊÈ ¬ÊÿÊ ªÿÊ– ¬Á⁄U‹Ê »È̋§Á≈U‚¥‚
∑§ ÁflÁ÷ãŸ ¡◊¸å‹ÊÖ◊ ∑§Ê ∑È§‹ ∞¢≈UË•ÊÚÄ‚Ë«¥U≈U ˇÊ◊ÃÊ ∑§Ê ◊Ê¬Ÿ
∞‚∑§ÊÁ’¸∑§ ∞Á‚«U ‚◊ÃÈÀÿ (∞∞ß¸) ◊¥ Á∑§ÿÊ ªÿÊ ÃÕÊ ß‚∑§Ê
ŒÊÿ⁄UÊ }.x ‚ vw ∞∞ß¸ ¬ÊÿÊ ªÿÊ– «UË¬Ë¬Ë∞ø ∑§ S∑§fl¥Á¡¢ª
Á∑˝§ÿÊ∑§‹Ê¬Ê¥ ∑§Ê •flSÕÊ¬Ÿ {Æ-~Æ% ÃÕÊ fl‚Ê ∑§Ë ◊ÊòÊÊ xz
‚ y~% ¬ÊÿË ªÿË– ‹ª÷ª xÆ% ¡◊¸å‹ÊÖ◊ ◊¥ ‚Èª¢œÃÊ
•Áœ∑§ ÕË ÃÕÊ yÆ% ◊¥ „UÀ∑§Ê ‚Èª¢œ ¬ÊÿÊ ªÿÊ– ÃË‚Ë ∑§Ë
•Ê⁄U‚Ë∞»§ x (|zw Á∑§ª˝Ê./„U.) ÃÕÊ ¡•Ê⁄U∞»§ w ({}| Á∑§ª˝Ê./
„U.) ∑§Ê ©U¬¡ ∑§ Á‹„UÊ¡ ‚ ’„UÃ⁄U ¬ÊÿÊ ªÿÊ–
øÊÒÕ fl·¸ ◊¥, ◊«U•Ê ’ªÊŸ ◊¥ ‹ªÊÿ ªÿ •◊M§Œ ∑§Ë
¬˝¡ÊÁÃÿÊ¥/‚¢∑§⁄U ◊¥ •Ê⁄U‚Ë¡Ë∞ø |(vÆ.x Á∑§ª˝Ê/¬ıœÊ) ∑§Ë
©Uà¬ÊŒ∑§ÃÊ ‚flÊ¸ëø ¬ÊÿË ªß¸– •◊M§Œ ∑§Ë •Ê⁄U‚Ë¡Ë vv ¬¢ÁÄÃ
◊¥ •Ê⁄U‚Ë¡Ë∞ø | ∑§ •¬ˇÊÊ ©Uëø ≈UË∞‚∞‚, ∞S∑§ÊÁ’¸∑§ •ê‹
ÃÕÊ ÁŸêŸ •ê‹ÃÊ (vÆ.}y%, v~w.vÆ Á◊ª˝Ê/vÆÆ ª˝Ê. ÃÕÊ
Æ.zz% ∑˝§◊‡Ê—) Œ¡¸ ∑§Ë ªß¸– ÃÈ«∏UÊß¸ ∑§Ë •flÁœ ◊¥ flÎÁh ¬⁄U
∞Õ»§ÊŸ ÃÕÊ ÿÍÁ⁄UÿÊ ∑§ Á¿U«∏U∑§Êfl ∑§Ê •äÿÿŸ „ÈU•Ê– ‚÷Ë
¬⁄UËˇÊáÊÊ¥ ◊¥ ©U¬¡ ∑§Ë ‚’‚ ∑§◊ „UÊÁŸ vÆ% ÿÍÁ⁄UÿÊ (}.yx
Á∑§ª˝Ê/flÎˇÊ) ∑§Ë ÁSÕÁÃ ◊¥ „ÈUß¸– ÃËŸ ÁŸêŸ ÁøÁ‹¢ª •Ê«∏‰U ∑§ ¿U—
fl·Ë¸ÿ ¬˝¡ÊÁÃÿÊ¥ ◊¥ ¬˝ÃÊ¬ ¬˝¡ÊÁÃ »§‹ ©Uà¬ÊŒŸ ÃÕÊ ªÈáÊflûÊÊ ∑§
◊Ê◊‹Ê¥ ◊¥ ‚flÊ¸¬Á⁄U Á‚h „ÈUß¸– ßŸ∑§Ê ⁄UÊ¬áÊ w◊Ë & w◊Ë. ∑§Ë
ŒÍ⁄UË ¬⁄U Á∑§ÿÊ ªÿÊ „ÒU– ◊äÿ◊ ‚ ¬È⁄UÊŸ/‚ŸÊß‹ •Ê«∏‰U flÎˇÊÊ¥ ∑§
¬˝ÊÕÁ◊∑§ ‡ÊÊπÊ•Ê¥ ∑§Ë ¿¢U≈UÊß¸ zÆ ‚.◊Ë. Ã∑§ wÆvv ∑§ Ÿflê’⁄U
ÃÕÊ ÁŒ‚ê’⁄U ∑§ ◊„UËŸÊ¥ ◊¥ Á∑§ÿÊ ªÿÊ– ÁmÃËÿ fl·¸ ◊¥ ÃËŸ
ÁŸêŸ ÁøÁ‹¢ª ¬˝¡ÊÁÃÿÊ¥ ◊¥ ‚flÊ¸Áœ∑§ ©U¬¡ ¬˝ÃÊ¬ (v}.vy
Á∑§ª˝Ê/flÎˇÊ) ◊¥ Œ¡¸ ∑§Ë ªß¸–
¬ÍflÊ¸ûÊ⁄U ÷Ê⁄UÃ ∑§ ◊ÉÊÊ‹ÿ ¬˝Ê¢Ã ◊¥ ◊äÿ ¬„UÊ«∏UË ˇÊòÊÙ¥ ◊¥ ¬Êÿ
¡ÊŸ flÊ‹ ’ŸÊŸÊ ◊Ò≈˜U‚
Ô ‚ ¬˝‡ÊÊ¢Ã-Á„UãŒ ◊„UÊ‚Êª⁄U (¬Ë•Êß¸•Ê.)
‚◊Í„U ∑§ ∞∑§ πÊ‚ ’Ë’Ë≈UËflË •Êß‚Ê‹≈U ∑§Ê ¬„UøÊŸÊ ÃÕÊ
flÁáÊ¸Ã Á∑§ÿÊ ªÿÊ– ¬ÈŸ‚ZÿÈÄÃ Áfl‡‹·áÊ ∑§ •ÊœÊ⁄U ¬⁄U
’Ë’Ë≈UËflË-©UÁ◊ÿ◊ ◊¥ ŒÊ •¢Ã⁄U ÉÊ≈U∑§Ëÿ ÃÕÊ ¬Ê°ø •¢Ã⁄U ÉÊ≈U∑§Ëÿ
¬ÈŸ‚ZÿÈÄÃÃÊ •Ä‚⁄U ¬Êÿ ªÿ, ‹Á∑§Ÿ ßŸ◊¥ ‚ ∑§Êß¸ •ÁmÃËÿ
Ÿ„UË¥ ÕÊ– ŸÿÊ •Êß‚Ê‹≈U ’Ë’Ë≈UËflË ◊¥ ÁflÁ÷ãŸÃÊ ©UŒ˜Ô÷fl ∑§Ê
Œ‡ÊÊ¸ÃÊ „ÒU– ‚Ê„U‡ÊÊ¢ª ∑§ ¬Ê°ø ¡ËŸÊ≈UÊßå‚ ◊¥ »Í§‹Ê¥ ÃÕÊ »§‹Ê¥ ∑§
‹ªŸ ∑§ ªÈáÊ ◊¥ ◊„Uàfl¬ÍáÊ¸ ÁflÁflœÃÊ ¬Á⁄U‹ÁˇÊÃ „ÈUß¸– πÈ‹
¬⁄UÊªáÊ ∑§Ë „UÊ‹ÊÃ ◊¥ ¬˝ÁÃ ¬Èc¬ªÈë¿U ‚’‚ ÖÿÊŒÊ »§‹ •Ê⁄Uß¸‚Ë
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x (|.wÆ) ◊¥ ‹ª ÃÕÊ ‚’‚ ∑§◊ •Ê⁄Uß¸‚Ë w (w.z{) ◊¥
‹ª– ’˝Ê∑§Ê‹Ë ∑§ ‚¢∑§⁄U ¬˝¡ÊÁÃ ¬Èc¬Ê ◊¥ œÊŸ ∑§Ë ÷Í‚Ë ‚
◊ÀøË¥ª ∑§Ë ÁSÕÁÃ ◊¥ ∑È§‹ ¬ıœ ÷Ê⁄U ÃÕÊ ’Ê¡Ê⁄U ÿÊÇÿ „U«U
fl¡Ÿ ∑˝§◊‡Ê— vÆzÆ ª˝Ê. x}Æ ª˝Ê. ¬ÊÿÊ ªÿÊ, ¡’Á∑§ ÁŸÿ¢ÁòÊÃ
ÁSÕÁÃ ◊¥ ÿ„U ∑˝§◊‡Ê— |wz ª˝Ê. ÃÕÊ w|z ª˝Ê. „UË ¬ÊÿÊ ªÿÊ–
⁄UÊ¡Ê Á◊ø¸ ◊¥ ’È•Êß¸ ‚ ¬„U‹ ∑§∞Ÿ•Êx (z%) ∑§Ê wy ÉÊ¢≈U ∑§
Á‹∞ Á∑§ÿ ªÿ ‡ÊÊœŸ ‚ ‚’‚ •Áœ∑§ ‚◊M§¬ ’Ë¡ •¢∑È§⁄UáÊ
({y%) ÃÕÊ ¬ıœ flËª⁄U ß¢«UÄ‚ (~~w) ¬˝ÊåÃ „Èß¸ ¡Ê Á∑§
ÁŸÿ¢ÁòÊÃ ÁSÕÁÃ ∑§Ë •¬ˇÊÊ ∑˝§◊‡Ê— v{% ÃÕÊ vw}% •Áœ∑§
„ÒU– ¬Ê≈UËflÊÿ⁄U‚ flª¸ ∑§ øË‹Ë flßŸ‹ ◊Ê≈U‹ flÊÿ⁄U‚ (øË
flË∞◊flË) ∑§Ù ŸÊªÊ Á◊ø¸ ∑§Ë πÃË ◊¥ ∞∑§ ¬˝◊Èπ ‚◊SÿÊ ∑§
M§¬ ◊¥ ¬„UøÊŸÊ ªÿÊ „ÒU– ∑Î§ÁòÊ◊ ßŸ Áfl≈˛UÊ •äÿÿŸ ∑§ ◊Êäÿ◊
‚ ÿ„U ‚àÿÊÁ¬Ã Á∑§ÿÊ ªÿÊ Á∑§ øË flË∞◊flË ∑§Ê ◊ÉÊÊ‹ÿ
•Êß‚Ê‹≈U ∞Á»§«U ∑§ ◊Êäÿ◊ ‚ »Ò§‹ÃÊ „ÒU– Á◊ø¸ ∑§Ë ©UãŸË‚
¡◊¸å‹ÊÖ◊ ◊¥ ~}-vÆÆ% ⁄UÊª Œ¡¸ ∑§Ë ªß¸– ≈U◊Ê≈U⁄U (•Ê⁄U∞‚
•Ê⁄U ‚ Ë-≈U Ë v), •Ê‹Í (•Ê⁄U ∞ ‚ •Ê⁄U ‚ Ë-¬Ëv), ’Ò ¥ ª Ÿ
(•Ê⁄U∞‚•Ê⁄U‚Ë-’Ëv), Á◊ø¸ (•Ê⁄U∞‚•Ê⁄U‚Ë-‚Ëv) ÃÕÊ
•Œ⁄Uπ (•Ê⁄U∞‚•Ê⁄U‚Ë-¡Ëv) ‚ •Ê⁄U. ‚Ê‹ÊŸÊ‚⁄U◊ ∑§Ê
¬„UøÊŸÊ ªÿÊ– ’ÊÿÊflÊ⁄U Áfl‡‹·áÊ ∑§ •ÊœÊ⁄U ¬⁄U ßã„¥U ’ÊÿÊflÊ⁄U
x ◊¥ ⁄UπÊ ªÿÊ „ÒU– ÁflÁ÷ãŸ ˇÊòÊÊ¥ ÃÕÊ ÁflÁ÷ãŸ »§‚‹Ê¥ ‚
‚¢ª˝Á„UÃ ◊ÎŒÊ Ÿ◊ÍŸÊ¥ ‚ ¬SÿÍ«UÊ◊ÊŸ‚ ∑§ ’Ë‚ ÃÕÊ ’Ò‚Ë‹‚ ∑§
wÆ •Êß‚Ê‹≈U ÁŸ∑§Ê‹ ªÿ– ÃËŸ ’Ë. ‚⁄U‚, ÃËŸ ¬Ë. ¬È≈UË«UÊ
ÃÕÊ ∞∑§ ’Ë. ÕÍÁ⁄¢UªËŸÁ‚◊ ∑§Ê ÁøÁã„UÃ Á∑§ÿÊ ªÿÊ ¬⁄UãÃÈ ßŸ
Áfl≈˛UÊ ∞‚ ◊¥ Á∑§‚Ë Ÿ ÷Ë ⁄UÊ‹S≈UÊÁŸÿÊ ∑§ ÁflL§h ∞¢≈UÊªÊÁŸÖ◊
¬˝ŒÁ‡Ê¸Ã Ÿ„UË¥ Á∑§ÿÊ– ŸË¥’Í ‚ »§Êß≈UÊ»§ÕÊ⁄UÊ ∑§ vx •Êß‚Ê‹≈U
ÁŸ∑§Ê‹ ªÿ •ı⁄U ◊Ê»§Ê¸‹ı¡Ë ∑§ •ÊœÊ⁄U ¬⁄U Á∑§ÿ ª∞ ¬˝Ê⁄¢UÁ÷∑§
•äÿÿŸ ∑§ ©U¬⁄UÊãÃ ¬˝ÿÊª‡ÊÊ‹Ê ◊¥ ∑§Êÿ◊ Á∑§ÿ ªÿ– ∑§ÃÊ⁄U’hÃÊ
∑§ •ÊœÊ⁄U ¬⁄U ¬Ë. ‚Ë≈˛UÊ»§ÕÊ⁄UÊ, ¬Ë. ◊•Ê«UË, ¬Ë. ’Ê≈˛UÊÿÊ‚Ê,
¬Ë. ∑§Ê‹Ê∑§Á‚∞ ÃÕÊ »§Êß≈UÊ»§ÕÊ⁄UÊ S¬Ë. ∑§ •Êß¸≈UË∞‚-w ∑§
ˇÊòÊ ◊¥ vÆÆ% ãÿÍÁÄ‹ÿÊ≈UÊß«U ∑˝§◊ ‚◊ÊŸÃÊ ¬ÊÿË ªß¸– ¤ÊÍ◊
ˇÊòÊÊ¥ ◊¥ SÕÊŸËÿ ∑§Ê‹Ê∑§ Á‚ÿÊ ¬˝¡ÊÁÃ ⁄U¥ª◊Ê ∑§Ë ’„ÈU‹ÃÊ (y|%)
¬ÊÿË ªß¸– ’Ò¥ªŸ ◊¥ ¡¢ª‹Ë S¬Ë‡ÊË¡ ∑§ ‚ÊÕ ª˝Êç≈U ∑¢§¬≈UË’ËÁ‹≈UË
∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ ÃÕÊ ÿ„U ¬ÊÿÊ ªÿÊ Á∑§ ©UëøÃ◊ •ÁSÃàfl
(||%), ‡ÊÊπÊ•Ê¥ ∑§Ë ‚¢ÅÿÊ, ŒËÉÊ¸∑§Ê‹ËŸ ∞fl¢ ©U¬¡ ‚Ê‹ÊŸ◊
≈UÊ⁄Ufl◊ ∑§ ª˝Êç≈U ◊¥ ¬ÊÿË ªß¸– ©U‚∑§ ’ÊŒ ∞‚. ◊Ò∑˝§Ê∑§Ê⁄U¬ÊŸ
ÃÕÊ ∞‚. ªË‹Ê¥ ∑§Ê SÕÊŸ ⁄U„UÊ– ‹ê’ ’Ò¥ªŸ ∑§ ∞flË≈UË-II
¬⁄UËˇÊáÊ ◊¥ ‚flÊ¸Áœ∑§ ©U¬¡ vÆ/’Ë•Ê⁄U∞‹flË∞•Ê⁄U-{ (x|.{
≈U./„U.) ◊¥ Œ¡¸ ∑§Ë ªß¸– ’Ò¥ªŸ ∑§Ë ~ ¬˝¡ÊÁÃÿÊ¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ
Á∑§ÿÊ ªÿÊ ÃÕÊ vw/’Ë•Ê⁄U’Ë«UéÀÿÍ•Ê⁄Uß¸∞‚-{ ◊¥ ‚’‚ •Áœ∑§
©U¬¡ (x~.{ ≈U./„U.) ∞fl¢ ãÿÍŸÃ◊ flË‹≈UË¥ª Œ¡¸ ∑§Ë ªß¸–
II

¡⁄U’⁄UÊ ∑§Ë Á∑§S◊Ê¥ ∑§Ê πÈ‹ ˇÊòÊ, ¬¢π ∑§ •¢Œ⁄U, ¬Ò«U ¬Ê‹Ë„UÊ©U‚
ÃÕÊ ∑§◊ ‹ÊªÃ flÊ‹ ’Ê°‚ ∑§ ¬Ê‹Ë„UÊ©U‚ ◊¥ •ë¿UÊ ¬˝Œ‡Ê¸Ÿ
¬ÊÿÊ ªÿÊ– ‚’‚ ÖÿÊŒÊ ’‚ ¡ËflŸ ‚ÊÁ«Uÿ◊ „UÊß¬ÙÄ‹Ù⁄UÊß≈U
∑§ zÆ ¬Ë¬Ë∞◊ ∑§ ÉÊÊ‹ ◊¥ ⁄UπŸ ‚ ¬ÊÿË ªß¸– Á‚ÁÄ∑§◊ ∑§
ÁflÁ÷ãŸ ÷ÊªÊ¥ ‚ øÊ™§-øÊ™§ ∑§Ë {{ ¡◊¸å‹ÊÖ◊ ‚¢ª˝Á„UÃ ∑§Ë
ªß¸– «UÊ‹Ë∑§Ê‚ ’ËŸ ∑§ vv ¡ËŸÊ≈UÊß¬ ◊¥ ‚’‚ ÖÿÊŒÊ ©U¬¡
¬˝flÎÁc≈U vÆ/«UË•Ê ∞‹¬ËflË∞•Ê⁄U - }(vv.} ≈U./„U.) ◊¥ Œ¡¸
∑§Ë ªß¸– •Êß¸ß¸≈UË ∑§ •¢Ãª¸Ã ∑§Ê‹Ê∑§Á‚ÿÊ ∑§ vv ¡ËŸÊ≈UÊß¬ ◊¥
‚’‚ ÖÿÊŒÊ ∑§Ê⁄U◊‹ ©U¬¡ (vw.xx ≈U./„U.) ÃÕÊ ∑È§‹ ©U¬¡
(wz.{| ≈U./„U.) ◊ÉÊÊ‹ÿÊ ‹Ê∑§‹ Á∑§S◊ ◊¥ Œ¡¸ ∑§Ë ªß¸–
‡Ê∑§⁄U∑¢§Œ ∑§Ë Ÿı Á∑§S◊Ê¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ „ÈU•Ê ÃÕÊ ≈UË∞‚¬Ë vw~ (xÆ ≈U./„U.) ∑§Ë ∑¢§Œ ©U¬¡ ‚flÊ¸Áœ∑§ ¬ÊÿË ªß¸– ∞flË≈UË-II
∑§ Ã„UÃ ∞‚ªÊ«¸U (⁄UÊπ‹ı∑§Ë) ∑§Ë ‚ÊÃ Á∑§S◊Ê¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ
„ÈU•Ê ÃÕÊ ‚’‚ ÖÿÊŒÊ ©U¬¡ vÆ/∞∞‚¡Ë∞øflÊß¸’Ë-v ◊¥ Œ¡¸
„ÈUß¸– ≈U◊Ê≈U⁄U ∑§Ë ‚ÊÃ ¬˝flÎÁc≈UÿÊ¥ ◊¥ ‚’‚ •Áœ∑§ ©U¬¡ (xy
≈U . /„ U . ) ÃÕÊ ãÿÍ Ÿ Ã◊ flË‹≈U Ë ¥ ª (vw% ) ¬˝ fl Î Á c≈U vv/
≈UË•Ê’Ë«UéÀÿÍ- x ◊¥ Œ¡¸ „ÈUß¸– „UÀŒË ◊¥ ‚’‚ •Áœ∑§ ©U¬¡
⁄UÊ¡ãº˝ ‚ÊÁŸÿÊ (xx.{x ≈U./„U.) ÃÕÊ ‚’‚ ∑§◊ ⁄UÊ◊Ê (v{.wz
≈U./„U.) Œ¡¸ „ÈUß¸– •Œ⁄Uπ ◊¥ vÆ ¡ËŸÊ≈UÊß¬ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ „ÈU•Ê–
ß‚ Œı⁄UÊŸ «˛UÊß¸ Á⁄U∑§fl⁄UË ¬˝ÁÃ‡ÊÃ ÃÕÊ ∑˝È§«U ⁄U‡Ê ∑§Ê ŒÊÿ⁄UÊ ∑˝§◊‡Ê—
v{.y}-xv.|w% ÃÕÊ y.z{-}.v|% ¬ÊÿÊ ªÿÊ–
‚¢⁄UÁˇÊÃ ∑Î§Á· ◊¥, wÆ ‚.◊Ë. ‹ê’ S≈U’‹ (Æ.{y ≈U./„U.),
•fl‡Ê· „U≈UÊŸÊ (Æ.z ≈U./„U.) •ı⁄U Á∑§‚ÊŸ ¬hÁÃ (Æ.xz ≈U./
„U.) ∑§Ë •¬ˇÊÊ ßŸ Á‚≈ÈU œÊŸ ∑§ ¬È•Ê‹ ∑§ ◊ÀøË¥ª ‚ ◊‚Í⁄U
∑§Ë ©U¬¡ ◊¥ ◊„Uàfl¬ÍáÊ¸ flÎÁh „ÈUß¸– ¡ËU⁄UÊ ≈UË‹¡ ∑§ •¢Ãª¸Ã
‚flÊ¸Áœ∑§ ©U¬¡ „ÈUß¸ (y.{~ ≈U./„U.) ÃÕÊ ‚¢⁄UÁˇÊÃ ∑Î§Á· ∑§
•¬ˇÊÊ ¡Ë⁄UÊ ≈UË‹¡ ◊¥ v{.y% •Áœ∑§ •ãŸ ©Uà¬ÊŒŸ „ÈU•Ê–
¬Ê·∑§ Ãàfl ¬˝’¢œŸ ¬˝áÊÊ‹Ë ◊¥ ‚flÊ¸Áœ∑§ ©U¬¡ zÆ% ∞◊.¬Ë.∑§.
+ π⁄U¬ÃflÊ⁄U ¡Ëflº˝√ÿ◊ÊŸ (y.|y ≈U./„U.) ‚ „ÈUß¸–
÷ÍÁ◊ ◊¥ Æ-vz ‚.◊Ë. ∑§Ë ª„U⁄UÊß¸ Ã∑§ ◊ÎŒÊ ◊¥ ∞‚•Ê‚Ë ÃÕÊ
∞‚∞◊’Ë‚Ë ∑§Ë ◊ÊòÊÊ ÁŸêŸÃ◊ ¡ÈÃÊß¸ ÃÕÊ ¬⁄¢U¬⁄UÊªÃ ¡ÈÃÊß¸ ∑§Ë
•¬ˇÊÊ ¡Ë⁄UÊ ≈UË‹¡ ◊¥ ÖÿÊŒÊ „UÊÃË „ÒU– •ãÿ ¬Ê·∑§ ÃàflÊ¥ ∑§Ë
ÃÈ‹ŸÊ ◊¥ zÆ% ∞Ÿ¬Ë∑§ + ¡Ë∞‹∞◊ ∑§Ê ¬˝÷Êfl •Áœ∑§ ¬ÊÿÊ
ªÿÊ– ◊≈U⁄U ◊¥ »§‹Ë ÃÕÊ S≈UÊfl⁄U ©Uà¬ÊŒŸ (•∑¸§‹ ÃÕÊ ¬˝∑§Ê‡Ê
Á∑§S◊¥) ¬⁄U ¡ÈÃÊß¸ ÃÕÊ ¬Ê·∑§ Ãàfl ¬˝’¢œŸ ∑§Ê ◊„Uàfl¬ÍáÊ¸ ¬˝÷Êfl
„ÈU•Ê– ÃÊÁ⁄UÿÊ ◊¥ ’Ë¡ ÃÕÊ S≈UÊfl⁄U ©Uà¬ÊŒŸ ¬⁄U ¡ÈÃÊß¸ ∑§ Ã⁄UË∑§Ê¥
∑§Ê ¬˝÷Êfl ¬ÊÿÊ ªÿÊ ÃÕÊ ¬⁄¢U¬⁄UÊªÃ ¡ÈÃÊß¸ ∑§Ë •¬ˇÊÊ ‚¢⁄UÁˇÊÃ
¡ÈÃÊß¸ ¬˝áÊÊ‹Ë ∑§Ê ’„UÃ⁄U ¬ÊÿÊ ªÿÊ– zÆ% ∞Ÿ¬Ë∑§ +
•Êß¸∞‚•Ê⁄U•Ê⁄U, vÆÆ% ∞Ÿ¬Ë∑§ ÃÕÊ zÆ% ∞Ÿ¬Ë∑§ ∑§Ë •¬ˇÊÊ
’Ë¡ ©Uà¬ÊŒŸ zÆ% ∞Ÿ¬Ë∑§ + «UéÀÿÍ’Ë ◊¥ ÖÿÊŒÊ „ÈU•Ê– ¡’Á∑§
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S≈UÊfl⁄U ©Uà¬ÊŒŸ ‚’‚ ÖÿÊŒÊ zÆ% ∞Ÿ¬Ë∑§ + «UéÀÿÍ’Ë ◊¥
„ÈU•Ê– ©U‚∑§ ’ÊŒ zÆ% ∞Ÿ¬Ë∑§ + „U⁄UË πÊŒ ∞fl¢ zÆ%
∞Ÿ¬Ë∑§ + •Êß¸∞‚•Ê⁄U•Ê⁄U ◊¥ „ÈU•Ê– ◊‚Í⁄U ∑§Ë Á∑§S◊Ê¥ ◊¥ ‚’‚
ÖÿÊŒÊ ©Uà¬ÊŒŸ ∞‹-xÆ{ (v.|z ≈U./„U.) ◊¥ „ÈU•Ê– ©U‚∑§ ’ÊŒ
«UË¬Ë∞‹ {w (v.z~ ≈U./„U.) ÃÕÊ •Êß¸¬Ë∞‹ yÆ{ (v.zz ≈U./
„U.) ◊¥ „ÈU•Ê– ◊≈U⁄U ◊¥ •ãÿ Á∑§S◊Ê¥ ∑§Ë ÃÈ‹ŸÊ ◊¥ flË∞‹ yw
(z.vÆ ≈U./„U.), Áfl∑§Ê‚ (y.{z ≈U./„U.) •ı⁄U •∑¸§‹ (y.zy
≈U./„U.) ◊¥ ‚’‚ ÖÿÊŒÊ ©U¬¡ „ÈUß¸– »˝¥§ø’ËŸ ◊¥ ŸÊªÊ ‹Ê∑§‹,
•∑§Ê¸ ∑§Ê◊‹ ÃÕÊ ‹Ê∑§‹-w ◊¥ •¬ˇÊÊ∑Î§Ã ÖÿÊŒÊ ©Uà¬ÊŒŸ
„ÈU•Ê– ‡ÊËÉÊ˝ ’È•Êß¸ flÊ‹Ë ◊≈U⁄U (vz ÁŒ‚¢’⁄U) ◊¥ Áfl‹ê’ ‚
’Êß¸ ¡ÊŸ flÊ‹Ë ◊≈U⁄U (wz ÁŒ‚¢’⁄U z ¡Ÿfl⁄UË ÃÕÊ vz ¡Ÿfl⁄UË)
∑§Ë •¬ˇÊÊ ÖÿÊŒÊ „U⁄UË »§‹Ë ∑§Ê ©Uà¬ÊŒŸ (y.}~ ≈U./„U.) „ÈU•Ê–
‚ÊŸËŒÊŸ ∑§ ¤ÊÍ◊ ˇÊòÊÊ¥ ◊¥ Á∑§‚ÊŸÊ¥ ∑§Ë ¬⁄¢U¬⁄UÊªÃ ¬hÁÃ ∑§
’Œ‹ Áfl∑§Á‚Ã ‚Sÿ ¬hÁÃ •¬ŸÊŸ ‚ œÊŸ ∑§ ©Uà¬ÊŒŸ ◊¥
flÎÁh Œ¡¸ ∑§Ë ªß¸– ÿ„U flÎÁh SÕÊŸËÿ ÃÕÊ Áfl∑§Á‚Ã Á∑§S◊Ê¥ ◊¥
∑˝§◊‡Ê— {}% ÃÕÊ |w% ÕË– ¤ÊÍ◊ ˇÊòÊ ◊¥ …UÊ‹ ∑§ ©U‹≈U
¬¢ÁÄÃÿÊ¥ ◊¥ (wz ‚.◊Ë. ∑§Ë ŒÍ⁄UË ¬⁄U) ÿÊ Á«Ué’Á‹¢ª ∑§⁄U∑§ œÊŸ
‹ªÊŸ ¬⁄U Á¿U≈U∑§Êfl ÁflÁœ mÊ⁄UÊ ‹ªÊÿË œÊŸ ∑§ •¬ˇÊÊ ©Uà¬ÊŒŸ
◊¥ ◊„Uàfl¬ÍáÊ¸ flÎÁh Œ¡¸ ∑§Ë ªß¸– ◊ãŸÊ⁄U ÃÕÊ •Êß¸ÿÍ•Ê⁄U•Ê∞Ÿ
zvy ∑§Ë ©Uà¬ÊŒ∑§ÃÊ ¬¢ÁÄÃÿÊ¥ ◊¥ ‹ªÊŸ ‚ ∑˝§◊‡Ê— w.yw ≈U./„U.
ÃÕÊ w.~{ ≈U./„U. ⁄U„UË– Á«Ué’Á‹¢ª ◊¥ ÿ„U ∑˝§◊‡Ê— w.Æz ÃÕÊ
w.xy ≈U./„U. ÕË ∞fl¢ Á¿U≈U∑§Êfl ÁflÁœ ◊¥ ∑˝§◊‡Ê— v.{Æ ÃÕÊ
v.|v ≈U./„U. ⁄U„UË– ¤ÊÍ◊ ˇÊòÊÊ¥ ◊¥ ‡Ê‡Ê⁄U¢ª-v (y.}y ≈U./„U.) ÃÕÊ
•Êß¸•Ê⁄U- {y(y.{x ≈U./„U.) ∑§Ë ©U¬¡ ‹ª÷ª ‚◊ÊŸ ÕË
¬⁄UãÃÈ ßŸ∑§Ë ©U¬¡ Áflfl∑§ œÊŸ }w(x.v~ ≈U./„U.) ∑§ •¬ˇÊÊ∑Î§Ã
ÖÿÊŒÊ ÕË– œÊŸ ∑§Ë ∑§Ê’¸ÁŸ∑§ πÃË ◊¥ ‚È•⁄U ∑§ πÊŒ (y.|~
≈U./„U.) ∑§Ê ©U¬ÿÊª ‹ª÷ª ∞»§flÊß¸∞◊ (y.|| ≈U./„U.) ÃÕÊ
fl◊Ë¸∑§ê¬ÊS≈U (y.{~ ≈U./„U.) ∑§ ’⁄UÊ’⁄U „UË ©Uà¬ÊŒŸ ◊¥ flÎÁh
∑§⁄UÃÊ „ÒU– ¬⁄UãÃÈ ÿ„U œÊŸ ∑§ ¬È•Ê‹ (x.~{ ≈U./„U.) ÃÕÊ
¬⁄¢U¬⁄UÊªÃ Á∑§‚ÊŸ ¬hÁÃ (w.~v ≈U./„U.) ∑§Ë •¬ˇÊÊ ◊„Uàfl¬ÍáÊ¸
„ÒU– ∞∑§Ë∑Î§Ã ¬Ê·∑§ Ãàfl ¬˝’¢œŸ ‚ ‚’‚ ÖÿÊŒÊ ©Uà¬ÊŒŸ
(x.z} ≈U./„U.) „ÈU•Ê– ‡Ê‡Ê⁄¢Uª-v ◊¥ y.}y ≈U./„U. ©Uà¬ÊŒŸ „ÈU•Ê
¡Ê •ãÿ ∑§Ë •¬ˇÊÊ∑Î§Ã ¡Ò‚ Á∑§ ŸªÊ’Ê (y.x~ ≈U./„U.), ◊ÉÊÊ
∞⁄UÊ◊Á≈U∑§-w (x.~~ ≈U./„U.) ÃÕÊ ‹◊¬ŸÊ„U (x.}z ≈U./„U.)
‚ •Áœ∑§ „ÒU– ◊ÉÊÊ‹ÿ ◊¥ ©U◊ÁSŸ¢ª ¬˝πá«U ◊¥ •flÁSÕÃ Á◊Ÿ‚Ÿ
ŸÊ◊∑§ ªÊ°fl (vwÆ ÉÊ⁄U, {Æ „U. ˇÊòÊ) ∑§Ê •¬ŸÊÿÊ ªÿÊ– ÿ„UÊ°
∑§Ê’¸ÁŸ∑§ ÁflÁœ ‚ πÃË ∑§Ë Ã∑§ŸË∑§ ∑§Ê ÁflSÃÊ⁄U ‚◊Í„U ∑§
•ÊœÊ⁄U ¬⁄U Á∑§ÿÊ ªÿÊ– •Œ⁄Uπ ◊¥ ¡Òfl∑§Ê’¸ÁŸ∑§ ¡Ë∞»§ v ∑§
©U¬ÿÊª ‚ ©Uà¬ÊŒŸ ◊¥ x|.{% ∑§Ë flÎÁh Œ¡¸ ∑§Ë ªß¸– ¡’Á∑§
⁄UË«UÊ◊Ë‹ ∑§ ©U¬ÿÊª ‚ v}.}% ∑§Ë flÎÁh „ÈUß¸– ¡Òfl∑§Ê’¸ÁŸ∑§
III

∑§Ë xÆ Á◊‹Ë/‹Ë≈U⁄U ¬ÊŸË ∑§ ÉÊÊ‹ ∑§Ê ©U¬ÿÊª ∑§⁄UŸ ‚ „UÀŒË
◊¥ yÆ.zw% •Áœ∑§ ©U¬¡ „ÈUß¸– •ãÿ Á∑§‚Ë ¡Òfl-•Á÷∑§ÃÊ¸
∑§Ê ©U¬ÿÊª ©Uà¬ÊŒŸ ◊¥ ◊„Uàfl¬ÍáÊ¸ flÎÁh Ÿ„UË¥ ‹Ê ‚∑§Ê–
ßŸ Á‚≈ÈU »§≈¸UÁ‹≈UË ¬˝’¢œŸ ÃÕÊ Á’ŸÊ Á∑§‚Ë ’Ê„U⁄UË ¬Ê·∑§
Ãàfl ∑§ øÊfl‹ ◊¥ ∞∑§ ŒËÉÊ¸∑§ÊÁ‹∑§ (wÆÆx ‚) ¬⁄UËˇÊáÊ ÁŸêŸ
÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ ◊¥ Á∑§ÿÊ ªÿÊ– ß‚ ¬⁄UËˇÊáÊ ◊¥ ÿ„U ¬ÃÊ ø‹Ê
Á∑§ •Êß¸‚Ë∞◊ ÃÕÊ ∞‚•Ê⁄U•Êß¸ ◊¥ ∑§‹Ë ∑§Ë ‚¢ÅÿÊ, ’ÊÁ‹ÿÊ¥
∑§Ë ‚¢ÅÿÊ ÃÕÊ ©U¬¡ (∑˝§◊‡Ê— x.}Æ ÃÕÊ x.zv ≈U./„U.)
‚Ë•Ê⁄U‚Ë (x.wx ≈U./„U.) ∑§ •¬ˇÊÊ∑Î§Ã •Áœ∑§ „ÒU– ⁄UÊ¬áÊ ∑§Ë
ÁflÁ÷ãŸ ÖÿÊÁ◊ÁÃÿÊ¥ ◊¥ wÆ ‚.◊Ë. & wÆ ‚.◊Ë. ÃÕÊ wÆ ‚.◊Ë.
& wz ‚.◊Ë. ∑§‹Ë ÃÕÊ ’ÊÁ‹ÿÊ¥ ∑§Ë •Áœ∑§ ‚¢ÅÿÊ ◊ı¡ÍŒ „ÒU–
¡’Á∑§ wz ‚.◊Ë. & vz ‚◊Ë. ÃÕÊ wz ‚◊Ë & wz ‚◊Ë ◊¥
‚¢ÅÿÊ •¬ˇÊÊ∑Î§Ã ∑§◊ „ÒU– wÆ ‚◊Ë & wÆ ‚◊Ë ∑§Ë ŒÍ⁄UË ¬⁄U
’È•Êß¸ ∑§⁄UŸ ‚ øÊfl‹ ∑§Ë ‚flÊ¸Áœ∑§ ©U¬¡ (x.}v ≈U./„U.)
¬˝ÊåÃ „ÈUß¸ ¡Ê wÆ ‚◊Ë & vz ‚◊Ë (x.{y ≈U./„U.) ◊¥ ‹ª÷ª
‚◊ÊŸ ÕË– ‚ËflË«U vz% ∑§å¬ÊÁ»§Ä‚ S¬Ë‡ÊË¡ (∑§ ‚Ò¬),
‚ËflË«U vz ª˝Á‚‹Á⁄UÿÊ S¬Ë‡ÊË¡ (¡Ë ‚Ò¬), z% ∑§ ‚Ò¬ ÃÕÊ
z ¡Ë ‚Ò¬ ∑§Ê Á¿U«∏U∑§Êfl ÁŸœÊ¸Á⁄UÃ ∞Ÿ.¬Ë.∑§. ∑§ ‚ÊÕ ∑§⁄UŸ ¬⁄U
ÁŸÿ¢ÁòÊÃ (¬ÊŸË ∑§Ê Á¿U«∏U∑§Êfl) ¬⁄UËˇÊáÊ ∑§ •¬ˇÊÊ œÊŸ ◊¥
∑˝§◊‡Ê— v}.y, v|.Æ, v{.v ÃÕÊ vy.Æ% •Áœ∑§ ©U¬¡ ¬˝ÊåÃ
„ÈUß¸– ¡’Á∑§ ◊Ä∑§Ê ◊¥ ∑˝§◊‡Ê— wÆ.v, v~.x, vy.{ ÃÕÊ vz.{%
ÖÿÊŒÊ ©U¬¡ ¬˝ÊåÃ „ÈUß¸– ÁŸêŸ ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ ◊¥ øÊfl‹ ∑§ ’ÊŒ
◊≈U⁄U, ‚⁄U‚Ê¥ ÿÊ ’∑§√„UË≈U ∑§Ë ©U¬¡ ¡Ë⁄UÊ ≈UË‹¡ (•fl‡Ê· ∑§
‚ÊÕ) ◊¥ •¬ˇÊÊ∑Î§Ã ÖÿÊŒÊ ¬ÊÿË ªß¸–
◊Ä∑§Ê S≈UÊ∑§ ∑§fl⁄U + ¬ÊÀ≈˛UË πÊŒ + •¢’˝ÊÁ‚ÿÊ @z ≈U./„U.
∑§ ©U¬ÿÊª ‚ ◊Ä∑§Ê S≈UÊ∑§ ∑§fl⁄U + ∞»§flÊß¸∞◊ @vÆ ≈U./„U.
∑§Ë •¬ˇÊÊ ÖÿÊŒÊ ©U¬¡ „ÈUß¸– •fl‡Ê· ¬˝’¢œŸ ¬˝áÊÊ‹Ë ∑§ Ã„UÃ
ÃÊÁ⁄UÿÊ ∑§Ë ©U¬¡ ‚flÊ¸Áœ∑§ ◊Ä∑§Ê S≈UÊ∑§ ∑§fl⁄U + ¬ÊÀ≈˛UË πÊŒ
+ •¢’˝ÊÁ‚ÿÊ @z ≈U./„U. ∑§ ©U¬ÿÊª ‚ „ÈUß¸– ◊Ä∑§Ê ÃÕÊ
•ãÃ»¸§‚‹ ∑§Ë ∑§≈UÊß¸ ∑§ ¬‡øÊÃ •fl‡Ê· Ÿ◊Ë ◊¥ ÃÊÁ⁄UÿÊ ∑§Ë
’È•Êß¸ „ÈUß¸– ¬⁄¢U¬⁄UÊªÃ ¡ÈÃÊß¸ ∑§Ë •¬ˇÊÊ ¡Ë⁄UÊ ≈UË‹¡ ◊¥ ÃÊÁ⁄UÿÊ
∑§Ê ©Uà¬ÊŒŸ ÖÿÊŒÊ „ÈU•Ê– ◊Ä∑§ ∑§Ë ¬∆U (∞‚ªÊ«¸U) ∑§ ‚ÊÕ
•ãÃ»¸§‚‹ ∑§Ù ◊ÉÊÊ‹ÿ ∑§ ◊äÿ ¬„UÊ«∏UË ˇÊòÊÊ¥ ◊¥ ‚Ë…∏UËŸÈ◊Ê
πÃÊ¥ ∑§ Á‹∞ ‚’‚ ©U¬ÿÈÄÃ ¬ÊÿÊ ªÿÊ, ÄÿÊ¥Á∑§ ß‚‚ ÷ÍÁ◊ ◊¥
‚flÊ¸Áœ∑§ Ÿ◊Ë •fl‡Ê· ⁄U„UÃË „ÒU ÃÕÊ ◊Ä∑§ ∑§Ë ©U¬¡ ÷Ë ÖÿÊŒÊ
„UÊÃË „ÒU– ∑§Ê‹Ë ¬ÊÚ‹ËÕËŸ ◊Àø ◊¥ S≈˛UÊ ◊Àø ∑§Ë •¬ˇÊÊ S≈˛UÊ’⁄UË
∑§ »§‹ ∑§Ê ©Uà¬ÊŒŸ ÖÿÊŒÊ „UÊÃÊ „ÒU– Á‚¢øÊß¸ ∑§ ÁflÁ÷ãŸ SÃ⁄UÊ¥
◊¥ v.w ß¸¬ÒŸ (’È•Êß¸ ∑§ xÆ ÁŒŸ ’ÊŒ) ¬⁄U Á‚¢øÊß¸ ‚ Á◊≈˜UÔ≈UË ◊¥
Ÿ◊Ë ∑§Ë •Áœ∑§Ã◊ ◊ÊòÊÊ ¬ÊÿË ªß¸– ’È•Êß¸ ∑§ {Æ ∞fl¢ ~Æ ÁŒŸ
’ÊŒ Ÿ◊Ë ∑§Ë •Áœ∑§Ã◊ ◊ÊòÊÊ v.Æ ß¸¬ÒŸ ¬⁄U ¬ÊÿË ªß¸– ©U‚∑§
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’ÊŒ Æ.} ß¸¬ÒŸ ÃÕÊ Æ.{ ß¸¬ÒŸ ¬⁄U ¬ÊÿË ªß¸– øÊfl‹ ◊¥ π⁄U¬ÃflÊ⁄
ÁŸÿ¢òÊáÊ ∑§ Á‹∞ ‚Êß¸„UÊ‹Ê»§Ê¬ éÿÍ≈UÊß‹ @ }Æ ª˝Ê./„U. ∑§Ê
©U¬ÿÊª ’È•Êß¸ ∑§ wz ÁŒŸ ’ÊŒ ∑§⁄UŸ ‚ ÃÕÊ w.y «UË @Æ.|z
Á∑§.ª˝Ê/„U. ∑§Ê ©U¬ÿÊª ’È•Êß¸ ∑§ xÆ ÁŒŸ ’ÊŒ ∑§⁄UŸ ‚ ‚flÊ¸Áœ∑§
©U¬¡ (y.x{ ≈U./„U.) ¬˝ÊåÃ „ÈUß¸–
¤ÊÍ◊-‚ÈœÊ⁄U ¬⁄U ç‹ÒªÁ‡Ê¬ ∑§Êÿ¸∑˝§◊ ∑§Ê ‡ÊÈ÷Ê⁄¢U÷ ‚ÊÁŸŒÊŸ
ªÊ°fl ◊¥ Á∑§ÿÊ ªÿÊ– ªÊ°fl ∑§Ë ◊Í‹÷ÍÃ ¡ÊŸ∑§Ê⁄UË ÿÕÊ ÷ÍÁ◊
©U¬ÿÊª ¬hÁÃ, ¤ÊÍ◊ ø∑˝§, ¤ÊÍ◊ ∑Ò§‹¥«U⁄U, •Êÿ dÊÃ ÃÕÊ √ÿÿ
∑§Ë ÁSÕÁÃ, üÊ◊ ∑§Ë •Êfl‡ÿ∑§ÃÊ ÃÕÊ »§‚‹ ©Uà¬ÊŒ∑§ÃÊ, ©Uà¬ÊŒŸ
ÃÕÊ üÊ◊ ∑§ ‚ŒÈ¬ÿÊª •ÊÁŒ ∑§Ê ‚¢ª˝Á„UÃ Á∑§ÿÊ ªÿÊ– Á≈U∑§Ê™§
πÃË ÃÕÊ ŒˇÊ ¬˝ılÊÁª∑§Ë „USÃˇÊ¬Ê¥ ÿÕÊ ◊ÎŒÊ ∞fl¢ ¡‹ ‚¢⁄UˇÊáÊ
({ Ã∑§ŸË∑§Ë), •Áœ∑§ ©U¬¡Ê™§ Á∑§S◊¥ (|), ÁflÁœ ôÊÊŸ (y),
∞◊¬Ë≈UË ({|zÆÆ), ‚È•⁄U¬Ê‹Ÿ, ◊àSÿ ¬Ê‹Ÿ ∞fl¢ ◊‡ÊM§◊
©Uà¬ÊŒŸ ∑§Ê ∑§ÊÿÊ¸ãflÿŸ Á∑§ÿÊ ªÿÊ– •÷Ë Ã∑§ ∑È§‹ v{{
Á∑§‚ÊŸ (vz „U.) ‹Ê÷ÊÁãflÃ „ÈU∞ „Ò¥U– ‹ª÷ª {||{ Á∑§.ª˝Ê.
’Ë¡ ∑§Ê ÁflÃ⁄UáÊ Á∑§‚ÊŸÊ¥ ∑§ ’Ëø Á∑§ÿÊ ªÿÊ– ¤ÊÍ◊ ˇÊòÊÊ¥ ◊¥
◊ÎŒÊ ÃÕÊ ¡‹ ‚¢⁄UˇÊáÊ ∑§ Á‹∞ ’¥ø ≈U⁄UÁ‚¢ª, ∑¢§≈ÈU⁄U πÃË, …UÊ‹Ê¥
∑§ ©U‹≈U ¬¢ÁÄÃÿÊ¥ ◊¥ ’È•Êß¸ ÃÕÊ ¡‹∑È§á«U ∑§Ê ÁŸ◊Ê¸áÊ ‡ÊÈM§
Á∑§ÿÊ ªÿÊ– ◊ÎŒÊ ‚¢⁄UˇÊáÊ ∑§ Á‹∞, ∞‚Ë ÷ÍÁ◊ Á¡‚∑§ …UÊ‹ ∑§Ê
ŒÊÿ⁄UÊ w{-{w% ÃÕÊ ˇÊòÊ»§‹ ‹ª÷ª vzÆÆ ◊Ëw ÕÊ, ◊¥ •Ê¢Á‡Ê∑§
’¥ø ≈U⁄UÁ‚¢ª ∑§Ë ∑È§‹ ‹ÊªÃ L§. z{,wzÆ-}v,wzÆ/„.U Œ¡¸ ∑§Ë
ªß¸– ∞À«U⁄U flÎˇÊÊ¥ ∑§ ŸËø „UÀŒË ∑§Ë ©Uà¬ÊŒ∑§ÃÊ ‚’‚ •Áœ∑§
(vx.} ≈U./„U.) øÍŸÊ (’È•Êß¸ ∑§ ¬„U‹ Á¿U«∏U∑§Êfl) + ∞Ÿ¬Ë∑§
+ ∞»§flÊß¸∞◊ ∑§ ‚Áê◊Á‹Ã ©U¬ÿÊª ‚ ¬˝ÊåÃ „ÈUß¸– ÿ„U ©U¬¡
ÁŸÿ¢ÁòÊÃ ÁflÁœ ÃÕÊ •ãÿ ⁄UÊ‚ÊÿÁŸ∑§ πÊŒ ∑§ ©U¬ÿÊª ∑§Ë
ÃÈ‹ŸÊ ◊¥ ÖÿÊŒÊ „ÒU– •Œ⁄Uπ ∑§ ©U¬¡ ◊¥ flÎÁh ∑§ Á‹∞
¡Òfl∑§Ê’¸ÁŸ∑§ ¡Ë.∞»§ v ÃÕÊ ∞¡≈UÊ’ÒÄ≈U⁄U + ¬Ë∞‚’Ë ŒÊŸÊ¥
‚◊ÊŸ M§¬ ‚ ¬˝÷ÊflË ¬Êÿ ªÿ ({ ≈U/„U.)– ¡’Á∑§ „UÀŒË ◊¥
∞¡≈UÊ’ÒÄ≈U⁄U + ¬Ë∞‚’Ë ∑§Ê ©U¬¡ flÎÁh ◊¥ ¬˝÷Êfl flÊŸS¬ÁÃ∑§
ww ∞‹ ÃÕÊ ∞¡≈UÊ’ÒÄ≈U⁄U ∑§ ©U¬ÿÊª ∑§ ’⁄UÊ’⁄U ¬ÊÿÊ ªÿÊ–
•ãÿ ∑§Ë≈UŸÊ‡Ê∑§ ∑§Ë ÃÈ‹ŸÊ ◊¥ ’ÒÁÄ‚≈UËŸ + ∞◊Ë«U Ä‹ÊÁ¬˝«U ‚
¬˝∑¢§Œ ‡ÊÊœŸ ∑§⁄UŸ ¬⁄U •Œ⁄Uπ (vyÆ%) ÃÕÊ „UÀŒË (v{w%)
◊¥ •Áœ∑§ ©U¬¡ Œ¡¸ ∑§Ë ªß¸– ∞À«U⁄U flÎˇÊ ∑§ ŸËø •ãÃ»¸§‚‹Ê¥
(∑§Ê‹Ê∑§Á‚ÿÊ, ∞Á‹»Ò¥§≈U »È§≈U ÿÊ◊, „UÀŒË) ∑§Ë ©Uà¬ÊŒ∑§ÃÊ
•¬ˇÊÊ∑Î§Ã ÖÿÊŒÊ ¬ÊÿË ªß¸–
∞∑§Ë∑Î§Ã ¬Ê·áÊ ¬˝’¢œŸ (•Êß¸∞Ÿ∞◊) ∑§ •ãÃª¸Ã zÆ%
•Ê⁄U«UË∞»§ ∑§Ê ©U¬ÿÊª fl◊Ë¸∑§Êê¬ÊS≈U (@z ≈U/„U.) ∞fl¢ øÍŸ
(@z ÁÄfl¢≈U‹/„U.) ∑§ ‚ÊÕ ∑§⁄UŸ ‚ ◊ÎŒÊ ∑§Ê’¸ÁŸ∑§ SÃ⁄U ◊¥
vx% ∑§Ë, ‚Íˇ◊¡ËflË ¡Ëflº˝√ÿ◊ÊŸ (∞◊’Ë‚Ë) ◊¥ x~% ∑§Ë
∞fl¢ ◊ÎŒÊ ∞ã¡Êß◊ ¡Ò‚ Á∑§ «UË„UÊß¸«˛UÊÁ¡Ÿ¡, »§ÊS»§≈U¡ ÃÕÊ
IV

Ç‹Í∑§ÊÁ‚«U¡ ∑§ Á∑˝§ÿÊ∑§‹Ê¬Ê¥ ◊¥ xz-zw% ∑§Ë flÎÁh Œ¡¸ ∑§Ë
ªß¸– ◊Ä∑§ ◊¥ ß‚ ¬Ê·∑§ ∑§ ◊Êäÿ◊ ‚ ÁŸÿ¢ÁòÊÃ ¬⁄UËˇÊáÊ ∑§Ë
•¬ˇÊÊ ©U¬¡ (v~.| Á∑§./„U.) ◊¥ xx% ∑§Ë flÎÁh Œ¡¸ „ÈUß¸–
•Ê‹Í ∑§Ë »§‚‹ ◊¥ •Êß¸∞Ÿ∞◊ ∑§ •ãÃª¸Ã vÆÆ% •Ê⁄U«UË∞»§
∑§Ê ©U¬ÿÊª øÍŸ (w ≈U./„U.), ∞»§flÊß¸∞◊ (z ≈U./„U.) ÃÕÊ
fl◊Ë¸∑§ê¬ÊS≈U (w.z ≈U./„U.) ∑§ ‚ÊÕ ∑§⁄UŸ ‚ ÁŸÿ¢ÁòÊÃ ¬⁄UËˇÊáÊ
∑§Ë •¬ˇÊÊ ©Uà¬ÊŒŸ ◊¥ w.{~ ªÈŸÊ flÎÁh „ÈUß¸– ™§c◊ÊÿÊŸ •äÿÿŸ
∑§ •ÊœÊ⁄U ¬⁄U ÿ„U ¬ÊÿÊ ªÿÊ Á∑§ ‚È•⁄U •ı⁄U ¬ÊÀ≈˛UË πÊŒ ∑§Ê
∑§Ê’¸ÁŸ∑§ ‚¢‡ÊÊœŸÊ¥ ∑§ M§¬ ◊¥ ÁŸÿ¢ÁòÊÃ ©U¬ÿÊª ◊ÎŒÊ ◊¥ ©Uëø
◊ÎŒÊ flË∞ø, »§ÊÚS»§Ê⁄U‚ ∑§Ë ©U¬‹éœÃÊ ÃÕÊ ∑Ò§ÁÀ‚ÿ◊ •ı⁄U
◊ÒÇŸËÁ‡Êÿ◊ ∑§ ÁflÁŸ◊ÿÃÊ ∑§Ê ’ŸÊÿ ⁄UπÃÊ „ÒU– ◊Ä∑§ ◊¥
»§ÊS»§Ê⁄U‚ ‚ ’Ë¡ ¬˝ÊßÁ◊¢ª ∑§⁄UŸ ‚ ©UëøÃ◊ ©U¬¡ [+Æ.zx
≈U./„U., (+|Æ%)] ¬˝ÊåÃ „ÈUß¸– ◊ÎŒÊ ◊¥ ∑§≈UÊÿŸ ÁflÁŸ◊ÿ ˇÊ◊ÃÊ
(‚Ëß¸‚Ë) ∑§ ‚ÁãŸ∑§≈UŸ ∑§ Á‹∞ ∞∑§ ““Á◊ÕÊß‹ËŸ é‹Í «˛UÊ¬
≈US≈U”” ∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ– ß‚∑§Ê ©U¬ÿÊª “⁄ÒUÁ¬«U
SflÊÿ‹ „UÀÕ ≈US≈U Á∑§≈U” ◊¥ Á∑§ÿÊ ¡Ê ‚∑§ªÊ– ß‚ ¬⁄UËˇÊáÊ ∑§
Á‹∞ ◊ÎŒÊ ∑§ Ÿ◊ÍŸ, Á◊ÕÊß‹ËŸ é‹Í «UÊß¸ ÃÕÊ Á»§À≈U⁄U ∑§Êª¡
∑§Ë •Êfl‡ÿ∑§ÃÊ „UÊÃË „ÒU •ı⁄U ‹ª÷ª zÆ Ÿ◊ÍŸÊ¥ ∑§Ê ‚Ëß¸‚Ë ∑§
Á‹∞ ¬⁄UËˇÊáÊ ∞∑§ ÁŒŸ ◊¥ „UÊ ‚∑§ÃÊ „ÒU–
◊Ä∑§ ◊¥ ÁŸÿ¢ÁòÊÃ flÊÃÊfl⁄UáÊ ◊¥ ‚¢ÃÈÁ‹Ã ¬ÊŸË ŒÎÁc≈U∑§ÊáÊ ∑§
◊Êäÿ◊ ‚ Ÿ◊Ë ∑§ ¬˝ÁÃ ‚¢flŒŸ‡ÊË‹ Áfl∑§Ê‚ ∑§Ë •flSÕÊ ÃÕÊ
©U¬ÿÊª ∑§ M§¬ ◊¥ Ÿc≈U „UÊŸ flÊ‹ ¬ÊŸË ∑§Ë ◊ÊòÊÊ ∑§Ê ÁŸœÊ¸⁄UáÊ
Á∑§ÿÊ ªÿÊ– flÊSÃÁfl∑§ flÊc¬Ë∑§⁄UáÊ SflŒ (∞ß¸≈UË) ∑§ M§¬ ◊¥
„UÊÁŸ ‚’‚ ÖÿÊŒÊ flŸS¬ÃËÿ •flSÕÊ ∑§ Œı⁄UÊŸ ⁄U„UË (»Í§‹
ÁŸ∑§‹Ÿ Ã∑§)– ‚åÃÊÁ„U∑§ Ãı⁄U ‚’‚ ‚¢flŒŸ‡ÊË‹ ‚åÃÊ„U vvvwflÊ° ⁄U„UÊ Á¡‚◊¥ ∞ß¸≈UË (v|-xÆ ◊Ë◊Ë/‚åÃÊ„U) ÖÿÊŒÊ ⁄U„UÊ–
ÃËŸ ÁflÁ÷ãŸ ◊ÎŒÊ Ÿ◊Ë ∑§Ê‹ ¡Ê Á∑§ wz, zÆ ÃÕÊ vÆÆ% ˇÊòÊ
ˇÊ◊ÃÊ (•ÁÃ, ◊äÿ◊ •ı⁄U Œ’Êfl ⁄UÁ„UÃ) ∑§ •ÊœÊ⁄U ¬⁄U •äÿÿËÃ
Á∑§ÿ ªÿ Õ– ßŸ◊¥ ◊ı‚◊Ë »§‚‹Ê¥ ∑§Ê ∞ß¸≈UË „UÊÁŸ ∑§Ê ÁflSÃÊ⁄U
vwy.x ◊Ë◊Ë ‚ w|Æ.~ ◊Ë◊Ë ¬ÊÿÊ ªÿÊ– ◊ÎŒÊ ‡fl‚Ÿ •ÕflÊ
flÊÿÈ ÁflÁŸ◊ÿ ∑§ •äÿÿŸ ∑§ •ÊœÊ⁄U ¬⁄U ÿ ¬ÊÿÊ ªÿÊ Á∑§
◊Í°ª»§‹Ë ∑§Ë πÃË ‚ ◊ÎŒÊ ◊¥ ∑§Ê’¸Ÿ«UÊß¸•ÊÄ‚Êß«U ∑§Ë ‚Ê¢º˝ÃÊ
‹ª÷ª y% ∑§◊ „UÊ ªß¸, ¡’Á∑§ ◊ÎŒÊ ‡fl‚Ÿ ◊¥ vz% ∑§Ë
flÎÁh „ÈUß¸– ‚¢øÿË ◊ÎŒÊ ‡fl‚Ÿ, ¬⁄¢U¬⁄UÊªÃ ¡ÈÃÊß¸ (‚Ë≈UË — w.Æ|
‚ w.~x; •ı‚Ã w.z{ ª˝Ê ‚Ë•Ù2 ◊Ë.w/ÉÊ¢≈UÊ) ◊¥ ¡Ë⁄UÊ ≈UË‹¡
(¡Ë≈UË — v.|Æ ‚ w.|~, •ı‚Ã w.v} ª˝Ê ‚Ë•Ù2 ◊Ë.w/ÉÊ¢≈UÊ)
∑§Ë •¬ˇÊÊ ÖÿÊŒÊ ¬ÊÿË ªß¸– ◊Ä∑§ ◊¥ ßŸÁ‚≈ÈU „U⁄UË πÊŒ ∑§
‚ÊÕ •fl‡Ê· •flœÊ⁄UáÊ ∑§Ë •flSÕÊ ◊¥ ‚¢øÿË ◊ÎŒÊ ‡fl‚Ÿ
‚’‚ ÖÿÊŒÊ ¬ÊÿË ªß¸–
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•∑§ÊÁ⁄U∑§Ë ÃÕÊ •ÊÁáfl∑§ Áfl‡‹·áÊ ∑§ •ÊœÊ⁄U ¬⁄U ‡Ê»§‹⁄UÊ
flÊ‹ËÁøÿÊŸÊ ‚ ∞∑§ ⁄US≈U ⁄UÊª¡Ÿ∑§ ŸË‚Ê¢¬‚Ê⁄UÊ âflÊß≈US≈UË ∑§Ê
¬˝ÁÃflÁŒÃ Á∑§ÿÊ ªÿÊ– ŸË‚Ê¬‚Ê⁄UÊ âflÊß≈US≈UË ◊¥ ¬⁄U¡ËflË
≈U˜ÔÿÍ’⁄UÄÿÍÁ‹ŸÊ S¬Ë. ∑§Ê SÕÊÁ¬Ã Á∑§ÿÊ ªÿÊ– ¡ËŸ’Ò¥∑§ ◊¥ v}
∞‚ (∞‚∞‚ÿÍ), ß‚∑§ ˇÊòÊ ÃÕÊ •Ê⁄U.«UË∞Ÿ∞ ∑§ ’«∏U ß∑§Êß¸
∑§Ê ∑˝§◊ (∑§‚Ë }}y|Æv) ¡◊Ê ∑§⁄UÊÿÊ ªÿÊ– é‹ÊS≈U ∞Ÿ ¬⁄U
πÊ¡ ∑§⁄UŸ ‚ ‚’‚ ÖÿÊŒÊ ‚◊ÊŸÃÊ „U‹Ë∑§Ê’‚ËÁ«Uÿ◊ ◊Ê¥¬Ê
(~x% ∞flÊß¸ w~wyw} ÃÕÊ ∞flÊß¸ w~wyw~ ∑§ ∑˝§◊) ∑§ ‚ÊÕ
¬ÊÿË ªß¸– ⁄U◊È‹Á⁄UÿÊ ∑§Ê‹•ÊS¬Ê⁄UË (∞∑§ •ÁÃ¬Á⁄U¡ËflË
„UÊß¸»§Ê◊Êß‚Ë≈U) ∑§Ê ∑§Ê‹•ÊS¬ÊÁ⁄Uÿ◊ å‹◊Á⁄U∞ ‚ ¬˝ÁÃflÁŒÃ
Á∑§ÿÊ ªÿÊ– ∞‹Ê∞ªã‚ ‹Ò≈UË»§ÊÁ‹ÿÊ ‚ •ÁÃ¬Á⁄U¡ËflË ⁄US≈U
¡ËflŸÊ‡Ê∑§ ∑§Ê πÊ¡Ê ªÿÊ– ◊‡ÊM§◊ ∑§Ë πÃË ¬⁄U ‚ÊÃ ¬˝Á‡ÊˇÊáÊ
∑§Êÿ¸∑˝§◊ •ÊÿÊÁ¡Ã Á∑§ÿ ªÿ Á¡‚◊¥ Á∑§‚ÊŸ ÃÕÊ ©Ul◊ËªáÊ
‡ÊÊÁ◊‹ „ÈU∞– •Ê∞S≈U⁄U ◊‡ÊM§◊ ∑§Ë ÃËŸ S≈˛UŸ ∑§Ê«U Æv, Æx
ÃÕÊ Æz ∑§Ê ‚’‚ ’„UÃ⁄U ¬ÊÿÊ ªÿÊ (’Ëß¸ — {v-{x%)–
¬Ë‚Ë•Ê⁄U ¬⁄U •ÊœÊÁ⁄UÃ ∞∑§ •ÊÁáfl∑§ ‚ÊœŸ Áfl∑§Á‚Ã Á∑§ÿÊ
ªÿÊ ¡Ê ˇÊòÊ ∞∑§ ◊¥ ©U¬ÁSÕÃ ∑˝§◊’h ‹ê’Êß¸ ¬ÊÚ‹Ë◊ÊÁ»¸§Ö◊
∑§ •ÊœÊ⁄U ¬⁄U ∞ø. ¬È‹‚Ë‹ÁŸ◊Ê ÃÕÊ ∞ø ‚Áå≈U◊Ê ∑§Ë ¬„UøÊŸ
∑§⁄UÃÊ „ÒU–
◊‡ÊËŸËÿÈÄÃ ∑Î§Á· „UÃÈ ¬Êfl⁄U Á≈U‹⁄U ‚ ø‹Ÿ flÊ‹Ë ’È•Êß¸
◊‡ÊËŸ ∑§ Á‹∞ ãÿÍ◊Á≈U∑§ ◊Ë≈U⁄UË¥ª ß∑§Êß¸ ∑§Ê Áfl∑§Ê‚ Á∑§ÿÊ ∞fl¢
ß‚∑§Ê ¬⁄UËˇÊáÊ ¬˝ÿÊª‡ÊÊ‹Ê ÃÕÊ πÃÊ¥ ◊¥ Á∑§ÿÊ ªÿÊ– «UËS∑§ ∑§
∑§Êÿ¸ „UÃÈ ∑§◊ ªÁÃ ∑§Ê ‚ÊÿÊ’ËŸ, •⁄U„U⁄U ÃÕÊ ◊Ä∑§ ∑§ ’Ë¡ ∑§
‚ÊÕ ©U¬ÿÈÄÃ ¬ÊÿÊ ªÿÊ– ¬Êfl«U⁄UÿÈÄÃ øÊ⁄U∑§Ê‹ ‚ ’Ë„UÊßfl
øÊ⁄U∑§Ê‹ Á’˝ÄflÁ≈U¡ ∑§Ê ’ŸÊÿÊ ªÿÊ– ß‚ ¬˝Á∑˝§ÿÊ ◊¥ Á◊≈˜UÔ≈UË ∑§Ê
ßSÃ◊Ê‹ ¡∑§«∏UŸ ∑§ M§¬ ◊¥ Á∑§ÿÊ ªÿÊ– ÿ„U flÊÃÊfl⁄UáÊ ∑§
•ŸÈ∑Í§‹, Sflë¿U ÃÕÊ ‹ÊªÊ¥ ∑§ Á‹∞ ÉÊ⁄U‹Í ßZœŸ ∑§ M§¬ ◊¥ •Êÿ
∑§Ê flÒ∑§ÁÀ¬∑§ dÊÃ ’Ÿ ‚∑§ÃÊ „ÒU– ∞∑§ Á’˝Äfl≈UË ∑§Ë Öfl‹Ÿ
ˇÊ◊ÃÊ ‹ª÷ª vxx-vyx Á◊Ÿ≈U ¬ÊÿË ªß¸– å‹ÊÁS≈U∑§ ∑§ ÕÒ‹Ê¥
◊¥ •ŸÈ◊ÊÁŒÃ ¬ÊÁ≈¢Uª Á◊üÊáÊ ∑§Ê ÷⁄UŸ ∑§ Á‹∞ ∞∑§ ¬ÊÁ≈¢Uª
◊‡ÊËŸ ∑§Ê Áfl∑§Á‚Ã Á∑§ÿÊ ªÿÊ– ¬Ê‹ËªÎ„U ∑§Ê ∆¢U«UÊ ÃÕÊ ª◊¸
∑§⁄UŸ ∑§ Á‹∞ ∞∑§ ◊ÎŒÊŸ‹Ë ™§c◊ÊÁflÁŸ◊ÊÿÊ∑§ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ
Á∑§ÿÊ ªÿÊ– ª◊¸ ∑§⁄UŸ ∑§Ë •flSÕÊ ◊¥ ◊‡ÊËŸ ∑§Ê ÖÿÊŒÊ ©U¬ÿÊªË
¬ÊÿÊ ªÿÊ– ∞∑§ flÊ„UŸËÿ ‚ÈπÊŸ flÊ‹Ë ◊‡ÊËŸ ∑§Ê Áfl∑§Á‚Ã
Á∑§ÿÊ ªÿÊ ÃÕÊ ß‚∑§Ê ◊ÍÀÿÊ¢∑§Ÿ ’«∏UË ß‹ÊÿøË (ˇÊ◊ÃÊ yÆ
Á∑§ª˝Ê) ∑§ ‚ÊÕ Á∑§ÿÊ ªÿÊ– ¬Ê‹◊¬È⁄U ◊¥ Áfl∑§Á‚Ã ¬Êfl⁄U Á≈U‹⁄U
¬⁄U ø‹Ÿ flÊ‹Ë ‹fl‹⁄U/≈U⁄U‚⁄U ◊‡ÊËŸ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ
ªÿÊ– S≈UË‹ ÁŸÁ◊¸Ã ¬ÊS≈U„UÙ‹ Á«Uª⁄U ∑§Ê ‚Ë◊ÊflÃË¸ ¬˝Œ‡Ê¸Ÿ Á∑§ÿÊ
ªÿÊ– ÃÁ◊‹ŸÊ«ÈU ∑Î§Á· Áfl‡flÁfllÊ‹ÿ, ∑§Êÿê’≈ÍU⁄U ‚ ¬˝ÊåÃ ¬«UË

V

«˛U◊ ‚Ë«U⁄U ∑§Ê ‚Ë◊ÊflÃË¸ ¬˝Œ‡Ê¸Ÿ Á∑§ÿÊ ªÿÊ– πÃË ◊¥ ©U¬ÿÊªË
©U¬∑§⁄UáÊÊ¥ ∑§ ¬˝ÁÃ∑Î§ÁÃÿÊ¥ ∑§Ê ’ŸÊÿÊ ªÿÊ ÃÕÊ ÁflÃ⁄UáÊ Á∑§ÿÊ
ªÿÊ Á¡‚‚ ‹ª÷ª w,yz,{ÆÆ/- L§¬ÿ ∑§Ë •Êÿ „Èß¸–
◊È⁄UÊ¸ ÷Ò¥‚Ê¥ ∑§Ë SflË∑§Êÿ¸ÃÊ ∑§ •äÿÿŸ Ÿ ¬˝ÁÃÁŒŸ •ı‚Ã
zzÆ ª˝Ê. ‡ÊÊ⁄UËÁ⁄U∑§ ÷Ê⁄U ◊¥ flÎÁh Œ‡ÊÊ¸ÿË– ÷Ò¥‚Ê¥ (’Á¿UÿÊ) ◊¥
ÿıflŸÊ⁄Uê÷ ∑§Ë •ı‚Ã •ÊÿÈ |vÆ w} ÁŒŸ ¬ÊÿÊ ªÿÊ ÃÕÊ
¬˝Õ◊ ª÷Ê¸œÊŸ ∑§Ë •ÊÿÈ |zw xz ÁŒŸ ¬ÊÿÊ ªÿÊ– ¬˝‚fl ∑§
©U¬⁄UÊãÃ ÷Ò¥‚Ê¥ ◊¥ ¬˝¡ŸŸ ø∑˝§ ∑§Ê ¬ÈŸ— •Ê⁄Uê÷ z} v} ÁŒŸ ◊¥
„ÈU•Ê ÃÕÊ ª◊Ë¸ ∑§ ÁŒŸÊ¥ ◊¥ ÷Ë ÁŸÿÁ◊Ã ¬˝¡ŸŸ ø∑˝§ Œ¡¸ Á∑§ÿÊ
ªÿÊ– ∞∑§ •ãÿ ¬⁄UËˇÊáÊ ◊¥ ÿ„U ¬ÊÿÊ ªÿÊ Á∑§ •ª⁄U ‚È•⁄U ∑§
¿UÊ≈U ’ëøÊ¥ ∑§Ê ŒÍœ ¿ÈU«∏UÊŸ ∑§ ’ÊŒ ¬˝Ê’Êß≈UË∑§ (‚Ò∑˝§Ê◊Êß‚‚
‚Áfl¸‚¡ @x.|z ∞◊‚Ë∞»§ÿÍ •ı⁄U ‹ÒÄ≈U. ‚¢¬Ê⁄UÊ¡ã‚ @vwzÆÆ
‚Ë∞»§ÿÍ) ÁŒÿÊ ¡Êÿ ÃÊ ©UŸ◊¥ ŒÍœ ¿UÊ«∏UŸ ‚ „ÈUß¸ ∑§◊Ë ∑§Ê ¬Í⁄UÊ
Á∑§ÿÊ ¡Ê ‚∑§ÃÊ „ÒU– ◊ÊŒÊ ‚È•⁄U ∑§ •á«U ∑§Ë ¬Á⁄U¬ÄflÃÊ ¬⁄U
Á∑§ÿ ªÿ ∞∑§ ßŸ Áfl≈˛UÊ •äÿÿŸ ‚ ÿ„U ¬ÃÊ ø‹Ê Á∑§ ∆¢U«U ∑§Ë
◊ı‚◊ ◊¥ ¬˝¡ŸŸ ˇÊ◊ÃÊ ª◊Ë¸ ÃÕÊ ◊ÊŸ‚ÍŸ ∑§Ë ◊ı‚◊ ∑§Ë
•¬ˇÊÊ ÖÿÊŒÊ ’„UÃ⁄U „UÊÃË „ÒU– ßŸ Áfl≈˛UÊ ÁSÕÁÃ ◊¥ ◊ÊŒÊ ‚È•⁄U
∑§ •á«U ∑§Ë ¬Á⁄U¬ÄflÃÊ ∑§ Á‹∞ ◊Êäÿ◊ ◊¥ «UË∞◊ß¸∞◊ +
ß¸∞‚∞‚ + ¬Ë∞»§∞»§ ∑§Ê ©U¬ÿÊª, „UÊ◊Ê¸Ÿ (¬Ë∞◊∞‚¡Ë +
∞‹∞ø) ∑§ ‚ÊÕ ¬„U‹ wÆ-wy ÉÊ¢≈U ∑§ Á‹∞ ÃÕÊ ’ÊŒ ◊¥
„UÊ◊Ê¸Ÿ ∑§ Á’ŸÊ, ©U¬ÿÈÄÃ ¬ÊÿÊ ªÿÊ– ª÷Ê¸œÊŸ ∑§Ë ¬˝Á∑˝§ÿÊ ÿÁŒ
ßS≈˛U‚ ∑§ ‚◊∑§Ê‹ËŸ „UÊ ÃÙ }w.{Æ ¡ã◊Œ⁄U ÃÕÊ ¬˝ÁÃéÿÊ¢Ã
~.wy Æ.xw ’ëø ¬˝ÊåÃ Á∑§ÿ ¡Ê ‚∑§Ã „Ò¥U– ßS≈˛U‚
‚◊∑§Ê‹Ë∑§⁄UáÊ ‚ ∞∑§ ¡ª„U ¬⁄U •ª⁄U ◊ÊŒÊ ‚È•⁄U ∑§Ê ß∑§≈˜UÔ∆UÊ
∑§⁄U ª÷Ê¸œÊŸ ∑§⁄UŸ ‚ •ãÿ πøÊZ ∑§Ë ’øÃ „UÊ ‚∑§ÃË „ÒU–
‚È•⁄U ◊¥ ¡ã◊Œ⁄U ‚¢’¢œË •äÿÿŸ ‚ ÿ ¬ÃÊ ø‹Ê Á∑§ Œ‡ÊË
ŸS‹ ÃÕÊ •ÊœË ‚¢∑§⁄U (zÆ% Œ‡ÊË) ‚È•⁄UÊ¥ ◊¥ •ãÿ •ŸÈflÊ¢Á‡Ê∑§
‚◊Í„UÊ¥ (|z% „ÒUê¬‡ÊÊÿ⁄U ∑§Ë •ŸÈflÊ¢Á‡Ê∑§Ë) ∑§Ë ÃÈ‹ŸÊ ◊¥ ◊ÎÃ¡ã◊
∑§Ë ‚¢ÅÿÊ ∑§◊ „ÒU– ◊ÎÃ¡ã◊ ∑§Ë ÉÊ≈UŸÊ ∑§Ê éÿÊ¢Ã ∑§ •flÁœ ∑§
‚ÊÕ ‚∑§Ê⁄UÊà◊∑§ ‚¢’¢œ (•Ê⁄U=Æ.|w) „ÒU– ¡’Á∑§ ◊ı‚◊ ∑§Ê
¬˝÷Êfl ŒÍœ ¿UÊ«∏UŸ ∑§Ë •flSÕÊ Ã∑§ Á∑§ÃŸ ’ëø ’øÃ „Ò¥U ß‚
¬⁄U ¬«∏UÃÊ Ÿ Á∑§ éÿÊ¢Ã ‚¢’¢œË √ÿfl„UÊ⁄U ¬⁄U– ßS≈˛U‚ ‚◊∑§Ê‹Ë∑§⁄UáÊ
•ı⁄U ‚È¬⁄U •ÊflÈ‹≈U⁄UË ¬˝÷Êfl ∑§Ê ‚ÊÁ„UflÊ‹ ŸS‹ ∑§Ë ªÊÿ ◊¥
•äÿÿŸ ¬⁄U ÿ„U ¬ÊÿÊ ªÿÊ Á∑§ |z% ªÊÿÊ¥ ◊¥ ŒÈªŸ ¬Ë¡Ë ÁflÁœ
∑§Ê ¬˝÷Êfl „ÈU•Ê •ı⁄U ª÷¸œÊ⁄UáÊ ∑§Ë ¬˝ÁÃ‡ÊÃÃÊ zz.zz% ⁄U„UË–
¡’Á∑§ |}% ªÊÿÊ¥ ◊¥ ßS≈˛U‚ ‚◊∑§Ê‹Ë∑§⁄UáÊ •ÊflÊÁ‚¢∑§ ÁflÁœ
∑§ mÊ⁄UÊ „ÈU•Ê •ı⁄U ßŸ◊¥ ª÷¸œÊ⁄UáÊ ∑§Ë ¬˝ÁÃ‡ÊÃÃÊ zy.zy%
⁄U„UË– ¡ãÃÈ•Ê¥ ∑§ ¬Ê·∑§ ‚¢’¢œË •äÿÿŸ „UÃÈ ⁄U‡Ê ∑§Ë ÁflÁ÷ãŸ
dÊÃ ÿÕÊ œÊŸ ∑§Ë ¬È•Ê‹ ÃÕÊ ◊Ä∑§, ÖflÊ⁄U •ı⁄U ’Ê¡⁄U ∑§ ÃŸ
∑§Ê ∑§Ê≈UÊ ªÿÊ– ß‚∑§ ’ÊŒ ‚Ë∞»§’Ë ’ŸÊÿÊ ªÿÊ Á¡‚◊¥ ⁄U‡ÊÿÈÄÃ
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ÃŸ ÃÕÊ ‚Ê¢º˝¬Ê·∑§ Ãàfl ∑§Ê •ŸÈ¬ÊÃ yz.zy ÕÊ– ß‚‚ ÿ„U
¬ÃÊ ø‹Ê Á∑§ œÊŸ ∑§ ¬È•Ê‹, ◊Ä∑§Ê, ÖflÊ⁄U ÃÕÊ ’Ê¡⁄U ‚
ÃÒÿÊ⁄U ‚Ë∞»§’Ë ◊¥ •ı‚Ã «UË∞◊•Êß¸ (Á∑§ª˝Ê/vÆÆ Á∑§ª˝Ê
’Ë«UéÀÿÍ) ∑˝§◊‡Ê— w.|~, w.~y, x.Æv ÃÕÊ w.{x ⁄U„UÊ– ‚‚‹
¬ıœ (Á„UÁ’‚∑§‚ ‚éŒÁ⁄U»§Ê ∞‹.) ◊¥ Á∑§ÿ ªÿ •äÿÿŸ ‚
ÿ„U ôÊÊÃ „ÈU•Ê Á∑§ ß‚∑§ ¬ûÊ ◊¥ }.Æx, vz.wx, v.z|, wx.y~,
|.}w, Æ.wv ÃÕÊ Æ.vv ¬˝ÁÃ‡ÊÃ ÃÕÊ ∑Ò§Á‹‚¡ ◊¥ ~.yz, {.wy,
v.Æx, vx.}w, }.v{, Æ.vw ÃÕÊ Æ.w} ¬˝ÁÃ‡ÊÃ ∑˝§◊‡Ê— «UË∞◊,
‚Ë¬Ë, ß¸ß¸, ‚Ë∞»§, ⁄UÊπ, ∑Ò§ÁÀ‡Êÿ◊ ÃÕÊ »§ÊÚS»§Ê⁄U‚ Áfll◊ÊŸ
„ÒU– SÕÊŸËÿ/Œ‡ÊË ÉÊÊ‚ ÃÕÊ ∑§Ê™§¬Ë ¬⁄U •ÊœÊÁ⁄UÃ ‚Êß‹¡ ∑§Ë
w Á∑§ª˝Ê. ◊ÊòÊÊ Á»§ÁŸ‡Ê⁄U ∑§ •Ê„UÊ⁄U ◊¥ ŒŸ ‚ «UË∞◊•Êß¸ ◊¥
vw.x% flÎÁh „ÈUß¸ •ı⁄U ß‚‚ ‹ª÷ª yzÆ ª˝Ê. ‚Ê¢º˝ •Ê„UÊ⁄U ∑§Ë
¬˝ÁÃÁŒŸ ’øÃ „ÈUß¸– Á∑§‚ÊŸÊ¥ ∑§Ê ‚È•⁄U ¬Ê‹Ÿ ÃÕÊ ∑È§Ä∑È§≈U
¬Ê‹Ÿ ¬⁄U ¬˝Á‡ÊˇÊáÊ ŒŸ „UÃÈ ∑È§‹ ‚ÊÃ ¬˝Á‡ÊˇÊáÊ ∑§Êÿ¸∑§˝ ◊ •ÊÿÊÁ¡Ã
Á∑§ÿ ªÿ– ªÊ¢flÊ¥ ∑§ Á‡ÊÁˇÊÃ ÿÈflÊ•Ê¥ ∑§Ê ‚È•⁄U ¬Ê‹Ÿ ÃÕÊ
∑È§Ä∑È§≈U ¬Ê‹Ÿ ¬⁄U •ÊœÊÁ⁄UÃ ¿UÊ≈U ©Ul◊ ‹ªÊŸ ∑§ ¬˝Êà‚Ê„UŸ „UÃÈ
ŒÊ ∑§Êÿ¸∑˝§◊Ê¥ ∑§Ê •ÊÿÊ¡Ÿ „ÈU•Ê– ß‚∑§ •‹ÊflÊ |xÆ ‚È•⁄U ∑§
¿UÊ≈U ’ëø ¡Ê ©UãŸÃ Á∑§S◊ ∑§ Õ, ∞fl¢ {ÆÆÆ ◊ÈªË¸ ∑§ ’ëø
Á∑§‚ÊŸÊ¥ ◊¥ ’Ê°≈U ªÿ– ªÊ¢flÊ¥ •ı⁄U ◊„Uàfl¬ÍáÊ¸ ‚ÈÁflœÊ∞¢ ¡Ò‚ Á∑§
ŒflÊ •ı⁄U ¬‡ÊÈ •Ê„UÊ⁄U ∑§Ê ÁflÃ⁄UáÊ Á∑§ÿÊ ªÿÊ–
◊ÉÊÊ‹ÿ ∑§Ë ¡‹flÊÿÈ ÁSÕÁÃ ◊¥ flÎÁh Œ⁄U, •Ê„UÊ⁄U ©U¬ÿÊª
ÃÕÊ ∞»§‚Ë•Ê⁄U ∑§ ◊Ê◊‹ ◊¥ ∑È§Ä∑È§≈U ¬˝¡ÊÁÃ ∞◊È ∑§Ê ¬˝Œ‡Ê¸Ÿ
‚¢ÃÊ·¡Ÿ∑§ ¬ÊÿÊ ªÿÊ– ß‚◊¥ ∑È§‹ ◊ÎàÿÈŒ⁄U ∑§Ê ¬˝ÁÃ‡ÊÃ ◊„U¡
z% ¬ÊÿÊ ªÿÊ– ÁflÁ÷ãŸ ◊ı‚◊ ◊¥ ∑È§Ä∑È§≈UÊ¥ ∑§ ◊ÎàÿÈŒ⁄U ÃÕÊ
¬˝Œ‡Ê¸Ÿ ¬⁄U ÁflÁ÷ãŸ ’˝ÍÁ«¢Uª ¬˝áÊÊÁ‹ÿÊ¥ ∑§ •äÿÿŸ ‚ ÿ„U ¬ÃÊ
ø‹Ê Á∑§ ∞‚Ë ¡ª„U, ¡Ê πÃ ◊¥ „UÊ¥ •ÕflÊ ¡„UÊ° Á’¡‹Ë
∑§≈UıÃË ÁŸ⁄¢UÃ⁄U „UÊÃË „ÒU, „UÊfl⁄U ’˝ÍÁ«¢Uª ¬˝áÊÊ‹Ë ‚’‚ ©U¬ÿÈÄÃ
„ÒU– flŸ¡Ê⁄UÊ, ª˝Ê◊Á¬˝ÿÊ ∞fl¢ •ãÿ Œ‡ÊË ∑È§Ä∑È§≈U ¬⁄U Á∑§ÿ ªÿ
•äÿÿŸ Ÿ ÿ„U Œ‡ÊÊ¸ÿÊ Á∑§ ª„U⁄U Á‹≈U⁄U ¬˝áÊÊ‹Ë ∑§Ë •¬ˇÊÊ
™¢§øÊ »§‡Ê¸ ¬˝áÊÊ‹Ë ÖÿÊŒÊ ©U¬ÿÈÄÃ „ÒU– ∑È§Ä∑È§≈U ©Uà¬ÊŒÊ¥ ¬⁄U
»§◊¸◊¥≈U«U ’Ê°‚ ∑§Ê ÃŸÊ, ’Ë≈U ∑§Ê ¡«∏U ÃÕÊ ’¥ŒÊªÊ÷Ë ∑§ Á◊‹ÊŸ
‚ ¬«∏U ¬˝÷ÊflÊ¥ ∑§ •äÿÿŸ ‚ ÿ„U ’ÃÊÿÊ ªÿÊ Á∑§ ◊ÈªË¸ Ÿª≈U
∑§Ê vÆ% ’Ë≈U ¡«∏U, vÆ ¬˝ÁÃ‡ÊÃ »§◊¸◊¥≈U«U ’Ê°‚ ∑§Ê ÃŸÊ ÃÕÊ
vz% ¬ûÊÊ ªÊ÷Ë Á◊‹Ê ∑§⁄U ÃÒÿÊ⁄U ∑§⁄UŸ ‚ ß‚∑§Ê ÷á«UÊ⁄UáÊ v} vÆ ‚. ¬⁄U ~Æ ÁŒŸÊ¥ Ã∑§ Á∑§ÿÊ ¡Ê ‚∑§ÃÊ „ÒU–
◊àSÿ¬Ê‹Ÿ ∑§ ¬ÍflÊ¸ûÊ⁄U ˇÊòÊÊ¥ ∑§Ë ŒÊ Œ‡ÊË ◊¿UÁ‹ÿÊ¥ (ÃÊ⁄U
¬ÈÃËÃÊ⁄UÊ ÃÕÊ •ÊÁS≈UÿÊ’˝Ê◊Ê ’‹ÊŸª⁄UË) ∑§Ê ¬Ê‹Ÿ ‡ÊÈM§ Á∑§ÿÊ
ªÿÊ– ÃÊ⁄U ¬ÈÃËÃÊ⁄UÊ (SflÁáÊ¸◊ ◊„U‡ÊË⁄U) ◊¥ ÿ„U ¬ÊÿÊ ªÿÊ Á∑§ Ÿ⁄U
•¬ŸË ¬ÍáÊ¸ •flSÕÊ w.z fl·ÊZ ◊¥ •Á¡¸Ã ∑§⁄UÃÊ „ÒU– ◊Êø¸ ∑§
◊„UËŸ ◊¥ Ÿ⁄U •Ê⁄UÊ◊ ‚ Á◊À≈U ÁŸ∑§Ê‹Ã ⁄U„UÃÊ „ÒU– ◊Ë∆U ¡‹ ∑§Ë
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◊¿UÁ‹ÿÊ¥ ∑§ ◊ÊŸÊÁ¡ÁŸÿ◊ ¬⁄U¡ËflÊ¥ ∑§ •äÿÿŸ ‚ ¡Ÿ⁄U∑§Ê¬Á‚‚
ªÊ√ÿÊ, ◊≈UÊ‚⁄U ∑Ò§Á⁄U∞, ∞ÿÍÁÄ‹¢ŸÊS≈UÊ◊◊ „U≈U⁄UÊS≈UÊ◊◊,
¬˝Á≈U•Ê‚»§ÊÀ‚ S¬Ë., ’ÊÕÁ⁄U•Ê‚»§‹‚ ∞Áø‹ÊªŸÊÕË ÃÕÊ
‚ÍÃ∑Î§Á◊ ∑§ ‹ÊflÊ¸ ¡Ò‚ Á∑§ ∞ÿÍS≈˛UÊ¢Áª‹Êÿ«U S¬Ë., ∑˝§◊‹ÊŸ‚
S¬Ë. ©U¬ÁSÕÁÃ Œ¡¸ ∑§Ë ªß¸– ¡’Á∑§ ∑§fl‹ ∞∑§ ◊ÊŸÊÁ¡ÁŸÿŸ
S¬Ë. Á«Uå‹Ê¡ÍŸ∑§Êfl⁄UË, ¡Ê Á∑§ Á«Uå‹Ê¡ÊÁ«UÿÊ ¬Á⁄UflÊ⁄U ‚ ‚¢’¢ÁœÃ
„ÒU, ∑§Ë ©U¬ÁSÕÁÃ Œ¡¸ „ÈUß¸–
¬‡ÊÈ SflÊSâÿ ◊¥, ∞Á‹‚Ê ¬⁄UËˇÊáÊ ‚ ÿ„U ôÊÊÃ „ÈU•Ê Á∑§ ‚È•⁄U
•ı⁄U ªÊÿÊ¥ ∑§ Ÿ◊ÍŸÊ¥ ◊¥ ’˝Í‚‹Ê ∞¢≈UË’ÊÚ«UË ∑§ Á‹∞ Á‚⁄UÊ
‚∑§Ê⁄UÊà◊∑§ÃÊ ∑§Ë Œ⁄U ∑˝§◊‡Ê— x.z% ÃÕÊ vv.w% ⁄U„UË– ¡’Á∑§
Á‹S≈UÁ⁄UÿÊ (∞‹. ◊ÊŸÊ‚Êß≈UÊ¡ã‚) ∑§ ‚¢Œ÷¸ ◊¥ ÿ„U Œ⁄U ◊≈UŸ,
’Ë»§, ¡‹, πÍŸ ∑§ Ÿ◊ÍŸ, ◊ÈªË¸, ŒÍœ ÃÕÊ ◊Ë∆U ¡‹ flÊ‹Ë
◊¿U‹Ë ◊¥ ∑˝§◊‡Ê— z.y|%, y.z~%, y.yy%, x.|z%, x.xz%,
w.x}%, ÃÕÊ v.wz% ⁄U„UË– ÁflSÃÎÃ ©Uà¬ÁûÊ flÊ‹ zwÆ Ÿ◊ÍŸÊ¥
∑§Ê ¬⁄UËˇÊáÊ ◊À≈UË «˛Uª •fl⁄UÊœ ∑§ Á‹ÿ Á∑§ÿÊ ªÿÊ Á¡Ÿ◊¥ ‚
vÆy Ÿ◊ÍŸÊ¥ ◊¥ ’Ë≈UÊ-‹ÒÄ≈U◊¡ (ß¸∞‚’Ë∞‹) ∑§Ë ∑§Ê»§Ë •Áœ∑§
Á∑˝§ÿÊ‡ÊË‹ÃÊ Á◊‹Ë– ßŸ vÆy ◊¥ ~| ß¸. ∑§Ê‹Ë ÃÕÊ | Ä‹’Ë‚‹Ê
Õ– ¡ãÃÈ ‚ ß¸∞‚’Ë∞‹ ¬˝ÊåÃ „ÊŸ ∑§Ê ¬ÍflÊ¸ûÊ⁄U ÷Ê⁄UÃ ◊¥ ÿ„U
¬„U ‹ Ê Áflfl⁄U á Ê „Ò U – »§◊ ¸ ã ≈ U « U πÊŸ ‚ ¿U — ’Ò Á Ä≈U Á ⁄U ÿ Ê ¥
(ÀÿÍ∑§ÊŸÊS≈UÊ∑§ê‚ ∞¢≈U⁄UÊß«U‚, ∞‹. ß¢≈U⁄UÊÚÿ«˜UÔ‚¬∑˝§◊ÊÁ⁄U‚,
¬Á«U•Ê∑§Ê∑§‚ ∞Á‚Á«U‹ÒÁÄ≈U‚Ë, ¬Ë. «ÒU◊ŸÊ‚‚, ¬Ë. ¬⁄Ufl‹‚,
¬Ë. ¬¥≈UÊ‚Ê‚ÿ‚ ‚Ë.) ∑§Ë ¬„UøÊŸ ∑§Ë ªß¸– •fl⁄UÊœË Áøã„U∑§Ê¥
∑§ ¬„UøÊŸ ∑§ Œı⁄UÊŸ ¬Ê°ø ÁflÁ÷ãŸ •fl⁄UÊœË Áøã„U∑§Ê¥ ÿÕÊ
’Ë≈UÊ - ‹ÒÄ≈U◊¡ (’Ë∞‹∞‚Ë≈UË), ◊ÕËÁ‚‹ËŸ •fl⁄UÊœ
(∞◊•Ê⁄U∞‚), ™° § ø SÃ⁄U ∑§Ë ◊È ¬ Ë⁄UÊ ‚ ËŸ •fl⁄UÊ œ
(∞ø∞‹∞◊¬Ë), ◊Ò∑˝§Ê‹Êß«U - S≈˛UËå≈UÊª˝ÊÁŸŸ-ÀÿÍ∑§Ê‚Ê◊Êß«U
•fl⁄UÊœ (∞‚≈UË∞∞◊∞‹∞‚) ÃÕÊ flÒ¥∑§Ê◊Êß‚ËŸ •fl⁄UÊœ
(flË•Ê⁄Uß¸) ∑§Ë ¬„UøÊŸ ∑§Ë ªß¸– ¬ÍflÊ¸ûÊ⁄U ÷Ê⁄UÃ ∑§ ‚÷Ë ¬˝Ê¢ÃÊ¥
‚ ∑È§‹ y{~w Á‚⁄U◊ Ÿ◊ÍŸ ß∑§≈˜UÔ∆UÊ Á∑§ÿ ªÿ Á¡Ÿ∑§Ê ¬⁄UËˇÊáÊ
¬Ë•Ê⁄U•Ê⁄U∞‚ ∑§ Á‹∞ Á∑§ÿÊ ªÿÊ– ∑È§‹ z|~ Ÿ◊ÍŸÊ¥ ∑§Ê Á‚⁄UÊ
‚∑§Ê⁄UÊà◊∑§ ¬ÊÿÊ ªÿÊ– ß‚Ë ¬˝∑§Ê⁄U ◊Ê⁄U‚ËŸ ∑§ ∑È§‹ y{w
‚Ë⁄U◊/©UûÊ∑§ Ÿ◊ÍŸÊ¥ ◊¥ ¬Ê⁄U‚ËŸ ‚∑§Ê¸ Áfl·ÊáÊÈ ÃÕÊ ¬Ê⁄U‚ËŸ ¬⁄UflÊ
Áfl·ÊáÊÈ ∑§Ê ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ– ß‚◊¥ w{Æ Ÿ◊ÍŸ ¬Ë‚ËflË ∑§
Á‹∞ ÃÕÊ wÆÆ Ÿ◊ÍŸ ¬Ë¬ËflË ∑§ Á‹∞ Á‚⁄UÙ ‚∑§Ê⁄UÊà◊∑§ ¬Êÿ
ªÿ– ¬Ë‚ËflË ∑§ •Ê•Ê⁄U∞»§-w ¡ËŸ ∑§ wv Ä‹ÊŸ Áfl∑§Á‚Ã
∑§⁄U ß‚ ∑˝§◊’h Á∑§ÿÊ ªÿÊ •ı⁄U ¬Ë‚ËflË ∑§ ∑È§‹ vÆ ¡ËŸÊ◊∑˝§◊
∑§Ê Áfl∑§Ê‚ Á∑§ÿÊ ªÿÊ– ∑È§‹ }~v ‚Ë⁄U◊ Ÿ◊ÍŸÊ¥ ∑§Ê ¬⁄UËˇÊáÊ
’ËflË«UËflË ∑§ Á‹∞ Á∑§ÿÊ ªÿÊ •ı⁄U v{z Ÿ◊ÍŸÊ¥ ◊¥ ∞Á‹‚Ê mÊ⁄UÊ
‚∑§Ê⁄UÊà◊∑§ÃÊ ¬ÊÿË ªß¸– ‚Ë∞‚∞»§’Ë ∞¢≈UË¡Ÿ ∑§Ë ©U¬ÁSÕÁÃ
∑§ Á‹∞ ∑È§‹ xy ’ÙflÊßŸ ‚Ë⁄U◊ Ÿ◊ÍŸÊ¥ ∑§Ê ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ
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ÃÕÊ ß‚◊¥ ÁŸêŸ ÃÕÊ •flÁ‡Êc≈U SÃ⁄U ∑§ ‚¢∑˝§◊áÊ ∑§Ê ôÊÊŸ „ÈU•Ê–
ÿ„U Œ‡ÊÊ¸ÃÊ „ÒU Á∑§ ’ÙflÊßŸ ∑§Ë ¡Ÿ‚¢ÅÿÊ ◊¥, πÊ‚∑§⁄U ◊ÉÊÊ‹ÿ
◊¥ ∞∑§Ë∑Î§Ã ∑Î§Á· ¬˝áÊÊ‹Ë ∑§ ˇÊòÊÊ¥ ◊¥, ÿ„U ‚¢∑˝§◊áÊ •ôÊÊÃ M§¬
‚ ©U¬ÁSÕÃ „UÊ ‚∑§Ã „Ò¥U– ˇÊÿ ⁄UÊªÊ¥ ∑§ Á‹∞ Á∑§ÿ ¬⁄UËˇÊáÊ ◊¥
v} Ÿ◊ÍŸÊ¥ ◊¥ ‚ } Ÿ◊ÍŸÊ¥ ∑§Ê ∞Á‚«U »§ÊS≈U S≈UÁŸ¢ª ∑§ Á‹∞
‚∑§Ê⁄UÊà◊∑§ ¬ÊÿÊ ªÿÊ– ßŸ◊¥ ÃËŸ ◊ÎŒÊ Ÿ◊ÍŸ, ŒÊ ŒÍœ ∑§ Ÿ◊ÍŸ
ÃÕÊ ŒÊ S¬≈U◊ Ÿ◊ÍŸ Õ– ¡Ò¬ÁŸ¡ ß¢‚å‹ÊßÁ≈U‚ ∑§ ÁflL§h ’ŸŸ
flÊ‹ ∞¢≈UË’ÊÚ«UË ∑§ Á‹∞ ∑È§‹ {ÆÆ Ÿ◊ÍŸÊ¥ ∑§Ê ¬⁄UËˇÊáÊ •Êß¸¡Ë
¡Ë ∞‹Ë‚Ê ∑§Ë≈U ∑§ ◊Êäÿ◊ ‚ Á∑§ÿÊ ªÿÊ– ßŸ◊¥ vv Ÿ◊ÍŸÊ¥ ∑§
‚∑§Ê⁄UÊà◊∑§ „UÊŸ ∑§Ë ¬ÈÁc≈U „ÈUß¸, ¡’Á∑§ w} Ÿ◊ÍŸÊ¥ ∑§ ‚∑§Ê⁄UÊà◊∑§
„UÊŸ ◊¥ ‚¢Œ„U √ÿÄÃ Á∑§ÿÊ ªÿÊ– ‚Ë⁄UÊ •fl‹Ê∑§Ÿ •äÿÿŸ ◊¥
⁄UË-÷Êß¸ Á¡‹ ∑§ }Æ ’ÙflÊßŸ Ÿ◊ÍŸÊ¥ ÃÕÊ ¬ÍflË¸ πÊ‚Ë ¬„UÊ«∏UË
∞fl¢ ¬Á‡ø◊Ë ªÊ⁄UÊ ¬„UÊ«∏UË ˇÊòÊ ◊¥ ß∑§≈˜UÔ∆UÊ Á∑§ÿ ªÿ | ‚È•⁄U
•ı⁄U v ’ÙflÊßŸ (¬˝àÿ∑§ ˇÊòÊ ‚) Ÿ◊ÍŸÊ¥ ◊¥ ∞‹Ë‚Ê mÊ⁄UÊ ’˝Í‚‹Ê
∞¢≈UË’ÊÚ«UË ∑§Ë ©U¬ÁSÕÁÃ ¬ÊÿË ªß¸– ß‚Ë ¬˝∑§Ê⁄U ⁄UË-÷Êß¸ Á¡‹ ∑§
|w Ÿ◊ÍŸÊ¥, ¬ÍflË¸ πÊ‚Ë ¬„UÊ«∏UË ∑§ {y Ÿ◊ÍŸÊ¥ ÃÕÊ ¡ÿãÃËÿÊ
¬„UÊ«∏UË ˇÊòÊ ∑§ y Ÿ◊ÍŸÊ¥ ◊¥ ∞‹Ë‚Ê mÊ⁄UÊ •Êß¸’Ë•Ê⁄U ∞¢≈UË’ÊÚ«UË
∑§Ë ©U¬ÁSÕÁÃ Œ¡¸ ∑§Ë ªß¸– ‚È•⁄UÊ¥ ◊¥ ⁄UË-÷Êß¸ Á¡‹ ∑§ z Ÿ◊ÍŸ
∞fl¢ ¡ÿãÃËÿÊ ¬„UÊ«∏UË ∑§ vv Ÿ◊ÍŸ ‚Ë∞‚∞»§ ∑§ ¬⁄UËˇÊáÊ ◊¥
‚∑§Ê⁄UÊà◊∑§ ¬Êÿ ªÿ– ‚È•⁄U ∑§ |vy Ÿ◊ÍŸÊ¥ ∑§Ê ¬Ë•Ê⁄U•Ê⁄U∞‚
∞¢≈UË’ÊÚ«UË ∑§ Á‹∞ ∞‹Ë‚Ê mÊ⁄UÊ ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ •ı⁄U vx
Ÿ◊ÍŸ ‚∑§Ê⁄UÊà◊∑§ ¬Êÿ ªÿ– ∞Á‹‚Ê mÊ⁄UÊ ’ËflË«UË ∞¢≈UË’ÊÚ«UË ∑§
Á‹∞ x|w Ÿ◊ÍŸÊ¥ ∑§Ê ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ– ß‚◊¥ ¬ÍflË¸ πÊ‚Ë
¬„UÊ«∏UË ∑§ {v Ÿ◊ÍŸ, ⁄UË-÷Êß¸ ∑§ vz Ÿ◊ÍŸ ÃÕÊ ¡ÿãÃËÿÊ
¬„UÊ«∏UË ˇÊòÊ ∑§ { Ÿ◊ÍŸ ‚∑§Ê⁄UÊà◊∑§ ¬Êÿ ªÿ– ‚È•⁄U ◊¥ ⁄UÊª
•fl⁄UÊœ∑§ Áøã„U∑§ ¡ËŸ ∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ •ÊÁáfl∑§ Ã∑§ŸË∑§
mÊ⁄UÊ ¬Ë‚Ë•Ê⁄U ∑§ ©U¬ÿÊª ‚ v{v ’Ë¬Ë ≈ÈUÈ∑§«∏U ∑§Ê ∞◊‹ËÁ»§∑§‡ÊŸ
∑§⁄U Á∑§ÿÊ ªÿÊ– ß‚ ÁflÁflœ ∞»§ÿÍ≈UË ¡ËŸ ∑§ ÁflÁ‡Êc≈U ¬˝Êß◊⁄UÊ¥
∑§Ê ©U¬ÿÊª „ÈU•Ê– ¬Ë‚Ë•Ê⁄U-•Ê⁄U∞»§∞‹¬Ë ◊¥ ∞◊∞‚ß¸-I ∑§
©U¬ÿÊª ‚ ∑È§Ä∑È§≈U ÃÕÊ ≈U∑§Ë¸ ∑§ ¬ÊÚÄ‚ Áfl·ÊáÊÈ ∞fl¢ ∑§’ÍÃ⁄U ∑§
¬ÊÚÄ‚ Áfl·ÊáÊÈ ◊¥ ÁflÁ÷ãŸÃÊ ∑§Ê Œ‡ÊÊ¸ÿÊ ªÿÊ– ßŸfl‹¬ (ß¸∞ŸflË)
¡ËŸ ∑§ Á‹∞ ¬Ë‚Ë•Ê⁄U ∞◊å‹ËÁ»§∑§‡ÊŸ Á∑§ÿÊ ªÿÊ– ≈U∑§Ë¸ ∑§
∞∑§ Ÿ◊ÍŸ ÃÕÊ ∑È§Ä∑È§≈U ∑§ ŒÊ Ÿ◊ÍŸ ß¸∞ŸflË ¡ËŸ ∑§ Á‹∞
‚∑§Ê⁄UÊà◊∑§ ¬Êÿ ªÿ– fl⁄UÊ ‚‹ ∑§Àø⁄U ◊¥ ‚„U-∑Î§Á· ÁflÁœ ‚
¬Ë¬Ë•Ê⁄U Áfl·ÊáÊÈ ∑§ ˇÊòÊËÿ Ÿ◊ÍŸ ¬˝ÊåÃ ∑§⁄UŸ ∑§Ê ¬˝ÿÊ‚ Á∑§ÿÊ
ªÿÊ– ∑§ÊÁ‡Ê∑§Ê Á‚Ÿ‚Êß≈UËÿ◊ ∑§ M§¬ ◊¥ ‚Êß≈UÊ¬ÁÕ∑§ ¬˝÷Êfl
∑§ ‹ˇÊáÊ, ‚¢∑˝§◊áÊ ∑§ z{ ÉÊ¢≈U ∑§ ¬‡øÊÃ˜Ô ÁmÃËÿ é‹Ê¢ß«U ¬Ò‚¡
∑§ Œı⁄UÊŸ ÁŒπÊ– ¬ÍflÊ¸ûÊ⁄U ⁄UÊÖÿÊ¥ ◊¥ ¬Ë¬Ë•Ê⁄U Áfl·ÊáÊÈ ¬˝ÊåÃ ∑§⁄UŸ
∑§Ê ÿ„U ¬„U‹Ê ©UŒÊ„U⁄UáÊ „ÒU– ∞Ÿ ¡ËŸ ¬˝Êß◊⁄U ∑§ ©U¬ÿÊª ‚
ß‚∑§Ê ¬Èc≈UË∑§⁄UáÊ ¬Ë‚Ë•Ê⁄U mÊ⁄UÊ Á∑§ÿÊ ªÿÊ– fl⁄UÊ ‚‹ ∑§Àø⁄U

∑§Ê⁄U ≈ U Ê  fl Ê ⁄ U Ê ) •ı⁄U (¬SÿÍ « U Ê  ◊ Ê Ÿ Ê‚ ◊Ê¡Ë¸ Ÿ  Á ‹‚ ¬ËflË.
◊Ê¡Ë¸ŸÁ‹‚) ⁄UÊª ∑§Ê ÷Ê⁄UÃËÿ ‚⁄U‚Ê¥ ©Uà¬ÊŒŸ ∑§ Á‹∞ ∞∑§ Ÿÿ
πÃ⁄U ∑§ M§¬ ◊¥ Œ¡¸ Á∑§ÿÊ ªÿÊ– ‹≈UÿÍ‚, ªÊ¡⁄U, ⁄UÊ¡◊Ê,
’¢ŒÊªÊ÷Ë, ¬∆UÊ, ‚⁄U‚Ê¥ ÃÕÊ «UÊ„UÁ‹ÿÊ ◊¥ ‚Ä‹⁄UÊÁ≈UÁŸÿÊ ⁄UÊª
∑§Ë ◊ı¡ÍŒªË Œ¡¸ ∑§Ë ªß¸– ß‚ ⁄UÊª ◊¥ ‚’‚ ÖÿÊŒÊ ◊Ê◊‹
(zÆ%) ¬∆UÊ ÃÕÊ «U„UÁ‹ÿÊ ◊¥ ŒπŸ ∑§Ê Á◊‹– ¬Í⁄U ˇÊòÊ ◊¥
∑§‹ ∑§Ë ’¢øË ≈UÊÚ¬ ⁄UÊª ∑§Ë ©U¬ÁSâÁÃ ¬ÊÿË ªß¸ ÃÕÊ ÁflÁ÷ãŸ
¬˝¡ÊÁÃÿÊ¥ ◊¥ ß‚ ⁄UÊª ∑§Ë ◊ı¡ÍŒªË ∑§Ê ¬˝ÁÃ‡ÊÃ Æ.v%-|z%
Ã∑§ ⁄U„UÊ– •Êß¸‚Ë∞•Ê⁄U ∑§Ë ©UÁ◊ÿ◊ ∑¥§º˝ ◊¥ ¬Ë‚Ë•Ê⁄U ‚ (¡ËŸÊ◊
ÁflÁ‡Êc≈U ¬˝Êß◊⁄U ∑§Ê ©U¬ÿÊª ∑§⁄U) ß‚ ˇÊòÊ ◊¥ ’Ë’Ë≈UËflË ∑§
©U¬ÁSÕÃ „UÊŸ ∑§Ë ¬ÈÁc≈U ∑§Ë ªß¸– ∑§‹ ∑§Ë ¬ÈflŸ Á∑§S◊, ◊È‚Ê
⁄UÊ‚ÊÁ‚ÿÊ ÃÕÊ ∞◊. fl‹ÈÁ≈UŸÊ ß‚ ’Ë’Ë≈UË Áfl·ÊáÊÈ ∑§ ¬˝÷Êfl ‚
◊ÈÄÃ ¬Êÿ ªÿ– ∑§‹ ÃÕÊ å‹Ê¢≈UŸ ◊¥ „UÊŸ flÊ‹ Á‚ªÊ⁄U-•¢Ã
ª‹Ÿ ∑§Ë Áfl·◊ÃÊ ∑§Ê •Ê∑§‹Ÿ ∑§⁄UŸ ∑§ Á‹∞ ∞∑§ ÁøòÊËÿ
◊Ê¬∑§ ∑§Ê Áfl∑§Ê‚ Á∑§ÿÊ ªÿÊ– ‚ËªÊ≈UÊ∑§Ê ¬ûÊË œé’Ê ⁄UÊª ∑§
⁄UÊ∑§ÕÊ◊ (~z.~z%) ∑§ Á‹∞ ¬˝ÊÁ¬∑§ŸÊ¡Ê‹ wz% ß¸‚Ë
(Æ.v%) ∑§Ê ¬˝÷Êfl ‚’‚ •Áœ∑§ ¬ÊÿÊ ªÿÊ– ß‚∑§Ê ©U¬ÿÊª
∞«U¡Èfl¥≈U (Æ.Æ{%) ∑§ ‚ÊÕ øÊ⁄U ’Ê⁄U ¬áÊË¸ÿ Á¿U«∏U∑§Êfl ∑§
M§¬ ◊¥ ∑§⁄UŸ ‚ ⁄UÊª ∑§Ë Áfl·◊ÃÊ w.yx% Ã∑§ „UË ‚ËÁ◊Ã ⁄U„UË
¡Ê Á∑§ Á’ŸÊ Á¿U«∏U∑§Êfl ∑§Ë ÁSÕÁÃ ◊¥ ‹ª÷ª {Æ.Æ|% ÕË–
πÊ‚Ë ‚¢Ã⁄U ‚ »§‹ ◊ÄπË ∑§Ê ∞∑§òÊ Á∑§ÿÊ ªÿÊ Á¡Ÿ∑§Ë
¬„UøÊŸ ’ÒÄ≈U⁄UÊ‚⁄UÊ «UÊ⁄U‚Á‹‚ ∑§ M§¬ ◊¥ ∑§Ë ªß¸– ßŸ∑§ √ÿS∑§Ê¥
•L§áÊÊø‹ ¬˝Œ‡Ê
∑§Ë ‚åÃÊÁ„U∑§ ¡Ÿ‚¢ÅÿÊ ÁŸª⁄UÊŸË Á◊ÕÊß‹-ÿÍ¡ËŸÊÚ‹ ≈˛ÒUå‚ ∑§
÷ÍÁ◊ ©U¬ÿÊª ¬˝áÊÊ‹Ë ∑§Ê •äÿÁÿÃ ◊ÎŒÊ ◊Ê¬Œ¢«UÊ¥ ¬⁄U ◊„Uàfl¬ÍáÊ¸
◊Êäÿ◊ ‚ Á∑§ÿÊ ªÿÊ– ◊äÿ ÁŒ‚¢’⁄U ‚ »§⁄Ufl⁄UË ∑§ ¬˝Õ◊ ‚åÃÊ„U
¬˝÷Êfl ŒπŸ ∑§Ê Á◊‹Ê– ‚÷Ë ÃËŸ ª„U⁄UÊßÿÊ¥ ¬⁄U ÿÕÊ Æ-vz,
Ã∑§ ≈˛ÒU¬ ªáÊŸÊ ◊¥ ‚’‚ ÖÿÊŒÊ ∑§◊Ë ⁄U„UË, ÄÿÊ¥Á∑§ ß‚ Œı⁄UÊŸ
vz-xÆ ÃÕÊ xÆ-yz ‚◊Ë ¬⁄U ‚’‚ ∑§◊ »§ÊÚS»§Ê⁄U‚ ∑§Ê SÃ⁄U
Á∑§≈U Á◊≈˜UÔ≈UË ∑§ •ãŒ⁄U åÿÍ¬Ê ∑§ M§¬ ◊¥ ◊ı¡ÍŒ ⁄U„UÃ „Ò¥U– ¡’Á∑§
™§¬⁄UË ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ ∑§ øÊfl‹ ∑§ ˇÊòÊÊ¥ ◊¥ ◊ı¡ÍŒ ÕÊ– ¬Ë∞‚flË
Á‚Ãê’⁄U-•Ä≈ÍU’⁄U ÃÕÊ ◊Êø¸ ◊¥ ÿ ªáÊŸÊ ∑§Ê»§Ë •Áœ∑§ ⁄U„UË–
+ ¬Ë∞◊’Ë, ¬ıœ ∑§Ë ‹ê’Êß¸ ÃÕÊ ◊Ê≈UÊß¸ ◊¥ flÎÁh ∑§⁄UÃ „Ò¥U–
¡ÍŸ ∑§ ◊„UËŸ ◊¥ πÊ‚Ë ‚¢Ã⁄U ◊¥ ‚’‚ ÖÿÊŒÊ »§‹ Áª⁄UÃ „Ò¥U–
¡’Á∑§ ¬Ë∞‚flË + ¬Ë∞◊’Ë + ∞¡≈UÊ’ÒÄ≈U⁄U ¬ÁûÊÿÊ¥ ◊¥ flÎÁh ∑§
‡ÊËÃÊcáÊ ’ÊªflÊŸË »§‚‹Ê¥ ◊¥ ⁄UÊªÊ¥ ∑§Ë ©U¬ÁSÕÁÃ ∑§Ê ◊È•ÊÿŸÊ
Á‹∞ ‚’‚ •Áœ∑§ ¬˝÷ÊflË „ÒU– ¬˝Ê∑Î§ÁÃ∑§ ⁄UÊª Œ’Êfl ∑§ •ãŒ⁄U
Á∑§ÿÊ ªÿÊ– ‚’ ∑§Ë Á÷ãŸ Á∑§S◊Ê¥ ◊¥ •À≈UË∑§ Á‚ÿÊÁŸ∞ mÊ⁄UÊ
øÊfl‹ ∑§ ¡◊¸å‹ÊÖ◊ (w~ ¤ÊÍ◊ + wÆ «UéÀÿÍ•Ê⁄U‚Ë) ∑§Ê ¬⁄UËˇÊáÊ
©Uà¬ãŸ œé’Ê¥ ∑§Ë ‚¢ÅÿÊ ◊¥ Áfl‡Ê· •ãÃ⁄U ¬ÊÿÊ ªÿÊ– ‹Ê‹
¬ûÊË é‹ÊS≈U, ¬ûÊË S∑§ÊÀ«U, ‚ËÕ é‹Êß≈U •ı⁄U »§ÊÀ‚ S◊≈U ¡Ò‚
•ê’⁄UË ◊¥ ’Ë≈U‹ ∑§Ê ∑§Ê»§Ë ÖÿÊŒÊ ¬˝∑§Ê¬ ¬ÊÿÊ ªÿÊ ÃÕÊ
⁄UÊªÊ¥ ∑§ Á‹∞ Á∑§ÿÊ ªÿÊ– ‚’‚ ∑§◊ ¬ûÊË é‹ÊS≈U ⁄UÊª ‚Íø∑§Ê¢∑§
flË÷Ë‹ ∑§ mÊ⁄UÊ ∑§Ë ªß¸ „UÊÁŸ ◊„Uàfl„UËŸ ¬ÊÿË ªß¸– ¬˝Ê∑Î§ÁÃ∑§
(wv.x|) ∞‚∞•Ê⁄U∞‚-w ÃÕÊ •Êß¸•Ê⁄U {y (vv.vv) ◊¥
‚¢∑˝§◊áÊ ∑§Ë ÁSÕÁÃ ◊¥ ¤ÊÍ◊ ∑¢§ŒËÿ »§‚‹Ê¥ ∑§Ê ∑¢§Œ ◊¥ ‹ªŸ
¬ÊÿÊ ªÿÊ– ¬Ê°ø ¡ËŸÊ≈UÊß¬ ÿÕÊ ¡Ê⁄UÊ, ‹◊È∑§, ÿÊ’⁄U, ÷Ê‹È◊flÊ‹ ⁄UÊªÊ¥ ÿÕÊ ∑§Ê‹Ê⁄U ª‹Ÿ (Sfl‹⁄UÊÁ≈Uÿ◊ ⁄UÊÀ»§‚Ë), ÿÊ◊
y •ı⁄U ∞‚∞•Ê⁄U∞‚-v ¬ûÊË S∑§ÊÀ«U ⁄UÊª ‚ ◊ÈÄÃ ¬Êÿ ªÿ–
∞¢ø˝∑§ŸÊ¡ ¬ûÊË œé’Ê (Ç‹Ê◊Á⁄U‹Ê Á‚¢ªÈ‹Ê≈UÊ) ÃÕÊ ‚⁄U∑§Ê‚¬Ê⁄UÊ
¬˝Ê∑Î§ÁÃ∑§ ⁄UÊª Œ’Êfl ‚ËÕ é‹Êß≈U ÃÕÊ »§ÊÀ‚ S◊≈U ⁄UÊªÊ¥ ∑§
¬ûÊË œé’Ê (‚Ë. ß¬Ê◊Ê∞ß ∞fl¢ ‚Ë. „UÁŸ¢ª‚Ë) ∑§ ‚¢∑˝§◊áÊ ∑§Ê
•Õ¸¬ÍáÊ¸ ¬⁄UËˇÊáÊ ∑§ Á‹∞ ¬ÿÊ¸åÃ Ÿ„UË¥ „ÒU– ¬˝Ê∑Î§ÁÃ∑§ ‚¢∑˝§◊áÊ
¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ– Áfl∑§Á‚Ã ’Ò∑§ÿÊ«¸U ÃÕÊ •flÁáÊ¸Ã ∑È§Ä∑È§≈U
∑§Ë ÁSÕÁÃ ◊Ä∑§ ∑§ ¡◊¸å‹ÊÖ◊ ∑§Ê ◊„Uàfl¬ÍáÊ¸ ⁄UÊª Ê¥ ÿÕÊ ≈U⁄U‚Ë∑§◊
¬ÁˇÊÿÊ¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ ÃÕÊ ∑Î§·∑§Ê¥ ∑§ ∑Î§Á· ˇÊòÊÊ¥ ◊¥
¬ûÊÊ é‹Êß≈U, ◊ÿÁ«U‚ ¬ûÊÊ é‹Êß≈U •ı⁄U ¬Ê‹Ë‚Ê⁄UÊ ⁄US≈U ∑§
ßŸ∑§ ¬˝÷Êfl ∑§Ê ÷Ë ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ–
‚¢Œ÷¸ ◊¥ ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ– ¡ËflÊáÊÈ ÃŸÊ ª‹Ÿ (ß⁄UflËÁŸÿÊ

◊¥ ¬ıœ ÁŸ—‚Á⁄UÃ (⁄UÊ‚‹Ê •ı⁄U ∑È§⁄U∑È§◊Ê S¬Ë.) ∑§ ∞ã≈UË¬˝ÊÁ‹»§⁄UÁ≈Ufl ∞‚ ∑§Ê •äÿÿŸ ∞◊≈UË≈UË «UÊß¸ ∑§ ©U¬ÿÊª ‚
Á∑§ÿÊ ªÿÊ– »§Ê◊Ê¸¡Ÿ Á∑˝§S≈U‹ ∑§ ’ŸŸ ‚ ∑§ÊÁ‡Ê∑§Ê ◊¥ ©UûÊ¡ŸÊ
„UÊŸ ∑§Ê ¬ÃÊ •Áœ∑§ „ÈUß¸– Á‹ê»§Ê‚Êß≈U‚ ∑§Ë S»Í§ÁÃ¸ ◊¥ L§∑§Êfl
ÃË‚⁄U ÃŸÈ∑§⁄UáÊ ◊¥ ‚’‚ •Áœ∑§ „ÈUß¸– øÊ‹Í fl·¸ ◊¥, ≈UË∞‚¬Ë∞•Êß¸‚Ë•Ê⁄U¬Ë (∞«UË∞◊∞∞‚) ∑§ •¢Ãª¸Ã øÊ⁄U ¬‡ÊÈ SflÊSâÿ
Á‡ÊÁfl⁄U-‚„U-¡ÊªM§∑§ÃÊ ∑§Êÿ¸∑˝§◊ •ÊÿÊÁ¡Ã Á∑§ÿ ª∞– ßŸ
∑§Êÿ¸∑˝§◊Ê¥ ◊¥ ~}| ‹Ê÷ÊÕË¸ ‡ÊÊÁ◊‹ „ÈU∞– ß‚∑§ •‹ÊflÊ ŒÊ
∑§Êÿ¸∑˝§◊Ê¥ ∑§Ê •ÊÿÊ¡Ÿ ÁòÊ¬È⁄UÊ ¬˝ÊãÃ ◊¥ Á∑§ÿÊ ªÿÊ– ¬⁄U¡ËflË
ÁflôÊÊŸ ◊¥ ’Ò’Á‚ÿÊ Áªé‚ÊŸË ∑§ Ÿ◊ÍŸÊ¥ ∑§Ê ¬ÎÕ∑§ Á∑§ÿÊ ªÿÊ–
v} ∞‚ •Ê⁄U •Ê⁄U∞Ÿ∞ ¡ËŸ ∑§ ãÿÍÄ‹ËÿÊ≈UÊß«U ∑˝§◊ ∑§ •ÊœÊ⁄U
¬⁄U ßŸ◊¥ ~~.|% ‚ vÆÆ% ∑§Ë ‚◊ÊŸÃÊ ¬ÊÿË ªß¸– ÷Ê⁄UÃËÿ
’Ë. Áªé‚ÊŸË ∑§Ê »§Êß‹Ê¡ŸÁ≈U∑§ Áfl‡‹·áÊ Áfl‡fl ∑§ •ãÿ ’Ë.
Áªé‚ÊŸË ‚ Á∑§ÿÊ ªÿÊ ÃÕÊ ÿ„U ¬ÊÿÊ ªÿÊ Á∑§ ∑§ÊÇŸ≈U ¡ËŸ ∑§
ãÿÍÄ‹ËÿÊ≈UÊß«U ∑˝§◊ ∑§ •ÊœÊ⁄U ¬⁄U ÷Ê⁄UÃ, ¡Ê¬ÊŸ, ∑§ÊÁ⁄UÿÊ,
ÃÊßflÊŸ ÃÕÊ •◊Á⁄U∑§Ê ∑§ ’Ë. Áª˝é‚ÊŸË ◊¥ ~~% ‚ vÆÆ%
‚◊ÊŸÃÊ ÁŸœÊ¸Á⁄UÃ „UÊÃË „ÒU– ªÒ̋S≈˛UÊ-•Ê¢ÁÃÿ ¬⁄U¡ËÁflÃÊ ∑§ ◊„UÊ◊Ê⁄UË
∑§ •äÿÿŸ ‚ ÿ„U ôÊÊÃ „ÈU•Ê Á∑§ xÆ% ’∑§Á⁄UÿÊ¥, x~.yv%
‚È•⁄UÊ¥, w}.vx% ªÊÿÊ¥ ÃÕÊ xx.xx% ÷Ò¥‚Ê¥ ◊¥ ¡Ë•Êß¸ ¬⁄U¡ËflË
©U¬ÁSÕÃ „ÒU–
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◊äÿ ¬„UÊ«∏UË ˇÊòÊÊ¥ ◊¥ ¡¢ª‹ ∑§Ê≈UŸ/¡‹ÊŸ ÃÕÊ ‚ÉÊŸ πÃË
∑§⁄UŸ ∑§ ’ÊŒ πÊ‹Ë ¿UÊ«∏UË ªß¸ ÷ÍÁ◊ ◊¥ ◊ÎŒÊ ∑§Ê’¸ÁŸ∑§ ◊ÊòÊÊ ◊¥
∞•Êß¸‚Ë•Ê⁄U•Êß¸¬Ë ¬⁄UËˇÊáÊ ∑§ •ãÃª¸Ã ™§¬⁄UË ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ
flÎÁh „ÈUß¸ „ÒU– ÿ„U flÎÁh ŸÿË (z-vÆ fl·Ë¸ÿ), ◊äÿ-•ÊÿÈ
∑§ Á‹∞ •Ê⁄U‚Ë¬Ë∞‹ v-vw} (|ÆÆÆ Á∑§ª˝Ê/„U.), •Êß¸•Ê⁄U(v}-wÆ fl·Ë¸ÿ) ÃÕÊ ¬È⁄UÊŸË (w}-xz fl·Ë¸ÿ) ÁmÃËÿ∑§ flŸˇÊòÊÊ¥
y{ (zxxx Á∑§ª˝Ê/„U), •Ê⁄U‚Ë¬Ë∞‹-v(zv{| Á∑§ª˝Ê/„U.)
◊¥ ∑˝§◊‡Ê— x.y%, wÆ.{% ÃÕÊ xz.y% ¬ÊÿË ªß¸– ◊ÁáÊ¬È⁄U ◊¥
•Ê⁄U‚Ë¬Ë∞‹ v-}(y}xx Á∑§ª˝Ê/„U.) ÃÕÊ •Ê⁄U‚Ë¬Ë∞‹ vfl·Ê¸¡ÁŸÃ ™§¬⁄UË ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ ◊¥ ‚ËœË ’ÈflÊß¸ ∑§ M§¬ ◊¥
~(y}xx Á∑§ª˝Ê/„U.) ∑§Ê ©U¬ÿÈÄÃ ¬ÊÿÊ ªÿÊ– ¬˝Ê∑Î§ÁÃ∑§ ‚¢∑˝§◊áÊ
‹ªÊÿ ¡ÊŸ flÊ‹ øÊfl‹ (•Ê⁄U‚Ë ◊ÁŸ»§Ê™§ {) ∑§ Á‹∞ ‹ÁˇÊÃ
∑§Ë ÁSÕÁÃ ◊¥ ¬ûÊË •ı⁄U Ÿ∑§ é‹ÊS≈U ⁄UÊª ∑§Ê ¬⁄UËˇÊáÊ ‹ªÊÃÊ⁄U
©Uà¬ÊŒŸ ‚◊Ë∑§⁄UáÊ Áfl∑§Á‚Ã Á∑§ÿÊ ªÿÊ– ◊ÁáÊ¬È⁄U ∑§Ë ¤ÊÍ◊ ˇÊòÊÊ¥
ŒÊ fl·ÊZ Ã∑§ ß‚ ∑¥§º˝ ◊¥ ÃÕÊ «UË•Ê⁄U•Ê⁄U, „ÒUŒ⁄UÊ’ÊŒ ∑§ ‚ÊÕ◊¥ ◊Ä∑§/øÊfl‹ ∑§ ‚ÊÕ ◊Í°ª»§‹Ë/‚ÊÿÊ’ËŸ ∑§ •¢Ã»¸§‚‹Ê¥ ∑§
‚ÊÕ •ãÿ SÕÊŸÊ¥ ¬⁄U „ÈU•Ê– Ÿı ¡◊¸å‹ÊÖ◊ ÿÕÊ ◊ÉÊÊ‹ÿ ‹∑§Ê¢ª
’ÊŒ ‚¢‚ÊœŸ ‚¢⁄UˇÊáÊ ¬˝ılÊÁª∑§Ë ∑§ mÊ⁄UÊ ◊≈U⁄U („U⁄UË »§‹Ë)
(◊ÉÊÊ‹ÿ), ∑È§◊ÃÊ ◊Ê„U (ø¢Œ‹), ∑§◊ãÿÊ ¬¬ÿÍ (ŸÊªÊ‹Òá«U), ∑§Ë πÃË ∑§Ê ‚’‚ ©U¬ÿÈÄÃ, Á≈U∑§Ê™§ •ı⁄U •ÊÁÕ¸∑§ M§¬ ‚
flÊßŸ ◊ (‚ Ÿ Ê¬ÁÃ), Õ ∑ ˝ Í § ‹Ê„U Ê (ŸÊªÊ‹Ò á «U ) , Áfl‡∑§fl ÷⁄UÊ‚◊¢Œ ¬ÊÿÊ ªÿÊ– ß‚ »§‚‹ ¬˝áÊÊ‹Ë ◊¥ •ı‚ÃŸ ¬˝ÁÃ „UÄ≈Uÿ⁄U
(ŸÊªÊ‹Òá«U) »§ı⁄U‹ ©U≈U‹ı (ÁflcáÊÈ¬È⁄U), ◊‚Ê•Ê ≈˜UÔ‚È’È v,v{,zÆÆ L§¬ÿ ∑§Ë •Êÿ „ÈUß¸ ¡Ê ¬⁄¢U¬⁄UÊªÃ ¤ÊÍ◊ ˇÊòÊ (¡„UÊ°
(ŸÊªÊ‹Òá«U) ÃÕÊ ª◊œÊŸ (ŸÊªÊ‹Òá«U) ∑§Ê ¬ûÊË •ı⁄U Ÿ∑§ Á◊ÁüÊÃ πÃË ‚ ¬˝ÁÃ „UÄ≈Uÿ⁄U z},zÆÆ L§¬ÿ ∑§Ë •Êÿ „UÊÃË „ÒU)
é‹ÊS≈U ⁄UÊª ∑§ Á‹∞ •fl⁄UÊœË dÊÃ ∑§ M§¬ ◊¥ Œ¡¸ Á∑§ÿÊ ªÿÊ– ∑§Ë •¬ˇÊÊ ÖÿÊŒÊ „ÒU– ◊Ä∑§Ê + ◊Í°ª»§‹Ë (œŸÊà◊∑§ oÎ¢π‹Ê)
⁄UÊ¡Ê Á◊ø¸ ◊¥ ‚Ë∞ø•Êß¸ flË∞◊’Ë ∑§ ‚¢’¢œ, ¬Ê≈UË Áfl·ÊáÊÈ ∑§ »§‚‹ ¬˝áÊÊ‹Ë ∑§ Ã„UÃ ß∑§‹ıÃ ◊Í°ª»§‹Ë ÿÊ ß∑§‹ıÃ ◊Ä∑§Ê
ÁflÁ‡Êc≈U Á«U¡Ÿ⁄U≈U ¬˝Êß◊⁄UÙ ∑§ ©U¬ÿÊª ‚ •ÊÁáfl∑§ ¬⁄UËˇÊáÊ ∑§ ©Uà¬ÊŒŸ ∑§ ‚◊ÃÈÀÿ ∑˝§◊‡Ê— vy% ÃÕÊ v|w% ÖÿÊŒÊ
ÃÕÊ Áfl·ÊáÊÈ ¡ËŸÊ◊ ∑§ ∞◊å‹Ë»§Êß«U ∞Ÿ•Êß¸’Ë ˇÊòÊ ∑§ ∑˝§◊ ©U¬¡ ¬˝ÊåÃ „UÊÃË „ÒU– π⁄UË»§ ◊¥ ◊Ä∑§Ê + ◊Í°ª»§‹Ë ∑§ •fl‡Ê·Ê¥
•äÿÿŸ ‚ ôÊÊÃ „ÈU∞– ‚Ë∞ø•Êß¸ flË∞◊flË ∑§ ŒÊ •Êß‚Ê‹≈U ‚ ‚ ¬ÈŸ—ø∑˝§áÊ ‚ ‚ÈπË »§‹Ë ∑§ ÷Ê⁄U ◊¥ ◊Ä∑§ ÃÕÊ ◊Í°ª»§‹Ë ∑§
•Ê¢Á‡Ê∑§ M§¬ ‚ ∑˝§Á◊Ã ∞Ÿ•Êß¸’Ë ∑˝§◊ ∑§Ê Ä‹ÊŸ ∑§⁄U ∑§ Á»§⁄U •fl‡Ê·Ê¥ ‚ ∑˝§◊‡Ê— vw% ÃÕÊ {% ∑§Ë flÎÁh Œ¡¸ „ÈUß¸– ÕÊfl’‹
‚ ∑˝§Á◊Ã Á∑§ÿÊ ªÿÊ– ∑˝Í§‚Ë»§⁄U‚ ¬ıœÊ¥ ◊¥ ∞Á»§«U ∑§Ë ¡Ÿ‚¢ÅÿÊ Á¡‹ ◊¥ ◊‚Í⁄U ∑§Ë »§‚‹ ∑§Ë ‡ÊÈL§•ÊÃ ∑§Ë ªß¸ ÃÕÊ ß‚ {Æ
∑§Ë flÎÁh ¬⁄U ◊ı‚◊Ë ∑§Ê⁄U∑§Ê¥ ∑§ ¬˝÷Êfl ∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ „UÄ≈Uÿ⁄U ∑§ ˇÊòÊ ◊¥ ¬˝Œ‡Ê¸Ÿ ∑§ Á‹∞ ‹ªÊÿÊ ªÿÊ– ∞Ÿ∞•Êß¸¬Ë
ÃÕÊ ß‚∑§ ¬˝’¢œŸ „UÃÈ ©UÁøÃ ¡Òfl-∑§Ë≈UŸÊ‡Ê∑§ ∑§Ë ¬„UøÊŸ ∑§Ë ∑§ Ã„UÃ ‚’‚ ÖÿÊŒÊ ¬˝÷Êfl Áfl∑§Á‚Ã ∞fl¢ Á≈U∑§Ê™§ ∑Î§Á· ¬˝áÊÊ‹Ë
ªß¸– ∑§Ê’¸ÁŸ∑§ ÃÕÊ ⁄UÊ‚ÊÿÁŸ∑§ ¬Ê·∑§ ÃàflÊ¥ ∑§ ‚¢ÿÈÄÃ ©U¬ÿÊª ∑§ ◊Êäÿ◊ ‚ „ÈU•Ê– √ÿÁÄÃªÃ ©Ul◊ ∑§Ê ª˝Ê◊ËáÊ ˇÊòÊÊ¥ ◊¥
‚ •ê‹Ëÿ ¬„UÊ«∏UË ◊ÎŒÊ ◊¥ ‹ªÊÿË ªß¸ ◊Ä∑§ ∑§Ë »§‚‹ ∑§ ’…∏UÊflÊ ÁŒÿÊ ªÿÊ– Ã◊¥ª‹Ê¢ª Á¡‹ ◊¥ øÊ⁄U ‚◊Í„UÊ¥ ∑§ vyvw
©U¬¡ ◊¥ xz% ∑§Ë flÎÁh Œ¡¸ ∑§Ë ªß¸– ∞»§flÊß¸∞◊ ∑§ ‚ÊÕ ∑Î§·∑§Ê¥ ∑§Ê ‹Ê÷ Á◊‹Ê– flÃ¸◊ÊŸ ◊¥ ßŸ ‹ÊªÊ¥ ∑§Ë •ı‚ÃŸ ÉÊ⁄U‹Í
Á¡¢∑§ •ı⁄U ’Ê⁄UÊÚŸ ∑§Ê ©U¬ÿÊª ◊Ä∑§ ∑§Ë ¬ÊcÊ∑§ ªÈáÊflûÊÊ ∑§Ê •Êÿ xx,}vÆ L§¬ÿ „ÒU Á¡‚ ’…∏UÊ∑§⁄U z},xvv L§¬ÿ ∑§Ë ¡Ê
’…∏UÊ ŒÃÊ „ÒU– ßŸ∑§Ê ©U¬ÿÊª ◊Ä∑§ ∑§ ŒÊŸ ◊¥ ¬˝Ê≈UËŸ, S≈UÊø¸, ‚∑§ÃË „ÒU– ≈U◊Ê≈U⁄U ∑§Ë ∞∑§ ŸÿË Á∑§S◊ “•Ê⁄U‚Ë ◊ÊÁŸπ◊ŸÊÁ‡Ê’Ê”
‹Ê„UÊ •ı⁄U Á¡¢∑§ ∑§Ë ◊ÊòÊÊ ’…∏UÊÃÊ „ÒU– ◊Ä∑§ ∑§ •fl‡Ê· ∑§Ê ∑§Ê ∞‚flË•Ê⁄U‚Ë mÊ⁄UÊ Áfl◊ÊÁøÃ Á∑§ÿÊ ªÿÊ– ß‚ Á∑§S◊ ∑§Ë
¬ÈŸ— ø∑˝§áÊ ∑§⁄UŸ ‚ ‚⁄U‚Ê¥, ◊≈U⁄U ÃÕÊ ◊‚Í⁄U ∑§ ©Uà¬ÊŒŸ ◊¥ ©Uà¬ÊŒŸ ˇÊ◊ÃÊ yvv Á∑§./„U. Ã∑§ „ÒU ÃÕÊ ÿ„U ¡ËflÊáÊÈ ÁflÀ≈U ∑§
∑˝§◊‡Ê— vv-vy% vw.z-vz% ÃÕÊ }-vv% ∑§Ë flÎÁh ¬˝ÊåÃ ÁflL§h ◊äÿ◊ •fl⁄UÊœË „ÒU– ß‚◊¥ ¡‹ ¡◊Êfl •ı⁄U ∑§◊ ÃÊ¬◊ÊŸ
„ÈUß¸– ≈U◊Ê≈U⁄U ∑§Ë »§‚‹ ’…∏U „ÈU∞ ÃÊ¬◊ÊŸ ÃÕÊ ‚Íπ ∑§Ë ÁSÕÁÃ ∑§ ¬˝ÁÃ ‚Á„UcáÊÈÃÊ „ÒU– ¡≈˛UÊ»§Ê ∑§Ë ∞∑§ ŸÿË Á∑§S◊ “•Ê⁄U‚Ë
◊¥ ¬Ê‹ËªÎ„U ◊¥ ‹ªÊŸ ¬⁄U ‚Ê◊Êãÿ ¬Á⁄UÁSÕÁÃ ◊¥ πÃÊ¥ ◊¥ ‹ªŸ ◊ÊŸË¡≈˛UÊ»§Ê-v” ∑§Ê ÷Ë Áfl◊ÊøŸ ∞‚flË•Ê⁄U‚Ë mÊ⁄UÊ Á∑§ÿÊ ªÿÊ–
flÊ‹ »§‚‹Ê¥ ∑§Ë •¬ˇÊÊ Ä‹Ê⁄UÊÁ»§‹ ◊ÊòÊÊ ∑§ ‚Íø∑§Ê¢∑§ ◊¥ ß‚ Á∑§S◊ ∑§Ë ©Uà¬ÊŒŸ ˇÊ◊ÃÊ ‹ª÷ª w ≈UŸ ¬˝ÁÃ „UÄ≈Uÿ⁄U (w
v|.}~% ∑§Ë ∑§◊Ë ÃÕÊ ©U¬¡ ◊¥ xw.}v ∑§Ë ∑§◊Ë Œ‡ÊÊ¸ÿË– ◊Ë.&x◊Ë. ∑§Ë ŒÍ⁄UË ¬⁄U) „ÒU– ß‚∑§ ’Ë¡ ◊¥ yÆ.||% Ã‹ ÃÕÊ
≈U◊Ê≈U⁄U ∑§Ë ÁflÁ÷ãŸ Á∑§S◊Ê¥ ◊¥ •Ê⁄U‚Ë ◊ÊÁŸπ◊ŸÊÁ‡Ê’Ê -v(v.~w ∑§⁄UŸ‹ ◊¥ z~.{}% Ã‹ ¬ÊÿÊ ªÿÊ „ÒU– „UÀŒË ∑§Ë Ã⁄U„U ÃÕÊ
Á∑§ª˝Ê/¬ıœ) ∑§Ê ‚Íπ ∑§Ë •flSÕÊ ◊¥ ‚’‚ ÖÿÊŒÊ ‚Á„UcáÊÈ •Œ⁄Uπ ∑§ vv ©UãŸÃ Ä‹ÊŸÊ¥ ∑§Ê øÿŸ SÕÊŸËÿ ¡◊¸å‹ÊÖ◊ ◊¥
¬ÊÿÊ ªÿÊ– ß‚∑§ ’ÊŒ •∑§Ê¸ ⁄UˇÊ∑§ (v.xx Á∑§ª˝Ê/¬ıœ) ∑§Ê ‚ Á∑§ÿÊ ªÿÊ– ◊ÁáÊ¬È⁄U, ŸÊªÊ‹Òá«U ÃÕÊ Á◊¡Ê⁄U◊ ‚ ß∑§≈˜UÔ∆UÊ
SÕÊŸ ⁄U„UÊ– ¬Ê‹Ê Áª⁄UŸ ∑§Ë ÁSÕÁÃ ◊¥ •∑§Ê¸ ◊ÉÊÊ‹Ë ∑§Ê ‚’‚ ∑§Ë ªß¸ wz »˝  ¥ § ø ’ËŸ ¡ËŸÊ ≈ U Ê ß¬ ∑§Ê ◊Í À ÿÊ¢ ∑ §Ÿ zx
ÖÿÊŒÊ ‚Á„UcáÊÈ ¬ÊÿÊ ªÿÊ (v.{} Á∑§ª˝Ê/¬ıœ)– ß‚∑§ ’ÊŒ ◊Êß∑˝§Ê‚Ò≈U‹ÊßÁ≈U‚ ∑§ ©U¬ÿÊª ‚ Á∑§ÿÊ ªÿÊ– ß‚∑§ •‹ÊflÊ
•∑§Ê¸ Áfl∑§Ê‚ (v.{v Á∑§ª˝Ê/¬ıœ) ∑§Ê SÕÊŸ ⁄U„UÊ– ◊ÁáÊ¬È⁄U ∑§ ÁflÁ‡Êc≈U ≈ÈU∑§«∏UÊ¥ ∑§Ê ∑˝§Á◊Ã ÷Ë Á∑§ÿÊ ªÿÊ–

◊ÁáÊ¬È⁄U
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IX

Á‡ÊM§ß¸ Á‹‹Ë ∑§ ◊Êß∑˝§Ê¬˝Ê¬ª‡ÊŸ ∑§ Á‹∞ ßŸÁfl≈˛UÊ Ã∑§ŸË∑§
∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ– ßŸ Áfl≈˛UÊ ÃÕÊ ßŸ Áfl≈˛UÊ ¡ÁŸÃ
»§Êß≈UÊ»§ÕÊ⁄UÊ ∑§Ê‹Ê∑§Á‚∞ ∑§ ‚¢∑˝§◊áÊ ∑§Ë ÁSÕÁÃ ◊¥ «ÈU⁄UÊ«UË◊,
•Ê⁄U‚Ë ∞◊‚Ë z ÃÕÊ «UË¬Ë wz Ÿ •ë¿UÊ ¬˝Œ‡Ê¸Ÿ Á∑§ÿÊ–
∑§Ê‹Ê∑§Á‚ÿÊ ∑§ vÆÆ ¡◊¸å‹ÊÖ◊ ◊¥ xÆ ∞‚∞‚•Ê⁄U Áøã„U∑§Ê¢
∑§ ◊Êäÿ◊ ‚ ÁflÁflœÃÊ ∑§Ë ¬„UøÊŸ ∑§Ë ªß¸– ∑§Ê‹Ê∑§Á‚ÿÊ ◊¥
ßŸ Áfl≈˛UÊ •flSÕÊ ◊¥ ’Ë¡ ’ŸŸ ÃÕÊ ©U‚∑§ •¢∑È§⁄UáÊ ∑§Ë Ã∑§ŸË∑§
∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ– ¡Ÿ¡ÊÁÃÿ ∑Î§·∑§Ê¥ ∑§ ª˝Ê◊ËáÊ
•Ê¡ËÁfl∑§Ê ◊¥ flÎÁh ∑§ Á‹∞ ∑¢§ŒËÿ »§‚‹ •ÊœÊÁ⁄UÃ ÃËŸ
©Ul◊ SÕÊÁ¬Ã Á∑§ÿ ªÿ– ŒÊ “≈˜UÔÿÍ’⁄U ∑˝§ÊÚå‚ ª˝Ê•⁄U Ä‹’” ∑§Ë
÷Ë SÕÊ¬ŸÊ ∑§Ë ªß¸– •Œ⁄Uπ ∑§Ë ŸÁŒÿÊ Á∑§S◊ ◊¥ ∑È§Ä∑È§≈U πÊŒ
(v ≈U/„U) ÃÕÊ ÿÍÁ⁄UÿÊ (v{w Á∑§ª˝Ê/„U.) ∑§Ê ©U¬ÿÊª ©U¬¡
(wy.vw ≈U./„U.) ’…∏UÊŸ ◊¥ ‚’‚ ŒˇÊ ‚ÊÁ’Ã „ÈU∞– ¡’Á∑§
„UÀŒË ∑§Ë ◊ÉÊÊ ≈U⁄U◊Á⁄U∑§-v ∑§Ë ¬„UÊ«∏UË ˇÊòÊÊ¥ ◊¥ πÃË ∑§ Á‹∞
Æ.w% Á¡¢∑§‚À»§≈U + Æ.w% ’Ê⁄UÄ‚ ∑§Ê ©U¬ÿÊª ‚’‚ ÖÿÊŒÊ
©U¬ÿÈÄÃ ¬ÊÿÊ ªÿÊ– ‚é¡Ë ◊¥ S¬ÊßŸÒø-ªÊ¡⁄U-¬ûÊÊªÊ÷Ë≈U◊Ê≈U⁄U-Á÷¢«UË-∑§⁄U‹Ê-‹„U‚ÈŸ ∑§Ë Á⁄U‹ »§‚‹ ∑˝§◊ ◊¥ ‚’‚
ÖÿÊŒÊ ’Ë — ‚Ë •ŸÈ¬ÊÃ Œ¡¸ „ÈU•Ê •ı⁄U ß‚‚ »§‚‹ ‚ÉÊŸÃÊ
‚ÊÃ ªÈŸÊ ’…∏UË– ◊ÁáÊ¬È⁄U ∑§ Á‹∞ åÿÊ¡ ∑§Ë ∑§◊ ÁŒŸ ◊¥ ÃÒÿÊ⁄U
„UÊŸ flÊ‹Ë Á∑§S◊¥ ÷Ë◊Ê ⁄UÊ¡ ÃÕÊ ÷Ë◊Ê ‚È¬⁄U ∑§Ë ¬„UøÊŸ ∑§Ë
ªß¸– ß‚Ë Ã⁄U„U ‹„U‚ÈŸ ∑§Ë Á∑§S◊ ÿ◊ÈŸÊ ‚»§Œ-y ∑§Ë ÷Ë
¬„UøÊŸ ∑§Ë ªß¸– ¬Ê‹Ë„UÊ©U‚ ◊¥ πË⁄U ∑§Ë ’◊ı‚◊Ë πÃË ∑§
Á‹∞ ©U¬ÿÈÄÃ Á∑§S◊ ∑§ M§¬ •Ê‹◊Áª⁄U-x}Æ ∑§Ë ¬„UøÊŸ „ÈUß¸–
ß‚∑§Ë ’ÈflÊß¸ ∑§Ê ‚◊ÿ •ªSÃ ∑§Ê ÃË‚⁄UÊ ‚åÃÊ„U „ÒU ∞fl¢ ß‚∑§Ë
•ı‚Ã ©U¬¡ x.wÆ Á∑§ª˝Ê/¬ıœ „ÒU– ÁflªÃ fl·¸ ◊¥ vv}x{ ŸË¥’Í
∑§ ¬ıœ, zÆÆÆ •ŸãŸÊ‚ ‚∑§⁄U, vÆxÆ ¬¬ËÃ ∑§ ¬ıœ, wxz|
flÎˇÊ’ËŸ ∑§ ¬ıœ, v.~ Á∑§ª˝Ê ’Ò¥ªŸ ∑§Ê ’Ë¡, { Á∑§ª˝Ê ≈U◊Ê≈U⁄U
∑§Ê ’Ë¡, vÆv Á∑§ª˝Ê. ⁄UÊ¡◊Ê ∑§Ê ’Ë¡, vÆÆ Á∑§ª˝Ê ◊≈U⁄U ∑§Ê
’Ë¡, vzÆwz ‡Ê∑§⁄U∑¢§Œ ∑§ ∑§Á≈¢Uª, wÆvz ⁄UÊ¡Ê Á◊ø¸ ‚Ò¥¬Á‹¢ª
ÃÕÊ xz ÁÄfl¢≈U‹ „UÀŒË ∑§ ¬˝∑¢§Œ ∑§Ê ©Uà¬ÊŒŸ Á∑§ÿÊ ªÿÊ Á¡‚
ÁflÁ÷ãŸ S≈U∑§„UÊÀ«U⁄UÊ¥ ∑§Ê ’øÊ/ÁflÃÁ⁄UÃ Á∑§ÿÊ ªÿÊ–
πÊl¡ÁŸÃ ¡ËflÊáÊÈ ∑§ ’Ë∞‹∞ ß¸∞‚’Ë∞‹ ¡ËŸ ∑§Ê ¬ÃÊ
¬Ë‚Ë•Ê⁄U ‚ ‹ªÊŸ ∑§Ë Ã∑§ŸË∑§ ∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ–
ßŸ≈U⁄UÊ’ÒÄ≈UË Á⁄Uÿ‹ Á⁄U¬ËÁ≈U≈UËfl ßã≈U⁄U¡ÁŸ∑§ ∑§ÊÚŸ‚¥‚‚
(ß¸•Ê⁄U•Êß¸‚Ë) ß¸∞‚’Ë∞‹ ∑§ •Êß‚Ê‹≈˜UÔ‚ ◊¥ ∞∑§ ‚◊ÊŸÃÊ
∑§ÊÁ‹ÿŸË≈UË „ÒU– ‚Ë≈UË∞Ä‚-∞◊, ≈UËß¸∞◊ •ı⁄U ∞‚∞øflË ∑§Ë
Ã⁄U„U ∑§ ß¸∞‚’Ë∞‹ ¡ËŸ ∑§Ê ÁÄ‹ÁŸ∑§‹ Ÿ◊ÍŸÊ¥ ÃÕÊ ¬‡ÊÈ •ÊœÊÁ⁄UÃ
πÊl ¬ŒÊÕÊZ ◊¥ ©U¬ÁSÕÃ „UÊŸ ∑§Ê ¬ÃÊ ø‹Ê– fl·¸ wÆvx-vy
∑§ Œı⁄UÊŸ ∑È§‹ x},x{} øÍ¡ (y-z ‚åÃÊ„U ∑§) vzy{ Á∑§‚ÊŸÊ¥
∑§ ’Ëø ÁflÃÁ⁄UÃ Á∑§ÿ ªÿ– Œ‡ÊË ◊¿UÁ‹ÿÊ° ÿÕÊ •ÊÚÁS≈UÿÊ’˝Ê◊Ê
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’‹ÊŸª⁄UË, ’¢ªÊŸÊ …U⁄UÊ¥, ∞ŸÊ’‚ ≈US≈ÈUÁ«UŸ‚ ÃÕÊ ¬¢ÁªÿÊ ¬Ò¥Áª•Ê
◊¥ ∑§◊ ¡‹ ∑§Ë ◊ÊòÊÊ ◊¥ ∑Ò§å≈UËfl ¬˝¡ŸŸ ∑§Ê ‚»§‹ÃÊ¬Ífl¸∑§
¬⁄UËˇÊáÊ ∞fl¢ ◊ÊŸ∑§Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ– ’ÊÁ«U‚ ’ÊÁ«U‚ ◊¥ ◊ÁáÊ¬È⁄U
∑§Ë ∞∑§ Œ‡ÊË ‚¡Êfl≈UË ◊¿U‹Ë ’ŸŸ ∑§Ë ¬Í⁄UË ‚ê÷ÊflŸÊ „ÒU–
ß‚◊¥ ¬˝¡ŸŸ ÃÕÊ ¬Ê‹Ÿ ÁflÁœ ∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ–
◊Êß≈˛UÊ∑ §ÊÚÁ«˛Uÿ‹ ¡ËŸ ‚Ë•Ê∞Ä‚ v ∑§Ê ©U¬ÿÊª ‚ ∞∑§ ‚Êß¸Á¬˝Áfl«U
◊¿U‹Ë ∑§Ê •ÊÁáfl∑§ ¬„UøÊŸ SÕÊÁ¬Ã Á∑§ÿÊ ªÿÊ– •Ê◊È⁄U ∑§ÊÚ◊Ÿ
∑§Ê¬¸ (‚ÊßÁ¬˝Ÿ‚ ∑§ÊÁ¬¸ÿÊ) ◊¥ ÁŸ·øŸ ∑§ ’ÊŒ ‚’‚ ÖÿÊŒÊ
÷˝ÍáÊ ∑§Ê Áfl∑§Ê‚ (~{.|z%), „ÒUÁø¢ª Œ⁄U (|w.||%), ÁŸ·øŸ
∑§ ~Æ ÉÊ¢≈U ’ÊŒ S¬ÊŸ ∑§Ê •ÁSÃàfl Œ⁄U (~x.wz%), Áfl∑§Ê‚
Œ⁄U (Æ.{v Æ.w ª˝Ê.) ∑§Ë ¬˝ÊÁåÃ w{Æ-xvÆ ‚¥. ∑§ ÃÊ¬◊ÊŸ ¬⁄U
„UÊÃË „ÒU– ‚’‚ ÖÿÊŒÊ ÁŸ·øŸ (|z%) •ı⁄U „ÒUÁø¢ª Œ⁄U (}z%)
∑§Ë ¬˝ÊÁåÃ wxÆ-wyÆ ‚¥. ÃÊ¬◊ÊŸ ¬⁄U „UÊÃË „ÒU– ’Ê„U⁄U ∑§ Ã‹Ê’Ê¥
◊¥ Á⁄UÿÁ⁄¢Uª ÃÕÊ •Ê„UÊ⁄U ∑§ M§¬ ◊¥ ÁüÊ¢¬ ŒŸ ‚ ◊¿UÁ‹ÿÊ¥ ◊¥ ‚ÃÃ˜Ô
Áfl∑§Ê‚ „UÊÃÊ ¬ÊÿÊ ªÿÊ– ¬Ë. ¬Ò¥Áª•Ê ◊¥ w{Æ ‚¥. ÃÊ¬◊ÊŸ ¬⁄U
‚’‚ ÖÿÊŒÊ ÁŸ·øŸ Œ⁄U (~|.}%) ÃÕÊ ‚Ê◊Êãÿ S¬ÊÁŸ¢ª
¬ÊÿË ªß¸– ∑Î§Á· ÁflSÃÊ⁄U ∑§ •ãÃª¸Ã ◊ÁáÊ¬È⁄U ∑§ ¬„UÊ«∏UË Á¡‹Ê¥
◊¥ ¬Ê°ø ∞∑§Ë∑Î§Ã ∑Î§Á· ¬˝áÊÊ‹Ë ∑§Ë SÕÊ¬ŸÊ ∑§Ë ªß¸– ßŸ∑§
ÁflÁ÷ãŸ ÉÊ≈U∑§Ê¥ ∑§Ê •ÊÁÕ¸∑§ Áfl‡‹·áÊ Á∑§ÿÊ ªÿÊ– •Êß¸‚Ë∞•Ê⁄U
∑§Ë ¬˝ılÊÁªÁ∑§ÿÊ¥ ∑§ ¬˝÷ÊflÙ¥ ∑§Ê ÷Ë •äÿÿŸ Á∑§ÿÊ ªÿÊ–
ªÊc∆UË, ¬˝Á‡ÊˇÊáÊ, ¬˝Œ‡Ê¸Ÿ, ∑§Êÿ¸‡ÊÊ‹Ê•Ê¥, ¡ÊªM§∑§ÃÊ ∑§Êÿ¸∑˝§◊Ê¥,
ˇÊòÊ ÁŒfl‚ ÃÕÊ Á∑§‚ÊŸÊ¥ „UÃÈ ◊‹ ∑§Ê •ÊÿÊ¡Ÿ Á∑§ÿÊ ªÿÊ–
∑È§‹ v ¬ÈSÃ∑§, v ¬Ê∆˜UÔÿ∑˝§◊, wy ‡ÊÊœ ¬òÊ, xw ‡ÊÊœ ‚Ê⁄UÊ¢‡Ê, z
‹Ê∑§Á¬˝ÿ ‹π, w ’È‹Á≈Uã‚, x ◊ÒãÿÈ•‹ ÃÕÊ w ∞Ä‚≈¥U‡ÊŸ
»§ÊÀ«U⁄U ∑§Ê ¬˝∑§ÊÁ‡ÊÃ Á∑§ÿÊ ªÿÊ–

Á◊¡Ê⁄U◊
ÁŸêŸ ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ ◊¥ øÊfl‹ ∑§Ë ‚÷Ë ¬⁄UËÁˇÊÃ ¬¢ÁÄÃÿÊ¥
◊¥ •Ê⁄U‚Ë¬Ë∞‹ v-yy{ ∑§Ë ©Uà¬ÊŒ∑§ÃÊ ‚’‚ ÖÿÊŒÊ ⁄U„UË–
ÁflÁ÷ãŸ ™°§øÊßÿÊ¥ ¬⁄U ÃÊ¬ ‚Á„UcáÊÈ øÊfl‹ ∑§ Á∑§S◊Ê¥ ∑§Ë ¬„UøÊŸ
∑§Ë ªß¸– ÁŸø‹Ë •ı⁄U ◊äÿ ™°§øÊß¸ ˇÊòÊÊ¥ ∑§ Á‹∞ •Ê⁄U‚Ë∞◊-~
(y.z} ≈U./„U.), •Áœ∑§ ™°§øÊß¸ ∑§ Á‹∞ ‡Ê‡Ê⁄¢Uª (x.}x ≈U./
„U.), ÷Ê‹È◊-x (x.z} ≈U./„U.) ÃÕÊ •Ê⁄U‚Ë∞◊ ~(x.zw ≈U./
„U.) ∑§Ë ¬„UøÊŸ ∑§Ë ªß¸– •Ä≈ÍU’⁄U ∑§ ◊„UËŸ ◊¥ ÁŸêŸ ÷ÍÁ◊
¬Á⁄UÁSÕÁÃ ◊¥ ‹ªÊÿË ªß¸ øÊfl‹ ∑§Ë »§‚‹ ◊¥ ∑§Ë≈UÊ¥ ∑§Ë ◊ı‚◊Ë
©U¬‹éœÃÊ ÃÕÊ ¬˝Ê∑Î§ÁÃ∑§ ‡ÊòÊÈ•Ê¥ ∑§ ‚¢’¢œ ◊¥ ¡ÊŸ∑§Ê⁄UË ¬˝ÊåÃ
∑§Ë ªß¸– øÊfl‹ ∑§ ’Ë¡Ê¥ ◊¥ ’Ë¡ ¡ÁŸÃ vz ⁄UÊª¡Ÿ∑§ »§»Í°§ŒË
¬Êÿ ª∞– ⁄U’Ë ◊¥ ‹ªÊÿ ªÿ ◊Ä∑§ ∑§Ë ÁflÁ÷ãŸ ¬⁄¢U¬⁄UÊªÃ
Á∑§S◊Ê¥ ÿÕÊ ¬È•ÊÄ‚Ê (∞◊¡«U∞◊ x •ı⁄U ∞◊¡«U∞◊ zÆ),
Á◊◊¬ÈÁÕ (∞◊¡«U∞◊ z|, ∞◊¡«U∞◊ ww, ∞◊¡«U∞◊ {})
•ı⁄U Á◊ê’ÊŸ (∞◊¡«U∞◊ wx •ı⁄U ∞◊¡«U∞◊ zx) ◊¥ ≈ÒU‚‹
X

(zÆ%) vwÆ ÁŒŸÊ¥ ∑§ ’ÊŒ ÃÕÊ }Æ ¬Á⁄U¬ÄflÃÊ vzÆ ÁŒŸÊ¥
’ÊŒ Œ¡¸ ∑§Ë ªß¸– ÃËŸ ÁflÁ÷ãŸ ˇÊòÊ ÁflãÿÊ‚Ê¥ ◊¥ ©U÷Ê«∏U ∞fl¢
∑Í¢§«U ÁflãÿÊ‚ ◊¥ ◊„Uàfl¬ÍáÊ¸ M§¬ ‚ ©UëøÃ⁄U ©Uà¬ÊŒ∑§ÃÊ
∞øÄÿÍ¬Ë∞◊ v(y.z ≈U./„U.) ÃÕÊ •Ê⁄U‚Ë∞◊ |{ (x.}z ≈U./
„U.) ◊¥ ¬ÊÿË ªß¸– ◊Ä∑§ ∑§ ’ÊŒ ‚⁄U‚Ê¥ ∑§Ë ’ÈflÊß¸ ∑§⁄UŸ ‚ ¬È‚Ê
‚⁄U‚Ê¥ wz(v.xv ≈U./„U.) ©UëøÃ⁄U ©Uà¬ÊŒŸ ¬˝ÊåÃ „ÈU•Ê– •Ê◊
∑§Ë •Ê◊˝¬Ê‹Ë ¬˝¡ÊÁÃ ◊¥ ∑Ò§ŸÊ¢¬Ë ¬˝’¢œŸ ∑§ •äÿÿŸ ¬⁄U ÿ„U
ôÊÊÃ „ÈU•Ê Á∑§ ¬ıœ ÉÊŸàfl ∑§Ê flÊŸS¬ÁÃ∑§ Áfl∑§Ê‚ ÃÕÊ ¬Èc¬Ë∑§⁄UáÊ
∑§ ‚ÊÕ ¬˝àÿˇÊ ‚„U-‚¢’¢œ „ÒU– å‹Ê¢≈UŸ ∑§Ë øÊ⁄U ¡ËŸÊ≈UÊß¬
ÿÕÊ- ∑È§ãŸÊŸ (∞’Ë), ◊ÊŸÕÊŸ (∞’Ë’Ë), Ÿ¥º˝ÊŸ (∞∞flË)
ÃÕÊ Ÿ¥≈˛UÊŸ ÁÄfl¢≈U‹ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ „ÃÈU ‚¢ª˝„U Á∑§ÿÊ ªÿÊ– ≈U◊Ê≈U⁄U
∑§Ë ∑È§‹ vz ¬⁄UËÁˇÊÃ Á∑§S◊Ê¥ ◊¥ ¬È‚Ê ⁄UÊÁ„UáÊË ∞fl¢ •∑§Ê¸ •Ê÷Ê
◊¥ •Áœ∑§Ã◊ »§‹ ©Uà¬ÊŒŸ ¬˝ÊåÃ „ÈU•Ê ¡Ê Á∑§ ∑˝§◊‡Ê— yy.w
ÃÕÊ yv.{ ≈U./„U. „ÒU– ‹ê’Ë ¬˝¡ÊÁÃ ∑§ »˝¥§ø ’ËŸ ∑§Ë w}
¬Ê⁄¢U¬Á⁄U∑§ Á∑§S◊Ê¥ ∑§Ê ‚¢ª˝„U Á◊¡Ê⁄U◊ ∑§ ÁflÁ÷ãŸ Á¡‹Ê¥ ‚
Á∑§ÿÊ ªÿÊ ÃÕÊ ßŸ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ– »˝¥§ø’ËŸ ∑§Ë ŒÊ
Á∑§S◊ ¥ ÿÕÊ ∞◊¡ « U ∞ »§’Ë yz(xvz.x ª˝ Ê /¬ıœ) ÃÕÊ
∞◊¡«U∞»§’Ë y}(w~Æ ª˝Ê./¬ıœ) ∑§Ë ¬„UøÊŸ ©Uëø ©Uà¬ÊŒŸ,
∞ŸÕÊ‚ÊÿÁŸŸ ∑§Ë ◊ÊòÊÊ ÃÕÊ ∑§◊ Ÿ◊Ë ∑§ ¬˝ÁÃ ‚Á„UcáÊÈ ∑§ M§¬
◊¥ ∑§Ë ªß¸– ¬ûÊÊªÊ÷Ë, »Í§‹ªÊ÷Ë ÃÕÊ ’˝Ê∑§Ê‹Ë ∑§ ¬˝¡ÊÁÃÿÊ¥ ∑§Ê
¬⁄UËˇÊáÊ ßŸ◊¥ ‹ªŸ flÊ‹ ∑§Ë≈U, ¬Ë«∏U∑§ ÃÕÊ ¬˝Ê∑Î§ÁÃ∑§ ‡ÊòÊÈ•Ê¥
∑§Ê Œ¡¸ ∑§⁄UŸ ∑§ Á‹∞ Á∑§ÿÊ ªÿÊ– ’«˜UÔ‚¸ •Êß¸ Á◊ø¸ ◊¥ v%
¬Ê≈ÒUÁ‡Êÿ◊ ŸÊß≈˛U≈U ‚ ¬˝ÊßÁ◊¢ª ©U¬øÊ⁄U ∑§⁄UŸ ‚ •Áœ∑§Ã◊ •¢∑È§⁄UáÊ
(x~.|%) ¬˝ÊåÃ „ÈU•Ê– Á◊ø¸ ∑§Ë ¿U— ¬⁄UËÁˇÊÃ Á∑§S◊Ê¥ ◊¥ ∞ã¡‹
Á∑§S◊ ◊¥ ‚’‚ ÖÿÊŒÊ ÃÊ¡ »§‹ ∑§Ê ©Uà¬ÊŒ (Æ.zÆv Á∑§ª˝Ê/
ÃÈ«∏UÊß¸) ¬˝ÊåÃ „ÈU•Ê– Á‡Ê◊‹Ê Á◊ø¸ ∑§Ë ßÁãŒ⁄UÊ ¬˝¡ÊÁÃ ◊¥ ‚’‚
ÖÿÊŒÊ ∑È§‹ ÃÊ¡ »§‹ ∑§Ê ©Uà¬ÊŒŸ (x.v~Æ Á∑§ª˝Ê) Œ¡¸ „ÈU•Ê
¡Ê Á∑§ Á¬∑§Ê«UÊ⁄U ¬˝¡ÊÁÃ (Æ.~~} Á∑§ª˝Ê) ∑§Ë ÃÈ‹ŸÊ ◊¥ •Áœ∑§
„ÒU– Á◊¡Ê⁄U◊ ◊¥ ¬„U‹Ë ’Ê⁄U Ÿ∑§‹Ë/¡¢ª‹Ë œÁŸÿÊ¢ (∞Á⁄¢UÁ¡ÿ◊
»§Ê⁄UÁ≈U«U◊) ◊¥ øÍáÊ¸ »§»°Í§Œ (•ÊßÁ«UÿÊÁå‚‚ ◊Ò∑˝§ÊS¬Ê⁄UÊ) ⁄UÊª
∑§Ê ¬˝ÁÃflŒŸ Á∑§ÿÊ ªÿÊ– ◊ÉÊÊ‹ÿ ∑§ ªÊ⁄UÊ ¬„UÊ«∏UË ˇÊòÊÊ¥ ‚
‚¢ª˝Á„UÃ Á∑§ÿ ª∞ ∑§Ê‹Ê∑§Á‚ÿÊ ∑§Ë vy ¬˝flÎÁc≈UÿÊ¥ ∑§ ◊ÍÀÿÊ¢∑§Ÿ
◊¥ ‚’‚ •Áœ∑§ ©U¬¡ ŒŸ flÊ‹Ë ¬˝flÎÁc≈U ÕÊ◊Ê ‚⁄UÊ¢ª (wx.z
≈U./„U.) ÕË– „UÀŒË ◊¥ •Ê⁄U‚Ë≈UË v(xÆ.{ ≈U./„U.) ÃÕÊ ’Ë∞‚•Ê⁄U
w(w}.} ≈U./„U.) •Áœ∑§Ã◊ ©Uà¬ÊŒŸ flÊ‹ ¬Êÿ ª∞, ¡’Á∑§
•Œ⁄Uπ ◊¥ Á„U◊Áª⁄UË (v{.} ≈U./„U.) •ı⁄U ŸÊÁŒÿÊ (vy.| ≈U./
„U.) ◊¥ ‚’‚ ÖÿÊŒÊ ©U¬¡ ¬ÊÿË ªß¸– •ÊÚÿ‹ ¬Ê◊ ∑§ ’Ë¡ ÃÕÊ
Ÿ‚¸⁄UË ‚ ∑§Ê‹≈UÊ≈˛UËÁ‡Êÿ◊, ∑È§⁄UflÈ‹Á⁄UÿÊ,çÿÍ‚Á⁄U◊ ÃÕÊ ‚⁄UÊS¬Ê⁄UÊ
¡Ò‚ »§»Í°§ŒÊ¥ ∑§Ë ¬„UøÊŸ ∑§Ë ªß¸– ∞¢ÕÈÁ⁄Uÿ◊ ⁄UÊª ∑§Ê ÁŸÿ¢òÊáÊ,
÷ÍÁ◊ «˛U¢Áøª ÃÕÊ ‚∑§⁄U ∑§Ê ≈˛UÊß∑§Ê«U◊Ê¸ Áfl⁄UÁ«U, ≈UË. „UÊ⁄UÁ¡ÿŸ◊
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ÃÕÊ ¬SÿÍ«UÊ◊ÊŸ‚ çÀÿÍ⁄U‚ã‚ ∑§ ÉÊÊ‹ ◊¥ «ÈU’Ê∑§⁄U ∑§Ë ¡Ê
‚∑§ÃË „ÒU– åÀÿÍ⁄U≈U‚ ∑§Ë ¿U— S¬Ë‡ÊË¡ ∑§ ◊ÍÀÿÊ¢∑§Ÿ ◊¥ ‚’‚
ÖÿÊŒÊ ©Uà¬ÊŒŸ (zyÆ ª˝Ê/Á∑§ª˝Ê œÊŸ ∑§Ê ¬È•Ê‹) ¬Ë. ‚¡Ê⁄U∑§Ê¡Í ◊¥ Œ¡¸ „Èß–¸ ÁflŒ‡ÊË S¬Êß⁄UÁ‹¢ª ‚»§Œ ◊ÄπË ∑§ flÊÀ’ÊÁøÿÊ
¡ËŸ ∑§Ê ∞◊å‹ËÁ»§∑§‡ÊŸ ÷Ê⁄UÃ ◊¥ ¬„U‹Ë ’Ê⁄U „ÈU•Ê– ÇÿÊ⁄U„U
¬⁄U÷ÁˇÊÿÊ¥ ∑§Ê Áfl‡‹·áÊ ‚Ë•Ê-∞∑§ ¬˝Êß◊⁄U (‚Ë v¡ wv}x
∞fl¢ ∞‹ w ∞Ÿ xÆvy) ∑§Ë ◊ŒŒ ‚ Á∑§ÿÊ ªÿÊ– ∑§fl‹ •Ê∆U
¬⁄U ÷ ÁˇÊÿÊ ¥ ÿÕÊ Áø‹Ê ∑ §Ê ⁄ U ‚ ÁŸÁª˝ ≈ ˜ U Ô ‚ (»Ò § Á’˝ Á ‚ÿ¢ ‚ ),
∑˝§Êßå≈UÊ‹◊‚ ◊Ê¥≈˛UÊÁ¡Á⁄U ◊À‚, ∞¢ÕÊ∑§ÊÁ⁄U«U, ◊À‹Ê«UÊ •SÃÈ⁄U
(’Ò¥Ä‚), ∞◊. ’ÊÁŸŸÁ‚‚, ¬SÿÈ«U‚Á¬«U◊⁄Uÿ ≈˛UÊßŸÊ≈UÊ≈˜UÔ‚
(ÕÈŸ’ª¸), ∑˝§Êß‚Ê‹Ê ¡ÒS≈˛UÊflË Á‚‹◊Ë (∞‚’Ÿ-Á¬≈U‚̧Ÿ) •ı⁄U
◊ŸÊÁø‹‚ ‚Ä‚◊ÒÄÿÍ‹≈˜UÔ‚ »Ò§’ ◊¥ ‚Ë•Ê-∞∑§ ¡ËŸ ∑§Ê
∞◊å‹ËÁ»§∑§‡ÊŸ ŒπÊ ªÿÊ– ◊À‹Ê«UÊ •SÃÈ⁄U, ∞◊ ’ÊŸË,
Áø‹Ê∑§Ê⁄U‚ ÁŸÁª˝≈‚ ÃÕÊ ◊ŸÊÁø‹‚ ‚Ä‚◊ÒÄÿÍ‹≈U‚ ∑§Ê
»§Êß‹Ê¡ŸÁ≈U∑§ Áfl‡‹·áÊ Á∑§ÿÊ ªÿÊ– S¬Êß⁄UÁ‹¢ª ‚»§Œ ◊ÄπË
∑§ ¡ËflŸ ∑§Ë ÁflÁ÷ãŸ •flSÕÊ•Ê¥ ¬⁄U ∞◊. ’ÊÁŸŸÁ‚‚ ∑§Ë
¬Á⁄U÷ˇÊË ‚ê÷ÊflŸÊ•Ê¥ ∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ–
¬‡ÊÈ ÁflôÊÊŸ ◊¥, «UÊÿÁ⁄UÿÊ ª˝Á‚Ã ‚È•⁄U ∑§ ’ëøÊ¥ ∑§ ◊‹
Ÿ◊ÍŸ ∞∑§ÁòÊÃ Á∑§ÿ ªÿ– ßŸ◊¥ ‚ vÆw Ÿ◊ÍŸÊ¥ ◊¥ ∞‚∑§Á⁄UÁøÿÊ
∑§Ê‹Ë ∑§Ë ◊ı¡ÍŒªË ¬ÊÿË ªß¸– ‚∑§Ê⁄UÊà◊∑§ Ÿ◊ÍŸÊ¥ ◊¥ ‚ xw, yz
ÃÕÊ wz Ÿ◊ÍŸ ∑˝§◊‡Ê— ∞¡flÊ‹, ∑§Ê‹ÊÁ‚’ ∞fl¢ ‚Êÿ„UÊ ˇÊòÊÊ¥ ‚
Õ– ∑§Ê‹ÊÁ‚’ ‚ ß∑§≈˜UÔ∆UÊ Á∑§ÿ ªÿ ŒÊ Ÿ◊ÍŸÊ¥ ◊¥ ‚Ê‹◊ÊŸ‹Ê
¬ÊÿÊ ªÿÊ– ∞¡flÊ‹ ˇÊòÊ ∑§ wz •Êß‚Ê‹≈U ŸÊ⁄Uç‹ÊÚÄ‚ËŸ ÃÕÊ
ßŸ⁄UÊç‹ÊÚÄ‚ËŸ ∑§ ¬˝ÁÃ ‚¢flŒŸ‡ÊË‹ ¬Êÿ ªÿ– Á◊¡Ê⁄UÊ ˇÊòÊ ◊¥
‚¢ÁŒÇœ ‚È•⁄UÊ¥ ‚ {| Ÿ◊ÍŸ ß∑§≈˜UÔ∆UÊ Á∑§ÿ ªÿ– ßŸ◊¥ {y Ÿ◊ÍŸ
¬Ë•Ê⁄U•Ê⁄U∞‚’Ë ∑§ Á‹∞ ‚∑§Ê⁄UÊà◊∑§ ¬Êÿ ªÿ– ¡’Á∑§ ∞‹Ë‚Ê
∑§ ◊Êäÿ◊ ‚ ÿ„U ôÊÊÃ „ÈU•Ê Á∑§ z} Ÿ◊ÍŸ ¬Ë‚Ë’Ë ∑§ ¬˝ÁÃ ÃÕÊ
yÆ Ÿ◊ÍŸ ¬Ë‚Ë’Ë ∑§ Á‹∞ ‚∑§Ê⁄UÊà◊∑§ „ÒU– •¬˝Ò‹ ∑§ ◊„UËŸ ◊¥
∞ŸÊå‹Ê‚◊ÊÁ‚‚, ’Ÿ Á‚ÿÊÁ‚‚ ÃÕ Õ‹Á⁄UÿÊÁ‚‚ ◊¥ ’…∏UÊûÊ⁄UË
Œ¡¸ ∑§Ë ªß¸–

ŸÊªÊ‹Òá«U
ÁŸêŸ ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ ∑§ œÊŸ ◊¥ ‚flÊ¸Áœ∑§ ©Uà¬ÊŒŸ (z.}x
≈U./„U.) •Ê⁄U‚Ë∞◊ -~ ◊¥ Œ¡¸ ∑§Ë ªß¸– ß‚∑§ ’ÊŒ •Êß¸ß¸≈UË
v{xvx (z.zÆ ≈U./„U.) ∑§Ê SÕÊŸ ⁄U„UÊ– ™§¬⁄UË ÷ÍÁ◊ ¬Á⁄UÁSÕÁÃ
∑§ œÊŸ ◊¥ ‚flÊ¸Áœ∑§ ©Uà¬ÊŒŸ •Ê⁄U‚Ë∞◊-z (}.w ÁÄfl¢/„U.) ◊¥
¬ÊÿÊ ªÿÊ– ‡ÊËÉÊ˝ ¬∑§Ÿ flÊ‹Ë ‚⁄U‚Ê¥ ◊¥ ¬Í‚Ê ‚⁄U‚Ê¥ wz ∑§Ê
©Uà¬ÊŒŸ (~xw Á∑§ª˝Ê/„U.) ‚flÊ¸Áœ∑§ ¬ÊÿÊ ªÿÊ– ß‚∑§ ’ÊŒ
¬Í‚Ê ‚⁄U‚Ê¥ w{ (}xv Á∑§ª˝Ê/„U.) ∑§Ê SÕÊŸ ⁄U„UÊ– ¡Ë⁄UÊ Á≈U‹¡

XI

◊¥ ‚’‚ ÖÿÊŒÊ ©Uà¬ÊŒŸ ÃÊÁ⁄UÿÊ ∑§Ë Á∑§S◊ ≈UË∞‚ x} (z~Æ
Á∑§ª˝Ê/„U.) ◊¥ ¬ÊÿÊ ªÿÊ– ß‚∑§ ’ÊŒ ≈UË∞‚ {| (zwÆ Á∑§ª˝Ê/
„U.) ∑§Ê SÕÊŸ ⁄U„UÊ– ∆¢U«U ∑§ ◊ı‚◊ ◊¥ ‚Íπ ∑§Ë „UÊ‹Ã ◊¥ ◊Ä∑§
∑§Ë v| ¬¢ÁÄÃÿÊ¥ ∑§Ê ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ– ‚’‚ •Áœ∑§ ©U¬¡
flËÄÿÍ¬Ë∞◊ ~ (x.} ≈U./„U.) ◊¥ ¬ÊÿÊ ªÿÊ •ı⁄U ß‚∑§ ’ÊŒ
Áfl¡ÿ ∑§ê¬ÊÁ¡≈U (w.| ≈U./„U.) ∑§Ê SÕÊŸ ⁄U„UÊ–
¬˝ÿÊª‡ÊÊ‹Ê ◊¥ }zx ◊ÎŒÊ-Ÿ◊ÍŸÊ¥ ∑§Ê ¬⁄UËˇÊáÊ ŸÊß≈˛UÊ¡Ÿ,
»§ÊÚS»§Ê⁄U‚, ¬Ê≈ÒUÁ‡Êÿ◊, ∑§Ê’¸ÁŸ∑§ ∑§Ê’¸Ÿ, ¬Ë∞ø ÃÕÊ ß‚Ë ∑§
Á‹∞ Á∑§ÿÊ ªÿÊ– œÊŸ ∑§Ë »§‚‹ ◊¥ π⁄U¬ÃflÊ⁄U ÁŸÿ¢òÊáÊ „UÃÈ
vÆ% Ÿ◊∑§ ∑§ ÉÊÊ‹ ∑§Ê ©U¬ÿÊª ‚ π⁄U¬ÃflÊ⁄U ◊¥ ∑§◊Ë Œ¡¸
∑§Ë ªß¸– ∞∑§Ë∑Î§Ã »§‚‹ ¬˝áÊÊÁ‹ÿÊ¥ ∑§ ¬⁄UËˇÊáÊ ◊¥ ∑Î§Á· +
’ÊªflÊŸË + ‚È•⁄U ¬Ê‹Ÿ + ◊àSÿ ¬Ê‹Ÿ ¬˝áÊÊ‹Ë ◊¥ ‚’‚
ÖÿÊŒÊ v~zvz L§. ∑§Ê »§ÊÿŒÊ „ÈU•Ê– ¡’Á∑§ ∑Î§Á· + ’ÊªflÊŸË
+ ∑È§Ä∑È§≈U ¬Ê‹Ÿ + ◊àSÿ ¬Ê‹Ÿ + ∞¡Ê‹Ê + ◊‡ÊM§◊ ◊¥
z,vzv L§. ∑§Ê »§ÊÿŒÊ „ÈU•Ê–
∑§Ê‹Ê∑§Á‚ÿÊ ¡◊¸å‹ÊÖ◊ ∑§ Á‹∞ ÃÒÿÊ⁄U «˛UÊç≈U «UËÿÍ∞‚ ÁŒ‡ÊÊÁŸŒ¸‡Ê ∑§Ê •¢ÁÃ◊ M§¬ ¬˝ŒÊŸ Á∑§ÿÊ ªÿÊ ÃÕÊ ß‚∑§Ê ◊ÍÀÿÊ¢∑§Ÿ
•ı⁄U Áflfl⁄UáÊ ÃÒÿÊ⁄U Á∑§ÿÊ ªÿÊ– ⁄UÊ¡◊Ê ∑§ xw ¡ËŸÊ≈UÊß¬ ∑§Ê
◊ÍÀÿÊ¢∑§Ÿ flÊŸS¬ÁÃ∑§ ÃÕÊ ©U¬¡ ‚¢’¢œË ªÈáÊÊ¥ ∑§ Á‹∞ Á∑§ÿÊ
ªÿÊ– ŸÊªÊ‹Ò¥«U ∑§ ∑È§¿U Á¡‹Ê¥ ∑§ ¤ÊÍ◊ ˇÊòÊÊ¥ ◊¥ ¬Êÿ ¡ÊŸ flÊ‹
¬ÊŒ¬ ⁄UÊªÊ¥ ∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ– ß‚◊¥ ‚flÊ¸Áœ∑§ ◊Ê◊‹
œÊŸ ◊¥ é‹ÊS≈U, ∑§Ê‹Ê∑§Á‚ÿÊ ◊¥ ¬ûÊË œé’, ’ËŸ ◊¥ ∞¢Õ˝ÄŸÊ¡
ÃÕÊ •Œ⁄Uπ Á’À≈U ∑§ Õ– flÊπÊ ◊¥ ¬Ò‡ÊŸ »§‹ ‚ ∞∑§ ŸÿË
Áfl·ÊáÊÈ ¡ÁŸÃ ⁄UÊª ∑§Ë ¬„UøÊŸ ∑§Ë ªß¸–
ŸÊªÊ‹Òá«U ◊¥ ¬„U‹Ë ’Ê⁄U ‚È•⁄UÊ¥ ◊¥ ∑Î§ÁòÊ◊ ª÷Ê¸œÊŸ ∑§Ë
¬˝áÊÊ‹Ë ∑§Ë ‡ÊÈL§•ÊÃ ∑§Ë ªß¸– ŒÊ„U⁄U ª÷Ê¸œÊŸ ‚ ª÷Ê¸œÊ⁄UáÊ Œ⁄U
◊¥ |z% ∑§Ë flÎÁh Œ¡¸ ∑§Ë ªß¸ ÃÕÊ ¬˝ÁÃ éÿÊ¢Ã }-vv ’ëøÊ¥
∑§Ê ¡ã◊ „ÈU•Ê– ‹Ê¡¸ é‹Ò∑§ ◊¥ ¬˝ÁÃéÿÊ¢Ã ’ëøÊ¥ ∑§Ë ‚¢ÅÿÊ ÃÕÊ
ŒÍœ ¿ÈU«∏UÊŸ ∑§Ë •flSÕÊ ◊¥ ‡Ê· ⁄U„U ’ëøÊ¥ ∑§Ë ‚¢ÅÿÊ •ãÿ
¬˝¡ÊÁÃ ¡Ò‚ Á∑§ Œ‡ÊË •ı⁄U ÉÊÍ¢ÉÊM§ ‚È•⁄UÊ¥ ∑§ •¬ˇÊÊ ÖÿÊŒÊ Œ¡¸
„ÈUß¸– Œ‚Ë ŸS‹ ∑§ Ÿ⁄U ◊¥ x ◊„UËŸ ∑§Ë •flSÕÊ ◊¥ ¬˝¡ŸŸ ˇÊ◊ÃÊ
Áfl∑§Á‚Ã „UÊŸ ∑§ Á‹∞ Á¡ê◊ŒÊ⁄U ¡ËŸÊ¥ ÿÕÊ ß¸•Ê⁄U∞, ∞•Ê⁄U
ÃÕÊ •Êß¸¡Ë∞»§ ∞fl¢ „UÊ©U‚Á∑§¬Ë¥ª ¡ËŸ ¡Ë∞¬Ë«UË∞ø ∑§Ë
•Á÷√ÿÁÄÃ ∑§Ê •ÊÁáfl∑§ ¬„UøÊŸ Á∑§ÿÊ ªÿÊ– ß‚∑§ Á‹∞
¬Ë‚Ë•Ê⁄U ∞◊å‹ËÁ»§∑§‡ÊŸ ÁflÁœ ∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ–
ˇÊòÊËÿ ‚Á◊ÁÃ ∑§ ‚È¤ÊÊfl ¬⁄U flÊπÊ ÃÕÊ ‹Ê¢ª‹¥ª ˇÊòÊÊ¥ ◊¥ ¡◊ËŸ
‚ > vwÆÆ ◊Ë. ™°§øÊß¸ flÊ‹ ¡ª„UÊ¥ ¬⁄U •ŸÈ‚¢œÊŸ ‡ÊÈM§ Á∑§ÿÊ
ªÿÊ– ß‚∑§ •¢Ãª¸Ã ™§¬⁄UË ÷ÍÁ◊ ¬ÊÁ⁄UÁSÕÁÃ∑§Ë ∑§ œÊŸ ¬˝¡ÊÁÃÿÊ¥
∑§Ê ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ– ≈UË∞‚¬Ë, ∞Ÿ∞•Êß¸¬Ë, ∞Ÿ•Êß¸‚Ë•Ê⁄U∞,
’ÊªflÊŸË ‚Ä‡ÊŸ ∑Î§Á·-¬⁄UÊ◊‡Ê¸ŒÊòÊË ÃÕÊ ∞◊∞‚¬Ë (‚È•⁄U ∞fl¢
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∑È§Ä∑È§≈U) ∑§ •¢Ãª¸Ã ∑È§‹ {Æ ¬˝Á‡ÊˇÊáÊ/¬˝Œ‡Ê¸Ÿ ∑§Êÿ¸∑§˝ ◊ •ÊÿÊÁ¡Ã
„ÈU∞– •‚◊ ŸË¥’Í ∑§Ë ∑§Á≈¢Uª (|wÆÆ), πÊ‚Ë ‚¢Ã⁄UÊ (vÆÆÆ),
•Ê‹ (zÆ Á∑§ª˝Ê), ‡Ê∑§⁄U∑¢§Œ ∑§Ë ∑§Á≈¢Uª (> zÆÆÆÆ) •ı⁄U
◊‡ÊM§◊ S¬ÊÚŸ (> wÆÆÆ «Ué’) ∑§Ê ©Uà¬ÊŒŸ ∞fl¢ ÁflÃ⁄UáÊ Á∑§ÿÊ
ªÿÊ– flŸ¡Ê⁄UÊ ÃÕÊ ª˝Ê◊Á¬˝ÿÊ ∑§ zz,z|v øÍ¡ ’Ê°≈U ªÿ– ‹Ê¡¸
é‹Ò∑§ ‚¢∑§⁄UáÊ, ÉÊÍ¢ÉÊM§ ÃÕÊ „ÒUê¬‡ÊÊÿ⁄U ∑§ {w} ’ëø ’Ê°≈U ªÿ–
SflÊßŸ »§Ëfl⁄U (x{~Æ), ∞»§«UË•Ê⁄U«UË-∞»§ S≈˛UŸ (vzÆÆÆ),
∞»§«UË•Ê⁄U«UË-•Ê⁄U w’Ë S≈˛UŸ (vwÆÆ), »§ÊÚ‹ ¬ÊÚÄ‚ (y}ÆÆ)
ÃÕÊ ’∑§⁄UË ¬ÊÚÄ‚ (|ÆÆ) ∑§ ≈UË∑§Ê¥ ∑§Ë πÈ⁄UÊ∑§ ’Ê°≈UË ªß¸–

Á‚ÁÄ∑§◊
’∑§±flË≈U ∑§ x{ ¡◊¸å‹ÊÖ◊ ∑§Ê ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ •ı⁄U
‚’‚ •Áœ∑§ ©Uà¬ÊŒŸ ¬˝ÁflÁc≈U •Êß¸‚Ë vÆ~|w} (w.vy ≈U./
„U.) ◊¥ Œ¡¸ ∑§Ë ªß¸– fl◊Ë¸∑§ê¬ÊS≈U ∑§ ÁflÁ÷ãŸ SÃ⁄UÊ¥ ¬⁄U ¬⁄UËˇÊáÊ
∑§⁄UŸ ‚ SÕÊŸËÿ ’∑§±flË≈U ¬˝¡ÊÁÃ ≈UËÕ ◊¥ ◊ËÕ ¬˝¡ÊÁÃ ∑§Ë
•¬ˇÊÊ ÖÿÊŒÊ ’Ë — ‚Ë •ŸÈ¬ÊÃ Œ¡¸ Á∑§ÿÊ ªÿÊ– œÊŸ ∑§Ë zÆ
SÕÊŸËÿ Á∑§S◊Ê¥ ∑§ ◊ÍÀÿÊ¢∑§Ÿ ◊¥ ‚’‚ ÖÿÊŒÊ ©Uà¬ÊŒ∑§ÃÊ
¡Ê⁄UŸÊ‹Ë Á∑§S◊ (zvx.vy ª˝Ê./◊Ëw) ◊¥ Œ¡¸ ∑§Ë ªß¸– œÊŸ ∑§
©Uà¬ÊŒŸ ∑§Ë ÁflÁœÿÊ¥ ∑§ ¬⁄UËˇÊáÊ ◊¥ ∞‚•Ê⁄U•Êß¸ ÁflÁœ ∑§ •ãŒ⁄U
•Êß¸‚Ë∞◊ ÃÕÊ ¬⁄¢U¬⁄UÊªÃ ÁflÁœÿÊ¥ ∑§Ë ÃÈ‹ŸÊ ◊¥ ∑˝§◊‡Ê— wz.{
ÃÕÊ zz.y% •Áœ∑§ ©U¬¡ Œ¡¸ ∑§Ë ªß¸– ß‚ ¬⁄UËˇÊáÊ ◊¥ ‚’‚
ÖÿÊŒÊ ©à¬ÊŒŸ ‚àÿÊ⁄¢U¡Ÿ Á∑§S◊ (y.vz ≈U./„U.) ◊¥ Œ¡¸ ∑§Ë
ªß¸– ÁflÁ÷ãŸ dÊÃÊ¥ ‚ ¬˝ÊåÃ ∑§Ê’¸ÁŸ∑§ ¬Ê·∑§ ÃàflÊ¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ
‚ËœË ’ÊÿË ¡ÊŸ flÊ‹Ë ™§¬⁄UË ÷ÍÁ◊ ¬ÊÁ⁄UÁSÕÁÃ∑§Ë ∑§ œÊŸ ∑§
¬˝¡ÊÁÃÿÊ¥ ¬⁄U ∑§Ë ªß¸– zÆ% ∞»§flÊß¸∞◊ + wz% flË‚Ë + wz
∞Ÿ‚Ë + ’Ë∞»§ (y Ÿ‹¬∑§ @vw.z Á∑§ª˝Ê/„U.) ‚ ©U¬øÊ⁄U
∑§⁄UŸ ‚ ‚÷Ë ¬˝¡ÊÁÃÿÊ¥ ◊¥ •Áœ∑§Ã◊ ©Uà¬ÊŒŸ Œ¡¸ Á∑§ÿÊ ªÿÊ
(÷Ê‹È◊ -w ◊¥ x.y| ≈U./„U., ÷Ê‹È◊-x ◊¥ x.|} ≈U./„U.,
•Ê⁄U‚Ë¬Ë∞‹ ◊¥ z.~v ≈U./„U. ÃÕÊ ⁄UÊ¡ãº˝ ÷ªflÃË ◊¥ w.}y ≈U./
„U.)– øÊfl‹ - ◊≈U⁄U (‚é¡Ë) »§‚‹ ¬˝áÊÊ‹Ë ¬⁄U ¡ÈÃÊß¸ ∑§
ÁflÁœ •ı⁄U ∑§Ê’¸ÁŸ∑§ ¬Ê·∑§ ÃàflÊ¥ ∑§ ¬˝÷ÊflÊ¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ
Á∑§ÿÊ ªÿÊ– øÊfl‹ ◊¥ ’ÈflÊß¸ ∑§Ë ¬⁄¢U¬⁄UÊªÃ ÁflÁœ ‚ „ÈUß¸
©Uà¬ÊŒ∑§ÃÊ ¡Ë⁄UÊ ≈UË‹¡ ∑§ ßSÃ◊Ê‹ ‚ „Èß¸ ©U¬¡ ∑§ ’⁄UÊ’⁄U
¬ÊÿË ªß¸– Á‚ÁÄ∑§◊ ◊¥ øÊfl‹ ∑§Ë πÃÊ¥ ‚ ¬ûÊË »§ÊÀ«U⁄U ∑§Ë
∞∑§ ŸÍÃŸ S¬Ë‡ÊË¡ Ä‹»§Ê∑˝§ÊÁ‚‚ S¬Ë. ∑§Ë ¬„UøÊŸ ∑§Ë ªß¸–
ŒÈªŸ ¡Ë⁄UÊ Á≈U‹¡ ∑§ ◊Êäÿ◊ ‚ ◊≈U⁄U (‚é¡Ë) ∑§Ë ’ÈflÊß¸ vÆvw ÁŒŸ ¬„U‹ ∑§Ë ¡Ê ‚∑§ÃË „ÒU– é‹Ë≈UÊÄ‚, ‚À»§Ä‚,
¬SÿÍ«UÊ◊ÊŸ‚ ç‹Ê⁄U‚‚ ∑§Ê ∑§Ê»§Ë •‚⁄UŒÊ⁄U ¬ÊÿÊ ªÿÊ •ı⁄U
ßŸ∑§ ßSÃ◊Ê‹ ‚ øÊfl‹ ◊¥ ‚ËÕ é‹Êß≈U ∑§ ◊Ê◊‹Ê¥ ◊¥ ∑§◊Ë
Œ¡¸ ∑§Ë ªß¸– π⁄UË»§ ◊¥ ‹ªŸ flÊ‹Ë ©UŒ¸ (¬„U‹ÊŒÊ‹) ∑§Ë zw
¬˝flÁÎ c≈UÿÊ¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ– ‚’‚ •Áœ∑§ ©U¬¡ ’Ë’Ë∞Ÿ

w(y.yw ª˝Ê/¬ıœÊ) ◊¥ Œ¡¸ ∑§Ë ªß¸ ∞fl¢ ß‚∑§ ’ÊŒ ≈UË-~ ¬Ë«UË
(y.xz ª˝Ê/¬ıœÊ) ÃÕÊ ©UŒ¸ {(y.w} ª˝Ê/¬ıœÊ) ∑§Ê SÕÊŸ ⁄U„UÊ–
∞∑§‹ ¬ÊŒ¬ øÿŸ ∑§ ©U¬⁄UÊãÃ ‚’‚ ÖÿÊŒÊ ©U¬¡ ∞‚-vz-v
({.|~ ª˝Ê◊/¬ıœÊ) ◊¥ ¬˝ÊåÃ „ÈUß¸ ÃÕÊ ß‚∑§ ’ÊŒ ∞‚-v~v({-x{ ª˝Ê/¬ıœÊ) ÃÕÊ ∞‚-wÆ-v (z.z} ª˝Ê/¬ıœÊ) ∑§Ê
SÕÊŸ ⁄U„UÊ– ¬ÊÚ¬∑§ÊŸ¸ ∑§ ‹ªÊŸ ‚ ¬„U‹ ∑§Ë ¡ÊŸ flÊ‹ ◊ÁÀø¢ª
◊¥ œÊŸ ∑§Ê ¬È•Ê‹ (z ≈UŸ/„U.) ∑§Ê ©U¬ÿÊª ∑§⁄UŸ ‚ •Áœ∑§Ã◊
©Uà¬ÊŒŸ (v~xw Á∑§ª˝Ê/„U.) Œ¡¸ Á∑§ÿÊ ªÿÊ– ’È•Êß¸ ∑§ ‚◊ÿÊ¥
¬⁄U ∑§Ë ªß¸ ¬⁄UËˇÊáÊÊ¥ ‚ ÿ„U ôÊÊÃ „ÈU•Ê Á∑§ z ¡ÍŸ ∑§Ê ‚ÊÿÊ’ËŸ
∑§Ë ’È•Êß¸ ∑§⁄UŸ ‚ •Áœ∑§Ã◊ ©U¬¡ ¬˝ÊåÃ „ÈUß¸– ‚⁄U‚Ê¥ ◊¥
¬≈˛UÊÁ‹ÿ◊ ∑Î§Á· S¬˝ @vÆ ◊Ë‹Ë/‹Ë. ÃÕÊ ŸË◊ Ã‹ Æ.vz ß¸‚Ë
@x ◊Ë‹Ë/‹Ë ∑§Ê ßSÃ◊Ê‹ ‚ ∞Á»§«U ÁŸÿ¢òÊáÊ ∑§ ŒˇÊÃÊ ◊¥
‚Ê◊Êãÿ ÁSÕÁÃ ∑§Ë ÃÈ‹ŸÊ ◊¥ ∑˝§◊‡Ê— |w.z ÃÕÊ |v.z% ∑§Ë
flÎÁh „ÈUß¸– ‡ÊËÃÊcáÊ »§‚‹Ê¥ ∑§ Á‹∞ SÕÊÁ¬Ã Á∑§∞ ª∞ ˇÊòÊ ¡ËŸ
’Ò¥∑§ ◊¥ ¬˝ÁflÁc≈UÿÊ¥ ∑§Ë ‚¢ÅÿÊ ∑§Ê ’…∏UÊÿÊ ªÿÊ– ‹„U‚ÈŸ ∑§
ÁŸ—‚⁄UáÊ @vÆ% ∑§Ê ßSÃ◊Ê‹ Á¿U«∏U∑§Êfl •ÕflÊ «˛U¥ø ∑§ M§¬
◊¥ ∑§⁄UŸ ‚ ’«∏UË ß‹ÊÿøË ◊¥ ∑§Ê‹Ä≈˛UÊ≈˛UËÿ◊ Ç‹∑§Ê¡¬ÊÁ⁄U•Êÿ«˜U‚
Ô
¬ûÊË œé’ ⁄UÊª ◊¥ (|.yx%) ∑§◊Ë Œ¡¸ ∑§Ë ªß¸– ‚é¡Ë ◊≈U⁄U ◊¥
∞»§flÊß¸∞◊ (@z ≈U/„U.) + ¬Ë∞‹ •ı⁄U flË‚Ë (¬˝àÿ∑§ ∑§
Á‹∞ @v.z ≈U/„U.) + ’Ë∞»§ ∑§ ßSÃ◊Ê‹ ‚ •Áœ∑§Ã◊
©Uà¬ÊŒ∑§ÃÊ Œ¡¸ „Èß¸– SÕÊŸËÿ Á÷á«UË ∑§Ë ¬˝¡ÊÁÃÿÊ¥ ◊¥ »§‹
œÊ⁄UáÊ ∑§Ë •flÁœ •¬ˇÊÊ∑Î§Ã ‹ê’Ë ¬ÊÿË ªß¸ ÃÕÊ •flÁãÃ∑§Ê
wwv (∞»§v) Á∑§S◊ ∑§Ê ¬˝àÿÊ⁄UÊ¬áÊ „UÃÈ •ŸÈ∑Í§‹ ¬ÊÿÊ ªÿÊ–
∑§Ê◊‹ ÃÕÊ ÿÍ∞‚ |vÆ~ ∑§Ê ‚ËœË ’È•Êß¸ ∑§ Á‹∞ ©U¬ÿÈÄÃ
¬ÊÿÊ ªÿÊ– ª◊Ë¸ •ı⁄U ’⁄U‚ÊÃ ∑§ ◊ı‚◊ ◊¥ ◊Í‹Ë ∑§Ë ¬Í‚Ê
øÃ∑§Ë Á∑§S◊ ∑§Ê ¬˝Œ‡Ê¸Ÿ •ë¿UÊ ⁄U„UÊ– SÕÊŸËÿ ªÈ‹Ê’Ë ◊Í‹Ë
∑§Ê ¬˝Œ‡Ê¸Ÿ fl·Ê¸ ´§ÃÈ ∑§ •¢ÁÃ◊ ÁŒŸÊ¥ ÃÕÊ ‡Ê⁄UŒ ´§ÃÈ ∑§ ‡ÊÈL§•ÊÃ
∑§ ÁŒŸÊ¥ ◊¥ •ë¿UÊ ⁄U„UÊ– ‡Ê⁄UŒ ÃÕÊ fl‚¢Ã ´§ÃÈ ◊¥ ß¢«U◊ ‡flÃÊ
Á∑§S◊ ∑§Ê ¬˝Œ‡Ê¸Ÿ •ë¿UÊ ¬ÊÿÊ ªÿÊ– øÊ™§-øÊ™§ ∑§Ë wÆ ¬˝flÁÎ c≈UÿÊ¥
◊¥ ∞∑§Œ◊ •‹ª ◊Ê»§Ê¸‹Ê¡Ë ÁflÁ÷ãŸÃÊ ŒπŸ ∑§Ê Á◊‹Ë– ≈U◊Ê≈U⁄U
∑§ πÃ ◊¥ S¬Ê«UÊ¬≈U⁄UÊ ∑§Ë •ı‚ÃŸ yy.x ‚ vvÆ.x √ÿS∑§/
≈˛ÒU¬/‚åÃÊ„U ‚¢ÅÿÊ ¬˝ÊåÃ „ÈUß¸– ¡’Á∑§ „UÁ‹∑§Êfl¬Ê¸ ∑§ ∑§fl‹ w
√ÿS∑§/≈˛ÒU¬/‚åÃÊ„U ¬Êÿ ªÿ– ≈UË ◊ÊS∑§Ë≈UÊ ’ª („U‹Ë¬À≈UË
Õß’Ê⁄UÊ) ∑§Ê ø⁄UË ¬Ë¬⁄U ∑§ Á‹∞ ©U÷⁄UÃ „ÈU∞ ¬ËU«∏U∑§ (∑§Ë≈U) ∑§
M§¬ ◊¥ ¬„UøÊŸÊ ªÿÊ– º˝√ÿ ŸÊß≈˛UÊ¡Ÿ ∑§ ßSÃ◊Ê‹ ∑§ Á’ŸÊ
’«∏UË ß‹ÊÿøË ÃÕÊ •Œ⁄Uπ ◊¥ «UË∞Ÿ∞ ¬ÎÕ∑§ ∑§⁄UŸ ∑§Ë ÁflÁœ
∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ– •Œ⁄Uπ ◊¥ ‚ÊÚç≈U ⁄UÊÚ≈U ∑§ üÊc∆U
¬˝’¢œŸ „UÃÈ ‚’‚ ¬„U‹ ¬˝∑¢§Œ ∑§Ê ª◊¸ ¬ÊŸË ‚ œÊÃ „Ò¥U •ı⁄U
Á»§⁄U ≈˛UÊß∑§Ê«U⁄U◊Ê ‚ Ãà¬‡øÊÃ vÆ ÁŒŸÊ¥ ∑§ •ãÃ⁄UÊ‹ ¬⁄U ‚Ë•Ê‚Ë
Æ.x% ∑§Ê ÃËŸ Á¿U«∏U∑§Êfl Á∑§ÿÊ ¡ÊÃÊ „ÒU– •Êß¸‚Ë∞•Ê⁄U »§Ê◊¸
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¬⁄U Á‚≈˛UÊŸ‹Ê ÃÕÊ ‹◊Ÿ ÉÊÊ‚ ∑§ ©Uà¬ÊŒŸ ¬˝ılÊÁª∑§Ë ∑§Ê ¬˝Œ‡Ê¸Ÿ
Á∑§ÿÊ ªÿÊ– ßŸ »§‚‹Ê¥ ∑§Ê ©U¡Ê¥ªÈ, ⁄U Á◊á«ÈU ÃÕÊ ŸÊ◊ÕÊ¥ªÊ ∑§
ªÊ°flÊ¥ ∑§ Á∑§‚ÊŸÊ¥ ∑§Ë ‹ª÷ª w „UÄ≈Uÿ⁄U ¡◊ËŸ ¬⁄ ‹ªÊÿÊ
ªÿÊ– ⁄U Á◊á«ÈU ÃÕÊ ‚¡È¢ª ªÊ°flÊ¥ ∑§ Á∑§‚ÊŸÊ¥ ∑§ Á‹∞ ‚Èª¢ÁœÃ
»§‚‹Ê¥ ¬⁄U ∞∑§ ˇÊòÊ ÁŒfl‚ ∑§Ê •ÊÿÊ¡Ÿ Á∑§ÿÊ ªÿÊ–

ÁòÊ¬È⁄UÊ
∞ª˝Ù◊≈U ‚È¤ÊÊfl ‚flÊ ∑§ ◊Êäÿ◊ ‚ w.}Æ ‹Êπ ∞‚∞◊∞‚
(~| ’È‹Á≈UŸ) ∑§Ù Á∑§‚ÊŸÊ¥ Ã∑§ ¬„È°UøÊÿÊ ªÿÊ– œÊŸ ∑§Ë ¬˝flÎÁc≈U
≈UË•Ê⁄U‚Ë-wÆÆ}-{ ÃË‚⁄U ‚Ê‹ (∞flË¡«U •Êß¸∞◊ß¸) ∑§ ¬⁄UËˇÊáÊ
◊¥ „ÒU– •Êß¸•Êß¸•Ê⁄U•Ê∞Ÿ ◊Ê«˜UÔÿÍ‹ ◊¥ ŒÊ ¬˝flÎÁc≈UÿÊ¥ ∑§Ë ©U¬¡
|.}y ÃÕÊ |.~w ≈U./„U. ⁄U„UË– ’Ë∞◊¡Ë≈UË-∞‚≈UË•Ê⁄U∞ ∞‚∞
»§Ê©¢U«U‡ÊŸ ¬˝Ê¡Ä≈U ∑§ •ãÃª¸Ã øÊfl‹ ∑§Ê ¬Ê°ø ¬¢ÁÄÃÿÊ¥ ÿÕÊ
•Êß¸•Ê⁄U {y «UË•Ê⁄U Æw, fl¢ŒŸÊ ∞Ÿ•Êß¸∞‹-•Êß¸•Ê⁄U, ≈UË•Ê⁄U‚Ë
wÆvx-y, ≈UË•Ê⁄U‚Ë wÆvx-vw ÃÕÊ ≈UË•Ê⁄U‚Ë wÆvx-vz ∑§Ê
øÈŸÊfl ‚Íπ ˇÊòÊÊ¥ ◊¥ Áfl◊ÊøŸ „UÃÈ Á∑§ÿÊ ªÿÊ– ¬˝’¢ÁœÃ Œ’Êfl
∑§Ë ÁSÕÁÃ ◊¥, ¬ÍflÊ¸ûÊ⁄U ÷Ê⁄UÃ ∑§ ÁflÁ÷ãŸ ¬˝ÊãÃÊ¥ ‚ ‚¢ª˝Á„UÃ ¤ÊÍ◊
œÊŸ ∑§Ë }x ¬˝flÎÁc≈UÿÊ¥ ∑§Ê ¬⁄UËˇÊáÊ ‚Íπ ∑§Ë ÁSÕÁÃ ∑§ ¬˝ÁÃ
‚Á„UcáÊÈÃÊ ∑§ Á‹∞ Á∑§ÿÊ ªÿÊ– ◊ÒÁ¬¢ª ¡Ÿ‚¢ÅÿÊ ÃÒÿÊ⁄U ∑§⁄UŸ
„UÃÈ ‚Íπ ∑§ ¬˝ÁÃ ‚Á„UcáÊÈ ¬¢ÁÄÃÿÊ¥ ∑§Ê ‚¢∑§⁄UáÊ ŸflËŸ •ı⁄U
SfláÊÊ¸ Á∑§S◊Ê¥ ∑§ ‚ÊÕ Á∑§ÿÊ ªÿÊ– ŒÊ ¡ª„UÊ¥ ¬⁄U vÆ{ Á∑§‚ÊŸÊ¥
∑§Ê ‡ÊÊÁ◊‹ ∑§⁄U yÆ „UÄ≈Uÿ⁄U ◊¥ ∞»§∞‹«UË ‹ªÊÿÊ ªÿÊ– ÁòÊ¬È⁄UÊ
∑¥§º˝ ‚ Áfl∑§Á‚Ã ªÊ◊ÃËœÊŸ ∑§ ©U¬¡ ◊¥ SfláÊÊ¸ ÃÕÊ ¬Í¡Ê
Á∑§S◊Ê¥ ∑§Ë •¬ˇÊÊ ∑˝§◊‡Ê— xw.x% ÃÕÊ xÆ.x% flÎÁh Œ¡¸ ∑§Ë
ªß¸– ∞•Êß¸‚Ë•Ê⁄U¬Ë (øÊfl‹) ∑§ •¢Ãª¸Ã v}w ¬˝flÎÁc≈UÿÊ¥ ∑§Ê
◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ– ∞•Êß¸‚Ë•Ê⁄U¬Ë (∞◊ÿÍ∞‹∞‹∞•Ê⁄U¬Ë)
∑§ •¢Ãª¸Ã vx ◊ŸÊŸËÃ ¬⁄UËˇÊáÊ Á∑§ÿ ª∞– ŸÊªÊ‹Òá«U ∑§Ë ¤ÊÍ◊
Á∑§S◊Ê¥ (∞‚∞•Ê⁄U∞‚v, ∞‚∞•Ê⁄U∞‚w •ı⁄U ∞‚∞•Ê⁄U∞‚x)
∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ ÃÕÊ ‚’‚ ÖÿÊŒÊ ©U¬¡ ∞‚∞•Ê⁄U∞‚w (v.} ≈U./„U.) ◊¥ Œ¡¸ ∑§Ë ªß¸– ∑È§‹ vÆx ¡Ÿ¡ÊÃËÿ Á∑§‚ÊŸÊ¥
◊¥ øÊfl‹ ∑§ Á∑§S◊Ê¥ (⁄¢U¡ËÃ, ªÊ◊ÃËœÊŸ ÃÕÊ ∞◊≈UËÿÍ vÆvÆ)
∑§Ê ÁflÃ⁄UáÊ Á∑§ÿÊ ªÿÊ– •ı‚ÃŸ y.} ≈U./„U. ∑§Ë ©U¬¡ ¬˝ÊåÃ
Á¡‚◊¥ wz,ÆÆÆ ‚ xwÆÆÆ L§./„U. ∑§Ê ‚≈UË∑§ ‹Ê÷ „ÈU•Ê– »§‚‹
∑˝§◊Ê¥ ÿÕÊ øÊfl‹-ÃÊÁ⁄UÿÊ, øÊfl‹-◊≈U⁄U (‚é¡Ë), øÊfl‹◊≈U⁄U, øÊfl‹-©UŒ¸, øÊfl‹-◊‚Í⁄U, øÊfl‹-◊Í°ª ÃÕÊ øÊfl‹◊Ä∑§ ∑§Ë ¬„UøÊŸ »§‚‹ ÁflSÃÊ⁄U „UÃÈ Á∑§ÿÊ ªÿÊ– „U⁄UË ◊≈U⁄U,
◊≈U⁄U, ÃÊÁ⁄UÿÊ, ◊Í°ª, ©UŒ¸, ◊‚Í⁄U ÃÕÊ ◊Ä∑§ ◊¥ øÍŸ (wÆÆ Á∑§ª˝Ê/
„U.) ∑§ ¬˝ÿÊª ‚ »§ÊÿŒÊ ÁŒπÊ– ⁄U’Ë ◊ı‚◊ ◊¥ Œ‹„UŸË »§‚‹Ê¥
∑§ wyÆ ∞»§∞‹«UË ‹ªÊÿ ª∞– ◊‚Í⁄ ∑§Ë ©Uëø ©Uà¬ÊŒŸ flÊ‹Ë
Á∑§S◊Ê¥ ∑§Ê wvx Á∑§‚ÊŸÊ¥ ∑§Ê ÁŒÿÊ ªÿÊ (‹ª÷ª {Æ „UÄ≈Uÿ⁄U)–
◊Í°ª ∑§Ë Á∑§S◊ ≈UË•Ê⁄U‚Ë∞◊ w-w-v ◊¥ ‚’‚ ÖÿÊŒÊ (|{z
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Á∑§ª˝Ê/„U.) ©Uà¬ÊŒŸ „ÈU•Ê– ◊‚Í⁄U ◊¥ •ë¿UË Á∑§S◊Ê¥ ∑§ M§¬ ◊¥
∞øÿÍ∞‹ z|, ∞Ÿ«UË∞‹ v, «UéÀÿÍ’Ë∞‹ z}, «UéÀÿÍ’Ë∞‹ ||
ÃÕÊ ¬Ë∞‹ Æ{ ∑§Ë ¬„UøÊŸ ∑§Ë ªß¸–
◊≈U⁄U ∑§Ë ÁflÁ÷ãŸ Á∑§S◊Ê¥ ∑§Ê çÿÍ‚Á⁄Uÿ◊ ÁflÀ≈U ∑§ Á‹∞
¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ ÃÕÊ ⁄UÊª ∑§ ‚’‚ ÖÿÊŒÊ ◊Ê◊‹ •Ê⁄U¬Ë∞»§wÆÆ~-y Á∑§S◊ ◊¥ ¬Êÿ ª∞– ‚⁄U‚Ê¥ ◊¥ ¬Í‚Ê ‚⁄U‚Ê¥ wz ◊¥ ‚’‚
ÖÿÊŒÊ (>{ÆÆ Á∑§ª˝Ê/„U.) ©U¬¡ Œ¡¸ Á∑§ÿÊ ªÿÊ– ‹ËøË ∑§Ë
‡ÊÊ„UË Á∑§S◊ ◊¥ wÆ ‚.◊Ë. ÃÕÊ xÆ ‚.◊Ë. ∑§Ë Á◊ÁüÊÃ ¿°U≈UÊß¸ ∑§
’ÊŒ Á¡¢∑§ + ’Ê⁄UÊŸ ∑§Ê Á¿U«∏U∑§Êfl ∑§⁄UŸ ‚ ŸÿË ‡ÊÊπÊ•Ê¥ ∑§
•Ê⁄Uê÷ •ı⁄U »§‹ ‹ªŸ ◊¥ ’„UÃ⁄U ¬˝Œ‡Ê¸Ÿ ÁŒπÊ– Á„U◊‚Êª⁄U
•Ê◊ ∑§Ë ¬È⁄UÊŸË/‚ŸÊß‹ flÎˇÊÊ¥ ∑§Ê ¬ÈŸ— ‚‡ÊÄÃ ∑§⁄UŸ ∑§Ê ¬˝ÿÊ‚
Á∑§ÿÊ ªÿÊ– øÿÁŸÃ ‡ÊÊπÊ•Ê¥ ∑§ ™§¬⁄UË ÷Êª ‚ •ı‚ÃŸ vÆ.xv~.x ŸÿË ‡ÊÊπÊ•Ê¥ ∑§Ê ¡ã◊ „ÈU•Ê– ’ÊªflÊŸË Á◊‡ÊŸ (¬ÍflÊ¸ûÊ⁄U
ÃÕÊ Á„U◊Ê‹ÿ ˇÊòÊ ∑§ ⁄UÊÖÿÊ¥ „UÃÈ-∞◊∞◊-v) ∑§ •ãÃª¸Ã •Ê◊
∑§Ë ¬Í‚Ê ‚ÍÿÊ¸, ¬Í‚Ê •L§ÁáÊ◊Ê, ◊Á‹∑§Ê, øÊÒ‚Ê, ‹¢ª«∏UÊ, •‹»§Ê¢‚Ê,
ªÊ¬Ê‹÷Êª, ∑Î§cáÊ÷Êª, »§¡‹Ë, Œ‡Ê„U⁄UË •ı⁄U ’ªŸ¬‹Ë Á∑§S◊Ê¥
∑§ Á‹∞ ◊ÊÃÎ πá«UÊ¥ ∑§Ë SÕÊ¬ŸÊ ∑§Ë ªß¸– •Ê◊ (vzÆÆÆ),
‹ËøË (wÆÆÆ) ÃÕÊ ¬¬ËÃÊ (vÆÆÆ) ∑§ ¬ıœ Á∑§‚ÊŸÊ¥ ∑§
’Ëø ’Ê°≈U ªÿ– Ç‹ÒÁ«UÿÊ‹‚ ∑§Ë Á∑§S◊Ê¥ ÿÕÊ ¬Í‚Ê ‚È„UÊªŸ,
‹Ê‹ •Œ⁄Uπ, ¬˝ËÁ‚‹Ê, ‚ÈflÁŸÿ⁄U ÃÕÊ ‚◊⁄U ‚Ÿ‚ÊßŸ ∑§Ê
©Uà¬ÊŒŸ ¬„U‹Ë ’Ê⁄U Á∑§ÿÊ ªÿÊ– ∞•Êß¸‚Ë•Ê⁄U¬Ë (‚é¡Ë) ∑§
•¢Ãª¸Ã ’Ò¥ªŸ (v}), »Í§‹ªÊ÷Ë (vx), ≈U◊Ê≈U⁄U (v|) •ı⁄U
Á÷á«UË ({) ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ– ŒÍœË ◊‡ÊM§◊ ∑§ ÁflÁ÷ãŸ
S≈˛UŸÊ¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ– ß‚◊¥ S≈˛UŸ ‚Ë•Êß¸ xÆw ◊¥
¡ÒÁfl∑§ ŒˇÊÃÊ ‚’‚ ÖÿÊŒÊ ({w%) ¬ÊÿË ªß¸ ©U‚∑§ ’ÊŒ S≈˛UŸ
‚Ë•Êß¸ x} (y|.|%) ∑§Ê SÕÊŸ ⁄U„UÊ– ¬„U‹Ë ’Ê⁄U ÁòÊ¬È⁄UÊ ◊¥
é‹Ò∑§ ß¸ÿ⁄U ◊‡ÊM§◊ ∑§Ë πÃË ÁflÁ÷ãŸ ◊Êäÿ◊ ‚¢ÿÊ¡ŸÊ¥ ∑§Ê
ßSÃ◊Ê‹ ∑§⁄U ∑§Ë ªß¸– ∑§‹ ∑§ »§‚‹ „UÃÈ «˛UË¬ Ÿ‹Ë ’ŸÊŸ ∑§
Á‹∞ ’Ê°‚-¬˝¡ÊÁÃÿÊ¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ– ß‚‚ ¡‹ ∑§Ê
•ı‚Ã ÁŸ—‚⁄UáÊ x.yx ‹Ë≈U⁄U/ÉÊ¢≈UÊ ⁄U„UÊ– ∞∑§Ë∑Î§Ã flÊ≈U⁄U‡Ê«U Áfl∑§Ê‚
∑§Êÿ¸∑˝§◊ ∑§ Ã„UÃ ˇÊ◊ÃÊ ‚Î¡Ÿ „UÃÈ ’Ê⁄UË‡Ê ∑§ ¬ÊŸË ∑§Ê ß∑§≈˜UÔ∆UÊ
∑§⁄UŸ ∑§ Á‹∞ ‚¢⁄UøŸÊ ∑§Ê ÁŸ◊Ê¸áÊ, »§‹ ’ªÊŸ, ¬ÊŸ ∑§ ¬ûÊ ∑§Ë
πÃË, øÊfl‹/◊‚Í⁄U ∑§Ë πÃË, Áfl∑§Á‚Ã ∑È§Ä∑È§≈U ¬Ê‹Ÿ, Á◊ÁüÊÃ
◊àSÿ ¬Ê‹Ÿ, ◊‡ÊM§◊ πÃË, ’◊ı‚◊ ‚é¡Ë ∑§Ë πÃË •ÊÁŒ ∑§Ê
ÁŸc¬ÊŒŸ Á∑§ÿÊ ªÿÊ–
Œ‡ÊË •Ê’̧S∑È§‹⁄U ◊Êß∑§ÊÁ⁄U¡Ê (∞∞◊) ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ ∑§Ê’¸ÁŸ∑§
πÊŒ, ¡Ë⁄UÊ Á≈U‹¡ ÃÕÊ »§‚‹ ø∑˝§ ∑§Ê ©U¬ÿÊª ∑§⁄U Á∑§ÿÊ
ªÿÊ– ∞flÊß¸∞◊ ‚ ‡ÊÊÁœÃ ◊ÎŒÊ ◊¥ ∞∞◊ ∑§Ë ¡«∏U ‚¢∑˝§◊áÊ ∑§Ë
¬˝ÁÃ‡ÊÃÃÊ ‚’‚ •Áœ∑§ (|Æ%) ¬ÊÿË ªß¸– ŸÊªÊ‹Òá«U ∑§
ø¢∑§Ë ª˝Ê◊ ◊¥ ∞∑§ ¤ÊÍ◊ ˇÊòÊ ◊¥ (¡„UÊ° ÁflªÃ vw ‚Ê‹ ‚ ∑§Êß¸
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πÃË Ÿ„UË¥ „ÈUß¸ „ÒU) ∞∞◊ ∑§ S¬Ê⁄U ÉÊŸàfl ÃÕÊ ÁflÁflœÃÊ ∑§Ê
•ãfl·áÊ Á∑§ÿÊ ªÿÊ– ™§¬⁄UË …UÊ‹ ¬⁄U S¬Ê⁄U ÉÊŸàfl •Áœ∑§ ¬ÊÿÊ
ªÿÊ– ∑Î§Á· ¬˝áÊÊ‹Ë •ŸÈ‚¢œÊŸ ∑§ Ã„UÃ ÁflÁ÷ãŸ Ã⁄U„U ∑§Ë ∑Î§Á·
¬˝áÊÊÁ‹ÿÊ¥ ∑§Ê •¬ŸÊÿÊ ªÿÊ ÃÕÊ ◊Ä∑§Ê-◊Í°ª-Á÷á«UË-≈U◊Ê≈U⁄U•Ê‹È ∑§ »§‚‹ ø∑˝§ ◊¥ ‹ÊªÃ •ı⁄U ◊ÈŸÊ»§ ∑§ •ŸÈ¬ÊÃ ◊¥ v.x|
‚ x.vÆ ∑§Ë ©UÃÊ⁄U-ø…∏UÊfl ⁄U„UË– ∑Î§Á· ¬˝áÊÊ‹Ë ∑§ •ãÃª¸Ã
z{~Æ ◊Ëw ˇÊòÊ ‚ z~,|Æ{ L§¬ÿ ∑§Ë •Ê◊ŒŸË „Èß¸ ÃÕÊ ‹ÊªÃ
•ı⁄U ◊ÈŸÊ»§ ∑§Ê •ŸÈ¬ÊÃ v.~| ⁄U„UÊ– …UÊ‹Ëÿ ÷ÍÁ◊ ∑§ ∞∑§ ≈ÈU∑§«∏U
◊¥ •Ê◊+∑§‹ ∑§Ë πÃË ‚ |Æ,{|x L§¬ÿ ∑§Ë ‚≈UË∑§ •Ê◊ŒŸË
„ÈUß¸ ÃÕÊ ‹ÊªÃ/◊ÈŸÊ»§ ∑§Ê •ŸÈ¬ÊÃ x.{ ⁄U„UÊ–
¬‡ÊÈ•Ê¥ ◊¥ ∞¢≈UË ◊È‹Á⁄UÿŸ „UÊ◊Ê¸Ÿ (∞∞◊∞ø) ¬⁄U Á∑§∞ ª∞
¬⁄UËˇÊáÊ ∑§ ¬˝ÊÕÁ◊∑§ ¬˝◊ÊáÊÊ¥ ‚ ÿ„U ¬ÃÊ ø‹Ê „ÒU Á∑§ ¬‡ÊÈ•Ê¥ ◊¥
ÿıflŸÊ⁄Uê÷ ∑§ ’ÊŒ ∞∞◊∞ø ∑§ SÃ⁄U ◊¥ ‚ÃÃ˜Ô Áª⁄UÊfl≈U •ı⁄U
•ÊflÁ⁄UÿŸ »§ÊÚÁ‹Ä‹ ∑§ ‚¢øÿ ◊¥ ∑§◊Ë ∑§ ’Ëø ∞∑§ ‚„U‚¢’¢œ
„ÒU– ÁòÊ¬È⁄UÊ ◊¥ ◊È⁄UÊ¸ ÷Ò¥‚Ê¥ ∑§Ê ¬˝Œ‡Ê¸Ÿ •ë¿UÊ ⁄U„UÊ– ßŸ◊¥ {.z ‹Ë./
ÁŒŸ ∑§ Á„U‚Ê’ ‚ xÆ{ ÁŒŸÊ¥ Ã∑§ ŒÍœ Á◊‹Ê– flÎÁh∑§Ê‹ ◊¥
‚È•⁄U ∑§ ’ëøÊ¥ ∑§Ê ¬Ê·áÊ, ¬˝’¢œŸ ∑§ Ã„UÃ wz% «˛UÊß¸ ¬ŒÊÕ¸
∑§ M§¬ ◊¥ ©U’‹ „ÈU∞ ‡Ê∑§⁄U∑¢§Œ ŒŸ ‚ ÖÿÊŒÊ •ë¿UË flÎÁh
(∞‚Ëß¸ wz.z%) „UÊÃË „ÒU– Á◊ÁüÊÃ ◊àSÿ ¬Ê‹Ÿ „UÃÈ yÆÆÆ
Á»¢§ª⁄UÁ‹¢Ç‚/„U. ∑§ S≈UÊÁ∑¢§ª ÉÊŸàfl ◊¥ y — x — v.z —v.z ∑§
•ŸÈ¬ÊÃ ◊¥ ∑§Ã‹Ê, ⁄UÊ„ÍU, ◊ÎªÊ‹ ÃÕÊ ¬Ê’ŒÊ ∑§Ê ¬Ê‹Ÿ ∑§⁄U ¿U—
◊„UËŸ Ã∑§ ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ªÿÊ– ¬Ê’ŒÊ ∑§ ‚ÊÕ ∑§Ë ªß¸
Á◊ÁüÊÃ ¬Ê‹Ÿ ◊¥ vwÆÆ Á∑§ª˝Ê/„U. ∑§Ë ©Uà¬ÊŒ∑§ÃÊ ⁄U„UË, ¡’Á∑§
◊ÊòÊ ∑§Ê¬¸ ◊¥ vwzÆ Á∑§ª˝Ê/„U. ∑§Ë ⁄U„UË– ◊Ë∆U¡‹ ∑§ øÊ⁄U ÉÊÊ¥ÉÊ
(’Ë ∑§ÊS≈ÈU‹Ê, ’Ë ’¥ªÊ‹¥Á‚‚, ’Ë. «UË‚ÊÁ◊‹Ë‚ ÃÕÊ ’Ë.
Ç‹Ê’Ê‚Ê) ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ ¬˝ÊÄ‚Ë◊≈U ÃÕÊ πÁŸ¡ ◊ÊòÊÊ „UÃÈ Á∑§ÿÊ
ªÿÊ– ’Ë. ∑§ÊS≈ÈU‹Ê ◊¥ vw.~% ¬˝Ê≈UËŸ ÃÕÊ »§ÊÚS»§Ê⁄U‚ ∑§Ë
©Uëø ◊ÊòÊÊ (vv| ◊Ëª˝Ê/ª˝Ê) ¬˝ÊåÃ „ÈUß¸– ‹ÊÁ’ÿÊ flÊ≈UÊ§ ∑§ Á‹∞
∑§◊ ‹ÊªÃ flÊ‹Ë Á¬¢¡⁄U ∑§Ê ¬˝Œ‡Ê¸Ÿ Á∑§ÿÊ ªÿÊ Á¡Ÿ∑§Ë ˇÊ◊ÃÊ
z,vÆ ÃÕÊ vz ‚.◊Ë.x „ÒU– ∞‚¡Ë•Ê⁄U ¬˝ÁÃ‡ÊÃ ◊¥ ¬˝ÁÃÁŒŸ v.vx
‚ Æ.~~ ∑§Ê ©UÃÊ⁄U-ø…∏UÊfl ⁄U„UÊ– ¬˝ÁÃ „UÄ≈Uÿ⁄U vzÆÆÆ ∑§Ë ‚¢ÅÿÊ
∑§Ë Œ⁄U ©Uëø ÉÊŸàfl flÊ‹Ë ◊àSÿ ¬Ê‹Ÿ ∑§⁄U ∞∑§ ÃÊ‹Ê’ ‚
w.xy ≈U/„U./ fl·¸ ∑§Ê ©Uà¬ÊŒŸ Á∑§ÿÊ ªÿÊ– ª˝Ê‚ ∑§Ê¬¸ Ÿ ’„UÃ⁄U
¬˝Œ‡Ê¸Ÿ ÁŒπÊÿÊ– (v Á∑§ª˝Ê) ÃÕÊ ß‚∑§ ’ÊŒ Á‚Àfl⁄U ∑§Ê¬¸
(Æ.z Á∑§ª˝Ê), ⁄UÊ„ÍU (Æ.x Á∑§ª˝Ê), ∑§Ã‹Ê (Æ.vz Á∑§ª˝Ê) •ı⁄U
Á◊˝ªÊ‹ (Æ.v Á∑§ª˝Ê) ∑§Ê SÕÊŸ ⁄U„UÊ– Á‚Àfl⁄U ∑§Ê¬¸ •ı⁄U ∑§Ã‹Ê
∑§ ’Ëø •¢Ã⁄U-ÁflÁ‡Êc≈U ¬˝ÁÃS¬œÊ¸ ŒÅÊÊ ªÿÊ– ⁄UÊ„ÍU, Á◊˝ªÊ‹,
’Ê≈UÊ, ªÊÁŸÿÊ •ı⁄U ¬È≈UË ∑§ w.z ‹Êπ •ë¿U Á»¢§ª⁄UÁ‹¢ª ©Uà¬ÊÁŒÃ
Á∑§ÿ ªÿ– •ÊŸÊ’Ê‚ ≈US≈ÈUÁ«UŸ‚ ◊¥ ∑Ò§Áå≈Ufl ¬˝¡ŸŸ, ‹ÊflÊ¸ Á⁄UÿÁ⁄¢Uª,
»˝§Êß¸ ‚ Á»¢§ª⁄UÁ‹¢ª Á⁄UÿÁ⁄¢Uª •ı⁄U •ŸÊ’Ê‚ ¬⁄U ÷ˇÊáÊ ∑§Ë ¬˝Á∑˝§ÿÊ
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∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ– Á„U◊≈UÊ‹ÊÁ¡∑§‹ ◊Ê¬Œ¢«UÊ¥ ∑§ •ÊœÊ⁄U
¬⁄U ‹ÊÁ’ÿÊ ’Ê≈UÊ ∑§ ßêÿÍŸ Á⁄US¬Êã‚ ∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ–
∑§Ê¬¸ ¬˝¡ŸŸ ∑§ ‚ÊÕ ‚¢SÕÊŸ SÃ⁄U ∑§ ¡Òfl¬˝ılÊÁª∑§Ë ∑¥§º˝ ∑§Ë
‡ÊÈL§•ÊÃ „Èß¸– ∞•Êß¸‚Ë•Ê⁄U¬Ë (∑È§Ä∑È§≈U ¬Ê‹Ÿ) ∑§ •¢Ãª¸Ã
ª˝Ê◊Á¬˝ÿÊ, ∞Ÿ«UË ‚¢∑§⁄U, ’Ë∞Ÿ ∞¢∑§⁄U ÃÕÊ ⁄¢UªËŸ éÿÊ‹⁄UÊ¥ ∑§
∑È§‹ |{Æz øÍ¡ Á∑§‚ÊŸÊ¥ ◊¥ ’Ê°≈U ªÿ–
∞Ÿ∞•Êß¸¬Ë ∑§ •¢Ãª¸Ã ∑Î§Á·-flÊŸ∑§Ë •ÊœÊÁ⁄UÃ ∑Î§Á· ¬˝áÊÊ‹Ë,
∞‚•Ê⁄U•Êß¸ ÃÕÊ •Êß¸‚Ë∞◊ ¬˝áÊÊÁ‹ÿÊ¥ ∑§ Ã„UÃ øÊfl‹ ©Uà¬ÊŒŸ,
¬Ê·∑§ ÉÊ⁄U‹Í ’ÊªflÊŸË, ◊‡ÊM§◊ ∑§Ë πÃË, ÉÊ⁄U‹Í Á◊ªË¸-¬Ê‹Ÿ
◊¥ ©UãŸÃ ŸS‹Ê¥ ∑§Ê ¬˝ÿÊª, ¡ËÁfl∑§Ê¬Ê¡¸Ÿ ∑§ Á‹∞ ’∑§⁄UË ¬Ê‹Ÿ,
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‚È•⁄U ¬Ê‹Ÿ ◊¥ ©UãŸÁÃ ÃÕÊ ◊‚Í⁄U ∑§Ë πÃË ¡Ò‚ ∑§ÊÿÊZ ∑§Ê
ÁŸc¬ÊŒŸ Á∑§ÿÊ ªÿÊ–
∞Ÿ•Êß¸‚Ë•Ê⁄U∞ ∑§ •¢Ãª¸Ã øÊfl‹/◊Ä∑§Ê ¬⁄U •ÊœÊÁ⁄UÃ »§‚‹
¬˝áÊÊÁ‹ÿÊ¥ ◊¥ ‚¢‚ÊœŸ ‚¢⁄UˇÊáÊ ÃÕÊ »§‚‹ ÁflÁflœË∑§⁄UáÊ ∑§Ê
ÁŸc¬ÊŒŸ Áfl·◊ ¡‹flÊÿÈ ∑§ Á‹∞ Á∑§ÿÊ ªÿÊ– ß‚∑§ •‹ÊflÊ
ß‚∑§ •¢Ãª¸Ã ∑Î§Á· flÊŸÁ∑§ ∑§ ¬˝ÁÃÁ‹Á¬ Áfl∑§Á‚Ã ∑§Ë ªß¸–
Á∑§‚ÊŸÊ¥ ∑§Ë Á‚¢øÊß¸ ˇÊ◊ÃÊ ’…∏UÊŸ „UÃÈ ¡‹ ‚¢øÿ ‚¢⁄UøŸÊ•Ê¥
∑§Ê ÁŸ◊Ê¸áÊ Á∑§ÿÊ ªÿÊ ÃÕÊ ¿UÊ≈U ≈˜UÿÔ Í’fl‹ ÷Ë ÁŒ∞ ª∞– ≈UË∞‚¬Ë
∑§ •ãÃª¸Ã }.v{ „U. ◊¥ ªÊ◊ÃËœÊŸ ‹ªÊÿÊ ªÿÊ– ◊‡ÊM§◊ ∑§Ë
πÃË, ’∑§⁄UË ¬Ê‹Ÿ ÃÕÊ ‚È•⁄U ¬Ê‹Ÿ ∑§ ˇÊòÊ ◊¥ ©Ul◊ Áfl∑§Ê‚
∑§Ê ¬˝Œ‡Ê¸Ÿ Á∑§ÿÊ ªÿÊ–
U

EXECUTIVE SUMMARY
In rice, 13 yield evaluation trials were conducted.
Among the upland lines RCPL 1-413 (4.48 t/ha)
showed 12.9% yield advantage over the best yield of
Bhalum 3(3.97 t/ha) across all trials. In the advanced
variety trial for upland, RCPL 1-412 was the highest
yielder at Umiam. In the wetland ecology, RCPL1131 was the highest yielder (5.15 t/ha) and showed
10.5 % yield advantage over the best check Megha SA
1 (4.66 t/ha) across the trials. In the advanced varietal
trials, HPR2865 was the highest yielder (6.23 t/ha).
Line No. 22 from the cross Shahsarang x Moringaphou
was the highest yielder (6.28 t/ha). Line No. 19 (F8
Shahsarang x O. rufipogon - 25.06 g/plant) and line
No. 1 (BC3F4Lampnah x O. rufipogan - 43.05 g/plant)
from the wide hybridization programme were found
most promising with high recovery of recurrent parent.
Total 316 doubled haploids were regenerated through
culture of F1 anthers from 14 crosses of rice. Total
antioxidation capacity analysis in rice showed that the
genotype Banglami had the highest capacity followed
by Maizubion and Longmai. Sequencing of a forward
suppression subtractive hybridisation library in rice
identified 200 unigenes of average length 658 bp
expressed under heat stress at the seedling stage. The
genotypes SKAU, Aaha, IDAW and Anjali were
identified as tolerant to low P based on root growth
(in vitro).Out of 1188 rice germplasm screened in
uniform blast nursery pattern against rice blast disease
90 were found to be resistant. In maize, hybrid HM
12(c) was found most promising. Twenty five lines
homozygous for o2 and showing more than 93%
inheritance of recurrent were selected through marker
aided selection. Physiological and histochemical
studies identified RCM GP 105 and RCM GP 63 as
highly tolerant to elevated temperature. Evaluation of
forty soybean genotypes for agro-morphological traits
and genetic parameters indicated that hundred seed
weight had highest effect on yield. Two major clusters
A and B were seen. Pusa Mustard 27, Pusa Mustard
26, Pusa Mustard 28 and Pusa Mustard 25 were found
superior than the check varieties and toria genotypes
under Umiam condition. PL 8 was identified as the
most promising lentil genotype while BGD 72 was the
best chickpea genotype under Umiam condition. Seed
treatment with Imidachloprid 17.6SL (3ml/kg of seed)
recorded 73% yield increase over control against root
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aphid and white grubs. IPM module for controlling
major pests of lowland rice increased 39% yield over
control. Promising lines of maize hybrids viz., HM
12(C), PHM-12(Y), BH411520, JH31600 and MCH
46 were identified from AICMIP trials. In the
programme for development of QPM version of VL398
through marker aided selection, 63 BC3F4 lines were
screened for presence of homozygous o2 and
inheritance of recurrent parent.
Physiological studies on maize genotypes indicated
that specific leaf area and relative loss of water were
higher under elevated temperature than the ambient
temperature. Studies on antioxidant capacity of
different maize genotypes under heat stress showed
varying levels of antioxidant capacity. Histochemical
localization of superoxide anion (O2-) in 20 day-old
leaves indicated that genotypes RCMGP 63 and
RCMGP105 were more tolerant to elevated
temperature of 37oC.Seeds of maize (2.3t) varieties viz.,
RCM 1-1, RCM 1-2, RCM 1-3, RCM 75 and RCM 76
were produced and supplied to various centres and
KVKs. Summer moong varieties of IIPR, Kanpur viz.,
SM 13-34, SM 13-25 and SM 13-2 were found superior
in IVT trial whereas, entry SM 13-28 was found
promising from AVT. Out of 21 genotypes evaluated,
PL 8 was found superior. Seeds of PL 8, PL 6, NDL 1
and Moitree were multiplied for distribution to farmers
in next season. Out of 20 BKSB rice bean genotypes,
IC18181 and BKSB245 were found promising for
tolerance to aluminium toxicity. Chickpea genotype
BGD 72 was the highest yielder (2.18 t/ha) followed
by Pusa 372 (1.72 t/ha) and BGM 547 (1.33 t/ha).
Soybean genotypes MACS 1394, MAUS 612 and PS
1518 were found to be promising for mid altitudes of
Meghalaya. Pusa Mustard 27, Pusa Mustard 26, Pusa
Mustard 28 and Pusa Mustard 25 were found superior
than the check varieties and toria genotypes. In Perilla
frutescens germplasm, total antioxidant capacity
(TACs) in leaves measured in Ascorbic Acid
Equivalents (AAE) ranged from 8.3 to 12 AAE, and
inhibition of DPPH scavenging activity from 60-90%.
Fat content ranged 35-49%. Around 30% of the
cultivars exhibited very strong aroma, 40% had milder
aroma while the rest had slight or no aroma. Flax
genotypes RCF 3 and JRF 2 were found superior with
a yield of 752 kg/ha and 687 kg/ha, respectively.

i

were identified, but under in-vitro assay none of them
showed antagonism against Ralstonia isolates. Thirteen
Phytophthora isolates from citrus were maintained in
laboratory after initial confirmation based on
morphology. The alignment showed 100% nucleotide
sequence identity with ITS2 region of P. citrophthora,P.
meadii, P. botryosa, P. colocasiae and Phytophthora
sp. Based on the population study in jhum land, local
colocasia genotype Rengma was found dominant with
population percentage of 47%. Study on graft
compatibility in Brinjal on wild related species showed
that maximum survival (77%), number of branches,
longevity and yield was recorded form the graft on
Solanum torvum followed by S. macrocarpon and S.
gilo. Under Brinjal long AVT-II trials the highest yield
was recorded from the entry 10/BRLVAR-6 (37.6 t/
ha).In brinjal, out of nine genotypes tested the highest
yield (39.6 t/ha) and lowest wilting (5 %) was recorded
from the entry 12/BRBWRES-6.Gerbera varieties
performed well under open field, under fan and pad
polyhouse, and low cost bamboo made poly house.
Among holding solutions tested, the maximum vase
life (11 days) was recorded in NaOCl @ 50 ppm. Total
66 germplasm of chow-chow was collected from the
different part of the Sikkim. In Dolichos bean, out of
11 genotypes, the highest yield was recorded from entry
10/DOLPVAR-8(11.8t/ha). Out of 11 genotypes of
colocasia tested, cormel yield (12.3 t/ha) and total yield
(25.7 t/ha) was the highest in Meghalaya Local. Out
of nine sweet potato varieties evaluated, TSp12-9
recorded the highest tuber yield (30 t/ha). Out of seven
ash gourd hybrids tested, the highest yield was recorded
from the 10/ASGHYB-1 (48.8t/ha). Out of seven
tomato entries tested, the highest yield (34 t/ha) and
lowest witling (12%) was recorded from the entry 11/
TOBW-3. In turmeric, maximum yield was recorded
in Rajendra Sonia (33.63t/ha) and lowest was observed
in Roma (16.25t/ha).In ginger, dry recovery percentage
ranged 16.48-31.72 % and crude fiber 4.56-8.17%
among the 10 test genotypes.
In conservation agriculture, in-situ rice straw
mulching gave significantly higher seed yield of lentil
(0.70 t/ha) than those under 20 cm stubble height (0.64
t/ha), residue removal (0.5 t/ha) and farmer practice
(0.35 t/ha). Yield obtained under zero tillage (ZT) was
the highest (4.69 t/ha). Grain yield under ZT was 16.4
% higher than under CT. Among nutrient management
practices, the highest yield was under 50 % NPK+
weed biomass (4.74 t/ha). SOC and SMBC at 0-15 cm
soil depths were significantly higher under ZT
compared to minimum tillage (MT) and conventional

Among guava varieties/hybrids grown in meadow
orchard, the highest fruit yield was recorded in hybrid
RCGH 7 (10.3 kg/plant) at 4th year. Guava line RCG
11 recorded the higher TSS and ascorbic acid and lower
acidity (10.84%, 192.10 mg/100 g and 0.55 %,
respectively) than RCGH 7. Effect of ethephon and
urea sprays on extension of harvesting time was
studied. The maximum delay in 1stharvest was recorded
in 900ppm. Among the treatments, least reduction in
the yield was recorded in 10 % urea (8.43 kg/tree).
Among three low chilling peach varieties at 6th year,
variety Partap proved its superiority over other
cultivars for fruit yield and quality traits assessed at a
spacing of 2m x 2m. Medium to old/senile peach trees
were primary branch pruned by retaining 50cm length
during Nov-Dec., 2011.After 2nd year, among the three
low chilling varieties fruit yield per tree was highest
in Partap (18.14 kg/tree). A distinct BBTV isolate of
Pacific-Indian Oceans (PIO) group BBTV (BBTVUmiam) was identified and characterized from local
banana mats growing in mid-hills of Meghalaya.
Recombination analysis revealed two intra-component
and five inter-component recombination events in
BBTV-Umiam, but none of them was unique. The new
isolate indicated differential evolution of BBTV.
Flowering and fruit setting behavior of five genotypes
of Sohshang showed a significant variation. Under
open-pollinated conditions, number of fruit set per
inflorescence was maximum in REC 3 (7.20) and
minimum in REC 2 (2.56). In broccoli hybrid Puspa,
significantly highest gross plant weight (1050g) and
marketable head weight (380g) was recorded with the
mulching of paddy straw over the control as 725g and
275g, respectively. In king chilli, pre-sowing seed
treatments with KNO3 (5%) for 24 hours, showed
uniform, maximum seed germination (64%) and
seedling vigour index (992) over control as 16% and
128%, respectively. The chilli veinal mottle virus
(ChiVMV) under genus Potyvirus was confirmed as a
major problem in Naga chilli cultivation. The in-vitro
artificial inoculation study confirmed the aphid
transmissibility of Meghalaya isolate of ChiVMV, 98100% disease incidence was recorded in 19 chilli
germplasm. R. solanacearum isolates from tomato
(RsRC-T1), potato (RsRC-P1), brinjal (RsRC-B1),
ginger (RsRC-G1) and capsicum (RsRC-C1) was
identified. The biovar analysis categorized them under
biovar 3. Twenty isolates of Pseudomonas and 20
isolates of Bacillus were isolated from soil sample
collected from different regions and different crops.
ThreeB. cereus, three P. putida and one B.thuringiensis
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Meghalaya have been adopted (130 households, about
60 ha area) for disseminating organic production
technology in a cluster approach. So far, organic rice,
maize, groundnut, Frenchbean, tomato, ginger etc. have
been demonstrated. Four farm ponds, one community
vermicomposting unit, fodder block, 15 jalkunds are
also demonstrated along with piggery and poultry
production in the village. Similarly, under TSP,
integrated farming system involving water harvesting,
crop production, vegetables, mechanization and
livestocks have been demonstrated in Pyllun Village
(Ribhoi), Meghalaya covering about 50 households.
The bioorganic GF1 recorded 37.6 % more yield of
ginger whereas; in case of Ridomil MZ 72 WP it was
18.8%. The formulation (@ 30 ml per liter of water
soaked for 4 hrs) increased turmeric rhizome yield by
40.52 % over control whereas, none of the bio-agents
were found to be effective in raising turmeric rhizome
yield to significant level.
A long term experiment on rice (since 2003) at
lowland Agronomy farm under no external input and
in-situ fertility management indicated that ICM was
at par with SRI, and recorded significantly higher
number of tillers, panicles/m2 and grain yield (3.80
and 3.51 t/ha, respectively) as compared to CRC (3.23
t/ha). Among different planting geometry, 20 cm x 20
cm spacing being at par with 20 cm x 15 cm recorded
relatively higher numbers of tillers and panicles as
compared to 25 cm x 15 cm and 25 cm x 25 cm spacing.
The productivity of rice under 20 x 20 cm (3.81 t/ha)
was the highest and remained at par with 20 x 15 cm
(3.64 t/ha). Seaweed 15 % i.e. Kappaphycus sp. (K
sap) , Seaweed 15% Gracilaria sp. (G sap) , 5 % K
sap and 5 % G sap sprays along with recommended N,
P and K significantly increased the rice yield by 18.4,
17.0, 16.1 and 14.0% and maize yield by 20.1, 19.3,
14.6 and 15.6 %, respectively over control (water
spray). The yield of succeeding pea, mustard and
buckwheat after rice in lowland was also significantly
higher under ZT with residue retention. The grain yield
of maize was highest under maize stalk cover + poultry
manure + ambrosia @ 5 t/ha followed by maize stalk
cover + FYM @ 10 t/ha. Among the residue
management practices, the seed yield of toria was
highest under the treatment receiving maize stalk cover
+ poultry manure+Ambrosia @ 5 t/ha.After harvest
of kharif maize and intercrops, toria was grown with
residual moisture. The toria yield was significantly
higher under ZT compared to conventional tillage
(CT). Maize intercropped with ash gourd was found
as best system for the terrace condition of mid altitude

tillage (CT) while, 50 % NPK+ green leaf manure
showed higher values than other nutrient managements.
The green pod and stover yields of pea varieties i.e.
Arkel and Prakash were significantly influenced by
different tillage and nutrient management practices.
Seed and stover yields of toria were significantly
influenced by different tillage practices and were
higher under conservation tillage compared to CT. Seed
yield was significantly higher under 50 % NPK+WB
compared to 50 % NPK+in-situ residue
retention(ISRR), 100 % NPK and 50 % NPK whereas,
stover yield was highest under 50 % NPK+weed
biomass followed by 50 % NPK+ green manure and
50 % NPK+ ISRR. Among the lentil lines, the highest
lentil yield was recorded under L-306 (1.75 t/ha)
followed by DPL 62 (1.59 t/ha) and IPL 406 (1.55t/
ha). Among pea lines, VL 42 (5.10 t/ha) followed by
Vikash (4.65 t/ha) and Arkel (4.54 t/ha) recorded
relatively higher yield than rest of the lines. In French
bean, Naga local followed by Arka komal and Local-2
recorded relatively higher pods/plant, seeds/pod and
the seed yield (1.50, 1.49 and 1.48 t/ha, respectively)
as compared to Maram (1.2 t/ha) and RCM FB-1A
(1.37 t/ha). Early sowing of pea in 15th Dec recorded
significantly green pod yield (4.89 t/ha) as compared
to 25th Dec (4.37 t/ha), 5th Jan (3.95 t/ha) and 15th Jan
(2.19 t/ha).
On an average, 68% and 72% yield enhancement
was recorded with local and high yielding rice varieties,
respectively when grown under improved agronomic
management practices as compared to farmers’ practice
(control) in jhum fields (Sonidan). Sowing in lines 25
cm apart across the slope in jhum land as well as
dibbling resulted in significant enhancement in rice
yield (as compared to broadcasting). The highest yields
of Mannar and IURON 514 were recorded with line
sowing i.e. 2.42 and 2.96 t/ha, respectively as compared
to dibbling (2.05 and 2.34 t/ha) and broadcasting (1.60
and 1.71 t/ha). In jhum, yields of rice varieties
i.e.Shahsarang1 (4.84 t/ha) and IR64 (4.63 t/ha) were
at par but significantly higher than Vivek Dhan 82 (3.19
t/ha). Under organic farming, pig manure (4.79 t/ha)
being at par with FYM (4.77 t/ha) and vermicompost
(4.69 t/ha) recorded significantly higher grain yield
than paddy straw (3.96 t/ha) and farmers’ practice (2.91
t/ha). Among the nutrient sources, integrated recorded
maximum rice grain yield (3.58 t/ha).Sahsharang1
produced significantly higher grain yield (4.47 t/ha)
followed by Ngoba (4.39 t/ha), Megha Aromatic 2
(3.99 t/ha) and Lampnah (3.85 t/ha). A village
(Mynsain) under Umsning block (Ri-Bhoi) in
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of Meghalaya as this system recorded maximum soil
moisture and grain yield of maize. The water harvested
in jalkund was used as source of irrigation. The yield
attributes and berry yield of strawberry was highest
under black polythene mulch than straw mulch. Among
the irrigation levels, highest soil moisture content was
recorded under irrigation at 1.2 EPan at 30 DAS. At
60 and 90 DAS highest soil moisture content was
recorded under 1.0 EPan followed by 0.8 and 1.2 EPan.
In upland rice, among the weed control practices, use
of Cyhalofop butyl @ 80g/ha at 25 DAS followed by
2,4D @ 0.75 kg/ha at 35 DAS resulted in highest grain
yield (4.36 t/ha). Sowing of buckwheat in October
resulted in highest grain yield (1.1 t/ha). Flagship
programme on ‘Jhum improvement’ was initiated in
Sonidan village. Basic information land used pattern,
jhum cycle, jhum calendar, income source and
expenditure status, labour requirement and crop
productivity, yield and utilization labour requirement
etc. were collected. For sustainable production and
better resource use efficiency technological
interventions viz., soil and water conservation (6
techniques), high yielding varieties (7 nos), package
of practices (4 nos), MPTs (67500), secondary
agriculture (piggery, poultry, mushroom) were
implemented in the jhum fields. So far, about 166
farmers were covered with an area of 15 ha (approx.).
About 6776 kgs of various seed materials were
distributed to 312 beneficiaries under jhum
improvement programme. Bench terracing, contour
cropping, line sowing across the slope and jalkund was
introduced in the jhum fields for soil and water
conservation. As a part of the soil conservation
measures, partial bench terracing was made in the
farmers’ fields having slopes ranges from 26-62 % with
an area of an average 1500 m 2 with an actual
expenditure of `10,000-15,000.
In agroforestery, productivity of turmeric was
maximum (13.8 t/ha) in the combined application of
lime (broad casted before sowing) + NPK + FYM when
compared to control and other fertilizer application
either single or jointly under Alder trees. Ginger
rhizome treated with botanical GF-1 registered yield
(6 t/ha) which was on par with rhizomes treated with
Azatobactor + PSB. While, turmeric yield was 8.7 t/
ha when the rhizomes treated with Azatobactor and
PSB which was also at par with rhizomes treated with
botanical 22 L and Azatobactor. The rhizomes treated
with Bavistin + imidchloprid recorded more yield of
ginger (140 %) and turmeric (162%) than other
insecticide treatments. The yields of intercrops
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(colocasia, elephant foot yam, turmeric) were more
under alder trees i.e. (11.25, 5.68 and 38.78 %,
respectively).
INM practices of 50% RDF with vermicompost @
5t/ha and lime @ 5q/ha significantly improved status
of SOC level by 13%, microbial biomass carbon
(MBC) by 39%, soil enzymes like dehydrogenase
activity, Phosphatase and glucosidase by 35-52% over
control. Maize grain yield was also significantly
improved by 33% over control (19.7 q/ha). For potato,
INM practices of 100% RDF with lime (2 t/ha), FYM
(5t/ha) and vermicompost (2.5 t/ha) also significantly
improved the tuber yield by 2.69 folds over control
(5.29 t/ha). Incubation studies revealed that among the
organic amendments, pig and poultry manure could
consistently maintain significantly higher soil pH,
available P and exchangeable Ca and Mg in acid soils.
Seed priming with phosphorus caused highest increase
in maize yield [+0.53 t/ha (+70%)] over control. A
“methylene blue drop test” was standardised for
approximation of soil cation exchange capacity (CEC),
which can be used in “Rapid Soil Health Test kit”.
Soil sample, methylene blue dye and a filter paper is
all that is required in this test. Around 50 samples can
be analysed for CEC in a day.
Under controlled condition, moisture sensitive
growth stage was identified as well as crop
consumptive water use was quantified following water
balance approach. Among the stages of growth, actual
evapotranspiration loss (AET) was maximum during
vegetative stage (up to tasseling). On weekly basis,
the most sensitive week was 11-12th week after sowing
(coincided with blistering stage) during which AET
was the maximum (17-30 mm/weekly). Seasonal crop
AET loss varied from as low as 124.3 mm to 270.9
mm across three soil moisture regimes of 25, 50 and
100% of field capacity (severe, moderate and stress
free).Studies on soil respiration or gaseous exchange
revealed that groundnut cultivation decreased the soil
CO 2 concentration approximately by 4%, while
increased the soil respiration rate by 15%. Cumulative
soil respiration was highest under conventional tillage
(CT: 2.07 to 2.93; average 2.56 g CO2/m2/hr) compared
to zero tillage (ZT: 1.70 to 2.79; average 2.18 g CO2/
m2/hr). Maize with in-situ green manure with residue
retention recorded the highest cumulative soil
respiration (2.79 and 2.93 g CO2/m2/hr, respectively).
A rust pathogen Nyssopsora thwaitesii was reported
on Schefflera wallichiana on the basis of morphology
as well as molecular analysis. Nyssopsora thwaitesii
was also parasitized by Tuberculina sp. The sequence
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containing 18s (ssu), its region and large subunit of
nrdnawas deposited in genbank(kc884701). Blastn
search revealed maximum identity with
Helicobasidium mompa (93 % with sequences
ay292428 and ay292429). A rust hyperparasitic
hyphomycete Ramularia coleosporii was reported on
Coleosporium plumeriae. A hyperparasite of a rust
pathogen was detected on Elaeagnus latifolia. Seven
trainings were conducted on mushroom cultivation
which included farmers, entrepreneurs etc. Oyster
mushroom strain codes 01, 03, and 05 were found
superior (BE: 61-63%) and statistically at par. PCR
based molecular tool was developed based on sequence
length polymorphism in 1 region for identification of
H. pusillanima and H. septima.
In agricultural mechanization, the pneumatic
metering unit suitable for power tiller operated planter
was designed, developed and tested in the laboratory
and field. Low speed for disc operation was found
satisfactory with seeds of soybean, pigeon pea and
corn. Beehive charcoal briquettes were produced from
powdered charcoal in which soil was added as binder.
It was found to be an eco-friendly, clean and economic
alternative source of household fuel. It was observed
that, total burning time of a briquette ranged from 133–
143 min. A potting machine was designed and
developed for filling plastic bags with recommended
potting mix. Performance evaluation of earth-tube heat
exchanger for cooling/heating of polyhouse was
tested.I t was found that machine was more effective
in heating mode. A portable dryer was designed,
fabricated and tested with large cardamom (capacity
40 kg). Power tiller operated bench terracer/leveler
developed by Palampur centre, fitted with a 100 cm
wide and 50 cm deep curved steel blade was tested for
its feasibility. Frontline demonstration of posthole
digger (stihlmake) was conducted. Frontline
demonstration of paddy drum seeder (plastic body)
received from TNAU, Coimbatore was conducted for
line sowing of paddy. The prototypes of improved farm
tools and implements worth ` 2,45,640/- were
fabricated and supplied.
In animal science, the study on adaptability of
Murrah buffaloes showed an average daily weight gain
of 550 g/day. The mean age at puberty of buffalo heifers
was 710 ± 28 days and age at first service was 752 ±
35 days. The postpartum reproductive cyclicity of the
buffaloes was resumed at 58 ± 18 days and showed
regular cyclicity even during summer months. Another
experiment, supplementation of probiotics
(Saccromyces cervisiae @ 03.75mcfu and
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Lact.sporogens @12500 cfu) in daily diet in weaned
piglets reduced the weaning stress. In experiment on
in vitro porcine oocyte maturation, the culturable
oocytes were significantly higher (P<0.05) during
winter months than summer and monsoon seasons
which indicating better reproductive activity during
winter. The use of DMEM+ESS+PFF along with
hormones (PMSG+LH) for first 20- 24 h followed by
hormone free medium was optimum for in-vitro
maturation of porcine oocytes. The estrus
synchronization with timed insemination experiment
obtained a farrowing rate of 82.60 % and litter size of
9.24 ± 0.32 and the estrus synchronization facilitated
the insemination of a batch of sows at particular
location, which reduce the transport cost the semen
drastically. The experiment on farrowing behavior of
indigenous and crossbred pigs in different season
revealed that the still birth was significantly (P<0.01)
lower in indigenous and 50% crossbred pigs as
compared to other genetic groups (more than 75%
Hampshire inheritance). The incidence of stillbirth was
positively (r=0.72) correlated with the duration of
farrowing. Season had significant effect on litter at
weaning and no effect on other farrowing behavior.
Estrus synchronization and superovulatory response
in Sahiwal cattle showed that 75% animals responded
to double PG schedule while 78% animals responded
to ovosynch protocol for estrus synchronization with
55.55% and 54.54% conception rate, respectively. In
animal nutrition experiment, different roughage
sources like- paddy straw, and stovers of maize, jowar
and jobs tear were chopped and CFB were prepared
using 45:55 roughage-concentrate ratio. It showed that
the average DMI (kg/100 kg BW) was 2.79, 2.94, 3.01
and 2.63 in paddy straw, maize, jowar and Jobs’ tear
based CFB respectively. The experiment on roselle
plant (Hibiscus sabdariffa L., Malvaceae) showed that
the leaves contains 8.03, 15.23, 1.57, 23.49, 7.82, 0.21
and 0.11 percent, and calyces contains 9.45, 6.24, 1.03,
13.82, 8.16, 0.12 and 0.28 percent DM, CP, EE, CF,
Ash, Ca and P respectively. Native grass and cowpea
based silage for pig feeding showed that addition of 2
kg silage to the diets of finisher increased the DMI by
12.3% and saves 450g conventional concentrate per
day. A total seven training programmes for farmers on
pig and poultry production, and two training for
educated rural youth were organized for promoting
small scale pig and poultry enterprise, besides
distributed 730 improved piglets and six thousand
improved varieties of chicks and other critical inputs
including feed and medicine.
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In poultry, the performance of Emu in terms of
growth rate, feed consumption and FCR were found
to optimum in the climatic condition of Meghalaya
and the mortality during the growing period was
5%.Effect of brooding systems on performance and
mortality of chicks in different seasons showed that
hover-brooding system was better in the field or areas
where power cut is frequent. Another experiment in
Vanaraja, Gramapriya and Indigenous chicks showed
that raised floor system performed better than the deep
litter system. In chicken products, effect of
incorporation of fermented bamboo shoots, beet root
and cabbage on the qualities of chicken nuggets
revealed that functional chicken nuggets could be
prepared by incorporating 10 per cent beet root, 10
per cent fermented bamboo shoots and 15 per cent
cabbage and stored safely up to 90 days under frozen
(-18±1°C) temperature.
In fisheries, two important indigenous fish species
of Northeast region, Tor putitora, (Golden mahseer)
and Osteobramabelangeri (Pengba) were introduced
and the Golden mahseer males were found to attain
full maturity at the age of 2.5 years. In the month of
March, the males freely ooze out milt. Studies on
Monogenean Parasites of Freshwater Fishes showed
that the Genarchopsis goppo, metacercariae of
Euclinostomum heterostomum, Proteocephalus sp.,
Bothriocephalus acheilognathi and nematodes such as
larvae of Eustrongyloide sp., adult of Camallanus
sp.Only one monogenean species Diplozoon cauveri
belonging to family Diplozoidea was recorded.
In animal health, ELISA testing revealed the
presence of Brucella antibody in swine and bovine
samples with seropositivity rate of 3.5% and 11.2%
respectively. In case of Listeria (L. monocytogenes)
the prevalence rate of 5.47%, 4.59%, 4.44%, 3.75%,
3.35%, 2.38%, and 1.25% in mutton, beef, water, blood
samples, chicken, milk and freshwater fish,
respectively. For Multi Drug Resistance, out of 520
samples of diverse origin, 104 isolates were observed
to exhibit extended spectrum beta-lactamase (ESBL)
activity. Of these, 97 were E. coli and 7 were Klebsiella
species. This is the first documentation of the ESBL
of animal origin from north east India. From fermented
food, six bacterial species have been identified
including Leuconostoc mesenteroides, Leuconostoc
mesenteroides ssp cremoris, Pediococcus acidilactici,
Pediococcus damnosus, Pediococcus parvulus,
Pediococcus pentosaceus. Detection of resistance
markers in the isolates indicated prevalence of five
different ‘Resistant Markers’ – beta-lactamase
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(BLACT), ‘methicillin resistance’ (MRS), ‘high level
mupirocin resistance’ (HLMUP), ‘macrolidestreptogramin-licosamide resistance’ (STAMLS),
‘vancomycin resistance’ (VRE).A total of 4692 serum
samples from all the states of the north east were
screened for PRRS and a total of 579 samples were
sero-positive. Similarly, a total of 462 porcine serum/
tissue samples were screened for Porcine Circo Virus
(PCV) and Porcine Parvovirus Virus (PPV) in which
260 samples were positive for PCV and 200 samples
were positive for PPV. 21 clones of ORF-2 gene of
porcine circo virus were sequenced and 10 whole
genome sequences of porcine circo virus were
generated. A total of 891 serum samples were screened
for BVDV, 165 samples were found to be positive by
ELISA. A total of 94 bovine serum samples were
screened for presence of CSFV antigen which indicate
a low and residual level of infection that could be
inadvertently present in the bovine population,
especially from the areas of integrated farming in
Meghalaya. Of the total 118 samples screened for
tuberculosis, eight were positive for Acid Fast staining
of which three were soil samples and two each of milk
and sputum samples. A total of 600 samples were
screened for antibodies against Japanese encephalitis
by IgG ELISA kit, 11 samples were confirmed positive
while 28 samples were suspected positive. In sero
surveillance study, 80 bovine serum samples from RiBhoi and 7 swine and 1 bovine each from East Khasi
Hills and West Garo Hills were found to be positive
for Brucella antibody by ELISA. Similarly, out of a
total of 259 bovine serum samples IBR antibody by
ELISA, 72 samples from Ri-Bhoi, 64 samples from
East Khasi Hills and 4 samples from Jaintia Hills were
found to be positive for IBR antibody. In CSF, out of
a total of 56 swine serum Samples CSF antibody by
ELISA, 5 samples from Ri-Bhoi district and 11
samples from Jaintia Hills were found to be positive.
Out of a total of 714 swine serum screened for PRRS
antibody by ELISA, 13 samples were found to be
positive. Similarly, out of a total of 372 Bovine serum
samples screened for BVD antibody by ELISA, 61
from East Khasi Hills, 15 from Ribhoi and 6 from
Jaintia Hills were found to be positive. The protocol
for the detection of disease resistant marker gene in
pigs was standardized by molecular technique using
PCR method for amplifying 161bp fragment size using
specific primers for FUT gene. The PCR-RFLP was
done using MseI which differentiate poxvirus from
poultry and turkey with pigeon poxvirus. PCR
amplification of the envelop (env) gene of the REV
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was also done and one turkey and two poultry samples
were found positive for env gene. Isolation of field
samples of PPR virus by co-cultivation method in Vero
cell culture was attempted. The indication of cytopathic
effect of virus in terms of cell syncytium was observed
in the second blind passage by 56 h post infection.
This is the first instance of PPR virus isolation from
the NER. PCR confirmation was done using N gene
primers. Anti- proliferative assay of the plant extracts
(Roselle and Curcumaspp.) was studied in vero cell
culture by using MTT dye. Formation of formazan
crystals indicates the stimulation of cells. The third
dilution showed maximum inhibition of stimulation
of lymphocytes. For the current year, under TSPAICRP on ADMAS, four animal health camps cum
awareness programme were organized, covering 987
number of beneficiary, besides two in Tripura. In
parasitology, Babesia gibsoni organisms isolated from
this region and sequenced which were found to be very
closely related where 99.7% to 100% identity was
observed at 18SrRNA level. Phylogenetic analysis of
Indian B. gibsoni along with the organisms reported
worldwide indicated that the Indian organisms isolated
from this region were very closely related with the
isolates reported from Japan, Korea, Taiwan and USA
and they shared 99 % to 100% identity at the cognate
gene nucleotide sequence level. Epidemiological
studies on gastrointestinal parasitism in northeastern
states showed that 30.11% goats, 39.41% pigs, 28.13%
cattle and 33.33% buffaloes were found positive for
GI parasites.

Bacterial stalk rot (Erwinia caratovora and
Pseudomonas marginalis pv. Marginalis) of Indian
mustard was recorded as a new threat for Indian
mustard production system. Sclerotinia diseases were
recorded on lettuce, carrot, French bean, cauliflower,
ash gourd, mustard and Dahlia. The maximum disease
incidence (50%) was seen in ash gourd and Dahlia.
Banana bunchy top disease was recorded in entire area
having 0.1-75% disease incidence on different varieties
of banana. Further, the presence of BBTV was
confirmed through PCR detection using genome
specific primers from virology laboratory of ICAR
RC(HQ),Umaim. Banana cultivar Poovan, Musa
rosacea, and M. velutina were observed to be free
from BBTV. A pictorial scale to assess banana and
plantain cigar-end rot disease severity was developed.
Maximum efficacy for Sigatoka leaf spots disease
control (95.95%) was observed in the treatment of
Propiconazole 25% EC (0.1%) with adjuvant (0.06%)
in four number of foliar spray schedule at 15 days
interval, where the disease severity was 2.43% as
compared to 60.07% in the untreated control. In khasi
mandarin, samples of fruit fly were collected and got
identified as Bactrocera dorsalis. Weekly population
monitoring of adults through methyl eugenol traps was
done. The trap count found minimum from midDecember to first week of February as they burry
themselves in soil for pupation. High population was
observed in September-October and March. The fruit
drop in khasi mandarin was observed maximum in
June. Temperate horticultural crops existing at the
centre were observed for occurrence of diseases. The
variation in no. of spots caused by Alticae cyaneae
was found significant among apple varieties. Lal Ambri
was most susceptible to beetles. The damage due to
weevils was non-significant with respect to varieties.
Jhum tuber crops were scored against key tuber crop
diseases viz., Collar rot (Sclerotium rolfsii), Southern
blight (S. rolfsii), Yam anthracnose leaf spot
(Glomerella cingulata) and Cercospora leaf spot (C.
ipomoeae and C. henningsii) under natural condition
of infection. Evaluation of improved backyard and
nondescript poultry birds and its impact under farmers’
field was done.

Arunachal Pradesh
The land use system had significant effect of on
soil parameters studied. The lowest available
phosphorous was found in upland rice in all the three
depths viz., 0-15, 15-30 and 30-45cm. PSB + PMB
enhanced plant height and plant diameter. PSB +
PMB+ Azotobactor were most effective for leaf
growth. Rice germplasm (29 jhum and 20 WRC) were
screened for leaf blast, leaf scald, sheath blight and
false smut diseases under natural disease pressure. The
lowest leaf blast disease score (21.37) was recorded
in SARS 2 and IR 64 (11.11). Five genotypes viz., Jora,
Lemmuk, Yaber, Bhalum 4 and SARS 1were found
free from leaf scald disease. Natural disease pressure
was not sufficient for meaningful screening against
sheath blight and false smut diseases. Maize
germplasm were scored against key maize diseases
viz.,turcicum leaf blight, maydis leaf blight and
polysora rust under natural condition of infection.
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Manipur
Under AICRIP trial, RCPL 1-128 (7000 kg/ha), IR46 (5333 kg/ha), RCPL-1 (5167 kg/ha), RCPL 1-8,
RCPL 1-9 (4833 kg/ha each) and RCPL1-9 (4667 kg/
ha) were found to be suitable under upland condition.
Based on the natural screening in two consecutive years
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and screening conducted at DRR, Hyderabad as well
as other locations, nine germplasm lines viz.,
Meghalaya Lakang (Meghalaya), KumtaMah
(Chandel), KemenyaPepeu (Nagaland), Wainem
(Senapati), Thekrulaha (Nagaland), Vishkv
(Nagaland), PhouralUtlou (Bishnupur), MesaoTsuk
(Nagaland) and Gum Dhan (Nagaland) were identified
to be the resistant sources both for leaf and neck blast
disease. In king chilli, molecular detection using
Potyvirus specific degenerate primers and sequencing
of amplified NIb region of viral genome suggested the
association of Chilli veinal mottle virus (ChiVMV).
Partial Nib sequences of two isolates of ChiVMV were
cloned and sequenced. Impact of weather parameters
on population build-up of aphids on cruciferous crops
was studied and suitable bio-insecticides were
identified for aphid management. Combined
application of organic and inorganic nutrient sources
increased maize grain yield by 35% in acidic hill soils.
Integration of FYM with mineral fertilizers including
Zn and B improved the nutritive quality of maize in
terms of increasing protein, starch, Fe and Zn content
in grain. Maize residue recycling on an average
increased the 11-14%, 12.5-15% and 8-11% grain yield
of mustard, pea and lentil, respectively under sole and
intercropping system. In tomato, elevated temperature
and drought condition under poly house have resulted
17.89% reduction in chlorophyll content index and
32.81% decline in fruit yield as compared to natural
field condition. Among the different genotypes tested,
tomato variety RC Manikhamenashinba1 was found
to be tolerant to drought (1.92 kg fruits/plant), followed
by Arka Rakshak (1.33 kg fruits/plant); whereas, Arka
Meghali was found to be tolerant to frost condition
(1.68 kg fruits/plant), followed by Arka Vikash (1.61
kg fruits/plant). In shifting cultivated area under midhills of Manipur, there was an increase in SOC with
age of the fallow stand after land clearing (slashing
and burning of forest) and exhaustive cropping, the
magnitude being 3.4, 20.6 and 35.4% in young (5-10
years), mid-aged (18-20 years) and old (28-35 years)
secondary forest, respectively. Targeted yield
equations for direct seeded rainfed upland rice (RC
Maniphou 6) were developed for Manipur. Maize/Rice
intercropped with Groundnut/Soybean followed by
Field pea (green pod) through resource conservation
technology was found to be most effective, sustainable
and economically viable cropping system in jhum lands
of Manipur. This cropping system showed average net
return of `1,16,500 as compared to traditional jhum
(Mix Cropping:` 58,500/ha). Under cropping system,
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maize + groundnut (additive series) gave significantly
14 and 172% higher grain equivalent yield sole
groundnut and sole maize, respectively. Among the
residue recycling (kharif) maize + groundnut residue
increased dry pod yield by 12 and 6% over maize
residue and groundnut residue, respectively. The lentil
crop has been introduced and demonstrated in 60 ha
area in Thoubal district. In NAIP, the major impact
was created through different improved and sustainable
farming system and rural enterprises adopted to
individuals’ conditions. A total of 1412 farmers in four
clusters of Tamenglong District have been benefited
covering a gross area of 1383 ha. The average
household initial income of ` 33,810 could be raised
to ` 58,311. In horticulture, one new open pollinated
tomato variety ‘RC Manikhamenashinba-2’ has been
released by SVRC. The variety has yield potential up
to 411 q/ha, moderately resistant to bacterial wilt and
tolerant to water stagnation and low temperature. New
jatropha variety ‘RC Manijatropha1’ was also released
by the SVRC. The variety has showed yield potential
up to 2.0 t/ha (under 2 m x 3 m spacing) with 40.77%
seed oil and 59.68% kernel oil content. All total 13
promising clone of turmeric and 11 promising clones
of ginger have been selected from sizable population
of local germplasm. A total of 25 local germplasm of
French bean collected from Manipur, Nagaland and
Mizoram were characterized using 53 micro satellite
markers including sequencing of signature bands. In
vitro protocol for micropropagation of Shiroi Lily was
standardized. In taro, Duradim, RCMC5 and DP25
performed well under in vitro and in vivo induced stress
conditions against Phytophthora colocasiae.
Polymorphism among the 100 colocasia genotypes was
investigated with 30 SSR markers. In-vitro seed setting
and seed germination has been standardized in
Colocasia. Three numbers of tuber crops based
entrepreneurship (cassava starch extraction plant and
cassava chipping plants) and two numbers of Tuber
Crops Growers’ Club have been established for
increasing rural livelihood options among the tribal
farmers. Application of poultry manure (1 t/ha) and
urea (162 kg/ha) has been found to be most effective
for maximizing the yield (24.12 t/ha) of ginger var.
Nadia; whereas application of 0.2 % ZnSO4 + 0.2 %
Borax was found to be suitable for Megha Turmeric1
(27.25 t/ha) under foothill condition. The relay
cropping sequences in vegetables i.e., Spinach-carrotcabbage-tomato-okra-bittergourd-garlic has registered
highest B:C ratio (6.8) with 7 fold increase in the
cropping intensity. Short duration varieties of onion
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(Bhima Raj and Bhima Super) and garlic (Yamuna
Safed-4) were identified for Manipur condition.
Suitable variety (Alamgir-380) and time of planting
(3rd week of August) has been identified for off-season
production of cucumber (3.20 kg/plant) under
polyhouse. During the period, 11836 citrus seedling/
budded plants, 5000 pineapple suckers, 1030 papaya
seedlings, 2357 tree bean seedlings, 1.9 kg brinjal seed,
6 kg tomato seed, 101 kg French bean seed, 100 kg
garden pea seed, 15025 sweet potato cuttings, 2015
king chilli sapling and 35 q turmeric seed rhizome were
produced and sold/distributed to different stakeholders.
In animal science, poultry and fishery, PCR protocol
was standardized for detecting blaESBLgenes from foodborne bacteria. Enterobacterial Repetitive Intergenic
Consensus (ERIC) showed similar clonality between
these ESBL positive isolates. CTX-M, TEM and SHV
type ESBL genes have been detected from clinical
samples and foods of animal origin. During 2013-14,
this centre distributed a total of 38,638 numbers of
quality DOC/grown up chicks (4-5 wks. old) covering
1546 farmers. Captive breeding of indigenous fishes
viz., Osteobrama belangeri, Banganadero, Anabu
stestudineus and Pangia pangio in small water volume
have been done successfully and standardized.
Breeding and culture techniques has been standardized
for Badis badis, a potential indigenous ornamental fish
of Manipur. Molecular identification of a cyprinid fish,
Pethia manipurensis has been done by using
mitochondrial COX I gene sequences. In Amur
common carp (Cyprinus carpio), maximum embryonic
development after fertilization (96.75%), hatching rate
(72-77%), survival rate of spawn at 90 hours of
fertilization (93.25%), growth rate (0.61±0.2g) were
obtained at temperature 26°C to 31°C. Maximum
fertilization (75%) and hatching rate (85%) were
obtained at 23-24oC. The growth of fishes was found
to be consistently higher with shrimp meal diet and
rearing in outdoor tanks. Normal spawning and highest
percentage of fertilization (97.8%) of P. pangia was
recorded at 26°C. In agricultural extension, five integrated
farming system have been established in hill districts
of Manipur. Economic analysis of different
components has been done. Impact assessment study
of ICAR technologies has been undertaken. Seminar,
trainings, demonstrations, workshops, awareness
programmes, field days and farmers’ fair etc. were
organized to disseminate various technologies to
different stakeholders. All total, 1 book, 1 book chapter,
24 research papers, 32 research abstracts, 5 popular
articles, 2 bulletins, 3 manuals, 2 extension folders
were published.
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Mizoram Centre
In rice, among breeding lines/varieties under
lowland conditions, RCPL l-446 had highest grain yield
(6.19 t/ha). Temperature tolerant rice varieties for
different altitudes were identified. For low and mid
altitude RCM 9 (4.58 t/ha),for the higher altitude,
Shahsarang (3.83 t/ha), Bhalum 3 (3.58 t/ha) and RCM
9 (3.52 t/ha) were identified. Seasonal abundance of
insect pests and natural enemies of rice under lowland
conditions was recorded during October. Total of 15
seed borne fungal pathogens of rice seeds were
recorded. Among the different landraces of maize,
Puakzo (MZM 3 and MZM 50), Mimpui (MZM 57,
MZM 22 and MZM 68) and Mimban (MZM 23 and
MZM 53) lines recorded 120 days for days to 50%
tassel and 150 days for 80% maturity during rabi
season. Among three land configurations, ridge and
furrow method recorded significantly higher yields in
HQPM 1 (4.54t/ha) and RCM 76 (3.85.t/ha). Pusa
Mustard 25 recorded higher yield (1.31 t/ha) when
sown after maize. Canopy management in mango cv.
Amrapali indicated that plant density had a direct
correlation with vegetative growth and flowering. Four
genotypes of plantains viz., Kunnan (AB), Monthan
(ABB), Nendran (AAB) and Nendran Quintal were
collected for evaluation. Out of 15 tomato cultivars
tested, Pusa Rohini and Arka Abha recorded the highest
fruit yields i.e. 44.2 and 41.6 t/ha, respectively. Twenty
eight landraces of pole-type French bean were collected
from different districts of Mizoram and evaluated. Two
French bean lines MZFB 45 (315.3g/plant) and MZFB
48(290 g/plant) were identified for high yields,
anthocyanin content, and field tolerance to water deficit
stress. Cabbage, cauliflower and broccoli varieties
were screened for insect pests and occurrence of natural
enemies was recorded. In Bird’s eye chilli,1% KNO3
priming treatment recorded the highest germination
percentage (39.7 %) as compared to non primed
control. Among the six chilli cultivars, cv. Angel
recorded maximum fresh fruit yield (0.501 kg/picking).
Capsicum cultivar Indra recorded the highest total fresh
fruit yield (3.190 kg) as compared to Picador (0.998
kg). Powdery mildew (Oidiopsis macrospora) of false
coriander(Eryngium foetidum) was recorded as new
report from Mizoram.Out of 14 entries of colocasia
collected from Garo hills of Meghalaya, the maximum
yield was recorded in Thama Shrang (23.5 t/ha) while
lowest was in Thakhiltum (14.3 t/ha). In turmeric,
RCT1 (30.6 t/ha) and BSR 2 (28.8 t/ha) while in ginger,
Himgiri (16.8 t/ha) and Nadia (14.7 t/ha) were the high
yielders. The fungi isolated and identified from oil
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palm seed and nursery were Colletotrichum,
Curvularia, Fusarium and Cercospora. Anthurium
diseases could be controlled (95%) by soil drenching
and sucker dipping method with products of
Trichoderma viride, T. harzianum and Pseudomonas
fluorescens. Out of six Pleurotus spp. tested P. sajorcaju recorded the highest yield (540g/kg paddy straw)
during July-September, 2013. Amplification of
Wolbachia genesin exotic spiralling whitefly
constituted a new report in India. Out of 11 predators
analyzed with COI primer (C1J 2183 and L2N 3014),
only eight predators viz., Chilocorus nigritus
(Fabricius), Cryptolaemus montrouzieri Muls.,
Anthacorid, Mallada astur (Banks), M. boninensis,
Pseudaspidemerus trinotatus (Thunberg), Chrysolazas
trowisillemi(Esben-Petersen) and Menochilus
sexmaculatus Fab. got amplified by COI primer.
Phyllogenetic analyses of Mallada astur, M.
boni,Chilocorus nigritus and Menochilus sexmaculatus
were done. Predatory potential of M. boninensis on
different life stages of spiralling whitefly was studied.
In animal science, out of 105 diarrhoea piglet faecal
samples, Escherichia coli strains were isolated from
102 faecal samples with a distribution of 32, 45 and
25 positive samples from Aizawl, Kolasib and Saiha,
respectively. Salmonella was isolated from two
samples collected from Kolasib.Twenty five isolates
of Aizawl district were equally sensitive to
enrofloxacin and norfloxacin (78.1 %). Out of 67 serum
samples collected from suspected pigs in Mizora, 64
samples were found positive for PRRSV, whereas
indirect ELISA showed 58 samples to be positive for
PCV and 40 samples positive for PPV. An outbreak of
Anaplasmosis, Babesiosis and Theileriosis was
recorded in April.

laboratory, 853 soil samples were analyzed for N, P,
K, OC, pH, and EC. Application of 10 % common salt
significantly reduced the dry matter accumulation in
weeds resulting in better weed control efficiency in
jhum paddy. Among the IFS models evaluated, model
3 (Agriculture + Horticulture + Piggery + Fishery) gave
the maximum profit of ` 19,515 during 2013-14
followed by ` 5,151 in model 4 (Agriculture +
Horticulture + Poultry + Fishery + Azolla +
Mushroom).
The Draft DUS guidelines for colocasia germplasm
were finalized, characterized and documented.
Likewise, 32 different germplasm lines of rajma beans
were characterized and evaluated for vegetative and
yield characters. The disease epidemiology was studied
in some districts of Nagaland in jhum field and the
incidences of paddy blast disease, leaf spot or blight
in colocasia, anthracnose in bean and wilt in ginger
were found to be highest. A new virus disease was
observed in passion fruit in Wokha.
Artificial insemination in pig was initiated for the
first time in Nagaland and this technology increased
the conception rate by 75% following double
insemination with litter size of 8-11. The reproductive
performance of different breeds of pig showed that
litter weight at birth and weaning were significantly
higher in Large Black than the Ghungroo and local
cross. Molecular identification of expression of genes
in testicular tissue responsible for sexual maturity at 3
months aged local male viz., ERα, AR gene and IGF1 gene along with the house keeping gene GAPDH
was carried out and the protocol for PCR amplification
was standardized.
High altitude research in the elevation > 1200 m
was initiated in Longleng and Wokha for screening of
upland paddy varieties as per the suggestion of
Regional Committee. Sixty training/ demonstration
were conducted under TSP, NAIP, NICRA, Mega Seed
Project on Pig and Poultry, Horticulture Mission and
Agro-Advisory services. Assam lemon rooted cuttings
(7200), Khasi mandarin (1000), Elephant foot yam var.
Gajendra (50 kg), Sweet potato cuttings (>50000) and
mushroom spawns (>2000 packets) were produced and
distributed to farmers. A total of 55,571 chicks of
Vanaraja and Gramapriya and 628 piglets of Large
Black Cross, Ghungroo, Hampshire were distributed
to the beneficiaries. A total of 3690 doses of swine
fever, 15000 doses of FDRD (F strain), 1200 doses of
FDRD (R2B strain), 4800 doses of fowl pox, and 700
doses of Goat Pox vaccines were distributed.

Nagaland centre
Low land paddy var. RCM 9 recorded the highest
yield (5.83 t /ha) followed by IET 16313 (5.50 t/ ha).
Upland var. RCM 5 recorded the highest yield (2.98 t/
ha) followed by Bhalum 1 (2.90 t/ ha). Green gram
var. TRCM 8-2-1 recorded the highest yield (820 kg/
ha) followed by TRCM 1-7-6 (770 kg/ha). Early
maturing Indian mustard var. Pusa 25 recorded the
maximum yield (932 kg/ha) followed by Pusa 26 (831
kg/ha). Toria var. TS 38 tested under zero tillage
recorded the highest yield (590 kg/ha) followed by TS
67 (520 kg/ha). Among 17 maize varieties/lines tested
under moisture stress condition during winter season,
VQPM 9 recorded the highest yield (3.80 t/ha)
followed by Vijay composite (2.73 t/ha). In the
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Sikkim Centre
Out of 36 buckwheat germplasm tested, entry IC
109728 recorded the highest (2.14 t/ha) yield. Local
buckwheat cultivar Tithe under different levels of
vermicompost recorded significantly higher B:C ratio
when compared to cv. Mithe. Out of 50 local rice
germplasm evaluated, the highest yield was recorded
in cv. Zornalli (513.14 g/m2). Among the methods of
rice production tested, SRI showed 25.6 and 55.4
%higher grain yield compared to ICM and
conventional method of planting, respectively. Among
the varieties, the maximum grain yield (4.15 t/ha) was
recorded in var. Satyaranjan. Performance of upland
direct seeded rice varieties under different sources of
organic nutrients was evaluated. The treatment 50%
FYM + 25 %VC + 25%NC + BF(Nalpak @ 12.5 kg/
ha) recorded the highest grain yield in all the varieties
(3.47 t/ha in Bhalum 2, 3.78 t/ha in Bhalum 3, 3.91 t/
ha in RCPL and 2.84 t/ha in Rajendra Bhagwati). Effect
of tillage practices and organic sources of nutrients on
productivity of rice-vegetable pea cropping system was
studied. In rice, conventional method of planting was
found statistically at par with zero tillage. Application
of 50% FYM+50% VC+biofertilizer recorded the
maximum grain yield. A new species of leaf folder,
Cnephalocrocis spp. was recorded in rice crop grown
in Sikkim. The results on vegetable pea showed that
double zero till technology reduced the turnaround time
of about 10-12 days for sowing of vegetable pea Blitox,
Sulfex and Pseudomonas fluorescens were also found
effective with less incidence of sheath blight disease
i.e.,PDIs 19.25 and 27.77, respectively when compared
to control (61.47). Out of 52 urdbean entries including
local Pahelo Dal germplasm evaluated during kharif
2013, the highest yield/plant was recorded in VBN2
(4.42g) followed by T9*PD (4.35g) and Urd 6 (4.22g).
Based on single plant selections, population S15-1 had
highest seed yield/plant (6.79 g/plant) followed by S191 (6.36 g/plant) and S-20-1 (5.58 g/plant). Among the
mulching material applied to preceding popcorn crop,
application of paddy straw mulch @ 5 t/ha recorded
maximum grain yield (1932 kg/ha). Among the dates
of sowing, maximum yield of soybean (1.53 t/ha) was
recorded in 5th June sowing. In mustard, Petroleum
Agrospray @ 10 ml/l and Neem oil 0.15EC @ 3ml/l
were found to be most effective for controlling aphid
population (72.5 and 71.5 % over control). In Sikkim,
10 insect pollinators were recorded for the first time
in mustard.Under ‘Flagship program’ on temperate
fruits, ‘Field gene bank of temperate fruit crops’ was
enriched. Garlic bulb extract @10% both spray and
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drench showed less incidence of Collectotrichum
gloeosporioides leaf spot disease (7.43%) in large
cardamom. In garden pea FYM @5 t/ha + PM and VC
each @1.5 t/ha + BF gave the highest pod yields (10.8
t/ha). Local varieties of okra showed bearing for a
longer period and variety Avantika 221(F1) was found
suitable for transplanting. Variety Komal and US 7109
were found suitable for direct sowing. Radish varieties
Pusa Chetki performed well during summer and rainy
season, Local radish (Pink) performed well during late
fall to early winter season and variety Indam Swetha
performed well during winter to spring season. Among
the 20 chow-chow accessions, distinct morphological
variations were observed. In tomato field, on an
average 44.3 to 110.3 adults/trap of Spodoptera were
trapped per week. Only 2-3 adults were trapped in case
of Helicoverpa. Tea Mosquito Bug, Helopeltis theivora
was recorded as emerging pest of Cherry Pepper. A
protocol for genomic DNA isolation from leaf tissues
of large cardamom and ginger have been standardized
without using liquid nitrogen. Soft rot of ginger was
best managed by hot water treatment followed by
Trichoderma and after that COC 0.3% spray
application thrice at 10 days interval. The
demonstration of production technology of citronella
and lemongrass was done in ICAR Farm. Around 2 ha
area was covered in the farmers’ field of Dzongu, Rey
Mindu and Namthang villages. One Field Day was
organized on aromatic plants involving the farmers of
Rey Mindu and Sajung villages on 10th October, 2013.

Tripura Centre
Through Agromet Advisory Service, 2.80 lakh SMS
(97 nos. bulletins) were disseminated among the
farmers. Rice entry TRC2008-6 was in 3rd year of
testing (AVT IME). Under IIRON module, two entries
produced rice yield of 7.84 to 7.92 t/ha. Under BMGTF
STRASA foundation project, five rice cultures viz.,
IR 64, DR02, Vandana NIL-IR, TRC 2013-4,TRC
2013-12 and TRC 2013-15 were selected for release
proposals under drought stress. Screening of 83 jhum
and upland rice germplasm from northeastern region
was completed for drought tolerance under managed
stress screening. Mapping populations were created
by crossing the identified lines as drought tolerant
donors with Swarna and Naveen. FLDs were organised
in 40 ha area in two locations covering 106 farmers.
Gomatidhan developed at Tripura Centre had
registered a yield increase of 32.3% over Swarna and
30.3% over Pooja. Under AICRP (rice), 182
xi

Watershed Development Programme, capacity
building programme was carried out with rain water
harvesting structures, fruits orchards, beetle leaf
cultivation, rice/lentil cultivation, improved poultry
farming, composite fish farming, off season vegetable
cultivation, mushroom cultivation etc.
The mycorrhizal activity of indigenous arbascular
mycorrhiza (AM) was studied using organic manures,
zero tillage and crop rotation, AM root infection was
highest (70%) in FYM treated soil. A 12 year old
fallow land at jhum cultivation site of chanki village
in Nagaland was investigated to find the spore density
and diversity of native AM. Spore density was the
highest in the upper slope.Under farming system
research, various cropping systems were adopted and
cost/benefit ratio underwent a variation from 1.37 to
3.10 with four crop rotations of maize-moong-okratomato-potato. FSR was undertaken in an area of
5690m2 and the net return was `59,706/- with 1.97
benefit/cost ratio. In a plot growing mango+banana in
sloppy land, the net return was `70,673/- with 3.6
benefit/cost ratio. In the model fruits-tuber cropsvegetables-fish-piggery were introduced.
The preliminary result of Anti mullerian hormone
(AMH) in cattle showed a correlation between the
progressive declining trend of plasma AMH level after
puberty and the depletion of ovarian follicular reserve.
Murrah buffalo under Tripura is performing well with
peak milk yield of 6.5 litre/day and 306 days lactation
yield. Under nutritional management in pig, boiled
sweet potato upto 25% of the total dry matter intake
could be fed to the growing piglets for better growth
with FCE (25.5 %). In fishery, composite culture of
pabda, a stocking density of 4000 fingerlings/ha with
species composition of 4:3:1.5:1.5 for catla, rohu,
mrigal and pabda was evaluated for 6 months. Total
productivity was 1200 kg/ha in pabda incorporated
composite culture compared to 1250 kg/ha with carps
only. Four freshwater snails viz., B. costula, B.
bengalensis, B. dissimillis and P. globosa were studied
for proximate and mineral contents. B. costula contains
12.9 % protein and high phosphorus (117 mg/g). Low
cost cage culture was demonstrated and Labeo bata
was stocked at the rate of 5,10, 15 nos/m3. SGR (%)
per day varied from 1.13 to 0.99. High density fish
farming with 15000 nos/ha was undertaken and a
productivity of 2.34 t/ha/yr was obtained in the pond.
Grass carp (1.0kg) performed better followed by silver
carp (0.5 kg), rohu (0.30kg), catla (0.15kg) and mrigal
(0.10kg). Inter-specific competition was noticed
between silver carp and Catla. A total of 2.5 lakh

nominations were evaluated. Under AICRP
(MULLaRP), 13 coordinated trials were conducted.
Jhum rice varieties from Nagaland (SARS1, SARS2
and SARS5) were tested and highest yield was
recorded with SARS2 (1.8 t/ha). Rice varieties (Ranjit,
Gomatidhan and MTU 1010) were distributed among
103 tribal farmers. On an average, the grain yield was
4.8 t/ha with net profit varying from ` 25,000 to 32,200/
ha.The cropping sequences identified for crop
diversification are rice-toria, rice-vegetable pea, ricefield pea, rice- black gram, rice-lentil, rice-green gram
and rice-maize. The application of 200 kg lime/ha was
responsive to various crops viz., green pea, field pea,
toria, green gram, black gram, lentil as well as maize.
During the rabi season, 240 FLDs were conducted on
pulses. Green gram variety, TRCM 2-2-1 produced the
highest seed yield of 765 kg/ha. High yielding lentil
varieties were introduced among 213 farmers covering
an area of 60 ha. The promising lentil varieties
identified were HUL 57, NDL 1, WBL 58, WBL 77
and PL 06.
The different field pea varieties were tested against
Fusarium wilt and the highest disease incidence (33
%) was observed in RPF-2009-4. In mustard, Pusa
Mustard 25 recorded the highest yield (> 600 kg seed/
ha). In litchi var. Shahi the treatment combination of
20 cm and 30 cm shoot pruning and Zinc + Boron
sprays could give better response in early shoot
emergence and fruit set. Rejuvenation of old and senile
mango trees viz., Himsagar was undertaken and the
average no. of shoots emerged from the top portion of
the selected branches were in the range of 10.319.3.Under Horticulture Mission for North-East and
Himalayan States (MM-I), New mother block of mango
varieties, Pusa Surya, Pusa Arunima, Millika, Chausa,
Langra, Alphonso, Gopalbhog, Krishnabhog, Fizli,
Dashehari and Banganpali have been established. Fruit
plants of mango (15,000), litchi (2000) and papaya
(1000) were distributed among the farmers. Gladiolus
varieties viz., Pusa Suhagan, Red ginger, Prescilla,
Suvenior, and summer sunshine were introduced.
Under AICRP on vegetable crops, brinjal (18),
cauliflower (13), tomato (17) and of okra (6) were
evaluated. The different strains of milky mushroom
were evaluated. Strain CI-302 showed the highest
biological efficiency (62%) followed by CI-38 with
BE 47.7%. The black ear mushroom was 1st time
cultivated in Tripura on different substrate
compositions. The bamboo species were evaluated for
best drip pipe making in banana crop. The average
discharge of water was 3.43 litre/hr.Under Integrated

ANNUAL REPORT 2013-14

xii

quality fish fingerlings of rohu, mrigal, bata, gonia
and puti were produced. In Anabas testudineus, captive
breeding, larval rearing, fry to fingerling rearing and
feeding practice on Anabas were brought under
investigation. Immune response of Labeo bata with
haematological parameters was studied. Institute level
biotech hub with demonstration of carp breeding was
undertaken. Under AICRP of poultry breeding, a total
of 7605 chicks of Gramapriya, ND cross, coloured
broiler and BN cross were supplied to the farmers.
The interventions made in NAIP were Agro-forestry
based farming system, production of rice through SRI
and ICM, nutritional kitchen gardening, mushroom
cultivation, improved germplasm of backyard poultry,
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goat rearing for livelihood improvement, pig
improvement and lentil production. Under NICRA,
major QTL, for grain yield for drought stress tolerance
in rice varieties are under study. Resource conservation
and crop diversification in rice/maize based cropping
systems for enhanced climate resilience was carried
out. Agro-forestry models were developed under
NICRA.To increase irrigation potential to farmers,
water harvesting structures along with mini deep tube
well were constructed. Under TSP, Gomatidhan was
grown in 8.16 ha of land. Entrepreneurship
development for mushroom cultivation, goat rearing,
and pig farming were demonstrated.

xiii

1. INTRODUCTION
The ICAR Research Complex for NEH Region has
been generating technologies as an outcome of basic,
strategic and applied research since 1975. The Institute
is having multidisciplinary approach in serving seven
hill states of the region in eight divisions of agriculture
and allied sciences which encompass 16 major
disciplines. The annual report is the outcome of the
activities in six regional centres besides headquarters
at Umiam and 15 Krishi Vigyan Kendras (KVKs). It
is also mandated to teach and guide students from
different universities including Central Agricultural
University, Assam Agricultural University and other
state and central university. The institute visualized
three flagship programme viz, improvement of Jhum
cultivation, temperate horticulture and trans-boundary
diseases during the XII Five Yearly Plan. The Institute
has a very strong extension network programme for
all the north eastern states through 15 KVKs. Some
competitive projects such as NAIP, NICRA, NHB,
DBT and DST funded programme, TSP, KIRAN,
NFBSFARA (National fund for basic, strategic and
frontier application research in agriculture) etc. are
operational in the region. The institute has been
disseminating modern technologies for livelihood and

nutritional security in the region. This includes
truthfully labeled seeds, quality planting materials,
improved animal, poultry and fish seeds including
proto-type implements and tools suitable for hill
agriculture, soil health testing kits, diagnostic kits for
animal parasites, diseases and critical inputs. With the
support from the Council headquarters, the strength
of scientists in the complex has reached to 122 during
the period. Several in-house projects, mostly of
interdisciplinary nature, are being pursued. The
strategic and frontier research on climate change
adaptation and mitigation under NICRA is a major
research thrust area of the institute. There are 14
AICRPs, 5 network and 15 collaborative projects in
operation. The institute has strong linkage with other
ICAR Institutes and Universities in the region and
outside the region as well with International
organizations like IRRI, ICRISAT, ILRI, and IWMI.
The Institute also collaborates with government
sponsored agencies like NERCOMP, MRDS,
NABARD and IFAD Loan Project; several NGOs and
farmers bodies and co-operative societies for
technology extension.

Thrust areas
●
●

●
●
●

To evolve sustainable integrated farming systems for jhum improvement and restoration of degraded lands
To increase the overall productivity of different crops through research in cereals, pulses, oilseeds,
horticultural crops including temperate horticulture, agroforestry species, fisheries and other economical
crops.
Development of feed and fodder resources including locally available fodder for livestock.
Improvement of citrus plantation to reinvigorate the citrus industry
Animal health coverage and improvement of livestock production system including trans-boundary diseases.

Mandate
■
To undertake basic and applied research for delivering technologies based on sustainable farming system
for different agro climatic and socio-economic condition
■
To improve the productivity of crops, livestock and fishery.
■
To act as a repository of information on natural resources, different farming and land use systems.
■
To impart training on research methodology and application of improved technologies for enhancing
agricultural productivity.
■
To collaborate with the state departments for agricultural development in the region and testing and promotion
of improved farming and land use systems.
■
To collaborate with national and international agencies.
■
To provide consultancy.
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LIBRARY

HUMAN RESOURCES
Category

Sanctioned Filled
post
post

Institute
RMP
Scientific
Technical
Administrative
Skilled Support
Total

Nature of publication

Vacant
post

1
181
252
129
114
677

1
122
229
106
103
561

59
23
23
11
116

Krishi Vigyan Kendra
Scientific
15
Technical
165
Administrative
30
Skilled Support
30
Total
240

5
134
21
27
187

10
31
9
3
53

No. of copies
available

Books & Reports
Back volumes of journals
Foreign journals
Indian journals
News papers
Hindi books
Magazines

28766
11063
15
85
17
4512
8

LABORATORIES
The institute’s headquarters at Umiam, is well
equipped with laboratory facilities in all the divisions
of natural resource management, crop sciences,
horticulture, animal sciences (for disease diagnosis),
fisheries and agricultural engineering. A Biotechnology
Centre equipped with the state of art instruments has
been established for catering to the research needs in
rice, horticulture and other disciplines, besides central

BUDGET
Actual expenditure for 2013-2014 (` in lakh)
Head

Non-plan
RE

A. Recurring
Establishment charges
Wages
Travelling allowances
Recurring contingencies
Total A
B. Non- recurring
Works
Equipments
Information technology
Furniture & Fixture
Books
Livestocks
Other items (HRD)
Repair & maintenance
Pension
Loans & Advances
Total B
C.TSP
Total C
Grand total A+B+C
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Plan
Expenditure

RE

Expenditure

3668.87
943.13
47.00
556.99
5215.99

3669.83
940.87
46.89
556.89
5213.48

0
0
40
715
755

0
0
39.93
711.82
751.75

494.00
126.91
0
0
0
0
0
0
340
18.00
978.91
0
0
6194.90

493.76
126.85
0
0
0
0
0
0
339.98
17.68
978.27
0
0
6191.75

0
213
20
2
35
0
25
150
0
0
445
400
400
1600

0
213.00
19.99
1.07
33.86
0
25.00
149.90
0
0
442.82
399.02
399.02
1593.59
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laboratory. A post-harvest processing unit is in
operation in agricultural engineering division. A wellequipped workshop is also in place for research and
development, fabrication and repair of agricultural
implements and tools in the division of agricultural
engineering. State of art facilities such as FATE,
CTGC, Biochar, TOC, DNA sequencers, bio-safety
cabinet for isolation works under containment
condition, seven environmental control chambers,
rainout shelters, transgenic facilities has been
developed. Central laboratory with sophisticated
instruments established at headquarters. The
laboratories in all the six centers of the Institute are
also being strengthened with basic as well advanced
instrumentation facilities.

Research Advisory Committee meeting

All completed projects of institute were reviewed and
suggestions were made for future research work.

IT FACILITIES
IT facility has been developed at the Division of
Social Sciences. It included an AC Lab of SAS installed
10 computers with projector and internet facility along
with UPS power backup of 2.30 h. The lab has seating
capacity for 20 people. The lab is also having 3 licenses
of SPSS and 2 licenses of STATISTICA. All the three
software viz., SAS, SPSS and STATISTICA have
perpetual license. The SAS software available in the
division can be installed on any number of official
machines. Besides software and hardware, complete
manuals of SAS, both in soft and hard copies, are also
available and any NARS personnel can get it along
with the SAS software free of cost. Online ARS-NET
examination facilities developed at the Umiam are
functional since 2012. The KIRAN, a dedicated
website managed by the Institute has started providing
much needed service and knowledge sharing including
integrated agro-advisory services through SMS.

IRC Meeting
The meeting of the (IRC) was held on 2nd July, 2013.
The meeting was chaired by Dr S. V. Ngachan. Dr K.
R. Dhiman, Chairman of RAC was also present as
expert member. Dr S. V. Ngachan gave a brief outline
of the future research thrust of the Institute. He said
that in the XII Five Year Plan Jhum Improvement,
Temperate horticulture, Trans-boundary Disease
Management are some of the thrust research areas of
the Institute. In the IT sector, KIRAN is a flagship
programme. He suggested the scientists to develop
projects in these areas while keeping in mind the theme
of “Farmers first”, “ARYA” “Student ready” etc.
policies of ICAR. Dr Ngachan also proposed to initiate
institute award on the “Foundation Day” in the honour
of Dr M. S. Swaminathan and the founder Director Dr
D.N. Borthakur. The house, in one voice, endorsed the
proposal. Total 70 completed / new projects were
presented in the IRC.

IMPORTANT MEETINGS
Research Advisory Committee (RAC) meeting
The Research Advisory Committee (RAC) meeting
of ICAR Research Complex for NEH Region was held
on 30th June and 1st July, 2013 at Umiam under the
chairmanship of Dr K. R. Dhiman. Dr Nawab Ali, Dr
Lal Krishna and Dr D. D. Patra were the other members
present in the meeting. Dr S. V. Ngachan extended a
warm welcome to all the members and presented the
achievements and future programmes of the Institute.
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Seminar on emerging challenges for hill agriculture
in 2050
A 3-days seminar on ‘Emerging challenges and
prospective strategies for hill agriculture in 2050’
organised by the Indian Association of Hill Farming
(IAHF) was held at ICAR Research Complex,
Nagaland Centre, Jharnapani during January 23-25,
2014. His Excellency, Governor of Nagaland, Dr
Ashwani Kumar inaugurated the programme. He
highlighted that India is now producing more than 250
million tonnes of food grains despite the economic
slowdown He hoped the issues of quality seeds,
processing, packaging, marketing, labour, water,
irrigation, etc., will be encompassed in the Vision 2050.
The Governor also inaugurated the ‘Citrus Processing
Facility’ at ICAR Complex and released the
‘Compendium’ during the function. Dr SP Ghosh, ex
– DDG, Horticulture, ICAR, New Delhi and Dr KR
Dhiman, Ex-VC, YSPUH & F, Solan also graced the
occasion. The key note address was delivered by Dr
KR Dhiman, while the programme was chaired by Dr
SV Ngachan, Director, ICAR NEH. Many scientists,
researchers, students, agriculture experts, policy
makers, entrepreneurs, biotech companies and
stakeholders from different parts of the country attend
this programme.

Director, Tripura Centre attended the meeting.
Principal Secretary along with the officers had visited
all the experimental plots of ICAR including Animal
Science units. The varieties to be proposed for release
by State varietal Release Committee were rice (TRC2008-6, TRC- 2008-4, TRC- 2013-4, TRC -2013-5,
TRC-2013-12, IR 64 NIL DRT, Vandana NIL DRT),
mungbean (TRC-mung 131-1), urd (TRC- urd 99-2,
papaya (RCTP-1), elephant foot yam (TRC- Batama
1) Discorea alata (TRC-D1) and pineapple (PQM 1).

Principal Secretary, Agriculture and State Officials

DISTINGUISHED VISITORS
Visit of Dr S. Ayappan, Sectary DARE and DG,
ICAR
Dr S. Ayappan Sectary DARE and Director General
ICAR visited the portable carp hatchery at Tura on
26th March 2014 along with Dr S.N. Puri, VC, CAU
and Dr S.V. Ngachan, Director, ICAR (RC) NEH. The
hatchery was established under Tribal Sub Plan (TSP).
Dr S.V. Ngachan had briefed about the carp hatchery
and its benefits to the tribal farmers of Tura. DG also
Participants in seminar on ‘Emerging challenges for
hill agriculture in 2050’

ICAR-State Interface Meeting
ICAR-State Interface Meeting under the
chairmanship of Dr V. K. Bahuguna, Principal
secretary, Agriculture, Govt. of Tripura was held at
ICAR Research Complex for NEH region, Tripura
centre on the 10 th December, 2013 and Director
(Agriculture), Director (Horticulture), Joint Director
(Research) and Chief Executive Officer (SLNA)
attended the meeting. All the scientists along with Joint
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visited the KVK, Tura and inaugurated the Agriexhibition which was participated by different ICAR
institute and line departments. More than 400 farmers
participated in the progarmme. He also honored the
innovative farmers of the region.
Dr S. Ayappan, Sectary DARE and Director General
ICAR visited Nagaland Centre of ICAR (RC) NEH
on March 27, 2014. DG called for a brief meeting with
Director, Joint Director, all scientists of the centre for
discussion of research and extension activities. To
commemorate this visit four training programmes were
organized wherein approximately 200 farmers from
all the districts of Nagaland participated.

Lembucherra. Hon’ble DG planted tree saplings at
ICAR, Tripura centre and visited ‘FRP Carp Hatchery’
and had meeting with the Scientists and staff of ICAR
Research Complex, Tripura Centre.
Visit of Deputy Director General (Crop Science)
Dr Swapan Kumar Datta, Hon’ble Deputy Director
General (Crop Science) and Shri S. K. Mitra, Director
(Crop Science), ICAR, New Delhi visited ICAR
Research Complex for NEH Region, Tripura Centre,
Lembucherra, on 27th November, 2013. The DDG
(Crop Science) visited different laboratories,
experimental fields and museum. He had also
interacted with the scientists of the Centre regarding
various ongoing experiments and gave valuable
suggestions for further improvement. He appreciated
different new varieties released from the Centre for
adoption by the farmers of the state.

DG, ICAR and Scientists interaction

Hon’ble DG accompanied by Dr S. N. Puri, Hon’ble
Vice Chancellor, CAU, and Dr S.V.Ngachan, Director
visited Tripura Centre on 24 th July’2013 and
Mushroom House and Instrument Room were
inaugurated by Hon;ble DG.
Dr S.V.Ngachan, Director ICAR (RC) for NEH
Region, discussed on scope and importance of Tuber
crops with Hon’ble Secretary (DARE) & DG, ICAR,
Dr S. Ayyappan at ICAR RC, Tripura Centre,

DDG (Crop Science) visiting laboratory

IMPORTANT EVENTS
Consultation program on contingency planning in
north east region
A consultation program on “Contingency Planning
in North East Region” was organized on 2nd September,
2013 at ICAR Research Complex for NEH Region,

Dr S.V. Ngachan, Dircetor ICAR (RC) with Hon’ble
Secretary (DARE) & DG, ICAR
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Umiam. The event was attended by Dr A.K. Sikka,
DDG (NRM), ICAR, New Delhi.

towards the needs of the society. Presentations from
Dr S K Das, Principal Scientist (Fishery Science) and
Dr Anup Das, Senior Scientist (Agronomy) who had
visited overseas universities were also scheduled as
part of the celebration.

Stakeholder’s workshop organized under
Agricultural Model Inter-comparison and
Improvement Project
A stakeholders workshop on “Rice production
under climate change scenario in north-eastern hill
region: adaptation and mitigation strategies” under
AgMIP was organized on 10 September, 2013 at ICAR
Research Complex for NEH region, Umiam,
Meghalaya. The workshop was attended by about 60
participants from ICAR Research Complex, Umiam,
Central Agricultural University, Umiam, NBPGR
Shillong Centre, KVK, Ri-Bhoi, technical staff,
research fellows and students. The workshop was
chaired by Dr S.V. Ngachan, Director, ICAR Complex,
Umiam, Meghalaya. Dr K. P. Mohapatra, Sr. Scientist
(Forestry) welcomed the gathering and gave a brief
account of agricultural models with emphasis on
APSIM (Agricultural Production System Simulator)
developed by the CSIRO, Australia in which scientists
of the institute were trained through SAARC-Australia
Project during 2011-12.

Dignitaries in National Science Day

Livestock Farming and Livestock Disease
Awareness Day 2014
ICAR Tripura Centre celebrated ‘Livestock farming
and Livestock Disease Awareness Day 2014’ on 17th
February, 2014 at Berimura, Bamutia Panchayat (West
Tripura) with joint collaboration of Animal Resource
Development Department (ARDD), Govt. of Tripura.
The programme was sponsored by National Institute
of Veterinary Epidemiology and Disease Informatics
(NIVEDI), Bengaluru, Karnataka.
In the programme, more than 250 farmers, village
level veterinary development officers, subject matter
specialist of KVKs, NGOs, local social workers and
ICAR scientists from different states including Tripura
actively participated. The programme was inaugurated
by Shri Aghore Debbarma, Hon’ble Minister for
Agriculture and Animal Resources, Govt. of Tripura.
Dr M. Datta, Joint Director, ICAR Tripura Centre
welcomed the dignitaries, experts and participants. He
remarked the need and importance of the programme
for the region. Besides Hon’ble Minister, the inaugural
session was graced by Shri Haricharan Sarkar, Hon’ble
MLA, Bamutia Constituency as Guest of Honour. Shri
H. Das, Vice-Presdient, (Bamutia Gram Panchayat
Samiti), Dr P.P. Sengupta, Principal Scientist
(NIVEDI), Dr R. Saha, Assistant Director (ARDD),
Dr A. Sen, Principal Scientist (ICAR-NEH, Umiam,
Meghalaya), Dr S. Bandopadhyay, Principal Scientist
(IVRI, Kolkatta Centre) and Dr Kamal Chakroborty,
Assistant Director (ARDD). Dr P.P. Sengupta, Principal
Scientist (NIVEDI) informed the national level
possibilities of livestock disease web-based forecasting
and preventive approaches. The programme has created

Stake-holder’s workshop organized under AgMIP

National Science Day – 2014
National Science Day was observed at ICAR HQ
Umiam to commemorate the discovery of Raman
Effect. Sir C. V. Raman was the first Indian scientist
to be honoured with the prestigious Nobel Prize in
Physics. The chief guest for the occasion, Dr S
Sudhakhar, Director North East Space Application
Centre (NESAC) emphasized the importance of
science in upliftment and transformation of society in
NEH region. The guest of honor for the occasion was
Dr B M Jyrwa, Dean Physical Science North Eastern
Hills University. Speaking on the occasion Dr Jyrwa
appreciated the efforts taken by the ICAR institute to
organize such National events. The director in charge
of ICAR institute Dr Satish Chandra said that this kind
of events alert the scientific community for their role
ANNUAL REPORT 2013-14
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AWARDS AND RECOGNITIONS
Sardar Patel Outstanding ICAR Institution Award
ICAR Research Complex for North Eastern Hill
Region has been adjudged the Best ICAR institution
among Large Institute category for its achievement in
Conservation Agriculture. Hon’ble President of India
Shri Pranab Mukherjee, conferred Sardar Patel
Outstanding ICAR Institution Award on 16 July, 2013
on the occasion of ICAR Foundation Day and Award
Ceremomy which was held at ICAR, New Delhi. Dr
S.V. Ngachan, Director ICAR RC NEH Umiam,
Meghalaya received the award.

Shri Aghore Debbarma, Hon’ble Minister for
Agriculture and Animal Resources, Govt. of Tripura
inaugurating the programme

a massive enthusiasm and interest among the livestock
farmers in the locality. Animal Health Camp took place
on the 18th February, 2014.
38th Foundation Day Celebration of ICAR Sikkim
Centre
ICAR Research Complex for NEH Region, Sikkim
Centre, Gangtok organised a day long programme to
commemorate the 38th Foundation Day on 10th October,
2013. On this occasion, Felicitation of successful
farmers, Input distribution programme, Release of
Extension Folders, Farmers’ field visit and FarmersScientists’ etc. were kept. Shri D. N. Takarpa, Hon’ble
Minister of Agri. and Hort., Govt of Sikkim,
inaugurated the celebration as Chief Guest. Shri D. N.
Sapkota, Chairman, Agriculture and Horticulture
Board, Govt of Sikkim as Guest of Honour, Shri S.
Pradhan, Secretary, Deptt. of Food Security & Agril.
Devt. and Hort. & Cash Crop Devt., Govt of Sikkim
and Shri D. P. Sharma, IAS, Secretary, Deptt. of AH,
LF& VS, Govt of Sikkim as Special Guests, Shri P. T.
Bhutia, Principal Director (Agriculture), Govt of
Sikkim and Dr R. K. Avasthe, Joint Director, ICAR
Sikkim Centre. Besides that many distinguished guests
from State line departments, National Horticulture
Board, Press Information Bureau; Scientists from
ICAR Sikkim Centre, NRC for Orchids, Regional
Centre of IBSD, GBIPHED, Spices Board; with more
than 150 farmers were also present in the function.
Nine technical folders on various topic were released
and twelve successful farmers were felicitated for their
outstanding contribution in different areas of farming.

Dr S. V. Ngachan, Director ICAR RC NEH Umiam,
Meghalaya receiving the award

Fakhruddin Ali Ahmed Award
Dr A. S. Panwar, Principal Scientist and Incharge
of Farming System Research project, ICAR Research
Complex for NEH Region Umiam, Meghalaya has
been awarded the prestigious “Fakhruddin Ali Ahmed
Award” for outstanding research in tribal area. The
award was shared with Dr S.V. Ngachan, Director of
the Institute and Dr Anup Das, Senior Scientist. The
award was presented by Sh. Sharad Pawar, Hon’ble
Union minister of Agriculture and food processing,
Govt. of India on ICAR foundation day on 16.7.13 in
New Delhi. The title of his research is “Improving
tribal livelihood through conservation agriculture
based farming systems in northeastern hills region”.

Dr A. S. Panwar, ICAR RC NEH Umiam, Meghalaya
receiving the award

Farmers’ felicitation by the Chief Guest
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2. RESEARCH ACHIEVEMENTS
MEGHALAYA
Weather Report
The report describes the weather at Umiam
(Barapani), Meghalaya for the period April, 2013 to
March, 2014 recorded at the agro-meteorological
observatory of the institute. The total annual rainfall
was 2011 mm with monsoon rainfall (June to
September) of 1182.5 mm, which was about 59 percent
of the total annual rainfall. There were 129 rainy days
(more than 2. 5mm rain per day) during the year of
which monsoon season constituted about 82 rainy days,
i.e. 63 percent. April, May and October months
contributed about 41 rainy days while November,
December and January did not contribute any. The
monsoon rainfall was 361.4 mm less than the normal
monsoon rainfall, i.e.1543.9 mm. The highest rainfall
in a single day was 103.6 mm on 24th September, 2013.
The total annual pan evaporation was 880.5 mm. The
monthly variation in rainfall and evaporation is
depicted in the Fig 1. The rainfall was more than the
pan evaporation for the April to October, but the reverse
happened for the period November to March.

Fig 2 Trend of mean monthly maximum and minimum
temperature

The variation in the morning relative humidity (RHmorning) was much less as compared to the evening
relative humidity (RH-evening) (Fig 3). The RH
(morning) varied from 78.2% to 89.2% in February
and August respectively while RH (evening) varied
between 46.1% to 73.6% in November and June
respectively.

Fig 1 Monthly trend of rainfall and pan evaporation

Fig 3 Trend of mean monthly relative humidity
recorded at morning and evening hours

The mean monthly maximum temperature (Mean
Tmax) and mean monthly minimum temperature
(Mean Tmin) showed a similar pattern of change
throughout the year (Fig. 2). The Mean Tmax remained
almost similar between 27.4°C to 28.7°C from April
to September and dropped thereafter to a low value of
21°C in December. The Mean Tmin was highest in
July with a value of 20.2°C and lowest in January with
a value of 5.3°C.

The difference in the soil temperature (Fig 4)
recorded at morning and the evening was highest for
the surface soil layer i.e. 5 cm and decreased in the
deeper layers. There was almost no change in soil
temperature between morning and evening at 30 cm
depth. Hence it can be said that at this depth the diurnal
variation was very less but the monthly variation
followed the trend of the atmospheric temperature.
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best yield of Bhalum 3 across all trials (3.97 t/ha). The
next most promising genotype was RCPL 1-412 (4.29
t/ha) showing 8.06% yield advantage over Bhalum 3.
In the advanced variety trial for upland, RCPL 1-412
was the highest yielder at Umiam. Seven yield
evaluation trials were conducted under upland
condition. None of the advanced generation lines
showed yield superiority over the best check.
In the wetland ecology, six yield evaluation trials
viz. RCRT(2), advanced variety trial (1), and 4
preliminary
yield trials viz. International
Observational Nursery (2) and advanced generation
evaluation (2) were conducted. Yields of three top
ranking genotypes from the yield evaluation trials
along with check yields are presented (Table 1). In
RCRT trial, RCPL1-131 was the highest yielder (5.15
t/ha) and showed 10.5 % yield advantage over the best
yield of the best check Megha SA 1 (4.66 t/ha) across
the trials followed by RCPL 1-103 (4.88 t/ha). In the
advanced variety trials HPR2865 was the highest
yielder (6.23 t/ha).
In the preliminary evaluation (F8) two selections
from cross LabPG520 (a somaclone of Bhalum 3) x
Shahsarang 1 (Line 17 and Line 52) showed 15.4 %
and 28.3% yield advantage over the best yield of the
check (across trials) Megha SA1 and yielded 5.48 t/ha
and 5.98 t/ha. In the trial with F6 lines, line No. 22
from the cross Shasarang x Moringaphou was the
highest yielder (6.28 t/ha). In the ‘Green Super Rice
Trial’ none of the genotypes was better than the check
Shahsarang’ but the genotype ‘Weed Tolerant Rice 1’
yielded at par with the check (4.17 t/ha compared to
4.22 t/ha of check). This trial will be repeated as the

Fig 4 Trend of mean monthly soil temperature at 5 (a),
10 (b), 20 (c), and 30 (d) cm depths recorded at
morning and evening hours

CROP SCIENCES
RICE
Yield evaluation
A set of 70 selected germplasm lines was evaluated
with 3 checks (Bhalum 1, Bhalum 3 and RCPL 1-412)
to assess their suitability for direct introduction.
Genotypes Yumiyu (2.38 t/ha), IR43 (2.64 t/ha) and
Rohulla (2.23 t/ha) were found suitable for direct
introduction under sloppy land condition. Among the
upland lines, RCPL 1- 413 (4.48 t/ha) was found most
promising showing 12.85% yield advantage over the

Table 1 Summary of yield evaluation trials in the wetland ecology listing promising genotypes
Rank/
Check

RCRT 1
(Y/DF)

RCRT 2
(Y/DF)

AVT1-MH
(Y/DF)

IVT-MH
(Y/DF)

F6
(Y/DF)

F8
(Y/DF)

1st

RCPL1-131
(5.15/107)
B10387…3KY-3
(4.88/112)
RCPL1-408
(4.29/110)
Shasarang
(4.22/109)
RCPL1-160
(4.24/112)
05-06-13
0.77

RCPL1-459
(4.96/118)
BM9855
(4.74/115)
RCPL1-145
(4.52/122)
Shasarang
(4.51/109)
RCPL1-160
(4.66/112)
05-06-13
0.4

VL31611
(5.65/96)
VL31644
(5.26/104)
HPR2687
(4.96/100)
Shasarang
(4.50/110)
HPR2143
(4.34/94)

HPR2865
(6.23/98)
VL31630
(5.83/104)
Shasarang
(5.30/108)
Shasarang
(5.30/108)
Vivekdhan 62
(5.23/96)

3.12

0.92

SM22
(6.28/106)
SM44
(5.96/106)
SM25
(5.72/108)
Shasarang
(4.88/108)
IR64
(3.02/101)
12-06-13
0.81

LS52
(4.54/108)
LS17
(4.37/105)
LS49
(3.87/102)
RCPL1-160
(4.18/107)
Shasarang
(3.79/107)
12-06-13
0.73

2nd
3rd
Check 1
Check 2
Sowing date
CD (P= 0.05)

Y – Yield; DF – Days to 50% flowering; SM – Cross Shasarang x Moirangphou (SM22- Line No. 22 of the cross); LS – Cross LabPG520 x Shasarang
(LS52 line No. 52 of the cross)
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sowing was late and the genotypes suffered from low
temperature at grain filling stage. In the International
Observational Nursery, 287 lines were evaluated and
16 promising lines (Yielding >6t/ha) were selected for
further evaluation.
Sixty three F 8 lines from four crosses were
evaluated under high altitude condition with Megha
Rice 1 and Megha Rice 2 as checks. Two lines from
the cross Megha Rice 2 x Newli and one line each
from Megha Rice 2 x Nonglowai, Nonglowai x Abor
B and Nonglowai x Dullo 10, yielding more than 3.5
t/ha have been selected for on farm trial.Two sets of
lines (F8 and BC3F4) developed from cross between
Shahsarang x O. rufipogon and Lampnah x O.
rufipogon and Ngoba x O. rufipogon were evaluated
for leaf blast infection and yield. HR12 was used as
the susceptible check for blast. All these lines contained
a new allele of pikh gene for blast resistance. Among
the 47 F8 lines tested, line No. 19 (Shahsarang x O.
rufipogon) was the highest yielder (25.06 g/plant)
compared to Shahsarang (17.43 g/plant). Wide
variation in awn length, husk colour and seed shape
was seen (Fig. 1a). Among the BC3F4 lines, line No. 1
(Lampnah x O. rufipogan) was the highest yielder
(43.05 g/plant) against 26-78 g/plant of Lampnah. Also,
more than 95% of the Lampnah character was
recovered (Fig. 1). None of the lines from Ngoba x O.
rufipogon was able to yield more than any of the
checks. Eighteen new crosses involving wetland
genotypes were successfully made. Total 496
germplasm lines were maintained in active collection
and 94 new lines were collected.

in the cross Miyang 15 x RCPL 1-303 followed by
Abor A x RCPL 1-160 (Table 3). Linear regression
analysis showed that 44.2 % of the variation in
regeneration percentage in the anther-derived calli is
explained by the callusing percentage which also
explains about 66.2 % of the variation seen in albino
plant regeneration.
Table 2 Callusing and plant regeneration
percentages from F 1 anthers of various cross
combinations

Fig 1 F8 lines of Shasarang x O. rufipogon and
Lumpnah x O. rufipogon showing variation in seed
shape, awn and husk colour (on both sides). BC3F4 line
of Shasarang x O. rufipogon showing attainment of
seed size and shape of Shasarang (RP)

Callusing Green plant Albino plant
(%)
regeneration regeneration
(%)
(%)

Miyang 15 x
RCPL 1-303
Chankimaso x
Vivek Dhan 154
Miyang 15 x
RCPL 1-160
Bapnah x
Bhalum 3
Yimyu x
Bhalum 3
Bhalum 3 x
RCPL 1-120
Khonorullo x
RCPL 1-303
Abor A x
Khonorullo
Ioro Epyo x
Vivek dhan 154
Khonorullo x
Bhalum 2
Abor A x
RCPL 1-160
Yimyu x
RCPL-413
RCPL 1-128 x
RCPL 1-112
Yimyu x
RCPL-412
SE (N= 18)
5%LSD 241DF

23.70

15.40

6.40

24.70

6.20

2.40

25.30

1.80

3.70

5.22

0.50

0.20

13.20

1.40

2.50

0

0.90

0.40

1.50

0

0.30

19.80

6.30

2.00

4.50

0.20

0.80

8.44E-02

1.20

3.50

0.90

0.40

3.40

0

0.90

2.30663

0.128951

0.258664

2.63041
7.3269

2.433
6.77703

0.682309
1.90055

5.70
10.50
1.20

17.40

Phenomic screening of rice genotypes for cold
tolerance
Total 101 genotypes were screened for 10
characters under two temperature regimes (Fig 2). One
set was grown at 27 / 20oC day / night temperature.
The other set was grown at 20 / 15oC day/night
temperature. Megha Rice 2, Khonorullo and Abor B
(known cold tolerant genotypes) were used as checks.
Analysis of variance for ‘Temperature’ and
‘Genotype x Temperature’ showed significant effect

Doubled haploid generation through anther culture
Total 316 doubled haploids were regenerated
through culture of F1 anthers from 14 crosses. Callusing
percentage was the highest in Miyang 15 x RCPL 1160, followed by Chankimaso x Vivekdhan 154 and
Miyang 15 x RCPL 1-303 (Table 2). In general, crosses
involving Miyang 15, showed high callusing
percentage. Regeneration percentage was the highest
ANNUAL REPORT 2013-14
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observed in this study. However, addition of days to
flowering to this model reduces the explanatory power
of the data (r2 – 0.645). Analysis of Type III sum of
squares (that indicated relative contribution of each
variable to the model) showed that pollen viability,
spikelet fertility, biomass, RWC contributed
significantly to the observed variation. Therefore, these
are the traits that may be studied in more detail for
further studies. Although days to flowering showed
significant increase under low temperature condition,
its effect on the overall variation was low. Chlorophyll
content and canopy temperature also did not bring in
significant information to the model. However, it is
possible that their effect was masked by the fact that
the study location suffer from very low bright sunshine
hour. The chart (Fig 3) shows the distribution of
genotypes (blue dots) against the predicted values
(dotted line) for yield per plant. The confidence limit
(95%) lines (solid line) indicate that 6 of the 101
genotypes (5.94%) were outliers. The work was carried
out under a NFBASARA funded project.

A

B

Fig 2 (A) K332 (susceptible) and (B) Kuban 3
(tolerant) genotypes at flowering stage in the Upper
Shillong farm (1980m asl)

of both temperature and genotype on all characters.
Analysis of overall mean for temperature effect (Table
3) showed significant reduction for all traits except
for tiller number and biomass. The increase in biomass
was probably because of increase in tiller number.
Pollen viability, spikelet fertility and yield per plant
were most affected. Almost all genotypes showed
delayed flowering under low temperature conditions.
Analysis of covariance with yield per plant as the
response variable (temperature being qualitative
explanatory variable) indicated that the 10 explanatory
variables describe more than 90% of the variation

Fig 3 Distribution of genotypes in a plot of predicted
versus observed value. Note only six genotypes are
outside the 95% confidence limit

Analysis of heat stress responsive genes in rice
A forward subtracted library was constructed from
cDNAs isolated from leaves of RCPL-136 cultivar

Table 3 Analysis of overall means for the effect temperature
TEMP

NOS

Normal
Low
SE(N= 303)
LSD(P=0.05)

303
303
604DF

DF

PH

RWC

BMS

YLP

SPK

SDWT

CT

80.39
120.00
0.72
6.66

121.39
108.36
0.63
1.75

91.27
80.28
0.77
2.13

13.75
15.58
0.35
0.96

9.52
6.06
0.22
0.62

92.42
77.11
0.70
1.95

2.94
2.38
0.02
0.05

28.26
22.12
0.14
0.39

TLNO
7.93
10.12
0.18
0.51

Under low temperature conditions yield per plant showed significant positive correlation with plant height (PH r2 – 0.293), Tiller number (r2 – 0.054),
seed weight (r2 – 0.271), spikelet fertility (r2 – 0.222), biomass (r2 – 0.099), RWC (r2 – 0.306), plant height (r2 – 0.056) and days to flowering (r2 –
0.051).
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(identified as heat tolerant at vegetative stage in
previous findings). The isolated ESTs were assembled
into 83 contigs comprising 2 to 57 individual ESTs
and 117 singlets yielding a total of 200 unigenes of
average length 658 bp. It includes ~60 heat responsive
genes that are involved directly or indirectly in abiotic
stress regulation. It includes transcription factor such
as NAM, proteoasome pathway genes such ubiquitin
ligase, heat shock proteins etc. Gene ontology analysis
of the unigenes showed that in biological process
category, cellular process (~66%), metabolic process
(~62%) and response to stress (~24%) associated genes
were found highly expressed. In molecular function
category, catalytic activity (~46%) and binding (64%)
associated genes were found highly expressed (Fig 4).

genotypes was checked by comparing their
performances at all the concentrations. Genotypes viz.,
SKAU (90.67-0%P, 88-50%P and 101-100%P), Aaha
(86.67-0%P, 94.00-50%P and 123.67-100%P), IDAW
(72.34-0%P, 77.66-50%P and 70.34-100%P) and
Anjali (70.34-0%P, 75.34-50%P and 95.34-100%P)
excelled for root length difference. Correlations
between root length difference and root dry weight
(0.173-0%P, 0.165-50%P and 0.187-100%P) were also
computed but significant association was not observed.
Nutritional quality evaluation of upland rice
Nutritional and cooking qualities were estimated
for the selected set of genotypes and selection of
superior genotypes based on their performances was
done. Among the genotypes Posimot (88), Trai (83.8)
and N-861 (81) were found to be superior as far as
hulling percentage is concerned. For milling percentage
Trai (78.6) and chankimaso (75) were superior.
Vietnam (+++), Silky rice (+++), IRAT-141 (+++), Col
-4 (+++), Bungbutial (+++) and Trai (+++) had shown
aromatic behavior.
Seed production
Breeder seeds of the released varieties of upland
(0.8 t), wetland (1.2 t) and high altitude (0.6 t) rice
were produced. In addition, 9.0 t of seed of Megha
Rice 1 and Megha Rice 2 was produced in seed village
programme of CURE.

Fig 4 Gene Ontology analysis of heat associated
unigenes in rice

Training
Three training programmes were conducted under
CURE project (Fig 5). Thirty one male and twenty
four female farmers attended the training programmes
which covered weed management, seed selection and
seed storage.

In biological process category, response to stimulus
(GO: 0050896), response to abiotic stress (GO:
0009628) and response to stress (GO: 0006950),
metabolic process (GO: 0008152), primary metabolic
process (GO: 0044238), cellular metabolic process
(GO: 0044237) and cellular process (GO: 0009987)
were found as positive regulator of heat responses in
rice. On the other hand, localisation (GO: 0051179),
establishment of localisation (GO: 0051234), gene
expression (GO: 0010467) and transcription (GO:
0006350) were found as negative regulator of heat
stress responses. The work was carried out under
NICRA

Fig 5 Training programme on seed selection and seed
storage of upland rice

RICE PATHOLOGY
Under AICRP, 1188 lines were screened against rice
blast disease in uniform blast nursery pattern. Ninety
entries were found to be resistant.

P deficiency tolerance in rice
A set of upland germplasm were checked for
tolerance to low P conditions keeping P concentrations
at 62 μM, 31.5 μM and 0 μM. The superiority of
ANNUAL REPORT 2013-14
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INSECT PEST

MAIZE
Eight yield evaluation trials were conducted under
the AICMIP. Promising lines identified from the trials
are given in the Table 1. A set of 132 germplasm were
maintained. In addition, four inbreds were advanced
to S4 generation.
In the programme for development of QPM version
of VL398 through marker aided selection, 63 BC3F4
lines were screened for presence of homozygous o2
and inheritance of recurrent parent. Twenty five lines
homozygous for o2 (lines G2, G13, G15 in the (Fig 1)
and showing more than 93% inheritance were selected
for growing BC3F5 and assessment of combining
ability.

Management of root aphid in upland rice
Seed treatment with Imidachloprid 17.6SL (3ml/
kg of seed) was found most effective (73% yield
increase over control) against root aphid and white
grubs (Fig 6); followed by seed treatment with
Chlorpyriphos 20EC (3ml/kg of seed); soil application
of carbofuran 3G (8kg/ha). Severe infestation of root
aphid and white grubs was found in control plot (Fig
6).

Fig 1 Gel picture showing assessment of homozygosity
for o2 in the BC3F4 progeny of VL398 x CML180

Physiological studies on maize genotypes under
elevated and ambient condition
Phonological studies were carried out with a minicore of five heat tolerant maize genotypes
(composites). Ten day old seedlings of both tolerant
and susceptible genotypes were exposed to elevated
temperature until maturity. The temperature was
adjusted to 36 / 26 o C day / night temperature
throughout the growth period. Observations were taken
on leaf thickness, leaf area, specific leaf area, specific
leaf weight, relative loss of water, chlorophyll content
and photosynthetic parameters.
Leaf thickness, leaf area and specific leaf weight
were higher in ambient condition. However, specific
leaf area (SLA) and relative loss of water (RLW) is
higher in case of elevated condition than the ambient

Fig 6 Plot treated with Imidachloprid 17.6SL (3ml/kg
of seed - at the left) is protected from infestation of
root aphid & white grub compared to severe
infestation in the untreated plot (at the right)

Evaluation of IPM practices against major pests
of lowland rice
Among all treatments, IPM module consisting of
seedling root dip treatment with Imidachloprid
17.5SL@ 5ml/lit of water + clipping of leaf tips before
transplanting + two alternate sprays (15 days interval)
of Neem oil 0.3% @ 2ml/litre water and
entomopathogenic fungus Beaveria bassiana 1x109
cfu/ml@ 7 ml/litre of water at 60 days of transplanting
was found most effective against major pests and
showed yield increase (39%) over control.

Table 1 Promising lines of maize hybrids identified from AICMIP trials
Entry

Cob Wt/plot
(kg)

Days to 50%
anthesis

Days to 50%
silk

Days to 50%
dry husk

Plant height
(cm)

Ear height
(cm)

PHM12(Y)

5.24

57.0

58.0

107.5

178.5

90.5

BH 411520

5.17

55.5

56.5

107.5

164.5

73.0

JH 31600

5.41

56.0

57.0

107.5

206.0

105.5

HM 12(C)

6.30

61.0

62.0

110.0

199.0

114.5

NMH 1258

3.36

52.0

53.0

104.3

165.3

75.3

MCH 46

5.35

64.5

65.5

114.0

216.5

98.5

PMH 1(C))

4.64

61.0

62.0

112.0

224.5

124.0

PRO 385

4.45

60.5

61.5

113.0

203.5

93.5
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and the assays for inhibition of DPPH scavenging
activity (%), total antioxidant capacity (AAE),
superoxide dismutase, catalase and guaiacol peroxidase
content were performed. Results are presented in table 4.
Preliminary results indicate varying levels of
antioxidant capacity in all six genotypes (Table 4).
Inhibition of DPPH scavenging activity was higher in
RCMGP 40 and RCMGP 124. Besides RCMGP 63
and RCMGP 105 exhibiting higher TAC and SOD
activities, these two genotypes were also observed to
have higher GPX and CAT activities, respectively
(Table 4).
Histochemical localization of superoxide anion
(O2.) at 20 day-old leaves indicated more blueformazan
formation, an indication of tissue damage, in all
genotypes under elevated temperature. Based on the
above studies, it appeared that RCMGP63 and
RCMGP105 are more tolerant to elevated temperature
of 37oC (Fig. 2).
Elevated temperature initiated an increase in lipid
peroxidation ranging from 1.2-4.5% and 1.4-2.4% at
10 and 20-day seedling stages, respectively. H2O2
concentration also increased from 1.2-19% and 2-48%,
respectively.

condition (Table 2). Chlorophyll a, chlorophyll b and
chlorophyll (a+b) content was also found to be higher
in elevated condition than the ambient condition but
RCMGP 47 was found to be low in Chlorophyll a and
chlorophyll b content when exposed to elevated
temperature (Table 2). In case of photosynthetic
parameters, higher transpiration rate, higher stomatal
conductance and higher photosynthetic rate was
observed in RCMGP 105 under elevated temperature.
An opposite trend was generally observed for the other
genotypes. However, lower intercellular CO 2 in
RCMGP 105 under elevated condition might
correspond to a rapid photosynthesis rate under
elevated temperature (Table 3).
Antioxidant capacity of maize seedlings under
elevated temperature
Seedlings of six maize (Zea mays) genotypes,
namely RCMGP 40, RCMGP 47, RCMGP 63,
RCMGP 105, RCMGP 121, RCMGP 124, prescreened
for heat tolerance and susceptibility, were raised for
10 and 20 days in pots using Yoshida’s nutrient solution
at ambient temperature. Seedlings were then treated
at 37°C (control seedlings kept at ambient temperature)

Table 2 Effect of elevated temperature on leaf characters of selected maize genotypes
Genotype

RCMGP 47
RCMGP 105
RCMGP 39
RCMGP 121
RCMGP 122
CD (P=0.05)

Leaf thickness(cm)

Leaf area(cm2)

Specific leaf area
(cm2/g)

Specific leaf weight
(g/cm2)

Relative loss of water
(RLW) (mg/cm2/hr)

Elevated Ambient
Temp

Elevated Ambient
Temp

Elevated
Temp

Ambient

Elevated
Temp

Ambient

Elevated
Temp

241.67
273.12
448.84
102.73
93.56
145.96

143.98
174.52
137.02
152.68
161.26
30.07

45.22
40.78
22.29
37.35
23.39
18.27

69.87
58.55
73.01
65.71
62.69
10.66

0.16
0.14
0.13
0.13
0.12
0.039

0.18
0.18
0.17
0.15
0.16
0.036

377.03
480.52
366.74
430.87
431.01
198.48

513.04
629.16
612.44
591.37
604.78
97.67

Ambient

0.39
0.49
0.35
0.37
0.45
0.031

0.17
0.18
0.26
0.28
0.22
0.20

Table 3 Effect of elevated temperature on chlorophyll content and photosynthesis in selected maize
genotypes
Genotypes

RCMGP47
RCMGP105
RCMGP39
RCMGP121
RCMGP122
CD (P=0.05)

Chlorophyll a

Chlorophyll b

Transpiration rate
(mmol m2 s-1)

Photosynthetic rate
(mmol m2 s-1)

Stomatal
conductance
(μmol m2 s-1)

Intercellular CO2
ppm

Elevated Ambient
Temp

Elevated
Temp

Elevated
Temp

Elevated Ambient
Temp

Elevated Ambient
Temp

Elevated Ambient
Temp

1.58
1.79
2.15
2.04
2.31
0.015

2.72
1.54
1.86
1.69
1.65
0.013
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1.87
2.40
1.37
2.25
2.19
0.019

Ambient
2.08
1.16
1.27
2.57
1.63
0.020

0.46
0.54
0.52
0.61
0.45
0.019

Ambient
0.81
0.38
0.49
0.51
0.36
0.013

14

13.43
22.39
9.36
10.38
14.93
0.040

26.94
15.66
9.43
29.45
18.69
0.063

91.55
123.55
70.09
103.00
132.88
0.12

158.50
90.95
93.85
210.22
136.90
0.022

102.87
40.96
111.17
138.19
136.40
0.028

30.77
77.24
149.95
82.19
98.00
0.035

Table 4 Antioxidant capacity of different maize genotypes under heat stress
Genotype

Temperature Inhibition of
Total
SOD (IU)
condition
DPPH scavenging Antioxidant
activity (%)
Capacity (AAE)

RCMGP 40

Ambient
Elevated
RCMGP 47 Ambient
Elevated
RCGPM 63 Ambient
Elevated
RCMGP 105 Ambient
Elevated
RCMGP 121 Ambient
Elevated
RCMGP 124 Ambient
Elevated
LSD (P=0.05)

CAT
(μmol min-1mg-1
protein)

GPX
(μmol min-1mg-1
protein)

10d

20d

10d

20d

10d

20d

10d

20d

10d

20d

55.52
67.27
54.95
64.58
61.61
63.66
60.26
67.13
57.08
59.48
45.32
72.94
2.589

67.98
80.02
74.22
75.35
80.02
83.65
68.82
70.27
72.77
75.66
70.21
75.39

3.19
2.54
2.28
2.80
2.49
2.83
2.54
2.99
2.54
2.64
2.59
1.85
0.395

7.44
6.18
4.39
5.43
3.65
4.17
4.27
5.89
5.11
6.12
5.73
5.43

0.544
0.706
0.588
0.459
0.707
1.120
0.773
0.993
0.778
0.615
0.790
0.765
0.044

0.651
1.04
0.747
0.833
0.676
0.855
0.828
1.15
0.478
0.637
0.558
0.826

33.95
51.70
9.88
21.90
12.99
19.14
42.69
60.69
26.40
13.42
11.51
13.46
2.479

31.75
37.44
16.38
36.35
20.35
29.80
48.24
55.74
22.55
53.70
20.46
29.51

0.049
0.100
0.060
0.060
0.077
0.169
0.044
0.075
0.064
0.164
0.046
0.100
0.146

0.863
0.999
0.665
1.770
1.110
1.900
0.722
0.868
1.690
1.930
1.540
2.090

DPPH: 1, 1-Diphenyl-2-picrylhydrazyl; TAC: Total Antioxidant Capacity; AAE: Ascorbic Acid Equivalent; SOD: Superoxide dismutase; CAT: Catalase;
GPX: Guaiacol peroxidase; IU: International Units

Training
A group of 23 farmers from KVKs (East Khasi Hills
and Ri-Bhoi districts) were trained on seed production
of single cross maize using parental lines of VLQPM
9. Farmers were trained during sowing, detasseling/
bagging and hand pollination for maintenance of
inbreds.
PULSES
Summer Mungbean
One each of AVT and IVT were conducted. SM
13-34, SM 13-25 and SM 13-2 were found superior in
IVT trial whereas entry SM 13-28 was found promising
from AVT trial.
Lentil
Out of 21 genotypes evaluated, PL 8 was found
superior. Seeds of PL 8, PL 6, NDL 1 and Moitree
were multiplied for distribution to farmers in next
season.

Fig 2 Histochemical localization of superoxide anion
(O2.-) at 20 day-old leaves using NitroblueTetrazolium
(NBT)

Screening for Al toxicity tolerance in rice bean
A set of 20 BKSB rice bean genotypes were
evaluated for tolerance to aluminum toxicity. Three
levels of Al concentration (0, 10, 20ppm). For root
length BKSB 192 was superior at 20ppm Al as the
root length difference (final - initial) was highest

Seed production
Total 2.3 t seeds of various composites (RCM 1-1,
RCM 1-2, RCM 1-3, RCM 75 and RCM 76) were
produced and supplied to various centres and KVKs.
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correlation and path coefficients were estimated for
all these traits. Correlation was found significant with
yield and its component traits. A path analysis indicated
that hundred seed weight had highest effect on yield.
A Cluster diagram (Fig. 2) based on agromorphological traits proposed two major clusters A
and B. In our experiment the data revealed that four
principal components having greater than one
eigenvalues contributed 76.2% of the total variation
among forty genotypes of soybean. The traits, which
contributed more positively to PC1 were total pods
per plant (0.430), days to maturity (0.418) and filled
pod per plant (0.411). Fertility percentage (0.577),
hundred seed weight (0.361) and yield per ha (0.350)
contributed more positively to PC2. Number of
branches per plant (0.635) and five pod length (0.644)
contributed more to PC3 and PC4 respectively. MACS
1394, MAUS 612 and PS 1518 were found to be
promising for mid altitudes of Meghalaya.

followed by BKSB 225. For relative shoot length
BKSB 227 was better than other genotypes at 20ppm
Al followed RBS 35. When root and shoot dry weight
were calculated, IC 18181 and BKSB 245 were found
promising.
Yield evaluation of chickpea
Three promising genotypes identified earlier were
evaluated for the second year. Genotype BGD 72 (Fig
2) was the highest yielder (2.18 t/ha) followed by Pusa
372 (1.72 t/ha) and BGM 547 (1.33 t/ha). All the
genotypes matured in about 135 days. Two life saving
irrigations were required to obtain the yield reported.

Fig 2 Promising chickpea genotypes growing at
Umiam

OILSEEDS
Soybean
Coordinated yield trial (IVT and AVT - Fig 1) and
one station trial was conducted. KDS 726 (1852 kg/
ha), PS 1539 (1457 kg/ha) and RVS2002-19 (1457 kg/
ha) were found superior in IVT trial, whereas entry
Dsb 19 (1900 kg/ha) was found promising from AVT
trial. Seeds of RCS 1-1, RCS 1-9 and RCS 1-10 along
with JS 335 were distributed to farmers.
Fig 2 Clustering of soybean genotypes based on
average distance

SOYBEAN PATHOLOGY
Reactions of newly developed AICRP soybean
genotypes to rust disease
Under AICRP, 40 soybean lines were tested in field
during kharif 2013 against rust disease (Phakopsora
pachyrhizi) at Barapani, which is a hot spot location.
Three susceptible check varieties viz., Bragg, JS 335
and JS 93-05 and two resistant check lines (EC 241778
and EC 241780) were included in the trial. Disease
severity calculated as percent disease index (PDI)
ranged 0-81.5. Entry NRC 96 was found free from rust.
Two entries i.e. KBS 100 (PDI 8.15) and MAUS
611(PDI 8.89) were highly resistant. Seven entries were

Fig 1 Field visit by AICRP team

Evaluation of genetic diversity and
interrelationships of agro-morphological
characters in soybean genotypes
Forty soybean genotypes were evaluated for agromorphological traits and genetic parameters,
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stand (net plot), seed yield (g/net plot) and 1000 seed
wt. (g). Pusa Mustard 27, Pusa Mustard 26, Pusa
Mustard 28 and Pusa Mustard 25 were found superior
than the check varieties and toria genotypes.
Seeds of Pusa Mustard 27, Pusa Mustard 26, Pusa
Mustard 28 and Pusa Mustard 25 were multiplied for
distribution to farmers in next season.

rated as moderately resistant, 22 moderately
susceptible and 8 susceptible.
Assessment of yield losses and identification of
tolerant genotypes to consortium of diseases
Thirteen test genotypes and two check vars. Bragg
and JS335 in AVT1 and four genotypes and three check
vars. Bragg, JS335 and JS 93-05 in AVT 2 (Table 2)
were tested mainly for rust under fungicide protected
and unprotected conditions and yield losses were
estimated. Other diseases viz., soybean mosaic virus,
colletotrichum pod blight,frog-eye leaf spot,
rhizoctonia aerial blight and purple seed stain were
also recorded. In general yields were low (239-719
kg/ha) in AVT I trial and per cent yield losses ranged
from 22.3 to 77.1. Yields were normal (1126-2181 kg/
ha) in AVT II trial and estimated percent yield losses
ranged 16.5 to 48.1. Based on yield potential and loss,
genotypes DS 2705, JS 20-69, MACS 1407, NRC 93,
PS 1518 and RKS 113 were identified as susceptible
high yielding tolerant (SHYT) genotypes in AVT 1. In
AVT 2 genotypes Bragg and DS 2706 were categorized
as SHYT and rest genotypes in AVT I and II were
susceptible low yielding. None of the test genotypes
were resistant high yielding.

INSECT PESTS
Evaluation of low cost sticky yellow traps for mass
trapping of mustard aphid, Lipaphis erysimi
Considering the local situations, three different low
cost sticky yellow traps were designed and evaluated
under field conditions in mustard ecosystem for mass
trapping of aphids. All the three traps were found very
efficient for mass trapping of aphids under field
conditions. More than 50% aphids were trapped by
these traps. Besides, migration of aphids from infested
plants to healthy plants was significantly reduced.
Considering the cost, simplicity and availability, Trap
A (Fig. 1) and Trap B (Fig. 2) were found more efficient
than Trap C (Fig. 3)

MUSTARD
Early maturing Indian mustard
Adaptive varietal trial of early maturing Indian
Mustard varieties was conducted with 10 genotypes
(including 2 toria genotypes). Data (Table 1) were
recorded for days to 50% flowering, white rust,
mustard aphid, days to maturity, plant height, plant

Fig 1 Aphids trapped
in Trap A

Fig 2 Aphids trapped
in Trap B

Table 1 Performance of Indian mustard genotypes
for agro morphological traits
Genotype

Pusa Mustard 27
Pusa Mustard 28
Pusa Mustard 26
Pusa Mustard 21*
Pusa Mustard 25
Pusa Agrani
Pusa Mahak
PusaTarak
TS 38
TS 46

Days to
50%
flowering
46.3
41.3
38.0
58.7
40.0
40.3
44.7
49.3
32.0
31.3

Days to Plant
Yield
maturity Height (g)/30m2
116.3
112.0
110.0
132.0
109.3
109.0
115.3
119.0
101.3
101.0

140.8
141.8
137.2
149.6
124.5
140.2
146.2
134.7
82.8
81.2

2891
2726
2480
2426
2386
2359
2343
2291
1917
1851

Fig 3 Aphids trapped in Trap C

PERILLA
Preliminary experiments with 14 accessions of
Perilla frutescens from NBPGR showed a total
antioxidant capacity (TACs) in leaves measured in

*Full season mustard variety
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Ascorbic acid equivalents (AAE) ranging from 8.3 to
12 AAE, and inhibition of DPPH scavenging activity
from 60-90%. Estimation of fat content on seeds of 50
Perilla germplasm collected from Manipur, Nagaland
and Arunachal have been observed to be 35 - 49%.
Around 30% of the cultivars exhibited very strong
aroma, 40% had milder aroma while the rest had slight
or no aroma.
FLAX: Seven genotypes were grown in upland
farm of ICAR RC for NEH Region, Meghalaya. RCF
3 and JRF 2 were found superior with a yield of 7.52
q/ha and 6.87 q/ha respectively.
LENTIL: Twenty-five genotypes of lentil (Fig 1)
evaluated under upland conditions to check their
superiority in Meghalaya. PL 8 was found best in terms
of performances (1450 kg/ha). The other promising
genotypes were NDL 1(1285 kg/ha), IPL 318(1280 kg/
ha) and IPL 319(1256 kg/ha).

GUAVA
Evaluation of guava varieties/hybrids under
meadow orchard
At 4th year, the highest fruit yield was recorded in
hybrid RCGH 7 (10.30 kg/plant), while lowest RCG
11 (4.00 kg/plant) when evaluated under meadow
orchard 2 m x 1.5 m (3333 plants/ha). However, RCG
11, recorded highest fruit weight, fruit length and
diameter (145.11 g, 6.22 cm and 6.40 cm), respectively,
followed by RCGH 7 (141.00 g, 6.12 cm and 6.23 cm),
respectively. In fruit quality, RCG 11 recorded the
higher TSS and ascorbic acid and lowest acidity
(10.84%, 192.10 mg/100 g and 0.55%), respectively,
than RCGH 7 (10.66%, 181.25 mg/100 g and 0.61%),
respectively. While total sugar content was recorded
highest in RCGH 7 (7.12%) followed by RCG 11 (7.04
%).
Effect of ethephon and urea sprays on extension of
harvesting time
Guava hybrid RCGH 7 planted under meadow
orchard was chosen for experiment. There were seven
treatments viz., ethephon @ 300, 600 and 900ppm;
urea @10, 15, and 20% and untreated control. Spraying
was done on 30th March and 10th April on whole tree
canopy. The results revealed that the harvesting was
extended by 16 to 27 days as compared to control in
all the treatments. The maximum delay in 1stharvest
was recorded in 900ppm (16th October) followed by
600ppm (15th October) while earliest in control (20st
September). Among the treatments, least reduction in
the yield was recorded in urea 10% (8.43 kg/tree)
followed by urea 15% (8.06 kg/tree) and ethephon 900
ppm (7.66 kg/tree) but significantly less than control
(10.94 kg/tree). However, fruit weight, was recorded
maximum in ethephon 600 ppm (246.39 g) followed
by urea 20% (223.35g) and lowest in control (164.26
g). In quality, TSS was recorded highest in ethephon
600 ppm (8.25 %) at par with urea 15% (7.93%)
whereas; lowest acidity was recorded in urea 10%
(0.43%). The ascorbic acid content was recorded
highest in urea 20% (197.14 mg/100g) while, minimum
in control (157.14 mg/100g).

Fig 1 Yield performance of Lentil

FRUITS
MANDARIN
DUS characters of khasi mandarin
For finalization of Distinctness, Uniformity and
Stability (DUS) characters of khasi mandarin (Citrus
reticulata Blanco), observations were recorded on leaf,
flower and biochemical traits. The main flowering
season was observed in April and harvesting in
November-December. The leaf length and width were
7.24 mm and 3.64 mm, respectively. Petiole wings were
absent. The flowers were complete and hermaphrodite.
The average fruit weight was 118 g, length 56.18 mm
and diameter 64.52 mm. Fruit apex was truncate with
concave collared base. The fruits had a smooth surface
with white albedo. In quality traits, fruits had 41.26 %
of juice recovery with a TSS / acid ratio of 12.99. The
cotyledon colour was found green. These characters
of khasi mandarin will help in conserving the base
characters of the variety.
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Evaluation of guava lines for growth, yield and
quality characters under high density planting
The four guava lines viz., L 49, RCG 11, RCGH 1
and RCGS 1were evaluated under high density planting
of 2.5 x 2.5 m (1600 plants/ha) and 5.0 x 5.0 m (400
plants/ha). After 2nd year of primary branch pruning,
plant height was recorded highest in plant density of
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2.5 m x 2.5 m (2.87 m) while lowest in 5.0 m x 5.0 m
(2.54 m). While, plant girth was recorded highest in
5.0 m x 5.0 m (7.42 cm) followed by 2.5 m x 2.5 m
(6.72 cm). Similarly, canopy spread (NS x EW) was
recorded maximum in 5.0 m x 5.0 m (2.65 m x 2.57
m). The fruit yield was recorded highest in 2.5 m x 2.5
m (15.19 kg/plant) and lowest in 5.0 m x 5.0 m (13.45
kg/plant). The 2.5 m x 2.5 m plant density recorded
highest fruit weight, fruit length and breadth (157.30
g, 6.17 cm and 6.49 cm), respectively, followed by 5.0
m x 5.0 m (143.80 g, 6.07 cm and 6.32 cm),
respectively. The spacing 2.5 m x 2.5 m recorded
highest TSS (11.32%) and lowest acidity (0.45%).
While, ascorbic acid content was recorded highest in
5.0 m x 5.0 m (162.95 mg/100 g).
With respect to varieties/hybrids, the plant height
was recorded highest in RCGS-1 (2.81 m) followed
by RCGH1 (2.62 m) while lowest in L-49 (1.90 m).
Similarly, plant girth and canopy spread (NS x EW)
were recorded highest in RCGS-1 (7.32 cm, 2.40 m
and 2.69 m), respectively. Fruit yield were recorded
highest in L-49 (14.15 kg/pant) followed by RCGH1
(13.90 kg/plant) and lowest in RCG11 (4.11 kg/plant).
Similarly, L-49 recorded highest fruit weight, fruit
length and breadth (188.49 g, 6.82 cm and 7.14 cm),
respectively, followed by RCGS-1 in fruit weight
(151.63 g 6.91 cm and 6.11 cm), respectively. The
variety RCGH1 recorded highest TSS, ascorbic acid
and lowest acidity (11.48%, 167.88 mg/100g and
0.39%), respectively, followed by RCGS-1 (11.03%)
in TSS and L-49 in ascorbic acid (154.80 mg/100g)
and acidity 0.40%.

Evaluation of rejuvenated peach varieties
Medium to old/senile peach trees were primary
branch pruned by retaining 50cm length during NovDec 2011.After 2nd year, among the three low chilling
varieties fruit yield per tree was recorded highest in
Partap (18.14 kg/tree) followed by Flordasun (15.17
kg/tree), while lowest in Shan-e-Punjab (12.05 kg).
Similarly fruit weight, fruit length and diameter were
recorded maximum in Partap (66.11 g, 5.37 cm and
5.01 cm), respectively, followed by Flordasun (54.20g,
4.75 cm and 4.55 cm), respectively. In fruit quality,
highest TSS and lowest acidity were recorded
Flordasun (10.480B and 0.53%) while ascorbic acid
content was recorded maximum in Partap (6.91 mg/
100g).
BANANA
Molecular characterization of banana bunchy top
virus (BBTV) from NE India
A distinct isolate of Pacific-Indian Oceans (PIO)
group BBTV (BBTV-Umiam) was identified and
characterized from local banana mats growing in midhills of Meghalaya in North-East India. Recombination
analysis revealed two intra-component and five intercomponent recombination events in BBTV-Umiam,
but none of them was unique. Moreover, the isolate
was identified as major parental sequence for intracomponent recombination event spanning the
replication-associated protein encoding region in
Tongan BBTV DNA R (Fig 1). The new isolate
indicated differential evolution of BBTV in North-East

PEACH
Evaluation of peach varieties for yield and quality
characters
Among three low chilling peach varieties at 6th year,
variety Partap proved its superiority over other
cultivars for the various fruit yield and quality traits
assessed at a spacing of 2m x 2m. The result revealed
that the earliest fruit maturity was recorded in Partap
(19th April) while delayed in Shan-e-Punjab (30th April)
followed by Flordasun (25nd April). In fruit traits viz.,
fruit yield per plant, fruit weight, fruit length and
diameter were recorded maximum in Partap ( 8.90 kg/
plant, 58.11 g, 4.81 cm and 4.66 cm), respectively,
followed by Flordasun (6.10 kg/plant, 51.34g, 4.32 cm
and 4.15 cm), respectively. In quality attributes, highest
TSS and lowest acidity were recorded Partap (10.120B
and 0.53%) while ascorbic acid content was recorded
maximum in Shan-e-Punjab (6.69 mg/100g).
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Fig 1 Intra-component recombination analysis of
BBTV DNA R
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India (Meghalaya). Further survey has been conducted
in different parts of NE India and BBTV infected
samples has been collected and identified from Assam,
Arunachal Pradesh, Manipur, Mizoram and Tripura.
PCR-based detection confirmed BBTV infection in
symptomatic samples collected from all the states.
Moreover, BBTV infection has been identified in tissue
cultured plant samples (var. Grand Naine) collected
from Manipur and Arunachal Pradesh.Molecular
characterization of 12 representative isolates BBTV
from different parts of NE India is in progress.

Flowering and fruit setting behaviour of different
genotypes of Sohshang (Elaeagnus latifolia L.)
Flowering and fruit setting behavior of five
genotypes of Sohshang showed significant variation.
Flower bud intensity of previous season shoot was
recorded maximum in Genotype-No.1 (20.33/30 cm
shoot length) and minimum in REC 1 (9.33/30 cm
shoot length). Previous season shoot contained higher
flower bud intensity (12.07/30 cm shoot length) as
compared to hard wood shoots (2.67). REC 1 showed
maximum flower length (12.23 mm) while Genotype1 recorded minimum flower length (7.88 mm).
Similarly, maximum flower width was obtained in REC
1 (8.99 mm) and minimum in REC 4 (6.85 mm). Total
number of flowers per inflorescence was highest in
REC 3 (30.69) and minimum in REC 1 (15.33). In all
genotypes, number of flowers per inflorescence was
maximum in the middle portion of the branch (64.00)
and minimum in the apical portion (16.00). Flowering
duration per inflorescence was maximum in Genotype1 (8.67 days) and minimum in REC 4 (5.67 days).
Pollination in sohshang was carried out by honey bees
(Apis cerena). Pollen tubes (Fig 2) grow very fast at
the rate of 504.28
μm during the
first 24 hours
after in vitro
culture in 10%
sucrose
and
578.37 μm after
48 hours of in
vitro culture.
Under
openFig 2 Pollen tube growth of
pollinated
Sohshang in 10% sucrose media
conditions,
(24 hr interval)
number of fruit
set per inflorescence was maximum in REC 3 (7.20)
and minimum in REC 2 (2.56).

UNDERUTILIZED FRUITS
Studies on reproductive structure of Sohshang
(Elaeagnus latifolia L.)
A systematic study on flower micro-morphology
of Elaeagnus latifolia L. was carried out to understand
the reproductive structure and biology of Sohshang.
Results revealed that flower appeared in clusters of 9
– 21 in the leaf axils, in short racemes and were
hermaphrodite, actinomorphic, four-lobed and had
single perianth (Fig 1). Flowers were light yellow from
the adaxial side and light green in the abaxial side.
Peltate hairs of different forms were found on both
surfaces of sepals. Hairs were also observed on the
edges of the lobes and on the style. Ovary was superior,
tightly enclosed in differentiated basal part of calyx,
apparently inferior and single loculed. Ovary length
varied from 0.651 - 1.24 mm; while width at the tip
ranged 0.435 – 0.575 mm, in the middle 0.409 – 0.617
mm and basal portion 0.330 – 0.520 mm. Style was
elongate (6.83 - 8.04
mm), width at the
base ranged 0.390 0.581 mm and in the
middle portion 0.589
- 1.191 mm. Stamens
were four, free and
adnate to calyx tube.
Anther
diameter
ranged 0.296 - 0.584
mm and length 0.965
Fig 1 Actinomorphic flower
- 1.35 mm. Filament
of Sohshang
length ranged 1.24 1.84 mm, width at the base 0.374 - 1.37 mm and at the
tip 0.221 - 0.387 mm. Stigma length ranged 0.371 –
1.87 mm and width 0.288 – 0.542 mm. Petal length
ranged 2.81 - 3.59 mm and width 2.73 - 3.01 mm.
Pollen grain size was 2.24 μm along the polar and 1.97
μm along the equatorial region.
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CAULIFLOWER
Identification and characterization of cytoplasmic
male sterile lines in local cauliflower for hybrid
production
The Meghalaya Local, a long duration high yielding
local cultivar of cauliflower is widely grown in the
region. Two types of male sterile line i.e. MCMS I
(with non-viable pollen) and MCMS II (without
stamen) were identified and maintained for the further
testing. The details of morphological traits are given
below in the table1.
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Table 1 Characteristics of Male sterile lines
Traits

MCMS 1

MCMS II

Days to curd initiation
Days to curd maturity
No. of leaves
Leaf weight (kg)
Leaf length (cm)
Leaf dia.(cm)
Stalk wt.(g)
Stalk length (cm)
Marketable curd wt. (kg)
Gross plant weight (kg)
Harvest index

115.30
140.00
23.67
1.30
53.80
25.03
71.67
12.13
0.92
2.29
0.40

117.00
148.00
26.00
1.50
55.00
28.20
70.00
11.60
1.10
2.67
0.41

Fig 1 Seedlings of King-chilli treated with KNO3

King chilli cultivation through combined biological
and molecular tools (Fig 1). The artificial inoculation
study confirmed the aphid transmissibility of
Meghalaya isolate of ChiVMV(ChiVMV: Meghalaya;
Fig 2). In the experimental plots, 19 chilli germplasm
from North-East India viz.C. chinense (6), C. frutescens
(5), C. annum (3) and probable inter-specific hybrids
(5) were evaluated against ChiVMV infection. During
October-2013, more or less 98-100% disease incidence
was recorded in 19 chilli germplasm. The mean disease
severity index (DSI) significantly varied among chilli
germplasm (P<0.01). The C. chinense and C.frutescens
germplasm showed mean DSI of 76.00-91.70%.
Whereas the C. annum and probable inter-specific
hybrids showed mean DSI of 10.28-32.00%,
respectively. The chilli germplasm were categorized

BROCCOLI
Effect of mulching on yield and quality
attributes: An experiment was conducted with
broccoli hybrid Puspa (Syngenta) with five treatments
in RBD. Out of five treatments, the significantly
highest gross plant weight (1050g) and marketable
head weight (380g) was recorded with the mulching
of paddy straw (control as 725g and 275g,
respectively). However, highest chlorophyll and
vitamin C content was recorded from turmeric leaf
mulch i.e. 0.22mg/100g and 80.23mg/100g,
respectively.
Effect of different doses of N and P on yield and
quality: The highest gross plant weight (660g) and
marketable head weight (275g), dry matter (14.24%),
vitamin C (137.55mg), total sugar (2.30%) was
recorded in FYM 10t/ha with NPK @ 120:80:60 kg/ha.
KING CHILLI
Study on seed storage, germination behaviour and
response of pre-sowing treatments
The fully ripe and dried pods of King-chilli were
stored at room temperature to study the storage and
germination behaviour. The seed germination was
tested at 3, 6, 12 and 18 month after storage. For seed
germination the soil temperature 25-300C was found
best for the early (12-15days) germination. The seed
failed to germinate one year after seed storage. Presowing seed treatments with KNO3 (5%) for 24 hours,
showed uniform, maximum seed germination (64%)
and seedling vigour index (992) over control as 16%
and 128 respectively (Fig 1).

Fig 1 Detection of ChiVMV:Meghalaya

Evaluation of chilli germplasm against chilli veinal
mottle disease
The chilli veinal mottle virus (ChiVMV) of the
genus Potyvirus was confirmed as a major problem in
ANNUAL REPORT 2013-14

Fig 2 Aphid mediated artificial inoculation of
ChiVMV:Meghalaya
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The assembled sequence data (198bp) of the amplified
region has been evaluated using the BLASTN program
from the NCBI (www.ncbi.nlm.nih.gov/). The
alignment showed 100% nucleotide sequence identity
with ITS2 region of P. citrophthora, P. meadii, P.
botryosa, P. colocasiae and Phytophthora sp. The
distance tree based on blast pairwise alignment also
grouped the query isolate with P. citrophthora isolates
available in database.

for their response against ChiVMV on the basis of
mean DSI. The C. annum probable inter-specific
hybrids showed moderate resistance to moderate
susceptibility to ChiVMV whereas all C. chinense and
C.frutescens germplasm were highly susceptible to
ChiVMV.
Bacterial wilt of solanaceous vegetables
●
Ralstonia solanacearum isolates from tomato
(RsRC-T1), potato (RsRC-P1), brinjal (RsRC-B1),
ginger (RsRC-G1) and capsicum (RsRC-C1) has
been identified and maintained in laboratory. The
bivar analysis categorized them under biovar 3.
●
Study on genetic diversity among R. solanacearum
isolates from North-east India using Multi Locus
Sequence Typing (MLST) has been initiated (Fig
1).
●
Twenty isolates of Pseudomonas and 20 isolates
of Bacillus were isolated from soil sample collected
from different regions and different crops. The
cultures were purified and profiled for antibiotic
sensitivity using BD Phoenix 100 system. Three B.
cereus, three P. putida and one B. thuringiensis were
identified, but under in vitro assay none of them
showed antagonism against Ralstonia isolates.

Fig 1 Morphological and Molecular detection of
Phytophthora sp. isolated from citrus in Meghalaya

COLOCASIA
Population diversity of colocasia in the Rambagre
village of Garo Hills in Meghalaya
Under IFAD funded FoodSTART project site
Rambagre of Garo Hills in Meghalaya, 16 genotypes
of colocasia/taro were collected. Based on the
population study in jhum land, local genotype Rengma
was dominant with population percentage of 47%
followed by Tamachonkham (36%) and Tasakrek
(12%). However, in backyard area the maximum area
was under Pugarkusu (33%) followed by Chigi (24%).
Different varieties were grown for the different
purposes. The percent population of the other varieties
is presented in pie diagram (Figs 1 & 2).

Fig 1 Gel electrophoresis pattern of MLST profile of R.
solanacearum. Each lane representing the specific
amplification of respective genes. gyrB, DNA gyrase
subunit B; hrpB, regulatory transcription
regulator;ppsA, phosphoenolpyruvate synthase;gdhA,
glutamate dehydrogenase oxidoreductase;gapA,
glyceraldehyde
3-phosphate
dehydrogenase
oxidoreductase; egl, endoglucanase precursor;adk,
adenylate kinase;fliC, encoding flagellin protein

CITRUS
Phytophthora sp.
Thirteen Phytophthora isolates from citrus were
maintained in laboratory after initial confirmation
based on morphology. Out of 13 isolates, six isolates
amplified a ~200 bp fragment during PCR
amplification using P. citrophthora specific primer (Fig
1) designed by Ippolito et al., 2002. The PCR product
has been gel purified and sequenced bi-directionally.
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GERBERA
Evaluation of gerbera germplasm under open
condition
Thirty one hybrids and two check cultivars were
evaluated for growth, flowering, yield and vase life
22

Lieke had longest vase life (7.56 days) which was at
par with hybrid RCGH 12 (7.50 days).

Fig 1Varietal population
of colocasia/ taro under
Jhum land

Effect of holding solutions for improving vase life
gerbera cv. Rich
The study on effect of holding solutions on vase
life of cut flowers of gerbera cv Rich was done under
different holding solutions viz., Control (Distilled
water), Chlorine 50 ppm (HCl), Sodium Benzoate 150
ppm, Al2(SO4)3.16H2O 300 ppm, Tartaric acid 300 ppm,
NaOCl 50 ppm, Sucrose 2%+ Chlorine, Sucrose 2%+
Sodium Benzoate, Sucrose 2%+ Al2(SO4)3.16H2O,
Sucrose 2%+ Tartaric acid and Sucrose 2%+ NaOCl).
The maximum vase life was recorded in NaOCl @ 50
ppm (11 days) whereas, total water uptake was
significantly highest (45.0 ml) in Al2(SO4)3.16H2O @
300 ppm. However, phytotoxic symptoms like fungal
growth on petals, petal tips having dark pink
colouration, browning of petals and fading of petal
colour were recorded in all the treatments except
Tartaric acid @ 300 ppm, Sucrose 2% + Sodium
Benzoate and Sucrose 2% + NaOCl.

Fig 2 Varietal population
of colocasia/ taro in
backyard

attributes of gerbera under open field conditions.
Results indicated that check cultivar Alesmera showed
significantly maximum flower stalk diameter (6.13
mm) While, hybrid RCGH 117 had significantly
maximum flower stalk length (35.25 cm), flower
diameter (9.74 cm), disc diameter (3.04 cm) and
number of flower per plant (10.28). Maximum field
life was significantly noted in hybrid RCGH 12 (21.23
days) which was at par with CSA Collection (20.13
days). Furthermore, maximum vase life was
significantly recorded in hybrid RCGH 114 (9.76
days).

AICRP TRIALS

Evaluation of Gerbera cultivars under fan and pad
polyhouse
Twenty eight hybrids and six exotic cultivars were
evaluated for growth, flowering, yield and vase life
attributes of gerbera under fan and pad polyhouse
conditions. It was observed that Black Heart produced
significantly maximum flower stalk length (57.20 cm).
Alesmera showed a significant maximum flower stalk
diameter (4.91 mm), flower disc diameter (3.52 cm).
Significantly maximum flower diameter (10.95 cm)
and longest field life (25.0 days) was recorded in hybrid
RCGH 117. Maximum flower per month (10.44) was
obtained in hybrid RCGH 114. Hybrids RCGH 22
produced significantly maximum vase life (9.65 days)
which was at par with Lieke ( (9.50 days).

A. Collection of chow-chow germplasm
Total 66 germplasm of chow-chow were collected
from the different parts of the Sikkim and are being
maintained for further evaluation.
B. Varietal trials
1. Tomato: Under tomato determinate IET trial, out
of nine genotype the highest yield was recorded
form 12/TOD VAR 4 (24.3t/ha) followed by 12/
TOD VAR 3 (21.6t/ha). Similarly, in AVT-I trials
the highest yield was recorded from the entry 12/
TOD VAR 1 (23.5t/ha) followed by 11/TOD VAR
6 (24.7t/ha). However, under indeterminate IET
trials, the highest yield was recorded for the entry
12/TOINDVAR 5(35.7t/ha) and in AVT-I entry 11/
TOIND VAR -3 (28.8t/ha) followed by 11/TOIND
VAR -2 (28.1t/ha).
2. Brinjal: Under Brinjal long AVT-II trials, the
highest yield was recorded from the entry 10/
BRLVAR-6 (37.6t/ha) followed by 10/BRLVAR-3
(29.3t/ha). Checks, Punjab Sadabahar and Kasi
Taru, were 100% susceptible to bacterial wilt.
3. Dolichos bean: Out of 11 genotypes, the highest
yield was recorded from entry 10/DOLPVAR8(11.8t/ha) followed by check SwarnUtkarsh (11t/
ha). All the entries were infected with leaf blight.

Evaluation of Gerbera hybrids under low cost
bamboo made polyhouse
Ten exotic cultivars and six hybrids were evaluated
for growth, flowering, yield and vase life attributes of
gerbera under low cost polyhouse. Among the exotic
cultivars and hybrids, Alesmera showed significantly
maximum flower stalk length (58.14 cm) and flower
stalk diameter (6.98 mm). Highest flower diameter
(10.14 cm) and flower disc diameter (3.23 cm) was
recorded in hybrid RCGH 117. Rising Sun had
significantly longest field life (21.0 days) whereas
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E. Genotype x Environment interaction on quality
of turmeric
Under AICRP trials, 10 genotypes of turmeric were
evaluated in order to study the effect of environment
on growth and quality characteristics of turmeric.
Highest plant height of 112.33cm was observed in
Pratibha followed by Rajendra Sonia (112.03cm),
whereas the lowest was recorded in Narendra Haldi
(72.53cm). Maximum yield was recorded in Rajendra
Sonia (33.63t/ha) and lowest was observed in Roma
(16.25t/ha). The dry recovery was recorded highest in
BSR 2 (22.88%) and lowest in Rajendra Sonia
(16.39%). Megha Turmeric 1 showed the highest
curcumin content of 7.64% whereas BSR 2 recorded
the lowest with 3.10% only. The highest oleoresin
content of 21.92% was observed in Narendra Haldi
while BSR 2 recorded lowest with 7.23%.

4. Colocasia: Under IET, eleven genotypes of
colocasia were evaluated for their physical
parameters viz., plant height (cm), petiole length
(cm), number of side shoots per plant, number of
cormels per plant, cormel yield (t/ha), total yield
(t/ha) as well as quality parameters such as dry
matter, total sugar, starch and calcium oxalate.
Maximum plant height was recorded in TTr123(103.47cm) with maximum number of side shoots
(3.67). TTr12-8 and TTr12-6 recorded the highest
number of cormels (12.33) per plant whereas
cormel yield (12.33 t/ha) and total yield (25.67 t/
ha) depicted highest in Meghalaya Local. Chemical
analysis showed that dry matter content and starch
was highest in TTr12-7 (31.65 % and 24.38 %,
respectively), TTr12-4 showed highest total sugar
(3.79 %) and oxalic acid (0.23 %) content was
highest inTTr12-2.
5. Sweet Potato: Nine sweet potato entries were
evaluated for yield and other parameters. The entry
TSp12-9 recorded the highest tuber yield of (300.34
q/ha). Maximum tuber length (193.42 mm) was
found in TSp12-4 whereas tuber diameter was
highest in TSp12-5 (88.48 mm). Dry matter content
was found highest in Sree Bhadra (33.46 %)
whereas â-carotene in TSp12-8 (22.36).

F. Genotype x Environment interaction on quality
of ginger
Under AICRP trials, ten (10) genotypes were
evaluated for studying the genotype and environment
interaction on growth and quality characteristics of
ginger. Highest plant height was observed in Varada
(87.63cm) whereas the lowest plant height was
observed in khasi local (55.57cm). Maximum yield
was observed in V3S1-8 with 5.53t/ha. Dry recovery
percentage ranged from (16.48-31.72) % and crude
fiber content ranged from (4.56-8.17%) among the
genotypes. Oleoresin content was recorded highest in
Surachi (9.36%) and lowest in Mahima (4.39%). The
highest volatile oil content of 2.65% was recorded in
Mahima and lowest (1.73%) in Himgiri.

C. Hybrid trials
1. Cabbage: Out of nine genotype in IET and AVT-II
trials, the highest yield was recorded from the
hybrid (Local Check) H-139(66.0t/ha). None of the
entries were higher in yield over the check. Standard
check Questo was found late in maturity (125days).
2. Ash gourd: Out of seven ash gourd hybrids under
AVT-II, the highest yield was recorded from the
10/ASGHYB-1 (48.8t/ha) followed by 10/
ASGHYB-2 (45.7t/ha).

TRANSFER OF TECHNOLOGY
Demonstrations under DBT‘s Rural Bio-resource
Complex in North-East India
Twenty commodity interest groups were organised
for cultivation of Institute released variety Megha
Turmeric-1 in 20 ha area. An average yields of 18.522.2 t/ha was recorded. All together 261 farmers from
ten villages viz., Pahambirthem, Thadnongiaw,
Umngei, Sonidan, Mawphrew, Nongrim Nongladaw,
Mawtneng, Umtngam, Birsik in Ri- Bhoi District and
Mawkhap (Laskein) in West Jaintia Hills District of
Meghalaya were benefited. Three farmers’ interest
groups were organised for FLD on khasi Mandarin on
4.00 ha area. All together 31 farmers from the
Pahambirlum, Mawtneng villages of Ri-Bhoi District
and Nongmadan,Mawpran village of East Khasi Hill
Dist of Meghalaya were benefited.

D. Resistant trials
1. Tomato: Under AVT-I trials, out of seven entry the
highest yield (34.0t/ha) and lowest witling (12%)
was recorded from the entry 11/TOBW-3. Similarly
the lowest yield (8.2t/ha) and highest wilting (63%)
was recorded from the entry 11/TOBW-4.
2. Brinjal: Under IET trials, out of nine genotype the
highest yield (39.6t/ha) and lowest wilting (5%)
was recorded from the entry 12/BRBWRES-6.
Similarly, under AVT-II trials highest yield (34.2t/
ha) and nil wilting percentage was recorded from
the entry 10/BRBWRES-5.
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water content and chlorophyll in lentil at 90 days after
sowing (DAS) was the highest under mulching than
control and farmer’s practice (53.9 %). Among
different rice stubble management practices, the
highest soil moisture content in 0-5, 5-10 and 10-15
cm soil depth was observed under mulching followed
by 20 cm standing stubbles than control and farmers’
practice (Fig 1). Irrespective of variety and depth, less
soil resistance was observed under mulching and 20
cm standing stubbles (Fig 2). Penetration resistance
was more under farmer practice followed by residue
removal. Pods per plant, grain and stover yield of lentil
were significantly influenced by rice and lentil cultivars
(Table 1). Lentil variety DPL 62 (0.65 t/ha) yielded
significantly higher than DPL 15 (0.49 t/ha). Among
rice stubble management practices; mulching recorded
significantly higher lentil seed yield (0.70 t/ha) than
those under 20 cm stubble height (0.64 t/ha), removal
(0.5 t/ha), and farmers’ practice (0.35 t/ha).

Training and Demonstration
Two one day hands on trainings on soft wood
grafting in khasi Mandarin were organised on 23rd July
and 3rd September 2013 (Fig1). A total 36 farmers form
Jirang block supported by NEICORD and staffs and
officials of DHO Nongpoh, Ri-Bhoi district of
Meghalaya participated which was covered by
Doordarshan Kendra Shillong and later broadcasted
for the benefit of more farmers. Nursery management
practices for khasi mandarin were demonstrated to
them through lecture and hands on training.

Fig 1 Hands on training on soft wood grafting in khasi
mandarin

Farmers’ awareness programme cum field day at
Umiam
A field day cum awareness programme was
organized on 28th September, 2013 to showcase the
latest technologies including high yielding varieties
of guava, tomato, ash gourd, colocasia turmeric etc.
developed by the institute to augment production of
horticultural crops.

Fig 1 Soil moisture at lentil field (DPL 15) at 0-15 cm
depth as influenced by rice stubble management
practices (Kbalum)

CONSERVATION AGRICULTURE
Mitigating abiotic stresses and enhancing resource
use efficiency in pulses in rice fallows
Rice-lentil cropping system was evaluated in upland
and lowland with different varieties and residue
management options. The residue management options
for lentil were mulching with rice stubble, 20 cm
standing stubble, control (residue removal) and
farmer’s practice (conventional tillage and residue
removal). Significantly higher yield was observed after
improved rice line IURON-514 (4.3 t/ha) in upland
compared to local Kbalum (3.08 t/ha). The relative
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Fig 2 Soil resistance at flowering of lentil (DPL 15) as
influenced by rice stubble management practices
(IURON 514)

In lowland, two rice varieties viz., Mendri (long
duration local) and Shahsarang 1 (medium duration
and HYV) were evaluated in kharif season. Two lentil
variety viz., early duration with high biomass (DPL81)
and medium duration with high biomass (IPL 406)

25

were grown in rice fallow under zero tillage (ZT) under
different rice residue management practices. The
performance of early duration HYV variety Shahsarang
1 was better giving higher grain yield (5.14 t/ha)
compared to the local variety Mendri (3.52 t/ha).
Taking the advantages of comparatively shorter
duration of Shahsarang 1, sowing of lentil could be
made earlier. Chlorophyll index in leaf decreased with
the advancement of growth period. The mulching
recorded significantly higher chlorophyll index (43.95
at 90 DAS) as compared to residue removal (39.90 at
90 DAS). Relative water content in lentil leaf was more
than 65 % at all stages indicating that there was
minimal stress under lowland condition in lentil
compared to upland situation. Plant height of lentil
was significantly influenced by rice and lentil cultivars
and rice stubble management practices. Height was
significantly taller after local cultivar of rice. DPL 81
recorded taller plant height. 20 cm standing stubble
recorded taller plant height and remained at par with
mulching.

Table 1 Yield attributes and yields of lentil as
influenced by different rice stubble management
in upland
Treatments

Pods
/plant

Rice variety
IURON 514
14.18
Kba Lum (Local)
22.35
Sem±
1.36
CD at 5%
3.92
Lentil variety
DPL 62
20.42
DPL 15
16.11
Sem±
1.36
CD at 5%
3.92
Residue management practices
Mulching
26.31
20 cm
20.45
Removal
15.80
Farmer practice
10.50
Sem±
1.92
CD at 5%
5.55

Seeds
/pod

Grain
yield
(t/ha)

Stover
yield
(t/ha)

1.32
1.33
0.06
NS

0.45
0.69
0.03
0.10

0.77
1.05
0.04
0.13

1.30
1.35
0.06
NS

0.65
0.49
0.03
0.10

0.97
0.85
0.04
NS

1.54
1.46
1.30
1.02
0.09
0.25

0.79
0.64
0.50
0.35
0.05
0.14

1.15
0.99
0.88
0.62
0.06
0.18

Fig 1 Line transplanting of rice under conventional
tillage

manure (GLM). After kharif crop (rice), pea was
grown uniformly with recommended package of
practices under ZT. The residual effect of treatments
applied to rice was evaluated on pea. Grain yield, straw
yield, biological yield and harvest index of lowland
rice was significantly influenced by different tillage
and nutrient management practices. Yield obtained
under ZT (4.69 t/ha) was the highest followed by MT
(4.26 t/ha) and lowest in CT (4.03 t/ha). Grain yield
under ZT was 16.4 % higher than under CT (Table 1).
Among nutrient management practices, the highest
yield was under 50 % NPK+WB (4.74 t/ha, Fig 2)
followed by 50 % NPK+GLM (4.65 t/ha). The grain
yield of rice under 50 % NPK+WB was 31 and 13 %
higher than 50 % NPK and 100 % NPK, respectively.

Fig 1 Performance of lentil (IPL 406) under different
stubble management in lowland condition

Influence of tillage and nutrient management
practices on rice–pea system in lowland
Rice-pea system was evaluated under three tillage
practices i.e., conventional tillage (CT), (Fig 1)
minimum tillage (MT) and zero tillage (ZT) and five
nutrient management practices i.e., 50 % NPK, 100%
NPK, 50% NPK+in-situ residue retention (ISRR); 50%
NPK+weed biomass (WB); 50% NPK+ green leaf
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Soil organic carbon and microbial biomass carbon
at 0-15 cm soil depths were significantly higher under
ZT compared to MT and CT. SOC at 0-15 cm was
significantly higher under 50 % NPK+GLM compared
to other nutrient managements and the lowest was
under 50 % NPK. SOC at 15-30 cm was the highest
under 50 % NPK+GLM followed by 50 % NPK+WB
and 50 % NPK+ISRR. With interaction, SOC at 0-15
cm soil depth was notably highest under ZT+50 %
NPK+ISRR followed by ZT+50 % NPK+WB and
ZT+50 % NPK+GLM (Table 3).
The green pod yield and stover yield of pea i.e.
arkel and prakash were significantly influenced by
different tillage and nutrient management practices
(Fig 3). Pod yield under CT and MT were at par. The

Fig 2 Rice at maturity stage in lowland under zero
tillage

The straw yield and biological yield were the highest
under 50 % NPK+WB. However, the harvest index
was at par for both 50 % NPK+GLM and 50 %
NPK+ISRR (Table 2).
Table 2 Yield of rice in lowland fields as influenced
by tillage and nutrient management practices
Treatments

Grain Straw Biological Harvest
yield yield yield
Index
(t/ha) (t/ha) (t/ha)

A. Tillage
Zero tillage
4.69
Minimum tillage
4.26
Conventional tillage
4.03
SEm
0.04
CD at 5%
0.15
B. Nutrient management
100 % NPK
4.19
50 % NPK
3.62
50 % NPK + ISRR
4.43
N4 - 50 % NPK +WB
4.74
N5 - 50 % NPK + GLM 4.65
SEm
0.09
CD at 5%
0.26

7.69
7.79
8.10
0.03
0.11

12.38
12.16
12.13
0.05
0.21

0.378
0.350
0.331
0.002
0.008

7.72
7.24
7.93
8.26
8.14
0.10
0.29

11.94
10.87
12.39
13.05
12.88
0.15
0.44

0.351
0.333
0.358
0.363
0.361
0.004
0.013

Fig 3 Pea variety prakash (left) and arkel (right)
during flowering stage under zero tillage

Table 3 Interaction effect of tillage and nutrient management on soil fertility after rice harvest in lowland
Treatments

100 % NPK
50 % NPK
50 % NPK + ISRR
50 % NPK + WB
50 % NPK + GLM
Sem±
CD at 5 %
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SOC (%) 0-15 cm

SOC (%) 15-30 cm

SMBC(μg/g dry soil)

ZT

MT

CT

ZT

MT

CT

ZT

MT

CT

2.78
2.55
2.91
2.84
2.80

2.39
2.25
2.54
2.47
2.62
0.06
0.18

2.31
2.12
2.37
2.42
2.74

1.82
1.79
1.90
1.91
1.93

1.79
1.76
1.80
1.82
1.82
0.14
0.46

1.74
1.71
1.74
1.83
1.85

161.0
144.8
172.8
163.3
173.1

144.2
134.1
166.8
157.7
167.2
2.07
6.05

145.4
132.3
166.6
151.8
157.0
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green pod yield and stover yield of pea was
significantly higher under 50 % NPK+WB compared
to other nutrient management practices. The highest
green pods and stover yield of pea were recorded under
50 % NPK+GLM and were statistically at par with
other nutrient management practices (Table 4).
Influence of tillage and nutrient management
practices on rice–toria system in upland
Rice-toria system was evaluated under two tillage
i.e., conservation tillage (CST) and CT and five nutrient
management practices i.e., 50 % NPK, 100% NPK,
50% NPK+ISRR; 50% NPK+WB; 50% NPK+GM.
After kharif rice, toria was grown under ZT. The
residual effect of treatments applied to rice was
evaluated on toria. Grain yield and biological yield of
rice (Fig 1) was significantly higher under CST than
CT. The highest straw yield (6.65 t/ha) and harvest
index (HI) were recorded under CST (0.33). 50 %
NPK+WB recorded the highest yields and HI of rice
followed by 50 % NPK+ISRR and 50 % NPK+GM
(Table 5). The grain yield and biological yield were
the highest under CST+50 % NPK+WB followed by
CST+50 % NPK +ISRR. The lowest grain yield and
biological yield was under CT+50 % NPK. The straw
yield was the highest under CST+100 % NPK followed
by CST+50 % NPK +WB. HI was the highest under

Fig 1 Rice variety IURON 514 at physiological
maturity

CST+ 50 % NPK+WB followed by CST+50 %
NPK+GM.
Seed and stover yield of toria were significantly
influenced by different tillage practices (Table 6). Seed
yield and stover yield were significantly higher under
CST compared to CT. Seed yield was significantly
higher under 50 % NPK+WB as compared to 50 %
NPK+ISRR, 100 % NPK and 50 % NPK whereas,
stover yield was highest under 50 % NPK+WB
followed by 50 % NPK+GM and 50 % NPK+ISRR.
The lowest seed and stover yield were under 50 % NPK.

Table 4 Residual effect of tillage and nutrient management practice on pea var. Arkel productivity
Treatments

100 % NPK
50 % NPK
50 % NPK + ISRR
50 % NPK + WB
50 % NPK + GLM
Sem±
CD at 5 %

Green pod yield(t/ha)

Stover yield (t/ha)

ZT

MT

CT

ZT

MT

CT

3.04
2.37
3.36
4.86
3.48

3.07
2.57
4.77
4.65
4.24
0.29
0.97

4.25
3.17
4.28
5.18
4.90

4.75
4.32
5.69
6.47
5.47

8.26
6.47
8.12
7.93
7.39
0.14
0.41

7.26
6.19
7.13
6.11
7.05

Table 5 Interaction effect of tillage and nutrient management practices on yield of upland rice (2013)
Treatments

100 % NPK
50 % NPK
50 % NPK + ISRR
50 % NPK + WB
50 % NPK + GM
Sem±
CD at 5 %
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Grain yield (t/ha)

Straw yield (t/ha)

Biological yield (t/ha)

Harvest Index

CST

CT

CST

CT

CST

CT

CST

CT

3.05
2.86
3.41
3.76
3.23
0.14
0.42

2.79
2.65
3.06
3.27
3.02

7.08
6.33
6.86
6.98
6.00
0.38
1.12

5.67
6.54
5.93
6.35
6.27

10.10
9.19
10.30
10.70
9.23
0.38
1.14

8.47
9.17
8.99
9.62
9.29

0.302
0.311
0.333
0.352
0.350
0.018
0.054

0.332
0.290
0.343
0.343
0.326
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Table 6 Interaction effect of tillage and nutrient
management on yield parameters of toria
Treatments

100 % NPK
50 % NPK
50 % NPK + ISRR
50 % NPK + WB
50 % NPK + GM
Sem±
CD at 5 %

Seed yield (t/ha)

Stover yield (t/ha)

CST

CT

CST

CT

0.46
0.37
0.51
0.76
0.55
0.06
0.18

0.37
0.33
0.35
0.40
0.44

4.23
3.88
5.03
5.81
4.90
0.45
1.33

3.42
2.84
3.52
3.77
3.84

SHIFTING CULTIVATION
Agronomic management practices for improving
productivity of jhum rice
Participatory field trials were conducted in the
farmers’ jhum field in Sonidan village, Ri-Bhoi,
Meghalaya to identify suitable rice varieties/lines in
jhum condition under both local and improved
agronomic management practices and to develop
suitable crop establishment methods and nutrient
management options for improving productivity of
jhum rice and sustainable soil health. Five local rice
varieties (Mannar, Kba Khasi, Kba Slu, Pnha Lai Spah,
Pnah iong) and six improved varieties (Bhalum 1,
Bhalum 2, Bhalum 3, Bhalum 4, RCM 5 and IURON
514) were evaluated (Fig1). Under farmers’ practice
(randomly broadcasted seed, without manure and
fertilizer application), lower grain yield was recorded
with improved varieties like Bhalum 1 (1.38 t/ha),
Bhalum 2 (1.31 t/ha), IURON 514 (1.32 t/ha t/ha) and
RCM 5 (1.23 t/ha) as compared to local varieties like
Mannar (1.43 t/ha), Kba Khasi (1.71 t/ha) or Pnah lai
spah (1.56 t/ha). However, under improved agronomic
management practices, both local and high yielding
rice varieties performed well. The highest rice yield
was obtained
under IURON
514 (3.08 t/ha)
followed
by
Bhalum 3 (2.89 t/
ha), RCM 5 (2.88
t/ha), Kba khasi
(2.76 t/ha), Kba
Slu (2.53 t/ha)
and
Mannar Fig 1 Improved jhum rice fields
in Sonidan village, Ri-Bhoi
(2.52 t/ha). On an
average, 68% and 72% yield enhancement was
recorded with local and high yielding rice varieties,
respectively, when grown under improved agronomic
management practices as compared to farmers’ practice
(control).
One local variety (Mannar) and two improved
varieties (Bhalum 1 and IURON 514) were evaluated
under broadcasting, dibbling and line sowing at along
the contour. Sowing in lines 25 cm apart across the
slope in jhum land as well as dibbling resulted in
significant enhancement in rice yield (as compared to
broadcasting). Significantly the highest yield of
Mannar and IURON 514 was recorded with line
sowing (2.42 and 2.96 t/ha, respectively) as compared
to dibbling (2.05 and 2.34 t/ha) and broadcasting (1.60

Screening of lentil and pea varieties for ZT
cultivation in lowland rice fallow
Field experiments were conducted with 20 lentil
and 21 pea germplasms to identify their suitability for
cultivation under lowland rice fallow under ZT. A
narrow furrow was opened in between two rice lines
using a manual furrow opener during first week of
December after harvest of lowland rice. A fertilizer
dose of 20: 60: 40 kg NPK/ha was applied in the furrow
for both lentil and pea. Among the lentil lines, highest
lentil yield was recorded under L-306 (1.75 t/ha)
followed by DPL 62 (1.59 t/ha) and IPL 406 (1.55t/
ha). Highest nodule number/plant (23.5) as well as
nodule biomass/plant (53.4) also recoded under L-306.
Among pea lines, VL 42 (5.10 t/ha) followed by Vikash
(4.65 t/ha) and Arkel (4.54 t/ha) recoded relatively
higher yield than rest of the lines. However, IPED 3-7
(25.5) followed by IPED 1-01 (25.4) and Arkel (25)
recorded higher seed index (100 seed weight) as
compared to Vikash (24) and Prakash (23.6).
Optimization of sowing time of pea in lowland rice
fallow
Field evaluation on sowing dates (15th Dec., 25th
Dec., 5th Jan. and 15th Jan.) of pea was conducted for
optimum sowing time of pea in rice fallow in lowland
condition. Early sowing in 15 th Dec. recorded
significantly higher pods/plant, seeds/pod and green
pod yield (4.89 t/ha) as compared to 25th Dec. (4.37 t/
ha), 5th Jan. (3.95 t/ha) and 15th Jan. (2.19 t/ha). As
sowing delays beyond 15th Jan., most of the yield
attributes and finally the yield of pea was declining
due to minimal growth. Late sowing of pea after rice
also coincided with the rainfall in pod maturation stage
which again increase the infestation of powdery
mildew and rust thus decline the yield as well as impair
quality of the produce.
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and 1.71 t/ha). Application of 50% RDN (30:30:20 kg
N: P2O5: K2O/ha) either through fertilizer or fertilizer
+ manure recorded 40 to 60 % enhancement in rice
yield in jhum field. Highest rice yield of Mannar was
recorded with 50 % RDN + soybean intercropping
(2.88 t/ha) followed by 50% RDN + groundnut
intercropping (2.83 t/ha) and 2% DAP spray (2.09 t/
ha) as compared to farmers’ practice (1.53 t/ha). Foliar
spray of DAP twice at 30 and 60 days after sowing
resulted in 20 to 35 % yield enhancement in rice across
the varieties as compared to farmers’ practice (no
manure or fertilizer).

Fig 1 Rice- potato

inorganic, respectively (Table 7). Sahsharang-1
produced significantly higher grain yield (4.47 t/ha)
followed by Ngoba (4.39 t/ha), Megha Semi-Aromatic
2 (3.99 t/ha) and Lampnah (3.85 t/ha). The maximum
grain yield was recorded under integrated (4.67 t/ha)
followed by inorganic (4.47 t/ha) and organic (4.12 t/
ha) treatments (Table 8).

ORGANIC FARMING
Performance of pre-kharif rice as influenced by
variety and organic source of nutrients Experiment
on pre-kharif rice to promote double cropping of rice
was conducted consecutively for 8 years with different
varieties and organic source of nutrient management
in lowland. IR 64 being at par with Shahsarang 1
recorded higher number of tillers and panicles per unit
area compared to Vivek Dhan 82. However,
Shahsarang-1 being at par with Vivek Dhan 82 recoded
higher panicle weight than IR 64. The highest grain
yield was recorded with Shahsarang-1 (4.84 t/ha) at
par with IR 64 (4.63 t/ha) but significantly higher than
Vivek Dhan 82 (3.19 t/ha). Pig manure (4.79 t/ha) being
at par with FYM (4.77 t/ha) and vermicompost (4.69
t/ha) recorded significantly higher grain yield than
paddy straw (3.96 t/ha) and farmers’ practice (2.91 t/
ha).

Table 7 Yield (t/ha) of carrot, potato, french bean
and tomato on raised beds as influencedby various
cropping systems and nutrient management
practices
Nutrient
sources

Studies on comparative efficiency of organic,
chemical and integrated management practices on
soil health and crop productivity under various
cropping systems
Four rice-vegetable cropping systems viz., CS1:
Rice-Carrot, CS2: Rice-Potato (Fig 1), CS3: RiceFrench bean and CS4: Rice-Tomato were undertaken
in raised bed. Rice varieties viz., Megha Semi-Aromatic
2, Ngoba, Lampnah and Sahsarang-1 were grown in
sunken beds. On RB, rice productivity was highest in
CS3 (3.25 t/ha) which was at par with CS4 (3.24 t/ha),
CS1 (3.05 t/ha) and CS2 (2.97 t/ha). Among the
nutrient sources, integrated recorded maximum rice
grain yield (3.58 t/ha) followed by inorganic and
organic. Productivity of carrot and potato was
maximum under organic, whereas, tomato and French
bean yield was the highest under integrated and
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RiceCarrot

RicePotato

RiceFrench
bean

RiceTomato

Natural

1.69

2.23

1.41

2.28

Organic

14.10

15.45

9.43

13.03

Integrated

13.85

15.21

7.80

13.47

Inorganic

8.30

13.48

9.73

11.56

SEm

0.54

0.45

0.30

0.41

CD (P=0.05)

1.88

1.58

1.03

1.42

Average tomato fruit diameter (51.68 mm) was
highest under integrated management. TSS (%), acidity
(%) and total sugar were found maximum (5.34, 1.79
and 6.38, respectively) under integrated treatment
whereas, specific gravity (2.27 %), ascorbic acid (29.76
mg/100g), reducing sugar (3.70%) and lycopene
content (17.65 %) were found maximum in organic
treatment. The maximum root diameter, specific
gravity, total sugar and reducing sugar content (32.19,
1.32, 6.22 and 4.52, respectively) in carrot were
recorded under integrated treatment, whereas, TSS,
ascorbic acid, acidity, beta carotene and total
carotenoides (8.44, 41.08, 0.29, 9.01 and 73.31,
respectively were higher under organic treatment
followed by integrated treatment
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Table 8 Yield (t/ha) of rice on sunken bed as influenced by varieties and nutrient management practices
Treatments

Grain yield

Straw yield

B. Nutrient sources

Grain yield

Straw yield

3.99
4.39
4.47
3.85
+0.05
0.19
0.15
0.45

6.83
6.80
6.75
5.77
+0.07
0.26
0.25
0.72

NS1: 75% Organic
NS2: 100 % Organic
NS3: Integrated
NS4: Inorganic

3.45
4.12
4.67
4.47
+0.05
0.20

5.94
6.10
7.14
6.98
+0.12
0.36

A. Varieties
V1: Megha Aromatic 2
V2: Ngoba
V3: Shasharang-1
V4: Lampnah
SEm
CD (P=0.05)
A x B SEm ( + )
CD (P=0.05)

BIOORGANICS
Comparative efficacy of bioorganic against rhizome
rot of ginger
A field trial was undertaken during the kharif 2013
to evaluate the efficacy of developed botanical (GF1)
vis-à-vis fungicides and biocontrol agents. None of the
treatment resulted in significant change in the height
of the ginger plants whereas the number of leaves and
number of pseudostems were also non-significant for
all the treatments except GF1 treatment, which resulted

in 37.1% more leaves and 35.2% more pseudo stems
over control. Dry matter accumulation after 60 days
of sowing resulted in significant change for three
treatments i.e., GF1 (T6), Ridomil MZ 72 WP (T2) and
Trichoderma harzianumn (T7) and the increased per
cent over control were 31.1, 19.3 and 15.8%,
respectively. All the treatments significantly affected
the disease incidence percent in ginger crop and the
best result was recorded in GF1 treatment where over
94 % of plants were free from disease. Among the

Table 1 Effect of fungicides, fungal biocontrol agents and bioorganic for management of rhizome rot in
ginger
Treatment detail

Dose

Captan ( N trichloromethyl,
1-thio-4 cyclohexene-1,
2 dicarboximide)

2 g/ l of
water,
soaked for
30 mins.
-do-

Ridomil MZ 72WP
(metalaxyl 8%+mancozeb64%)
Kavach (Chlorothalonil
75%WP)
Indofil M-45 (Mancozeb
75%WP)
Bavistin (methyl-2benzimidazole carbamate)
GF1 (Ginger Formulation
1 developed at ICARNEH,
Meghalaya)
Trichoderma harzianumn

Trichoderma viride
Pseudomonas fluorescens
Control
S.Em±
CD (P =0.05)
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Plant
height
(cm)

Pseudo
stem
/plant-

Dry
matter
/plant
(g)

Disease
incidence
(%)

Fresh
rhizome
yield
t /ha

9.46

47.11

7.86

26.83

16.21

12.97

8.84

48.23

8.03

31.10

7.53

14.27

-do-

8.50

48.08

7.21

29.61

10.25

13.61

-do-

9.33

47.71

6.93

27.18

13.36

13.15

-do-

8.80

47.65

7.38

28.75

17.59

13.68

11.15

47.59

9.89

34.15

5.64

16.53

10.11

48.83

7.93

30.18

15.40

13.80

9.86
10.06
8.13
0.67
2.03

46.92
48.11
47.24
1.10
3.34

7.11
8.26
7.31
0.54
1.64

28.44
29.16
26.05
1.02
3.10

22.47
18.68
27.82
1.04
3.16

12.94
13.35
12.01
0.69
2.09

30 ml /l of
water,
soaked for
4 hrs
10 g / l of
water,
soaked for
30 mins.
-do-do-

Leaves
/plant
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(no fertilizer/manure/pesticides application). Only
grain is being harvested and the remaining biomass
recycled in the field. During 2013 kharif season, rice
variety Shahsarang 1 was grown under different crop
establishment methods such as system of rice
intensification (SRI), integrated crop management
(ICM) and conventional rice culture (CRC) under 4
spacing i.e., 25 x 25 cm, 25 x 15 cm, 20 x 20 cm and
20 x 15 cm. Results indicated that ICM and SRI
recorded significantly higher number of tillers,
panicles/m 2 and grain yield (3.80 and 3.51 t/ha,
respectively) as compared to CRC (3.23 t/ha). Among
different planting geometry, 20 cm x 20 cm and 20 cm
x 15 cm spacings recorded relatively higher numbers
of tillers and panicles as compared to 25 cm x 15 cm
and 25 cm x 25 cm spacing. The productivity of rice
under 20 x 20 cm (3.81 t/ha) was the highest and
remained at par with 20 x 15 cm (3.64 t/ha). The lowest
productivity was recorded under 25 x 25 cm (3.25 t/
ha).

fungicides, Ridomil MZ 72 WP recorded best result
with over 92% rot control. The fresh rhizome yield
significantly increased with only two treatments i.e.,
GF1 (T6), and Ridomil MZ 72 WP (T2) and the highest
yield was recorded with GF1 treatment with 37.6%
more yield whereas, in case of Ridomil MZ 72 WP it
was 18.81.
Comparative efficacy of bioorganic for enhancing
yield of turmeric rhizome
A field trial was undertaken during the kharif 2013
to evaluate the efficacy of developed bioorganic for
turmeric (RCHE22L) for raising production and
productivity of turmeric rhizome. Turmeric treated with
bioorganic @ 30 ml/l of water soaked for 4 hrs found
to be significantly superior than treatments in term of
increasing number of leaves per plant, plant height,
pseudostem nos., dry matter accumulation and rhizome
yield ( Table 2). The formulation (@ 30 ml/l of water
soaked for 4 hrs) increased turmeric rhizome yield by
40.52% over control. Whereas, none of the bio-agents
found to be effective in raising turmeric rhizome yield
to significant level.

FARMINMG SYSTEM RESEARCH
Micro watersheds comprising of Dairy based land
use (FSW-1), Mixed forestry (FSW-2), Silvi-pastoral
land use (FSW-3), Agro-pastoral system (FSW-4),
Agri-horti-silvi-pastoral (FSW-5), Silvi-horticultural
system (FSW-6), Natural forest block (FSW-7) and
Timber-based farming system (FSW-8) is being
evaluated on long term basis at ICAR Research
Complex for NEH Region, Umaim, Meghalaya.

CROPPING SYSTEMS
Performance of rice under different crop
establishment method and planting geometry
A long term experiment on rice was being
conducted (since 2003) at lowland Agronomy farm
under no external input in-situ fertility management

Table 2 Effect of bioorganic and biocontrol agents for turmeric crop
Treatment detail
RCHE 22L, 20 ml /litre of water,
soaked for 2 hrs
RCHE 22L, 30 ml /litre of water,
soaked for 2 hrs
RCHE 22L, 20 ml /litre of water,
soaked for 4 hrs
RCHE 22L, 30 ml /litre of water,
soaked for 4 hrs
Trichoderma harzianumn, 10 g / litre of
water, soaked for 30 minutes
Trichoderma viride, 10 g / litre of water,
soaked for 30 minutes
Pseudomonas fluorescens, 10 g / litre
of water, soaked for 30 minutes
Control
S.Em±
CD (P =0.05)
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Leaves
/plant

Plant height
(cm)

Pseudo stem
/plant

Dry matter
/plant

Rhizome
yield t /ha

18.65

122.01

2.13

69.74

15.89

19.71

125.74

2.96

81.32

17.33

18.44

124.11

2.61

78.19

16.47

21.30

128.85

3.74

86.14

18.62

15.22

121.30

2.08

59.76

15.28

14.75

117.64

2.11

55.46

12.96

16.31

118.43

2.20

63.15

14.90

15.96
0.92
2.79

116.21
2.42
7.35

2.01
0.24
0.72

58.47
1.88
5.71

13.25
0.74
2.25
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Dairy based farming system (FSW-1)
Dairy based farming system was evaluated on a
micro watershed in 1.39 ha area including 0.45 ha of
forestland. The area under planned land use was 1.537
ha of which 0.447 ha terrace area falls under annual
fodder crops and the remaining under broom and
guinea grass production. The average slope of the
watershed was 32.02%, the lower terraces consisting
of 1-15 were utilized for production of annual fodders
with maize + cowpea – cowpea and maize – cowpea
cropping sequence. The terrace risers area was utilized
for the production of guinea grass while 2500 m2 sloppy
area was under broom grass which yielded 15.26 t of
green leaves and eatable tender shoots during the lean
period. As a major dairy component, three (3) milch
cows along with their calves were maintained in the
system. Fodder crops/ grasses grown in the microwatershed produced fodder which was made available
for the dairy animals. The crop-wise green fodder yield
presented in Table-1, revealed a total production of
27.98 t of green fodder from the watershed of which

maximum green fodder of 15.26 t was recorded from
broom leaves. Cultivated fodder crops like maize,
cowpea, rice bean, oat and perennial guinea grass
yielded 12.72 t, which was utilized as green fodder
from June to November. Afterward green fodder was
supplied through broom grass from December to
March. The remaining one month i.e. in April, only
paddy straw along with sprouts of guinea grass was
given to the animals. During the month of May, the
whole quantity of required green fodder was not
available but guinea grass started growing on terrace
risers of which 50% green fodder was made available
and 50% from paddy straw. An analysis of fodder
production and requirement revealed that total green
fodder from forage crops was 27.98 t, while the
requirement for dairy animals was 31.00 t, showing a
deficit of 3.02 t/ annum.
The balance sheet of dairy based system presented
in table 2. Keeping in view of farmer’s family in the
watershed, all labours were considered as farmer’s
works, while feed concentrate, paddy straw, mineral
mixture and medicine were procured from the market
and milk yield was considered to be the output from
the system and the sale of the milk was considered as
farmer’s income.

Table 1 Fodder production from (FSW-1)
Fodder name

Area (ha)

Yield (t)

Maize
Cowpea
Rice bean
Guinea grass
Broom grass
Oat
Total

0.120
0.024
0.028
1800 (rmt*)
1.090
0.059
1.321 + 1800 (rmt)

5.55
0.31
0.40
5.40
15.26
1.06
27.98

Mixed Forest Block (FSW-2)
Mixed forest block had been established in 3.89 ha
area, where 3.05 ha area was divided under natural
forest and 0.84 ha area under planned land use. The
average slope of the micro-watershed was 38 %. The

Table 2 Balance sheet of dairy based system
Particulars

Area(ha)

Production
(t)

A. Green fodder
(a) Annual fodder
0.231
7.32
(b) Guinea grass
1800 rmt
5.4
(c) Broom grass
1.090
15.26
Total (A)
1.321 ha + 1800 rmt 27.98
B. Feed, Dry fodder and medicine
(a) Concentrate
(b) Paddy straw
(c) Medicine
Total (B)
Total Expenditure(A+B)
C. Output
(a) Milk @Rs. 30/lit
3 cows
5145.00
(b) Sale of Calf
2 nos.
(c) Cow dung
31.60
Total (C) or Gross income
Net income (C – A - B)
*rmt =running meter
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Requirement
(t)
-

-

Value
(`)
-

31.00

(-) 3.02

(-) 3,020.00

2.70

(-) 2.706

(-) 59,532.00
(-) 6,480.00
(-) 1,000.00
(-) 67,012.00
(-)70,032.00

456 lit
5.60

33

Surplus/
Deficit (t)

(+) 4689 lit
(+) 26 t

(+) 1,40,670.00
(+) 15,000.00
(+) 25,200.00
(+) 1,80,870.00
(+) 1,10,838.00

82 kg was harvested from the system and sold at farm
gate price. The gross income from this system was Rs.
1,62,900.00 with an expenditure of Rs. 88,340.00 on
feed, concentrate and procurement for day old chicks
resulting into a net profit of ` 74,560.00 from the
watershed.
The lower half portion of the watershed was planted
with fodder trees species comprising of Symingtonia
populnea, Bauhinia purpurea, Ficus spp, Schima
wallichii, Indigofera indica and wild cherry to provide
green leaf fodder to the goats during lean period. The
growth and development attributes of tree species are
shown in Table 4. Mixed perennial grasses had been
planted between the fodder trees to conserve soil and
water and to provide a supplementary source of fodder
for grazing.

area under micro watershed was utilized for plantation
of forest tree species viz. Acacia auriculiformis,
Michelia oblonga and Symingtonia populnea for
timber and fuel purpose. The circumference at basal
as well as and breast height, both was maximum with
Symingtonia populnea was (1.35 m) and (1.20 m),
followed by Acacia auriculiformis (1.31 m) and (1.18
m) and Michelia oblonga (1.16 m) and (1.08)
respectively.
Silvi-pastoral system (FSW-3)
Silvi-pastoral system was established on 2.94 ha
area in forest land of which 2.05 ha was under planned
land use. The average slope of the area was 32.18%.
The upper portion of the micro-watershed comprising
an area of 0.74 ha was utilized for broom grass
production to fulfill the fodder requirement for the
animal (goat) during lean period. Green fodder of 29.60
t was produced out of which 4.63 t green leaves were
used for cow and goat from November to February.
Furthermore, the broom sticks produced was used for
making broom and plant culm (stem) was used as fire/
fuel wood for cooking.
Seventeen goats (4 males, 13 females) were
maintained in this system. Those goats were allowed
to graze for 3 hours per day and green fodder @ 3 kg
per adult along with 250 gms of concentrates per adult
was provided. The goats consumed a total of 3.6 t
guinea grass, 2.16 t Symingtonia leaves and 0.46 t of
feed concentrate. The system was not generating profit
and hence, as a subsidiary source of income poultry
(600 no. broilers) chicks were also reared in three
cycles on fish pond of 500 m2 of area. There was 6.5%
mortality rate in broiler chicks. The total body weight
attained by 561 broiler birds was 1166 kg with average
body weight of 2.08 kg per bird. The fish yielded of

Table 4 Growth and development attributes of trees
species in (FSW-3)
Name of tree species

Circumference
of basal height
(m)

Circumference
of breast height
(m)

Schima wallichii
Indigofera indica
Symingtonia populnea

0.80
0.51
0.85

0.67
0.45
0.74

Agro –pastoral system (FSW-4)
Agro-pastoral system was 0.64 ha area having an
average slope of 32.42 % with a forest land of 0.06 ha
and a planned land used area of 0.58 ha. Terracing
was practiced along the area which enhanced the
surface area by 28.2 %, resulting in 0.49 ha area of
terraced land and 0.33 ha terrace risers respectively.
The terrace area was utilized for growing cereals,

Table 3 Cost benefit analysis of Agro-pastoral model
Sl. No. Particulars
A. Output
1
Goat
2
Poultry
3
Fish
Total gross income (A)
B. Input
1
Feed and concentrate for goat
2
Feed for broiler
3
One day old boiler chicks
4
fingerlings
5
Medicine
Total input cost (B)
Net income (A-B)
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`/ unit)
Price (`

`)
Value (`

No.

Weight (t)

17
561
415

0.260
1.166
0.082

150.00
100.00
89.00

39,000.00
1,16,600.00
7,300.00
1,62,900.00

600
500
-

0.69
2.29

22.00
24.00
26.00
2.00

15,180.00
54,960.00
15,600.00
1,000.00
1,600.00
88,340.00
74,560.00
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oilseeds, spices and vegetables. About 75 % of the total
area was utilized for 200 % cropping intensity which
resulted with a production of 7231.60 kg of rice
equivalent yield (REY) excluding guinea grass from
the system (Table 5). It was observed that Turmeric
registered maximum total system productivity followed
by Ginger. The lowest yield of Turmeric+ Cucumber
showed minimum values of total system productivity.
Table 6 gives the output relationship in W-4
watershed. Output per sq m in the W-4 watershed
revealed that amongst the different crop components
used maximum output of `46.81/m2 was obtained from
turmeric followed by ginger (`18.50/m2 ) In general
maximum output was obtained from vegetables/spices
crop.
An integrated approach with crops and livestock
showed that maximum income was obtained from cow
milk (`1,36,020.00). This system could generate 200
man-days employment amounting to ` 40,000.00
adding the cost of other input amounting to `
1,60,813.00 (Table 8). The gross and net income of `
2,33,366.00 and ` 72,553.00 was obtained respectively
giving an input–output ratio 2.22. The cow dung
produced in the Agro-pastoral system (31.60 t) was
utilized for the crop production. Production of guinea
grass on terrace risers in the lower and middle part of
the watershed and broom on the top portion of the
watershed provided green fodder sufficient for 8
months for the dairy unit without any extra input/
management cost. Production of grasses on terraces
risers reduced the yield of main crops; however this
was compensated with the continuous availability of
green fodder for the animals in the micro-watershed.

Table 6 Input-output relationship in (FSW-4)
Particulars

Area
(m)

A. CROP
Rice
Toria
French bean
Ginger
Maize
Black gram
Groundnut
Turmeric
Cucumber
Bottle gourd
Squash
Sponge gourd
Guinea grass
Total A

Yield
/ unit
(kg)

Values
`)
(`

1,593
272
1,929
117
1,593
102*
535
396
582
214
582
*
336
51
670
1568
53
*
106
90
92
58
105
42
2,700 28490
10,876 31,400

Output
` / m2)
(`

2,720.00
2,925.00
1,530.00
9,900.00
7,062.00

1.71
1.52
0.96
18.50
12.13

1,530.00
31,360.00

4.55
46.81

450.00
174.00
420.00
14,245.00
72,316.00

4.25
1.89
4.00
5.28
101.60

B. ANIMALS
Milk
2 cows
4534 lit 1,36,020.00
FYM
20 t
25,000.00
Total B
1,61,020.00
Grand Total (A + B)
2,33,366.00
C. INPUT COST
Fertilizer
Concentrate
Paddy straw
Medicine
Labour charges
Total C

-

0.47 t
6,613.00
4.6 t 1,01,200.00
4.0 t
12,000.00
1000.00
200
40,000.00
1,60,813.00

Net Income (A + B – C) 72,553.00
*Due to high rain and disease, the crop did not bear the pods.

Table 5 Cropping pattern and production in Agro-pastoral system
Cropping system

Area (m2)

Production
Kharif (kg)

French bean-Rice–Toria

Summer (kg)

Rabi(kg )

1,593

102

Maize – Black gram

582

214

Ginger

535

396

Groundnut – Toria

336

51

20

203.00

53

90

-

180.00

Turmeric+sponge gourd

102

189

42

Turmeric + Bottlegourd

106

170

90
58

Turmeric+ Cucumber

Turmeric+squash
Turmeric
Guinea grass

92

175

472

944

2,700 rmt

28,490

Total REY (Rice Equivalent Yield)
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272

REY (kg)

97

667.50
706.20
990.00

420.00
-

385.00
367.40
1,888.00

-

1424.50
7,231.60
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during lean period. In between the tree species, broom
and guinea grasses were grown as a companion crop
for soil and water conservation, besides fodder
production. The Agri-horti-silvi-pastoral system
produced 10,930.00 kg rice equivalent yield (REY)
registering a gross return of ` 1,09,300.00. The
cropping pattern for this system is depicted in revealed
(Table 7) maximum REY of 950.40 kg with capsicum
-turmeric was obtained followed by tomato –okracabbage.
Cost and return analysis (Table 8) indicated
maximum net return of ` 50,920.00 obtained from one
dairy unit having one cow and calf followed by
vegetable production by registering a net income of `
11,613.30, whereas orchard component showed a
negative value due to high maintenances cost and less
yield.

Agri-horti-silvi-pastoral system (FSW-5)
Total area of Agri-horti-silvi-pastoral system was
1.58 ha. Out of which, 0.55 ha was under forest while
1.03 ha under planned land use area. The average slope
of the micro-watershed was 41.77 %. In this system
0.10 ha of foothills was used for agricultural use, 0.25
ha for horticulture use and 0.44 ha for silvi-pastoral
crops. In the lower terraces, crops like capsicum,
French bean and okra were grown during kharif season
and French bean, pea, broccoli and cabbage were
grown during rabi season. The middle portion of the
system was utilized for fruit crops like Assam lemon,
pineapple and guava. On terrace risers, Guinea grass
and Congo signal grass were planted for green fodder
production also with an aim to prevent soil erosion.
Pineapples were planted in double row system as an
inter crop with Assam lemon. Forest block consisted
of Alnus nepalensis and Schima wallichi for timber
and fuel wood, staking of black pepper plants on these
trees was also praticed, while Ficus and Symingtonia
populnea were used for green leaf fodder production

Silvi-horticultural system (FSW-6)
The total area of Silvi-horticultural system was 3.13
ha with a forest land of 2.17 ha and planned land use

Table 7 Area, production and total system productivity of cropping sequence and fruit crops
Cropping system

Area (m2)

Production(kg)
Summer

Kharif
Capsicum+ turmeric
Capsicum-French bean*-pea
Tomato-okra-Cabbage
Tomato- okra—broccoli
Tomato-Elephant foot yam
Tomato- okra—pea
Assam lemon
Guava
Pineapple
Forest unit
Sales of milk from 1 cow
FYM
Total REY
Gross Return

155
310
164
156
215
252
685
885
1325
4400
2087 lit

13.2
20.8
125.0
119.0
121.0
133.0
**
110.0
105 fruits

462.0
4.0
30.0
22.2
756.0
44.0

Rabi
83.7
580.0
50.0
68.3

Rice Equivalent
Yield (REY)
(kg)
950.40
289.00
812.50
339.80
774.15
402.10
110.00
52.50

26400 green fodder***
6,261.00
937.50
say 10,930.00
1,09,300.00

7.5 t

*The crop did not yield due to heavy and continuous rains and diseases.
**Old plantation was replaced with new plantation.
*** Utilized for one dairy unit

Table 8 Cost and return analysis
Component

Area /No.

Vegetables
Orchard
Dairy
Total

1,256 m2
2,895 m2
1 nos.
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Total cost of
`)
cultivation (`

Total production
(REY)

24,066.20
3,040.00
31,500.00
58,606.20

3,567.95
162.50
8242.00
11,972.45
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Gross income
`)
(`

Net income
(`
`)

35,679.50
1,625.00
82,420.00
1,19,724.50

11,613.30
(-)1,415.00
50,920.00
61,118.30

of 0.96 ha. The average slope of the area was 53.18 %.
Lower terraces covering an area of 490.00 sqm was
utilized for growing spices and vegetables like turmeric
+ bottlegourd, turmeric + pumpkin and turmeric alone.
The middle portion of the system was utilized for fruit
crops such as guava. Upper portion of the system was
covered with the forest tree spp. like Alnus nepalensis.
The productivity of the system is depicted in Table 9.
A gross income of ` 21,490.20 was recorded from this
system.

WATER MANAGEMENT
Residue management and conservation tillage in
rice-based system
Field experiment was conducted during 2013-14
to evaluate the effect of tillage and residue management
in rice based system for increased production and
resource conservation. The effect of tillage and residue
management in rice based system resulted significantly
higher grain yield of rice under zero tillage for all crops
with residue retention followed by the treatment where
zero tillage for rabi crops along with residue retention
(Table 1). The yield of succeeding pea, mustard and
buckwheat was also significantly higher under zero
tillage with residue retention. Further, irrespective of
tillage, mulching with rice straw in rabi crops resulted
in significantly higher grain yield compared to no
mulch (Table 2).

Table 9 Silvi-horticultural system (FSW-6)
`)
Value (`

Cropping
system

Area
(m2)

Production
(kg)

Turmeric

173

432.15

Turmeric +
bottle gourd

130

258.84

66

5,506.80

Turmeric+
pumpkin

187

354.42

52

7,340.40

Guava

4,313

Total

4,803

Kharif
8,643.00

Table 1 Growth, yield attributes and yields of rice
as influenced by various tillage practices

*
Treatments

21,490.20

*The guava fruits could not harvest because of severe fruit borer
attack.
CT - Residue removal
ZT for all crops
(Residue retention)
ZT for rabi crops
(Residue retention)
Reduced tillage
(Residue incorporation)
CD (P=0.05)

Natural forest block (FSW-7)
A total of 1.03 ha area in natural forest block was
divided under forest (0.08 ha) and under planned land
use (0.95 ha). The average slope was 45.87 %. The
watershed area was dominated by common weed flora
viz. Fumaria parvifolia, Ciprus irri, Eupatorium
adenophorum, Arundinella bengallensis, Solanum
khasianum and Ageratum ssp. Two tree species were
commonly grown on the natural forest in the watershed
area. The growth and development attributes of these
tree species revealed that Pinus kesyia attained more
plant height (Circumferenceat basal height of 1.6 m
and at breast 1.4 m)) and other developmental attributes
as compared to Schima wallichii (Circumference at
basal height of 1.25m and at breast 0.93m).

Grain
yield
(t/ha)

Straw
yield
(t/ha)

69.0
87.3

24.0
31.7

5.43
6.23

8.62
8.88

86.7

29.7

5.77

8.53

64.3

25.0

5.30

8.10

6.4

1.5

0.23

0.23

The soil moisture content at 0-45 cm depth was
marginally higher under the mulching plot compared
to no mulch plot. The moisture content among the
tillage practices was higher under zero tillage for all
crops under residue retention compares to other tillage
practices. However, the moisture content at 60 and 90
DAS was at par under the tillage systems (Fig 1).

Timber –based farming system (FSW-8)
The area of timber-based farming system was 0.52
ha of which 0.02 ha was under forest and 0.50 ha under
planned land use. The average slope was 41.35 %. The
planned land use system was covered by tree species
of Michelia champaka and Michelia oblonga with
ircumferenceat basal height of 1.8 and 1.0 m, and
breast height of 1.1 and1.01m respectively.
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Plant
Root
dry wt. dry wt.
(g/hill ) (g/hill)

Fig 1 Moisture content (%) in 0-45 cm under various
treatments
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Table 2 Effect of mulching, and conservation tillage on yield of rabi crops (2012-13)
Treatments

Pea
Pod yield (t/ha)

Mustard
seed yield (t/ha)

Buckwheat
seed yield (t/ha)

Mulch

Mulch

Mulch

No mulch

No mulch

No mulch

CT - Residue removal

1.90

1.77

0.35

0.31

1.11

0.91

ZT for all crops (Residue retention.)

1.95

1.82

0.37

0.32

1.09

0.87

ZT for rabi crops (Residue retention)

1.80

1.67

0.45

0.34

1.16

1.01

Reduced tillage (Residue incorporation

1.77

1.65

0.38

0.33

1.10

0.87

CD (P=0.05)

0.08

0.06

0.02

0.02

0.09

0.11

management practices significantly influenced the
yield and yield attributes in toria (Table 4). Among
the residue management practices the seed yield of
toria was highest under the treatment receiving maize
stalk cover + poultry manure + Ambrosia @ 5 t/ha
was done which was followed by maize stalk cover +
Ambrosia @ 10 t/ha and maize stalk cover + farmyard
manure @ 10 t/ha.

Effect of in-situ residue management on carry over
soil moisture conservation and crop growth under
hill agriculture
Field experiment was conducted during 2013-14
to develop simple and low-cost technique of in–situ
moisture conservation for raising second crop during
winter season. Result revealed that tillage practices
could not exert any significant influence on yield of
maize. However, different residue management
practices significantly influenced the yield and yield
attributes of maize (Table 3). The grain yield of maize
was highest under maize stalk cover + poultry manure
+ ambrosia @ 5 t/ha followed by maize stalk cover +
Farm yard manure @ 10 t/ha. Results also revealed
that tillage practices did not exert any significant
influence on the growth and seed yield of the
succeeding toria. However, different residue

Table 4 Effect of tillage and in-situ moisture
conservation practices on productivity of toria crop

Table 3 Yield and yield attributes in maize as
influenced by tillage and residue management
Treatments

Conventional tillage
Zero tillage
CD (P=0.05)
Residue management
Control
Maize stalk cover
(MSC)
MSC + Ambrosia
@5 t/ha
MSC + Ambrosia
@10 t/ha
MSC + Poultry manure
+Amb.@ 5 t/ha
MSC + Farmyard
manure @10 t/ha
CD (P=0.05)

45.7
44.4
NS

5.69
6.70
NS

7.76
8.00
NS

340.5
383.3

47.5
40.2

5.44
5.58

7.00
7.72

376.2

43.3

6.27

7.70

327.8

48.3

6.02

7.67

383.5

50.2

7.53

8.86

367.3

40.8

6.34

8.34

58.2

14.1

1.06

1.13
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Dry wt. Root
Seed Stover
(g/plant) dry wt. yield ` yield
(g/plant) (t/ha) (t/ha)

Zero Tillage
Conventional Tillage
CD (P=0.05)

41.8
37.6
NS

7.4
6.6
NS

0.589.3 1.85
0.485.8 1.53
NS
0.3

33.3
29.0
34.6

5.6
4.5
7.5

0.43
0.46
0.49

1.58
1.72
1.47

43.4

7.5

0.54

1.56

50.6

9.9

0.66

1.99

47.3

6.8

0.65

1.82

7.9

3.0

0.12

0.45

Residue management
Control
Maize stalk cover(MSC)
MSC + Ambrosia
@ 5t/ha
MSC + Ambrosia
@10t/ha
MSC + Poultry manure
+ Amb.@5t/ha
MSC + Farm yard
manure@ 10t/ha
CD (P=0.05)

Plant
Root
Grain Straw
dry wt. dry wt. yield yield
(g/plant) (g/plant) (t/ha) (t/ha)
410.7
315.5
39.7

Treatments

The soil moisture content at 0-45 cm depth was
10-15% higher under conventional tillage over zero
tillage at 30 DAS. However, the moisture content at
60 and 90 DAS was at par in both the tillage system.
Among the residue management practices, moisture
content was higher under maize stalk cover + poultry
manure + Ambrosia @5 t/ha followed by maize stalk
cover + Ambrosia @ 10 t/ha during toria growth period
(Fig 2).
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for terrace condition (Fig 3). Results indicated that
among the intercropping systems, maize + groundnut
intercropping system (paired row) resulted in higher
maize equivalent yield (Table 5). Among the tillage
practices, conventional tillage resulted in significantly
higher maize yield as well as maize equivalent yield
(MEY).
After harvest of kharif maize and intercrops, toria
was grown with residual moisture. The toria yield was
significantly higher under zero tillage (ZT) compared
to conventional tillage (CT) (Table 5). Among residue
management practice, maize + groundnut (residue
retention) resulted in highest toria yield followed by
maize + soybean (residue retention).
The soil moisture content at 0-45 cm depth was
10-15 % higher under zero tillage over conventional
tillage. The moisture content of the soil is gradually
increasing from 30 and 60 DAS and slightly decreasing
in 90 DAS. The highest soil moisture content under
the treatment where maize + ground nut paired row
(residue retention) planting was practiced compared

Fig 2 Moisture content (%) in 0-45 cm depth under
various treatments during the growing period of toria
crop

Evaluation of resources conserving option on
productivity and water use efficiency (WUE) of
maize - toria cropping system under terrace
condition
Field experiment was conducted during 2013-14
to find out water efficient maize based cropping system

Table 5 Growth, yield attributes and yields of maize as influenced by tillage and intercropping / residue
management
Treatments

Conventional tillage
Zero tillage
CD (P=0.05)
Intercrop/ Residue management
Maize sole (residue removal)
Maize sole (residue retention)
Maize+ soybean paired (residue removal)
Maize+ soybean paired (residue retention)
Maize+ groundnut paired (residue removal)
Maize+ groundnut paired (residue retention)
Maize+ in-situ green manure(residue removal)
Maize+ in-situ green manure (residue retention)
CD (P=0.05)

Maize + Soybean

Kharif season (maize + intercrops)

Rabi season (Toria)

Grain yield of
maize (t/ha)

Seed yield
(t/ha)

Maize equivalent Straw yield
yield (t/ha)
(t/ha)

5.27
5.04
0.011

6.73
6.29
0.38

7.95
7.42
0.45

0.54
0.37
0.05

1.24
1.21
NS

4.40
3.60
3.88
3.54
4.61
3.84
3.60
3.47
0.89

4.40
3.60
5.70
5.38
6.92
5.80
3.60
3.47
1.18

5.32
5.50
5.31
6.10
6.78
5.81
5.30
6.04
1.09

0.32
0.29
0.29
0.37
0.35
0.47
0.31
0.33
0.11

0.81
0.93
1.01
1.01
0.86
0.91
0.92
0.89
0.13

Maize + Groundnut

Maize Sole

Fig 3 Crop performance under different tillage and residue practices
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Stover yield
(t/ha)
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to other treatment (Fig 4). The soil moisture content at
0-45 cm depth was 10-15% higher under zero tillage
over conventional tillage during toria growth period.
The moisture content of the soil gradually increased
from 30 and 60 DAS and slightly decreased in 90 DAS.
The highest soil moisture content under the treatment
where maize + ground nut paired row (Residue
retention) was done compared to other treatment (Fig
5).

Conservative measures through broad leaved
vegetables and maize intercropping in terrace
situation
The experiment was conducted in 2013-14 kharif
season with three broad-leaf vegetables (pumpkin,
cucumber and ash gourd) as intercrop with maize (Fig
6). The data on yield and yield attributes of maize show
significant effect of different treatment. Maize
intercropped with ash gourd was found as best system
for the terrace condition of mid altitude of Meghalaya
as this system recorded maximum soil moisture and
grain yield of maize (Table 6 and Fig 7). The lowest
grain yield was recorded under maize sole (control)
followed by maize + cucumber.
Table 6 Performance of maize as influenced by
intercropping with broad leaved vegetables
Treatments

Fig 4 Profile water storage under treatments during
maize

Grain
yield
(t/ha)

Straw
yield
(t/ha)

Control

307.5

0.36

2.97

7.77

Maize + pumpkin

622.5

0.65

4.22

7.80

Maize + cucumber

472.5

0.55

3.42

8.02

Maize + ash gourd

647.5

0.83

4.45

8.80

CD (P=0.05)

208.3

0.38

0.64

0.92

Maize + Ash gourd

Fig 6 Maize and broad leaved vegetable crops as intercrops
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Root
dry wt.
(g/plant)

Fig 7 Moisture content (%) in 0-45 cm under various
intercropping

Fig 5 Profile water storage under various treatments
during toria crop

Maize + Cucumber

Plant
dry wt.
(g/plant)
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Maize + Pumpkin

Efficient water management in strawberry through
micro irrigation
Field experiment was conducted during 2013-14
to find out efficient utilization of water through micro
irrigation and mulching (Fig 8). The water harvested
in jalkund was used as source of irrigation. The yield
attributes and berry yield of strawberry was highest
under black polythene mulch than straw mulch (Table
7). Among the irrigation levels, irrigation at 1.0 EPan
resulted in maximum berry yield followed by irrigation
at 1.2 EPan indicating the need for providing adequate
water to the crop. Excess water over 1.0 PET is a waste
especially under mulching, the berry yield was also
found best under 1.0 PET (Table 8).

Fig 9 Moisture content (%) in 0-45 cm under various
treatments

complete crop failure. Different weed management
practices showed significant increase in grain yield.
Among the weed control practices, use of Cyhalofop
butyl 80g /ha @ 25 DAS followed by 2,4D @ 0.75 kg/
ha at 35 DAS resulted in highest grain yield (4.36 t/ha
Table 9).
Table 9 Yield attributes and yields of upland rice
as influenced by different weed management
Treatments

Fig 8 Performance oif strawberry under mulching and
drip irrigation

The soil moisture content at 0-45 cm depth was
generally higher under plastic mulch over straw mulch
(Fig 9). Among the irrigation levels, highest soil
moisture content was recorded under irrigation at 1.2
EPan at 30 DAS. At 60 & 90 DAS highest soil moisture
content was recorded under 1.0 EPan followed by 0.8
and 1.2 EPan.

Grain Weed
yield dry wt.
(t/ha) (g/ m2)

Weedy check
Cyhalofop butyl 80g /ha @ 25 DAS
fb 2,4D @ 0.75 kg/ha at 35 DAS
Butachlor 1.5 kg/ha at 3 DAS fb 2,4D
@0.75 kg/ha at 25 DAS
Mechanical weeding (grubber) at 20 and
40 DAS
Pretilachlor @ 0.75 kg/ha at 3 DAS fb 2,
4D @ 0.75 kg/ha at 25 DAS
Fenoxaprop ethyl @ 60g/ha at 15 DAS
fb 2,4d @ 0.75 kg/ha at 25 DAS
Weed free upto 60 DAS (twice in a week)

Integrated weed management in upland rice
Effect of weed management practices in upland rice
was studied. Unweeded check (Fig 10) resulted in

0
4.36

176.4
47.2

3.78

56.8

3.95

73.6

3.73

36.0

3.45

40.4

4.24

34.8

Table 7 Growth and yield attributes of strawberry as influenced by different mulching
Treatment

Plant height (cm)

Irrigation level EPan) Straw
mulch
0.8
1.0
1.2

19.3
23.3
21.0

No. of leaves/plant

Berry/plot

Plastic
mulch

Mean

Straw
mulch

Plastic
mulch

Mean

20.0
20.3
23.8

19.7
21.8
22.4

12
14
15

13
15
16

12.5
14.5
15.5

Straw
mulch

Plastic
mulch

Mean

390
760
564

490
652
524

590
544
484

Table 8 Yield of strawberry as influenced by different mulching
Treatment
Irrigation level EPan)
0.8
1.0
1.2

ANNUAL REPORT 2013-14

Berry yield (kg/plot)
Straw mulch
4.6
5.3
4.7

Berry yield (t/ha)

Plastic mulch

Mean

Straw mulch

Plastic mulch

Mean

5.7
5.8
5.6

5.1
5.6
5.2

2.56
2.97
2.63

3.15
3.21
3.13

2.86
3.09
2.88
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Cyhalofop butyl 80g /ha @ 25 DAS fb 2,4D Pretilachlor 0.75 kg/ha @ 3 DAS fb 2,4-D

Check

Fig 10 Influence of different weed management practices on upland rice

Evaluation of Buckwheat (Fagopyrum esculentum)
Field experiment was carried out to evaluate the
optimum time of sowing Buckwheat revealed that
buckwheat can be grown successfully under
Meghalaya from September to December. However,
October sowing resulted in highest grain yield (11.0
q/ha).The crop can also be grown during rainy season
for high biomass yield (24.0 q/ha), which will serve as
a green fodder for the livestock (Fig 11).

Fig 12 Jalkund at Water Management farm

Fig 11 Effect of date of sowing on buckwheat yield

Zero energy based water harvesting structure
(jalkund) and its use for high value crop under hilly
condition
The demonstration on low cost micro rain water
harvesting structures and their efficient utilization was
undertaken at different farmer’s field at Ri-Bhoi
District (Figs 12 &13). The harvested water is being
used for growing vegetable crops; rearing livestock
and poultry etc. the technology is getting immense
popularity in different states of N.E. hill region.

Fig 13 Jalkund at Sohpdok village

conducted in farmers’ field at Mawlasnai village in
Ri-bhoi District, Meghalaya (Fig 14 & 15). The result
showed higher maize equivalent yield (MEY) under
maize + groundnut intercropping system compared to
farmer’s practices of growing sole maize (Table 10).
The seed yield of mustard was higher under the
treatment were Ambrosia @ 10 t/ha was used as mulch
followed by the treatment were Ambrosia @ 5 t/ha as
mulch compared to farmers’ practice (Table 11).

Demonstration of in-situ soil moisture conservation
in maize - toria cropping system in farmers’ field
Demonstrations on in-situ soil moisture
conservation in maize-toria cropping system were
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Table10 Yield and yield attributes of maize in
different treatments
Treatments

Farmers’ practice
(Sole maize)
Maize + groundnut

Maize Groundnut
yield yield
(t/ha) (t/ha)

MEY
(t/ha)

AGROFORESTRY
Improvement of jhum farming for natural resource
conservation and livelihood security in NEH Region

Straw
yield
(t/ha)

4.78

0.0

4.78

8.67

4.44

1.77

6.21

8.67

Basic information of the location
Flagship programme on ‘Jhum improvement’ was
initiated in Sonidan village lies between 25052’31.5’’N
and 92007’10.3’’ E in Ri-Bhoi district which is 80 km
from Shillong with an average altitude of 883 m asl
and receives 1866 mm rainfall per annum. This village
supports 230 numbers of households with 1610 persons
with average house holding size of 7 ha. Most of the
people were belong to Khasi (Bhoi) tribes. Nearly 80
per cent of people are depending on daily agricultural
laborers for their livelihood. Daily wages for male Rs.
250/= and for female ` 200/= with 6 hours of working.
Exchange of the work force among the house hold is
also a common practice. Most of the households (205
nos.) are characterized as medium class of ncome group
with monthly income range of ` 2000-10000. The
village is well connected with road and act as a main
hub for the surrounding villages. The village endowed
with minimum basic amenities like education
institutions, health, veterinary services, commercial
establishment, post office, water supply, irrigation, and
electricity facilities. Literacy rate is high (98 %),
however, most of the people are limited up to primary
level (42%) followed by secondary level (33%).
Regarding the livestock resources, they are rearing cow
(104 nos), buffalo (60 nos), local pig (80 nos), local
poultry (500 nos) and goat (40 nos) mainly for meat
purpose.

Table 11 Yield and yield attributes of mustard in
different treatments
Treatments

Farmers’ practice
Ambrosia @ 10t/ha
Maize stalk cover
Ambrosia @ 5t/ha

Plant
dry wt.
(g/plant)
18.1
23.5
18.5
21.3

Root
Seed
dry wt. yield
(g/plant) (t/ha)
1.7
1.9
1.5
1.8

Straw
yield
(t/ha)

0.12
0.18
0.14
0.17

0.72
0.81
0.76
0.81

Fig 14 Overview of demonstration plot in farmers’ field

Land used pattern
This village owns about 1109 ha land area in which
maximum area is under forest (589 ha). More area of
forest was owned by individual (288 ha) followed by
community (172 ha) and the rest (129 ha) by the state
government. About 180 ha of area are under jhum
practice with equal area (200 ha) under lowland for
rice cultivation. They are practicing settle agriculture
only in 40 ha. Per capita land availability in this village
viz., forest (2.2 ha), jhum land (2.5 ha), crop land (0.9
ha), homestead (0.5 ha) and pond (0.2 ha). Few farmers
own more than 100 ha of forest land. Some jhum fields
are nearer to their household (0.5 km) while others are
little faraway (4 km). Even a single household is not
having any LPG connection. For fuel wood they are
mainly depending on jhum field (43.5 %), forest
(34.5%) and near household (22.0 %). Village council

Fig 15 Overview of demonstration plot

ANNUAL REPORT 2013-14

43

allots 3-5 acre land who are not having land after
marriage with an agreement (Dulir) to the Dorbar and
on time nominal charges of ‘600/acre. The allotment
is in permanent nature and thus, it is allotted to the
local residents only. If the allotted land is not utilized
within three years by the individual concern the land
will be withdrawn by the village council.

Labour requirement and crop productivity
In jhum field more or less equal area was allotted
for ginger (49 %) and upland rice (48 %) (Fig 1).
Ginger is mainly grown for commercial purpose while
rice for own consumption. The seed rate of ginger
varies from 3.2 - 4.2 t/ha, upland rice 78 kg/ha and
lowland rice 69 kg/ha. Own farm saved seeds are
utilized for sowing. Ginger required more number of
labours (444) compared to upland rice (272) and
lowland rice (188). Most of the labour forces were
spent for field preparation (27 %) followed by
harvesting (24 %) and weeding (21 %) for ginger. In
case of upland rice, about equal no. of labour (18-20
%) was spent on field preparation, sowing, weeding
and harvesting. In case of lowland 32 % of labour was
spent for tillage (excluding ` 4200/- for using buffalo
for levelling) followed by harvesting (23 %) and
transplanting (18 %). Gents were mainly employed for
land preparation and threshing. The yield of ginger
varies from 5.2 – 9.9 t/ha in which 50% of the yield
was obtained through removal of mother rhizome after
60 -70 days after sowing.

Jhum cycle
It was observed that in jhum field, the cropping
period is 2 years with a rice fallow period of 4 to 7
years. Invariably in the first year they grow ginger
followed by rice in the second year. Some farmer’s
plant broom slips (approx. at 2.5 m escapement) in the
first year itself. They also grow vegetables (chilli,
brinjal, colocasia) in the jhum fields. After 2 years the
field is utilized for brooms up to 6 to 7 years.
Thereafter, they go for fresh planting of brooms which
is collected from the adjoining forest. Area under
ginger is increasing but area under rice is observed to
be decreasing.
Jhum calendar
In jhum field slashing or cutting of bushes starts
from November and ends in January. Burning of the
dried bushes is completed during January to March.
Field preparation is performed during February to
April. Sowing of the seeds starts from March to May
for different field crop. Ginger will be sown during
March to April. Weeding of the crops are done from
May to August and minimum two weeding are carried
out for ginger and one for rice. Harvesting of the crops
starts from September and extends up to December.

Income source and expenditure status
Major portion of the income was derived from jhum
land (47 %) followed by livestock (11 %). Forest
contributes about 8 % to the total income and it was
shared from fruits (37 %), timber (31 %), fuel wood
(13 %), bamboo (11 %) and vegetables (9 %). They
spent more expenditure on food (36%) and jhum land
(33%), followed by education (13%), health (6%),
livestock (5%), maintenance (3%), saving (2%),
entertainment (1%) and non jhum (1%).
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Fig 1 Ginger and rice in jhum fields

Four varieties of upland rice were recorded viz.,
KbaManar, Kbalum, KbaKhasi and KbaPnahiong in
the jhum field of Sonidan. On an average, rice
productivity of 1.4 t/ha was obtained farmers except
KbaPnahiong (0.9 t/ha) (Table 1 & 2). However, the
taste of the KbaPnahiong was preferred by the local
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Table 1 Crop productivity in jhum field at Sonidan
Crop

Ginger
Upland Rice
Lowland Rice

Seed rate
(kg/ha)

Labour
requirement
(Man days)

3200-4150
78
69

444
272
188

Output (kg)
Mother
rhizome

Final
Yield

2300-5600
-

Table 2 Yield and utilization of upland/jhum rice
varieties at Sonidan
Varieties
Rice (KbaManar)
Rice (KbaLum)
Rice (KbaKhasi)
Rice (KbaPnahIong)
Mean

Yield
Own
Seed
(kg/ha) consumption purpose
1.36
1.56
1.42
0.88
1.31

1294
1387
1397
833
1228

62
173
44
48
82

Purpose of usage (kg)
Own
Consumption

5200-9850
1305
2061

10-20
1228
1994

Seed
3200-6150
82
75

Sale
4200-8500
0
0

with the productivity of 2.0 t/ha was observed. Only
in lowland buffaloes were used for land leveling and
vehicles were used for carrying the threshed grain.
Labour requirement of ginger and jhum rice
cultivation was worked at about 444 (Table 3) and 272
man-days (Table 4), respectively. In ginger and rice
cultivation about 79 and 73% of the labour,
respectively is contributed by male folks and the rest
is by the females. For both ginger and rice cultivation
more than 50 % labour requirement is met by hiring in
Snidan village.

Sale
0
0
0
0
0

people and fetching more price in the market. In
lowland, two rice varieties viz., KbaMynri and KbaHeh

Table 3 Labour requirement for ginger in jhum field at Sonidan
Activities

Hire
Male

Slashing
Cleaning
Field preparation
Sub total
Sowing
1st weeding
2st weeding
Earthing up
Mother rhizome removal
Harvesting
Carrying
Total

Own
Female

34
3
41
78
24
21
15
25
15
15
10
203

0
3
0
3
17
7
2
0
5
4
0
38

Male

Total
Female

14
8
12
34
11
13
13
13
15
29
21
149

0
5
2
7
0
15
9
0
0
23
0
54

48
19
55
122
52
56
39
38
35
71
31
444

Table 4 Labour requirement for upland rice (KbaManar) in jhum field at Sonidan
Activities

Hire
Male

Slashing
Cleaning
Field preparation
Sowing
1st weeding
2nd weeding
Harvesting
Threshing
Carrying
Total
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Own
Female

Male

Total
Female

No additional labor, because rice was sown as second year crop
41
37
14
5
2
2
2
103

0
4
12
2
15
7
0
40

12
5
16
2
27
17
17
96
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2
5
10
0
8
8
0
33

55
51
52
9
52
34
19
272

harvesting structure was introduced in the jhum fields
for soil and water conservation (Table 7).

Interventions and impact
Presently, proper soil and water conservation
measures were not available in the jhum fields. For
sustainable production and better resource use
efficiency technological interventions viz., soil and
water conservation (6 techniques), high yielding
varieties (7 nos), package of practices (4 nos), MPTs
(67500), secondary agriculture (piggery, poultry,
mushroom) were implemented in the jhum fields. So
far, about 166 farmers were covered with an area of
15 ha (approx.). About 6776 kgs of various seed
materials were distributed to 312 beneficiaries under
jhum improvement programme (Table 5).

Table 7 Soil and water conservation measures in
jhum fileds
Particulars

Jalkhund
Bench terrace (m2)
Contour cropping (m2)
Line sowing across the slope (m2)
Bun across the slope (m2)

Table 5 Quantities of various seed materials
distributed in Sonidan
Particulars

Quantity
(kg)

Vegetables
Ginger
Turmeric
Rice
Maize
Groundnut
Colocacia
Total

15.4
438
6000
13
80
80
150
6776.4

Beneficiaries
(no)
77
7
20
2
60
80
66
312 (16l)

Table 6 Multipurpose tree species planted in jhum
lands

Tita champ
Red cedar
Khasi mandarin
Assam lemon
Peach
Valencia
Guava)
Total

Quantity
(nos.)
2595
2195
780
925
170
15
70
6750

2
1
2
2
1

Table 8 Ginger yield in jhum fields as influenced
by biofertilizer, pest and disease management
practices

Beneficiaries
(no)
18
14
18
61
15
1
3
130 (62)

Treatment
Azatobactor
PSB
Azatobactor + PSB
Botanicals – GF1
Bavistin (0.2 %)
Control

Bench terracing, contour cropping, line sowing
across the slope and jalkund –a micro rain water
ANNUAL REPORT 2013-14

2
2281
2500
2000
1000

Beneficiaries
(no)

For promoting micro enterprises and secondary
agriculture, livestock such as pigs (10 nos) , poultry
(154 nos), apiculture (10 nos) and mushroom (40
packets) were integrated with the jhum farming for 13
beneficiaries .To promote small scale mechanization,
farm tools and implements including rice thresher and
sprayer were distributed to the 15 jhumias. As a part
of the soil conservation measures, partial bench
terracing was made in the farmers’ fields (Fig 3) having
slopes ranges from 26 - 62 % with an area of an average
1500 m2 with an actual expenditure of ‘10,000-15,000.
It is calculated that 225 - 325 man-days per ha with an
expenditure of ‘56,250-81,250/ha. The variation in
expenditure depends upon the slope of the field, soil
type, soil depth, type and composition of the vegetation.
Five times reduction in soil loss was observed due to
bench terrace when compared to farmer’s practice in
the initial year. The soil loss was more during the initial
showers. Ginger rhizomes treated with Azatobactor +
PSB recorded maximum yield 16472 kg/ha which is
on par with GF-1 treated rhizomes in the jhum field
(Table 8).

Sapling of diverse MPTs such as Tita champ
(Michelia champaca), Red cedar (Toona ciliata), Khasi
mandarin (Citrus reticulata), Assam lemon (Citrus
limon), Peach (Prunus persica), Valencia (Citrus
sinensis), Guava (Psidium guajava) were planted in
the degraded jhum lands for rehabilitation. About 6750
saplings were planted covering 132 beneficiaries
(Table 6).

Particulars

Quantity
(nos.) /
Area (m2)

Ginger yield (kg/ha)
14111ab
14215ab
16472a
15701a
1368ab
9736b

Kroiler poultry birds were introduced in the jhum
field (Fig 4) which is nearer to the residential area.
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Table 1 Yield of turmeric (kg/ha) under Alder trees
and Tree bean with different fertilizer management
Treatments

Control
Lime @ 3 t/ha
NPK @ 90:90:90
FYM @ 5t/ha
Lime + NPK
Lime + FYM
NPK + FYM
Lime + NPK + FYM

Fig 3 Terraces developed in jhum field

Assistance in terms of chicks was provided from ICAR
to the farmers in the initial time only. Within four
months Shri. Spar earned about `12,534/- as net income
besides 40 man days of additional employment. After
understanding the poultry rearing and the income from
this enterprise, he continued poultry rearing from his
own earning.

Turmeric yield (t/ha)
Under Alder

Under
Tree bean

5.49b
6.73ab
5.84b
8.28ab
11.6ab
11.6ab
9.43b
13.81a

6.58b
6.83b
5.63b
8.75a
8.90a
9.69a
8.97a
9.74a

Productivity of ginger and turmeric under various
bio-fertilizers
Ginger rhizome treated with GF-1 registered more
yield (6 t/ha) which was on par with rhizomes treated
with Azatobactor + PSB. While, turmeric yield was
more (8.7 t/ha) when the rhizomes treated with
Azatobactor and PSB which was also at par with
rhizomes treated with 22 L and Azatobactor (Table 2).
Table 2 Effect of various bio-fertilizers on yield of
ginger
Treatments
Azatobactor
PSB
Botanics (GF-1: Ginger;
22L: Turmeric)
Azatobactor + PSB
Bavistin
Control

Fig 4 Poultry integrated with jhum farming

Development of self-sustainable integrated farming
system through crop, livestock and forestry
integrations under rainfed condition for
productivity enhancement

Turmeric
yield (t/ha)

4.75bc
5.04b
6.00a

7.52ab
7.32b
8.65a

5.83a
4.92bc
4.25c

7.85ab
7.28b
5.82c

Azatobacter @ 100ml/10 kg soil; PSB @ 1kg /6.5 kg vermincompost. Each applied @ 50 g/pit.

Productivity of turmeric under different tree cover
and fertilizer management
Yield of turmeric was maximum (13.8 t/ha) in the
combined application of lime (broad casted before
sowing) + NPK + FYM when compared to control
and other fertilizer application either single or jointly
under Alder trees (Table 1). Under tree bean, the
tripartite application of Lime + NPK + FYM registered
higher turmeric yield (9.7 t/ha). The yield was less
when compared to under Alder trees. It indicated that
through proper fertilizer management the yield of
turmeric can be enhanced up to 151 per cent.
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Ginger
yield (t/ha)

Effect of various insecticides on yield of ginger and
turmeric
Both the rhizomes treated with Bavistin +
imidchloprid recorded more yield of ginger (140 %)
and turmeric (162%) than other insecticide treatments
(Table 3).
Evaluation of tuber crops under different tree crops
The yield of intercrops (colocasia, elephant foot
yam, turmeric) was more under alder trees (Table 4&
Fig 1). This is due to nitrogen fixation ability of the
alder trees. SOC built up was more under alder trees
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Table 5 Status of SOC (%) in different agrisilviculture practices

Table 3 Effect of various insecticides on yield of
ginger and turmeric
Treatments

Ginger
yield (t/ha)

Imidchlorprid
Chlorpyriphos
Bavistin
Bavistin + Imidchloprid
Bavistin + Chlorpyriphos
Botanics – GF1
M.anisoplace
B. bassiana
Carbofuran
Neem cake
Control

Turmeric
yield (t/ha)

4.45bc
4.22bcd
3.92cde
5.64a
4.90ab
3.50de
3.50de
3.99cde
3.25e
3.93cde
2.35f

Trees
Alder
Gamhari
Open
Crops
Colocasia
EFY
Turmeric
Depths
0-15 cm
15-30 cm

4.71c
3.33ef
3.92cde
6.99a
4.58c
5.83b
4.24cd
3.83cde
3.63de
3.83cde
2.67f

Table 4 Yield of tuber crops (t/ha) under different
under different trees

Alder
Colocasia
EFY
Turmeric
Ginger

8.0
8.8
16.5

Gamhari
7.1
8.3
10.1

Open
Tree
bean

Hedge
row

11.7

7.4
5.1

6.7

0.92a
0.77b

Evaluation of fruit tree based agroforestry systems
for hill ecosystem
Completely rainfed agroforestry systems were
evaluated on sloppy land having more than 50 % slope.

when compared to Gamhari and open condition.
Similarly, the SOC was more (Table 5) in the field
where colocasia was grown compared to other crops.
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0.96a
0.79b
0.79b

Morphological and biochemical characterization of
selected genotypes of Mucuna pruriens
Thirty one collections of Mucuna pruriens were
evaluated for their growth and yield attributes in
randomized complete block design with three
replications. Maximum genotypic coefficient of
variation was observed in yield (69.77 %) followed
by number of clusters per plant (54.78 %), and
inflorescence length (47.18 %). Among all these
collections highest seed yield (Table-1) was obtained
from collection number WBNMP-06 (2.47 t/ha)
followed by NGLMP-25(2.42 t/ha), MZRMP-03 (2.31
t/ha), UPMP-06 (2.22 t/ha), WBNMP-03 (2.00 t/ha)
and WBNMP-07 (1.97 t/ha). Wide range of variation
was also observed in seed weight. Highest L-DOPA in
seeds was highest in collection UKDMP-11 (6.54%).
UPMP-04 had highest 100 seed weight (68.00 g)
followed by UPMP-06 (51.36 g) and UPMP-02 (50.59
g). The inflorescence length was longer from the
collections from Nagaland as compared to other areas
with NGLMP-41 having the longest inflorescence
(49.78 cm). In case of total chlorophyll content
(Chlorophyll a and b), maximum value was obtained
in WBNMP-06 (3.278 mg/g) followed by WBNMP07 (2.834 mg/g). Most of the high yielders had higher
chlorophyll content.

Fig 1 Elephant foot yam

Trees

0.93a
0.81b
0.80b

Productivity of livestock components
From the livestock components through integrated
farming system (IFS) total revenue of ` 3,52,451/- and
as a whole from Agroforestry section ` 4,06,730/- was
generated.

Rhizome treatment: Imidchlorprid @ 3ml/10 L water (1 hr soaking),
Chlorpyriphos @ 5ml/10 lit water (1hr soaking), Bavistin @ 2 g/
L water (30 min soaking), GF-1 @ 650 ml/ 15 L water (4-5 hrs.
soaking). Soil trenching: M. anisoplace, B. bassiana, Carbofuran,
Neem cake

Crops

SOC %
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Table 1 Morphological and biochemical traits of Mucuna pruriens collections
Collection ID

ASMMP-10
ASMMP-18
ASMMP-27
ASMMP-30
IC-83195
MGHMP-06
MGHMP-11
MGHMP-25
MNPMP-02
MNPMP-05
MNPMP-17
MZRMP-03
MZRMP-04
MZRMP-16
NGLMP-10
NGLMP-25
NGLMP-41
RJSMP-04
RJSMP-07
RJSMP-16
SKMMP-02
SKMMP-10
UKDMP-05
UKDMP-11
UPMP-02
UPMP-04
UPMP-06
UPMP-13
WBNMP-03
WBNMP-06
WBNMP-07
CD (5%)

Days to
Clusters Inflorescence Flowers /
flowering /plant
length (cm)
inflorescence

100
107
107
101
88
101
100
105
96
93
96
104
108
124
106
106
96
95
90
97
89
100
88
95
111
86
86
89
101
100
102
9

21.33
6.67
5.00
26.22
44.78
19.00
29.22
27.22
46.44
51.66
28.22
36.22
36.22
5.89
37.78
47.67
17.89
11.33
15.33
41.00
40.00
14.56
25.67
22.34
24.22
1.78
44.11
23.78
44.11
73.55
67.11
16.23

27.40
33.07
22.99
31.57
19.06
32.64
45.58
24.54
27.79
17.30
22.40
27.26
34.69
28.63
47.97
45.91
49.78
25.36
29.01
5.15
22.28
25.44
9.33
8.38
11.33
7.61
10.66
12.29
43.43
39.91
30.52
4.05

24.20
28.90
35.61
38.59
20.62
30.90
32.85
31.01
24.84
18.40
28.56
22.56
33.98
13.14
50.21
34.28
33.83
31.76
24.21
6.33
22.36
28.21
7.74
8.69
13.18
8.99
8.53
7.63
40.71
36.95
37.37
6.35

Rhizomatus crops (Ginger and Turmeric) and
Groundnut were cultivated in alternate years. Small
terraces of 1 to 1.5 m width were made and fruit tree
were planted on alternate terraces. In the year 201314 performance of Groundnut (variety ICGS-76) was
evaluated in association with three fruit tree species
Assam Lemon, Guava and Peach (Table-2). Yield of
Groundnut was highest (1.1 t/ha) with Assam lemon
followed by Guava (0.87 t/ha) and peach (0.65 t/ha).
Fresh weight of fruit yields of Assam lemmon and
guava were 2.86 tonnes and 5.57 t/ha, respectively.
Peach did not yield any fruits as it was imposed with
heavy pruning in the previous year.

Pod/
cluster

100
seed
weight
(g)

Total
chl
(a+b)
(mg/g)

L
DOPA
(%)

Yield
(t/ha)

4.93
5.23
4.43
4.57
5.57
5.80
5.67
5.57
5.37
4.80
5.23
5.63
5.23
3.00
5.70
5.00
4.90
4.90
5.13
4.97
4.70
4.77
4.63
4.50
3.83
4.80
4.63
4.93
5.10
4.60
4.57
0.68

11.00
6.17
3.63
7.53
4.73
11.87
11.67
12.53
9.73
7.27
8.47
19.87
11.53
12.63
9.60
11.67
8.53
6.30
5.73
4.17
12.00
5.53
10.40
4.53
7.80
3.27
5.67
4.07
12.07
11.20
10.67
3.42

21.60
22.67
22.03
22.71
38.07
22.63
22.51
20.64
19.64
16.63
22.82
23.48
20.71
17.13
18.61
20.75
21.24
17.43
26.33
36.34
26.70
18.95
25.45
21.90
50.59
68.00
51.36
23.09
23.83
26.91
24.59
2.78

2.798
2.441
2.171
2.626
2.658
2.337
2.306
2.502
2.418
2.241
2.045
1.804
2.774
2.790
2.751
2.512
2.534
2.057
1.772
2.099
2.743
2.715
2.344
2.557
2.718
2.512
2.530
2.177
2.747
3.278
2.834
0.360

5.37
5.08
4.92
5.38
5.33
5.20
5.17
5.87
4.40
4.58
4.53
5.77
5.03
4.70
5.57
4.98
5.23
5.07
5.47
5.45
5.68
4.92
5.78
6.53
3.97
4.85
3.00
5.90
5.07
4.92
5.07
0.670

0.50
0.31
0.18
0.67
1.00
0.84
1.58
1.03
1.50
0.86
0.75
2.31
1.78
0.42
1.26
2.42
0.42
0.32
0.33
0.54
0.94
0.31
0.80
0.25
1.56
0.26
2.22
0.32
2.00
2.47
1.97
0.435

Table 2 Productivity of fruit tree based agroforestry
systems in slopy-land
Fruit trees

Assam
Lemon

Guava Peach

Fruit yield from tree species (t/ha)
Pod yield from groundnut (t/ha)
Rice equivalent yield (t/ha)
Gross returns (`/ha)

2.86
1.10
7.90
79,000

5.57
0.87
73,100

0.65
-

Cost of Assam Lemon- ` 20/kg, Guava-` 10/kg, Groundnut-` 20/
kg and rice-` 10/kg.

quality. The plants are 6 years old and have not started
flowering adequately. Based on the growth and
biomass accumulation, highest plant growth was
observed in seed source Bilkhawthlir (height 4.23 m
and diameter 7.34 cm) followed by Kezanglwa (height
4.58 m and diameter 9.18 cm).

Evaluation of growth performance of Perkia
roxburghii collections from the NE region
Plants from seven locations were evaluated in a
common environment for their productivity and pod
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Seeds
/Pod
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Table 3 Mean growth attributes of Perkia roxburghii
collections from the NE region
Seed Source
Khaibung
Jhingkhangphai
Kanpokpi
Mawkiang
Kawnpui
Kezanglwa
Bilkhawthlir

Height
(m)

DBH
(cm)

Canopy
(m)

3.30
3.23
3.90
2.87
4.11
4.58
4.23

6.27
7.79
6.87
6.20
8.40
9.18
7.34

2.64
2.90
2.89
2.75
2.56
3.17
3.44

Effect of elevated temperature on mineralization
kinetics of crop residues and their bio-char at
differential moisture regimes
An incubation study was undertaken with rice and
maize residues as fresh as well as biochars prepared
from both rice and maize residues. These four sources
were applied at two different doses (@0.5 and 1% of
soil weight). These sets were kept at 28° C for different
time intervals (1, 2 and 4 weeks). By and large,
observed results showed that amount of carbon
mineralization was more from fresh rice residue than
maize residue at both the doses (0.5 and 1%). It implied
that rice residues had more easily minerealizable
carbon than maize residues. Biochars prepared from
fresh residues gave less CO2 flux than the fresh residues
of both rice and maize. This might be due to the fact
that, biochar contains recalcitrant carbon which cannot
be mineralized easily. Again, increasing the dose of
biochars from 0.5 to 1.0% of soil weight, however,
increased the amount of mineralizable carbon in the
soils.

SOIL SCIENCE
Impact of integrated nutrient management
practices on carbon dynamics of acid soil
The field experiment was conducted for third year
(2013-2014).Residual effect of different integrated
nutrient management (INM) practices for three
consecutive years significantly (P<0.05) influenced
the soil organic carbon (SOC) content and the
maximum improvement (SOC: 2.09%) was recorded
in the treatments receiving NPK (50% of recommended
fertilizer dose: 80-60-40 NPK kg/ha) along with FYM
@ 5t/ha with lime @ 0.5t/ha over the control (without
any external input, SOC: 1.85%). However, the
improvement in SOC content due to the application of
different sources of organic manures (vermicompost/
weed compost) did not reflect any significant
differences and were statistically at par with FYM.
Similar to SOC content, on imposition of INM
practices with vermicompost {NPK (50% RDF) along
with vermicompost @ 5t/ha and lime @ 5q/ha},
microbial biomass carbon (MBC) as a part of SOC
pools also showed significant improvement (889 mg/
kg) over the control (638 mg/kg). However, among
the composts/ organic manures, improvement in MBC
was statistically superior with vermicompost over
FYM but was comparable with weed compost.
Proportion of MBC to SOC is varied from 3.4 to 4.3%
of SOC across the different INM practices. Soil
enzymes activities were also analyzed under the
different INM practices. It was observed that
dehydrogenase activity (DHA), which is the measure
of microbial activity in soil, was significantly (P<0.05)
higher in INM treatments receiving vermicompost
(DHA: 18.15μgTPF/g/h) over control (DHA: 11.90
ugTPF/g/h). Phosphatase and glucosidase enzyme
activities were also significantly higher in all INM
practices over control and manifested a positive
relationship with INM practices.
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Estimation of consumptive water use and crop
water productivity of maize across mid-altitude
Meghalaya
Present investigation was conducted in controlled
environment to study the integrated effects of liming,
and P fertilization under differential water regimes on
actual crop evapotranspiration loss (ET c ) or
consumptive water use (CWU) as well as water
productivity (WP) of maize. Results revealed that
CWU under stress free water regimes (100% of field
capacity of the soils) at mid-altitude Meghalaya was
251-270.9 mm. Under moderate water deficit regime
(50% of field capacity), CWU decreased to 160-184
mm. Among the stages of growth, vegetative stage (up
to tasseling) consumed the maximum amount of water
and on weekly basis, the most sensitive week was 1112th week after sowing (coincided with blistering stage)
during which crop consumptive water requirement was
the maximum (17-30 mm/weekly) (Figs 1-2). Weekly
ETc loss increased significantly (P<0.05) with the
increase in water level (25-100% of FC) (Figs 1-2).
Maize crop could able to produce grain yield of 6.04
to 11.21 g pot only in stress free water regimes (100%
of FC level). Therefore, water management including
irrigation scheduling should be plan accordingly to
overcome stress at vegetative as well as at blistering
stages of growth.
Crop water productivity (WP) of grain with respect
to ETc loss (WPET) varied from 0.71 to 1.36 g grain/kg
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Fig 1 Effect of differential water regimes on weekly
ETc loss of maize crop (P0- no phosphorous, L0- nonlime, W: water regime at 25% to 100% of field
capacity)

Fig 3 Diffogram showing significant differences of WPET
grain among the interaction effect of all treatments. Bold
horizontal and vertical lines represent the treatments. The
small lines passing through the squares diagonally represent
non-significant or significant differences between the
corresponding treatments

combinations using potato var. Kufri Jyoti. In relative
control, T9 (RD of NPK + lime + FYM +
vermicompost) improved all the soil health parameters
followed by organic manures in combination with lime.
About 22% increase in soil pH was observed with the
application of NPK + lime (T6) and 12% in T9. Soil
organic carbon content and microbial biomass content
was in the range of 1.22 (control) to 2.21 (g 100g-1)
(T9) and 208.87 (control) to 555.97 (μg/g soil) (T9)
(Table 1). About 81 and 166% increase in soil OC and
MBC, respectively was recorded under the plot
receiving combined application of organic and
inorganic nutrient sources along with lime (T9).
Application of FYM and vermicompost also improved
the soil health; however vermicompost application
showed slightly better performance with respect to soil
health and potato yield. Potato yield was highest in T9
(14.25 t /ha) which was about 170% higher than control
plot. Thus, application of organic and inorganic
nutrient sources along with lime was found to improve
soil health and productivity of potato in the nutrient
deficient acid soils of northeast India.

Fig 2 Effect of liming and P fertilization on weekly ETc
losses of maize across different water regimes (P60- 60
kg/ha phosphorous, L25- 25% Lime requirement, W:
water regime at 25% to 100% of field capacity)

water (Fig 3). Similarly, WP of grain with respect to
irrigation water (WPIR) varied from 0.42 to 0.78 g grain/
kg water. Among the three input factors namely, lime,
fertilizers and water, it was water regime which was
the most crucial in controlling the consumptive water
use, nutrient uptake as well crop water productivity of
maize. Application of lime (@ 25% LR, 5t/ha) with
fertilizers-NPK @ 80-60-40 kg/ha helped to overcome
the moisture stress in moderate water deficit regimes
(50% of field capacity). Liming can be exploited to
overcome intermittent moisture stress as well as
improving soil and crop productivity in rainfed maize
crop in the strong acid soils (pH<4.7) in NEH region

Soil respiration and CO2 concentration under
different groundnut varieties in Meghalaya
Effect of 14 groundnut varieties with recommended
package of practices on soil respiration and CO2
concentration in soil was studied under upland soils
for a period of 60 days. The total CO2 concentration
of the soil ranged from 432 to 474 ppm, while soil

Effect of integrated nutrient management practices
on soil quality and potato yield
The field experiment was laid out in CRBD with
nine treatments including lime, FYM, vermicompost
and recommended dose (RD) of NPK in different
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Table 1 Effect of INM practices on soil health and potato yield
Treatment

T1-Absolute control
T2-100% NPK
T3-Lime
T4-FYM
T5-Vermicompost
T6-NPK+Lime
T7-Lime+FYM
T8-Lime+Vermicompost
T9- NPK + Lime +
FYM + Vermicompost

BD
(g cm-3)

pH

OC
(g /100g)

N
(kg/ha)

P
(kg/ha)

Ca
(meq/100g)

MBC
(μg/g soil)

Yield
(t/ha)

1.24
1.29
1.27
1.34
1.36
1.34
1.40
1.42
1.45

4.10
4.31
4.49
4.30
4.46
5.06
4.62
4.54
4.70

1.22
1.58
1.52
1.62
1.68
2.10
1.86
1.98
2.21

175.1
234.9
191.3
191.3
198.2
221.9
207.7
258.8
288.7

15.90
24.53
21.82
23.44
23.80
24.60
22.23
26.83
28.70

0.88
1.13
1.13
1.17
1.25
1.35
1.38
1.40
1.63

208.87
444.26
253.85
324.47
371.29
281.04
304.68
423.35
555.97

5.29
11.25
7.68
10.07
11.62
11.94
10.62
12.17
14.25

Evaluation of resource conserving options on soil
respiration under maize-toria cropping systems
under terrace conditions
This study was carried out to estimate the rate of
soil respiration or exchange rate under different tillage
practices and, cropping systems and residue
management practices. Treatments comprised of (A)
conventional tillage and zero tillage in main plot and
(B) intercropping/residue management - maize (residue
removal ), maize (residue retention), maize + soybean
paired row (residue removal), maize + soybean paired
row (residue retention), maize + groundnut paired row
(residue removal), maize + groundnut paired row
(residue retention), maize + in-situ green manure
(residue removal ), maize + in-situ green manure
(residue retention) in sub plots. The results revealed
that the cumulative soil respiration was highest under
conventional tillage (2.07 to 2.93; average 2.56 g CO2/
m2/hr) compared to zero tillage (1.70 to 2.79; average
2.18 g CO2/m2/hr). Residue retention showed higher
soil respiration in both CT and ZT which was about
15% higher in ZT and 14% higher in CT in relative to
the residue removal. In both tillage practices (ZT and
CT), the treatment T5 (maize + groundnut paired row
with residue removal) recorded the lowest cumulative
soil respiration (1.7 and 2.07 g CO 2 /m 2 /hr,
respectively), while T8 treatment (maize + In-situ
green manure with residue retention) recorded the
highest value (2.79 and 2.93 g CO2/m2/hr, respectively).

respiration ranged from 0.40 to 1.25 g CO2/m2/hr. The
highest mean CO2 concentration and soil respiration
was observed in var. JL501 (463 ppm and 1.03 g CO2/
m 2/hr, respectively). However, the average CO 2
concentration was highest (425 ppm) at 5 DAS,
whereas soil respiration was highest (0.81g CO2/m2/
hr) at 30 DAS. Groundnut cultivation decreased the
soil CO2 concentration approximately by 4%, while it
increased the soil respiration rate by 15%. Amongst
the groundnut varieties, OG 52-1 recorded the lowest
soil CO2 concentration (439 ppm) and respiration (0.60
g CO2/m2/hr), whereas JL501 recorded the highest soil
CO2 concentration (463 ppm) and respiration (1.03g
CO2/m2/hr) (Table 2). Soil moisture and temperature
had strong correlations with soil respiration rate and
total CO2 concentration of the soil.
Table 2 Soil respiration rate and CO2 concentration
under different groundnut varieties
Variety

Soil respiration rate (g CO2/m2/hr)
5DAS

30DAS

60DAS

Mean

Og 52-1

0.54

0.74

0.52

0.60

SG 99

0.57

0.91

0.53

0.67

GG 21

0.67

0.77

0.89

0.78

GG 16

0.74

0.69

0.83

0.75

K 134

0.63

0.71

0.55

0.63

GG 7

0.68

0.80

0.85

0.78

GG 8

0.62

0.77

0.82

0.74

ICGV 86590

0.56

0.94

1.07

0.85

ICGS 76

0.54

0.61

1.05

0.73

JL 501

0.85

1.25

1.00

1.03

TAG 24

0.73

0.81

0.89

0.81

GG 20

0.87

0.74

0.72

0.78

AK 159

0.69

0.79

0.68

0.72

NRCG 4659

0.76

0.75

0.40

0.64
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Effect of upland rice under different weed control
measures on soil respiration
Effect of different weed control measures including
application of cyhalofop butyl (T2), butachlor (T3),
mechanical weeding (T4), pretilochlor (T5) and
fenoxaprop (T6) on soil respiration were studied and
compared with weedy check (T1) and weed free plot
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(T7) up to 50 days duration under upland rice in
Meghalaya. The cumulative soil respiration was in the
range of 0.47 to 1.48, 0.49 to 0.62 and 0.57 to 1.13 g
CO2-C/m2/hr at 10, 30 and 50 DAS, respectively (Fig
4). However, weedy check (T1) recorded the highest
cumulative soil respiration (3.22 g CO2-C/m2/hr), while
mechanical weeding (T4) showed the lowest value of
cumulative soil respiration (1.71 g CO2-C/m2/hr) which
was about 89% lower than the value recorded under
weedy check (T1) treatment. The mean cumulative soil
respiration was highest at 10 DAS followed by 50 DAS
and the lowest was at 30 DAS. This study concluded
that amongst all the weed control measures, mechanical
weeding recorded the lowest soil respiration or
exchange rate in relative to weedy check and other
control measures.

and compared with local maize under different soil
acidity amendments for yield, soil fertility and soil
respiration rate in Meghalaya. On average, application
of recommended dose of fertilizer showed the
maximum yield (3.71 t /ha) followed by FYM
application (3.22 t /ha), whereas control plot recorded
the lowest yield (1.97 t /ha). Amongst the maize
genotypes, RCM 1-76 recorded the maximum average
yield (3.41 t /ha) followed by RCM 1-75 (3.17 t /ha),
while local variety was with lowest yield (2.43 t /ha)
(Table 3). With NPK application, amongst all the tested
maize genotypes, RCM 1-76 showed the highest yield
of 4.64 t /ha, about 52% higher than the local variety.
The cumulative soil respiration rate was in the range
of 0.67 to 0.87 g CO2-C/m2/hr. Application of FYM
increased cumulative soil respiration rate by 29%
followed by lime application (18%) in relative to
control. However, RCM 1-2 and RCM 1-76 recorded
the highest cumulative soil respiration rate (0.82 and
0.80 CO2-C/m2/hr, respectively), whereas local and
RCM 1-1 showed the lowest cumulative soil
respiration rate (0.70 and 0.73 CO 2 -C/m 2 /hr,
respectively) (Table 3). With respect to the soil fertility
improvement, application of lime sludge increased the
soil pH and available P by 9 and 150%, respectively
while reducing the exchangeable Al by 68%. FYM
application increased the organic carbon content and
soil MBC approximately by 33 and 50%, respectively.
Among the maize genotypes, RCM 1.3 and RCM 176 improved all the soil fertility characteristics
compared to other genotypes. The soil MBC content
ranged from 330.49 to 440.25 μg/g soil with highest
value in RCM 1-3 followed by RCM 1-75, whereas
local variety recorded the lowest soil MBC (Table 4).

Effect of residue management and conservation
tillage in rice-based system on cumulative soil
respiration
Four tillage and residue management practices viz.,
conventional tillage (residue removal), zero tillage for
all the crops (residue retention), zero tillage for rabi
crops (residue retention) and reduced tillage (residue
incorporation) in main plot along with two mulching
treatments viz., no mulch and mulching with straw in
rabi crops in sub-plots were evaluated in lowland rice
for cumulative soil respiration for a period of 100 days
from the date of sowing in Meghalaya. Conventional
tillage with residue retention (T2) recorded the highest
cumulative soil respiration or exchange rate (2.31 g
CO 2-C/m 2/hr), whereas zero tillage with residue
retention (T3) recorded the lowest value (1.39 g CO2C/m2/hr) (Fig 5). The reduced tillage with residue
retention (T4) showed the intermediate soil respiration
(1.61 g CO2-C/m2/hr) between the zero tillage and
conventional tillage. On the other hand, the
conventional tillage with residue removal had slightly
lower soil respiration (1.97 g CO2-C/m2/hr) than CT
tillage with residue retention. With respect to sampling
duration, soil respiration was highest at 75 DAS
irrespective of the tillage practices, while for zero
tillage, soil respiration was highest at 45 DAS (0.34 g
CO2-C/m2/hr).

Altitudinal variation of soil microbial biomass
carbon under jhum cultivation in Meghalaya
Soil samples were collected from jhum land, citrus
orchard, broom grass field, maize-fallow, gingerturmeric and rice –fallow fields for the characterization
of soil microbial biomass carbon. The soils were
grouped into three categories based on the land use
and cropping systems. The group 1 (based on the land
use) includes: broom grass, pine forest, mixed forest,
citrus orchard, upland paddy and barren land. Group 2
(based on the cropping systems) includes: Maizefallow, ginger-turmeric and rice-fallow and the group
3 (based on the altitude) includes the jhum cultivation
field according to the slope percentage.

Yield, soil fertility and soil respiration under
different maize varieties with soil acidity
amendments in acid soils of Meghalaya
Five different maize genotypes (RCM 1-1, RCM
1-2, RCM 1-3, RCM 1-75 and RCM 1-76) were tested
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Table 3 Effect of soil amendments on the yield of different maize genotypes
Treatments

Maize yield (t /ha)
RCM 1-1

RCM 1-2

RCM 1-3

RCM 1-75

1.06
2.92
3.03
2.40
2.75
2.43

1.72
3.47
3.40
2.92
2.54
2.81

1.85
2.95
3.49
2.10
2.37
2.55

1.50
3.42
4.00
2.83
4.12
3.17

Control
FYM
NPK
Lime
Lime sludge
Mean

RCM 1-76
2.25
3.36
4.64
3.76
3.02
3.41

Local

Mean

1.43
2.11
3.06
1.70
2.28
2.11

1.67
3.22
3.71
2.80
2.96

Local

Mean

0.67
0.73
0.65
0.76
0.69
0.70

0.67
0.87
0.72
0.79
0.72

Soil respiration (g CO2-C/m2/hr)

Treatments
RCM 1-1

RCM 1-2

RCM 1-3

RCM 1-75

0.61
0.75
0.77
0.82
0.68
0.73

0.68
0.81
0.79
0.88
0.91
0.82

0.64
1.07
0.65
0.69
0.56
0.72

0.77
1.00
0.62
0.76
0.66
0.76

Control
FYM
NPK
Lime
Lime sludge
Mean

RCM 1-76
0.65
0.87
0.85
0.83
0.79
0.80

Table 4 Soil fertility characteristics under different soil amendments and maize genotypes
Treatments

pH (1:2)

OC (g /100g)

Exch Al (meq /100g)

Soil amendments
Control
FYM
NPK
Lime
Lime sludge

4.02
4.18
4.08
4.23
4.35

1.65
2.20
1.99
1.77
1.90

1.32
1.10
1.17
1.02
0.79

105.58
151.74
163.60
133.38
143.18

3.00
7.24
6.30
6.76
7.48

313.25
468.19
406.08
356.84
389.53

Maize genotypes
RCM 1-1
RCM 1-2
RCM 1-3
RCM 1-75
RCM 1-76
Local

4.11
4.23
4.16
4.20
4.14
4.19

2.08
2.08
1.78
1.81
1.96
1.71

1.00
0.98
1.13
1.14
1.19
1.03

122.31
144.33
149.28
141.12
132.93
141.12

7.60
5.93
5.99
5.49
6.56
5.37

364.32
396.65
440.25
423.44
365.51
330.49

Amongst the different land uses, the soil MBC was
maximum in the mixed forest (488.7 μg /g soil)
followed pine forest (320 μg/g soil) while barren land
recorded the lowest value (188 μg/g soil). Irrespective
of the land uses, surface soil (0-15cm) showed the
highest soil MBC and SMBC decreased with
increasing depths. With respect to the cropping
systems, rice-fallow system recorded, on average (all
the depths and elevations), the highest SMBC (346
μg/g soil) followed by maize-fallow (336 μg/g soil),
while ginger-turmeric system showed the lowest value
(340 μg/g soil). The values were highest at the lower
elevation and at the surface soil compared to higher
elevations (upper and middle) and sub-surface soils
(15-30 and 30-45 cm). Increase in slope per cent and
the elevation decreased the SMBC values in all the
ANNUAL REPORT 2013-14

N (kg /ha)

P (kg /ha)

MBC (μg /g soil)

depths. The average SMBC at the upper, middle, lower
and lowermost elevations were 160, 193.9, 280.9 and
360.2 μg/g soil, respectively (Fig 1).

Fig 1 Altitudinal variations of soil microbial biomass
carbon (SMBC) under jhum cultivation in Meghalaya
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Effect of seed priming with phosphorus, zinc,
human and cow urine on maize yield in Meghalaya
Water, P solution (1% KH2PO4), Zn solution (1%
ZnSO4.7H2O), human urine and cow urine (each 2.5
times dilution) were used as priming agents (16 h
soaking), and tested for their effectiveness relative to
unprimed seed (control). Seed priming with P caused
highest increase in crop yield [+0.53 t/ha (+70%)] over
control, followed by human urine [+0.34 t/ha (+45%)]
and cow urine [+0.21 t/ha (+28%)] treatments. Zn
priming improved crop yield by 24% (P = 0.08), while
hydro-priming proved inconsequential. In general,
yields obtained were very low because the
experimental soil was poor in fertility, and was not
supported by any external fertilization (usual farmers’
practice in the region). Results of this field trial suggest
that seed priming with P, Zn, human- and cow urine
can improve crop yield on low-fertility acid soils Alfisol
(pH 4.7) of northeast India. Since the beneficial effect
of seed priming with urine (particularly human urine)
on crop yield is reported here for the first time, its
potential utility as seed priming agent needs further
testing on different soils and crops. As urine is a costfree and easily-available source of plant nutrients, its
use in agriculture merits serious consideration. Alfisol
(pH 4.7) Seed pelleting with lime has also been found
effective, particularly in pulse crop (French bean), with
the effect on maize being only marginal.

CEC. The ECEC measured using this principle yielded
satisfactory correlation (R2 = 0.80**) with the ECEC
estimated by “sum of cations method” (Fig 2). This
method is rapid, easily adoptable, and can analyze 6080 samples in a day (against nearly 20 samples a day
by conventionally used methods). And thus, the
methylene blue adsorption method is recommended
for CEC determination (to be reported as MB CEC)
routine soil testing in acidic soils of northeast India.
Alternatively, the following equation was developed
for the estimation of effective CEC using methylene
blue adsorption method:

Refinement of soil test methods for acidic soils of
northeast India
Soil’s cation exchange capacity (CEC) is an
important property governing soil fertility and plant
nutrition. Conventionally used method (ammonium
acetate method) of determining CEC is known to
overestimate the CEC of acidic soils, as this method
measures soil CEC at neutral pH, not at naturally
existing pH of acidic soils. And hence in acidic soil,
measurement of effective CEC (ECEC) is more
meaningful than the CEC (neutral 1N ammonium
acetate). However, ECEC measurement is tedious and
time consuming as it requires measurement of Ca2+,
Mg2+, K+, Na+, Al3+ and H+ions. To get rid of this
problem in routine soil testing, methylene blue
adsorption method was evaluated and standardized as
a replacement of conventional “ammonium acetate”
method. Methylene blue is a singly charged cation
which bonds to negative charged surfaces of soils. The
bond is strong enough to displace almost all of the
exchangeable cations bound on soil particles. The
amount that bonds can be taken as a measure of soil

Fig 2 Relationship between effective CEC and the
CEC obtained through methylene blue adsorption
method (MB CEC)
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Where MB CEC (meq /100g) is the CEC measured
using methylene blue adsorption method.

A “Methylene blue drop test” (Fig 3) was also
standardised for approximation of soil CEC, which can
be used in “Rapid Soil Health Test kit”. The method is
rapid and does not require any sophisticated
instruments. Soil sample, methylene blue dye and a

Fig 3 Methylene blue drop test for approximation of
soil CEC
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with agricultural lime. Groundnut (Arachis hypogea
L. var. ICGS 76) was used as test crop with three
objectives viz. to study the comparative effect of
amendments on soil acidity, to study the effect of
amendments on growth and yield of groundnut and to
study the effect of amendments on physiological
parameters of groundnut. There were 8 treatment
combinations viz. control (recommended dose of
NPK), lime @ 25% lime requirement (LR) + NPK,
lime@100% LR + NPK, farmyard manure + NPK,
compost + NPK, vermicompost + NPK, poultry
manure + NPK and pig manure + NPK which were
replicated 8 times. Different plant parameters
(physiological parameters, yield and yield attributing
characters) and soil parameters (readily soluble Al,
exchangeable acidity, available P, pH, available N, P
and K, enzyme activity, microbial biomass etc) were
recorded at active growth stage (45 DAS) as well as at
harvesting stage of the crop. The incubation study was
conducted in laboratory with the same treatment
combinations for a period of 60 days. Effect of these
treatments on soil acidity related parameters viz. pH,
readily soluble Al, exchangeable acidity, exchangeable
Ca and Mg and available P were monitored at 15 days
interval of time for a period of 60 days.
At active growth stage and at harvest, soil acidity
parameters viz. pH, exchangeable acidity and readily
soluble aluminium were significantly lower in soils
treated with pig and poultry manure. In contrast,
organic carbon and MBC were significantly higher
under these two treatments. The activity of acid
phosphatases enzyme in soil amended with pig and
poultry manures decreased significantly as compared
to the control treatment due to increased availability
of P in soil. The chlorophyll content, specific leaf
weight, membrane integrity, stomatal characters, shoot
dry matter, root volume, root dry weight, yield
attributing characters and pod yield were significantly
higher under pig and poultry manure treatments. At
both the growth stages, NPK uptake was significantly
higher under these two amendments. Increment in yield
under poultry and pig manure was to the extent of 66
and 64 %, respectively whereas under lime @ 25% of
LR it was recorded to be 40% over control. The
available fraction of soil P under pig and poultry
manures was about 22 and 7 times higher over the
control, respectively at harvest. Readily soluble Al in
soil amended with poultry and pig manure was reduced
to the extent of 45 and 56%, respectively over control
at harvest. Similarly, same treatments reduced the
exchangeable acidity to the extent of 27.5 and 22.5%,

filter paper is all that is required in this test. Around
50 samples can be analysed for CEC in a day.
Thermodynamics of phosphate adsorption in acidic
soils of northeast India
Phosphorus adsorption is a major factor regulating
phyto-availability of P in acidic soil, external P
requirement, and P loss to the environment. For
detailed characterization of P adsorption in some
representative acidic soils of northeast India, an
adsorption isotherm study (at various temperatures)
was conducted with the soils of Manipur, Arunachal
Pradesh and Meghalaya (Table 1). Sorption data fitted
well to the Langmuir adsorption Isotherms (R2>0.9).
Negative values of Gibb’s free energy change (ΔG0)
suggest the feasibility and spontaneous nature of P
adsorption in acidic soils. Positive values of enthalpy
change (ΔH0) reveal the endothermic nature of P
adsorption, and the positive values of entropy change
(ΔS0) indicate increased randomness at soil solidsolution interface subsequent to P adsorption in acidic
soils of NEH Region.
Table 1 Thermodynamic parameters of phosphate
adsorptionin acidic soils of NEH Region
Parameters

Unit

Gibb’s free energy
change (ΔG0)
(at 200C)
Enthalpy change
(ΔH0)
Entropy Change
(ΔS0)
Maximum
adsorption
capacity
Phosphate
buffering
capacity(at 200C)

(kJoule
/mol)

-8.3

-11.8

-10.8

(k Joule
/mol)
(k Joule
/mol)
(μgP/g)

30.3

23.1

40.8

75

38

102

1428

1250

2500

161

212

(ml/g)

Manipur

42.8

Arunachal Meghalaya
Pradesh

Management of acid soils through organic
amendments
In the northeastern region of India, out of 26 mha
total geographical area (TGA), more than 21 mha
(>80% of TGA) is occupied by acid soils. Al toxicity
and P deficiency are the major constraints for crop
production in these soils. Reclamation of these soils
for livelihood improvement of resource poor farmers
of the region by using organic and inorganic
amendments deserves attention. With this background
in view, pot experiment was conducted using different
organic manures as acid soil amendment in comparison
ANNUAL REPORT 2013-14

56

respectively. The application of lime @ 100% of LR
could not change the properties of the soil favourably
to bring about significant change in yield and yield
attributes of groundnut. This may be presumably due
to nutrient imbalance as well as adverse effect on
microbial activity in soil. Besides these findings,
incubation study revealed that among the organic
amendments, pig and poultry manure could
consistently maintain significantly higher soil pH,
available P and exchangeable Ca and Mg throughout
the period of experiment. Similarly, these two
amendments could maintain significantly lower
exchangeable acidity and readily soluble aluminium
in soil. Thus, the study under controlled conditions
revealed that pig and poultry manures are potential
sources of amendments for amelioration of acid soils,
but needs further validation under field conditions. The
effect of different organic amendments on growth
parameters, yield and important soil properties are
given in figs 1-2.

Fig 2 Effect of soil amendments on Acid Phosphatase
(PHA), Dehydrogenase (DHA), Glucosidase (GSA) and
Soil Microbial Biomass Carbon (SMBC) in soil at
harvest of groundnut

Fig 1 Teliospore of Nyssopsora thwaitesii (Bar = 10μm)

of nrDNA has been deposited in GenBank
(KC884701). Blastn search revealed maximum
identity with Helicobasidium mompa (93 % with
sequences AY292428 and AY292429). Many
Tuberculina sp. are considered to be anamorphs of
Helicobasidium sp., parasites of rust and also
closely related to rusts.
C. A rust hyperparasitic hyphomycete Ramularia
coleosporii has been reported on Coleosporium
plumeriae. Molecular characterisation using the
ITS region of nrDNA also confirmed our results.
The sequences have been deposited in GenBank
(KF 924738 and KF550285). Blastn search at NCBI
revealed 100% similarity of our sequences with
GU214692 and EF535672 of R. coleosporii and 9998% with GU939180 and GU214694 of R.
uredinicola.

Fig 1 Effect of soil amendments on acidity related
parameters at active growth stage of groundnut

BIODIVERSITY OF PLANT PATHOGENS IN
NORTHEAST INDIA
A. Rust pathogen Nyssopsora thwaitesii has been
reported on Schefflera wallichiana on the basis of
morphology as well as molecular analysis (Fig 1).
Our sequence (KF550283) is the first sequence of
large subunit of nrDNA of N. thwaitesii deposited
in Genbank and also the first for the Genus
Nyssopsora.
B. Few rust pustules (teliosori) caused by Nyssopsora
thwaitesii were also parasitized by Tuberculina sp.,
also known as purple mold. The sequence
containing 18S (SSU), ITS region and large subunit
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D. A hyperparasite of a rust pathogen has been detected
on Elaeagnus latifolia. Morphological
characterization using light, scanning electron
microscopy. molecular characterization by
sequencing ITS region (KJ408447) as well as large
subunit (KJ135022) of nuclear ribosomal DNA and
phylogenetic analysis revealed the identity of the
pathogen as Simplicillium lanosoniveum.

and strong (colonies have extra frames) honey bee
colonies were susceptible to the beetle infestation.
During high degree of infestation, bees abandon the
colony.
MOLECULAR ENTOMOLOGY
Complete mitochondrial genome sequence of
Henosepilachna pusillanima (Mulsant)
The complete mitochondrial genome of H.
pusillanima was sequenced, assembled and annotated.
Size of the complete mitochondrial genome of H.
pusillanima was 16216 bp long and circular in nature
(Fig 1). Genome analysis revealed that, there were 13
protein coding genes (PCGs), 22 transfer RNA (tRNA)
genes, 2 ribosomal RNA (rRNA) genes and one control
region (A+T-rich region). The size of control region
was estimated to be 1690 bp. The gene arrangement
and orientations of assembled mitogenome were
identical to the reported coleopteran insect species
including predatory ladybird beetle Coccinella
septempunctata L. The completely annotated genome
was submitted to the NCBI (Genbank Accession
Number: KJ131489). This would be the first
completely sequenced coleopteran genome from the
beetle subfamily Epilachninae in the World and also
the first every insect mitogenome from India.

MUSHROOM
Seven trainings were conducted on mushroom
cultivation which included farmers, entrepreneurs etc.
(two trainings of 10 days, one of 7 days and 4 of one
day, Total no. of trainees =113). Trainings were
oriented towards spawn production, mushroom
cultivation and postharvest management. Spawn was
also provided to farmers, KVK’s, and trainees.
Seven oyster mushroom strains were evaluated.
Strain code 01, 03, and 05 (Table 1) were found
superior and statically at par among themselves.
Table 1 Evaluation of oyster mushroom strains
Strain code

Average fresh
mushroom yield#
(kg/100kg dry
paddy straw)

Strain 01
Strain 02
Strain 03
Strain 04
Strain 05
Strain 06
Strain 07
CD (P=0.05)

61.0
31.6
62.3
35.7
63.5
50.0
56.5
9.5

Days taken
for first
harvest
49
46
51
54
52
57
56
4

Henosepilachna
pusillanima

# 1st harvest

BEEKEEPING
Wax feeding beetle: A new threat to Indian honey
bee in Meghalaya
Indian honey bee Apis cerana active hive was
observed to be attacked by a
beetle (unidentified). The beetle
feed on wax inside the bee box
(Fig 1). Wax flakes, decaying
odor (due to excreta of beetle
and dead beetle) and beetles
themselves are the sign of
presence of this natural enemy Fig 1 Beetle in wax
in the bee colony. Both life weak
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Fig 1 Circos plot of H. pusillanima mitogenome
(16,216bp). The abbreviation COI COII and COIII refer
to cytochrome oxidase subunits, CytB refer to
cytochrome b, and ND1-6 refers to NADH
dehydrogenase components. Yellow and grey colour
represents protein coding genes (PCGs) and red colour
represents large and small subunits ribosomal RNA
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Molecular tool for rapid and reliable identification
of Henosepilachna pusillanima and H. septima
PCR based molecular tool was developed based on
sequence length polymorphism in ITS1 region for
identification of H. pusillanima and H. septima. The
characterization of ITS1 sequences of multiple
individuals of both the species through cloning and
sequencing revealed that, total sequenced length
obtained for representative specimen of both the
species was 901bp and 845bp for H. pusillanima and
H. septima, respectively. The ITS1 region of H.
pusillanima was 56bp longer than H. septima and it
was easily detected on 1.5% agarose gel (Fig 2). The
characterized sequences were deposited in NCBI
database accession number KF834189-KF834190 (H.
pusillanima) and KF834191-KF834192 (H. septima).
Fig 1 Pneumatic seed metering unit

(M is 100bp DNA ladder, Lanes 1 to 4 are H. pusillanima, Lanes
5 to 8, H. septima and Lane 9, Negative control)

Fig 2 PCR Amplicons length polymorphisms at ITS1 in
Henosepilachna pusillanima and H. septima

AGRICULTURAL MECHANIZATION
Design and evaluation of power tiller operated
pneumatic planter
The pneumatic metering unit suitable for power
tiller operated planter was designed, developed and
tested in the laboratory and field. The unit was casted
in aluminium as a single piece as shown in Fig 1. The
metering unit was tested in the test platform set up
specifically for this. Field performance of the
developed pneumatic planter (Fig 2) was carried out
following the RNAM (1985) test codes. Results
showed that low speed for disc operation was found
satisfactory with all three seeds soybean, pigeon pea
and corn (Fig 3). At 0.11 m/s disc speed multiple index
was significantly lower (P<0.05) and QFI was
significantly higher than 0.18 m s-1 for soybean seeds.
For pigeon pea, miss index and variation in spacing
were significantly lower and QFI was higher in low
speed. Similar trends were found with corn too but
overall miss index was in higher side. At suction
pressure of 4.5 kPa, miss and multiple indices were
found significantly lesser than other pressure setting
for soybean seeds. Similar results were found with
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Fig 2 Power tiller operated pneumatic planter

pigeon pea seeds although miss index was lower at 6
kPa negative pressure. Considering all performance
parameters of seed planting, 0.11 m/s metering disc
speed, 6kPa negative pressure and 3.5 mm hole sized
metering disc was found most suitable for soybean
seed. Low speed (0.11 m/s), 3.5 mm hole and 4.5 kPa
suction was found most suitable for pigeon pea seeds
and low speed, 6 kPa pressure and 3.5 mm hole for
corn seeds. There were significant differences between
the laboratory and field performances at 5% level of
significance. Optimized results showed 0.11 m/s
metering disc speed, 6kPa negative pressure and 3.5
mm hole sized metering disc was found most suitable
for soybean seed. Low speed (0.11 m/s), 3.5 mm hole
and 4.5 kPa suction was found most suitable for pigeon
pea seeds and low speed, 6 kPa pressure and 3.5 mm
hole for corn seeds.
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Fig 3 Results of laboratory performance evaluation of pneumatic metering unit with A) Soybean, B) Pigeon pea
and C) Corn seeds (hole size 2.5, 3.5, 4 mm)

Drying, burning and emission characteristics of
beehive charcoal briquettes
Beehive charcoal briquettes (Fig 4) were produced
from powdered charcoal in which soil was added as
binder. It was found to be an eco-friendly, clean and
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economic alternative source of household fuel for the
people of Eastern Himalayan Region. Experiments
were conducted to determine natural drying behaviour,
normalised burn rate, temperature profile and
assessment of emission factors of CO, CO2, UBHC
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increase of soil content but the total burning time was
almost same. The peak temperature attained by
briquettes ranged from 437°C to 572°C (Fig 7).
Temperature profile showed suitability of all three
combinations for cooking and space heating for almost
2.5 h. Emission factors of CO, CO2, UBHC, NO and
NO2 ranged between 68.4 – 107.2, 922 – 1359, 20.9 –
50.8, 0.19 – 0.29 and 0.34 – 0.64 g kg-1, respectively
(Fig 8). Emission of pollutants like CO and CO2 were
less as compared to wood and charcoal which would
reduce the health hazards of rural people.

Fig 4 Isometric view of Beehive Briquette mould (all
dimensions are in mm)

and NOx of beehive briquettes prepared from 60:40,
50:50 and 40:60 ratios of charcoal and soil. It was
observed that, under natural drying conditions
(temperature, humidity), briquettes took 433 h to reach
equilibrium moisture content of 5.56 – 10.29 percent
(Fig 5). Page’s model was found suitable to describe
the drying characteristics of all three combinations.
Due to very slow drying rate in natural conditions, large
floor area will be required for drying of beehive
briquettes. Normalised burn rate varied from 0.377 –
0.706 % of initial mass min-1. Total burning time of a
briquette ranged from 133 – 143 min (Fig 6). Burn
rate of the briquettes reduced significantly with

Fig 7 Time/temperature profile of three briquette
combinations

Fig 5 Natural drying curves of different briquette
combinations

Fig 8 Emission of different gases: (a) CO, (b) CO2, (c)
UBHC, (d) NO and (e) NO2 from burning briquettes

Design of a potting machine for filling plastic bags
with low-cost potting media
A potting machine has been designed and developed
for filling plastic bags with recommended potting mix.
The machine can be operated by one hp electric motor.
It consists of a 45 litre hopper, an agitating unit, a

Fig 6 Burning characteristics of different briquette
combinations
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metering unit, belt drives and a mounting platform.
The agitating unit is capable of mixing different media
also. A pedal type switch has been provided to operate
the machine in sitting posture easily. The machine was
tested with low-cost potting media (Mixture of 1/3rd
FYM, 1/3rd soil and 1/3rd sand). Clogging was observed
at moisture content of 25-33%. Optimum moisture
content of potting media to be metered by the machine
was found to be 18.5% or less. After mixing three
components of the media, one or two days drying will
help to get this optimum moisture content. Test run
showed that a trained person can fill 100-120 plastic
bags per hour using this machine.

Fig 10 Total energy exchange in 24 hours with
different length of pipe

of heat was greatly affected by the temperature
difference. When the inside temperature of polyhouse
was higher, heat exchange was higher and it lowered
at low temperature difference. Therefore, to maintain
optimum temperature the heat exchanger was only
operated at day time in summer and in night time during
winter. The blower was operated for eight hours from
9 am to 5 pm at day time in summer season and from 5
pm to 7 am at night time in winter season.

Performance evaluation of Earth-Tube Heat
Exchanger for cooling/heating of polyhouse
The blower operated at top speed of 12.5 m3/h flow
rate. It is planned to operate the blower at three different
speeds to change the wind flow from 7.5 to 12.5 m3/
hr. However, the length of flow changed from 12 m to
48 m inside the heat exchanger. The performance of
the heat exchanger in terms of temperature difference
of inlet and outlet air is presented in Fig 9. Fig 10
represents the average energy exchange by the heat
exchanger in a day. As seen from Fig 10, the change in
temperature was higher in 48 and 36 m length of pipe
as compared to 12 m and 24 m length. The optimum
length of heat exchanger for a flow rate of 12 m3/h
was found to be 36m as at this length performance of
the heat exchanger was comparable with 48 m length.
High speed of air is also necessary for cooling/heating
the polyhouse as total heat gain or loss will be higher
as compared to low speed.

Co-efficient of performance of the EAHE
With 36 m length of pipe, total heat exchange was
found to be 34.97 kW-h. In 24 hours, total energy
consumed by the motor of the blower is 9 kW-h. the
COP is calculated using the following formula:
COP = Qout/Win
Where, Qout = m Cp (Ti-To) and Win is the energy
used by the blower. Hourly variation in the COP of the
EAHE has been shown in Fig 11. It shows that COP
was highest with 48 m length for all temperature
differences. COP even rose up to 9.13 with 48 m length
of pipe. Average COP was found to be 4.33, 3.89, 3.38
and 2.89 with 48 m, 36 m, 24 m and 12 m pipe length,
respectively.

Fig 9 Difference in inlet and outlet temperature in
different locations of the heat exchanger
Fig 11 Co-efficient of performance of the EAHE with
different length

Total energy exchange was highest in 48 m pipe
length and lowest in 12 m pipe length. The exchange
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Temperature inside the polyhouse
Fig 12 shows maximum temperature rise in the
month of September and January. These two months
have been shown hottest and coolest during September
to March. The EAHE was operated at the day time
during September-November to cool the polyhouse. It
was operated at night time during Dec-Feb to heat
inside. There was an average temperature increase of
12°C inside the polyhouse when outside average
temperature was 28.6°C. in winter night, average
temperature increase was found to be 9.9°C as
compared to average outside temperature of 5.6°C. it
can be concluded that, the EAHE was not so much
effective in cooling mode but was more effective in
heating mode.

conventional power tiller. The equipment was found
suitable for leveling of existing terraces and shaping
and leveling of new terraces. Excessive slip was
observed when operated at depth more than 100 mm.
Depth can be increased after reducing the width of cut.
Light weight power tiller (BCS make) having 69
kg weight, 4.1 kW engine was tested with rotavator
and ridger and furrower attachments. The width of
coverage of rotavator achieved was 42 cm with 7 cm
average depth of operation. The top width of furrow
opened was 26 cm with 12 cm depth. It was suitable
for making bun for capsicum and tomato cultivation.
It is found suitable for cultivation in narrow terraces.
Due to light weight the whole unit could easily be
shifted from one terrace to another and can easily be
operated in narrow terraces due to small turning radius.
Front Line Demonstration
Posthole digger
Frontline demonstration of posthole digger (STIHL
make) was conducted for digging pits on sloppy land
for plantation of horticultural crops. The 12 kg weight
of the equipment makes it easily portable even on
slopes. The diameter of digger screw was 150 mm and
length 635 mm. The equipment is fitted with petrol
engine. The field capacity of the equipment achieved
was 140 pits/h with average depth of pit 420 mm. As
per the opinion of the farmers the equipment is time
saving and easy to operate but the cost is more and
may be difficult to repair if breakdown occurs.

Fig 12 Temperature and relative humidity inside the
polyhouse

Design of biomass fired portable large cardamom
drier
A portable dryer has been designed, fabricated and
tested with large cardamom. Dryer runs on beehive
briquette as well as woody biomass. It is a cabinet dryer
and can hold 40 kg of raw large cardamom for drying.
Dryer has two parts, the upper compartment contains
four drying trays and lower compartment contains the
biomass burning stove. Test results showed 17.5 %
thermal efficiency and took 11.8 hours to dry 20 kg of
large cardamom.

Paddy Drum Seeder
Frontline demonstration of paddy drum seeder
(plastic body) received from TNAU Coimbatore was
conducted for line sowing of paddy in the field (Fig
13). The weight of paddy drum seeder (plastic body)
is approx 9.50 kg. The equipment fitted with 2 drums

Prototype feasibility testing
Power tiller operated bench terracer/leveler
developed by Palampur centre, fitted with a 100 cm
wide and 50 cm deep curved steel blade was tested for
its feasibility in the region. The rear support wheel
was used for controlling the depth of cutting. The blade
is connected through the 4 hitch points at the back of a
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Fig 13 Demonstration of Paddy drum seeder for direct
paddy sowing
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➣ About 95-100 % farmers had the opinion that jhum
is the only system which can provide almost all
requirements of family viz., food, fuel, timber and
cash requirement for the family and livestock.
➣ Jhum system can survive in adverse climatic
condition (terminal drought, rain, cyclone etc.)
which has been observed during the last 2 years in
West Garo hills. The productivity of jhum system
has not suffered in spite of deficit rainfall and
terminal drought that occurred during last cropping
season in West Garo hills.
➣ The easy method of cultivation, least dependence
on external inputs, less disease & pest incidence,
higher price of jhum produce are observed to be
major rational behind the continuing jhum practices
by the local tribes.
➣ Production of wide variety of crops under jhum can
meet the day- to- day requirement in respect of
preparation of various food items that constitute
breakfast, meal and snacks which are being
prepared from more than 20 crops. In addition the
farmers also prepare pickles, local beverages and
other products which are being used during
marriage and community rituals.
➣ Community participation one of the important
significance in jhumias since jhumias share their
family labours on rotation basis to other jhumias
during various cultural operations thereby
enhancing the capital formation and efficient
utilization of labour resources, which may not be
observed in case of other system.
Farmers’ perception and major crops grown and
its various uses have been presented in Table 1 and
Table 2.
The gross income from jhum cultivation in Ri-Bhoi
district was also estimated which was found to be in
the range of `25,600/- ha to `32,500/- ha with an

can sow 4 rows at 20 cm spacing in one pass. When
the implement is operated in the field the seed flows
freely through the holes due to agitation. For proper
placement of the seed the field has to be puddled and
leveled properly. The sprouting of the seed should have
just initiated otherwise large size sprout tends to clog.
It is possible to maintain row spacing which later makes
it possible to use mechanical weeder such as cono
weeder for weeding operation. The equipment is easy
to operate even on narrow terraces.
To meet the local requirements the improved farm
tools and implements are being fabricated in the
research workshop through Revolving Fund Scheme
and AICRP on FIM scheme and supplied to different
government and non-government organizations and
individual farmers of the region. The prototypes of
improved farm tools and implements worth `
2,45,640.00 were fabricated and supplied during 2013
-2014.

SOCIAL SCIENCES
State-wise total factor productivity of major crops
Farm level data on yield, use of inputs and their
prices for the period 2003-04 to 2011-12 were collected
from the State Department of Agriculture and Deputy
Director (Agricultural Marketing) of all the states of
NEH region. Based on farm level data collected, state
wise average data on cost of cultivation and yield of
rice and maize were calculated and used for the study.
➣ It has been found that the partial productivity
measured as output per unit of individual inputs
(fertilizers, seeds) has increased over the years.
➣ Shift in technology frontier or production function
is an important factor for increase in output.
➣ Farmer’s perception about the rationality of jhum
practiced by the jhumias were collected through
questionnaire survey from different districts in
Meghalaya viz., Ri-Bhoi, West Garo Hills, South
Garo Hills and East Garo Hills to understand the
socio-economic and cultural aspects linked with the
jhum cultivation.
➣ Across the locations, all farmers had the opinion
that jhum cultivation is having least risk and
uncertainty in comparison with other method of
cultivation. It is mainly due to the fact that more
than 20 crop mixtures are grown in the jhum field.
If the main crop rice in jhum system is failed other
crops like colocasia, sweet potato, beans, pumpkin
etc. can survive and provide cushioning income to
the farmers ensuring food availability at household
level.
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Table 1 Farmers’ perception about jhum cultivation
in Meghalaya
Particulars
Higher sustainability
Less risk in cultivation
Easy method of cultivation
No use of external inputs
Less diseases/pest incidence
Crop sustenance under adverse condition
Opportunity for food, fuel, fodders for family
and livestock
High price of jhum produce
Creating regular cash requirement during
cropping season and off -season.
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Range (%)
88-95
90-100
85-95
85-92
76-87
80-95
90-98
90-95
80-88

Food habits of Garo tribe related to jhum
➣ Garo tribes generally prefer dry fish cooked with
cowpea and roasted fish. These are cooked with
baking soda to give a special flavor. This food item
is commonly called as ‘Khapa’.
➣ Sticky rice varieties are grinded into crumbs or flour
which is further used for different menus (Pitta
etc.).
➣ Wine or beer is also made from locally available
rice.

Table 2 Major crops grown under jhum system and
its various uses
Name of crops

Breakfast

Meals

Snacks

Other
uses

Rice
Millet
Maize
Chili
Cucumber
Sweet potato
Tapioca
Local beans
Sesamum
Pumpkin
Ginger
Turmeric
Local flower
Cotton(flower)
Ash gourd

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
No
No
Yes

Yes
Yes
No
Yes
Yes
No
No
Yes
Yes
Yes
Yes
No
No
No
Yes

Yes
Yes
Yes
No
No
Yes
Yes
No
No
No
No
No
No
No
Yes

Wine
Yes
Yes
Pickles
Salad
Chips
No
No
Chutney
No
Pickles
Selling
Selling
Chutney
No

Festivals of Garo tribe related to jhum
Wangala: It is a festival of thanks giving to the
god of paddy (Rokime-ma) for the bountiful harvest.
There is no specific time period for this festival but is
generally celebrated after the harvest of the jhum crops
which commonly falls during the month of October. It
is to be noted that until the complete fermentation of
the local available rice beer, the Wangala festival is
not celebrated.

average of `26,900/- ha out of which ` 20,775/- ha
was obtained from rice and rest of ` 8,825/- ha was
obtained from the selling of chili, pumpkin, ginger,
sweet potato, root crops, colocasia and other minor
crops.In West Garo Hills, the gross income in case of
jhum was found to be in the range of ` 27,850/- ha to
`32,500/- ha with an average income of `31,650/- ha
out of which income from paddy was found to be `
23,850/- ha and `10,875/- ha was obtained from other
crops viz: colocasia, pumpkin, chili, sweet potato,
maize and minor vegetables.In the similar way the
gross income from jhum in South Garo Hills was found
to be in the range of `25,600/- ha to `32,900/- ha with
an average income of `27,200/- ha where an income
of `17,200/- ha was obtained from paddy and the rest
of `9,500/- ha was realized from other crops like
colocasia, pumpkin, chilli, tapioca, etc. In East Garo
Hills district, the farmers received a gross income in
the range of `24, 900/- ha to `31,600/- ha with average
income was worked out to be `27, 500/- ha. The income
received from rice was found to be `17,850/- ha
whereas the income from other crop mixture was found
to be `9,650/- ha.

Impact of technology demonstrated under TSP
Farmer’s opinion about the technology on the basis
of preference was studied using 10 point continuum
scale (Table 4). On the basis of farmers’ opinion, in
the livestock sector, improved pig production
technology ranked first followed by poultry in terms
of preference whereas, in the agricultural/horticultural
sector turmeric production technology was ranked first
in terms of preference followed by ginger and paddy.
It is due to less price instability and higher increase in
yield as well less disease/pest incidence.
Comparative study between Improved Pig
Production Technology vs. Farmers Practice
The average furrowing size of cross bred pig
(Hampshire) was 8 with maximum of 12 piglets and
minimum of 6 piglets whereas in khasi local the
average furrowing size ranges from 4-7 piglets with
the average of 5. Mortality rate in cross bred pig was
found in the range of 10-20 per cent with the average
of 15 per cent whereas in local pig it was found in the
range of 5-20 per cent with the average of 10 per cent.

Table 3 Economics of jhum cultivation
Name of the districts

Gross income (`/ha)
Minimum

Ri-Bhoi
West Garo Hills
South Garo Hills
East Garo Hills
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25600
27850
25600
24900

Maximum
32500
32500
32900
31600
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Average

Paddy

26900
31650
27200
27500

20775
23850
17200
17850

Other crops
8825
10875
9500
9650

Table 4 Perception of farmers about importance of technology
Particulars

Final products
Income/Profits
Productivity
Adaptability
Easy to adopt
Cost effective
High demand in market
Risk in price
Divisibility of Technology
Sustainability
Rank

Livestock sector
Pig

Poultry

7
9
8
8
9
8
9
8
8
8
I

6
7
6
7
8
7
8
7
8
7
II

Agriculture/Horticulture sector
Goat
5
7
7
6
7
7
7
8
8
8
III

Paddy

Ginger

Turmeric

Tomato

8
7
7
7
8
7
8
6
9
8
III

7
9
7
7
8
8
7
9
8
8
II

9
8
9
9
9
9
7
7
9
9
I

7
7
8
7
8
8
6
9
7
7
IV

.

About 65 per cent of crossbreed pigs was fed with
locally available materials whereas in case of local
piglets it was found in the ranges of 90-95 per cent.
Only 35 per cent crossbreed piglet fed with locally
feed material supplemented with rice bran, broken
grain of rice and maize
Per day net income from the crossbred pig was
found in the ranges of `100-110/- with the average of
`101/- whereas, in local, it was recorded in the ranges
of `55-65/- per day. The net income from the crossbred
pig was recorded in the range of `60,000/- to ` 80,000/with the average of `73,050/- during the last two years
whereas from local pig it ranges from ` 38,500/- to `
57,500/- with the average of ` 41,928/-.

The cost of production of semi processed turmeric
like dried turmeric, flakes etc. in case of beneficiaries
was ` 34.22 /kg whereas, in case of non- beneficiaries
it was worked out to be ` 39.75/kg. The average net
income from semi processed product of beneficiaries
was ` 3,64,551/ha in comparison to non-beneficiaries
which was ` 2,75,250/ha.
The cost of value added final product (powder) in
case of beneficiaries was worked out to be ` 46.57/kg
in comparison to ` 51.77/ kg from non- beneficiaries.
The net income from the beneficiaries was ` 5,48,551/
ha as compared to ` 3,85,250/ha from the nonbeneficiaries.
Root and Tuber Crops Research and Development
Programme for Food Security in Asia-Pacific
Region (CIP-IFAD)

Table 5 Economics of pig production (2- year cycle)
Particulars

Beneficiaries Non(Cross breed) beneficiaries
(Khasi local)

Total expenditure (`)

74,645

65,072

Gross income (`)

1,48,000

1,07,000

Net income (`)

73,355

41,928

Per day gross income (`)

202.74

146.58

Per day net income (`)

100.49

57.44

Employment generation
through self employment
(80mandays@ `150/manday)

113.43

151.25

Brief achievements under this project are:
●
Value chain analysis of taro was completed and
draft report was submitted: Mapping the value chain
was the first step in value chain analysis which
includes mapping the core process, mapping of
actors in value chain, mapping of specific activities
undertaken by different actors in the value chain,
mapping of volume of product movement, mapping
of geographical flow of Taro products and mapping
of potential constraints and opportunities. Input
suppliers, Farmers (cultivation), Commission agent,
and wholesaling were identified as the core process
in the Taro value chain in the study area.
●
Evaluation taro and dioscorea germplasm for
growth and yield attributes is under study and trial
is being conducted at research Farm, ICAR R C
NEH, Umiam. Eight germplasm of taro and four of
dioscorea were collected from West Garo Hills.

Improved Turmeric production Technology
The average cost of production of fresh turmeric
(var.RCT1) was ` 3.80/kg with the net income of `
1,76,301/ha with the productivity of 21500 kg/ha. In
case of non- beneficiaries it was found to be ` 4.95/kg
with the local variety (Lakadang) and the average net
income was ` 77,000/ha with the average productivity
of 15250 kg/ha.
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●

●

District wise production scenario of tuber crops in
Meghalaya was studied. Highest production of
potato was found in East Khasi Hills (103898 MT)
followed by West Khasi Hills (45325 MT). In case
of sweet potato highest production is observed in
West Khasi Hills (3916 MT) followed by Jaintia
Hills (2918 MT). Whereas in case of tapioca
production was highest in East Garo Hills (8333
MT) followed by West Garo Hills (5769 MT) and
these two districts were the poorest among the seven
districts of Meghalaya and showed the poverty rate
55.94% and 53.71% respectively.
Under innovation, potato was introduced as
potential tuber crop for that area and 4 ha was
covered under demonstration and training on potato
cultivation was conducted for the farmers. In
addition to cassava and taro, training of farmers on
improved production technology of RTCs was
conducted at College of Home Sciences, CAU,
Tura. The result on potato cultivation was
encouraging and next time farmers are going to
cover more area under potato cultivation.

Books/ Bulletins were sold and 450 copies of folders
were distributed. ATIC publication revenue generated
was ` 67,000 (Rupees Sixty Seven Thousand) only.
Below are the lists of training/on-farm/off-farm
conducted during the 2013-14.
Name of training

Roof water
harvesting for
efficient utilization
of water for
growing of
vegetables crops
Rain water
harvesting in
Jalkund for growing
off-season vegetables
Maize seed
production
Weed management
in rice
Demonstration of
Zero tillage
cultivation of pea
and mustard after rice
Management of
upgraded cross
breed pigs
Field Day
on rice
Exposure visit for
farmers to Nagaland
for experiencing
about climate resilient
technologies adopted
by Naga farmers
Awareness camp
on disease and
health management
of livestock
Total

NICRA TD Component
Under NICRA TD component, various technologies
have been demonstrated for both kharif and rabi season
in the adopted village Nongthymmai, Ri-Bhoi district
Meghalaya benefiting to 109 farmers covering an area
of 18.24 ha. The main purpose was to aware and
acquaint the farmers with the climate resilient
technologies.
Prior to the introduction of NICRA-TD component,
the productivity of crops was quite low which may be
due to lack of good quality seedlings, proper packages
of practices, management of pest and diseases,
irrigation facilities etc. But, after the intervention taken
up by ICAR under NICRA-TD component, it was
observed that the intervention gave better results when
the variety has been introduced and the parameter like
fruit size, weight and the yield were recorded.
The farmers of the village experienced a positive
impact on the productivity, income and the overall
cropping intensity was enhanced to the extent of 180%.
Also, farmers expressed their satisfaction and showed
their interest to expand the area under the crops.

No. of
beneficiary

1

26 April,
2013

30

1

04 May,
2013

30

2

5th June
August
27
August
24
October

45

1

July

30

1

10th
October
24th -28th
October,
2013

50

13th Feb,
2014

40

1
1

1

1

10

30
30

5

190

Distribution of seeds under TSP
Under TSP, various seeds were distributed to the
farmers at Headquarter and to the Regional centers.
Major seeds which were distributed were paddy Bhalum (400 kg), paddy- Shahsarang- (505 kg), paddyRCM-II (835 kg), paddy-RCM 10 (275 kg), paddyRanjit (505 kg), paddy-Naveen (11300 kg), paddyRCM 5 (400 kg), paddy-Megha-2 (1 ton), paddy-Gomti
(2400 kg), turmeric-RCT-I (3740 kg), ginger-Nadia
(2000 kg), maize-HQPM (1300 kg), black gram-T-9

ATIC
A total of 1531 visitors visited the ATIC out of
which 29 were Scientist/Officers, 549 were students
and 430 were local farmers whereas, 523 were from
various centers on exposure visit. Also 780 copies of
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(3000 kg), groundnut-TG 37A (200 kg), mustard –PM28, NPJ-113,PM-27, NPJ-112 (1 ton) covering more
than 200 farmers. The other seeds distributed were
pumpkin (600 kg), cucumber (600 kg), ridge gourd
(600 kg) sponge gourd (600 kg), bottle gourd (600 kg),
cauliflower (1200 g), beet (1200 g), cabbage (1200 g),
carrot (120 g) French bean (5 kg), knoll- khol (400 g),
methi (2 kg), Chilli (400 g) Palak (2 kg) Dhania ( 2
kg), including 6 pkt of flower seeds .

Group Meeting/Workshop/Exam Organized:
●
Brain storming session on ‘Improvement of Jhum
cultivation’ on 20th March, 2014
●
Conducted online ARS/ NET prelims Exam of
ASRB/ ICAR on 26th March, 2013
●
Sensitization workshop on “Improving Farmers
Livelihood through Improved technology” from 21st
March to 22nd March, 2014. DDMs of NABARD
participated in the workshop.
●
One day meeting on Agri-business organized in
collaboration with ZTM-BPD, Kolkata.
The ICAR (RC) for NEH, Umiam along with its
regional centers and its KVKs had put up a excellent
display of its farmer friendly technologies at the ‘1st
Assam International Agri- Horticultural Show’
organized at Veterinary College ground Khanapara,
Guwahati from the 8th to 11th of January 2014.

NE Component
●
Field demonstrations were conducted by eight
KVKs with the financial support provided by IIHR,
Bangalore. Demonstrations were conducted on the
technology developed by IIHR on Citrus special,
mango special, mushroom vegetable special,
banana special were conducted in KVKs South
Tripura, East Sikkim and Dimapur. Total more than
100 farmers were covered under this programme.
●
Field demonstration was also conducted of the short
duration variety in various location of North East.
Ten quintal seeds were provided by IARI, New
Delhi. The varieties of mustard (PM 26, PM 27)
after rice, and (PM 28) after maize performed well
in irrigated condition in rice based farming system.
Yields ranged from 0.8 – 1.35 t/ha. The performance
of variety in the upland was not at desirable level.
●
One training programme was organized in
collaboration with DMAP on Good Agriculture and
Collective Practices of Medicinal and Aromatic
Plants for SMS of KVK. More than 25 SMS /
Officials participated.
●
One training programme was organised in
collaboration with Cold Water Fisheries on Trout
Cultivation with more than 25 officials of the State
of Meghalaya.

PUSA KISAN MELA 2014
Pusa Kisan Mela 2014 was organised during 26 –
28 February 2014 at New Delhi An amazing display
of recent technologies and climate resilient agriculture
related technologies took place at Pusa Kisan Mela
2014 fair was inaugurated by honorable central
agricultural minister Sharad Pawar. Seed of improved
varieties developed by IARI was also distributed to
farmers. Farmers from all most all of the states of the
India participated in the fair stalls of different centres
and institutes of the ICAR were displayed different
technologies of respective fields.
KRISHI VASANT
The ICAR (RC) for NEH, Umiam along with its
regional centers and its KVKs had put up a excellent
display of its farmer friendly technologies at the Krishi
Vasant, Nagpur from the 9th to 13th of February 2014.
ICAR Complex being the Nodal agency collected more
than 100 farmers friendly literature and video clipping
and films on various technology related to agriculture
horticulture, fishery and send it to designated institute
like IARI, IVRI, NDRI, CARI and CIFE for editing.
The initiation was also taken to motivate the farmers
to participate in the Krishi-Vasant. Three groups
meeting with the State Government officials of
Meghalaya were organized. More than 100 farmers 6
official and 3 scientists from ICAR had participated
in the Fair. In addition ICAR Research Complex
displayed various technologies developed by the
institute, attracted many farmers and entrepreneurs for
the production of turmeric technology.

National Food Security Mission (NFSM)
Under NFSM, the Division of Social Science
developed common proforma for collection of data for
baseline study on adoption in rice cultivation and that
was circulated to all the District Agriculture Officers.
To undertake the demonstration in Boro season on
improved varieties of paddy i.e, Naveen (16.1 tonne),
Gomti (2.4 tonne) were given to the scientists of
Agronomy. KVK and Social Science were also
involved for providing technical support and
organizing training programme in Ri Bhoi District. A
total of 13 numbers of different types of trainings were
organized.
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distributed equally according to their body weight in
two groups irrespective of their sex. The additives were
given at the level of 2% to the experimental group along
with feed and the control group was without the
additive supplement. The body weights, FCR and blood
samples for haemato-biochemical analysis were
recorded every fifteen days interval from both the
groups and were correlated with environmental factors.
The composition of feed additive containing each gram
is Saccharomyces Cervisiae 1000 billion c.f.u,
Lactobacillus acidophilus 30000 million c.f.u,
Lactobacillus sporogens 30000 million c.f.u, Bacillus
substilis 60000 million c.f.u, Bacillus licheniformis
60000 million c.f.u., Fructooligosaccharide 5000 mg
and Mannan oligosaccharide 5000 mg. Its effects on
various parameters are presented in Table 1, 2 and 3.

ANIMAL PRODUCTION
BUFFALOES
Resilience of Murrah buffaloes under agro-climatic
conditions of Meghalaya
Considering the changing climatic conditions of the
region and potential of buffaloes to adjust to a wide
range of agrarian and diversified agro –climatic
situations , ICAR Research Complex for NEH Region,
Umiam, Meghalaya has introduced the Murrah germ
plasm for the first time in north east conditions as a
pilot study with an aim to access the suitability of
Murrah germplasm to north east conditions as this
riverine buffalo is a triple purpose species contributing
milk, draft-work and meat, compared to the swamp
buffalo which is considered a dual-purpose species
— draft and meat only. The studies on adaptability of
Murrah buffaloes in this region showed a remarkable
resilience to adapt to climatic conditions of north east.
The Murrah buffalo calves (Fig 1) showed an average
daily weight gain over and above 550 gm/day during
first two years of growth in this region. The age and
weight of puberty of
buffalo
heifers
averaged 710 ±
28days and 310 ± 26
kg respectively, age
at first service 752 ±
35days, gestation
period averaged 308
± 05 days, birth Fig 1 Murrah buffaloe calf
weight of calf,
34.66± 02,respectively. Lactating buffaloes resumed
reproductive cyclicity within 58 ± 18 days postpartum.
The animals showed regular cyclicity even in the
months of March to June and July as validated by
ultrasonography in contrast to the buffaloes in its home
tract in north India where they show higher incidence
of summer anoestrus during these months indicating
that these Murrah buffaloes may be a part of integrated
farming system of north east if managed with proper
nutritional and manage mental skills including
scientific interventions.

Table 1 Effect of Prebiotics and Probiotics on
weight gain in piglets
Day

0
10.2 ±0.58
15
12.1± 0.64
30
13.6±1.21
45
16.2±1.15
60
19.2±1.68
75
25.67±4.40
90
27.67±5.36
Feed conversion ratio (kg) 3.75 ±0.12

Treatment
10.4±0.51
14.3±0.72
15.8±0.80
18.7±1.36
20.9±1.03
27.0±1.81
29.4±2.22
3.45 ±0.25

Table 2 Effect of Prebiotics and Probiotics on
haematological parameters of weaned piglets
Day

0
15
30
60

WBC(thousands/ml)

RBC(million/ml)

Control

Treatment

Control

Treatment

16.55±0.55a
19.92±1.95a
19.56±1.72a
19.0±3.29a

18.08 ±1.40b
13.7±1.64b
14.2±1.50b
15.22±1.68b

4.68±0.69
5.61±0.35
5.92±0.23
6.013±0.59

5.03±0.91
5.09±0.69
5.59±0.75
6.13±0.10

Augmentation of fertility in pigs
Effect of seasons on ovarian biometry, oocyte
retrieval and quality of oocytes in pigs
The advanced reproductive technologies are almost
unutilized in pigs in India despite its established utility
in advanced reproductive technologies like cloning,
transgenic, stem cell research models and
xenotransplantation research. The present study was
conducted at ICAR Research Complex Umiam,
Meghalaya to evaluate the effect of different seasons
viz. monsoon (April-Sept.), winter (Oct-Jan) and

PIGS
Mitigation of weaning stress in piglets using feed
additives (prebiotics and probiotics)
Ten crossbred piglets of 87.5% Hampshire X Khasi
Local and ten Ghungroo piglets after weaning at the
age of 2 months of either sex were selected and
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respectively (Table 4). The no. of follicles (11.56 ±3.25
Vs 6.88±2.55), corpora lutea (8.36± 3.12 Vs 5.58 ±
2.88) were significantly higher (P<0.05) during winter
season (THI 68-71) than monsoon season (THI
>74.2).The retrieval of Cumulus Oocyte Complexes
(COC) from visible follicles of 2-6mm size by
aspiration method in oocyte collection medium
(DPBS+0.3% BSA + Penicillin100IU/ml and
streptomycin 100 ug/ml) averaged 5.24 ±1.56 oocytes
per ovary. The COCs were classified according to the
presence of cumulus cells layers surrounding the
oocytes and quality of cytoplasm under stereo zoom
microscope. The COC were classified as grade I (3-5
layers of cumulus cells),grade II(1-2 layers of
cumulus),grade III (partially denuded /uneven
cytoplasm) and grade IV (denuded/degenerated).The
overall average recovery of oocytes (Fig 4) per ovary
during winter ,summer and monsoon season was found
to be 6.24,3.78 and3.56, respectively. The percentage
of G-I,G-II,G-III and G-IV were found to be 24,36,23
and 17%, respectively. The culturable oocytes were
significantly higher (P<0.05) during winter months
when the THI index was between 68-71 indicating
better reproductive activity during winter than summer
and monsoon seasons.

Table 3 Serum cortisol concentration (nMol/L,
Mean±S.E) and CuZn superoxide dismutase (U/L,
Mean±S.E) and glutathione peroxidise (U/ml,
Mean±S.E.) activities in weaned piglets
Parameter

Cortisol
CuZnSOD
GPX

Period

Day 0
15
30
D-0
15
30
D0
15
30

Values
Treated

Control

297.50c±3.28
278.15b±5.41
271.42a±5.80
305.70b±2.91
286.69a±4.01
283.32a±3.23
5710b±27.71
4425a±28.61
4483a±28.77

296.41c±2.02
286.84b±4.26
272.34a±2.32
310.99±9.07
285.52b±10.22
281.05b±5.07
5722b±19.98
4859a±39.33
4833a±41.82

Supplementation of probiotics (Saccromyces cervisiae) @
03.75mcfu and Lactobacillus sporogens @12500 cfu in daily diet
in weaned piglets reduced the weaning stress during early post
weaning period and improved the growth rate and daily weight
gain and reduced the post weaning mortality.

summer (Feb-April) in relation to temp. and humidity,
i.e. THI Index on ovarian morphology/activity, number
and quality of immature oocytes in pigs. A total of
1886 porcine ovaries over a period of 12 months were
collected from local abattoir in normal saline
supplemented with antibiotics and transported to
laboratory within 1-2 hours of slaughter. The
morphological examination of ovaries revealed the
mulberry shaped multi-lobulated ovaries (Fig 3)
weighing with an average 4.435 ± 0.622 gm. The no.
of follicles, corpora lutea and corpora albicans
averaged 9.34 ±2.24, 7.68+ 2.34 and 5.45± 1.68,

Fig 3 Multi-lobulated
ovaries

Fig 4 Porcine oocytes

Table 4 Biometry/ Status of porcine ovaries under different seasons
Season

Month

Wt. of ovary (g)

No. of follicle

No. of CL

No. of CA

Monsoon

May
Jun
Jul
Aug
Sep
Avg
Octr
Nov
Dec
Jan
Avg
Feb
Mar
Apr
Avg

5.10
4.36
3.73
3.85
3.93
4.19 ±0.25
4.196
4.36
5.32
4.28
4.76 ±0.33
5.32
4.69
3.75
4.46± 0.32
4.43 ±0.62

5.61
4.89
6.58
2.69
2.78
4.85 ±1.52 b
14.6
12.89
10.75
10.33
12.73 ±1.79 a
12.58
9.89
7.51
10.32 ± 0.41 a
9.34 ±2.24

3.95
5.71
3.79
3.86
5.78
4.78 ± 0.44 b
13.68
10.89
9.35
5.53
9.97± 0.24 a
10.68
6.92
5.78
7.92 ± 0.27 a
7.68 ±2.34

4.77
5.35
3.32
2.72
3.39
3.91± 0.49 a
11.98
7.97
5.98
3.94
7.89 ±0.91 b
5.15
4.26
3.47
4.46 ± 0.4a
5.45 ±1.68

Winter

Summer/ Pre - Monsoon
Total
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It can be concluded that recovery of numbers of
follicle and CL is more during winter season and
consequently culturable oocytes are more when there
is lowest stress. Culturable oocytes were significantly
higher (P<0.05) during winter months (60-65%) when
THI lowest (68-71) indicates better reproductive
activity during winter than summer and monsoon
seasons.

Oestrus synchronization with fixed time artificial
insemination: an integrated participatory delivery
models for smallholder pig production system
Artificial Insemination (AI) delivery models were
developed in a participatory mode for dissemination
of superior germplasm to smallholder traditional pig
production system. The information system was
designed in such a way that AI was carried out at the
doorstep of the farmer upon the request in different
models; 1) Direct linkage with farmers and 2) Linkage
with trained youth (skilled AI personals). The success
rate, benefits and impact of AI technology in different
delivery model were analyzed in term of production,
productivity, profitability and sustainability. To
produce crossbred piglets and genetic improvement
of non-descriptive local pigs, AI delivery mechanisms
were developed with participatory mode including
farmers, village leaders and key persons in the selected
villages. The information system was designed in such
a way that AI was carried out at the doorstep of the
farmer upon the request. A total of 167 oestrus sow/
gilts were inseminated at farmer doorstep. The study
obtained the farrowing rate of 78.44% and mean litter
size of 7.86±0.65 following AI, which did not differ
significantly from natural service. The study clearly
demonstrates the feasibility and potential benefit of
AI technique to smallholder backyard pig production
in tribal rural area. In addition to genetic improvement
and to produce the crossbred pigs with non-descriptive
local pig, this technology can overcome the breeding
constraints in the smallholder backyard pig production
for increasing productivity. The study obtained a
farrowing rate of 78.44% and 75.35% in the model-1
and model-2, respectively. The crossbred pigs (local
nondescript pigs X Hampshire) obtained through AI
weigh double the weight than the local nondescript
pigs and yield higher number of piglet per delivery,
resulted in higher economic return/pig/year, besides
the farmers saved mating cost (` 1000-1500) and
transport of cost ( ` 300-400) of female to boar
premises.
In another model, the potential influence of oestrus
synchronization and fixed time artificial insemination
(AI) on synchronizing husbandry programs was
investigated. A total of 117 crossbred sows, selected
from different village production units, were randomly
allocated to two (i.e. control and treatment) groups.
The sows in the treatment group (n= 81) received 800
IU of equine chorionic gonadotrophin (eCG) followed
by 500 IU of human chorionic gonadotropin (hCG) 72
hours after the eCG injection. The sows in the control

Effect of sera and media on In-vitro maturation of
porcine pocytes
The present study was conducted to standardize and
establish a suitable culture system for in-vitro
maturation of porcine oocytes for optimum in-vitro
embryo production. The ovaries were collected from
slaughtered pigs from a local abattoir and transported
to laboratory in 0.9% normal saline at 35oC within 2
hours of slaughter. A total of 1232 ovaries were
aspirated in 52 trials for in-vitro maturation (Fig 5)
and fertilization studies using either DMEM or TCM199 maturation medium supplemented with
gentamycin 50μl/ml, sodium pyruvate (100 mmol
and10% serum viz. estrus sow serum(ESS) or fetal calf
serum(FCS)) with or without porcine follicular fluid
(PFF) and hormones(PMSG/LH) for first 24 hrs.
followed by hormone free medium for another 2024hrs under 5% CO2, 95% humidity in CO2 incubator.
The maturation was assessed by loosening of cumulus
cells, enlargement of periviteline space and or extrusion
of first polar body and examination of metaphase II
by aceto-orcin stain. The results revealed that DMEM
with ESS yielded 53% while TCM+ESS yielded 45%
maturation rates. The replacement of ESS with FCS
resulted in 48.50 and 35.33% maturation in DMEM
and TCM-199 medium,
respectively. The addition
of PFF in DMEM+ESS
improved the maturation
rate and was found better
74.55% thanTCM-199 +
ESS (65.35%). However
, the replacement of ESS
Fig 5 Culturable
by FCS in either DMEM
porcine oocytes
orTCM-199+PFF did not
differ
significantly
(P>0.05). It can be concluded from the present study
that use of DMEM+ESS+PFF along with hormones
(PMSG+LH) for first 20-24 hrs followed by hormone
free medium for next 20- 24 hrs i.e.a total of 40-44 hrs
give optimum (70-75%) in-vitro maturation rates in
pigs.
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group (n=36) served as the untreated control. The
oestrus sows were inseminated twice at 24 h and 36 h,
respectively after hCG injection at different village
production units. Results revealed 86.41% of sows in
the treatment group exhibited all the behavioral and
physical signs of oestrus. An average interval between
treatment and onset of oestrus was 84.76 ± 2.43 hours.
The mean oestrus intensity of sows in the treatment
group was 2.34 (when assessed on a scale of 1 to 3),
which did not differ significantly from the oestrus
intensity exhibited by the control group. The duration
of oestrus varied from 36 to 56 hours in treated sows,
which was significantly longer when compared to the
duration of oestrus in the control groups. The study
obtained a farrowing rate of 82.60 % and litter size of
9.24 ± 0.32 after oestrus synchronization with timed
insemination (Table 5). Oestrus synchronization
facilitated the insemination of a batch of sows at
particular location covering 2-3 village clusters, which
reduce the transport cost the semen drastically. Oestrus
synchronization facilitated the effective
implementation of AI by co-ordination the
insemination of batches of sows, thus reducing
shipping cost and insemination costs. Improving heat
detection contributed to shortening the weaning to
estrous interval in smallholder pig production system,
which in turn decreases production costs.

inheritance) and pure Hampshire in the organized pig
breeding farm of the institute. A total of 60 farrowing,
12 farrowing in each genetic group were observed as
per instantaneous point sampling method. The results
revealed that 78.20 percent of farrowing process started
during early morning (3.0 AM to 7.0 AM) and
remaining 22.6% the process started during mid-night
and day time. The duration of farrowing varied from
2.20 to 8.10 h with an average duration of 3.5 h which
is significantly (P<0.05) higher during winter as
compared to summer season. The duration of
farrowing was significantly (P<0.01) lower in
indigenous pigs as compared to other genetic groups.
The time interval between the births of piglets varied
from 2 min. to 2.4 h, even in some cases extended up
to 24 h. Time taken for placental expulsion was 5 min.
to 2.30 h after birth of the last piglet, but in few cases
part of the placenta was expelled in between the piglet
birth.
The placental weight recorded 0.80 (0.40 -0.91),
1.0 (0.6-1.3) 1.3 (0.6-1.8),1.5 (0.8-2.1) and 1.6 (0.972.34) kg, respectively in Khasi local, 50%, 75%, 87.5%
upgraded and Hampshire pigs, respectively and it
positively (r=0.67) correlated with litter weight. The
average litter size at birth was 6.24±0.58, 7.16.±0.39,
8.6±0.58, 9.0±0.46 and 9.16±0.54, whereas the
individual litter weight was 0.64±0.35, 0.83±0.53,
0.94±0.61, 0.97±0.59 and 0.97±0.72 kg, respectively
in different genetic groups. The average incidence of
still birth was 3.73% and it was significantly (P<0.01)
lower in indigenous and 50% upgraded pigs as
compared to other genetic groups. The incidence of
stillbirth was positively (r=0.72) correlated with the
duration of farrowing and it was significantly (P<0.05)
higher during the last half of the farrowing process.
Season wise litter size at weaning of different genetic
groups has been presented in Fig 6.

Table 5 Reproductive performance and cost benefit
of oestrus synchronization with timed AI in sows
(Mean±SE)
Parameters

Treatment

Farrowing rate (%)
80.00 (56)a
Litter size at birth
9.24 a ±0.32
Litter weight at birth/piglet (kg) 0.84 b ±0.35
Litter size at weaning
7.87 b ±0.52
Litter weight at weaning/
8.12a ±0.77
piglet (kg)
Cost involved
Hormone cost/pig
INR 500
Cost liquid semen/dose
INR 35
Shipping cost
INR 130
a, b

Control
77.77(7)a
8.74 b ±0.25
0.86 b ±0.21
7.98 b ±0.32
8.15a ±0.63
INR 58
INR 950

Columns with different superscripts differ significantly (P£0.05).

Effect of season and different level of exotic
inheritance on farrowing behavior of indigenous
pigs
Farrowing behavior of sow was investigated in five
different genetic groups viz, indigenous Khasi local
pigs, upgraded pigs (50%, 75% and 87.5% Hampshire
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Upgraded pigs enhanced productivity under
traditional smallholder production system
To assess the performance, economic benefits and
impact of crossbred pigs, initially the study was
conducted to know the existing traditional pig
production system. Total 36 villages covered with
structured pre-tested survey format. The common pig
breeding, housing, feeding and other managemental
practices were studied. To assess the production
performance of the pigs in smallholder system, a total
number of 152 households were randomly selected and
divided into two groups. Group I comprised of 67
households who reared crossbred pigs and group II
comprised of 85 households who reared indigenous
pigs. Most of the farmers were small holders having
only 1-2 pigs and the remaining farmers practiced pig
farming in either semi-commercial (18%) or
commercial (3.2%) scale. In the study area, the
majority of pig population was of non-descript local
type. In general, the pigsty was made up of locally
available materials. The floor of pigsty was made up
of concrete, wooden plank, bamboo pole or earthen
floor. The sidewalls were made of wooden plank,
bamboo pole, stems of some plants and brick-cement.
Tin roof (68%) was most commonly used, followed
by thatched roof with locally available grass and weed
and other materials like plastic. Generally, the pigs
were fed with local vegetations, agro-wastes and
household and kitchen wastes. About 73.8% of farmers
fed the pig solely with locally available materials.
Remaining farmers fed their pigs with different level
of concentrate feed purchased from market, in-addition
to the locally available agro-waste. In the surveyed
area, only 28-42% of farmers reared the pigs for
breeding purpose and remaining farmers reared the pigs
for fattening purpose. About 50-70% of the pig holders
kept only 1-2 females for breeding but no boar were
maintained for breeding. Usually, these farmers
depend on 1-2 community boars in each village for
breeding. The body weight gain of the crossbred pigs
was significantly (p<0.01) higher at 3-12 months as
compared to local pigs. The mean litter size at birth

and weaning was 8.83±0.15 and 7.86±0.6 in crossbred
pigs, where as in local sows the litter size at birth and
weaning was only 6.80±0.56 and 5.23±0.43
respectively. The litter size at birth and litter size at
weaning was also significantly (p<0.01) higher in
crossbred pigs than that of local pigs. The average
individual litter weight at birth was 0.87±0.28 kg and
0.628±0.46 in crossbred and local pig respectively,
which is significantly (p<0.01) higher in crossbred pigs
as compared to local pig. It was concluded that rearing
of crossbred pigs with improved nutrition could
enhance productivity and profitability under
smallholder pig production system in the region.
Winter management of neonatal piglets to reduce
mortality
Eighteen advance stage pregnant sows (75 % and
87.5 % Hampshire inheritance) were selected for
experiment during the winter months from November
2013 to February 2014 at Institute Pig farm. All sows
were observed and monitored for farrowing and
alternately divided in to three experimental groups.
The piglets born in Group-I (control) were provided
with rice straw bedding whereas in Group-II, additional
heat device as bulb of 200 watt in guard rail for 18
hours provided from evening (4 P.M.) to morning (10
A.M.). The piglets in Group–III were provided with
same treatment as Group-II, but sows in this group
received liquid liver tonic supplement (Live-52) @ 40
ml in feed for 1st two weeks of lactation. All pig pens
were protected from cold wind by applying gunny bags
on open sides. The environmental temperature and
relative humidity during the experimental period
ranged from 8.46° C to 23.01°C and 52.02% to 79.12%,
respectively. The parameters observed during the study
were litter size at birth and weaning, individual piglet
weight at birth as well as weaning, average daily gain
and mortality percentage. All parameters were recorded
from birth to age of weaning (2 months). The collected
data were analyzed by standard methods using SPSS17 software and tabulated (Table 6).

Table 6 Litter size, average daily gain and mortality of piglets in different groups
Parameters
Litter size at birth (Mean ± SE)
Litter size at weaning (Mean ± SE)
Individual weight (kg) at birth (Mean ± SE)
Individual weight (kg) at weaning (Mean ± SE)
Average daily gain (g)
Mortality (%)

Group-I (n=6)

Group-II (n=6)

Group-III (n=6)

9.53 ± 0.36
7.33 ± 0.25a
0.88± 0.03
7.93± 0.04a
0.117± 0.27a
23.62b

9.33 ± 0.54
7.83 ±0.32b
0.95 ±0.05
8.74 ±0.06b
0.129 ±0.41b
15.97a

9.33 ±0.37
8.16 ±0.27b
0.92±0.04
9.17±0.04b
0.137±0.29b
12.19a

*Means bearing different superscripts within the row differ significantly (P<0.05)
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Table 8 Superovulatory response in Sahiwal cows

The litter size and individual body weight at birth
in all groups was non- significant. The litter size at the
time weaning in Group-III was significantly (P<0.05)
higher (8.16±0.27) than Group-I (7.33±0.25), however
it was not significantly different from Group-II
(7.83±0.32). Similar trends were observed for average
daily gain and mortality. The lowest percentage
mortality in Group-III might be due to good shelter
management and equally better milk production in
sows supplemented with liquid liver tonics. Provision
of heating bulb in both Group-II & III had better
performance over control group, which signify the
utility of additional heat device to combat hypothermia
in neonatal piglets.

Parameters

Value

Total dose (mg)
No. of animals treated
No. of animals responded
Av.no.of CL on Rt ovary
Av.no.of CL on Lft ovary
Av of Total no. of CL on both ovaries
Total no. of anovulatory follicles

200
03
02 (66.66%)
03.25
02.50
05.75
3.25

Table 9 Superovulatory response in crossbred cattle
with p-FSH ( @400mg)
Parameters

CATTLE

Value

No. of animals treated
No. of animals responded
No. of animals flushed
Mean no. of CL
Mean no. of anovulatory follicles
Mean of total ova/ embryos recovered
Mean no.of viable embryos

Estrus synchronization and superovulatory
response in Sahiwal cattle under Meghalaya
conditions:
Estrus synchronization was conducted at state Govt.
Farm, Deptt. of Animal Husbandry, Kyrdemkullai,
Govt. of Meghalaya, using two doses of PG,11 days
apart (n=12) and using ovosynch protocol (n= 14) .The
results showed that 75% animals responded to double
PG schedule while 78% animals responded to
ovosynch protocol for estrus synchronization with
55.55% and 54.54% conception rate, respectively
(Table 7). The Superovulation in indigenous Sahiwal
cattle was also attempted successfully under
Meghalaya conditions using the dose @ 200 mg (Table
8) and in crossbred cattle with p-FSH (@ 400 mg)
(Table 9).
The
oestrus
induction, oestrus
synchronization,
superovulatory
response in crossbred cattle and
Sahiwal cows (Fig 9)
was optimized.
Fig 9 Embryo flushing in

06
04
03
7.83 + 1.54
3.40 + 0.69
3.33+1.70
2.89 +1.71

Table 10 Superovulatory response in Sahiwal cows
Parameters

Value

No. of animals
treated
No. of animals
responded
Av. no. of CL on right ovary
Av. no. of CL on lift ovary
Av of total no. of CL on both ovaries
Total no. of anovulatory follicles

03
02
03.25
02.50
05.75
3.25

Table 11 Superovulatory response in crossbred
cattle
Parameters

Value

No. of animals treated
No. of animals responded
No. of animals flushed
Mean no. of CL
Mean no. of anovulatory follicles
Mean of total ova/ embryos recovered
Mean no. of viable embryos

Sahiwal cows

06
04
03
7.83 + 1.54
3.40 + 0.69
3.33+1.70
2.89 +1.71

Table 7 Estrus synchronization in Sahiwal cattle
Protocol
Double PG
Ovosynch
Total/Average

Number of
animals treated
12
14
26
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No.of animals
responding(%)

Time of onset oe estrus
from last PG(hrs)

09 (75)
11 (78.57)
20 (76.92)

56±08
52±06
54±08
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Duration of
estrus (hrs)
22
26
24

Conception
rate (%)
5/9 (55.55)
06/11 ((54.54)
11/26 (55.00)

ANIMAL NUTRITION
Feeds and Fodder Production
Parari fodder production: In fodder
demonstration plot of Animal Nutrition Research Farm,
parari ( Scheflera wallichi) plants have been established
for 12 years with density of 2500 plants/ha. About 1
kg FYM was applied to each plant. In the plain lowland
individual plant on an average yielded 70.1 kg (n=25)
fresh foliage having approximately 70% edible part.
Total foliage yield was less with 30.5 kg (n=25) from
the plants on the sloppy upland.
Fodder production from terraced upland area:
Mono cultivation of soybean, rice bean and cowpea,
maize, sorghum, Job’s tear and bajra at 60-65d
respectively yielded 22.5, 24.3 and 27.6, and 45.1,
27.7, 25.2 and 40.0 t/ha green fodder during the kharif
season. Crops of sorghum and job’s tear provided three
cuts.
Fodder production from plain lowland area:
From cultivable plain lowland area, the improved
varieties of perennial grasses viz., hybrid Napier,
Congo signal, Napier, Hamil and Guinea grass
collectively yielded 48.3 t/ha fodder with average DM
content of 15.82% in four cuttings.
Groundnut fodder production under the tree
shade in lowland plain area: Eleven years after the
establishment of perennial groundnut (Arachis pintoi)
under the tree shade in plain valley land, yielded 26.4
t/ha with average 19.43% DM in three cuttings. Besides
providing excellent quality fodder, it can also be grown
on the risers of terraced land to check the soil erosion
and supporting the nitrogen fixation.
Safflower as fodder during winter lean period:
The Safflower (Carthamus tinctorius,), annual crop
showed a potential for its fodder value during the
winter scarcity period. With plant density of 60 plants/
m2 the crops yielded DM at 1.24, 1.41 and 1.6 t/ha,
respectively, at 50d of harvesting.
Berseem and lucerne fodder production: Highest
yields were recorded from mixed cropping of berseem
with Chinese cabbage and oats in the area receiving
dairy shed effluents. Chinese cabbage was harvested
(single cut) as major fodder after the 40-days of sowing
and the oats and berseem (Fig 1) were harvested
subsequently after 15-20 days interval.

Fig 1 Mixed cropping of fodder crops in field receiving
drainage water from dairy shed drainage during
winter

made to explore alternate feed resource. Yam bean
(Pachyrhizus erosus) also known as Jicama or Mexican
Yam or Mexican Turnip (Fig 2), is a round fleshy
taproot vegetable of Leguminaceae family. After land
preparation seeds were sown 25 cm apart in the terraced
upland of Animal Nutrition farm during the 1st week
of August 2013. After 90 days of sowing the yields of
total biomass, tuberous root and aerial part were 41,
25 and 16 t/ha respectively on fresh weight basis. The
tuber and areal part had 9.3 and 20.1% DM,
respectively. Tubers indicated good palatability in
finisher pigs and may be a potential feed resource
during scarcity period.

Fig 2 Bean yam crop in the field (L), and harvested
plants (C) and tuberous root (R)

Chemical composition of roselle plant
Traditionally, roselle plant (Hibiscus sabdariffa L.,
Malvaceae) has several uses. It is an important source
of nutrients like- vitamins A, B and C, iron, calcium,
phosphorus and protein, and the antioxidant pigments.
Its leaves and fruits are widely used for human and
animal food. Its leaves contains 8.03, 15.23, 1.57,
23.49, 7.82, 0.21 and 0.11 percent, and calyces
contains 9.45, 6.24, 1.03, 13.82, 8.16, 0.12 and 0.28
percent DM, CP, EE, CF, Ash, Ca and P, respectively.
Processing of fruit waste for livestock feeding
Fruit droppingis a common problem in many guava
orchards. Keeping in view rapid perishability of guava
and safety for consumption by livestock especially
pigs, the materials were preserved by ensiling using
Lactobacillus culture. About 6 quintals of such wasted

Production potential of bean yam as alternate pig
feed resource under Meghalaya conditions
Keeping in view the scarcity of locally available
feeds during the winter period, an attempt has been
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2 groups depending upon milk yield and BW. Besides
above mentioned similar treatments, animals were
given 3 kg berseem and oat based green fodder daily
and experiment lasted for 28d with 21d adaptation
feeding followed by 7d collection period. The average
values of parameters viz., DMI (kg/d), DMD (%) and
MY (kg/d) were 9.34, 58.51 and 7.96; 10.16, 61.04
and 8.5 on mash and CFB feeding respectively
indicated advantage of feeding of CFB.

fruits were collected from the farm areas of horticulture
and agroforestry. After chopping and addition of
Lactobacillus culture the material was filled into the
sealed drums for a period of 3-4 weeks (Fig 3). The
pH of silage was <3.7 with pleasant aroma and
excellent palatability for finisher crossbred pigs.
A

B

C

Effect of roughage on voluntary intake of complete
feed blocks in cattle
Different roughage sources like- paddy straw, and
stovers of maize, jowar and jobs tear were chopped
and CFB were prepared using 45:55 roughageconcentrate ratio. The estimated average values of CP
and TDN were 12 and 60 percent, respectively. After
10 days of preliminary feeding the intake was recorded
for 6 days continuously. The average DMI (kg/100 kg
BW) was 2.79, 2.94, 3.01 and 2.63 in paddy straw,
maize, jowar and jobs tear based CFB, respectively.

Fig 3 Wasted fruit silage prepared in laboratory
(A) chopped wasted fruits (B) and their filling in the
plastic drums (C) for bulk silage preparation

Feeding of tree leaves based complete feed blocks
to goat
Complete feed blocks (CFB) not only improve
palatability, intake and digestibility but also allow easy
transportation, handling and storage. Using tree leaves,
total mixed ration (TMR; 14%CP, 65%TDN) was
prepared with 50:50 roughage to concentrate ratio. The
roughage comprised of 12.5 parts each of leaves from
guawa (Psidium guajawa), makari sal (Schima
wallichii), ficus (Ficus hookeri) and jackfruit
(Atrocarpus heterophyllus). Twelve kids were evenly
distributed in 3 groups. Each animal daily received
200 g chopped oats fodder in the morning parari foliage
(ad lib) in control (C), TMR in mash form (M) and
TMR in CFB form (B). At the end of 6 week
experimental feeding there was improvement in growth
performance of kids on CFB with ADG of 27.8, 34.6
and 40.21 g/d in respective groups. The beneficial
effect of incorporation of tree leaves could also be
implicated by 35-52% reduction of total fecal egg count
in the kids fed TMR in mash (M) and block (B) form
over the control feeding (C).

Urea treated paddy straw feeding in dairy cattle
Paddy straw treatment with 3.2% urea was
attempted at the dairy unit and a feeding trial was
conducted for 2 months in the lactating HF crossbred
cows. The beneficial effects of feeding of urea treated
paddy straw is given in table 1.
Nutritional management of Degnala in buffaloes
fed on paddy straw
Like previous year, adult buffaloes exhibited
classical symptoms of Degnala on paddy straw (PS)
feeding as sole roughage with conventional concentrate
during the winter lean period. Lesions appeared on
the skin, hooves and tail (Fig 4) within a month of PS
feeding, which further aggravated. Similar symptoms
were also observed in 18 months old buffalo heifers.
The animals were successfully recovered by use of
Degcure (formula source: NDRI Karnal) with in 30d
of use on similar diets.

Mixed jungle grass based complete feed block
feeding in crossbred cattle
The palatability of matured native grasses may be
improved by use of complete diets. After collection of
mixed grasses, the material was sun dried and chaffed.
Using 60:40 roughage to concentrate ratio, different
diets were formulated with estimated ~12% CP and
60% TDN. Total 6 lactating crossbred cows (ave 345
kg BW, 8.75 kg MY, 3-5 lactation) were distributed in
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Fig 4 Degnala lesions in adult buffalo (a) and young
heifer (b)
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Table 1 Average values of chemical composition,
feed and nutrient intake, milk yield and rumen and
blood parameters on urea treated paddy straw
feeding in HF crossbred cows
Parameters

at 15, 25, 35 and 25 percent, respectively (Control; T1) in two doses. However, mixed wasted fruit silage
(250 g/d) was mixed with the cooked vegetation in the
other group (T-2). After 21 days of experimental
feeding it was noticed that the DM intake thorough
cooked vegetation was increased by 21.5 percent on
the supplementation with wasted fruit silage.

Concentrate Group of paddy
straw feeding
Untreated Urea
treated

DM (%)
88.3
OM (% DM Basis)
93.1
CP (% DM Basis)
16.2
NDF (% DM Basis)
18.3
ADF (% DM Basis)
8.4
DMI through straw (kg/d)
——
DMI through concentrate
——
(kg/d)
Total DMI (kg/d)
——
Milk yield (kg/d)
——
3.5% FCM yield (kg/d)
——
Nutrient digestibility (%)
DM
——
OM
——
CP
——
NDF
——
ADF
——
Other parameter (4hr post feeding)
Rumen pH
——
Amm. N (mg/100ml SRL) ——
TVFA (mM/100ml SRL)
——
Blood Urea N
——
(mM/100ml)

86.7
88.6
3.3
83.9
62.8
5.2
3.8

54.4
88.0
6.4
76.3
52.1
6.9
3.8

9.0
8.4
8.7

10.7
9.5
10.3

51.3
54.6
53.1
42.7
42.5

59.8
62.7
59.5
56.8
50.6

6.7
16.9
11.2
16.4

6.65
18.2
11.8
17.3

Development of Probiotics
Isolation and molecular characterization of
Lactobacilli of faecal origin
Lactobacilli were isolated from the faecal samples
of pigs, poultry, goats, cattle and buffalo calves by
selective techniques (Fig 5). After a series of in vitro
screening, potentials strains were subjected to
molecular characterization.

Fig 5 View of lactobacillus colonies isolated by
selective technique from faecal samples

Molecular characterization of isolates for
Lactobacillus species
Different lactobacillus isolates were characterized
by molecular technique for which published primer F
5’TGGAAACAGRTGCTAATACCG3 & R
5’GTCCATTGTGGAAGATTCCC3’, was employed
for standardization of PCR protocols for detection of
Lactobacillus from various sources. A 230bp gene
which is specific for Lactobacillus species could be
amplified in fifty four Lactobacilli isolates (Fig. 6).

Pig Nutrition
Preparation of native grass and cowpea based silage
for pig feeding
Chaffed native jungle grasses and cultivated
cowpea forage (in a ratio of 7:3; fresh basis) were
mixed with ground maize (2% level) and laboratory
isolated Lactobacillus inoculum. The resultant product
was ensiled in the thick polythene lined HDPE bags
for 4 weeks. The pH of silage was 4.2 with 3880 kcal/
kg GE. The addition of 2 kg silage to the diets of
finisher has increased the DMI by 12.3% and saves
450 g conventional concentrate per day.
Effect of supplementation of wasted fruit silage on
feed intake in finisher pigs receiving local feed
resource based diets
In a preliminary study, six adult CB pigs (111.5±
3.35 kg BW) were distributed into 2 groups of 3
animals each. All animals received daily 1.5 kg basal
concentrate diet (13% CP, 3100 kcal/kg ME) and free
choice cooked vegetation having squash fruit, banana
pseudo-stem, alocacia foliage and sweet potato vines
ANNUAL REPORT 2013-14

Fig 6 Amplification of 16S rRNA gene (230bp) specific
to Lactobacilli by PCR (Lane M: 100bp DNA ladder;
Lane 1-9; Lactobacilli isolates; Lane N: NTC)

Use of Lactobacillus isolate as probiotics in kids
One isolate was used as inoculants for the
preparation of fermented cow milk (pH 4.5-5.0). Two
groups of 2 week old kids, 6 in each from Assam local
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hill goats of 2-4 parity were fed 200 ml of either boiled
(control) or fermented (treatment) milk for 6 weeks.
All kids apart from getting free choice mother’s milk
were also allowed concentrate mixture (ad lib)having
estimated 20% CP and 72%TDN. From the data (Table
2) it is inferred that growth of kids may be enhanced
over 40 g/d by use of high plane of nutrition, further
the use of Lactobacillus isolate as probiotics can
produce more beneficial impact.

Assessment of availability of feeds and fodder
resources in Meghalaya
Considering the requirement of population of large
ruminants like cattle and buffaloes, the total fodder
(DM) availability from agricultural practices is not
adequate in Meghalaya. Moreover with plentiful
availability of grasses from the forest area gives relief
during the monsoon period. During the winter dry
period a sort of difficulty arises which compel farmers
to let their animals for ‘open grazing’. Most of the
feed ingredients are required to be imported from other
states and therefore the cost of mixed feed is very high
and not affordable among the poor farmers. Though
remarkable advancement has been achieved in
agricultural production, little attention was made
towards development of animal feed in Meghalaya.
Different literature sources have revealed the suitability
of about 86 tree plant species of good palatability from
Meghalaya for probable usage as fodder during winter
scarcity period (Table 3).

Table 2 Effect of probiotics supplementation on
average body weight gain and daily weight gain in
young kids of Assam local hill goats at 6 week of age
Groups
of kids

Sex

Control

Male
Female
Overall
Male
Male
Female
Overall
Male

Treatment

Body weight
gain (kg/6wk)

Average daily
weight gain (g/d)

1.9
1.7
1.8
1.9
2.3
2.1
2.2
2.3

44.0
41.3
43.7
44.0
55.6
49.2
52.4
55.6

Table 3 List of plants with good palatability
Name of the plant

Family

Name of the plant

Family

Name of the plant

Family

Dillenia indica
Mangelietia insignis
Eurya acuminata
Saurauia roxburghii
Saurauia puduana
Kydia calycina
Heritiera macrophylla
Grevwia elastica
Grevwia multiflora
Garua pinnata
Azadirachta indica
Melia azedarach
Ilex umbellutta
Ziziphus mauritiana
Rhus javonica
Moringa oleifera
Butea monosperma
Erythrina arborescens
Bauhinia pupurea
Bauhinia variegata
Albizzia lebbeck
Eriobotrya bengalensis
Photinia notoniana
Prunus nepaulensis
Pyrus pashia
Itea macrophylla
Corylopsis himalayana
Castronopsis tribuloides
Vitex quinata
Quercus serrata

Dilleniaceae
Magnoliaceae
Theaceae
Saurauiaceae
Saurauiaceae
Malveceae
Sterculiaceae
Tiliaceae
Tiliaceae
Burseraceae
Meliaceae
Meliaceae
Aquifoliaceae
Rhamnaceae
Anacardiaceae
Moringaceae
Fabaceae
Fabaceae
Caesalpiniaceae
Caesalpiniaceae
Mimosaceae
Rosaceae
Rosaceae
Rosaceae
Rosaceae
Iteaceae
Hamamelidaceae
Fagaceae
Verbenaceae
Fagaceae

Cinnamomum glanduferum
Lindera pulcherrima
Litsea cubeba
Litsea khasyana
Neolitsea cassia
Persea bombycina
Persea gamblei
Persea kingii
Persea odoratissima
Phoebe cuminate
Helica nilagirca
Antidesna acidum
Bridelia pubescens
Glochidium cuminate
Glochidium assamicum
Glochidium sphaerogynum
Celtis tetranda
Trema cannabina
Trema orientalis
Artocarpus chaplasa
Artocarpus gomezianus
Artocarpus heterophyllus
Ficus auriculata
Ficus bengalensis
Ficus bhotanica
Ficus fulva
Ficus hispida
Gmelina arborea
Quercus griffithii

Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Proteaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Ulmaceae
Ulmaceae
Ulmaceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Verbenaceae
Fagaceae

Exbucklandia populnea
Ficus lamponga
Terminalia chebula
Ficus oligodon
Terminalia myriocapra
Ficus religiosa
Brassaiopsis
glomerulata
Ficus semicordata
Schefflera hypoleuca
Ficus virens
Maesa indica
Morus australis
Symplocu glomerulata
Morus serrata
Symplocu paniculata
Debregeasia longofolia
Symplocu theaefolia
Moutia puya
Styrax serrulatum
Betula alnoides
Fraxinus florobunda
Alnus nepalensis
Ligustrum robustum
Castronopsis kurzii
Stereospernum
chelonoides
Quercus glauca
Leucoseptrum canum

Hamamelidaceae
Moraceae
Combretaceae
Moraceae
Combretaceae
Moraceae
Araliaceae
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Moraceae
Araliaceae
Moraceae
Myrsinaceae
Moraceae
Symplocaceae
Moraceae
Symplocaceae
Urticaceae
Symplocaceae
Urticaceae
Styracaceae
Betulaceae
Oleaceae
Betulaceae
Oleaceae
Fagaceae
Bignoniaceae
Fagaceae
Limiaceae

physiochemical, microbial and sensory qualities under
frozen (-18±1°C) storage condition (Tables 2, 3 and
4). The pH of all nuggets increased significantly
(P<0.05) during the storage period. The hardness,
redness (a*), yellowness (b*) and chroma values of
all the nuggets decreased significantly (P<0.05) during
storage period. The ΔE values of all the nuggets
increased during storage period. No growth of
microorganisms was observed in all the nuggets during
the period. The beet root incorporated nuggets recorded
better sensory qualities compared to other nuggets in
the study under frozen (-18±1°C) storage up to 90 days.
The findings of the present study revealed that
functional chicken nuggets could be prepared by
incorporating 10 per cent beet root, 10 per cent
fermented bamboo shoots and 15 per cent cabbage and
stored safely up to 90 days under frozen (-18±1°C)
temperature. Moreover, based on the different
physiochemical, microbial and sensory quality
parameters, 10 per cent beet root incorporated nugget
was found to be the most suitable in the development
of functional chicken nuggets.

POULTRY SCIENCE
Effect of incorporation of fermented bamboo
shoots, beet root and cabbage on the qualities of
chicken nuggets under frozen storage
Chicken nuggets from spent hens’ meat were
prepared by incorporating fermented bamboo shoots
(FBS) at 10%, beet root (BR) at 10% and cabbage (CB)
at 15% levels (Table 1) and evaluated their different
Table 1 Formulation of meat emulsions for
preparation of experimental chicken nuggets
Ingredients

T1

Lean meat
77.50
Refined wheat flour
5.00
Refined oil
5.00
Added fat
2.00
Ice cubes
5.00
Condiments mix
3.50
Spice mix
0.45
Salt
1.50
Sodium benzoate
0.05
FBS
BR
CB
Total
100.00

T2

T3

67.50
67.50
5.00
5.00
5.00
5.00
2.00
2.00
5.00
5.00
3.50
3.50
0.45
0.45
1.50
1.50
0.05
0.05
10.00
10.00
100.00 100.00

T4
62.50
5.00
5.00
2.00
5.00
3.50
0.45
1.50
0.05
15.00
100.00

Table 2 pH and texture profiling of chicken nuggets during frozen storage (-18±1°C)
Treatment/
Parameters
pH
T1
T2
T3
T4
Day mean ±SE
Hardness (kgf)
T1
T2
T3
T4
Day mean±SE

Storage period (Days)
15

30

45

60

Treatment
mean ±SE
75

90

6.13±0.04Da
5.94±0.03Bb
6.14±0.03Da
6.12±0.03Ba
6.08±0.02S

6.16±0.03CDa
5.97±0.05Bb
6.16±0.04CDa
6.13±0.03Ba
6.11±0.02RS

6.21±0.02BCa
5.99±0.03ABb
6.20±0.02BCDa
6.18±0.03ABa
6.15±0.02QR

6.24±0.01ABa
6.00±0.01ABc
6.23±0.01ABCa
6.19±0.01ABb
6.16±0.02QR

6.28±0.01ABa
6.03±0.01ABc
6.26±0.01ABa
6.21±0.01Ab
6.19±0.02PQ

6.30±0.01Aa
6.08±0.02Ac
6.28±0.01Aab
6.24±0.01Ab
6.22±0.02P

6.22±0.01p
6.00±0.01q
6.21±0.01p
6.18±0.01pq

0.56±0.03a
0.42±0.03Ab
0.42±0.02b
0.30±0.03c
0.42±0.02

0.55±0.01a
0.38±0.02ABbc
0.41±0.04b
0.30±0.04c
0.42±0.02

0.53±0.01a
0.37±0.04ABbc
0.41±0.02b
0.29±0.03c
0.40±0.02

0.51±0.02a
0.35±0.01ABc
0.39±0.01b
0.26±0.01d
0.38±0.02

0.50±0.05a
0.34±0.01Bb
0.36±0.01b
0.25±0.01c
0.36±0.02

0.49±0.01a
0.33±0.01Bc
0.36±0.01b
0.23±0.01d
0.35±0.02

0.52±0.01p
0.36±0.01q
0.39±0.01q
0.27±0.01r

Means with different superscripts in small letter in each column and capital letters in each row differ significantly (P<0.05)

Table 3 Color profiling of chicken nuggets during frozen storage (-18±1°C)
Treatment/
Parameters

Storage period (Days)
15

Redness(a*)
T1
T2
T3
T4
Day mean±SE

2.72±0.23b
2.55±0.11Ab
7.60±0.16ABa
2.62±0.10b
3.87±0.37P
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30
2.55±0.08b
2.38±0.07ABCb
7.85±0.09Aa
2.59±0.16b
3.84±0.39PQ

45

60

2.48±0.12b
2.43±0.07ABb
7.62±0.12ABa
2.52±0.13b
3.76±0.38Q

79

2.67±0.13b
2.31±0.05BCc
7.52±0.12ABa
2.48±0.13bc
3.75±0.37Q

Treatment
mean ±SE
75
2.45±0.08b
2.24±0.04BCb
7.38±0.09Ba
2.44±0.05b
3.63±0.37QR

90
2.31±0.09bc
2.17±0.05Cc
7.35±0.07Ba
2.41±0.04b
3.56±0.37R

2.53±0.06q
2.35±0.03r
7.55±0.05p
2.51±0.04q
Contd...

Yellowness(b*)
T1
T2
T3
T4
Day mean±SE
ÄE
T1
T2
T3
T4
Day mean±SE
Hue angle
T1
T2
T3
T4
Day mean±SE
Chroma value
T1
T2
T3
T4
Day mean±SE

13.95±0.13b
14.13±0.13ABb
16.65±0.18Aa
14.04±0.13b
14.69±0.20P

14.49±0.14a
13.76±0.30Bb
14.51±0.21Ba
14.00±0.15ab
14.19±0.11QR

14.29±0.34b
14.33±0.08Ab
15.18±0.26Ba
14.13±0.14b
14.48±0.13PQ

14.30±0.25b
14.04±0.13ABb
15.02±0.34Ba
13.96±0.19b
14.33±0.14Q

14.14±0.15b
13.96±0.10ABb
14.97±0.06Ba
13.90±0.14b
14.24±0.09QR

13.98±0.06b
13.73±0.10Bb
14.58±0.16Ba
13.82±0.10b
14.03±0.08R

14.19±0.08q
13.99±0.07r
15.15±0.13p
13.98±0.06r

0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00

1.71±0.25Bb
1.93±0.35b
3.24±0.39ab
3.80±0.88a
2.67±0.47PQ

2.26±0.56AB
2.70±0.81
2.39±0.51
3.60±1.04
2.74±0.61R

2.03±0.30AB
2.43±0.32
2.79±0.44
2.92±0.64
2.54±0.42PQ

2.25±0.17ABb
2.76±0.29b
2.18±0.24b
3.93±0.55a
2.78±0.31PQ

2.87±0.30Aab
3.06±0.17ab
2.43±0.32b
3.98±0.60a
3.08±0.35P

1.85±0.17r
2.15±0.21q
2.17±0.20r
3.04±0.33p

79.06±0.82a
79.77±0.39Ba
65.48±0.40Ab
79.45±0.34a
75.94±1.05Q

80.00±0.32a
80.17±0.31ABa
61.56±0.53Cb
79.57±0.58a
75.33±1.36R

80.07±0.61a
80.38±0.25ABa
63.31±0.61Bb
79.89±0.54a
75.91±1.26Q

79.44±0.47a
80.66±0.21Aa
63.32±0.67Bb
79.93±0.46a
75.83±1.25QR

80.18±0.31ab
80.87±0.17Aa
63.75±0.24Bc
80.05±0.23b
76.21±1.22P

80.61±0.37a
81.00±0.20Aa
63.25±0.35Bb
80.10±0.24a
76.24±1.28P

79.89±0.21pq
80.48±0.12p
63.44±0.25r
79.83±0.17pq

14.22±0.17b
14.36±0.14ABb
18.30±0.21Aa
14.29±0.14b
15.29±0.30P

14.71±0.15b
13.97±0.29Bc
16.51±0.17BCa
14.25±0.17bc
14.86±0.19Q

14.51±0.32b
14.53±0.08Ab
16.99±0.22Ba
14.36±0.13b
15.10±0.21PQ

14.55±0.26b
14.23±0.13ABb
16.81±0.31BCa
14.18±0.20b
14.94±0.21Q

14.35±0.15b
14.14±0.10ABb
16.69±0.09BCa
14.11±0.14b
14.82±0.19Q

14.17±0.06b
13.91±0.10Bb
16.33±0.15Ca
14.03±0.10b
14.61±0.18R

14.42±0.08q
14.19±0.07r
16.94±0.12p
14.20±0.06r

Means with different superscripts in small letter in each column and capital letters in each row differ significantly (P<0.05)

Table 4 Sensory qualities of chicken nuggets during frozen storage period (-18±1°C)
Treatment/
Parameters

Storage period (Days)
15

Colour
T1
T2
T3
T4
Day mean ± SE
Flavor
T1
T2
T3
T4
Day mean ± SE
Juiciness
T1
T2
T3
T4
Day mean± SE
Texture
T1
T2
T3
T4
Day mean ± SE
Overall acceptability
T1
T2
T3
T4
Day mean±SE

30

45

60

Treatment
mean ±SE
75

90

5.07±0.18Cb
4.93±0.16ABb
6.19±0.14ABa
5.22±0.19b
5.35±0.10Q

4.93±0.18Cb
4.74±0.20Bb
6.22±0.16ABa
4.96±0.20b
5.21±0.11R

5.07±0.17Cb
4.93±0.17ABb
6.00±0.12ABa
4.85±0.17b
5.21±0.09R

5.15±0.13BCb
5.15±0.17ABb
6.37±0.13Aa
5.26±0.19b
5.48±0.09P

5.67±0.17Aa
5.07±0.20ABb
5.96±0.17ABa
5.11±0.16b
5.45±0.09PQ

5.59±0.13ABab
5.33±0.13Ab
5.78±0.13Ba
5.26±0.14b
5.49±0.07P

5.25±0.07q
5.02±0.07r
6.09±0.06p
5.11±0.07r

5.48±0.19ABC
5.04±0.25BC
5.56±0.22
4.96±0.24
5.26±0.11QR

5.19±0.19Cab
5.04±0.21BCab
5.63±0.15a
4.85±0.24b
5.18±0.10R

5.15±0.20Ca
4.56±0.23Cb
5.52±0.14a
5.07±0.20ab
5.07±0.10R

5.30±0.16BCb
5.30±0.18ABb
5.89±0.14a
5.22±0.15b
5.43±0.08Q

5.78±0.15ABa
5.48±0.20ABab
5.78±0.18a
5.07±0.21b
5.53±0.10PQ

5.96±0.10Aa
5.70±0.18Aa
5.56±0.19ab
5.19±0.14b
5.60±0.08P

5.48±0.07pq
5.19±0.09qr
5.65±0.07p
5.06±0.08r

5.48±0.17AB
5.07±0.24
5.63±0.17
5.30±0.23
5.37±0.10R

4.59±0.19Db
5.07±0.18b
5.67±0.17a
4.96±0.20b
5.07±0.10S

4.85±0.19CD
5.15±0.16
5.00±0.18
5.04±0.18
5.01±0.09S

5.19±0.15BCb
5.52±0.15ab
5.85±0.18a
5.26±0.17b
5.45±0.08QR

5.44±0.17AB
5.44±0.17
5.81±0.13
5.41±0.18
5.53±0.08Q

5.89±0.13Aa
5.63±0.15ab
5.96±0.19a
5.26±0.14b
5.69±0.08P

5.24±0.08r
5.31±0.07q
5.65±0.07p
5.20±0.07r

5.30±0.19BCb
5.41±0.19ABab
5.89±0.16a
4.96±0.22ABb
5.39±0.10QR

5.19±0.20Cb
4.70±0.17Cb
5.74±0.15a
4.81±0.23Bb
5.11±0.10R

5.52±0.18ABCab
5.19±0.16Bb
5.70±0.13a
5.22±0.18ABab
5.41±0.08QR

5.26±0.13Cb
5.33±0.14ABb
6.07±0.18a
5.41±0.13Ab
5.52±0.08PQ

5.78±0.13ABa
5.33±0.13ABb
5.81±0.13a
5.30±0.18ABb
5.56±0.08PQ

5.89±0.13Aa
5.74±0.11Aa
6.00±0.11a
5.00±0.11ABb
5.66±0.07P

5.49±0.07q
5.28±0.07qr
5.87±0.06p
5.12±0.07r

5.41±0.16ABCb
5.11±0.19BCb
5.89±0.17a
5.26±0.15b
5.42±0.09Q

5.00±0.16Cb
4.81±0.18Cb
5.93±0.12a
4.93±0.18b
5.17±0.09R

5.33±0.15BCab
5.00±0.21BCb
5.67±0.13a
5.22±0.17ab
5.31±0.09QR

5.15±0.13Cb
5.41±0.19ABb
6.07±0.13a
5.37±0.16b
5.50±0.08Q

5.81±0.15Aa
5.52±0.15ABab
5.96±0.14a
5.26±0.19b
5.64±0.08P

5.74±0.11ABab
5.70±0.16Aab
5.89±0.16a
5.33±0.12=
5.67±0.07P

5.41±0.06q
5.26±0.08r
5.90±0.06p
5.23±0.07r

Means with different superscripts in small letter in each column and capital letters in each row differ significantly (P<0.05)
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Studies on the performance of Emu
Emu (Dromaius novaehollandiae) farming is
profitable mainly for its valued meat, fat and skin and
also their feathers, bones, claws and egg by-products.
A total of 38 numbers of Emu birds introduced in the
institute farm were evaluated for their performance
during growing period. The performance of Emu in
terms of growth rate, feed consumption and FCR were
found to optimum in the climatic condition of
Meghalaya (Table 5). The mortality during the growing
period was recorded to be 5 per cent.

Table 6 Performance of chicks during brooding
period (Dec ,2013 to Jan, 2014)

Table 5 Performance of Emu during growing period
in Meghalaya

Means within a row with no common superscript differ significantly
(P<0.05)

Age
(month)

Body wt. (kg)

Feed
consumption
(g/bird/day)

FCR

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

1.37±0.11
3.27±0.24
6.39±0.24
9.43±0.46
11.63±0.37
13.46±0.48
15.12±0.47
16.85±0.54
18.38±0.67
20.01±0.54
22.06±0.65
24.16±0.72
26.23±0.74
28.24±0.64
30.3±0.66
32.51±0.59
34.65±0.64
36.97±0.75

177.02±5.45
310.92±34.06
362.64±27.80
383.61±19.35
391.8±10.65
404.32±23.08
409.07±18.78
438.02±28.06
457.97±13.44
559.97±24.64
566.8±17.65
567.72±12.89
594.35±20.31
612.32±25.55
612.49±28.14
629.31±31.80
680.00±34.02

2.79
2.99
3.58
5.23
6.42
7.31
7.09
8.59
8.43
8.19
8.09
8.23
8.87
8.92
8.31
8.82
8.79

Hover brooder

Battery brooder

DOC
1st weak
2ndweak
3rdweak
4th weak
Daily wt. gain (g/day)
FCR
Mortality (%)

33.07a±4.4
57.41a±4.58
97.84a±8.17
182.17a±7.17
240.00a±15.00
7.37a±0.40
2.66a±0.45
5.91a±1.09

32.10a±3.90
54.36a±4.59
85.44a±0.95
150.04a±2.29
230.10a±9.49
7.55a±1.01
2.98a±0.14
9.16a±0.36

Effect of temperature, humidity and housing
system on performance of Vanaraja, Gramapriya
and Indigenous chicks
An experiment was carried out on three different
varieties of chickens viz., Vanaraja, Gramapriya and
Indigenous to evaluate effect of temperature and
humidity (Table 7) on some productive, haematological
and serological parameters of growing chickens in two
different housing systems viz. deep litter and raised
floor. Fifty numbers of each three different varieties
of chicken were considered in each housing systems
(N=300 nos.) under standard management practices.
It was distinct from the results that irrespective of
chicken varieties, higher weight gain, better FCR and
lower mortality were found under raised floor system
of management. Irrespective of housing systems,
Vanaraja birds performed better followed by
Gramapriya and Indigenous birds. Hematological and
serum biochemical traits did not reveal much variation
among birds reared under raised floor and deep litter
systems (Table 8 & Table 9). The results revealed that
the birds under raised floor system performed better
than the birds under deep litter system which indicated
that the raised floor system would be better during
summer for grower birds in the climatic condition of
Meghalaya.

Effect of brooding systems on the performance and
mortality of chicks in different seasons
An experiment was carried out to evaluate the effect
of temperature and humidity on productive parameters
and mortality of chicks under battery brooding and
hover brooding systems during 4 weeks brooding
period. Different climatic variables i.e. temperature,
humidity and rainfall were recorded simultaneously.
The same experiment was repeated after 4 weeks for
another batch of chicks. It was evident from the
experimental results that chicks performed better in
hover brooding system compared to battery brooder
but statistically not significant (P<0.05). Chick
mortality was found to be lower in hover brooding
system than that was in battery brooder (Table 6).
Therefore, hover brooding system can be better in the
field or areas where power cut is frequent.
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Effect of probiotic supplementation on the
productive and egg quality traits in Gramapriya
layers
An experiment was conducted to evaluate the
response of laying Gramapriya hens to dietary
supplementation of probiotic. A total of 200 numbers
of Gramapriya layers at 24 weeks of age were randomly
divided into two groups with four replicates of 25 birds
in each and allotted on deep litter system under
81

Table 7 Average environmental temperature and relative humidity during the experimental periods (MarJul, 2013)
Housing system

Raised floor
Deep litter

Temperature (0C)
Maximum

Minimum

Average

Maximum

Minimum

Average

30.13±0.23
27.03±0.17

19.65±0.27
21.83±0.18

24.89±0.25
24.43±0.17

98.55±0.26
97.58±0.53

59.04±0.92
82.78±0.90

78.79±0.46
90.18±0.67

Table 8. Hematological parameters of growing
chicken under deep litter and raised floor
Parameters

Deep litter

Raised floor

Hb (%)

13.68a±0.40

14.98b±0.46

PCV (%)

30.00a±0.69

30.00a±0.92

TRBC (106 /cumm)

2.43a±0.09

2.36a±0.14

MCV (fl)

126.00 ±1.73

123.67a±1.39

MCH (pg)

a

56.63 ±0.99

61.00 ±1.31

MCHC (g/dl)

44.93a±0.34

49.30b±0.34

Platelets (103/μl)

67.33a±7.85

53.00a±1.74

a

Table 10 Performance and egg quality traits of
Gramapriya layers

b

Means within a row with no common superscript differ significantly
(p<0.05)

Table 9 Serological parameters of growing chicken
under deep litter and raised floor
Parameters

Raised floor

Deep litter

AST/SGOT (U/L)

147.04a±19.04

96.13b±3.05

ALT/SGPT (U/L)

3.08a±0.17

2.93a±0.12

Total protein (g/dl)

4.06a±0.27

4.30a±0.20

Albumin (g/dl)

1.97 ±0.15

1.82a±0.10

Globulin (g/dl)

2.09 ±0.16

2.43a±0.14

A/G ratio

0.90a±0.06

1.70b±0.11

Bun (mg/dl)

2.28 ±0.12

2.09 ±0.12

a
a

a

Traits

Control group Supplemented
group

1. Average feed
consumption/day
/bird (g)
2. FCR(kg of feed/
dozen of egg)
3. Hen day egg
production (%)
4. Hen housed egg
production (%)
5. Mortality (%)
6. Egg weight (g)
7. Shape Index (%)
8. Yolk index
9. Haugh unit
10.Shell thickness (mm,
with membrane)

118.17a±3.03

123.02b±1.91

2.92a±0.16

2.68b±0.17

48.50a±1.31

63.75b±5.55

44.60a±1.33

46.71b±5.95

5.00a±0.18
57.96a±1.71
73.77a±1.82
0.37a±0.007
88.72a±2.44
0.37a±0.006

3.91a±0.21
59.42b±1.05
75.36b±0.76
0.42b±0.008
89.42b±2.19
0.43b±0.008

Means bearing different superscript within a row differ significantly
at (P<0.05)

FISHERIES
Evaluation of growth performance of Amur
common carp with prepared feed under polyhouse
condition
A special feed was prepared with locally available
rice polish (22%), mustard oil cake (22%), dry fish
meal (50%), wheat flour (5%) and vitamin and mineral
1% to evaluate the growth performance of juveniles
of both Amur and local common carp under poly house
condition for a period of 90 days (Oct- Jan). The water
temperature of the poly house concrete tanks (size:
2X1.5X0.75 m) ranged between 16.35 to 29.60C. Both
Amur and local common carp fry were stocked at equal
density of 100 nos per sq.meter with two replicates.
The percentage weight gain of Amur common carp
over local common carp in 90 days trial was observed
to be 12%.

a

Means within a row with no common superscript differ significantly
(P<0.05)

standard management systems up to 52 weeks. It was
distinct from the results that dietary inclusions of
probiotic had significant effect (P<0.05) on feed
consumption, feed conversion ratio, hen day egg
production, hen housed egg production and egg quality
traits of layers excluding mortality which was not
significant (Table 10). Therefore, probiotic could be
recommended as feed supplement to enhance
productive performance and to improve egg quality
and health status of laying Gramapriya hens.
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Growth parameters
Absolute growth =
final body wt.(g) - initial
body wt. (g)
Growth increment =
final body wt. (g)-initial
wt.(g)/no. of culture
TWG=final body weight
(g)- initial body wt.(g)/
initial body wt.(g)
Absulute length=final body
length (cm)-initial body
length (cm)
Length increment=final body
length(cm)-initial body length
(cm)/no. of the culture days
TLG=final body length
(cm)-in(initial body length
(cm)/initial body length
Percentage weight gain
of Amur common carp over
the local common carp in
90 days.

the age of 2 ½ years. In the month of March, the males
freely ooze out milt.

Amur Local
C.Carp C.Carp
10.28

8.41

0.1142

0.09

8.3577

7.44

6.44

4.48

0.071

0.04

1.71

1.16

12%

Studies on Monogenean Parasites of Freshwater
Fishes of Meghalaya
Helminth parasites represented by 5 taxonomic
units i.e. Monogenea, Trematoda, Cestoda, Nematoda
and Acanthocephala often cause veterinary problems
worldwide. The diversity of monogeneans in
freshwater fishes of Meghalaya has not been
documented completely. Due to paucity of
monogenean studies in Meghalaya there is lack of data
about their prevalence of infection on piscine hosts.
Currently, there is no data available on monogenean
diversity for this region. The present study was
therefore conducted with an aim to evaluate the
monogenean parasites of freshwater fishes of
Meghalaya. Various fishes were examined from
different rivers of different places such as Dawki,
Shella, Byrnihat, Umlyngka, Mawdun, Umiam, ICAR,
Fishery farm (Barapani). The different fish species
examined for their ecto and endoparasites fauna were
Labeo rohita, L. gonius, L. pangusia, L. calbasu,
Cyprinus carpio, Cirrhinus reba, C. mrigala,
Schistura, Psilorhynchus arunachalensis, P.
homaloptera,
Garralamta,
G.
gotyla,
Channapunctatus, C. barca, C.stewartii, Puntius
sarana, Ctenopharyngodon idella, Tilapia sp., Catla

Two important indigenous fish species of Northeast
region, Tor putitora, (Golden mahseer) and
Osteobrama belangeri (Pengba) were introduced in
the fish farm of the institute, Barapani during 201011, to evaluate their growth (Fig 1) and reproductive
performance under mid hill condition. Both the fish
species demonstrated poor growth under pond
aquaculture. They were fed on rice bran and oil cake
daily at 1: 1 ratio. The poor growth may be attributed
to sub-optimum water quality parameters and
inadequate supply of preferred food. The Golden
mahseer males were found to attain full maturity at

Fig 1 Growth of Pengba
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recorded by cast net
for six months w.e.f
July’2013
to
December’2013.
NONGSDER
Monthly observation
UMIAM RESERVIOR
on water parameters
such as dissolved
oxygen
level,
conductivity, total
MAWDUN
dissolved solid, pH,
alkalinity, chlorides,
nitrite, phosphate,
UMLYNGKA
carbon
dioxide,
hardness
and
maximum mean water
temperature were also Fig 2 Study sites in Umiam
river catchment
recorded employing
standard protocols. So
far thirteen fish species have been collected from the
three study sites. Neolissochilus hexagonolepisis
available in all the sites during the observation period.
Schistura multifasciatus and Garra lamta are present
in all the sites, but their population is abundant in the
month of July and August in Umlyngka area. The
distribution of Psilorhynchus homaloptera is confined
in Umlyngka area (Fig 2).

catla, Chanda nama, Glyptothorax sp., Heteropneustes
fossilisetc.
The various helminth parasites
recorded during the study period were Genarchopsis
goppo, metacercariae of Euclinostomum
heterostomum, Proteocephalus sp., Bothriocephalusa
cheilognathi and nematodes such as larvae of
Eustrongyloides sp., adult of Camallanus sp. and some
unknown species of nematodes.Only one monogenean
species Diplozoon cauveri belonging to family
Diplozoidea was recorded in the present study. The
study observed that the infection level of helminth
parasites in the host fishes examined was
comparatively low and this may be due to the influence
of season and differences in the diet of the host fishes.

Diplozoon cauveri

Genarchopsis goppo

Euclinostomum
heterostomum

Protocephalus sp.

Studies on indigenous fish fauna diversity and
distribution in hydrothermal regimes in Umiam
river with respect to different seasons
A Study on fish fauna diversity in Umiam river was
carried out in the jurisdictions of three villages viz.,
Umlyngka, Mawdun and Nongsder located at 1013m
above MSL N 25° 34.978' E 91° 50.445'; 949m, N 25°
36.939', E 91° 51.708' and 946m N 25° 39.605', E
91°54.500' respectively in Ribhoi district of
Meghalaya, (Fig 2). Part of the river in Umlyngka is
upstream and a little bit downstream in case of
Mawdun where the river receives water from the
drainage system of Shillong city. The portion of the
river in Nongsder village is downstream due to
construction of the dam on it for Umiam reservoir.
Monthly observations on availability of different
species of fishes found in these study sites were
ANNUAL REPORT 2013-14

Fig2 Schistura multifasciatus; Psilorhynchus
homaloptera and Garralamta

TSP Activities
In an effort to make fish seeds available locally, a
rural seed production unit was established in farmers
field at Anugre in Garo hills, Meghalaya in
collaboration with ICAR KVK , Tura. The selected
farmer seed producer also received on the job training
and critical inputs for starting a new venture in the
locality. The farmer has been encouraged to produce
84

seeds of minor carps as they are observed to perform
better in mid altitude condition and in seasonal ponds.

ANIMAL HEALTH
Prevalence of Brucellosis in Meghalaya- PCR based
diagnosis
A total of 1836 serum samples were collected from
three states of northeastern India viz Meghalaya,
Manipur and Tripura covering various livestock
species. Standard serological tests such as Rose Bengal
Plate Test and ELISA revealed the presence of Brucella
antibody in 28 swine samples and 81 bovine samples
with seropositivity rate of 3.5% and 11.2%,
respectively. Screening of bovine milk samples by milk
ring test revealed the presence of Brucella antibody in
25 milk samples. PCR assays for detection of brucellae
targeting to genes (16S rRNA and BCSP) were
optimized (Fig 1). A total of 17 cattle blood samples
were found positive for bcsp gene. However, no
Brucella organism could be isolated from the clinical
samples such as joint aspirate, aborted foetus, placenta,
blood sample, and vaginal swab.

Fig 3 Establishment of Portable carp hatchery

Fish seed Production
Quality fish seed production of suitable fish species
is one of the major activities of the Fisheries division
to meet the demand of the local fish farmers. During
the period 2013-14, the Fisheries division also supplied
quality fish seeds to the Department of Fisheries, Govt.
of Meghalaya for distribution to fish farmers of the
state (Fig 4). There has been a progressive increase in
the
revenue
generated in the
six years. The
division
has
generated
the
highest revenue
(Fig 5), amounting
to ` 1,72,517/(Rupees one lakh
Fig 4 Fish seed production and
seventy
two
distribution
thousands and five
hundred seventeen only). The enhanced revenue has
been generated through sale of quality fish seeds to
the farmers of the region for improving fish production.

Lane M: 100bp gene; Lane 1-7 & 10-12: Positive samples

Fig 1 Detection of bcsp gene of Brucella species in
blood samples

Prevalence of Listeriosis in meat and milk samples
of northeast region of India
A total of 871 samples comprising 205 pork, 212
raw milk, 154 beef, 150 chicken, and 150 chevon
samples were aseptically collected from northeast
region and were screened for the presence of L.
monocytogenes through standard enrichment and
plating procedures. A total of 90 water used in meat
shops, 80 freshwater fish, 80 dry/fermented fish
product and 80 blood samples from slaughter houses,
were aseptically collected from various markets of
three north eastern states (Meghalaya, Nagaland and
Assam) to screen for the presence of potentially
virulent L. monocytogenes. Thirty three confirmed L.
monocytogenes were obtained with a prevalence rate
of 5.47%, 4.59%, 4.44%, 3.75%, 3.35%, 2.38% and
1.25% in mutton, beef, water, blood samples, chicken,
milk and freshwater fish, respectively. While the
overall prevalence rate was 2.47%, we could not detect

Fig 5 Revenue generated by Fisheries Division

ANNUAL REPORT 2013-14

85

any L. monocytogenes in dry/fermented fish and milk
products. Detection of virulence genes by PCR
revealed the presence of hlyA in five and iap in four
isolates; whereas, plcA and plcB genes were present
in four and three isolates, respectively.
Thirty six (4.13%) of the samples showed positive
for L. monocytogenes with prevalence rate of 4.71%,
3.41%, 4%, 4.66%, and 3.89% in milk, pork, chevon,
chicken and beef, respectively. In order to understand
the population genetics, epidemiology and ecology of
L. monocytogenes, molecular subtypying by Pulse
Field Gel Electrophoresis (PFGE), of 57 L.
monocytogenes strains obtained from various sources
were performed (Figs 2 & 3). Dendographs and
phylogenetic study of these starins are under
preparation.

Antimicrobial resistance in water and food samples
in NEH region
A total of 520 samples of diverse origin were
collected and processed for isolation of drug resistant
pathogens (Fig 4).

Fig 4 Sample distribution for drug resistant pathogens

Samples were processed with conventional
procedure and by an improvised methodology for
isolation of drug resistant pathogens. Resistant isolates
were characterized with automated ID/AST system as
well as by conventional methods for detailed
characterization of drug resistance and minimum
inhibitory concentration (MIC) determination.
Following phenotypic characterization, 104 isolates
were observed to exhibit extended spectrum betalactamase (ESBL) activity. Of these, 97 were E. coli
and 7 were Klebsiella species. Among these ESBL
positive isolates, 17 isolates apparently exhibited
carbapenemase activity also. To confirm their
carbapenemase activity Modified Hodge Test (MHT)
was standardized (Fig 5). Further screening of these
highly resistant isolates is in progress.ESBL positive
isolates were also subjected to molecular detection of
various ESBL genes including blaTEM, blaCTX-M.
PCR protocols for these genes were optimized (Fig
6).

Fig2 Restriction digestion with AscI enzyme and
PFGH gel profile of 57 L. monocytogenes

A

Fig 5 Modified Hodge
Test showing
carbapenemase activity

Fig 6 A.PCR for blaCTXM gene B. PCR for
blaTEM gene

Screening of isolates with optimized PCR protocols
indicated carriage rate of 31.6% for blaTEM and 79%
for blaCTX-M among the ESBL positive isolates. This

Fig 3 Restriction digestion with ApaI enzyme and
PFGE gel profile of 57 L. monocytogenesstrains
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study highlights the risk associated with plausible
foodborne transmission of ESBL pathogens and to the
best of our knowledge this is the first documentation
of the ESBL of animal origin from north east India
which call for urgent mitigation measures to stem the
spread of drug resistant pathogens through food
distribution chain.

that incidences of oprL and ETA1 genes were 100%
and 66.7% for animal isolates and 100% for both genes
in case of human isolates, respectively. Animal isolates
were also characterized for their phylogenetic
relatedness through RAPD fingerprinting. Following
trials with 5 primers (PSD208, PSD272, OPY13,
OPD04, and OPD13) three proved to be adequately
effective. From RAPD fingerprints, dendrograms (Fig
7& 8) were constructed.

Antimicrobial resistance in fermented foods
From fermented food six bacterial species have
been identified including Leuconostoc mesenteroides,
Leuconostoc mesenteroides ssp cremoris, Pediococcus
acidilactici, Pediococcus damnosus, Pediococcus
parvulus, Pediococcus pentosaceus.c. However, a
large number of pathogens and saprophytic
contaminants were also identified from these foods.
The pathogens / contaminants included Alloiococcus
otidis, Bacillus cereus, Bacillus circulans, Bacillus
megaterium, Bacillus subtilis, Burkholderia gladiali,
Enterococcus casseliflavus/gallinarum, Enterococcus
faecalis, Enterococcus faecium, Enterococcus
raffinosus, Micrococcus lylae, Proteus mirabilis,
Proteus vulgaris, Providencia rettgeri, Providencia
stuartii, Pseudomonas putida, Serratia marcescens,
Serratia plymuthica, Sreptococcus bovis II (Str. Group
D), Staphylococcus aureus, Staphylococcus capitis ssp
capitis, Staphylococcus epidermidis, Staphylococcus
haemolyticus, Staphylococcus intermedius,
Staphylococcus pasteuri, Staphylococcus pettenkoferi,
Staphylococcus sciuri, Staphylococcus vitulinus,
Staphylococcus warneri, Staphylococcus xylosus,
Streptococcus acidominimus, Streptococcus agalactiae
(Str. Group B), Streptococcus bovis II (Str. Group D),
Streptococcus porcinus Detection of resistance markers
in the isolates indiacted prevalence of five different
‘Resistant Markers’ – beta-lactamase (BLACT),
‘methicillin resistance’ (MRS), ‘high level mupirocin
resistance’ (HLMUP), ‘macrolide-streptograminlicosamide resistance’ (STAMLS), ‘vancomycin
resistance’ (VRE). Wide variability in Aerobic Plate
Count and Coliform count was also observed.

Fig 7 Dendrogram from RAPD fingerprint with
PSD208 primer

Fig 8 Dendrogram from RAPD fingerprint with
PSD272 primer

Porcine and Bovine viral diseases
Porcine circovirus and porcine parvovirus
Porcine circovirus and porcine parvovirus were
investigated with regard to their occurrence in porcine
herds of north eastern states of Meghalaya and
Mizoram. A total of 462 porcine serum/tissue samples
were screened for PCV and PPV. 260 samples were
positive for PCV and 200 samples were positive for
PPV. 21 clones of ORF-2 gene (Fig 9) of porcine circo
virus were sequenced and 10 whole genome sequences
of porcine circo virus (Fig 10) were generated.

Characterization of Pseudomonads of Animal and
Human Origin
Animal isolates of Pseudomonasaeruginosa (n =
12) alongwith human isolates (n = 8) were
characterised for their virulence potential. Two
virulence genes oprL and ETA1 were targeted. PCR
for these two genes were standardised. Screening of
isolates with standardized PCR techniques revealed
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samples from Mizoram were screened by RT PCR and
1 swab was positive.Break up of samples analysed from
various states of the North East. It can be seen that a
total of 4692 serum samples from all the states of the
north east were screened for PRRS and a total of 579
samples were seropositive for PRRS. Screening was
done by IDEXX PRRS ELISA. Total number of
samples sent to HSADL, Bhopal was 601 samples
which includes Mizoram- 152, Meghalaya, (Ri Bhoi5, Meghalaya, Kyrdemkulai-357, Meghalaya,
Mawrynkneng- 64, Meghalaya, Umroi-16.)-442,
Assam-6, Nagaland-1.

Fig 9 Full gene amplification of ORF-2 gene of PCV- 2
M= 100bp DNA Marker; Lane (1-6) = PCV 2 ( ORF-2
full ) Samples N= NTC

Diagnosis and incidences of tuberculosis and nontubercular mycobacteria
A total of 118 samples were processed till date of
which 25 samples were soil samples, 40 were milk
samples and 53 human sputum samples were
processed., Eight were positive for Acid Fast staining
of which 3 were soil samples and 2 each of milk and
sputum samples (Fig 12).

Fig 10 Full genome amplification of PCV-2

Bovine Viral Diarrohea
A total of 943 serum samples were screened for
BVDV from five states i.e., Manipur, Sikkim,
Mizoram, Meghalaya and West Bengal. A total of 175
samples were found to be positive by ELISA and 23
samples were found to be positive by PCR).
Porcine respiratory reproductive syndrome (PRRS)
Antigen detection by RT PCR for PRRS: PRRS
antigen detection has been carried out by RT PCR
against the ORF 6 genes, ORF 7 genes (Fig 11). Tissue
samples, nasal swabs and serum samples from out
breaks were screened using PRRS specific primers.
Apart from routine serological screening of serum
samples from throughout the NER, two outbreak
sources viz, Kyrdemkulai Farm, Meghalaya and
MizoramState samples were screened for PRRS. In
addition a total of 264 serum and 64 nasal swab

(a)

(b)

Fig 12 Acid fastness of Mycobacteria a) Human
sputum sample b) Soil sample

The seven staining positive cultures were analysed
by PCR amplification of the rpoB gene (Fig 13), hsp65
gene (Fig 14)and rrl gene (Fig 15) amplification for

ORF 7 RT PCR

ORF 6/7 RT PCR

Fig 13 Amplified 700base pair partial rpoB gene product
of positive samples. L-Ladder; Lane 1-Positive Control;
Lane 2-AH4(soil sample); Lane 3-M4(milk sample); Lane
6-2824‘A’(Sputum Sample); Lane 7-2830‘A’(Sputum
Sample); Lane 8-CS1N(Soil Sample); Lane 9-1(1st A)
(Milk sample); Lane 10-RF(Soil Sample); Lane 11-NTC

Lanes 1-3 nasal swabs,4-6 oral swabs,7 serum,8 DNA markers

Fig 11 RT PCR for PRRS
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a. Sero surveillance Report: From the month of
April 2013 till March 2014, the following serum
samples were collected from 5 districts of
Meghalaya viz. East Khasi, Ribhoi, West Khasi,
Jaintia and West Garo and were screened for
important livestock diseases such as Brucellosis,
Bovine Viral Diarrhoea (BVD), Infectious Bovine
Rhinotracheaitis (IBR), Classical Swine Fever
(CSF)and Porcine Reproductive and Respiratory
Syndrome (PRRS).
b. Brucellosis: Out of a total of 698 bovine and 61
swine, 46 caprine and 16 bubaline serum samples
screned for Brucella antibody by ELISA, 80 bovine
serum samples from Ribhoi and 7 swine and 1
bovine each from East Khasi Hills and West Garo
Hills were found to be positive for Brucella
antibody by ELISA. However all the caprine and
Bubaline Samples were negative for Brucella
Antibody.
c. IBR: Out of a total of 259 bovine serum samples
IBR antibody by ELISA, 72 samples from Ri-Bhoi,
64 samples from East Khasi Hills and 4 samples
from Jaintia Hills were found to be positive for IBR
antibody.
d. CSF: Out of a total of 56 swine serum Samples
CSF antibody by ELISA, 5 samples from Ri-Bhoi
district and 11 samples from Jaintia Hills were
found to be positive for CSF antibody by ELISA.
e. PRRS: Out of a total of 714 swine serum from
various organized farms in East Khasi Hills and
Ri-Bhoi District in Meghalaya screened for PRRS
antibody by ELISA ,13 samples were found to be
positive for PRRS antibody by ELISA.
f. BVD: Out of a total of 372 Bovine serum samples
screened for BVD antibody by ELISA, 61 from East
Khasi Hills, 15 from Ribhoi and 6 from Jaintia
Hills were found to be positive for BVD antibody
by ELISA.
g. Faecal examination report: A total of 91 faecal
samples (40 bovine, 50 swine &1 caprine) from
organized and unorganized farms in Meghalaya
were examined for parasitic infection and the results
were; Ova of Eimeria Spp. were detected in 3
bovine samples, Ova of Strongyle Spp. in 2 bovine
sample, Ova of Fasciola and Bunostomum were
detected in 1 bovine sample each, Ova of Ascaris
were detected in one swine sample, Ova of
strongyle ova were detected in 4 swine sample, Both
the ova of Strongyle and Ascaris ova were detected
in 12 swine sample and both the Coccidia oocyst
and Ascaris ova were detected in one swine sample.

Fig 14 Amplified 435 base pair hsp65 gene. Lane LLadder; Lane 1-Positive Control; Lane5-AH4; Lane 6M4; Lane 7-CS1N; Lane 8-1(1st A); Lane 9-RF; Lane
10-2824’A’; Lane 11-2830 ‘A’; Lane 12-NTC

further confirmation. Five samples, viz, M4, showed
amplification of rpoB, hsp65 and rrl gene while two
soil samples AH4 and CS1N the rrl gene could not be
amplified.

Fig 15 Amplified 780 base pair rrl gene.Lane L-Ladder
(100bp). Lane 1-Positive Control; Lane 6- M4; Lane 81(1st A); Lane 9-RF; Lane 10-2824’A’; Lane11-2830’A’;
Lane 12-NTC

Animal disease monitoring and surveillance
Trends of important livestock diseases outbreak in
the last 5 years
The disease outbreak report for last 9 years i.e from
2004 to 2013 for the diseases Bovine FMD, HS, and
BQ, CSF were analysed from the data provided by the
state veterinary and animal husbandry department and
summarized in table 1
From the above data it was concluded that outbreak
of FMD occurs in an increasing trend in each year
with highest outbreak recorded in 2013-14. As for the
diseases BQ, HS, CSF, Swine FMD and Caprine FMD
Maximum outbreak recorded in 2011-12.
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Table 1 Trends of important livestock diseases outbreaks
Diseases

Incidence

FMD

Outbreak
Attack
Death
BQ
Outbreak
Attack
Death
HS
Outbreak
Attack
Death
Swine fever Outbreak
Attack
Death
Swine FMD Outbreak
Attack
Death
Caprine
Outbreak
FMD
Attack
Death

2004-05 2005-06
62
920
42
12
122
16
9
97
18
60
341
226
2
12
0
6
24
0

2006-07

2007-08

2008-09

2009-10

2010-11

2011-12

196
4261
2
11
26
0
16
113
0
56
292
157
1
5
0
1
4
0

52
769
0
2
7
2
5
52
1
18
150
59
10
29
0
4
40
0

69
811
0
4
15
6
3
25
0
36
388
265
15
145
0
10
63
0

143
5131
0
2
6
0
2
8
3
18
223
119
13
48
0
13
191
0

168
2217
0
25
351
0
25
240
0
89
1096
54
8
82
0
18
92
0

219
3736
17
53
464
2
45
445
0
163
1059
0
32
434
0
39
177
0

43
537
1
8
197
8
0
0
0
64
337
244
0
0
0
12
131
0

2012-13
315
4176
0
41
508
0
39
543
0
118
784
582
1
10
0
20
323
0

Disease Outbreak Investigation Report
Classical Swine Fever (CSF)
A total of four abortion (Fig 16) case of swine with
mortality in 15 piglets was recorded from Umran
Village under Ribhoi District in the month of December
2013. Blood samples, vaginal swabs and intestinal
content from the aborted fetus were collected from the
affected animals and
diagnosis for brucellosis,
PRRS and CSF was
attempted. All the tissue
samples and serum
samples were found to be
positive for CSF by PCR
and ELISA, respectively.
However all the samples
Fig 16 An aborted foetus
were negative for
due to Swine Fever
brucellosis and PRRS.

Fig 17 Watery diarrhoea Fig 18 PCR gel photo
in affected goat
for PPR

Evaluation of peptide based ELISA for rapid and
reliable seroprofiling of Japanese encephalitis in
swine
Screening of pig sera from Meghalaya with
Japanese encephalitis commercial IgG based ELISA
for the period of July 2012- Dec13 at Division of
Animal Health, ICAR-RC-NEHR, Umiam (Barapani)
Meghalaya. A total of 600 samples were screened for
antibodies against Japanese encephalitis by IgG ELISA
kit from Meghalaya and Tripura. 11 samples were
confirmed positive while 28 samples were suspected
positive

Peste des petits Ruminants (PPR)
An outbreak which is suspected to be Peste des
petits Ruminants (PPR) was reported in Nongsder
Village, Umiam , Ribhoi District. There were around
180 goat populations in the village. The affected
animals were showing symptoms like watery diarrhoea,
high fever, coughing and respiratory distress. The
mortality was recorded in 40 goats. Blood samples
and nasal swabs were collected from the affected
animals. Confirmatory diagnosis was done by PCR
from the serum samples (Figs 17 & 18).
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National Initiative on climate Resilient Agricultural
(NICRA)
Effect of climate change on disease resistance
marker gene in the north eastern region with special
reference to Meghalaya
The protocol for the detection of disease resistant
marker gene was standardized by molecular technique
using PCR method for amplifying 161bp fragment size
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using specific primers for FUT gene (Fig 1). The
genotypic characterization will be done by RFLP
analysis using the PCR product (Fig 2) into AA, GG
and AG phenotype.

in all the samples confirmed poxvirus (Fig 4). The
PCR-RFLP was done using MseI which differentiate
poxvirus from poultry and turkey with pigeon poxvirus
(Fig 5). Incorporation of REV in these samples was
indicated by using a primer set of the region of FPV
flanking REV 5’ long terminal repeat (LTR) was used
and the gene for the integration site was amplified in
all the samples (Fig 6). PCR amplification of the
envelop (env) gene of the REV was also done and
found three samples, one from turkey and two from
poultry were positive for env gene (Fig 7).
M

Fig 1 Gel photograph
of FUT1 gene (Lane
1&2)

1

2

3

4

5

6

7

8

9

Fig 2 The PCR-RFLP
analysis of FUT1
geneLane 1-2 indicating
AG genotype

Standardization of SOP for detection of stress
indicators
The protocol for detection of stress by determining
the indicators was standardized by determining the
ratio of neutrophils and lymphocyte from the peripheral
blood. The average lymphocyte and neutrophils ratio
was 2.4, 2.1, 3.1 and 1.8, respectively in Local khasi,
Hampshire, Cross breed 1 and Cross breed 2.

M: 100bp Ladder
Lane 1-3 : Turkey Pox ; Lane 4 : Pigeon Pox;
Lane 5-7 : Poultry Pox ; Lane 8 : Vaccine Virus;
Lane 9 : NTC

Fig 4 Amplification of P4b gene (578 bp) from the
different avian pox samples

Standardization of SOP for detection of genes for
immune response
Protocols are standardized by PCR technique for
detecting some of the various genes responsible for
initiating and inducing immune response upon
interaction with various pathogens (Fig 3).
Fig 5 Restriction Digestion of the P4b gene by Mse I
enzyme

Lane 1 & 2- C- reactive protein, Lane 3 & 4 - IL-12,
Lane 5& 6 - IL-6; Lane 7 &8 - Hal; Lane 9&10 -TNF;
β.
Lane 11 &12 - IFN; Lane 13&14 - IL-1β

Fig 3 PCR result of different cytokines gene

Detection of reticuloendotheliosis virus (REV)
integration in poxvirus of poultry
A total of eight samples including three from
poultry, three from turkey, one from pigeon and one
vaccine strain were studied. The detection of P4b gene
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M : 100bp Ladder; Lane 1-3 : Turkey Pox ; Lane 4 : Pigeon
Pox; Lane 5-7 : Poultry Pox ; Lane 8 : Vaccine Virus; Lane
9 : NTC660bp

Fig 6 Amplification of Integration site (370 bp) of REV
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(a)

(b

(c)

Fig 9 a) Formazan crystal formation indicating cell
stimulation b) Few formazan crystal indicating cell
inhibition and c) non-stimulated control cell

M : 100bp Ladder; Lane 1-3 : Turkey Pox ; Lane 4: Pigeon
Pox ; Lane 5-7 : Poultry Pox ; Lane 8 : Vaccine Virus;
Lane 9 : NTC; M : 50 bp Ladder

Fig 7 Amplification of Envelope (env) gene (807 bp) of
REV from different avian pox samples

Establishment of Porcine viral disease diagnostic
and cell culture isolation facilities
Isolation of field samples of PPR virus by cocultivation method in Vero cell culture. The cytopathic
effect of virus appears as cell syncytium by 56 hrs post
infection (Fig 8).

(a)

(b)

Fig 10 Stimulation index (S.I) of Roselle extract and
Cucurma angustifolia extract in Vero cell culture
Neat – 50mg/ml conc aqu extract of Roselle plant, 1-5 serial
two fold dilution of neat, c- control, conA and PHA standard antigens for stimulation of cell, G- Cucurma
anguatifolia extract.

Meghalaya, Nagaland, Manipur, Sikkim and Tripura.
Under TSP, altogether a total of 22 nos. of animal health
camp cum awareness programme were successfully
completed along with various animal health care
interventions in terms of treatment, vaccinations, feed
supplements, vitamins, minerals distributions were also
being carried out in 10 villages with our team at the
farmers’ doorstep. This has benefitted more than 1900
tribal farmers. For the year 2013-14, under TSPAICRP on ADMAS, four animal health camps cum
awareness programme were organized by the Division
of Animal Health, ICAR Umiam, two in Meghalaya
i.e. Mawbri Village (Ribhoi District) and Umlyngka
Village (East Khasi Hills District) and two in Tripura
conducted by ICAR Research Complex for NEH
Region, Tripura Centre, Lembucherra, Tripura. In
addition to these, livestock health intervention
programme were also done in several villages
throughout the state as and when required. The detailed
reports of the camps and interventions are discussed
below. In the treatment and medicine distribution part,
door to door animal treatment was done and medicines
in the form of mineral mixtures, vitamins,
anthelmintics, antibiotics etc. were distributed free of
cost. In addition to the animal health camps, livestock
health interventions was one of major activity given
in several villages throughout the state to improve the
health condition of livestock and also to treat the ailing

(c)

Fig 8 a) Non infected cell at 56 hrs b) infected cell
showing CPE at 56 hrs c) at 96 hrs

Investigation and evaluation of ethno veterinary
medicine through biological
Anti proliferative assay of the plant extracts
(Roselle and Cucurma sp) was studied in vero cell
culture by using MTT dye. A serial two fold dilution
of 50 mg/ml conc. aqu. extract of Roselle and 10 mg/
ml cucurma plant was used along with ConA and PHA
as antigen standard. Formation of formazan crystals
indicate the stimulation of cells (Fig 9).The second
dilution showed maximum inhibition (Fig 10).
OUT REACH- IMPLEMENTATION OF TSP
COMPONENT OF AICRP on ADMAS
The implementation of Tribal Sub Plan component
of AICRP on ADMAS was started in 2011 at Division
of Animal Health, ICAR, Umiam, Meghalaya, covering
various tribal villages of five northeastern states viz.
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animals. Two animal health camps and disease
awareness programmes were conducted by ICAR
Research Complex for NEH Region, Tripura Centre,
Lambucherra, Tripura at Champaknagar Kolabagan,
and Berimura, Bamutia Panchayat, West Tripura on
16th November 2013 and 17th-18 th February 2014
respectively covering 296 farmers. Total animal treated
includes 482 animals covering cattle, goats, pigs, dogs
and 692 poultry birds.
Livestock Health intervention programme
In 2013-14 under the TSP component of AICRP on
ADMAS, livestock health care interventions were
being done to improve the health condition of the
livestock in various villages of Meghalaya (Figs 1, 2
& 3). These villages were Mawpynhong village and
Banglakhrawbla village of Mawphlang block (East
Khasi Hills), 4th Mile Village Upper Shillong, (East
Khasi Hills), Mawlyntriang village (West Khasi Hills),
Mukhla village, Laskein (Jaintia Hills), Saphai Village
village, Thadlaskein (Jaintia Hills), Umran village
Umsning (Ribhoi) Krydem village, (Ribhoi), Sonidan
Village (Ribhoi), Ninth Mile (Ribhoi District),
Rongkhgiri Selsella (West Garo Hills) BhairaKupi
Zikzak (West Garo) Araimile (Tura ). A total of 79

Fig 3 Animal Health Camp organized at
Champaknagar Kolabagan, West Tripura district

farmers were benefited covering 140 pigs, 115 cattle
and 45 goats by distributing medicines in the form of
mineral mixtures, vitamins, anthelmentics, topical
cream etc. for treatment of their animals. Those animals
which are affected with respiratory tract infection,
gastrointestinal tract infection, skin infection, wound
injury etc. were also given treatment with suitable
antibiotics, antihistaminic, anti-inflammatory drugs
and ectoparasitic drugs. The farmers were also advised
to maintain good hygiene and to do regular deworming
in their farm to prevent from various diseases of their
livestock.
VETERINARY PARASITOLOGY
Molecular diagnosis of Babesia spp. infections in
animals and vectors of northeastern region of India
A total of 141 blood samples of cattle, 15 of
buffaloes and 44 of dogs were collected from Assam,
Meghalaya and Mizoram for detection of Babesia spp.
infections. Out of 141 blood samples of cattle, 3
(2.12%) were found positive for B. bigemina infections
only after molecular diagnosis using PCR (Fig 1). In
case of dogs, microscopical examinations detected 2
(4.54%) dogs as positive for B. canis (Fig 2) and none
for B. gibsoni. Molecular diagnosis using PCR detected
4 (9.09%) dogsas positive for B. canis and 3 (6.81%)
dogs as positive for B. gibsoni (Figs 3 & 4). Mixed
infections with both B. canis and B. gibsoni were
noticed in3 (6.81%) dogs. All blood samples of
buffaloes were found negative for Babesia
spp.infections by both these methods. A total of 71
ticks were collected from cattle and 23 from dogs for
detection of Babesia spp. infections which were
identified as Boophilus microplus and Rhipicephalus

Fig 1 Animal health camp

Fig 2 HOD, Animal Health Division addressing the
participants
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sanguineus, respectively. Three Boophilus microplus
tick samples showed expected PCR product (1124 bp)
suggested as positive for Babesia bigemina. A total
22 recombinant plasmids were successfully sequenced
in the collaborative Institute. The nucleotide sequences
were submitted to GenBank and Gene Bank accession
numbers of four isolates of B. bigemina (Acc. Nos.
KF606863 to KF606866) and 18 isolates of Babesia
gibsoni (Acc. Nos.KF606867 to KF606884) were
obtained. Phylogenetic analysis of Indian B. bigemina
isolated from this region, along with the organisms
reported worldwide indicated that the Indian B.
bigemina sequences isolated from this region were
closely related with the cognate gene nucleotide
sequences of B.bigemina of Argentina and Kenya
where the 99.1% to 99.9% and 99.0% to 99.7% identity
was observed, respectively. Distant relationship of
these Indian organisms was observed with few cognate
gene sequences of China where more than 7%
divergence was observed in the distance matrix (Fig
1).

some Indian organisms recently reported from
Ludhiana and Kolkata were found to be segregated
distantly from the organisms sequenced in the present
study (Fig 6).
Designing of new primer set for diagnosis of B.
bigemina of cattle, its standardization and
validation
One new primer set was designed for detection of
B. bigemina infection, standardized for PCR and
successfully validated for its detection in B. bigemina
infection in cattle. The primers set designed for
diagnosis of B. bigemina are (Bab_bigem_F) Forward
primer (F)3’TGG CGG CGT TTA TTA GTT C5’ and
(Bab_bigem_R) Reverse primer(R) 3’AAG CCA GCG
AAA AGA CCC5’ where amplicon size for positive
cases was expected 460bp (Fig 7). A comparison of
published primers and newly designed primer set has
been shown in Fig 8.
Designing of new primer set for diagnosis of B.
gibsoni of dog, its standardization and validation
Two primer sets were newly designed for diagnosis
of B. gibsoni infections using the single Forward
primer. The first one is (Bab_gib_F) Forward
primer(F)3’ TGC CTT GTC TGG TTT CGC 5’ and
(Bab_gib_R1) Reverse primer(R) 3’ AGG TGC TGA
AGG AGT CGA 5’, where amplicon size for positive
cases was expected 370bp. In case of second,
(Bab_gib_F) Forward primer(F)3’ TGC CTT GTC
TGG TTT CGC 5’ and (Bab_gib_R2)Reverse primer
(R) 3’ GCA AAC TGA AAT AAC GGC 5’, where
amplicon size for positive case was expected 660bp.
By the use of first primer set, amplicon size obtained
370bp (Fig 9) which was expected and specific for B.
gibsoni infection in dogs. By the use of second primer
set, amplicon size obtained 660bp (Fig 10) which was
expected and specific for B. gibsoni infection in dogs.

Fig 1 Electrophoresis gel (0.8% agarose, stained with
ethidium bromide), showing lanes from left to right :
L1- PCR product showing positive (1124 bp) for B.
bigemina,L2- 1kb DNA ladder, L3- Negative control

Babesia gibsoni organisms isolated from this region
and sequenced in the present study were found to be
very closely related where 99.7% to 100% identity was
observed at 18S rRNA gene nucleotide sequence level.
Phylogenetic analysis of Indian B. gibsoni along with
the organisms reported worldwide indicated that the
Indian organisms isolated from this region were very
closely related with the isolates reported from Japan,
Korea, Taiwan and USA and they shared 99.0% to
100% identity at the cognate gene nucleotide sequence
level. Close relationship and clustering in the
phylogenetic tree indicated little or no difference
amongst these organisms at the nucleotide sequence
level of the particular gene of interest. Surprisingly
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Fig 2 Babesia canis within RBC in Giemsa stained
blood smear of a dog (1000X)
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Fig 3 Electrophoresis gel (1.5% agarose, stained with
ethidium bromide), showing lanes from left to right : L1
- PCR product showing positive for Babesia canis (450
bp), L2-Negative control, L3-100 bp DNA ladder

Fig 6 Maximum likelihood tree depicting phylogenetic
relationship of Babesia gibsoni organisms at 18S rRNA
gene nucleotide sequence level. The phylogenetic tree was
inferred using the Clustal W multiple alignment with
Kimura-2 (K-2, MEGA 5.10) model and the bootstrap
consensus was inferred from 1,000 replicates to represent
the evolutionary history of the taxa analyzed. Branch
lengths are indicative of genetic distances between the
sequences

Fig 4 Electrophoresis gel (1.5% agarose, stained with
ethidium bromide), showing lanes from left to right : L1
-100 bp DNA ladder, L2, PCR product showing positive
for Babesia gibsoni (671bp), L3-Negative control.

Fig 7 Electrophoresis gel (1.2% agarose, stained with
ethidium bromide), showing lanes from left to right :
Lanes T1, T2, C2, C3, C6, C7, H1, H2, H3, H2*: Infected
blood samples of cattle collected from Dairy farm of
ICAR Research Complex Umiam. All showed positive
amplicon with newly designed primer (amplicon size 460
bp). C7: Duplicate of C6, H2*: Duplicate of H2. T2a:
blood sample collected after one day of first diagnosis
showing positive, T3a: blood sample collected after
treatment showing negative. M: 100bp DNA ladder, N:
Negative control

Fig 5 Maximum likelihood tree depicting phylogenetic
relationship of Babesia bigemina organisms at 18S rRNA
gene nucleotide sequence level. The phylogenetic tree was
inferred using the Clustal W multiple alignment with
Kimura-2 (K-2, MEGA 5.10) model and the bootstrap
consensus was inferred from 1,000 replicates to represent
the evolutionary history of the taxa analyzed. Branch
lengths are indicative of genetic distances between the
sequences
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spp. (14.19%) and Trichuris spp. (10.80%) were
detected in faecal samples of infected goats. In pigs,
Ascaris suum were predominant (75.53%) followed
by Strongyle spp. (52.12%), Eimeria sp. (31.78%),
Strongyloides spp. (17.95%), Trichuris spp. (17.02%)
and Isospora spp. (6.38%). In cattle, Strongyle sp. were
predominant (72.22%) followed by Eimeria spp.
(25.56%), Strongyloides spp.(22.22%), Toxocara
vitulorum (14.07%), Moniezia spp. (13.33%), Trichuris
spp. (9.72%), Nematodirrus helvetianus (4.44%), and
Fasciola spp. (1.48%). In Manipur, the percentage of
infections of different parasites as recorded in cattle
were Strongyle spp. (26.08%), Amphistome ( 47.82%),
Moniezia spp.(4.34%), Toxocara vitulorum (6.51%),
Eimeria spp.(30.43%) and Fasciola spp. ( 4.34%). The
eggs of Ascaris suum (66.12%),Strongyle spp.
(20.96%), Strongyloides spp. (12.90%), Trichuris spp.
(17.74%), Eimeria spp. (33.87%) and Isospora spp.
(9.67%) were recovered from faecal samples of pigs.
In buffaloes, the eggs or oocysts of Amphistome
(46.15%), Strongyle spp. (7.69%), Moniezia spp.
(23.07%) and Eimeria spp. (53.84%) were recorded
in faecal samples. In Mizoram, faecal samples of cattle
revealed the presence of eggs of Strongyle spp. only.
Parasitological study of GI tracts of slaughtered goats
of Meghalaya– Post mortem examination of GI tracts
of goatsrevealed the presence of G.I. parasitic
infections in 60.55% goats. The presence of
Haemonchus contortus (66.66%), Oesophagostum spp.
(40.90%), Trichuris spp. (28.78%), Moniezia spp.
(24.24%) and Amphistomes (9.09%) were recorded.

Fig 8 Electrophoresis gel (1.2% agarose, stained with
ethidium bromide), showing lanes from left to right :Lane
L1: Negative control for new primer; Lanes L2, L3, L4,
L5, L6:All are infected blood samples and showing
positive (product size 460bp) using new primer; L7: 1
kb DNA ladder. Lane L8: Negative control for published
primer; Lanes L9, L10, L11, L12: All are infected blood
samples and showing positive (product size 1124bp) using
published primer

Fig 9 Electrophoresis gel (1.5% agarose, stained with
ethidium bromide), showing lanes from left to right - L1:
100bp DNA ladder; L2 & L3: Positive samples of B.
gibsoni (product size 660bp);L4: Negative control

Fig 10 Electrophoresis gel (1.5% agarose, stained with
ethidium bromide), showing lanes from left to right - L1:
100bp DNA ladder; L2 & L3: Positive samples of B.
gibsoni (product size 370bp);L4: Negative control

Detection of mange infestation in pigs of Meghalaya
A total of 34 numbers of suspected skin scrapings
of pigs were collected for detection of mange
(Sarcoptes scabiei var. suis) infestation. Out of these
5 (14.70%) pigs were found infested with S. scabiei
var. suis after microscopical examination of skin
scrapings (Fig 11). The infested pigs were treated
successfully with ivermectin @ 300 μg/kg b.wt.
subcutaneously.

Epidemiological studies on gastrointestinal
parasitism in Meghalaya and other northeastern
States
The epidemiological studies on G.I. parasitism were
undertaken in Meghalaya, Manipur and Mizoram. For
this purpose,faecal samples of cattle, goats, pigs and
buffaloes from these states were collected. A total of
1076 faecal samples of goats, 2065 of pigs, 1141 of
cattle and 39 of buffaloes were collected. Out of these,
overall 30.11% goats, 39.41% pigs, 28.13% cattle and
33.33% buffaloes were found positive for GI parasites.
Post mortem examination of gastrointestinal tracts of
goats was done to determine the prevalence of G.I.
helminthes.
In Meghalaya, Strongyle spp. (72.531%), Eimeria
spp. (37.96%), Strongyloides spp. (37.03%), Moniezia
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Fig 11 Suspected lesions in pigs (left) and Sarcoptes
scabiei var. suis in skin scrapings of pigs (right)
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3.67 t/ha. The survival of the seedling was higher with
the increase seedling age (Fig 1).

Anthelmintic efficacy of plants against parasites of
livestock
Studies with aqueous and methanolic extracts of
two plants (local name Jasat and Sla-diengkseh)
revealed larvicidal effect against Haemonchus
contortus larvae of goats.
NATIONAL INITIATIVE ON CLIMATE
RESILIENT AGRICULTURE (NICRA)
Heat tolerance in rice and maize
Phenotypic and physiological evaluation of 650 rice
germplasm identified a set of 9 lines as tolerant and
among them RCPL 1-460 and RCPL 1-74 were
moderately tolerant to 37 / 26oC day / night temperature
under artificial light (3000 lux). A set of 200 unigenes
was identified from forward subtracted library of
RCPL1-460.
●
A set of 16 maize germplasm lines were identified
as tolerant to elevated temperature of 35o C. Among
them RCMGP 63, RCMGP105 and RCMGP 47
were found to be heat tolerant at anthesis stage.
Biochemical and phenological studies in the
selected set identified RCMGP105 as the most
tolerant genotype to higher temperature (37o C).

Fig 1 Submergence tolerance in rice

Drought and frost tolerance in tomato:
●
RC Manikhamenashinba 1 was found to be tolerant
to drought (1.92 kg
fruits/plant),
followed
by
ArkaRakshak (1.33
kg fruits/plant)
(Fig. 2)
●
ArkaMeghali (Fig.
3) was found to be
Fig 2 Arka Rakshak
tolerant to frost
condition (1.68 kg fruits/plant), followed by
ArkaVikash (1.61 kg fruits/plant) (Fig. 4).
●
Maximum Drought Resistance Index (DRI) was
recorded with RC Manikhamenashinba-1 (1.88),
followed by KashiVishes (1.69) (Fig.5).

Moisture stress tolerance in rice and maize
●
Drought scoring completed for 863 upland and
lowland rice. Genotyping of 45 jhum rice lines
completed with 53 SSR markers.
●
Genotyping of the mapping population (CT 99935-10-1-M/2*SAMBHA MAHSURI) for drought
QTL identification is also completed for 311 RILs
with 286 SSR markers.
●
For the development of mapping populations, four
most drought tolerant lines from the evaluated 78
jhum and other lines from north east region were
crossed with high yielding but drought susceptible
varieties Naveen and Swarna.
●
Seventeen germplasm of maize were evaluated
under moisture stress conditions. VQPM 9, RCM
1-75 and Vijay Composite performed well under
moisture stress conditions.

Fig 3 Arka Meghali

Submergence tolerance in rice
Rice variety RC Maniphou 7 gave better yield of
8.0 t/ha followed by Akutphou (7.75 t/ha) for 50 days
old seedlings, half submergence condition for 10 days
while, the lowest was with local variety Taothabi with
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Fig 4 Arka Vikash

Fig 5 Drought resistance index of different tomato
varieties
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gave higher productivity than others. The soil loss in
fodder blocks ranged from 0.55 to 2.1 t, cover crop0.72 to 2.26 t and maize system- 2.57 to 5.3 t/ha
compared to about 18.7 t/ha under farmers practice
(along slope, residue removal). Fodder crop based
system registered maximum soil organic carbon (SOC2.15 %) and SOC stock (34.5 t/ha) followed by cover
crop based systems. On an average residue retention
resulted 6.02% higher soil moisture content than
removal for dry-season French bean. Thus, this
alternative land use model conserved soil, improved
C-sequestration and enhanced productivity
substantially compared to farmer practice.

Evaluation of suitable land use model for enhancing
climate resilience
To promote resource conservation, crop
diversification and enhancing cropping intensity in
sloppy land (30 - 40% slope), a land use model
involving natural forest, fodder crops, cereals, pulses
and oilseed crops were visualized incorporating
component for climate resilience (Fig 6). At the hill
top, for soil water conservation and to reduce runoff,
natural pine forest with catch pits (1.5m x 0.5m x 0.3m)
was adopted. After the Pine forest, different fodder
crops viz. Broom, Congo, Hybrid Napier and Guinea
grass were grown in terraces to reduce runoff water
and increase infiltration.Cover crops such as
groundnut, soybean, rice bean and cowpea were grown
in upper terraces next lower to fodder crops.
Intercropping of maize with groundnut, soybean, rice
bean and cowpea during rainy season was adopted in
the mid terraces. In the lower terraces, rice- lentil
system under conservation tillage was adopted. Hedge
rows (Tephrosia sp.) in contour in alternate terraces
and toe trenches (25 cm x 15 cm) were adopted to
collect runoff and increase infiltration etc. After harvest
of kharif crops, the residues were retained on the
surface and toria, French bean and lentil were grown
under zero tillage with residual conserved moisture

Development of suitable housing model for pig
Innovative integrated low-cost pigpen was designed
and developed with locally available natural resources
for high rainfall mid and high altitude temperate region
in the context of climate variability (Fig 7). The pig
housing model was evaluated and compared with
conventional concrete floor pig housing in term of
micro-environment, physiological adaption,
performance, water use efficiency, animal welfare and
behavior. This model was better for rain water
harvesting and efficient water productivity and high
quantity manure production. The cost of each pen (2
pigs) was: `12,000/-.

Fig 6 Land use model for enhancing climate resilience

On topo-sequence basis (top to bottom hills),
Congo-grass, groundnut, maize + groundnut and rice
(minimum tillage)-lentil (zero tillage) based system
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Fig 7 Climate resilient low cost pig house model
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khasi mandarin and lowest in forest. In general pH
increased with depth in all LUS. The highest organic
carbon (OC) was found in agro-forestry, guava and
forest in 0-15, 15-30, and 30-45cm depths, respectively
and the lowest in upland rice in all the depths. In
general OC decreased with depth in all land use system.
The highest available N was found in forestry and
lowest in upland rice. Highest available P (P2O5) was
found in khasi mandarin in 0-15 and 15-30 cm,
whereas, in agro-forestry the highest available P was
found in 30-45 cm. The lowest available P was found
in upland rice in all the three depths (Table 2).

ARUNACHAL PRADESH
Weather Report
The mean maximum and minimum temperature was
24.5°C and 15.7°C, respectively. The maximum
(37.0°C) and minimum (3.1°C) daily temperature was
recorded on 20th September and 19th December, 2013.
Total annual rainfall observed during 2013-14 was
2080.9 mm. The maximum total monthly rainfall was
received in June, 2013 (442.5 mm). The average
maximum and minimum relative humidity was 98.4%
and 55.4%, respectively with average daily wind speed
of 0.83 km/hr (Table 1).

Rice Pathology
Disease reaction of rice germplasm against key
diseases
Rice germplasms were scored against key diseases
viz., leaf blast (Magnaporthe oryzae), leaf scald
(Microdochium oryzae), sheath rot (Sarocladium

Soil quality variations under different land use
system in mid-hills of Arunachal Pradesh
Land use system (LUS) had significant effect of
on studied soil parameters except EC in 30-45cm depth.
In all three depths, the highest pH was recorded in

Table 1 Agro-meteorological data (monthly average) from April 2013 to March 2014
Month

Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar

Temperature (°C)

Relative humidity(%)

Max.

Min.

7h

22.2
24.9
28.8
28.2
30.4
30.2
26.3
23.6
20.0
18.6
19.3
21.3

15.9
19.3
21.5
22.7
22.0
21.1
17.6
10.3
8.5
7.3
10.1
12.0

Wind speed
(Kmph)

Monthly
rainfall (mm)

Total rainy
days

13h

97.8
98.0
92.0
93.1
87.6
85.1
90.2
97.2
98.2
98.1
98.4
98.1

77.1
91.0
85.0
81.7
69.5
70.0
71.3
60.0
60.6
55.4
61.6
60.5

0.7
0.8
0.4
0.7
0.8
0.4
1.1
0.4
1.0
0.9
1.3
1.5

115.0
352.2
442.5
379.0
186.9
278.3
119.7
11.0
10.6
32.2
67.8
85.7

10
17
19
20
12
9
13
2
2
2
4
8

Table 2 Effect of land use system on different soil parameters in 0-15 cm soil depth
Treatment
Depth (cm)
Upland rice
Agro-forestry
Fallow jhum
Pineapple
Khasi mandarin
Guava
Virgin forest
CV (%)
CD (P=0.05)

OC

N

P2O5

0-15

15-30

30-45

0-15

15-30

30-45

0-15

15-30

30-45

1.76c
3.10a
1.86bc
1.77c
1.93bc
2.82a
2.69ab
21.28
0.861

0.79d
1.38bcd
1.26cd
1.45bc
1.29cd
2.07a
1.91ab
23.89
0.616

0.46d
1.24b
0.89c
1.21b
0.81c
1.38b
1.70a
13.71
0.268

213.2d
279.8abc
267.6bcd
234.1cd
229.9cd
317.4ab
337.3a
13.57
64.80

154.7c
233.2ab
204.7bc
200.7bc
213.2bc
238.233b
275.3a
15.99
61.77

117.0c
196.3ab
154.6bc
183.9abc
150.5bc
217.4ab
225.7a
21.17
67.01

10.30c
16.24b
16.56b
17.33b
20.71a
16.39b
16.47b
12.10
4.08

10.96c
15.30b
15.88ab
16.20ab
19.42a
18.14ab
17.28ab
14.25
4.10

9.51c
16.50a
13.99ab
15.45ab
13.87b
14.89ab
14.00ab
10.52
2.63
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oryzae) and false smut (Ustilaginoidea virens) under
natural condition of infection in Jhum, upland and wet
rice cultivation (WRC) farming system. Out of 29 jhum
rice screening against blast disease, least per cent
disease index (PDI) was recorded in SARS 2 (21.37)
and the maximum PDI was in SARS 49 (80.00). In
case of leaf scald, genotypes Kimin red, Jora, Lemmuk,
Bhalum 4, SARS 3, 5 and 49 were free from diseases.
In WRC paddy, out of 20 lines screened, least blast
PDI (11.11) was recorded in IR 64 and maximum
(83.04) was in CAU-R1. Leaf scald disease was nil in
SARS 66, RCPL lines 134, 187, 307, 302, 126, 300
and 401.
Effect of surface drainage on leaf blast and sheath
rot disease intensity
Rice variety RCM11 was grown under continuous
drainage (CD), surface drainage (SD) at maximum
tillering, booting, flowering, milking, dough stage, 10
days intermittent SD and continuous flooding (CF).
Disease intensity of leaf blast and sheath rot did not
follow any trends (Table 3).
Table 3 Surface drainage intervals effect on leaf
blast and sheath rot diseases of rice (RCM11)
Treatment

Continuous drainage/full dry
10 days dry period at maximum
tillering (20-30 DAT)
10 days dry period at booting
stage (40-50 DAT)
10 days dry period at flowering
stage (60-70 DAT)
10 days dry period at milking
stage (80-90 DAT)
10 days dry period at dough
stage (110-120 DAT)
Dry period at 10 days interval
from transplanting time
Continuous flood with water
level at 5-10 cm

Terminal disease Yield
intensity
(t/ha)

Table 4 Diseases of WRC Paddy and their
occurrence period in Basar
Causal organism

Period of
occurrence

Blast
Brown spot
Narrow brown
leaf spot
Leaf scald
Stem rot
Sheath rot
Sheath blight
False smut

Pyricularia oryzae Cavara
Bipolaris oryzae
Cercospora janseana

Mar- Nov
May - Nov
Jul - Nov

Microdochium oryzae
Sclerotium oryzae Catt
Sarocladium oryzae
Rhizoctonia solani Kuhn
Ustilaginoidea virens (Cke.)
Thkahasi

Jul - Aug
Jun - Jul
Aug- Sep
Jun - Jul
Aug - Sept

Maize Diseases
Disease reaction of maize germplasm against key
disease
Maize germplasm were scored against key maize
diseases (Fig 1) viz., turcicum leaf blight (Exserohilum
turcicum), maydis leaf blight (Bipolaris maydis) and
polysora rust (Puccinia polysora) under natural
condition of infection (Table 1).
Table 1 Disease reaction of maize germplasm
against key diseases
Maize
germplasm

Leaf
blast
(PDI)

Sheath
rot
(%)

73.54
69.82

07.50
10.50

25.00
27.50

62.96

10.00

37.20

34.07

04.50

31.00

61.62

12.50

28.50

38.89

09.00

17.50

45.68

07.50

23.50

63.89

08.00

36.00

APM 5
APM 6
HQPM 1
Sago local

Terminal disease intensity
(%)
Turcicum
leaf blight
(PDI)

Maydis
leaf
blight
(PDI)

Rust
(PDI)

32.86
41.59
45.55
20.50

21.54
10.56
35.00
08.56

00.00
00.00
00.00
16.19

Calculated
yield
(t/ha)

4.10
3.50
4.15
4.50

Fig 1 Typical symptoms of a) Polysora rust pustules on
adaxial surface b) ruptured epidermis on abaxial surface
c) yellow coloured pustules on alternate host (Oxalis spp.)
of common rust d) spindle shaped necrotic lesion of
turcicum leaf blight and e) rectangular lesions of maydis
leaf blight

Diseases of WRC Paddy and their occurrence
period
Diseases of WRC paddy and their occurrence
period during 2013-14 were recorded under natural
condition of infection (Table 4).
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alternaria leaf spots (Alternaria brassicicola and A.
brassicae) under natural condition of infection (Table
1).

Mustard Diseases
Bacterial stalk rot (Erwinia caratovora and
Pseudomonas marginalis pv. Marginalis) of Indian
mustard
It is a new threat to Indian mustard production
system in Arunachal Pradesh. On an average, about
10 to 78 % of plants were affected by the disease. The
maximum disease incidence was in Pusa Agrani
(77.3%) followed by Pusa Tarak (46.9%) while
minimum was in Pusa Mustard 26 (10.5%) and Pusa
Mustard 25 (23.1%). The first symptom of the disease
was noticed during the 2 nd week of November.
Symptoms of the disease were characterized by the
appearance of water-soaked lesions on the stalk and
branches of plants (Fig 1), which was usually
accompanied by white frothing. The tender branches
were also affected as the lesions advanced further to
cover larger areas. The leaves showed the symptoms
of water stress and withering. The affected stem and
branches, particularly the pith tissues, became soft,
pulpy and produced dirty white ooze with a foul smell.
The infected stalk became sunken and turned buffwhite to pale-brown in colour. Badly affected plants
toppled down at the basal region. Plants with such
symptoms fail to produce any inflorescences. The
diseased plant symptoms were confirmed in the
laboratory.
A

Table 1 Disease reaction of mustard germplasm
against key diseases
Mustard
germplasm

Terminal disease
intensity (%)

Calculated
yield (t/ha)

White
rust
(PDI)

Alternaria
leaf spots
(PDI)

Pusa Mustard 25

43.64

47.27

1.23

Pusa Mustard 26

35.00

47.50

1.69

Pusa Mustard 27

30.00

28.89

2.51

Pusa Mustard 28

41.82

16.00

0.88

TS 38

21.54

45.45

2.92

VEGETABLES
DISEASES

B

Sclerotinia diseases
Sclerotia were randomly collected from the
damaged parts of infected plants grown in the
commercial plots of the research farm, Gori (Table 1).
Observations on sclerotial morphology revealed that
in nature on lettuce host the fungus produced mostly
irregular, flat rectangular or short to long cylindrical
sclerotia (Fig 1).
Table 1 Plants susceptible to Sclerotinia spp. and
their disease reaction

C

Crop

Disease

Lettuce

Lettuce drop

56.00

23.00

Carrot

Cottony soft rot

03.60

20.00

French bean

White rot

03.57

40.00

Cauliflower

White rot

02.50

20.00

Ash Gourd

Fruit rot

05.00

50.00

Mustard

Stalk rot/
white rot

06.88

00.93

Dahlia

Head rot

03.20

50.00

D

Fig 1 Bacterial stalk rot: A) field view of diseased plants,
B) initially water-soaked lesion and C) bacterial ooze
mixed with pollens appears as light yellow coloured
granules during foggy morning

Disease reaction of mustard germplasm against key
mustard diseases
Mustard germplasm was scored against key
mustard diseases viz., white rust (Albugo candida) and
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Mean
sclerotial
population
/plant

Disease
incidence
(%)

from infected mother plant has also been found
symptomatic like Morse code streaking on leaf midrib,
green J-hooks along the leaf midrib, narrow leaves that
bunched at the top and severe stunting. Plants with
such symptoms fail to produce any flowering bunch.
Once the crop is virus-infected, it is extremely difficult
to eradicate or manage. If BBTV is not managed
properly, it will be a serious threat to banana industry.

Fig 1 Typical symptoms of a) lettuce drop, b) sclerotial
morphology variations, c) stalk rot/white rot of mustard,
d) white rot of cauliflower, e) fruit rot of ash gourd, f)
white rot of French bean and g) head rot of dahlia

D. Cavendish (a) infected and (b) healthy

Giant Cavendish

FRUITS
BANANA DISEASES
Survey of banana bunchy top virus (BBTV)
A systematic survey was carried out in different
banana orchards of West Siang, Arunachal Pradesh to
identify the major problem of banana growers. Based
on the symptoms, presence of banana bunchy top
disease (Fig 1) with 0.1-75% disease incidence was
recorded in different varieties of banana (Table 1).
Further, the presence of BBTV was confirmed through
PCR detection at ICAR RC(HQ), Umiam. This survey
concludes that banana bunchy top is the most serious
disease in banana plantain in Arunachal Pradesh though
the disease was totally absent in Poovan and wild
bananas (Musa sp. and M. velutina). The possible mode
of spread of this disease may be due to planting of
infected planting materials. The suckers that develop

Grand Naine

Kas Kol

Fig 1 A) Morse code streaking on leaf midrib, B) leaf
showing distinct green J-hooks symptom along the leaf
midrib and C) the “Bunchy” symptom of BBTV infected
tissue culture banana (var. Grand Naine)

Table 1 Reaction of banana/plantain variety/cultivar against banana bunchy top virus (BBTV) under
natural field condition
Variety/Cultivar

Location

Total
plants

Dwarf Cavendish

Nyigam
Aalo
Basar
Gorifarm, Basar
ICAR Farm, Gori
Farmer field, Gori
ICAR, Basar
ICAR Farm, Gori
Likabali
Likabali

5
8
4
20
1000
24
10
10
200
100

Giant Cavendish
Grand Naine
Kas Kol
Poovan
Musa rosacea
Musa velutina
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Plants with
symptoms

Disease
incidence (%)

2
4
3
4
10
2
4
0
0
0

40
50
75
20
1
8.33
40
0
0
0
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Age
(months)
5-6
6-8
3-4
4-6
8
4-6
12
6-12
6-14

Source of planting
materials
Unknown
Unknown
Unknown
Unknown
TERI, Guwahati
Tezpur, Assam
Unknown
Wild
Wild

Development and validation of a pictorial scale for
the assessment of banana cigar-end rot disease
severity
A pictorial scale to assess banana and plantain cigarend rot severity caused by the fungus Verticillium
theobromae (Turc.) Mason was developed. Fruits
showing different severity levels were collected for
determination of the minimum and maximum severity
limits; intermediate levels were determined according
to “Weber-Fechner’s stimulus-response law”. A
pictorial scale with five grades of disease severity (0=
apparently healthy fruit, 1 = flower remnant infected,
2 =1-10% fruit area infected, 3 =11-20% fruit area
infected and 4 =21-34% fruit area infected) was
developed (Fig 2) to assess banana cigar-end rot disease
severity. The scale is kept at maximum of 4 because
disease severity was not observed to go beyond 1/3
length or 33.33% of fruit area. Scale validation was
performed by eight raters (four inexperienced and four
experienced), who estimated the severity of 100 banana
fruit bunches showing cigar-end rot disease symptoms,
with and without the use of the scale. With the scale,
the raters obtained better accuracy and precision levels,
although the tendency to overestimate was maintained.

Table 2 Performance of experienced and
inexperienced disease evaluators with and without
the use of the banana cigar-end pictorial scale
Rater

Without scale
(PDI)

With scale
(PDI)

Inexperienced
A
B
C
D
Mean

85.20
88.35
86.52
81.26
85.33

80.25
78.65
80.36
76.25
78.89

Experienced
A
B
C
D
Mean

75.25
77.02
76.29
80.63
77.30

78.52
80.00
75.00
80.00
78.38

Fig 3 Cigar-end rot disease reactions in banana
germplasm

Fig 2 Pictorial scale for assessment of banana cigarend rot disease severity

Experienced raters were more accurate and precise
than inexperienced raters and assessment
improvements with the use of the scale were more
significant for inexperienced raters (Table 2). Using
the pictorial scale, some raters were able to improve
precision and accuracy. Despite its importance, no
pictorial scale had yet been proposed for banana cigarend rot for estimation of disease severity or
epidemiological studies. The main goal of the scale is
to support non-destructive, repeated measurement
studies, without hindering disease progress. Therefore,
pictorial scale presented here is suitable for evaluating
cigar-end rot disease severity in all types of banana’s
fruit size/variety (Fig 3).
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Standardization of fungicidal spray schedule for the
management of sigatoka leaf spots (Mycosphaerella
spp.) of banana var. Grand Naine
The recommended fungicides i.e. carbendazim
12% wp + mancozeb 63% WP and propiconazole 25%
EC were evaluated as spray schedule. The fungicides
were applied as 1, 2, 3 and 4 sprays at 15 days intervals
starting with the appearance of disease symptoms. The
unsprayed plots were kept as check. The disease
severity was recorded 20 days after the last spray on
eight selected plants based on leaf area covered by the
disease. Maximum efficacy of disease control
(95.95%) was observed in propiconazole 25% EC
(0.1%) with adjuvant (0.06%) in four number of foliar
spray scheduled at 15 days interval, where the disease
severity was 2.43% as compared to 60.07% in the
untreated control. This was followed by the four
numbers of foliar sprays of carbendazim 12% wp +
mancozeb 63% WP (0.25%). Four sprays of
carbendazim 12% WP + mancozeb 63% WP (0.25%)
were not economical due to its high cost (1730/2.5 kg/
ha) in comparison to propiconazole 25% EC (1258/
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L/ha) but four sprays of propiconazole 25% EC may
increase the chances of resistance in the pathogens.
CITRUS
The survival percentage of citrus germplasm
existing at the centre was recorded in 2013. For 18
citrus germplasm of 27 years old, the survival
percentage ranged from 33.34 to 100%. Citrus
citrange, Washington malta, Whittawar malta and
Vaniala malta had 100% survival. Similarly, another
set of 18 Citrus germplasm of 27 years age, the survival
percentages ranged from 40 to 100%. King Thepi,
Kinnow mandarin, Daccus malta, and Trifoliate orange
had 100% survival percentage in this group. For
another set of germplasm of 14-16 years age (8
numbers), the survival ranged from 12.5 to 100%.

a

d

Fig 1 Disease symptoms of a) leaf blight of strawberry,
b) alternaria leaf spot of apple, c) leaf curl of pear and
d) corm rot of saffron

Table 1 Diseases of temperate horticultural crops
and their occurrence period

KHASI MANDARIN
Samples of fruit fly were collected from citrus
orchard and got identified as Bactrocera dorsalis.
Weekly population monitoring of adults through
methyl eugenol traps was assessed. The trap count was
minimum from mid-December to first week of
February as they burry themselves in soil for pupation.
High population was observed in September-October
and March. The fruit drop in khasi mandarin was
observed maximum June (Table 3).

16-03-13
30-03-13
15-04-13
06-05-13
17-05-13
01-06-13
15-06-13

No. of
flowers /
fruits
179
154.9
104.8
94.5
73.1
28.5
6.5

Flower
/fruit drop
at different
dates (%)

Flower
/fruit
drop
(%)

13.5
32.3
9.8
22.6
61.0
77.2

13.5
41.5
47.2
59.2
84.1
96.4

Disease

Disease Occurrence
intensity period
(%)

Apple

Powdery mildew
(Podosphaera
leucotricha)
Fire blight (Erwinia
amylovora)
Alternaria leaf spot
(Alternaria mali)

10.00

FebruaryMarch

05.00

May-July

36.00

April-August

Pear decline/Leaf curl
(Phytoplasma)
Fire blight (Erwinia
amylovora)

25.00

July-October

10.00

May-July

Strawberry Leaf spot
60.00
(Mycosphaerella
fragariae)
Leaf blight
32.56
(Phomopsis obscurans)

March-June

Saffron

June-July

Corm rot
(Penicillium spp.)

80.00

March-June

INSECT PEST
Insect pest infestation was observed in different
varieties of apple as shown in Table 2. The variation
in no. of spots caused by Alticae cyaneae was found
significant among varieties (Table 2). Lal Ambri was
most susceptible to beetles. The damage due to weevils
was non-significant with respect to varieties. The mean
of Altica cyaneae (beetles) and weevils was recorded
on eight plants in each variety. The variation in no. of
both the pests among varieties were found nonsignificant

TEMPERATE HORTICULTURAL CROPS
DISEASES
Temperate horticultural crops existing at the centre
were observed for occurrence of diseases. Disease
intensities and symptoms of different diseases under
natural conditions are presented (Table1 & Fig 1a-d).
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Crop

Pear

Table 3 Number of flower/fruits per branch of
citrus tree
Date

c

b
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Table 2 Insect-pest infestation level in apple
varieties
Apple
varieties

No. of
leaf spot
/leaf
Altica
cyaneae

Lal Ambri

5.32

No. of
damaged
margins
/leaf
Entiminae
spp. (weevil)
8.76

No. of
Altica
cyaneae
/plant

No. of
weevils
/plant

1.63

13.25

Gala Mast

5.11

5.52

0.75

6.63

Cooper IV

3.22

5.42

1.50

10.88

Golden
Delicious

2.26

6.21

0.75

16.50

Ambred

2.96

4.18

0.50

7.25

TUBER CROP
Disease reaction of tuber crops in Jhum
Jhum tuber crops were scored against key tuber crop
diseases viz., Collar rot (Sclerotium rolfsii), Southern
blight (Sclerotium rolfsii), Yam anthracnose leaf spot
(Glomerella cingulata) and Cercospora leaf spot (C.
ipomoeae and C. henningsii) under natural conditions
of infection (Table 3).

Monitoring insect pest on Jhum cultivation
Infestation of Nezara viridula was observed as high
as 12 nymphs per plant in the month of August whereas
Gundhi bug Leptocorisa acuta was recorded as high
as 30 to 40%. White ear due to stem borer was observed
maximum (10 /m2) in rice var. IR 8. A leaf eating bug
Eurydema pulchrum was observed (9/4 m 2) in
cruciferous vegetables during November-December.
Mustard saw fly larvae and mustard aphid infestation
were also observed high.
Technology Mission (MM-1)
Under the technology mission (MM-1), 200 budded
and 65,700 nucellar seedlings of khasi mandarin,
banana suckers (3000), pineapple (2000) and 2000
strawberry planting materials were produced. FLDs
on “Improved production and protection technology
for banana, pineapple and khasi mandarin” were
completed. Different mulching materials like local
weeds, paddy straw, Toko leaf, and polythene were used
for moisture conservation, weed control and nutrient
recycling. Different value added processed products
from banana (banana fig, banana jam), Taktir, peach
and pineapple (RTS, squash, pickles, jam, jelly) were
prepared. Trainings were also organized for the SHGs
and small entrepreneurs on “Standardization of drying

Table 3 Disease reaction of jhum tuber crops against key tuber crop diseases under natural conditions of
Basar, Arunachal Pradesh
Crop/Variety

Terminal disease intensity
Cercospora
leaf spot (PDI)

Elephant foot yam
Gajendra
TRC B 1
Local 1
Sweet potato
Kissan
Swarna
Local 1
Yam/Dioscorea
Orissa Elite
APTD 1
APTD 2
APTD 3
Tapioca/Cassava
H 97
H 225
Shree Prakash

ANNUAL REPORT 2013-14

Collar rot
(%)

Yam anthracnose
(PDI)

Southern
blight (PDI)

Mean fresh
tuber yield
(kg/plant)

-

55.83
45.32
37.78

-

-

5.20
3.10
2.50

10.83
05.56
44.39

-

-

00.00
64.32
00.00

1.20
1.85
1.90

-

-

07.98
76.78
79.41
76.08

-

4.00
5.10
5.50
6.03

44.87
38.77
27.27

-

-

-

6.50
4.50
4.00
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and dehydration techniques for fruits and vegetables
for long term preservation”.
Veterinary Extension Education
Evaluation of traditional poultry production system
of Arunachal Pradesh
A preliminary survey was conducted in three circles
viz., Daring, Tirbin and Aalo and secondary data were
collected from State department of Animal Husbandry.
Data were collected in phase wise by personal
interview, focused discussion and observation. Based
on the survey data from each circle three villages were
randomly selected. A total of 36 respondents, 12
respondents from each village were selected randomly
for the study. Vanaraja poultry birds were reared for 6
weeks at institute farm.
The perceived constraints were categorized and
ranking was done. The study revealed that majority
(68.88%) of the farmers belonged to middle age group,
86.97 percent. Majority (79%) women owned the birds.
The main rationale for poultry rearing was, 54.33
percent for guest or own consumption, 33.5 percent
religious purpose and 12.17 percent source of income.
Majority (67.5%) decision making process in terms of
selling of chicken, eggs and purchase of items from
sale of poultry was decided by women.
Housing: Eighty nine per cent of farmers did not
construct separate poultry house and reared in bamboo
cages termed as Pitir within their house (Fig 1). The
reason for keeping inside the house was easy collection
of eggs during egg laying period and protection from
theft. Moreover, they were unaware of the possibility
of transmission of disease from poultry to humans.
Only 10% poultry houses constructed using locally
available materials consisting of bamboo for floor and
walls and toko leaves as roof materials.
Feeding: Scavenging system was mainly practiced
by the farmers in the region. About 78.8% of farmers
provided grain and its by-products and vegetables. Rice
grains were available round the year and leftover of
maize during November to January. Cent percent did
not arrange any feeder and waterer for their poultry.

Fig 1 Traditional brooder nest and cages
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Breeds: 99.3% were indigenous variety of poultry
birds with varied plumage colour, predominant being
brown with various shades of black. Wattle poorly
developed. Ear lobe and shank light brown colour. The
overall flock dynamics revealed that average flock size
was 15.8± 4.60 (cock 2.01 ± 0.64, hen 2.94± 0.92 and
chicks 10.78± 4.37) with male and female ratio of 2:3.
Health care: It was found that 91.11 % of the
farmers did not vaccinate their birds against disease.
Only 13.11 percent used indigenous traditional method
for treatment of some common ailments in poultry.
Seasonal pattern of mortality due to disease was found
mostly between months of April to July and during
September to December with symptoms like sudden
dead with drooping wings, twisting of head, bloodydiarrhea.
Marketing: 71.8% of farmers sold their birds
directly and 21.2% through middle men. Eggs were
sold at premium prices of ` 10 to12 per egg and live
birds at ` 300 to 320 per kg.
Constraints: The major constraints were disease
(93.99), non-availability of medicine, vaccine
(85.83%) and (85.16%) improved variety of birds.
Performance of improved poultry bird under
different season and agro-climatic location of
Arunachal Pradesh
To evaluate the performance and its adaptability in
three different altitudes i.e Menchuka (high hill 20004000 m-asl), Basar (mid-hills and altitude range: 600700 m-asl) and Likabali (foot hill and altitude range:
200-300 m-asl). Nearly all the locations depict similar
trend of highest body weight at 44th week (2.8-3.1 kg)
and gradual decline in weight thereafter with final
weight of around 2.82±3.1kg. Birds in these locations
started laying egg at around 23 weeks of age depending
on the feeding and housing. During the hot season the
mortality due to disease was found to be most
prominent in Likabali followed by Basar and
Menchuka as depicted in the figure (above). The most
prevailing diseases were Ranikhet, fowl pox and
Coccidiosis in these three locations. During the cold
months from November end to March, Menchuka
experience subzero temperature due to alpine climate
followed by Basar whereas Likabali experiences
moderate temperature during the season. It was found
that overall gain in body weight was lowest in
Menchuka followed by Basar, while Likabali exhibit
highest growth as shown in the figure. The probable
reason may be due to heat loss in the cold places to
maintain their body temperature.
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benefited in 16 villages during 2013-14. Apiary was
established in the research farm Gori with 20 colonies
of Apis mellifera. Colonies of Apis cerana with all bee
keeping materials were distributed to farmers.
Technology Mission (MM-1)
About 200 budded and 65,700 nucellar seedlings
of khasi mandarin, banana suckers (3000), pineapple
(2000) and strawberry (2000) planting materials were
produced. FLD on “Improved production and
protection technology for banana, pineapple and Khasi
mandarin” were conducted. Different mulching
materials like local weeds, paddy straw, Toko leaf, and
polythene were used for moisture conservation, weed
control and nutrient recycling. Different value added
processed products from banana (banana fig, banana
jam), Taktir, peach and pineapple (RTS, squash,
pickles, jam, jelly) were prepared. Trainings were
organized (Fig 2) for the SHGs and small entrepreneurs
on “Standardization of drying and dehydration
techniques for fruits and vegetables for long term
preservation”.

Fig 2 Performance of poultry birds at dfferent
altitudes

Activities under NAIP and Technology Mission
Under the NAIP project, 18 rainwater harvesting
structures i.e. Jalkunds were setup for life saving
irrigation in lean season. 20 low cost poly-houses were
constructed in different villages (Fig 1). Six units (120
birds) of backyard poultry were established.
Distributed the inputs like knapsack sprayer (15),
secateurs (12), potato (5.5 t), peas (55 kg), khasi
mandarin
(5500), banana
(500), okra (1.5
kg), ridge gourd
(3.5kg), bottle
gourd (3.5kg),
sponge gourd
(3.5kg), squash
(1.44
kg),
Fig 1 Rainwater harvesting
pumpkin (3.5
structure/Jalkund
kg), cabbage
(80 g), palak (10 g), tomato (1 kg), chinese cabbage
(500 g), radish (1.45 kg), cucumber (3.5 kg), capsicum
(160 g), brinjal (30 g), broccoli (100 g), cauliflower (1
kg), carrot (500 g), French bean (22.3 kg), knolkhol
(20 g) and maize (450 kg), to the farmers. Two exposure
cum training programmes were also organized on
different aspects. Among the implemented
technological interventions, 162 beneficiaries were
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Fig 2 Trainees with developed products

Tribal Sub Plan
1. Total of 40 families were benefitted by receiving
piglets at Menchuka circle viz., Barangang, Pharge,
Gyananang, Dechingthang Ongenang, Kaling,
Barangang, Dorjeeling, Tharjeeling, Lhalung,
Digingthang, Shekar, Yourni, Maniginag,
Soramden, Singbir, Diging thang, Menchuka town,
Lhallung, Sharjo, Lhallung, Menchuka, Kaling and
Thangllery. Twenty pig houses constructed.
2. Total of 257 families in four district viz., Papumpare
(50), Ziro (30), Mechuka (60) and West Siang (142)
got benefited by Maize (DMH 849), different
vegetable seeds (Cucumber, Ridge Gourd, Okra,
Pumpkin, lauki etc.), seedlings of temperate
horticultural crops, orange and banana seedlings,
Jalkund and silpaulin.
3. One Carp Hatchery, five Silpaulins for Jalkund,
fifty Haphas, twenty five secateurs, ten sprayers

and ten UV Polyfilms for lowcost polyhouse were
distributed among 50 farmers at Ziro.
4. PDADMAS awareness cum health camp was
conducted iat Menchuka of West Siang district and
Geku of Upper Siang district. 50 farmers in
Menchuka and 84 farmers in Geku were distributed
medicines, feed supplement for livestock and
poultry. Along with village local and KVK staff
door to door vaccination against Ranikhet, Fowl
Pox and FMD was carried out.
Extension activities
Training cum Exposure visits for progressive
farmers
Two-days training cum exposure visit for 14
progressive farmers of Upper Subansiri and West
Siang district was organized (Fig 1) at Lakshmi
Agriculture Multipurpose Project, Pabhoi in Biswanath
Chirali district of Assam. Farmers were trained in the
field of “Organic farming, paddy cum fish culture,
vermicompost, Bio-pesticides, System of Rice
Intensification (SRI) and composite fish culture”.

During interaction session with Mrs. Peggy Caswell
& Mr. Weil Turner, Fertile ground, Canada advised
the participating farmers to adopt organic farming.
Exposure visits were also arranged to the research farm
of Biswanath College of Agriculture, to witness the
recent cultivation technologies of rubber, tea, spices,
banana and flowers. At the same time they got
acquainted with different farm machineries and tools
in North Eastern Regional Farm Machinery Training
& Testing Institute, Biswanath Chirali (Assam). A twoday training cum exposure visit on “Bee-Keeping” for
six progressive farmers of Upper Subansiri & West
Siang district was successfully organized at Assam
Agricultural University (AAU), Jorhat.
Entrepreneurship cum Skill Development
Programme (ESDP) on Mushroom Cultivation for
Educated Unemployed youths
A 25 days (w.e.f. 10/06/2013 to 08/07/2013) ESDP
on mushroom cultivation was successfully organized.
Thirty educated unemployed youth availed the training
programme on mushroom cultivation. Resource
persons imparted training on various aspects of the
entrepreneurship development. The training covered
the following topics: making of mushroom racks and
fixing of insect-proof nylon nets in mushroom cropping
room. Method of mushroom spawn production,
cultivation of oyster, paddy-straw, milky, button,
shiitake, jelly, reishi mushrooms, post harvest
preparations and value addition of oyster mushroom.
For ready reference of the participants, a training
manual on “Entrepreneurship cum Skill Development
Programme on Mushroom Cultivation” was distributed
among the participants. Eight training programmes (On
and OFF campus) on improved livestock and poultry
husbandry practices were conducted in Farmers field
in collaboration with KVK. Regular diagnostic visit
and health camp at farmer’s field conducted in Daring
and Basar circle.

Fig 1 Exposure visits and demonstration of farm
machinery under NAIP-3 programe
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Bhalum 3, Akhanphou/Bhalum 1, Akhanphou/RC
Maniphou 7, Akhanphou/IET 18564 and Phougak/
RCM 13. The corresponding F2 population will be
raised during kharif, 2014.

MANIPUR CENTRE
WEATHER REPORT
The monthly average weather variables during April
2013- March 2014
Month

Apr
May
Jun
Jul
Aug
Sept
Oct
Nov
Dec
Jan
Feb
Mar

Temperature
(0C)

Relative Humidity
(%)

Wind Direction
(Deg.)

Max.

Min.

7h

13h

7h

13h

28.8
26.8
30.6
30.8
30.8
30.3
29.3
27.6
22.7
24.0
23.8
28.0

15.5
19.4
22.0
22.6
22.0
21.3
18.0
9.6
5.6
4.6
6.7
10.4

87
90
86
92
93
91
90
85
88
88
86
82

50
77
70
76
76
75
68
50
49
42
46
44

157
142
140
170
121
158
109
183
207
206
159
187

286
244
211
207
206
232
225
257
229
225
248
258

RICE
Breeding for medium duration rice genotypes
suitable for lowland and upland conditions of
Manipur
Selection of parents and making of crosses
In order to create new variation for selection of
desirable traits for upland and lowland regions of the
state, hybridization between cultivars differing for
yield, disease reaction and quality traits were under
taken. Three different single crosses and one three way
cross were attempted during kharif 2013 using five
different parents viz., RC Maniphou 10/Chakhao, RC
Maniphou 10/RCM 23, Bhalum 3/Chakhao and
Chakhao/(RCM 13/RCM 23). Successful F1 progenies
will be raised in kharif, 2014.
Raising of F1 progenies
A total of 109 successful F1 plants of 19 crosses
attempted during kharif 2012 were raised during kharif
2013 in pots (single hill/pot). The successful crosses
were IR 64/Chakhao, RCM 23/RCM 13, 13/RCM 23,
RCM 13/Akhanphou, RCM 13/Bhalum 1, RCM 23/
Akhanphou, RCM 23/Chakhao, Chakhao/RC
Maniphou 7, Chakhao/(RC Maniphou F7/RC
Maniphou 10), Chakhao/RCM 23, Chakhao/
Shahsarang, Swarna/RC Maniphou 10, Swarna/RCM
23, Swarna/(RCM 23/RC Maniphou 10), Akhanphou/
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Wind
Speed
(km/h)
4.2
2.7
2.5
2.4
1.7
1.6
1.1
0.8
1.3
2.0
3.7
4.8

Cloud Cover
(Okta)
7h

13h

4
7
6
8
7
7
6
4
4
3
4
4

4
7
6
7
6
6
5
1
3
2
4
4

Total
Sunshine
Rainfall (hrs)
(mm)
83.6
335.1
135.5
254.1
414.3
291.3
90.3
0.0
1.4
0.0
31.2
28.0

8.2
3.3
5.7
2.6
3.7
4.1
5.0
8.5
7.4
8.3
7.1
7.4

Advancement of promising lines from segregating
population
Four lines of F3 plants of cross RC Maniphou 7 ×
RC Maniphou 10 (MC 47 series), Five lines of
reciprocal cross RC Maniphou 10 × RC Maniphou 7
(MC 48 series), Seven lines of RCM 23 × Bhalum 1
(MC 49 series) and three lines of Bhalum 1 × RC
Maniphou 7 (MC 50 series) were raised in kharif, 2013.
Numbers of plants selected were 9, 76, 33 and 9 single
plants, respectively.
Selection of promising plants from F3 population
of BC1 and three-way crosses
F3 bulk seed material of 18 entries (RP series) of
BC1 and three-way crosses involving tropical
japonicas and donors for most important biotic and
abiotic stresses, received from Directorate of Rice
research, Hyderabad, were evaluated in lowland
transplanted condition during kharif, 2013. On Per se
performance, a total of 55 plants were selected from
18 diverse F3 population.
Preliminary station trials on high yielding medium
duration rice genotypes
Twenty five tall advanced breeding lines and 13
semi-dwarf advanced breeding lines of MC 35 series
(RC Maniphou 7/Manuikhramui) were evaluated for
comparative yield performance under lowland

109

transplanted condition during kharif, 2013 and
compared with two local checks RC Maniphou 7 and
Leimaphou. Yield of entry MC 35-3-4-22-25 (8424 kg/
ha) of semi-dwarf lines was at par with RC Maniphou
7 (9630 kg/ha) and Leimaphou (8148 kg/ha). None of
the entries in tall category were superior in grain yield
to either of the checks.
Advanced station trial on high yielding medium
duration rice genotypes
An advanced station trial was conducted (Fig 1)
for evaluating sixteen advanced breeding lines along
with popular check Leimaphou and parent Akhanphou
for yield performance under lowland condition of
Manipur valley. Two entries namely, MC 34-9-7-7796-62 (RCM 30) and MC 34-4-38-48-24-22 (RCM 31)
each with yield of 9815 kg/ha showed significantly
higher yield than Check Leimaphou (8148 kg/ha) and
Akhanphou (5741 kg/ha). Based on two years station
trials data, these two entries are nominated for AICRIP
Initial Varietal trials, kharif, 2014 under Medium
duration (irrigated) for low elevated hills (Fig 2).

Fig 1 Advance yield trials on medium

Fig 2 DRR Scientists visiting upland rice trials

Rice breeding for high yield, disease and pest
resistance
Eight genotypes along with three checks RC
Maniphou 10, Leimaphou and RC Maniphou 7 were
evaluated for comparative performance of yield under
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lowland transplanted conditions and also reaction to
major diseases and pests was noted under field
conditions. Entry MC 34-10-3-30-16-1(Entry 5)
recorded highest grain Yield (9815 kg/ha) on par with
checks, RCM-9(9259 kg/ha), RCM-10(8889 kg/ha)
and Leimaphou (8704 kg/ha).
Rice breeding for paddy cum fish culture during
main kharif season
Total 13 advanced breeding lines along with two
local checks Leimaphou and Akhanphou were
evaluated for their suitability to paddy cum
pisciculture. Five entries viz., MC 34-7-17-27-7-3, MC34-1-11-1-89-03, MC-34-2-20-7-3-11, Akhanphou,
MC-34-7-2-3-28-69 were significantly tall with plant
height ranging from 163 cm to 179 cm. For grain yield,
entry MC 34-1-26-28-8-4 (Entry 2) recorded
significant higher yield (10741 kg/ha) than checks,
Leimaphou (7870 kg/ha) and Akhanphou (5741 kg/
ha).
Research Complex Regional Trial (RCRT) on Rice2013
RCRT Lowland Rice-1: In this trial, totally nine
entries along with two checks (Shahsarang and RC
Maniphou 7) were evaluated under lowland
transplanted condition during kharif 2013. None of the
entries were significantly higher than the check
Shahsarang (3606 kg/ha).
RCRT Lowland Rice-2: Eleven entries including
two checks (Shahsarang and RC Maniphou-10) were
evaluated under lowland transplanted condition during
kharif 2013. None of the entries were significantly high
yielding as compared to Checks, Shahsarang (4181 kg/
ha) and RC Maniphou 10 (4417 kg/ha).
RCRT Upland Rice-1: Seven entries including two
checks (Bhalum 1 and RC Maniphou 6) were evaluated
with direct seed sowing on terraced land. Entry RCPL
1-128 was significantly high yielding (7000 kg/ha) than
checks, Bhalum 1 (5778 kg/ha) and RC Maniphou 6
(3778 kg/ha).
RCRT Upland Rice-2: Nine entries including two
checks (Bhalum 1and Bhalum 3) were evaluated during
kharif 2013 with direct seed sowing on terraced land.
Entry IR-46 was significantly high yielding (5333 kg/
ha) followed by RCPL 1 (5167 kg/ha), RCPL1 8, RCPL
1-9 (4833 kg/ha each), RCPL 1-9 (4667 kg/ha) than
checks, Bhalum 1 (3833 kg/ha) and Bhalum 3 (3667
kg/ha).
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All India Coordinated Rice Improvement
Programme (AICRIP)-2013
During kharif, 2013, three hill trials viz., Initial
Varietal Trial-Upland (Hills) IVT-U-H(15 entries),
Advanced Varietal Trial 1-Upland (Hills) AVT 1-U-H
(10 entries) and Advanced Varietal Trial 2 - Upland
(Hills) AVT-2-U-H (8 entries) were conducted under
the Low elevated hills category including one local
check (LC) (Bhalum 1), Regional Check (RC)
(Sukaradhan 1) and National Check (NC) (Vivekdhan
154). In IVT-1 Upland (Hills) trial, 13 entries flowered
earlier to local check (91 days), Entry 3508 was on
par with local check whereas Entry 3514 flowered late
(105 days). In terms of grain yield (kg/ha), Entry 3508
(4200 kg/ha) recorded significantly higher yield over
all the three checks, whereas the Entry 3503 (4000 kg/
ha) showed higher yield than local (2350 kg/ha) and
national (1900 kg/ha) checks. Neck and leaf blast
incidence was of low to moderate intensity in all the
entries tested. Under AVT-1 Upland (Hills) trial, Entry
3401 flowered very early (65 days) and all other entries
flowered earlier to check except entry 3403 (92 days).
The mean grain yield though ranged from 2233 kg/ha
to 4693 kg/ha, no significant difference (alpha=5%)
was found between entries. Neck and leaf blast
incidence was of low to moderate intensity in all the
entries tested.nder AVT-2 Upland (Hills) trial, days to
50% flowering ranged from 64 days (Entry 3303) to
80 days (local check). The entry 3304(IET 22292) was
high yielder (3233.3 kg/ha) compared to national (2133
kg/ha) and local checks (2367 kg/ha). Neck and leaf
blast incidence was of low to moderate intensity in all
the entries tested.
Evaluation of hybrids rice cultivars
Three hybrid rice cultivars namely PAC 8744, PAC
801 and PAC 807 were evaluated (Fig 3) in
collaboration with UPL-Advanta, Hyderabad.
Maximum number of tillers (18.3/plant), filled grains/
panicle (158.4), test weight (25.9), grain yield (6.24 t/
ha) and straw yield (9.73 t/ha) were recorded with PAC
807.
Effect of organic manure and micronutrient on
productivity and quality of rice
The experiment was conducted on rice var. RC
Maniphou-6 under rainfed terrace lands with the
application of FYM (5t/ha), Cowpea (5t/ha), FYM +
Cowpea + Lime (2.5t+2.5t/ha+400kg/ha) and control
(No organic manure) in the main plots and sub plots
application of micronutrients Zinc sulphate (0.5%),
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Fig 3 Hybrid rice var. PAC-807

Iron sulphate (0.5%) and Sodium selenate (0.1%) at
panicle initiation and grain filling stages. A dose of
60-40-30 kg of N, P2O5 and K2O/ hectare was applied
uniformly to all the treatments. The maximum grain
and straw yield (3.6 t/ha and 6.2t/ha, respectively) were
found in the treatments FYM (2.5t/ha) + Crop Residue
(2.5t/ha) + Lime (400kg/ha). Among the micronutrient,
the application of Zinc sulphate (0.5%) recorded the
highest (Fig 4) grain yield 3.03t/ha which was closely
followed by application of Iron sulphate (0.05%) and
selenate (0.1%).

Fig 4 Agronomic biofortification of rice

Soil test based fertilizer recommendation for
targeted yield of rice in acid soils of Manipur
The targeted yield equations for direct seeded
rainfed upland rice and fertiliser recommendations
were validated by conducting experiments in the
farmers’ field during 2012 and 2013. On average, we
observed 7.4 and 3.4% higher grain yield over the target
yield of 30 and 40 t/ha, respectively, with soil test based
fertilizer NPK application.
Identification and molecular mapping of a novel
blast resistance gene(s) from local landraces and
introgression lines of Oryza
Two hundred entries of local rice germplasm were
screened for their reaction to neck blast disease under
natural incidence during kharif 2013. The incidence

of severely neck infected panicles was recorded on 09 SES scale. All total 179 germplasm lines exhibited
low disease score (score 0-3); whereas, 17 lines showed
the neck blast score of 5-7 and 4 entries showed a score
of 9. Based on the natural screening of last two
consecutive years and screening conducted at DRR,
Hyderabad as well as other locations, nine germplasm
lines viz., Meghalaya Lakang (Meghalaya), Kumta
Mah (Chandel), Kemenya Pepeu (Nagaland), Wainem
(Senapati), Thekrulaha (Nagaland), Vishkv
(Nagaland), Phoural Utlou (Bishnupur), Mesao Tsuk
(Nagaland) and Gum Dhan (Nagaland) were identified
to be the resistant sources both for leaf and neck blast.
Screening of rice entries under National Screening
Nursery (NSN-1), (NSN-H) and Donor Screening
Nursery (DSN) against Multiple Diseases
A total of 448 rice entries constituting NSN-1 (205
entries), NSN-H (84 entries) and DSN (159 entries)
received from DRR Hyderabad were screened for
multiple diseases under natural disease pressure. In
NSN-1 trial, 141 entries exhibited a score of 0-3, 53
entries a score of 4-6 and eleven entries a score of 7-9.
84 entries showed a score of 0-3 for brown spot and
183 entries a score of 1-3 for bacterial leaf blight. For
sheath blight, 176 entries exhibited a score of 0-1.
Entries which showed resistance to multiple diseases
(leaf blast, brown spot, sheath blight and bacterial leaf
blight or at least first three diseases) included IET Nos.
22486, 23073, 23101, 23132, 23116, 22986, 22993,
23189, 23194, 22649, 22896, 22905, 23324, 23226,
23263, 23270, 22913, 22212, PA 6201, 23411, 21841,
21850, 21261, 22753, 22767, 22764, 22752, 22768,
23359, Taroari Basmati, NDR 359, 23355, 23446,
23450, 23466, 23471, 23475, 23476, 23480, 22704,
24164, 24165, Improved Samba Mahsuri and Tetep.
In NSN-H, 68 entries exhibited a score of 0-3 for leaf
blast and 44 entries showed 0-3 score for brown spot.
For sheath blight 76 entries showed score of 0-1,
whereas 77 entries were recorded to exhibit score of
1-3 for bacterial leaf blight. Entries which showed
resistance to multiple diseases (leaf blast, brown spot,
sheath blight and bacterial leaf blight or at least first
three diseases) in this trial included IET Nos. 22967,
23538, 23539, 23540, 23547, 23548, 23528, 23532,
23536, 22977, 22984, 22979, 22980, 22978, 22291,
Vivekdhan 154, 22292, 22295, 22296, 23518, 23519,
23521, 23523, 23524, 23525, 23526, 22272, 22957,
22962, 22958 and 22951. In DSN, 80 entries exhibited
the score of 0-3 for leaf blast and 123 entries showed
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0-3 score for brown spot. 107 entries showed 0-1 score
for sheath blight, whereas for bacterial leaf blight 118
entries were recorded to exhibit score of 1-3. In DSN,
the entries which showed resistance to multiple
diseases (leaf blast, brown spot, sheath blight and
bacterial leaf blight or at least first three diseases) were
VL 8083, VL 8214, VL 8724, VL 8726, VL 8732, VL
8553, VL 8657, VL 31451, VL 31546, VL 31608, VL
31611, VL 31615, VL 31619, VL 31622, VL 31679,
CB08 702, CB09 516, CB10 510, CB09 504, CB10
122, RP-Patho-7, RP-Patho-10, RP-Patho-11, RPPatho-12, RP-Bio patho-2, RP-Bio patho-3, BPT 5204,
CR 3808-60-13, GSR 201, GSR 204, GSR 206, GSR
207, GSR 208, GSR 209, GSR 210, GSR 213, GSR
214, GSR 215, GSR 216, GSR 217, GSR 221, GSR
224, GSR 225, GSR 233, GSR 235, GSR 236, DRRBL-31-1, DRR-BL-31-2, DRR-BL-150-1, DRR-BL159-1, DRR-BL-159-2, DRR-BL-257-1, DRR-BL257-2, DRR-BL-420-1, DRR-BL-420-2, DRR-BL444-1, HR-12, IET 21341, IET 21404, IET 21423, IET
21404, IET 21423, IET 21565, IET 21686, IET 22113,
IET 22128, IET 22235, IET 22243, IET21941 and
HPR-2720 BS. In all the three screening nurseries, all
the entries were free from sheath rot and tungro disease.
Survey of false smut disease of rice in Manipur
The intensity of false smut disease on nine varieties
including two hybrids was studied under Manipur
conditions. The disease incidence i.e., the percentage
of false smut infected plants in these verities varied
from 10-100% in Sanaphou and hybrids (PAC 801 and
PAC 8744) respectively. Around 20-38% of the tillers
in the infected plants were containing the smutted
grains. A high incidence of false smut was recorded in
the hybrids compared to the local varieties and high
yielding variety RC Maniphou 10. In the hybrids up to
20 smut balls per infected tiller were observed whereas
in other varieties like Leimaphou, Punshi, Sanaphou
and RC Maniphou 10, maximum of seven smut balls
per infected tiller were observed. The survey data imply
that due to favorable climatic conditions false smut is
emerging as an important disease of rice in Manipur
region (Fig 5).

Fig 5 False Smut on Ginphou, Pariphou and KD Rice
Varieties

+ 5 t FYM /ha. 100% NPKZnB represented 120 kg
N; 80 kg P 2O5; 60 kg K 2O; 5 kg Zn; 1 kg B/ha.
Application of NPKZnB resulted 36, 24 and 8% higher
grain yield and 28, 19 and 5% higher stalk yield over
the control, FYM and NPK, respectively. Integration
of FYM with inorganic fertilizers (NPKZnB + FYM)
slightly increased grain (8%) and stalk (5%) yield over
NPKZnB. Combined use of inorganic and organic
sources of nutrients even at reduced rates (NPKZnB +
½ FYM, ½ NPKZnB + FYM and ½ NPKZnB + ½
FYM) produced higher biomass yield over the control.
The results thus indicated that the integration FYM
and mineral fertilizers including Zn and B was more
beneficial in increasing maize yield and nutritive
quality (protein, starch, Fe and Zn content in grain) as
compared to only either FYM or inorganic fertilizers.

Frontline Demonstration on Rice under NFSM
through DRR, Hyderabad
The Front Line Demonstrations on rice variety RC
Maniphou 10 was conducted during Kharif 2013 in
20 ha area covering the districts of Imphal West and
Imphal East in coordination with KVK Imphal West.
The cluster approach was implemented in the frontline
demonstration conducted. There are three clusters in
Imphal East and 4 clusters in Imphal West. The
maximum size of the cluster was 5.75 ha. The check
plot was taken near to the demonstration plot. The crop
was rainfed and totally dependent on actual
precipitation received during growing season. The
average state yield of rice is 2500 kg/ha .The grain
yield under improved practice through RC Maniphou
10 is 5357 kg/ha. The yield under farmers practice is
4564 kg/ha (Figs 6 &7).

OILSEEDS AND PULSES
Performance of rapeseed and mustard varieties
under rainfed condition in terrace lands
The yield performance and oil content of 10
varieties of rapeseed and mustard viz., Pusa Mustard
25, 26, 27, and 28, Pusa Tarak, Pusa Mahak, Pusa
Agrani, M 27, TS 36 and TS 38 were studied under
rainfed condition in terrace lands of Manipur. Among
all the varieties Pusa Mahak recorded the maximum
grain yield (1.3 t/ha) and oil content (43.91%) which
was closely followed by TS 38 (1.2 t/ha), Pusa Tarak
(1.09 t/ha) and Pusa Mustard 28 (1.02 t/ha).

Fig 6 Farmer using Conoweeder in the demonstrated
plot of RC Maniphou-10

Fig 7 Field visit by the scientist and interaction

MAIZE
Standardization of balanced nutrient management
for improving productivity of maize in acidic hill
soils
An experiment was undertaken on maize (Pusa
Composite 3) with eight treatments viz. control, 10 t
FYM /ha, 100% NPK, 100% NPKZnB, 100%
NPKZnB + 10 t FYM /ha, 100% NPKZnB + 5 t FYM
/ha, 50% NPKZnB + 10 t FYM /ha and 50% NPKZnB
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Enhancing lentil production for nutritional security
under DAC-ICARDA-ICAR, collaborative project
on NFSM-pulses
The 60 ha demonstration was taken up under this
project at the Thoubal district of Manipur through
cluster approach i.e., 10 clusters in collaboration with
KVK, Thoubal during rabi 2013. This crop has been
introduced for the first time and demonstrated under
zero till in Manipur. The six varieties viz., PL 06, PL
08, HUL 57, NDL 1, Moitree (WB 77) and KLS were
demonstrated. One training before cropping season,
two training during cropping season were conducted
(Figs 1 & 2).
CROPPING SYSTEM
Biomass management in cropping systems for
enhancing productivity and resource use efficiency
Among the green manuring, sesbania followed by
cowpea recorded significant effect on maize and
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Fig 2 Resource conservation technology in jhum land

cropping pattern, maize sole and groundnut sole crop
recorded higher temperature than their intercrop.
However, the maximum soil temperature was recorded
in 10 cm of soil depth than 20 and 30 cm of soil depth.

Fig 1 Demonstration on lentil cultivation

SEED PRODUCTION

Fig 2 Agriculture Minister, Manipur in awareness cum
training programme

Maintenance breeding of locally released varieties
of rice and other recommended crop varieties
Rice varieties released from the centre are being
maintained through panicle row selection side by
producing the basic seeds regularly (Fig 3). Seeds were
supplied to the framers either directly under different
demonstration programmes or through state
department for seed production programme. Two
varieties for pre kharif are RC Maniphou 4 and 5 and
main kharif varieties RC Maniphou-6, -7, -10 and -11
are taken up. During the year, altogether 13280 kg basic
and 1300 kg labelled seeds in rice were produced. In
kharif, RC Maniphou 7 and RC Maniphou 10 were
raised getting 99.99% and 99.97% purity, respectively.
Similarly, in RC Maniphou 6 purity was 99.75%. In
addition to this, 414 local rice germplasm are also
maintained. Out of these thirty genotypes are of 100120 days, 120-130
days are of 71
genotypes, 273 are of
130-140 days, and 40
genotypes are of
above 145 days
duration. In other
crops too, maize
Fig 3 Seed production of
composite variety
maize with time isolation
Pusa Composite-3 has
been maintained with time isolation by sowing during
rabi (December-January) in the valley area and 230
kg of basic seed was produced. Rapeseed variety M
27 was maintained for 8 years with purity level of
98.63% through early sowing (August-October) and
selection (roguing) producing M 27, 184 kg breeder
seed. In groundnut, variety ICGS 76 (25 kg seed) and
in soybean, varieties JS 335 (75 kg) were maintained
(Table 1).

groundnut yield under sole as well as intercrop than
control (Fig 1). Under cropping system, maize +
groundnut (additive series) gave significantly 17 and
145% higher grain equivalent yield compared to sole
groundnut and sole maize, respectively. Effect of pre
kharif residual green manuring and residue recycling
(kharif) [maize/groundnut/and maize + groundnut] had
significant effect on dry pod yield of pea. Green
manuring with sesbania gave highest dry pod yield
(1.98 t/ha) followed by cowpea green manuring (1.88
t/ha) than control (1.7.3 t/ha) treatment. Among the
residue recycling (kharif), maize + groundnut residue
increased 21% dry pod yield over control (Fig 2). The
soil temperature was varied due to green manuring and
cropping system. The highest soil temperature was
recorded under cowpea and Sesbania at 10 cm, 20 cm
and 30 cm at various stages of crop growth. Under

Fig 1 Biomass management in cropping system
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Table 1 Seed Production in rice during 2013-14
Rice variety

Quantity (kg)
Breeder
seed

RC Maniphou 4 (RCM 7)
1100
RC Maniphou 5 (RCM 8)
350
RC Maniphou 6 (RCM 5)
130
RC Maniphou 7 (RCM 9)
3300
RC Maniphou 10 (RCM 10) 6450
RC Maniphou 11 (RCM 11)
650
RC Maniphou 12 (RCM 13) 1300
Total rice
13280
Soybean (JS 335)
Groundnut (ICGS 76)
Maize (Pusa Composite 3)
Rapeseed (M 27)
Total other crops

Total

Labelled
seed
300
1300
1600

1100
350
430
4600
6450
650
1300
14880
75
25
230
184
514

Development of seed production packages in rice
and other important crops
In wetland rice, repeated sowing and planting of
the same variety for 4 years could reduce the off-type
level to 0.001% as compared to 0.02% in check (by
growing different varieties). For pre-kharif seed
production, 20 cm × 10 cm spacing with a gap of 0.5
m after every 1.5 m gave 4.15 t/ha seed yield. In pre
kharif rice, seed yield of RC Maniphou 6 was 3.62 t/
ha, followed by RC Maniphou 4 (3.45 t/ha) and RC
Maniphou-5 (3.58 t/ha). In kharif varieties, higher seed
yields of RC Maniphou 7 (4.70 t/ha), RC Maniphou
10 (4.58 t/ha) and RC Maniphou11 (4.65 t/ha) were
recorded with the same spacing. In upland crops,
groundnut seed yield of 1 t/ha was recorded with 30
cm x 25 cm spacing as compared to 30 cm x 15 cm
(0.93 t/ha) and 30 cm x 20 cm (0.95 t/ha). Sowing late
on 18th June yielded higher (1.04 t/ha) than crop sown
on 4th June (0.95 t/ha). In soybean, medium spacing of
45 cm x 30 cm was better (2.22 t/ha) over 45 cm x 25
cm (2.14 t/ha) and 45 cm x 35 cm (2.15t/ha). In
outcrossed crops like maize (rabi, December-January
sowing), rapeseed and mustard (Aug to Oct., depending
on soil moisture), time isolation was more practicable
than distance isolation.

certification by the
agency. The quality
of seed produced
with this programme
could reach the
Indian Minimum
Seed Certification
Standards. In rice, out
Fig 4 Participatory seed
of 34 groups, a total
production of rapeseed
mustard (M 27)
of 23 groups were
qualified for Seed
Certification by the State Seed Certification Cell. In
rice 40.7%, in maize 30% and in rapeseed 36.4% could
qualify. In rice varieties RC Maniphou 7 and RC
Maniphou 10, the
off-types could be
reduced to 0.025%
as compared to
4.05%
under
f a r m e r s ’
conditions.
Similarly, in maize
Fig 5 Participatory seed
too, the purity of
production of maize var. Vijaya the variety Pusa
composite
Composite 3 could
be maintained to certification standards with time
isolation by rabi sowing. In rapeseed, M 27, time
isolation (September
to October sowing)
with zero tillage
technique
could
avoid outcrossing
through
insects,
maintaining purity to
99.75% as compared
to 66.25% under
Fig 6 Project Director,
normal sowing time
DSR visiting rice seed
(Novemberproduction field
December) (Fig 712). The detail of villages and farmers covered with
average productivity is shown in table 2.

Participatory development of rice, maize and
rapeseed quality seed production practices for seed
village
Altogether 202 famers were involved (Figs 4 to 6).
It involved on farm pre- and on-production trainings
and demonstrations of the farmers on quality seed
production. The compact areas were subject to
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Fig 7 DG, ICAR
inaugurating seed
inspector’s training

Fig 8 Organization
of Seed Day

Table 2 Programme on quality seed production, storage and usage under TSP (DSR, Mau)
Crops

No. of farmers

Rice
Rapeseed
Maize
Groundnut
Soybean
Hybrid Sunflower (DOR FLD Prog.)
RC Seed bin
Training on Seed Production

Fig 9 Conducting
Farmers’ Field Day

No. of Villages

76
26
14
7
31
21
15
125

36
15
8
5
12
7
10
5

No. of Districts
5
4
3
3
2
1
5
4

Area (ha)

Yield (t/ha)

63
50
20
10
15
12
-

5.40
0.85
3.20
2.10
2.20
-

Fig 10 NEHR Seed Meet
2013

Fig 1 Home scale oil expeller unit

Fig 11 Release of ‘RC Seed
Logo’ by Agriculture
Minister, Manipur

Fig 12 Training on seed
certification

FARMING SYSTEM
Livelihood Improvement and Empowerment of
rural poor through Sustainable Farming Systems
in North East India under National Agricultural
Innovation Project (Component III)
Under this programme different improved and
sustainable farming system and rural enterprise
components were adopted suiting to individuals’
conditions (Figs 1-8). A total of 1412 farmers in four
clusters of Tamenglong District have been benefited
covering a gross area of 1383 ha. The average
household initial income of ` 33,810.00 could be raised
to ` 58,310.50. During 2013-14, seed production of
rice (RC Maniphou 6, RC Maniphou 10), maize (Pusa
Composite 3, Vijay Composite), soybean (JS 335),
groundnut (JL 24, ICGS 76) and black gram (T 9) were
undertaken in 412 ha area involving 1057 farmers.
Productivity of rice, maize, soybean, groundnut and
blackgram were 3.9 t/ha, 3.1 t/ha, 1.9t/ha, 1.1 t/ha and
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1.1 t/ha respectively. Rapeseed M 27 was cultivated
by 863 farm families in 361.5 ha area with a
productivity of 1.0 t/ha. Cropping intensity increased
from 100% to 120%. During the rabiseason, cultivation
of potato yielding 15.7 t/ha was undertaken in 106.80
ha. Out of the two
varieties, Kufri
Megha was found
to
be
more
productive (12.7 t/
ha) than the Kufri
Jyoti (8.9 t/ha).
Garden pea var.
Arkel and field Fig 2 Storage of quality seed in
pea var. Rachana
RC seed bin
also performed
well with a moderate productivity of 4.7 t/ha. Cabbage
var. Rareball, Golden Acre and tomato var. Manileima,
Abhishek gave an average productivity of 13.6 t/ha
and 19.0 t/ha, respectively. Cultivation of cauliflower
hybrid White Flash and onion var. Nasik Red was also
adopted with an average productivity of 5.8 t/ha and
2.3 t/ha, respectively. Altogether 1035 farm families
with a total area of 172.ha adopted the cultivation of
the above mentioned crops during rabi season.
Integrated farming system based on agro-horti cum fish

cum
animal
husbandry
was
developed in 20 ha
area at 8 different
sites by 8 farm
families covering all
the cluster villages.
Fig 3 Quality own saved seed Farmers could earn
a net income of `
Production in Maize
94,000-1,44,100 per
unit from the system. Two units of home scale oil
expeller were established at Noney and Tupul villages.
Approximately 5490 litres of oil @ `100/l were traded.
All total 135 bee
keeping units
introduced in the
rapeseed field and
980 l of honey @
`400 were traded.
Turmeric, ginger
and king chilli
w
e
r
e
Fig 4 Zero tillage cultivation
demonstrated in
of M27 rapeseed
90 hectares area
involving 177 farmers. Three poly houses were
established at Tupul, Noney and Reangkhong village
for nursery raising of capsicum var. California Wonder
and. tomato var. Nidhi. Diesel engine water pump set
and alkathene HDPE Pipes increase the area under
irrigation from 3 ha to 148 ha. Besides, 132 pigs (3
pigs/farm family) of Crossbred Hampshire were
adopted by 44 farm families. All total 531 farm families
stocked the fish species rohu, catla, mrigal, silver carp,
common carp and grass carp with a species
composition ratio of 1:1:1:2.5:2:2.5 in total pond area
of 15.78 ha. Development of 8 new ponds with an area
of 40 X 28 X 1.5 (1661 m3) and renovation of 5 old
ponds were done for water harvesting, fish culture and
irrigation purpose. A total of 1400 dual purpose
Vanaraja birds, 78 Black Bengal goats and 6 crossbred
Holstien Fresian cattles were adopted by 94, 26 and 3
farm families, respectively. All total 35 training
programmes on quality seed production, vegetable

Fig 5 Ginger plantation
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Fig 6 Piggery

production, livestock and poultry, scientific composite
fish farming, etc. were conducted.

Fig 7 Composite Fish
farming

Fig 8 Backyard poultry
farming

Technological Intervention through Adoption of
Integrated Farming System for Livelihood
Improvement of the Farmers in Manipur
Under the project, five different models of IFS have
been established in hill districts of Manipur (Figs 13). The major components included in the IFS are
cropping systems (Kharif: paddy, groundnut, Beans
and maize; Rabi: Pea and mustard), Vegetables
(Tomato, cabbage, cauliflower, chilli, cucurbits), Fruit
cultivation (Orange, Kachai lemon and Gooseberry),
Piggery (Cross breed Hampshire), Goatry (Black
Bengal), Backyard poultry (Vanaraja), Duckry (Khanki
Campbell), Fishery (Common carp and grass carp),
Agroforestry (Tree bean), Residue management
(Composting and vermicomposting), Soil management
(liming, bench terracing), Water harvesting (Pond,
Jalkund) etc. The results of Chandel district revealed
that the benefit cost ratio is higher for fishery (6.4)
followed by vegetable cultivation (5.75), backyard
poultry (5.6), fruits cultivation (3.0), piggery, paddy
cultivation (2.4). Whereas, in case of Churachandpur
the benefit cost ratio is higher for vegetable cultivation
(6.4) followed by backyard poultry (6.0), fishery (5.4),
fruit cultivation (3.4), piggery (3.0), paddy (2.7). In
case of Ukhrul, benefit cost ratio is higher for fishery

Fig 1 IFS in Churachandpur District
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components (Rice cultivation, Maize cultivation,
Groundnut cultivation:, Fishery, Poultry, Horticulture,
Vegetables and piggery) in each aforesaid districts.
Despite of this, we have organized a capacity building
program on various aspects of IFS and vaccination as
well as animal health camp.

Fig 2 IFS in Senapati district

(6.2), backyard poultry (5.9), and Vegetable cultivation
(5.7). Fish seed production was taken up at two
locations (Ukhrul and Senapati). In Senapati, 10 lakhs
of carp fries were produced during 2013-14.
Approximately 10 ha area was brought under paddy
cum fish farming and 5 ha under composite fish
farming as IFS component. Emphasis is now being
given on secondary horticultural activities like beekeeping, mushroom cultivation and value addition.

Fig 3 IFS in Ukhrul district

Fig 2 Integrated farming system in Churachandpur

Fig 3 Exposure visit for beneficiary farmers

On farm participatory research in farming systems
perspective under TSP
The baseline survey was conducted on social,
economic and agriculture activities of 75 farmers in
three districts viz., Churachandpur (Vazing village),
Chandel (Chandel Khullen village) and Ukhrul (Ramva
village) of Manipur (Figs 1-6). We have demonstrated
in aforesaid farmer’s field with various IFS

Fig 4 Rice (RC Maniphou
7) in CCPur

Fig 5 Groundnut (ICGS
76) in Chandel

Fig 6 Maize (DMH 849) in Chandel
Fig 1 Integrated farming system in Chandel
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VEGETABLES

FRENCH BEAN

TOMATO

Study on genetic diversity of local French bean
germplasm using microsatellite markers
Local germplasm of French bean (25 nos.) were
collected from Manipur (11), Nagaland (13) and
Mizoram (1) and characterized using microsatellite
markers. SSR marker amplified products were
evaluated in the bioanalyzer using chip-based nucleic
acid separation technology. A total of 53 microsatellite
primers were utilized to provide genetic diversity
among the germplasm. Out of 53 sets of primers 32
gave satisfactory bands. A total of 986 bands were
scored and of which most of bands were found to be
monomorphic. The primer GBP-53 has most numbers
of alleles 33 compared to primer GBP-47 lowest
number of alleles. Primer GBP-15, GBP- 23, GBP-53
and GBP-60 are showing polymorphic bands. Average
number of alleles per locus was found to be 2.09. Mean
expected heterozygosity was found around 0.77. Four
SSR markers revealed PIC values of more than 0.5
indicating their usefulness in discriminating the
genotypes (Figs 5 & 6).

Tomato variety RC Manikhamenashinba 2
One new high yielding tomato variety RC
Manikhamenashinba-2 (Fig 1) was released by State
Sub-committee on Crop Standard Notification and
Release of Varieties, Govt. of Manipur during Feb,
2014. It is a progeny of the cross Pusa Sheetal x Lima;
bred for developing HYV having resistance to biotic
and abiotic stresses and suitable for rainfed/irrigated
and rice fallow. Quality seeds can be easily produced
without any problems, as it is open pollinated variety.
Yield potential is 411 q/ha under good management
practices. The fruits are medium in size, round to oval
in shape and have corrugated fruit surface, medium to
soft firmness, juicy pulp, 5.0 to 7.3o Brix TSS and good
shelf life at proper storage condition. The variety is
resistant to cracking and tolerant to leaf curl disease.
Tomato improvement programme for high yield
and resistance to biotic and abiotic stresses
Eight advanced lines of tomato with one check were
evaluated for their comparative performance under
Manipur valley. RCT 1 (Fig 2) was found be most
promising (54.81 t/ha), followed by RCT 2 (51.84 t/
ha) and RCT 3 (33.21 t/ha) (Figs 3 &4); as compared
to check variety DVRT 2 (30.33 t/ha).

Fig 5 Polymorphic bands for primer GBP-53 with 25
French bean germplasms

Fig 1 RC
Manikhamenashinba 2

Fig 2 Selection RCT 1

Fig 6 Allele frequency observed for SSR markers with
25 French bean samples

Fig 3 Selection RCT 2
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Cluster analysis was carried out independently for
all germplasm. UPGMA cluster analysis put the 25
samples into three major groups, A, B and C. Group A
(UKL 2, UKL 3, UKL 6, UKL 8, CCP 1, CCP 2, NG 7,

Fig 4 Selection RCT 3
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NG 27 & NL 7) and C (UKL 4, UKL 7, CCP 3, NG 10,
NG 15, NG 39, NGW 5, NGW 6 and NGW 9) were
consisted of 9 germplasm; whereas group B (UKL 1,
UKL 5, NG 26, NG 29, NG 32, NG 36 and MZFB 49)
was consisted of 7 germplasm. The genetic
relationships among the beans genotypes were further
investigated using principal component analysis
(PCA). The first two major axis of differentiation (PC1
and PC2) explained 36.65% of the total variation. PCA
also classified the 35 genotypes into three major
groups, by A, B and C, respectively. Groupings were
similar to those detected by cluster analysis except that
the two germplasm lines (UKL 1 and NG 39) remained
distinctly out-group in the PCA; whereas, UKL 2 and
NG 27 were found be most closely related. This
indicated distinctive nature of these two lines over
remaining genotypes (Figs 7 & 8).

Fig 7 Phylogram of 25 French beans samples with
distance coefficient

COLE CROPS
INSECT PEST
Impact of weather parameters on population buildup of aphids on cruciferous crops
Aphid population in cabbage, cauliflower and
broccoli was negatively correlated with all weather
parameters except relative humidity (RH) (700h), wind
speed and cloud cover (1300 h). Aphid population in
cabbage negatively and significantly correlated with a
morning RH with a minimum temperature, while
broccoli and mustard was positively and significantly
correlated with wind speed. The highest aphid
population in cabbage, cauliflower and broccoli was
found in 3rd week of Jan, 2014. For eco-friendly
management of aphids in different cole crops one
experiment was undertaken with nine treatments of
biopesticides viz., Racer (Beauveria bassiana) @ 5 g/
l, Lipel (Bacillus thuringiensis) 5 g/l, Derisom
(Karanjin) @ 2 ml/l, Derisom (Karanjin WP) @ 2 g/l,
Anosom (Anonin) @ 2 ml/l, Anosom (Anonin WP) @
2 g/l, Margosom (Neem 0.15% EC) @ 5 ml/l and
Margosom (Neem 0.15% EC) @ 10ml/l, including one
chemical insecticide Imidacloprid 17.8% SL @ 0.5
ml/l and control (water). In mustard, cabbage,
cauliflower and broccoli, significantly lower aphid
population was recorded on 1st spraying, 2nd spraying
and 3rd spraying of Imidcloprid after 1 DAS (days after
spraying), 7 DAS and 14 DAS, respectively. Among
the biopesticides, Margosom was effective in reducing
the aphid population in mustard, cabbage, cauliflower
and broccoli (10 ml) and cauliflower (5 ml). Besides,
natural enemies, especially, predators of aphid viz.,
coccinellid beetles (Coccinella septumpuncata and C.
transvarsalis), syrphids flies and spiders and the
parasitoid Diaeretiella rapae were recorded in this
ecosystem.
TUBER CROPS
TARO
Understanding tolerance and avoidance
mechanisms of taro against biotic stresses
A total of 101 diversified genotypes of taro collected
from northeastern region and other parts of India were
screened using morpho-physio-biochemical and
molecular makers for Phytophthora colocasiae under
in vitro and in vivo induced stress conditions. The
genotypes Duradim, RCMC-5 and DP-25 performed
well under induced epiphytotic conditions.

Fig 8 Genetic relationships depicted among 25 French
bean germplasms based on first two principal
components using 32 SSR markers
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Polymorphism among the 100 colocasia genotypes was
investigated with 30 SSR markers. Out of these, 18
showed reliable polymorphism among the genotypes
under investigation. Comparable to the UPGMA
cluster analysis, PCoA separated the genotypes into
four main groups corresponding to clusters A, B, C
and D comprising of 7, 6, 14, 73 genotypes,
respectively. Hybridization was attempted amongst
different clusters and seeds from five hybrid
combinations of taro have been collected and
maintained for in vitro seed germination studies. In
vitro seed setting and seed germination has been
standardized in Colocasia under in vitro conditions
(Fig 9).

Region, Manipur Centre. Ten genotypes of yam bean
were tested for spacing and fertilizers under foot hill
conditions of Manipur. The genotypes L-3 and L-19
have registered higher tuber yield 18.20 and 17.75 t/
ha, respectively at spacing 60x60 cm and fertilizer dose
of 80:40:80 (NPK). Arrowroot genotype BBS has
registered higher yield (14.6 t/ha) as compared to TVM
(13.2 t/ha) and Manipur Local (10.6 t/ha).
Development
of
tuber
crops
based
entrepreneurship in Manipur
Three numbers of tuber crops based
entrepreneurship has been established for increasing
rural livelihood options among the tribal farmers in
Manipur. Cassava starch extraction plant and cassava
chipping plants have
been
successfully
demonstrated and set up
in Thoyee, Riha and
Ukhrul of Manipur (Fig
11). Two numbers of
Tuber Crops Growers’
Club
have
been
constituted as per the
guidelines of NABARD
at Thoyee and Riha
villages comprising of
100
progressive
farmers, farmwomen,
Fig 11 Cassava starch
SHG members and
extraction
Rural youths for
successful production, value addition and marketing
of tuber crops for higher profitability.

Fig 9 Phenogram for colocasia

SPICES

Standardization of production and processing
technologies of minor tuber crops in Manipur
Minor tuber crops such as Arrowroots (3
genotypes), Chinese potato (6 genotypes) and Yambean
(10 genotypes) have been collected from CTCRI,
Trivandrum,
R C C T C R I ,
Bhubaneswar and
different places of
Manipur (Fig 10).
The same has been
maintained at Langol
hill research farm of
ICAR
Research Fig 10 Arrowroot var. BBS
Complex for NEH
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Spices improvement programme: Characterization
of local turmeric and ginger germplasm of Manipur
From a sizable population of turmeric collection,
all total 11 promising clones have been selected. These
clones are RCMT 2 (34.80 t/ha), RCMT 3 (37.50 t/
ha), RCMT 4 (29.70 t/ha), RCMT 5 (30.60 t/ha),
RCMT 7 (28.50 t/ha), RCMT 8 (39.90 t/ha), RCMT10 (36.00 t/ha), RCMT 11 (31.80 t/ha), RCMT 14
(27.50 t/ha), RCMT 18 (34.80 t/ha), RCMT 19 (31.20
t/ha), RCMT 20 (25.90 t/ha) and RCMT 21 (38.40 t/
ha). Curcumin bioavailability has been found to be
invariable throughout the diverse geographical origin,

though within-species genetic variations exist among
the accessions (Figs 12 to 16).

FRUITS
BANANA
Multiple shoot regeneration through callus culture
Multiple shoot regeneration through callus cultures
and mass propagation of Banana var. Grand Naine and
Amritsagar has been standardised in vitro. Multiple
shoot regeneration through callus culture registered
12 fold higher numbers of shootlets compared to shoot
tip cultures regenerations. Response of callus initiation
and multiple shoot regeneration is significantly higher
in Grand Naine (23.5%) while compared with
Amritsagar.

Fig 12 Variation of curcumin content and genetic
diversity

Fig 13 RCMT 3

Fig 14 RCMT 8

Fig 15

Fig 16

JATROPHA

In ginger, 11 promising clones have been selected
from sizable population of local germplasm. These
clones are RCMG 1 (25.65 t/ha), RCMG 2 (25.71 t/
ha), RCMG 3 (25.65 t/ha), RCMG 4 (25.11 t/ha),
RCMG 5 (27.07 t/ha), RCMG 11 (28.97 t/ha), RCMG18 (27.50 t/ha), RCMG 20 (30.65 t/ha), RCMG 21
(30.33 t/ha), RCMG 22 (30.54 t/ha) and RCMG 24
(28.64 t/ha) (Figs 17 to 19).

Jatropha Variety RC Manijatropha 1
One new jatropha variety ‘RC Manijatropha 1’ was
released (Fig 1) by the State Sub-committee on Crop
Standard Notification and Release of Varieties,
Manipur on 13 Feb, 2014 and recommended for
cultivation in Manipur. It is a selection from local
germplasm collected from Chandel district, Manipur.
It is medium tall multi-branched tree (Figs 2). Fruits
are round to oval shaped, medium to big size, green
when immature and yellow at maturity. Plants start
bearing approximately 4-5 years after planting;
economic bearing starts from 6 th years onwards.
Fruiting occurs twice a year (July and December). Fruit
takes 90-100 days after flowering to mature. The
variety has been found to be moderately resistant to
powdery mildew and tolerant to thrips attack, moisture
stress and soil acidity. The variety has showed yield
potential up to 2.0 t/ha (under 2 m x 3 m spacing) with
40.77% seed oil and 59.68% kernel oil content.

Fig 1 RC Manijatropha1
Fig 17 RCMG 20

National Network on Integrated Development of
Jatropha
Field evaluation of different jatropha accessions
was carried out under Progeny Trial, Local Trial, Zonal,
Multilocational, National trial I and National trial III.
Jatropha accessions MNJ 001 (2147 kg/ha and 40.77%
oil content), MNJ 006 (2057 kg/ha and 40.34% oil

Fig 19 RCMG 22
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Fig 2 Pruning Trial

Fig 18 RCMG 21

122

content) and MNJ 002 (2049 kg/ha and 40.87% oil
content) were most promising as compared to other
accessions. In Progeny trial, TFRI 04 (2132.48 kg/ha
and 38.18% oil content) was most promising, followed
by MNJ 002 (1799.28 kg/ha and 37.19% oil content).
Under Zonal trial, JIP 13 (1596 kg/ha and 35.04% oil
content) and JIP 02 (1320 kg/ha and 39.75% oil
content) performed better over other accessions. In
National trial I, TFRI-04 (1470 kg/ha and 38.18% oil
content) was most promising, followed by TFRI-02
(1300 kg/ha and 38.57% oil content); whereas, TFRI
07 (804 kg/ha and 27.58% oil content) and TR 04 (735
kg/ha and 32.33% oil content) were performing best
under National trial III. In addition to field evaluation,
research experiments were undertaken to standardize
the package of practices for jatropha under Manipur
condition. In pruning trial, a pruning height of 90-100
cm from the base found to be suitable for jatropha
planted under hill slope. Application of NPK @ 150,
250 and 50 g/plant, respectively showed maximum
increase in plant height and collar diameter, whereas
NPK @ 100, 250 and 50 g/plant, respectively showed
maximum no. of branches. Among the insect-pests
mealy bug, aphids, bugs and bettles were found in
jatropha plantation.

Screening of blaESBL genes (CTX-M, TEM and SHV)
and genotyping with ERIC-PCR
PCR screening of bla ESBL genes for E. coli
isolatesfrom clinical samples (n=152) revealed a high
prevalence of resistant genes (n=60). Out of these, 24
(40%) were CTX-M, 16 (26.66%) TEM and 20
(33.33%) SHV types respectively (Fig. 1 &2).
Enterobacterial Repetitive Intergenic Consensus
(ERIC) was employed to study the relatedness between
the isolates and the genotyping revealed a similar
clonality between these isolates.

Fig 1 Lane 1: 100 bp DNA ladder; Lane 2, 3 & 4-TEM
positive isolates; Lane 5, 6 & 7-CTX-M positive
isolates

ANIMAL AND POULTRY SCIENCE
Monitoring and surveillance of antibiotic resistant
pathogens
A total of 450 samples viz., chicken meat (n=50),
beef (n=30), pork (n=40), milk (n=50), faecal samples
from pig (n=100), cattle (n=80), Poultry (n=50) and
clinical samples from dogs and livestock’s (n=50) were
collected from Manipur. Using chromogenic media’s,
and genus-specific PCR; Escherichia coli (n=250),
Klebsiella spp. (n=20), Staphylococcus aureus (n=15),
Aeromonas spp. (n=10), Enterococcus spp. (n=50) and
Salmonella Typhimurium (n=50) were isolated.
Phenotypic characterization of the isolated
organisms
Antibiotic sensitivity assay of all the organism
revealed that majority of the isolates were resistant to
cefotaxime, ceftazidine, cefamandole and ceftriaxone,
and sensitive to imipenem, meropenem, gatifloxacin
and norfloxacin respectively. Phenotypic assay
employing VRE Alert Kit detected Vancomycinresistant Enterococcus (VRE) in twenty of the
Enterococcus spp. isolated.
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Fig 2 ERIC-PCR fingerprinting of representative
isolates from clinical cases

Performance of the improved poultry birds under
agro-climatic condition of Manipur
A total of 38,638 no. of quality day old/grown up
(4-5 wks.) chicks of Gramapriya (18,385) and
Vanaraja (20,253) were produced and distributed to
1546 farmers. The observations at 73 weeks of age of
female Vanaraja and Gramapriya under Manipur
conditions maintained in the Deep Litter System (DLS)
of rearing revealed the production potential of 38%.
The average egg weight of 56 g ranging from 54g to
62g and body weight ranged from 2924 to 3378 g. The
average hatchability recorded was 78% ranging from
76 to 83%.
Performance of Vanaraja parent stock under
organized farm condition
Average body weights (g) of 39.87, 619.81,
1736.00, 2328.97, and 2545.92, respectively at day 1
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and subsequently at 6, 16, 24, and 28 weeks of age
were recorded. Average age at sexual maturity (ASM)
for Vanaraja at 161days ranged from 147 to 164 days.
The egg weight (g) at ASM was 32.68g and at 28 weeks
was 51.32g. The percent fertility was 76.84%, with a
hatchability of 69.47 % up to 20% in 205 total hen
day productions. The average egg production 32 nos.
by 28 weeks ranged from 31 to 42 nos. All-Mash
feeding system with restriction from 7 to 22 weeks of
age was adopted assuming that the greater protein
intake can be possible in the farm under intensive
system of rearing.
Performance of Vanaraja and Gramapriya under
Backyard production system in farmers field
The poultry units were established at Pallel–15
(Chandel district), Tupul–12 (Tamenglong district),
and Kharam-7 (Senapati district) covering 736 birds
(Fig 3). The village records showed that a weight of
352.71 g (Av.) for the male chicks with a feed efficiency
of 2.37 at 4 weeks of age and female at 339.46 g with
feed efficiency of 2.15 (congenial brooding practices
adopted). The mortality rate was less than 3% (2.54)
while taking observations of 34 beneficiaries at the
above three locations covering 736 birds. The average
survivability up to the end of 6 weeks was recorded at
87.57 % (Vanaraja – 88.73 % and Gramapriya–86.42
%).

and poultry units (Fig 4). The adopted farmers started
rearing with cross breed Hampshire piglets with initial
body weight of 7.0 to 8.0 ± 2.0 kg where the distribution
were made @ 3 piglets (2F + 1M) to each beneficiary.
It gave net return of Rs. 65,438.0/farm family. A total
of 60 nos (1M and 2F kids per beneficiary) of Black
Bengal goats (4-5 months old) were distributed with a
body weight approximately 5-7 kg. Average daily
weight gain was 29.25 g. Dressing % was 45.00±0.50
and average milk yield/day was 0.30 kg. A minimum
of two kids were achieved from goat with a litter size
of 2 kid/kidding. Distribution of the farmer’s income
according to their annual rearing through goat
husbandry was that half (50%) of the farmers had
earned more than ` 8500/year through goat husbandry.
The farmers annually earning up to Rs 5000/- through
goat husbandry were 30%. Remaining 20% farmers
earned ` 5001/- to ` 8500/year. A total of 600 Vanaraja
chicks (4-5 weeks) were introduced with 20-25 chicks
per family in four villages. The result in field conditions
indicated that Vanaraja male attained average body
weights of 0.90 kg, 1.60 kg, 2.75 kg, 3.15 kg while
Vanaraja female attain 0.82 kg, 1.15 kg, 2.25 kg, and
2.60 kg at the ages of 8 weeks, 10 weeks, 20 weeks
and 40 weeks, respectively. The average age of sexual
maturity was 171 days and average egg production of
147 eggs/hen /annum with an average egg weight of
58g.

Fig 4 Established the pig, goat and poultry units in
Tamenglong district of Manipur

The pullet weight was 2.55 kg. The percentage of
fertility and hatchability was 71.13% and72.7%,
respectively. Farmers could generate incomes between
` 10,000-15,000/- per farm family by selling of
Vanaraja eggs and birds.
FISHERY

Fig 3 Established Poultry units with Vanaraja and
Gramapriya in different locations of Manipur

Pig, goat and poultry farming- to promote
sustainable livelihood in Tamenglong, Manipur
A total of 21 farm families of four cluster villages
viz., Marangching, Noney, Reangkhong and
Awangkhul were selected for establishing the pig, goat

Development of breeding and rearing techniques
for small indigenous fishes for short cycle
aquaculture
Captive breeding of indigenous fishes viz., O.
belangeri, B. dero, A. testudineus and Pangia pangio
in small water volume have been done successfully
and standardized (Table 1).
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Table 1.Breeding performance and fertilization rate of selected fishes in small water volume
Species

Male female
ratio
4:3
1:1
3:2
3:2
1:2

O. belangeri
Bangana dero
Anabus testudineus
Anabus testudineus
Pangia pangio

Hormone/
Breeding
dose (ml/kg) environment
0.5
0.5
0.6
0.6
0.7

Circular fibreglass
Circular fiberglass
Rectangular plastic
Circular fibreglass
Rectangular plastic tray

Induced breeding of Anabus and Pangio pangia can
be performed successfully in utility tray of
(360l×310w×130h) mm (Fig 1). The temperature,
dissolved oxygen and pH of the breeding tray are
maintained throughout the experiment. A good chasing
behaviour was observed among the brooders. The
number of eggs released and fertilized was
comparatively examined.
Growth performance and production level of
Osteobrama belangeri and B. dero mixed with other
fishes in different agro-climatic condition of
Manipur
Osteobrama belangeri and Bangana dero were
stocked in different stocking densities i.e. 10,000,
15,000 and 20,000 fingerlings/ha with other carps in
different districts of Manipur (Fig 2). Good growth
and survival rate 80-85% of O. belangeri were obtained
in 5 to 8 months of rearing in all culture systems.
Highest growth of O. belangeri was obtained
428.0±0.1g in mixed culture with rohu and mrigal,

Water quantity
(litre)

Latency
duration

800
800
20
80
5

8 hrs
9-10 hrs
10 hrs
9-10 hrs
10 hrs

Fertilization
rate (%)
92-98
80-85
96
94-96
80

stocking density of 15,000/ha in 8 month. Bangana
dero @ 10,000 fingerlings/ha were stocked mixed with
common carp in three different locations viz., at
Nungba, Mayang Imphal and ICAR, Lamphelpat.
Good growth of B. dero was attained with 80% survival
with growth range of 240-300g in 8 months in all
locations. Highest growth rate was observed in
Lamphelpat, Imphal (282±0.2g). An average weight
of B. dero i.e. 240±0.2g was found in Nungba,
Tamenglong district, an altitude of 1400 MSL.
Standardization of breeding and culture techniques
for potential indigenous ornamental fishes of
Manipur for commercialization
Badis badis (Hamilton): Badis badis is a tropical
fish, prefers thickly vegetated habitat and found in
rivers having mild currents. It thrives in water with
pH of 7.0 to 7.5. The optimal temperature range for
growth is 24°C to 28°C. Breeding takes place when
temperatures consistently range between 25°C to 28°C
with 26°C being ideal. Dissolved oxygen of 5.4.-8.0

Anabus testudineus breeders

Plastic trays used as Anabus
spawning tanks

Fibreglass tanks used for
Anabus spawning

4 days old Anabus spawns

Pangia pngio breeders

Pangio spawning

Pangio juveniles

8 days old pangio

Fig 1 Anabus testudineus and Pangia pangio breeding for their seed production
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Fertilized eggs of O.
belangeri

O. belangeri fingerlings

B. dero injection

O. belangeri culture pond

B. dero culture ponds

Fertilized eggs of B. dero

O. belangei harvest

B. dero harvest at Nungba

Fig 2 Osteobrama belangeri and Bangana dero culture in different agro-climatic ponds

ppm, total alkalinity 40-80 ppm is required for the
healthy growth of Badis badis. It is an omnivorous.
Adult fishes feed on detritus, algae, small insects and
dipterans. Males are more colourful than the females.
The females have a convex belly while the males have
a concave belly. The matured female brooders are
usually bigger than matured male. In the breeding
season, the male brooders begin to display a more
intense colour. After injecting the brooders, the male
embrace the female and the female spawns her egg. A
female lays about 80-100 eggs. The fertilized eggs
hatched in about 72 hours.

a

b

c

d

Fig 3. Breeding process of Badis badis in captivity- a)
Badis badis breeder, b) 4 hrs old fertilized eggs, c) 7
days old embryo, d) Just hatch out hatchlings

Parambassis waikhomi sp. nov.
The new species Parambassis waikhomi sp. nov.
was collected from the Loktak Lake, Chindwin basin,
Manipur. It can be distinguished from all its congeners
by the following combination of characters: 58-60
lateral line scales; 9-10 pectoral fin rays; 19-20 gill
rakers; 2 predorsal bones; presence of a vertically
elongated humeral spot; maxilla reaches to ? of the
orbit; 8.2-10.9 interorbital width; 4 preorbital ridge;
11 preorbital edge; 6 supraorbital ridge; 18 serrae at
lower edge of preoperculum; 24 serrae at hind margin
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of preoperculum. In 10% formalin, head and body
background creamish. A faint blackish axial streak on
body, darker posteriorly. Each scale margins outlined
by indistinct melanophores. A vertically elongated
humeral blotch, more or less continuing a vertically
elongated triangular blotch immediately in front of first
dorsal-fin origin. Second to fourth spine of first dorsal
with a decorative distinct blackish outer margin, second
dorsal hyaline. Pectoral, pelvic and anal fins hyaline.
Caudal fin with a series of unevenly distributed dots
between each ray.
DST sponsored MASTEC-ICAR Joint venture
project on pisciculture and its allied activities for
socio-economic development in Manipur
Farming techniques of some fishes like major
Indian carps, exotic carps, indigenous carps such as
Osteobrama belangeri etc. had already been
developed. Farming of these fishes can easily be
disseminated to the local fish farmers for generation
of their income through supply of quality seed. The
project will work on development of breeding and
rearing techniques of some high demand indigenous
fishes such as Clarias magur, Bangana dero, Channa
gachua, Tor putitora for mass demonstration to the
farmers. Under this programme, production of quality
seed (food and ornamental fish) has been under taken
for free supply to the farmers, creation of awareness
among people about scientific farming of fish practices
will be taken up through training and demonstration
programmes and more area in different topographies
will be brought under aquaculture with more promising

days submergence of seedlings for 15 days followed
by RC Maniphou 7 with 8.58 t/ha in 50 days old
seedling (Fig 1).

fish species. All total 10 demonstration farms have
already been selected in different ago-climatic
condition of Manipur.
Studies on molecular taxonomy, genetic diversity
and phylogeny of the genus Puntius (Cyprinidae)
found in Manipur
Molecular identification of a cyprinid fish, Pethia
manipurensis has been undertaken by using
mitochondrial COX I gene sequences. A fragment of
302 bp of COX I gene of Pethia manipurensis was
generated and analysed by searching consensus COX
I gene sequences from GenBank. COX I sequences of
ten cyprinid fishes were selected for construction of
molecular phylogenetic trees. Neighbour Joining and
Maximum Parsimony trees show that Pethia
manipuensis have the closes similarities with P.
padamya. Six bases and six amino acids were different
in these two species. Our present analysis with COX I
gene can delineate the taxonomic identification of
Pethia manipurensis from other Pethia species. NCBI
Genebank accession numbers of three Puntius species
viz., Puntius manipurensis (KF443810), P. sophore
(KJ577617) and P. chola (KJ577618) were obtained.
Studies on the diversity, biology and breeding of
barbs, glassfishes, gouramis, leaffishes, loaches and
snakeheads of northeast India
A total of 24 species having ornamental value
belonging to 10 genera have been collected from
different water areas of northeast India and maintained
in the laboratory. Six species belonging to the genus
Badis, Danio, Pangio, Parambassis, Puntius, Schistura
were selected for studies on bio-ecology and
reproductive behavior. Captive breeding was
successful in Danio dangila, Badis badis and Danio
acuticephala. Breeding of Pangio pangia and
Schistura fasciata in captivity have been repeated and
standardized.
Fish seed production
Two lakhs carps fingerlings, 20,000 fingerlings of
Clarias magur and 10,000 numbers of exotic
ornamental fish (koi carp and Rosy barb) seeds were
produced during 2013-14.
NATIONAL INITIATIVE ON CLIMATE
RESILIENT AGRICULTURE (NICRA)
✓ In rice, RC Maniphou6 recorded highest grain yield
of 10.58 and 10.33 (t/ha) both in case of 60 and 50
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Fig 1 Submergence tolerance in rice

✓ In maize, the germplasm viz., Kaunvok, Chechata
and Anjianchu are found better suited for cold
conditions over other varieties under the minimum
temperature range of 1.0 to 22.20C and maximum
temperature range of 16.9 to 33.80C with cob yields
of 4.27 t/ha, 3.97 t/ha and 3.53 t/ha, respectively
(Fig 2).

Fig 2 Cold tolerance in maize

✓ In tomato, elevated temperature and drought
condition under poly house resulted 32.81% decline
in fruit yield compared to natural field condition.
Among the genotypes tested, tomato variety RC
Manikhamenashinba1 was found to be tolerant to
drought (1.92 kg fruits/plant), followed by Arka
Rakshak (1.33 kg
fruits/plant);
whereas, Arka
Meghali (Fig 3)
found to be
tolerant to frost
condition (1.68
kg fruits/plant),
followed by Arka
Vikash (1.61 kg
Fig 3 Arka Meghali
fruits/plant).
M a x i m u m
Drought Resistance Index (Fig 4) was recorded with
RC Manikhamenashinba1 (1.88), followed by
Kashi Vishes (1.69).
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Fig 4 Drought resistance index of tomato varieties

✓ In maize, application of boron and zinc together
gave significantly higher yield (4.43 t/ha) than B
(4.01), Zn (3.39 t/ha) and control (3.62 t/ha). Maize
residue recycling on an average increased the 1114%, 12.5-15% and 8-11% grain yield of mustard,
pea and lentil, respectively under sole and
intercropping system (Figs 4-6). The cropping
system had significant effect on mustard grain
equivalent yield of mustard under pea sole (2.3 t/
ha) followed by mustard + pea (1.9 t/ha).
✓ In rice, maximum grain yield/plant was recorded
with 1/2 Recommended dose of fertilizer (RDF) +
Vermicompost (VC) + Phosphate Solubilizing
Bacteria (PSB) + Azospirillium + Arbuscular
mycorrhiza (AM) followed by 1/2 RDF + VC +

Fig 4 Maize-pea cropping system

Fig 5 Maize-mustard+lentil cropping
system

Fig 7 Effect of INM on oxidizable soil organic carbon
and microbial biomass carbon in rice
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PSB + Azospirillium + Azolla + AM. The maximum
oxidizable soil organic carbon and microbial
biomass carbon was found in VC + PSB +
Azospirillium + Azolla + AM (Fig 7).
✓ In maize, Vivek QPM9 followed by Prakash were
the best performing variety and recorded the
significantly higher heat use efficiency (Fig 8) and
grain yield (5.05 t/ha). Maximum oil content
(6.82%) was recorded with Chakhaochujak (Plain)
followed by Vivek QPM9 (4.68%). The maximum
protein and starch content (9.82% and 73.67%,
respectively) was observed in Pusa composite-3 and
Chakhaochujak (Hill).
✓ In shifting cultivated area under mid-hills of
Manipur, there was an increase in SOC with age of
the fallow stand after land clearing (slashing and
burning of forest) and exhaustive cropping, the
magnitude being 3.4, 20.6 and 35.4% in young (510 years), mid-aged (18-20 years) and old (28-35
years) secondary forest, respectively. Active pools
constituted 65% of the SOC. Shifting fallow
conserved more SOC during regeneration of forest
vegetation and majority of the SOC is in active or
labile pools of shorter residence time.
✓ In Amur common carp (Cyprinus carpio),
maximum embryonic development after
fertilization (96.75%), hatching rate (72-77%),

Fig 6 Maize –mustard + pea
cropping system

Fig 8 Heat use efficiency of maize cultivars
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survival rate of spawn at 90 hrs of fertilization
(93.25%), growth rate (0.61±0.2g) were obtained
at 26°C to 31°C. The fishes kept at 23-24oC spawn
at about 8 hrs of injection (0.5ml/kg Wova FH) and
bred. However fishes reared at in natural condition
(19-20°C) spawn after 24 hrs of injection.
Maximum fertilization (75%) and hatching rate
(85%) were obtained at 23-24oC as compared to
35% and 20%, respectively at 19-20°C. Fries of
Amur having average body weight of 6.98±0.2g
was fed (@ 5% body weight per day) with three
different formulated diets containing 30% protein
each from fish meal, shrimp meal and rice bran and
oil cake (control diet) and reared at three sets of
temperature (22-24oC, 26-27oC 29-30oC) for 90
days. The growth was consistently higher with
shrimp meal diet. The average wt. attained was
23.44g, 20.25g and 14.68g, respectively with
shrimp meal, fish meal and control diet. In P.
pangia, normal spawning and highest percentage
of fertilization (97.8%) of was recorded at
temperature close to 26°C.
✓ In pigs, performance of crossbred piglets (Yorkshire
& Hampshire) distributed among beneficiaries of
Imphal West and Tamenglong were assessed.
Growth rate was better in Imphal West because of
better availability of food resource from various
sources. Average daily weight gain in male was 14
g/day at 3-4 month and in female 4 g/day in
Hampshire and 51 g/day in male and in female 12
g/day in Hampshire x Yorkshire. Average daily
weight gain in male was 23 g/day at 4-5 months
and in female 20 g/day in Hampshire and 33 g/day
in male and in female 19 g/day in Hampshire x
Yorkshire. There was no mortality up to 4 month.
Overall morbidity was 55% and major clinical
disorders were Anorexia-7 (55%) followed by
Diarrhoea-3 (15%) and skin disease- 1(5%).
Coccidiosis and Ascariasis are common GI
parasitism among the piglets. Besides, performance
of Hampshire, Large Black and Ghungroo piglets
distributed among beneficiaries of Imphal west,
Churachandpur and Senapati were also assessed.
Besides, a small piggery unit comprising of
Hampshire, Large Black and Ghungroo breeds of
pigs was established at Langol Farm of ICAR to
evaluate the performance of these breeds. Locally
available plants (Terapaibi, Sampakpi, Chinlengbi,
Louvu and Souvu) which were commonly fed to
pigs have already been identified. The average body
weight gain in Hampshire male:female was
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7.13:7.5, in Large Black male:female was 6.6: 6.2
and Ghungroo was 5.53:4.5 in Imphal West district.
The average body weight gain in Large Black male
and female was 5.1 and 4.4 kg, respectively; in
Ghungroo 5.3 and 4.43 kg, respectively in
Churachandpur district. The average body weight
gained in Large Black male and female was 6.3
and 5.53 kg, respectively, in Ghungroo was 5.06
and 4.36 kg, respectively at Senapati district.
✓ All total 11 training programmes and demonstration
on 6.5 hectares were conducted under NICRA.
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AGRICULTURAL EXTENSION
Capacity Building Programme on Commodity
Futures Market
Two days capacity building programme on
Commodity Futures Market was organized under the
sponsorship of NABARD on 21-22, January 2014.
Twenty five participants representing different banks,
subject matter specialist from different KVKs, who
are working with farmers, participated in this two days
capacity building programme. This is the first time that
bankers have participated in the training programme
at ICAR. The feedback from the participants was
collected. Almost
90%
of
the
participants felt the
programme content
was good and 85%
of the participants
expressed positive
Farmers’ Workshop on
opinion on the video
Protected Cultivation of
tutorial added in this
Horticultural Crops under
training programme.
HMNEH (MM-I)
Further, 80 to 90%
of the participants opined that they feel very good in
the overall design, coverage of the theme, clarity of
the concepts, presentation material, overall course
coordination and staff
courtesy. However,
one suggestion the
participants expressed
is the lack of farmers
in this training
programme. Bankers
Director i/c, IBSD
expressed that if the
Inaugurating Wetlab
farmers are also Workshop on Plant Tissue
Culture under HMNEH
invited for this same
(MM-I)
training programme
the bankers farmers interaction would have taken place.

RICE

MIZORAM CENTRE

Performance of rice varieties under upland
conditions
Five varieties viz., Bhalum 1, Bhalum 2, Bhalum
3, Bhalum 4 and IURON 514 were tested under upland
conditions with spacing of 20×10 cm (Fig 1). The data
presented in Table 2 revealed that significantly higher
numbers of panicles/ hill (13.1/ hill), no. of seeds/
panicle (141.7) and 10 panicle weight (69.3 g) were
recorded with Bhalum 3. Among the varieties, Bhalum
3 produced highest grain yield (3.60 t/ha) which was
significantly superior to rest of the varieties (Table 2).

WEATHER REPORT
The mean monthly maximum temperature varied
from 23.59°C (Dec, 2013) to 32.3°C (April 2013)
(Table 1). Mean monthly minimum temperatures
varied from 14.96°C (Jan, 2014) to 23.88°C (July,
2013). The mean monthly maximum relative humidity
(RH) was the highest in Sep, 2013 (98%), while the
lowest maximum RH was during March 2014 (66%).
Minimum RH varied from 31% (Feb and March, 2014)
to 81% (Sep, 2013). The total rainfall received during
April 2013 to March 2014 was 3131.4 mm distributed
over 134 days. The highest rainy days (27) was
observed during August 2013. More than 94% (2946.9
mm) of rainfall was received during April to Oct, 2013.
More cloud cover (7 Octa) was observed in July and
Aug, 2013, while least cloud cover (1 Octa) was
observed in the month of Nov, 2013.

Performance of different breeding lines/varieties
under upland conditions (RCRT-I)
Seven rice breeding lines/varieties were evaluated
for their yield potential under upland conditions (Table
3). Higher numbers of panicles/m2 (134) was recorded
with RCPL 1-128 which was at par with Bhalum 3

Table 1 Mean monthly weather parameters of ICAR Kolasib, Mizoram during April 2013- March 2014)
Month

Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar
Mean

Tem/ature (°C)

Relative humidity (%)

Rainfall (mm)

Maximum

Minimum

Maximum

Minimum

32.30
29.50
31.92
30.69
29.88
30.15
28.66
27.79
23.59
24.33
26.23
29.85
28.74

20.80
21.17
23.75
23.88
22.26
22.47
22.22
18.79
16.16
14.96
15.29
19.51
20.11

73
95
92
94
98
98
96
90
82
79
79
66
87

43
72
74
80
77
81
71
52
48
40
31
31
58

104.8
831.5
322.6
454.6
717.1
516.3
107.1
000
000
000
025.6
51.8
3131.4

No. of
rainy days
5
23
18
26
27
18
8
00
00
00
04
05
134

Cloudy
(Octa)
5
6
6
7
7
6
5
1
2
2
3
3

Table 2 Performance of rice varieties under terraced condition
Variety

Plant
height
(cm)

No of
tillers/
hill

Bhalum 1

81.9

Bhalum 2

81.1

Bhalum 3

85.1

13.1

26.6

141.7

32.7

69.3

3.60

4.54

Bhalum 4

87.8

9.5

27.1

104.7

16.3

36.7

3.25

5.62

IURON 514

86.7

9.1

28.3

129.7

22.0

24.7

SEm±
CD (P = 0.05)

2.07
NS
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Panicle
length
(cm)

No. of
seed/
panicle

10.2

27.1

130.7

28.7

44.7

2.47

6.22

8.5

26.3

93.3

22.0

59.7

3.24

4.88

0.34
0.98

0.75
NS

1000 g
rain
weight

10 panicle
weight

Grain
yield
(t/ha)

Straw
yield
(t/ha)

3.01

6.55

4.48

0.91

1.75

0.11

0.21

12.05

2.45

5.20

0.33

0.62
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Fig 1 Performance of rice varieties
Bhalum 1under upland conditions

Fig 2 Performance of rice varieties Bhalum2 and 3 under upland
conditions

(131) and RCPL 1-412 (130). The highest grain yield
was recorded in RCPL 1-128 (2.72 t/ha) as compared
to other varieties.

Table 4 Performance of different breeding lines/
varieties under upland conditions (RCRT-II)
Lines/varieties

Plant
height
(cm)

No. of
panicles
/ m2

Days
to 50%
flowering

Grain
yield
(t/ha)

Bhalum 3
RCPL 1-82
RCPL 1-90
RCPL 1-93
RCPL 1-103
RCPL 1-111
IR 46
CD (P=0.05)

84.0
105.1
92.4
85.9
93.7
81.6
88.0
7.2

134
142
119
146
135
121
140
10.7

91
90
89
89
89
90
89

2.32
0.69
1.04
1.14
1.01
0.74
1.23
0.09

Table 3 Performance of different breeding lines
under upland conditions (RCRT-I)
Lines/varieties

Bhalum 3
RCPL 1-128
RCPL 1-129
RCPL 1-130
RCPL 1-412
RCPL 1-413
SEm±
CD (P=0.05)

Plant
height
(cm)
74
79.7
83.5
84.0
84.5
84.7
NS
NS

No. of
panicles
/ m2

Days
to 50%
flowering

Grain
yield
(t/ha)

131
134
123
113
130
118
0.95
6.8

90
95
95
96
98
96

2.19
2.72
1.98
1.68
2.20
2.50
0.08
0.24

Performance of different breeding lines/varieties
under upland conditions (RCRT-II)
Seven different rice breeding lines/varieties were
evaluated for their yield potential under upland
conditions. More numbers of panicles/m2 was recorded
with RCPL 1-93 (146) which was at par with RCPL 182 (142) and IR 46 (140). The maximum height was
observed in RCPL 1-82 (105.1 cm) which was at par
with RCPL 1-90 (93.7 cm) and RCPL 1-130 (92.4 cm).
Days to 50% flowering ranged from 89 to 91 days after
sowing (DAS) in all tested breeding lines. The duration
(91 days) and grain yield (2.32 t/ha) was the highest in
Bhalum 3 as compared to other lines/varieties (Table
4).
Performance of different rice land races under
upland conditions
Seventy two upland rice land races were collected
from eight districts of Mizoram and were evaluated
for their yield under upland conditions (Figs 3 and 4).
The best performed land races (6 land races) are
depicted in Table 5. The highest grain yield was
recorded in MZR 10 (2.50 t/ha).
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Fig 3 Evaluation of local land races

Fig 4 Performance of MZR19

Table 5 Performance of different land races of Mizoram under upland conditions
Land races

Plant height
(cm)

No. of tillers
/hill

94.8
98.2
86.0
97.6
95.8
93.8
1.47
4.64

13.6
11.4
7.8
11.8
11.0
12.0
0.71
2.25

MZR 10
MZR 19
MZR 22
MZR 27
MZR 31
MZR 55
SEm±
CD (P = 0.05)

Panicle
length (mm)
22.2
25.2
25.0
28.2
28.8
30.2
0.81
2.54

Performance of different breeding lines/varieties
of rice under lowland condition (RCRT-I)
Ten rice breeding lines/varieties were evaluated for
their yield potential under lowland conditions in
Mizoram (Table 6). RCPL l-459 recorded maximum
height (134.6 cm). Number of panicle/m2 was the
highest in RCPL 1-307 (240.6). The highest grain yield
was recorded in RCPL l-140 (4.80t/ha).

Plant
height
(cm)

No. of
tillers

Seed
/panicle

Yield
(t/ha)

RCPL l-300
RCPL l-307
RCPL l-145
RCPL l-140
BM 9855
IIRON 210
RCPL l-459
IR64x3C 7-25-2
Shasarang
RCPLl-160
CD (P=0.05)

104.7
99.6
116.3
106.3
102.7
105.8
134.6
123.5
115.5
116.2
8.4

198
240.6
211.9
195.0
181.2
188.1
143.6
185.1
209.9
159.4
1.9

112
107
90
98
96
106
95
96
116
104

3.41
3.71
4.37
4.80
3.81
3.17
3.27
2.61
3.38
4.62
0.31

Yield
(t/ha)

149.4
102.2
101.2
115.4
105.6
159.2
4.16
13.11

36.00
20.00
21.00
17.00
17.00
27.00
1.22
3.85

2.50
2.00
1.74
1.09
1.03
1.04
0.078
0.244

Table 7 Performance of breeding lines/varieties
under lowland conditions (RCRT-II)
Lines/varieties

Plant
height
(cm)

No. of
tillers

Days
Yield
to 50%
(t/ha)
flowering

RCPL l-408
RCPL l-131
RCPL l-466
PR 26645-B-7
B 10387 F-NR-6KN-3K -3
WAS I22 IDSA-IIWAS-IO
Shasarang
RCPL l-160
CD (P=0.05)

113.9
131.8
113.9
102.5
102.3

205.9
179.2
205.9
246.5
191.1

110
95
117
104
101

1.88
3.37
6.19
3.97
3.30

84.4

211.9

99

2.54

115.5
116.2
8.3

209.9
159.4
20.1

116
104

3.38
4.62
0.31

Performance of rice varieties under low-altitude
WRC conditions of Mizoram
Seven rice varieties were tested for their yield
potential in low-altitude conditions at Chemphai,
Kolasib (Fig 6). The highest yield (4.55 t/ha) was
recorded in RCM 9 which showed better performance
than local rice (2.38 t/ha) (Table 8).

Performance of different breeding lines/varieties
under lowland conditions (RCRT-II)
Eight rice breeding lines/varieties were evaluated
for their yield potential under lowland conditions (Fig
5). RCPL l-131 was the tallest plant (131.8 cm).

Fig 6 Performance of rice varieties in low-altitude
WRC conditions at Chemphai, Kolasib

Fig 5 Performance of Shasarang and RCPLl-131
under lowland conditions
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10 Panicle
weight (g)

Significantly higher number of panicles (246.5/m2) was
recorded with line PR 26645 B 7. RCPL l-131 took
shortest day to come 50% flowering (95 days). The
highest grain yield of 6.19 t/ha was observed in RCPL
l-446 (Table 7).

Table 6 Performance of breeding lines/ varieties
under lowland conditions (RCRT-I)
Lines/varieties

Seeds/
panicle
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Table 8 Evaluation of rice varieties under low-altitude WRC conditions at Chemphai, Mizoram
Varieties

Duration (days)

RCM 9
RCM 10
RCM 11
Shasarang
Gomati
Naveen
Ranjit
Local

135
130
130
145
140
102
135
145

Plant height (cm)

No. of panicle/hill

Panicle length (cm)

Yield (t/ha)

92.2
125.0
97.2
103.3
103.6
105.5
103.8
103.5

10.4
11.9
10.5
13.6
11.7
27.1
9.1
7.2

25.80
26.80
28.07
23.60
24.00
24.13
23.65
21.40

4.55
4.09
3.18
4.09
3.64
3.12
3.64
2.38

Eight lowland varieties were evaluated for their
production potential in mid-altitude conditions at ICAR
Research Farm, Kolasib (Fig 7). CAUR 4 was the
tallest plant (155.0 cm). The highest numbers of panicle
was recorded with line RCM 9 (9.8/hill). Gomati and
CAUR 1 took shortest day (99 days) to come 50%
flowering. The highest grain yield of 4.58 t/ha was
observed in RCM 9 as compared to other varieties
(Table 9).

Fig 7 Rice varieties in mid-altitude WRC conditions

was found more during 1st week of October (0.67/5
plants). Melanis leda ismene was found more during
last week of October (0.33/5 plants). Pelopidas mathias
was found more during 2nd and 3rd weeks of October
(0.17/5 plants). Monolepta signata was found only
during October (1.16/5 plants). Cnaphalocrocis
medinalis was found only during 3rd week of October
(0.17/5 plants). Sogatella furcifera was found more
during last week of October (0.33/5 plants).
Aulacophora foveicollis was found more during 3rd
week of October (0.67/5 plants). Aulacophora
intermedia and Aulacophora hilaris were found only
last week October (0.17/5 plants). Orange bug, hairy
caterpillar, grasshop, earwig, painted bug, Epicauta
and tortoise beetle were found more during 2nd week
of October (0.33/5 plants), last week of September
(0.33/5 plants), last week of October (2.83/5 plants),
2nd and 4th week of October (0.17/5 plants), 2nd and 3rd
week of October (0.17/5 plants), 2nd week of October
(0.50/5 plants) and last week of September (0.17/5
plants), respectively.

INSECT PESTS

Screening of rice cultivars against insect pests under
lowland conditions
Shasarang recorded the highest Monolepta signata
(0.25/5 plants), Cnaphalo crocismedinalis (0.13/5
plants) and orange bug (0.25/5 plants). Cultivar RCM

Seasonal abundance of insect pests in rice under
lowland conditions
Leptocorisa acuta was found more during 4th week
of October (8.50 / 5 plants) followed by last week of
October (9.00/5 plants), whereas Leptocorisa orotorius

Table 9 Performance of different varieties under lowland conditions
Varieties
RCM 9
RCM 10
RCM 11
Shasarang
IR 64
GOMATI
CAUR 1
CAUR 4
Ranjit
CD (P=0.05)

Plant
height (cm)
70.7
102.5
101.8
106.1
99.3
102.1
104.7
155.0
104.9
2.9
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No. of
tillers

Panicle
length (mm)

9.8
6.2
8.7
8.1
8.7
9.1
8.2
6.2
8.8
1.8

25.8
26.8
28.1
24.7
25.4
26.9
27.3
29.1
26.5
1.3

133

No. of seeds
/ panicle
174
156
155
145
136
200
155
161
148
30.8

Days to 50%
flowering
102
108
117
104
105
99
99
135
133

Yield
(t/ha)
4.58
3.19
3.31
3.38
2.63
2.20
3.50
1.25
2.99
0.56

teaselling and took least period for 80% maturity (150
days) during rabi season. The ear proliferation per plant
ranged from 1 to 6, but the highest number of cobs/
plant was recorded as 4.1, 5.1 and 6.2 from MZM 50,
MZM 13 and MZM 51, respectively. It was observed
that early maturity lines produced only one cob/plant.

9 recorded the highest and Leptocorisa orotorius (0.38/
5 plants), Melanis ledaismena(0.75/5 plants),
Monolrpta signata (0.25/5 plants), Aulacophora
intermedia (0.13/5 plants), orange bug (0.25/5 plants),
hairy caterpillar (0.38 /5 plants) and grasshoppr/ (2.00
/ 5 plant). Cultivar RCM 10 recorded the highest
Leptocorisa acuta (5.38/5 plants), Aulacophora
foveicollis (0.63/5 plants), Aulacophora hilaris (0.13/
5 plants), orange bug (0.25/5 plants), earwig (0.13/5
plants) and painted bug (0.13/5 plants). Cultivar RCM
11 recorded the highest populations of Pelopidas
mathias (0.25/5 plants), Monolrpta signata (0.25/5
plants), Sogatella furcifera (0.38/5 plants), Epicauta
(0.25/5 plants) and tortoise beetle (0.13/5 plants).
DISEASES
Seed borne fungal pathogens of rice seeds in
Mizoram
Blotter method, agar plate method and paper towel
method were used to identify seed borne pathogens of
20 local rice race of Mizoram and 15 pathogens
(Rhizopus stolonifer, Aspergillus spp. Fusarium
moniliforme,.Bipolaris oryzae, Curvularia lunata,
Penicillium sp. Alternaria tenuissima, Magnaporthe
oryzae, Sarocladium oryzae, Acremoniella, Dreschlera
and Tilletia barclyana) were identified. Among these
pathogens, Fusarium moniliforme, Curvularia lunata,
Bipolaris oryzae Aspergillus sp were pre-dominant on
all tested local races of rice. Maipuam showed better
performance in seed germination (91.36%) and
seedling vigour index (1291) whereas the least
germination (48.15%) and vigour index (48.95) was
observed in Idaw (the most popular jhum rice of
Mizoram).

Fig 8 Distinct morphological characteristic of local
maize germplasm of Mizoram

MAIZE

Performance of two maize varieties under different
land configurations
Two maize varieties were evaluated for their yield
potential under three land configurations (Table 10).
HQPM 1 was recorded the highest grain yield than
RCM 76 in all three land configurations. Among these
land configurations, ridge and furrow performed
significantly better and produced the highest yield.

Evaluation of local maize germplasms of Mizoram
Mizoram’s land race maize is classified into three
categories based on uses and taste, like Puakzo (small
cob, popcorn), Mimban (small cob, sweet and starchy)
and Mimpui (big cob, roasted and feed) (Fig 8). Sixty
seven jhum land races of maize along with DMH 849
(hybrid) were collected from different parts of
Mizoram and evaluated for response to low
temperature in various agro-morphological
characteristic during rabi 2013-14. Puakzo (MZM 3
and MZM 50), Mimpui (MZM 57, MZM 22 and MZM
68) and Mimban (MZM 23 and MZM 53) lines were
recorded as short duration (120 days) for days to 50%
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GREEN GRAM
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Performance of green gram varieties after maize
cultivation
Twelve green gram varieties from Tripura Centre
were evaluated for their production potential under
Mizoram conditions (Table 11). TRCM 1-8-3 was the
tallest plant (61.67 cm). More number of pods (21.33/
plant) was recorded with line TRCM 2-3-5 and was at
par with TRCM 2-2-1 (21.07/plant) and TRCM 1-8-3

Performance of mustard genotypes after maize
crop
Seven mustard varieties were evaluated for their
production potential after harvest of kharif maize crop.
The data presented in table 13 revealed that no of
branches per plant (6.2) were recorded significantly
higher than Pusa mustard 27 which was at par with
Pusa mustard 26 (5.8). The variety, Pusa mustard 25
recorded maximum plant height (160.5 cm), no. of
pods/plant (139.6) and grain yield (1310 kg /ha) which
was significantly superior to rest of the varieties.

(20.93/plant). The highest grain yield of 706 kg /ha
was observed in TRCM 7-2-4 which was at par with
TRCM 1-7-60 (685 kg/ha).
Table 10 Performance of maize under different land
configuration
Land configurations

Broad bed furrow
Ridge and furrow
Line sowing
CD (P=0.05)

Yield (t/ha)
RCM 76

HQPM 1

3.42
3.85
3.15
0.05

3.48
4.54
3.45
0.08

Table 13 Evaluation of different mustard cultivars
after maize crop

Table 11 Performance of green gram varieties after
maize cultivation
Varieties
TRCM 7-2-4
TRCM 1-7-60
TRCM 2-2-1
TRCM 1-2-5
TRCM 1-8-2
TRCM 2-6-2
TRCM 2-1-3
TRCM 1-8-3
TRCM 8-2-1
TRCM 1-3-3
TRCM 2-3-5
TRCM 6-5-4
SEm±
CD (P=0.05)

Plant h
eight (cm)

No. of
branch

49.07
52.00
45.67
52.13
51.27
44.67
37.67
61.67
50.47
54.13
55.73
54.13
2.73
7.61

5.40
4.87
6.13
7.47
6.40
5.27
4.87
7.13
6.27
5.20
6.60
5.53
0.32
0.89

No. of pods Yield
/ plant
(kg /ha)

Varieties

13.73
14.33
21.07
16.87
16.47
14.13
11.27
20.93
12.47
13.33
21.33
17.07
1.15
3.22

PusaAgrani 7
Pusa Mustard 27
Pusa Mustard 25
Pusa Mustard 28
Pusa Barak 5
Pusa Mustard 26
Pusa Mustard 6
SEd
CD (P = 0.05)

706
685
448
338
295
576
486
553
555
548
611
616
29
80

Plant
height
(cm)

No. of
branch

No. of
pods
/plant

Yield
(kg /ha)

142.0
139.9
160.5
135.7
145.0
128.8
129.5
4.9
14.7

3.8
6.2
4.4
5.1
4.7
5.9
5.7
0.1
0.4

82.1
97.6
139.6
90.5
95.1
82.6
82.5
0.4
1.1

580
370
1310
360
370
630
420
50
140

MUSTARD

Zero tillage of rapeseed-mustard under lowland
rice fallow
Three rapeseed-mustard varieties (M 27, NPJ 113
and P 27) were evaluated in farmer’s field and ICAR
farm under zero tillage conditions (Figs 11a & b). The
varieties were planted in the rice fallow covering 20
ha area to utilize available soil moisture and crop
residues. Various growth parameters like length of
shoot (cm), number of primary and secondary branches
/ plant, length of siliquae (cm) and yield attributes
characters like number of grains / siliquae (g), test
weight of grains (g), total grain yield (t/ha) were
recorded. Among the varieties, NPJ-113 recorded a
significant higher grain yield in tune of (1.09 t /ha),
followed by M 27 (0.94 t /ha) and P 27 (0.824 t /ha) as
compared local variety (0.432 t /ha) (Table 14).

Performance of mustard cultivars after maize crop
Two mustard cultivars were evaluated for their yield
potential after maize crop under Mizoram climatic
conditions. Among them, cv. P 28 recorded more plant
height (1.404 m), no. of big branches (6.0), no. of small
branches (14.6), no. of pods (252.6/ plant), seed weight
(8.181 g/plant), 1000 seed weight (0.223 g) and yield
(1060 kg /ha) as compared to cv. NPJ 112 (920 kg /ha)
(Table 12).

Table 12 Evaluation of different mustard cultivars for their yield potential after maize crop
Varieties

Plant height
(m)

No. of big
branches

No. of small
branches

NPJ 112
P28

1.035
1.404

4.4
6.0

11.6
14.6
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No. of pods
/ plant
159.1
252.6

135

Seed weight
/ plant (g)

1000 seed
weight (g)

Yield
(kg /ha)

6.109
8.181

0.186
0.223

920
1060

Table 14 Performance of mustard cultivars under zero tillage in lowland rice fallow
Varieties

Plant height
(cm)*

NPJ 113
P 27
M 27
Local

132.0
102.3
98.6
89.3

Nos. of 1o
branch/
plant*
6.3
5.6
5.4
4.9

Nos. of 2o
branch
/ plant*

Length of
siliquae
(cm)*

15.6
10.6
15.3
17.3

5.9
4.6
6.3
5.0

Nos. of grain/
siliquae*
17.2
15.1
18.7
13.5

Test weight
(g)*

Yield
(kg /ha)

3.4
2.8
3.0
2.6

1.090
0.824
0.941
0.432

Mean of 20 samples were recorded

Block-II panicles. The data trend shows that plant
density had a direct correlation with vegetative growth
and flowering. Plants were deblossomed soon after
recording data to avoid loss of vigor in the plants. No
incidences of major pest and diseases were recorded.

FRUITS
MANGO
Canopy management of mango (Mangifera indica
cv. Amrapali) under humid sub tropics
Treatments consisted of three spacing arrangements
of plants 2.5×2.5 m, 3×2.5 m and 2.5×1.5 m
accommodating plant densities: 100 (control), 1600,
1333 and 2666 plants / hectare, respectively. After one
and half year of growth, data /pertaining to vegetative
growth and flowering were recorded (Table 15 and
Fig 10). The plant height difference was non-significant
among three densities. Both Block-I (2.5×2.5m) and
Block-II (3×2.5m) recorded significantly greater trunk
diameter than Block-III (2.5×1.5m). Similarly, both
Block-Iand Block-II recorded significantly higher
canopy diameter than Block-III. Block-II recorded
significantly higher number of leaves than both BlockI and Block-III. Both Block-I and Block-II recorded
significantly higher number of panicles/plant than
Block-III, whereas there was no significant difference
in panicle length among all the three blocks. In BlockIII, panicles recorded significantly more percentage
of male flowers than Block-I and Block-II,
contrastingly, Block-III panicles recorded significantly
less percentage of female flowers than Block-I and

VEGETABLES
EGG PLANT
Seasonal abundance of insect pests of eggplant
Flea beetle was found more during 3rd week of
February (10.67/5 plants) followed by 2nd week of
January (9.00/5 plants). Leaf folder, aphids, hadda
beetle, pentatomid bug, shoot and fruit borer, ash
weevil and looperwere found more during 1st week of
March (1.00/5 plants), last week of March (24.67/5
plants), 1st week of December (4.83/5 plants), last week
of February (12.67/5 plants), 3rd week of January (0.67/
5 plants), 1st week of February (0.67/5 plants), 3rd week
of March (0.33/5 plants). Jassid was found more during
3rd week of December, last week of January and 1st
week of February (1.67/5 plants). Grass hopper was
found more during 1st week of January and 1st week of
February (1.67/5 plants). Hairy caterpillar was found
more during 3rd week of December and 1st week of
January (1.33/ plants). Cow bug was found more during
last week of December (2.33/ plants).

Table 15 Vegetative growth and flowering of high density planted mango cv. Amrapali
Block/
Plant
Spacing (m) height
(cm)

Trunk
diameter
(mm)

Block-I
(2.5x2.5m)
Block-II
(3x2.5m)
Block-III
(2.5x1.5m)
SEm±
CD (P=0.05)

98.6±13.9

No. of
leaves

No. of
panicles
/ plant

Panicle
length

Flowering
(%)

Male
flower
(%)

Female
flower
(%)

21.07±3.7 54.4±5.7

49.8±2.4

2.6±0.5

15.4±1.5

17.9±0.6

35.18±1.5

64.81±1.5

87.8±7.5

19.2±4.4

69.2±4.8

90±3.1

2.6±0.4

14.9±1.3

15.8±0.7

33.3±1.0

66.7±1.0

85.8±9.1

14.9±2.1

45.8±2.3

40.2±1.6

1.6±0.2

15.3±2.0

9.3±1.5

37.9±0.5

62.0±0.5

7.36
ns

1.89
3.96

5.36
15.28

12.35
30.15

0.25
0.59

0.94
2.01

0.55
1.53

0.53
1.47

0.53
1.47
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Seasonal abundance of natural enemies in eggplant
ecosystem
Coccinellids were found more during last week of
February (24.67/5 plants) followed by 2nd week of
February (15.33/5 plants). Syrphid fly was found more
during 1st and last week of February (0.67/5 plants)
followed by last week of January (0.33/5 plants).
Spider was found during 3rd and last week of January
(2.67/5 plants) followed by 1st week of January (1.33/
5 plants).

FRENCH BEAN

Screening of eggplant cultivars against insect pests
of eggplant
Cultivar PK123 recorded the highest flea beetle
(6.25/5 plants), pentatomid bug (5.25/5 plants), shoot
and fruit borer (0.13/5 plants) and cow bug (1.06/5
plants). Cultivar Anamika recorded the highest coreid
bug (0.75 / 5 plants), jassid (0.81 / 5 plants), whitefly
(0.79/5 plants) and grasshopper (1.94/5 plants).
Cultivar Kanhaiya recorded the highest aphids (8.38/
5 leaves), leaf folder (0.31/5 plants) and hadda beetle
(0.31/ 5 plants).

Diverse seed morphological characteristics of
French bean landraces
Twenty eight landraces of pole-type French bean
were collected from different districts of Mizoram
during Aug-Sept, 2013 (Fig 11). Seeds were multiplied
and evaluated for qualitative and quantitative traits
during Sept, 2013. Among the seed qualitative traits,
the genotypes varied greatly for seed size, seed colour,
100-seed weight and seed shape. Genotypes MZFB
84 (Dark blue), MZFB 92 (Purple) and MZFB 100
(Orange) showed unique seed colour. Majority of the
landraces showed either cuboid or kidney shaped seeds
except MZFB 82 and MZFB 93 (Truncate fastigiate).
All the genotypes are consumed locally for seeds and
pods. The collected germplasm are under mass
multiplication and will be deposited in the National
Gene Bank, NBPGR for the long-term conservation.
Morphological diversity of pole-type vegetable
French bean landraces in Mizoram
Two French bean lines MZFB 45 and MZFB 48
have been identified which are high yielding,

Fig 11 Different shape and colour pattern of French bean seed
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insects. For whitefly cultivars Rare Ball, GA and BC
90 were free from insects. For leaf folder cultivars Rare
Ball, GA and BC 90 were free from insects.

anthocyanin rich, and field tolerant to water deficit
stress (Fig 12). The yield / plant recorded for MZFB
45 and MZFB 48 were 315.25 g/plant and 290 g/plant
respectively. Also pod length recorded for the two
genotypes were 19.65 cm (MZFB 45) and 20.20 cm
(MZFB 45).

A

CAULIFLOWER
INSECT PESTS

B

Screening of cauliflower cultivars against major
insect pests
For cabbage butterfly cultivar, White Contessa had
the highest insects, while Snow Heart had fewest
insects (Fig 13). For grasshopper cultivar, Pusa Kartic
Sankar had the highest insects. For crucifer flea beetle
cultivars Snow Heart and Candid Charm had the
highest insects whereas all other three were found to
be free from insects. For green peach aphids cultivar,
Snow Heart had the highest insects, while Pusa Kartic
Sankar had fewest insects. For head borer cultivars
Snow Heart, White Contessa and Candid Charm had
highest insects, whereas Pusa Kartic Sankar and White
Flash were free from insects. For DBM cultivar
PusaKarticSankar had among the highest insects,
whereas White Flash was found to be free from insects.
For hairy caterpillar cultivars Snow Heart, White
Contessa, Candid Charm and White Flash were found
to be free from insects. For leaf miner cultivar
PusaKarticSankar had among the highest insects,
Candid Charm and White Flash were found to be free
from insects. For jassids cultivars White Contessa,
PusaKarticSankar and Candid Charm were found to
be free from insects. For cow bug cultivars Snow Heart,
PusaKarticSankar, Candid Charm and White Flash
were found to be free from insects. For leaf folder
cultivars Snow Heart, Pusa Kartic Sankar, Candid
Charm and White Flash were found to be free from
insects.

C

D

Fig 12 French bean lines MZFB 45 (A and B) and
MZFB-48 (C and D)

CABBAGE
INSECT PESTS
Screening of cabbage cultivars against major insect
pests
A study was carried out to investigate the
susceptibility of cabbage cultivars to insect pests under
field conditions. For cabbage butterfly cultivars, BC
90 and BC 76 had among the highest insects, while cv.
GA had among fewest insects (Table 6). For green
peach aphidscultivars, BC 76 had among the highest
insects, whereas all three cultivars were free from green
aphids. For crucifer flea beetle cultivars Rare Ball and
BC 76 were found to be free from insects. For striped
flea beetle cultivars Rare Ball, GA and BC 90 were
found to be free from insects. For DBM cultivar GA
was free from insects. For leaf miner cultivars Rare
Ball, GA and BC 90 were free from insects. For jassids
cultivars GA and BC 90 were free from insects. For
Spodoptera cultivars Rare Ball, GA and BC 76 were
free from insects. For hairy caterpillar cultivars Rare
Ball and GA were free from insects. For grasshopper
cultivar BC 90 was free from insects. For bagworm
cultivars Rare Ball, GA and BC 76 were free from
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Fig 13 Screening of cauliflower cultivars against insect
pests

BROCCOLI
Performance of broccoli cultivars
Two broccoli cultivars were evaluated for their yield
potential under Mizoram climatic conditions. Among
them, cv. Improved Aishwarya gave more curd weight
(0.652 kg) and also produced the highest yield (15.14
t/ha) as compared to cv. Harumi 188 which recorded
less curd weight (0.617 kg) and the yield (13.97 t/ha).
INSECT PESTS
Screening of broccoli cultivars against major insect
pests
A study was carried out to investigate the
susceptibility of broccoli cultivars to insect pests under
field conditions. For cabbage butterfly cultivar, Harumi
had the highest insects, while Improved Aishwarya had
fewest insects. For flea beetle cultivar, Improved
Aishwarya had the highest insects, while Harumi 188
had fewest insects. For painted bug cultivar Improved
Aishwarya had the highest insects whereas Harumi 188
was found to be free from insects. For green peach
aphids cultivar, Harumi 188 had the highest insects,
while Improved Aishwarya had fewest insects. For
head borer cultivar Harumi 188 had the highest insects,
whereas Improved Aishwarya was found to be free
from insects. For jassids cultivar Improved Aishwarya
had the highest insects, whereas Harumi 188 was found
to be free from insects. For leaf miner cultivar Harumi
188 had the highest insects, while Improved Aishwarya
had fewest insects. For Spodoptera cultivar Harumi
188 had the highest insects, while Improved Aishwarya
had among fewest insects. For green semilooper
cultivar Improved Aishwarya had the highest insects,
while Harumi 188 was found to be free from insects.
For grasshopper cultivar Harumi 188 had the highest
insects, while Improved Aishwarya had fewest insects.
For cow bug cultivar Harumi 188 had the highest
insects, while Improved Aishwarya was found to be
free from insects.
KNOL-KHOL
INSECT PESTS
Screening of knol-khol cultivars against major
insect pests
For cabbage butterfly cultivar, Malik had the
highest insects, while Winner had the fewest insects
(Fig 14). For crucifer flea beetle cultivar, Winner had
the highest insects, while Malik was free from insects.
For striped flea beetle cultivars Malik and Winner were
ANNUAL REPORT 2013-14

Fig 14 Screening of knol-khol cultivars against insect
pests

free from insects. For green aphids cultivar, Quick Star
had the highest insects, while Winner had the fewest
insects. For mustard aphids cultivars Malik and Quick
Star were found to be free from insects. For DBM
cultivars Malik and Quick Star were found to be free
from insects. For green semilooper cultivars Winner
and Quick Star were found to be free from insects. For
painted bug cultivars Malik and Quick Star were found
to be free from insects. For leaf miner cultivars Malik
and Winner were found to be free from insects. For
grasshopper cultivar Quick Star had among the highest
insects, while Malik had among the fewest insects.
Natural enemies’ populations in knol-khol
For coccinellid cultivar Quick Star had among the
highest numbers. For preying mantis cultivar Malik
had among the highest number. For spider cultivars
Winner and Quick Star had the highest numbers,
whereas Malik had the fewest numbers. Cultivar Quick
Star recorded the highest number of Cotesiaparasitoids
BIRD’S EYE CHILLI
Effects of priming on germination and seedling
vigour of bird’s eye chilli (Capsicum frutescens L.)
seeds collected from eastern Himalayan region of
India.
A study was conducted to find out the efficacy of
organic and inorganic priming on germination and
seedling vigour of bird’s eye chilli (Capsicum
frutescens L.) seeds collected from Mizoram (Fig 15).
Results showed that, all studied traits were affected
by priming treatments and there was significant
difference (P=0.05) in germination percentage between
primed and non primed seeds. Among all priming
treatments, 1% KNO3 (39.68 % higher) recorded the
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highest germination percentage as compared to non
primed control. Other best treatments recorded were
2% KH2PO4 (37.50 % higher than control) followed
by 200g/Kg seed neem leaf powder (NLP) (35.12 %
higher than control) and 3% KNO3 (35.12 % higher
than control). In addition to this, 200g/kg seed NLP
treatment recorded higher seedling vigour (560.33) and
lowest mean germination time (13.53 days), while
control recorded the lowest seedling vigour index
(186.33) and maximum mean germination time (21.63
days). Also, NLP significantly enhanced the seedling
morphological traits in nursery by creating more
chances of survival upon transplanting. From the study
it was concluded that, seed treatment with NLP is
essential for pre and post storage treatment of seeds,
as it maintained seed viability and seedling vigour
optimally among all other treatments.
A

B
Fig 16 Diversity of fruit shape, size and colour

Fig 15 Seed sprouting bird’s eye chilli after priming with
A: Water (showing incidence of fungal attack and less
germination) and B: Neem leaf powder (showing higher
germination)

exhibited slightly corrugated (38%), intermediate
(50%) and corrugated (12%) shape. These data suggest
the variability for fruit characteristics within this
germplasm collection which is considerable and is
sufficient to provide the basis for the improvement of
the crop.

Characterization of indigenous Bird’s eye chilli
(Capsicum frutescensL.) of Mizoram
A survey was conducted during 2013-14 in all the
districts of Mizoram to collect wide diversity of Bird’s
eye chilli in the state (Fig 16). During the survey, 70
Bird’s eye chilli accessions were collected. In total,
from Kolazib, Aizawal, Serrchip, Lunglei, Lawngtlai,
Siaha, Champhai and Mamit 12, 7, 9, 11, 13, 6, 8 and
4 Bird’s eye chilli genotyeps, respectively were
collected.
Amongst all, 67% of population was green, 27%
were orange and 6% were yellow at immature stage
(Fig 17). Fruit cross-sectional corrugation included
elongated (58%), triangular (32%) and campanulate
(10%). Fruit length was categorized into 1-2 cm (6%),
2-4 cm (46%), 4-6 cm (24%) and more than 6 cm (24%)
groups. Average fruit weight was classified into 0-0.5
g (27%), 0.5-1 g (18%), 1-1.5 g (18%) and more than
1.5 g (37%). Fruit shape included pointed (79%), blunt
(16%) and sunken (5%). Also, fruit cross-section

Varietal evaluation of chilli
Among the six cultivars were evaluated cv. Angel
recorded maximum fresh fruit yield (0.501 g/picking)
followed by Daiya (0.377 g/picking) and Laser (0.303
g/picking).
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Varietal evaluation
Two cultivars were evaluated for their yield
potential under Mizoram climatic conditions (Fig 17).
The results revealed that cv. Indra recorded the highest

Fig 17 Performance of capsicum under open field
conditions

total fresh fruit yield (3.190 g) as compared to Picador
(0.998 g).
WILD CORIANDER
DISEASES

ha (@ `15000/t) for Colocasia. Similarly Elephant foot
yam (cv. Gajendra) recorded a yield of 65.23 t/ha in
on farm trial while Yam bean (cv. RM 1) and Yam (cv.
Orissa Elite) recorded yield of 27.5 t/ha and 24.74 t/
ha, respectively (Fig 20).

Powdery mildew (Oidiopsis macrospora) of wild
coriander: a new report from Mizoram
In the winter seasons of 2013, wild coriander
(Eryngium foetidum) growing under shade house and
open conditions, leaves were observed infected with
typical powdery mildew in Mizoram, North eastern
region of India (Fig 18). A dried leaves and flowers
specimen has been
deposited
in
H e r b a r i u m
Cryptogamae Indiae
Orientalis (HCIO),
IARI, New Delhi,
India (HCIO No.
51504) for herbarium
preservation and
identification. Based
Fig 18 Powdery mildew
on the occurrence of
infected wild coriander
the
disease,
morphology and characteristics of endophytic
mycelium, characteristics of asexual stages the
pathogen was identified as O. macrospora. To our
knowledge, this is the first report of O. macrospora
on wild coriander in India.

Fig 20 Production of tuber crops

TURMERIC

TUBER CROPS
The experiment was conducted with 14 entries of
colocasia collected from Garo hills of Meghalaya (Fig
19). Maximum yield was recorded in Thama Shrang
(23.45 t/ha) while lowest was recorded in Thakhiltum
(14.25 t/ha). Maximum plant height was recorded for
Thamachongkham (84.8 cm) while lowest was
recorded for Thombek (43.09 cm).
Cassava variety SreeVijaya was evaluated for yield
potential. Cassava was found to give a good average
yield of 34.5 t/ha in ICAR RC NEH, Mizoram centre
farm while it was 32.75 t/ha in farmers field. Farmers
realized an average income at the rate of ` 4.5 Lakh/

Genotype × environment interaction on quality of
turmeric
The maximum yield was recorded for RCT-1 (30.6
t/ha) and BSR-2 (28.8 t/ha). Moreover, dry matter
content was found to be highest in RCT 1 (21.16%)
and Kedaram (17.06 %). The maximum plant height
was recorded for Rashmi (129.03 cm) and
IISRAllepysu/me (119.6 cm). The incidence of leaf
spot (Colletotrichum curcumae and C. capsici) was
more acute than leaf blotch (Taphrina maculans).
Narendra Haldi 1 and Rajendra Sonia showed tolerance
to leaf spot. Similarly RCT 1, IISR Allepy supreme,
IISR Kedaram, IISR Prathiba, Duggirala, Roma and
Rashmi showed tolerance towards leaf blotch.
GINGER
Genotype × environment interaction on quality of
ginger
Leaf length was highest for Nisapui (Local) (20.4
cm) which was followed by Mahima(17.4cm) and
Surbhi (17.00 cm). The maximum yield was recorded
for Himgiri (16.8 t/ha) followed by Nadia (14.7 t/ha)
and Mahima (13.7 t/ ha). Plant height was highest for
Nisapui (Local) (44.7 cm) followed by Varda (41.8)
and Nadia (39.3).

Fig 19 Colocasia varieties
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DISEASES
Management of soft rot of ginger
The best management technology identified was
hot water treatment at 47 oC for 30 minutes +
Trichoderma viride (500g/25kg FYM mixing in soil
at planting time) +COC (0.3%) with soil applicationneed based) against the soft rot. It was demonstrated
at various locations in Mizoram (Fig 21). The
observations were made on rhizome germination (%),
disease incidence (%) and fresh rhizome yield (t/ha).
The rhizome
germination
ranged 8695% in all
demonstration
areas.
The
least soft rot
incidence
(2.6%) was
observed in
ICAR Farm,
Fig 21 Demonstartion on
management
of soft rot of ginger
followed by
at
Chemphai,
Kolasib
Kawnpui
(5.5%), Chemphai (8.6%). The highest soft rot
incidence was recorded at Khawzawl (10.23%) and
Thingdawl (10.2%). Fresh rhizome yields ranged 8 12 t/ha (Table 16).

infected predominantly by Colletotrichum (65.3%) and
Curvularia (55.6%). The fungi isolated and identified
from oil palm seed are Colletotrichum, Curvularia,
Fusarium and Cercospora (Figs 22-24). The typical
symptoms on infected leaves and plants were initially
formed oily spot and later, turn to dark brown. In
mature oil palm, male flower was found to be infected
with Trichothecium and Fusarium complex and further
study is carrying out to tap potential of the disease
infection in stem and root in Mizoram conditions.

Fig 22 Colletotrichum leaf spot

Fig 23 Curvularia leaf
spot

Table 16 Observations on rhizome germination (%)
and rot incidence (%) against soft rot of ginger on
local cv. Thinglaidum
Demonstration Area
Sites
(ha)

ICAR-farm
Thingdawl
Chemphai
Kawnpui
Khawzawl

Rhizome
germination
(%)*

0.01
0.50
1.00
0.25
0.75

Rhizome
rot
incidence
(%)*

Yield
(t/ha)

2.6
10.2
8.6
5.5
10.23

9
10
12
10
8

89
90
95
96
86

Fig 24 Trichothecium
roseum and Fusarium
infected male flower

MUSHROOM
Evaluation of different strains of Pleurotusspp)
Six species of Pleurotus (P. florida, P. sapidus, P.
flabellalatus, P sajorcarju, P. cornucopiae and P.
djamor) were evaluated under mid-hill conditions of
Mizoram (Fig 25). Among species, P. sajor-caju had
taken the least (20) days in both primordial formation
and first harvesting, beside the highest yield also
recorded 540 g/kg paddy straw as substrates during
July-September, 2013 and followed by P. sapidus (350
g/kg substrate) and P. florida (300 g/kg substrates).

*Means of 100 randomly selected rhizomes

OIL PALM
DISEASES
Diagnosis and detection of nursery oil palm (Elaeis
guineensis) diseases in Mizoram
A comprehensive survey was carried out in oil palm
nurseries of Mizoram to assess the severity and
incidence of different fungal diseases. Nurseries were
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Fig 25 Pleurotus spp in fruiting stage

WOLBACHIA GENES
Amplification of Wolbachia genes in exotic
spiralling whitefly: A new report in India
Among 31 host species assayed, 10 host species
viz., Psidium guajava L., Carica papaya L., Vigna
unguiculata (L.) Walp., Trichosanthes dioica Roxb.,
Millettia pinnata (L.) Panigrahi, Terminalia catappa
L., Acalypha indica L., Manilkara zapota (L.) P.
Royen, Solanum trilobatum L. and Ocimum basilicum
L. were infected by Wolbachia with wsp81 (Fig 26).
Similarly, all seven state populations were infected by
Wolbachia were produced clear bands of amplifications
(Fig 27).

Malladaastur (Banks) and M. boninensis
We combined our data set (two COI sequences)
with 8 other COI sequences of Mallda genus. To
delineate the relationship between our set and other
species in the same genus, gene sequence datasets were
aligned. M. astur has 88 percent full length gene
sequence identity with species of the M. desjardinsi,
whereas M. boninensis has only 44 percent identity
with M. desjardinsi.

Fig 29 COI 1 profiles of A. dis/sus predators analyzed
with COI primer

Chilocorus nigritus (Fabricius)
We combined our data set (one COI sequences) with
11 other COI sequences of Chilocorus genus. To
delineate the relationship between our set and other
species in the same genus, gene sequence datasets were
aligned. It has 98 percent full length gene sequence
identity with species of the Chilocorus renipustulatus
and 89 percent identity with Chilocorus bipustulatus
and unverified Chilocorus spp.

Fig 27Wolbachiainfection status in A. dis/sus on
different host species analyzed with Wolbachia primer
wsp81

Fig 28 Wolbachia infection status in A. dis/sus on
different geographical region of India analyzed with
Wolbachia primer wsp81

AMPLIFICATION OF CYTOCHROME
OXIDASE I GENE FROM PREDATORS
Eleven predators were analyzed with COI primer
(C1J 2183 and L2N 3014). Among 11 predators, only
8 predators viz., Chilocorusnigritus (Fabricius),
Cryptolaemus montrouzieriMuls., Anthacorid,
Mallada astur (Banks), M. boninensis, Pseudaspidem
erustrinotatus(Thunberg), Chryso/la zastrowisillemi
(Esben-Petersen) and Menochilus sexmaculatus Fab.
got amplified by COI primer (Fig 28). A band of
approximately 980bp was obtained from all 8
predators. We sequenced cytochrome oxidase I gene
from A. dis/suspredatorsviz., Chilocorus nigritus
(Fabricius), Mallada astur (Banks), M. boninensis and
Menochilus sexmaculatus Fab.
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Menochilus sexmaculatus Fab.
We combined our data set (one COI sequences) with
5 other COI sequences of Menochilus sexmaculatus.
To delineate the relationship between our set and other
species in the same genus, gene sequence datasets were
aligned. It has more than 98 percent full length gene
sequence identity with all five accession numbers of
M. sexmaculatus (Fig 29).

143

Fig 29 Phyllogenetic analysis of Menochilus
sexmaculatus

GREEN LACEWING, Mallada boninensis
Occurrence, Biology and Predatory Potential of
Mallada boninensis Feeding on Exotic Spiralling
Whitefly - A NEW RECORD IN THE WORLD
It was first reported in the world and that Mallada
boninensis in Mizoram and provide the first report in
preying upon all stages of the spiralling whitefly (Fig
30). Observations on the feeding potential and biology
of M. boninensis on spiralling white fly in world are
reported for the first time. The stage of spiralling white
fly most preferred by M. boninensis was the 2nd instar
and the least preferred was the adult (Table 18). M.
boninensis 3rd instar larvae consumed significantly
more on spiralling white fly individuals than did other

M. boninensis life stages. An average total of 1,426
spiralling white fly individuals were consumed by each
M. boninensis individual during the entire life cycle.
The adult longevity and total developmental /iods of
M.boninensis were 27.6 and 24.1 days, respectively
(Table 19 and Fig 31). The fecundity of M.boninensis
ranged from 180 to 241 eggs /female with an average
of 211 eggs/female. M. boninensis appears to have the
potential for controling spiralling whitefly.

Fig 31 Life cycle of Mallada boninensis

Fig 30 Adult and cocoon of Mallada boninensis

Table 18 Feeding potential of M .boninensis on spiralling whitefly
Stages of
M. boninensis

Number of A. dis/sus consumed by M. boninensis (Mean + standard error)
Eggs

1st instar
2st instar
3rd instar

1st instar

2st instar

3rd instar

4th instars

54.0c ± 0.316 58.0b ± 0.316 57.8c ± 0.490 50.6b ± 0.678 45.0c ± 0.447
77.8b ± 0.663 77.6a ± 0.510 79.2b ± 0.374 78.8a ± 0.374 67.2b ± 0.860
79.8a ± 0.374 78.2a ± 0.583 124.0a ± 0.775 78.6a ± 0.510 79.2a ± 0.374

Range

Egg (days)

3.2 ± 0.63

2.0–4.0

1st instar grub (days)

2.7 ± 0.48

2.0–3.0

2st instar grub (days)

4.6 ± 0.52

4.0–5.0

3 instar grub (days)

4.8 ± 0.42

4.0–5.0

Total grub /iod (days)

12.1 ± 0.57

12.0–13.0

Pre-pupal /iod (days)

1.6 ± 0.52

1.0–2.0

Pupae /iod (days)

7.2 ± 0.63

6.0–8.0

rd

Total development /iod (days) 24.1 ± 0.99

23.0–26.0

Adult longevity (days)

27.6 ± 5.34

18.0–35.0

Fecundity / female (No.)

211.1 ± 20.07

180.0–241.0
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40.2b ± 0.583
78.6a ± 0.748
78.8a ± 0.374

20.8c ± 0.374
62.2b ± 0.800
59.8a ± 0.490

Isolation and identification of organism from
diarrhoeic piglet
A total of 105 diarrhoeic piglet faecal samples were
collected from Aizawl (32 nos.), Kolasib (45 nos.) and
Saiha (28 nos.). Out of these, Escherichia coli strains
were isolated from 102 numbers of faecal samples with
a distribution of 32, 45 and 25 positive samples from
Aizawl, Kolasib and Saiha, respectively. Salmonella
was isolated from two samples collected from Kolasib
only.

Developmental /iod (days)
Average ±
standard
deviation

Adults

PIGS

Table 19 Life cycle parameters of Mallada
boninensis on spiralling whitefly
Life stages

Pupae

Antibiotic sensitivity of isolates
A total of 102 numbers of Escherichia coli strains
isolated from Aizawl, Kolasib and Saiha districts were
subjected to antibiotic sensitivity against piglet
diarrhea (Table 20). Twenty five isolates of Aizawl
144

Table 20 Antibiogram of microorganism isolated from piglet faecal samples
No. of
isolates
Aizawl

32

No. of E. coli strains sensitive to
ENR

NA

G

C

CTX

CX

F

AMP

NOR

25
(78.13)

18
(56.25)

23
(71.88)

12
(37.5)

15
(50)

R

R

R

26

R

R

Kolasib 45

36

28

32

20

Saiha

(80.00)
19
(76.00)

(62.22)
15
(60.00)

(71.11)
17
(68.00)

(53.33) (57.78)
9
13
(36.00) (52.00) R

80

61

72

41

Total

25
102

R

54

AML

SZ

CL

25
R
(78.13)

R

R

R

35

R

14

R

(31.11)
R

R

(77.78)
18
R
(72.00)

R

78

R=Resistant; ENR=Enrofloxacin; NA= Nalidixicacid; NOR=Norfloxacin; F=Nitrofurantoin; CL= Cephalexin; AML=Amoxycillin;
C=Chloramphenicol; AMP=Ampicillin; G=Gentamicin; CX=Cloxacillin; CTX=Cefotaxime; SZ= Sulphomethaxazole

district were equally sensitive to enrofloxacin and
norfloxacin (78.13%), followed by gentamicin,
nalidixic acid, cephotaxime, chloramphenicol and all
the isolates were resistant to antibiotic cloxacillin,
nitrofurantoin, ampicillin, amoxycillin and
sulphomethaxazole. Salmonella organism was
sensitive to enrofloxacin and norfloxacin and resistant
to ampicillin, cephalexin, chloramphenicol, gentamicin
and nitrofurantoin.

Performance of Hampshire cross breed in Mizoram
conditions
The Hampshire cross bred pigs maintained in
Mizoram had better performance than indigenous pigs
(Zovawk). Crossbred had lower age at 1st farrowing
and farrowing interval, higher growth during pre and
post-weaning, higher litter size and weight at birth and
weaning, low mortality during pre and post-weaning
period (6 weeks) (Table 22).

Serological characterization of important viral
diseases of pigs in Mizoram
A total of 67 nos. of serum samples were collected
from suspected pigs of random and organized herd in
Aizawl, Champhai, Kolasib, Lunglei, Serchhip and
Saiha district of Mizoram. These samples were
screened by IdexxPRRSAb ELISA kit (OIE
approved)and 64 samples were found positive for
PRRSV, whereas indirect ELISA showed 58 samples
were found to be positive for PCV and 40 samples
were found positive for PPV (Table 21).

Table 22 Profile status of Crossbred performance
in ICAR Mizoram centre

Table 21 Serological characterization of important
viral diseases of pigs
District

No. of
samples

PCV+

PPV+

PRRSV+

Aizawl

20

16

14

20

Champhai

11

10

04

11

Kolasib

03

02

Nil

Nil

Lunglei

24

22

18

24

Serchhip

07

06

04

07

Saiha

02

02

Nil

02

Total

67

58

40

64
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No. of
farrowing
per dam
(Average)

Average Body weight (kg)
litter size
at birth
At
At
birth
weaning
(6 week)

2

8-12

1.5-2.5

8-12kg

Mortality
(%)

5.0

POULTRY
The optimum growth rate, body weight gain, age
at sexual maturity was desirable and acceptable within
the range when the body weight was considered. But
due to certain diseases like coccidiosis, the mortality
rate enhanced. Mortality rate was reduced by specific
treatment with amprolium (anti-cox) along with
Ambiplex. The incubator (2700 capacity) was
successfully run in producing the next generation of
chicks i.e. batch wise. The performance of Vanaraja
eggs production and hatchability is presented in Table
23.
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Table 23 Performance of Vanaraja eggs production
and hatchability %
Total no.
of eggs

No. of
setting loses

5912

1301

No. of chicks
hatched
4611

Table 25 Economics of fish–piggery based
integrated farming system at Koalsib

Hatchability
(%)

Activities and
Component
distributed

Intro- Units Remarks
duced
year

77.99

CATTLE
Incidence of diseases/ailments
There was an outbreak of Anaplasmosis, Babesiosis
and Theileriosis during the month of April. Fifteen
adult cattle were affected by Babesia and Anaplasma
mixed infection and two adult cattle were affected by
Theileria. The animals were treated with Berenil
(diminazeneaceturate) @ 10ml/100 kg body weight
along with Oxytetracycline (long acting) @ 10ml/100
kg body weight. Oxytetracycline has little therapeutic
effect when administered after development of disease;
it inhibits development of the parasite when given at
the outset of infection. For elimination of the carrier
state 2 injections of oxytetracycline (long-acting) were
administered @ 10ml/100 kg body weight with a 1
week interval. Flumethrin was used for the acaricidal
treatment. Effectiveness and mortality rate of the
treatment is shown in Table 24.

1.

De-silting of
2013
existing pond (areas)

2.

Piglet (1:1)

2012

Fish Fingerling
2013
(species)
Common carp
Rohu
Catla
Silver
4. Vegetable seed
2012
Curcurbits (Pumpkin,
Cucumber, gourd)
Legume
(French bean, cowpea)

300m2 Retain water in
winter season and
cultivate Rabi crop
2
Delivered 9 piglet
and 8 sold out @ `
4000/-

3.

150
Still young
150
150
150
150 g Earn income from
each seasonal vegetables
` 20000.00/annum
500 g
each

Table 24 Incidence of diseases/ailments in the herd
(2013-2014)
Disease/Ailment

Babesia and
Anaplasma
`mixed infection
Theileria

No. of
incidence

Recovery/
response to
treatment
(%)

Mortality
(%)

15

73.33

26.67

50

50

2

Repeat Breeding

4

80

0

Calf Scour

1

100

0

Mastitis

1

100

0

Fig 32 Composite fish fingerling distribution

INTEGRATED FARMING SYSTEM (IFS)
APPROACHES IN MIZORAM
Demonstrated and popularized the integrated
farming system to the farmers of Mizoram (Fig 3233). Economics of IFS is depicted in the Table 25.
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Fig 33 Fish-piggery-horti based integrated farming
system at Kolasib

Jhum Improvement
Four interventions were made to improve the jhum
areas (10 ha) in Mizoram. Among them, banana +
ginger integration gave the highest BCR (1:1.98)
followed by HQPM maize + spine gourd integration
(1:1.98) and HQPM maize + colacassia integration
(1:1.72) as compared to traditional mixed cropping
system (1:1.44) (Table 26).
Table 26 Economics of Jhum improvement land use
systems
Intervention made

Area
(ha)

Benefit
cost ratio

Banana + ginger integration
HQPM maize + spine gourd integration
HQPM maize + colacassia integration
HQPM maize + pumpkin integration
Traditional mixed cropping system

0.50
0.75
0.50
1.00
1.00

1:2.23
1:1.98
1:1.72
1:1.69
1:1.44

very less resources to get a decent earning to run his
family of four members (Fig 35). He was selected as
one of the strawberry beneficiaries of NAIP in the area.
After getting all the technical inputs, Jonathan is getting
a bum/ crop. He is packing the strawberry fruits in
250g punnets and selling them at ` 50/punnet to the
middle man. He is also selling directly in Saiha market
at ` 500-600/kg. The produce mostly marketed in
Aizawl and Champhai districts of the state. He is
earning ` 3.5-4.0 lakhs / annum from one hectare of
area. After realizing the success of Jonathan and other
beneficiaries, thirty Jhum farmers in the area got
motivated and have diverted from jhuming to
strawberry cultivation in small scale. Thus, the
interventions have decreased the dependence of
farmers on jhuming and also improved the standard of
living, livelihood and socioeconomic status of the
villagers.

WATER HARVESTING STRUCTURE
In situ demonstration of water harvesting structure
(Jalkund) during 2013-2014
Twenty two water harvesting structures (Jalkhund)
with a capacity of 30,000 litres were constructed in 22
farmers’ field at different districts of Mizoram (Fig
34). Among them, twelve water harvesting structures
were used for cultivation of Rabi vegetable crops like
tomato, chilli, cole crops, etc. and ten water harvesting
structures were used for cultivation of strawberry. The
harvested water from each Jalkhund was utilized 800m2
area for the cultivation of above mentioned crops.
Success Story 1: Strawberry cultivation improves
livelihood of jhumias in Saiha district of Mizoram
under NAIP
Mr. Jonathan (Age 28) is a young farmer of the
village Km Sawm (VC-III) of Saiha district. He had

Sethawn

Fig 35 Strawberry cultivation in Saiha district of
Mizoram

Success Story 2: Rearing Pigs under NAIP
Mr. N. Beizachi
received 1 female and
1 male piglet of
Hampshire cross breed
from ICAR, Mizoram
Centre, Kolasib (Fig
36). The female piglets
distributed gave birth
to 10 piglets of 7
Fig 36 Mr. N. Beizachi, a
female and 3 male in
beneficiary farmer with
first farrowing. After

Venghthar

piglets

Bikhwathlir

Fig 34 In situ demonstration of water harvesting structure (Jalkund) at Kolasib

ANNUAL REPORT 2013-14

147

knowing the benefits of rearing superior breed of pig,
Pu N. Chilua (Theiri Village) bought 2 female and 1
male piglets, Pu M. Khatlua (Theiri Village) bought 2
female and PuBeizakhaw (Theiva Village) bought 1
female and 1 male piglets @ ` 3000 / piglet. The
remaining 2 female piglets were kept for breeding
purpose and 1 male for fattening purpose. An income
of ` 21,000 has been generated by the beneficiary
besides having the total stock of 1 sow, 1 breeding
boar, 2 female piglets and 1 male piglet.

were produced at the time of 1 st farrowing. Piglets
were sold at the rate of ` 3500 each. On the next
farrowing, nine piglets (5M + 4F) were produced.
Eight piglets were sold at the rate of ` 4000 / piglet,
one female was kept for breeding purposes. The
farmer earned ` 80,000 / annum.
Success Story 6: Zero tillage of rapeseed-mustard
under lowland fallow
Zero tillage is an alternative to reconcile agriculture
with its environment and overcome the imposed
constraints of climate change and continuous inputs
cost. It will increase the cropping intensity and also
the income of the farmers of Mizoram. As zero tillage
of mustard do not required critical inputs. Zero tillage
of rapeseed-mustard using M 27 variety was
demonstrated in the 20 ha area covering 60 farmers
under lowland rice fallow at Kolasib and Champhai
districts of Mizoram (Fig 38). The average yield of
zero tillage mustard variety M 27 was 8.50 q/ha .The
highest yield was recorded at Kolasib (9.75 q/ha) as
compared to Champhai (7.25 q/ha). The farmer net
income increased up to ` 20,000 / ha.

Success Story 3: Maize for food security vis-à-vis
jhum improvement: a boon for jhumias of Mizoram
under NAIP
Mr. Zongaiha (35 yrs) of Ni-awhtlang village is
growing maize since from inception of the project. He
started the cultivation of the hybrid (HQPM) and
composite var. RCM 76 maize as a part of jhum
improvement covering an area of 2.5 ha. The excess
products are left for conversion to animal feed. The
HQPM like DMH 897 and RCM 76 have been tried
and gave very good yield i.e. 41q/ha and 32 q/ha against
available local variety (15 q/ha) (Table 27). The
potential of hybrid maize and their convertibility to
animal feed, a feed mill has already installed at project
site.
Success Story 4: Demonstration of Pig management
under NICRA
Mr. H. Vanlaldawla H/O Mrs.Mawiteii (57), a
farmer of Hmarveng village, Kolasib district of
Mizoram
was
selected as one of the
pig beneficiaries
under the NICRA
Project. He started
rearing the pig with 1
each male and female
(Fig 37. Twelve
Fig 37 Demonstration on
piglets (7F + 5M)
scientific pig rearing

Fig 38 Demonstration on zero tillage of rapeseedmustard under lowland rice fallow at Kolasib and
Champhai districts of Mizoram under TSP

PRODUCTION OF QUALITY SEEDS AND
SEEDLINGS
Seeds and seedling materials were produced at
ICAR, Mizoram Centre, Kolasib and distributed to the
farmers of Mizoram during 2013-2014 (Table 28 and
Fig 39).

Table 27 Yield /formance of improve and local maize
Variety

Areas
covered (ha)

HQPM
RCM 76
Mixed cropping*
Local (before)
Total
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0.75
1.25
0.25
0.25
2.25

Yield
(q/ha)
37.9
28.7
23.5
10.2
100.3

Price/cob
(`)
15-20
15-20
15-20
15-20
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Cost of
cultivation (`)
20000
15000
18000
15000

Gross return
(`)
75000
42000
50500
20500

Net income/
season(`)
55000
27000
32500
5500

Table 28 Seeds and seedling materials produced at
ICAR, Mizoram Cente, Kolasib during 2013-2014
Crop

Quantity

Khasi mandarin seedling
Passion fruit
Banana suckers
Tomato seeds (kg)
Tomato seedlings
Broccoli seedlings
Cabbage
Cauliflower
Capsicum
Turmeric (q)
Ginger (q)
Maize (q)

2500 Nos.
20000 Nos.
2000 Nos.
4.0
2000
2000
2000
2000
1000
10.0
10.0
5.00

TRAINING PROGRAMMES ORGANIZED
●
Total 11 trainings were conducted benefiting 615
farmers at different districts of Mizoram.
●
Four mass vaccination and free clinic programmes
were conducted under NICRA at different places
of Mizoram

●
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One field day was organized, where 105 farmers
participated from different districts of Mizoram

Fig 39 Glimpses of various training programmes
organized under NICRA and TSP
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Revenue Generated
A sum of ` 25,17,500 was generated as farm
revenue during year 2013-14.

(considering precipitation of more than 2.5mm).
Highest amount of rainfall in a single day was recorded
on 9th May (115.4mm) which was followed by 2nd
August (99.6mm). Mean monthly wind speed ranged
from 0.378 kmph (Dec) to 5.769 kmph (Apr). Highest
mean wind speed of 42.542 kmph in a single day was
recorded on 31st March. Soil temperature showed an
increasing trend along with the depth. Highest total
monthly evaporation was recorded in the month of
April (105.9mm) and lowest in the month of December
(46.5mm). From November to March, evaporation
exceeds rainfall indicating a period of water deficit.
Weather data are presented in table 1 and graphically
in figures 1-4.

NAGALAND CENTRE
WEATHER REPORT
During April 2013 to March 2014 at Jharnapani
the maximum and minimum air temperature varied
from 23.4 0 C to 32.5 0 C and 9.6 0 C to 25.5 0 C,
respectively. Highest maximum temperature recorded
for a single day was 35.7 0C on 13th June, whereas the
lowest minimum temperature of 5.10C was on 1st
February. During 2013-14, June to October showed
the highest RH (above 80%). The highest maximum
RH (84 %) was recorded in August and the lowest RH
(71%) was in December. Total rainfall received was
1670.70 mm. Total rainy days were 99 days

Table 1 Average monthly weather data of Jharnapani, Nagaland (the mean values are given in parentheses
with bold letters)

Fig 1 Monthly total rainfall and evaporation

Fig 2 Monthly mean of max. & min. temperatures

Fig 3 Monthly mean soil temperature at morning hours

Fig 4 Monthly mean soil temperature at morning hours
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CROP SCIENCE
Rice
Varietal evaluation trials on lowland paddy
Nine varieties of lowland paddy were evaluated for
yield potential at ICAR farm during kharif season of
2013-14. Data presented in the table 2 revealed that
RCM 9 had the highest growth, yield attributes and
yield followed by IET 16313.
Varietal evaluation trials on upland paddy
Nine paddy varieties were tested at ICAR farm
under upland condition during kharif season of 2013-

14. Among all the upland paddy varieties (Table 3),
RCM-5 followed by Bhalum 1 recorded the highest
yield of 2.98 and 2.90 t ha-1 respectively.
Performance of green gram entries
A total of 15 entries of green gram developed at
ICAR Complex Tripura centre were evaluated for yield
potential during pre-rabi season at ICAR farm. Among
the entries, TRCM 8-2-1 (820.6 kg/ha) recorded the
highest yield (Table 4) followed by TRCM 1-7-6 (770.3
kg/ha).

Table 2 Performance of lowland paddy varieties
Variety

Plant height
(cm)

Tillers/ hill
(No.)

123.55
85.67
85.67
124.67
105.45
141.67
117.89
115.78
124.67

14.34
21.34
22.84
26.78
23.89
19.98
23.34
23.67
24.67

CAUR 1
CAUR 2
CAUR 3
RCM 9
RCM 11
Ranjit
IET 16313
Shasharang
6444 Gold

Panicle length
(cm)
27.34
22.34
22.34
27.34
26.34
29.67
27.17
29.67
26.34

Grains/panicle
(No.)

Grain yield
(t/ha)

182.67
88.34
98.34
134.67
103.89
111.67
124.34
77.34
85.6

4.76
3.36
4.83
5.83
4.76
3.63
5.50
4.73
4.90

Grains/panicle
(No.)

Grain yield
(t/ha)

Table 3 Performance of upland paddy varieties
Variety

Plant height
(cm)

Tillers/ hill
(No.)

Panicle length
(cm)

129.67
98.28
121.23
126.56
92.23
109.23
93.56
96.23
134.11

8.23
7.60
9.78
8.34
11.34
9.98
8.78
9.67
7.34

25.45
22.50
27.11
27.34
21.28
24.45
22.78
21.23
26.23

Lakhomo
Zhakhomo
SARS I
SARS 2
RCM 5
Bhalum 1
Teke
CAU R-2
SARS 5

87.89
82.34
89.56
80.22
93.23
85.45
78.78
75.22
83.12

Fig 5 Performance of green gram entries developed at Tripura centre
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2.21
2.42
2.73
2.64
2.98
2.90
2.11
2.33
2.45

Table 4 Performance of green gram entries
Treatments
TRCM 2-2-1
TRCM 8-2-1
TRCM 7-2-4
TRCM 1-2-5
TRCM 2-3-5
TRCM 1-8-2
TRCM 1-8-3
TRCM 1-7-6
TRCM 1-6-5-4
TRCM 1-3-3
TRCM 2-1-3
TRCM 2-6-2
T 21

Plant height
(cm)
34.23
42.34
43.67
38.56
42.00
41.22
43.45
40.89
40.89
39.45
47.56
37.56
45.67

Branches
/plant (No.)

Pod /plant
(No.)

Seeds/pod
(No.)

30.78
54.78
40.67
35.45
37.34
41.00
49.67
34.89
33.22
45.56
41.00
43.34
29.00

11.23
12.34
11.11
10.67
10.56
10.78
10.34
10.89
11.56
11.78
11.34
10.34
9.56

2.34
2.89
3.11
2.67
2.56
2.67
2.56
2.56
2.67
2.56
3.13
2.56
2.56

Performance of adaptive varietal trial of early
maturing Indian mustard varieties
Ten early maturing Indian mustard varieties
including two local checks (TS 38 and 67) were
evaluated for yield potential during rabi season as
second crop after paddy (Table 5). The maximum yield
of 932.2 and 877.0 kg/ha in Pusa 25 and 831.4 and
818.0 kg/ha in Pusa 26 was recorded over local check
in 1 st (17 th Sept) and 2 nd sowing date (1 st Oct),
respectively.

Seed yield
(kg/ha)
388.9
577.8
422.2
444.4
322.2
388.9
455.6
411.1
466.7
366.7
444.4
388.9
244.4

Straw yield
(kg/ha)
608.9
820.6
582.8
678.9
509.2
629.2
760.0
770.3
757.2
574.4
731.1
522.2
470.0

Natural Resource Management
INM trial on French bean
Field experiment was conducted to assess the
effect of fertility levels, bio-fertilizer and micronutrient
on growth, yield attributes and yield of French bean
cv. Anupama during rabi season of 2013-14
immediately after harvesting of upland paddy.
Significantly higher growth, yield attributes and seed
and green pod yield were recorded in 100% RDF (IN)
(120:60:40 kg NPK/ha) + 25% RDF (ON) over
October treatments. Similarly, combined application
of biofertilizer and micronutrient i.e. PGPR+5 kg Zn /
ha+1.5 kg Mo/ ha recorded significantly higher growth,
yield attributes and seed and green pod yield (Table
6).

Fig 6 Evaluation of early maturing mustard varieties

Table 5 Performance of adaptive varietal trial of early maturing Indian mustard varieties
Varieties

Date of sowing
17.09.2013

Pusa Musturd 25
Pusa Musturd 26
Pusa Musturd 27
Pusa Musturd 28
PusaTarak
Pusa Mahak
Pusa Agrani (check)
TS 38 (LC)
TS 67 (LC)
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1.10.2013

Siliqua
/plant (No.)

Seed yield
(kg/ha)

182.9
164.7
124.7
225.7
144.7
147.1
110.7
129.7
204.8

932.2
831.4
427.5
478.7
503.9
403.0
655.0
755.8
806.2

Siliqua
/ plant (No.)
128.3
117.7
88.7
106.8
93.7
104.7
126.9
232.3
199.3
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15.10.2013

Seed yield
(kg/ha)
877.0
818.0
482.0
409.0
401.0
390.9
403.1
731.4
807.0

Siliqua
/plant (No.)
123.3
110.7
83.3
98.7
92.7
102.3
126.3
120.3
196.3

Seed yield
(kg/ha)
777.9
482.3
400.8
351.9
385.2
345.3
377.9
655.0
806.2

Table 6 Effect of fertility levels, biofertilizer and micronutrient on growth, yield attributes and yield of
French bean
Treatments

Plant
height
(cm)

100% RDF (IN)
100% RDF (ON)
75% RDF (IN) +25% RDF (ON)
100% RDF (IN)+ 25% RDF (ON)
SEM±
LSD (P=0.05)
Control
PGPR
PGPR+5 kg Zn /ha
PGPR+1.5 kg Mo /ha
PGPR+5 kg Zn /ha+1.5 kg Mo /ha
SEM±
LSD (P=0.05)

Branches
/plant
(No.)

45.82b
43.25a
46.25b
49.63c
0.93
3.23
42.41a
44.38b
46.83c
47.59c
49.98d
0.63
1.31

Dry matter
/plant
(g)

10.31b
9.49a
10.97b
11.00c
0.17
0.58
9.70a
10.11b
10.55c
10.64c
11.20d
0.12
0.35

30.60b
26.88a
33.13c
35.00d
0.53
1.83
26.12a
28.29b
29.86c
31.26c
41.26d
0.53
1.52

Pod /plant
(No.)

Seed
yield
(kg/ha)

Green pod
yield
(kg/ha)

20.39b
18.88a
20.26b
23.68c
0.37
1.28
18.00a
19.84b
21.12c
21.81c
23.25d
0.42
1.20

1489b
1276a
1446b
1652c
29.02
100.4
1356a
1419b
1479c
1502.c
1573d
16.04
46.21

3863b
3474a
3859b
4405c
93.51
323.6
3559a
3766b
3984c
3995c
4197d
68.07
196.07

recorded were statistically at par 0.5 t /ha. Application
of 75% RDF (IN) +25%RDF (ON) recorded
significantly higher growth attributes but, yield
attributes and grain yield of maize were recorded at
par with the application of 100% RDF (IN).
Fig 7 Experimental trial on INM in French bean

Effect of mulching, paper mill waste and INM on
baby corn
A field investigation was carried to study the effect
of mulching, paper mill waste and INM on growth and
yield of baby corn in rabi season of 2013-14 after
paddy. The maximum growth, yield attributes in baby
cob and corn were recorded in mulched plot, which
was significantly higher than without mulch plots
(Table 8). Similarly, application of paper mill waste up

Effect of mulching, paper mill waste and INM on
maize (var. RCM 76)
The highest growth, yield attributes and grain yield
(Table 7) were recorded in mulched plot, which was
significantly higher than without mulch plots.
Similarly, application of paper mill waste up to 1.0 t /
ha recorded significantly higher values of all the growth
attributes of maize but, yield attributes and grain yield

Table 7 Effect of mulching, paper mill waste and INM on growth and yield attributes of maize
Treatments
Without mulch
With mulch
SEM+
CD (P=0.05)
Control
PMW@ 0.5t /ha
PMW@1.0t /ha
SEM+
CD (P=0.05)
Control
100% RDF (IN)
100% RDF (ON)
75% RDF + 25% RDF(ON)
SEM+
CD (P=0.05)

Plant height
(cm)

Dry matter
/plant (g)

Cobs /plant
(No.)

Cobs length
(cm)

Grain yield
(kg/ha)

Stover yield
(kg/ha)

172.17a
191.26b
1.77
5.57
169.50a
181.68b
193.96c
2.17
6.83
169.74a
184.06c
177.51b
195.55d
1.90
5.44

134.23a
158.15b
1.57
4.95
130.44a
144.77b
163.37c
1.92
6.07
130.63a
151.75c
145.67b
156.72d
1.64
4.70

1.25a
1.63b
0.02
0.07
1.29a
1.49b
1.54b
0.03
0.09
1.30a
1.49c
1.41b
1.55c
0.02
0.07

13.06a
14.89b
0.32
1.02
11.88a
14.52b
15.52b
0.40
1.25
12.63a
14.61c
13.65b
15.00c
0.34
0.98

2552a
3554b
39
123
2804a
3136b
3219b
48
151
2545a
3369c
2818b
3480c
39.49
113.25

3882a
5407b
64
204
4269a
4767b
4897b
79
250
3880a
5121c
4291b
5286c
64
183

*100% RDF: 120-60-40-20-5 kg NPKS Zn ha-1 and ON: organic nitrogen through farm yard manures
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Table 8 Effect of mulching, paper mill waste and integrated nutrient management on growth and yield of
baby corn
Treatments

Plant height
(cm)

Mulching
Without mulch
With mulch
SEM+
CD (P=0.05)
Paper mill waste
Control
PMW @ 0.5 t /ha
PMW @ 1.0 t /ha
SEM+
CD (P=0.05)
Fertility levels
Control
100% RDF (IN)
75% RDF + 25% RDF(ON)
100% RDF (IN)+25%
RDF(ON)
SEM+
CD (P=0.05)

Green leaves
/plant (No.)

Dry matter
/plant (g)

Baby cobs
/plant (No.)

Baby cob
yield (kg/ha)

Baby corn
yield (kg/ha)

155.37a
171.93b
1.86
5.85

12.62a
15.00b
0.36
1.13

124.83a
147.27b
1.53
4.84

2.10a
2.86b
0.05
0.15

8327a
10685b
126.44
398

1409a
2037b
35
110

154.19a
162.07b
174.68c
2.27
7.16

11.69a
14.08b
15.67c
0.44
1.38

121.31a
134.63b
152.21c
1.88
5.92

2.23a
2.52b
2.68b
0.06
0.18

9002a
9637b
9879b
154
487

1572a
1794b
1803b
42
135

148.39a
165.65b
163.95b
176.60c

12.08a
14.24b
13.55b
15.37c

121.48a
141.13c
135.47b
146.13d

2.17a
2.56b
2.46b
2.72c

8488a
9729b
9431b
10375c

1453a
1773b
1674b
1992c

1.93
5.54

0.37
1.05

1.55
4.43

0.04
0.12

to 1.0 t /ha noticed significantly higher values of all
the growth attributes but, yield attributes and yield of
baby corn was statistically at par with 0.5 t /ha.
Application of 100% RDF (IN) +25% (ON) recorded
significantly higher growth, yield attributes and yield
of baby corn over other treatments.
Response of paper mill waste and INM on growth
and yield of pea after paddy
The highest growth, yield attributes and grain yield
were recorded with var. Azad pea, which was higher
than var. Arkel (Table 9). Application of PMW up to

127
366

37
106

1.0 t /ha recorded significantly higher values of all the
growth parameters but, yield attributes and seed yield
of pea were recorded at par with 0.5 t /ha. Similarly,
application of 100% RDF (IN) +25% RDF (ON)
recorded the similar trend.
Performance of toria varieties under zero tillage
Toria varieties were evaluated under zero tillage
for realization of their yield potential during the rabi
season after harvesting of paddy (Fig 8). The highest
yield (Table 10) was recorded in TS 38 (590 kg/ha).

Table 9 Effect of paper mill waste and INM on growth and yield of late sown pea varieties
Treatments

Plant
height
(cm)

Pods
/plant
(No.)

Pod
length
(cm)

Seeds
/pod
(No.)

Seed
yield
(kg/ha)

Green
pod yield
(kg/ha)

Arkel
Azad pea
SEM+
CD (P=0.05)
Control
PMW @ 0.5 t /ha
PMW @ 1.0 t/ha
SEM+
CD (P=0.05)
100% RDF
100% RDF (ON)
75% RDF + 25% RDF (ON)
100% RDF (IN)+25% RDF(ON)
SEM+
CD (P=0.05)

42.88a
48.01b
0.68
2.15
40.45a
45.48b
50.41c
0.83
2.63
43.88b
41.26a
46.60b
50.06c
0.71
2.02

10.29a
12.21b
0.21
0.66
9.23a
12.11b
12.41b
0.26
0.81
10.96b
9.97a
11.12b
12.95c
0.22
0.62

7.29a
9.21b
0.21
0.66
6.23a
9.11b
9.41b
0.26
0.81
7.96b
6.97a
8.12b
9.95c
0.22
0.62

5.30a
7.52b
0.21
0.60
4.54a
7.41b
7.73b
0.26
0.72
6.27b
5.38a
6.44b
8.56c
0.22
0.52

711.6a
905.0b
21.6
68.1
605.7a
893.2b
926.1b
26.5
83.3
778.5b
679.3a
798.1b
977.4c
22.2
63.6

3156a
3455b
60.0
189
3058a
3409b
3449b
73.4
231.4
3216b
3009a
3351b
3646c
63.2
181.1
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Table 10 Performance of toria varieties under zero tillage
Variety
TS 36
TS 38
TS 67

Plant height
(cm)

Branches /plant
(No.)

66.00
74.67
68.67

Siliqua
/plant (No.)

4.67
5.34
5.67

Siliqua l
ength(cm)

92.78
102.34
99.54

7.50
8.60
9.17

Seeds
/siliqua (No.)

Seed yield
(kg/ha)

9.00
12.67
11.34

460
590
520

Fig 8 Performance of toria varieties under zero tillage

Identification of maize varieties under moisture
stress condition
Field experiment was conducted to assess the
performance of different maize germplam in moisture
stress condition at ICAR Farm during rabi season of
2013-14 under NICRA. Seventeen maize germplasm
(Table 11) were collected from different districts of
Nagaland viz.Longleng, Wokha and Dimapur and sown
on 13th Sept. 2013. Among the germplasm/varieties
tested, VQPM 9 (3800 kg/ha) recorded the highest
yield and Nyakmakonglak (300 kg/ha) recorded the
lowest yield.

Morphological and Biochemical characterization
of selected genotypes of Mucuna pruriens
Thirty one collections of Mucuna pruriens were
evaluated for their growth and yield attributes.
Maximum genotypic coefficient of variation was
observed in yield (69.77%) followed by number of
clusters per plant (54.78%), and inflorescence length
(47.18%). Among all these collections highest seed
yield was obtained from collection number WBNMP06 (2.47 t/ha) followed by NGLMP-25(2.42 t/ha),
MZRMP-03 (2.31 t/ha), UPMP-06 (2.22 t/ha),
WBNMP-03 (2.00 t/ha) and WBNMP-07 (1.97 t/ha).

Table 11 Production potential of different maize germplasm under moisture stress condition
Germplasm/
varieties

Plant height
(cm)

Onglakemii
Com Pong Oglak
Nyakmakonglak
Cheloonglak
Hupkeng local
Jharnapani local
Wokha local
Kemenya
Theruyire
Razuphema local
DA 61-A
VQPM 9
RCM 1-2
Vijaya composite
RCM 1-76
RCM 1-75
RCM 1-1
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221.7
172.8
160.7
202.2
149.7
165.1
178.5
155.9
130.1
161.9
232.9
171.6
260.5
192.7
232.5
270.7
252.6

Dry matter
accumulation (g)
39.34
36.34
33.34
40.84
43.84
45.34
46.84
48.34
49.84
51.34
52.09
56.59
54.94
55.84
56.29
52.84
54.34

Days to 50%
Flowering
81
81
84
84
71
72
70
67
68
67
63
38
41
41
44
41
42
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Days to
maturity
134
134
134
135
134
135
135
134
134
135
126
124
124
124
124
124
126

Cobs /plant
(No.)

Grain yield
(kg/ha)

1.89
1.61
1.78
1.89
1.45
1.89
1.78
1.78
1.56
1.45
1.89
1.78
1.67
2.00
1.78
1.56
1.89

2067
2017
300
1267
500
2000
1033
933
1267
1800
2000
3800
2300
2733
2233
3233
2333

biomass accumulation (Table 13), highest plant growth
was observed in seed source Bilkhawthlir (height 4.23
m and diameter 7.34 cm) followed by Kezanglwa
(height 4.58 m and diameter 9.18 cm).

Wide range of variation was also observed in seed
weight. Highest L-DOPA in seeds was in collection
UKDMP-11 (6.54%). UPMP-04 had highest 100 seed
weight (68.00 g) followed by UPMP-06 (51.36 g) and
UPMP-02 (50.59 g). The inflorescence length was
longer from the collections from Nagaland compared
to other areas with NGLMP-41 having the longest
inflorescence (49.78 cm). Total chlorophyll content
(Chlorophyll a and b) was maximum in WBNMP-06
(3.278 mg/g) followed by WBNMP-07 (2.834 mg/g).
Evaluation of fruit tree based agroforestry systems
for hill ecosystem
Completely rainfed agroforestry systems were
evaluated on sloppy land having more than 50 % slope.
Rhizomatus crops viz., ginger and turmeric and
groundnut were cultivated in alternate years. Small
terraces of 1 to 1.5 m width were made and fruit tree
were planted on alternate terraces. In the year 201314 performance of groundnut (var. ICGS 76) was
evaluated in association with three fruit tree species
assam lemon, guava and peach (Table 12). Yield of
groundnut was highest (1.1 t/ha) with assam lemon
followed by guava (0.87 t/ha) and peach (0.65 t/ha).
Fresh weight of fruit yields of Assam lemon and guava
were 2.86 and 5.57 t/ha, respectively. Peach did not
yield any fruits as it was imposed with heavy pruning
in the previous year.
Table 12 Productivity of fruit tree based
agroforestry systems in slopy land
Fruit trees

Assam
Lemon

Guava

Peach

Fruit yield from tree
species (t/ha)
Pod yield from
groundnut (t/ha)
Rice equivalent
yield (t/ha)
Gross returns (`ha)

2.86

5.57

-

1.1

0.87

0.65

7.9
79,000

Table 13 Mean growth attributes of Parkia
roxburghii collections from the NE region
Seed Source
Khaibung
Jhingkhangphai
Kanpokpi
Mawkiang
Kawnpui
Kezanglwa
Bilkhawthlir

Height
(m)

DBH
(cm)

Canopy
(m)

3.30
3.23
3.90
2.87
4.11
4.58
4.23

6.27
7.79
6.87
6.20
8.40
9.18
7.34

2.64
2.90
2.89
2.75
2.56
3.17
3.44

Analysis of soil and plant samples from different
districts of Nagaland
A total of 853 nos. of soil samples were analyzed
from 7 districts viz., Dimapur, Peren, Kohima, Wokha,
Mon, Tuensang and Phek for soil quality. The average
N, P, K, OC and pH of soil samples were 88-351 kg/
ha, 16-24 kg/ha, 71-450 kg/ha, 0.32-2.27%, 3.76-7.90,
and 0.1-0.49, respectively. Besides, 206 nos. of plant
samples were also analyzed during 2013-14.
Effect of elevated temperature on soil carbon
sequestration and microbial properties under
different land use
Soil from Entisols, Inceptisols and Alfisols were
incubated in BOD at different temperatures for 1
month. As compared to room temperature (RT, 27ºC),
the 39 ºC treated samples showed higher labile carbon.
Interestingly, TOC content decreased during incubation
(Fig 9) suggesting the more temperature sensitivity of
TOC than labile organic matter. The phosphomonoesterase activity decreased at higher temperature

73,100

Cost of Assam Lemon- ` 20/kg, Guava-` 10/kg, Groundnut- ` 20/
kg and rice- ` 10/kg.

Evaluation of growth performance of Parkia
roxburghii collections from the NE region
Plants from seven locations were evaluated in a
common environment for their productivity and pod
quality. The plants are 6 years old and have not started
flowering adequately. Based on the growth and
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Fig 9 Change in labile carbon content

(Fig 10) due to breakdown of the bond that holds the
active amino-group which finally denatured the
enzyme.

Fig 10 Change in phosphomonoesterase activity

Validation of ITKs for weed management in
sustainable production of jhum rice
Effect of common salt on weed control in upland
paddy was assessed with different doses of salt
application, viz., 20, 40, 60, 80, 100, 120, 140, 160,
180, and 200 kg/ha (T2-11) at 45 and 75 DAS along
with a control (T0) and weedy check (T1). The SOC
content increased in ‘after harvest’ samples compared
to ‘standing crop’ samples, which again decreased in
‘after one year samples’ even lower than standing crop
samples. In contrary, available N, P and K content
decreased continuously during the crop growth and
jhum fallow period. At 60 days and at harvest,
application of common salt significantly reduced the
dry matter accumulation in weeds and increased the
weed control efficiency. Application of common salt
did not exert any adverse influence on soil fertility
parameters (Fig 11) for a short period. In long term,
no such effect was observed. Paddy yield was highest
in 10% salt application (100 kg/ha). However,
considering the net profitability manual weeding up
to harvesting is the best treatment, but owes some
practical difficulties in steep slope. Thus, 10% salt

application for controlling weeds in jhum paddy may
be suggested as an alternative method
Resilient shifting cultivation for sustainable soilwater-nutrient-plant continuum in hilly agriculture
system of Nagaland
The experimental design composed of T1 (Controlforest), T2 (Traditional jhum), T3 (Traditional jhum with
minor interventions), T4 (Improved jhum 1), and T5
(Improved jhum 2). Traditional jhum with traditional
varieties of upland rice, maize and colocasia etc. was
established as per farmers’ practice. Traditional jhum
with minor interventions like improved variety of seeds
like SARS-1 and SARS-2; line sowing etc. were also
established. Pig shed construction was completed for
‘animal intervention’. Contour bunds had been
developed at 10-15m interval, on which alternatively
colocasia and hedge plant were grown. The moisture
content dropped considerably after burning in both the
years (Fig 12). Average moisture content (g 100g-1) in
the second year was higher than the initial year due to
higher rainfall during the second year jhuming.

Fig 12 Moisture content in BOC field in two year jhum
cycle (T=Top, M=Middle, D= Down slope)

Vermi-composting using diversified plant biomass
and animal excreta
Plastic containers (35 cm in diameters and 30 cm
depth) were used for the culture of earthworms. The
treatments were replicated thrice in a FRBD: T1 (rabbit

Fig 11 Effect of salt application on electrical conductivity and pH of the soil
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dung + weed), T2 (rabbit dung + Azolla), T3 (rabbit dung
+ banana), T4 (rabbit dung + paddy straw), T5 (poultry
droppings + weed), T6 (poultry droppings + Azolla),
T7 (poultry droppings + banana), T8 (poultry droppings
+ paddy straw), T9 (cow dung + weed), T10 (cow dung
+ Azolla), T11 (cow dung + banana), T12 (cow dung +
paddy straw), T13 (pig dung + weed), T14 (pig dung +
Azolla), T15 (pig dung + banana), and T16 (pig dung +
paddy straw). After 40 and 80 days from earthworm
relaease, the immature and matured vermicompost,
repsctively were collected for analysis. During the
gradual progress of vermicomposting, oxidizable
organic carbon content decreased and total N content
increased (Fig 13).

profit. Model 1 and 2 showed negative profit due to
initial cost of establishment of orchards. Based on the
two year evaluation in different models, the crop
sequence i.e Paddy–linseed or toria performed better
over other cropping sequence.
Livelihood improvement and empowerment of
rural poor through sustainable farming systems
During 2013-14, the NAIP activities were mostly
concentrated in Naginimora village of Mon district (Fig
14). Among the different activities carried out for
livelihood improvement, 3.5 ha area were brought
under fruit based cropping system and 26.27 ha
abandoned jhum fields were planted with 4500 nos. of
Hollock (Terminalia myriocarpa), 5800 nos. of
Titachap (Michelia champaca) and 200 nos. Khokan
(Duabanga grandiflora Roxb) at Naginimora.
Likewise, 10 SHGs were provided with 1000 nos. of
Vanaraja chicks to ensure income and nutritional
security during the same period. One water harvesting
structure (28.5x4.5x6.5m) with boulder pitching was
made at Tuimei village and three others (15 x 11.2 x
1.8m size each) at Naginimora to harvest the runoff
water. A custom hiring centre with Rice Mill cum
Packaging and Oil Mill cum Packaging systems was
also established at Naginimora.

Fig 14 Different activities at Mon district under NAIP
project

Fig 13 Oxidizable organic carbon and Total N changes
during different phases of the experiment

Comparative evaluation of farming system models
suitable for small and marginal farmers of
Nagaland
Four models were established viz., Model 1:
Horticulture + Fisheries + Piggery, Model 2:
Agriculture + Horticulture + Duckery + Fishery, Model
3: Agriculture + Horticulture + Piggery + Fishery,
Model 4: Agriculture + Horticulture + Poultry +
Fishery + Azolla + Mushroom where vermicompost
unit included in all the models. The model 3 gave the
maximum profit of ` 19515.00, followed by model 4
(` 5150.00) compared to Model 1 and 2. In this model,
vermicompost yielded maximum to achieve maximum
ANNUAL REPORT 2013-14

Production of truthfully labelled seeds under TSP
During 2013-14, 6 t paddy, 1.2 t maize, 0.3 t toria
and 0.1 t of linseed were produced and supplied to
Agriculture Department, Govt. of Nagaland and
distributed to the farmers as truthfully labelled seeds
(Figs 15&16) under TSP.
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Fig 15 Paddy variety Ranjit

under polyhouse and open cultivation as control. The
single stem training system recorded maximum plant
height (137.4 cm), 12.3 branches per plant, no of floral
cluster per plant (5.8), no of flowers per cluster (5.9),
no of fruits per plant (35.5) and yield per plant (2.8
kg) when compared to double stem system in
polyhouse and open cultivation (Table 14). The fruit
size (Table13) highest in single stem training system
5compared with others. Hence it is recommended that
the polyhouse cultivation of tomato under single stem
training system could give maximum yield.
COLOCASIA
Collection, conservation and characterization of
indigenous colocasia germplasm
A total of 110 different germplasm collected from
different states of Northeast India were evaluated and
draft of DUS guideline was also finalized. The
grouping characters and associated characters for DUS
draft guidelines were mentioned in tables 16 & 17.
Table 16 Draft DUS guideline for colocasia
germplasm Grouping characters
Fig 16 Packaging material

Plant growth habit

: Dwarf, medium and tall

HORTICULTURE

Botanical type

: Eddoe or Dasheen

TOMATO

Sucker

: Sucker / Stolon type

Flowering

: Flowering / non flowering

Corm characters

: Shape

Maturity

: Early, mid and late season

Effect of training system on tomato grown under
polyhouse
The tomato hybrid Shaktiman was evaluated for
the effect of training viz., single stem and double stem

Table 14 Effect of training system on plant growth and yield of tomato hybrid Shaktiman
Plant ht.
(cm)
Polyhouse (Single stem)
Polyhouse (double stem)
Open condition

No of
branches

137.4
124.4
111.7

No. of floral
cluster/ plant

12.3
10.4
9.3

No. of flowers
/ floral cluster

No. of fruit
per cluster

Fruit
per plant

6.7
6.4
5.6

5.9
5.2
4.8

35.5
32.8
28.2

5.8
5.5
4.5

Yield
(kg/plant)
2.8
2.4
2.0

Table 15 Effect of training system on fruit size of tomato hybrid Shaktiman
Fruit weight (g)

Polyhouse(Single stem)
Polyhouse (Double stem)
Open condition
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Large

Medium

143.0
94.5
100.5

97.5
60.0
72.0

Polar length(mm)
Small
63
47
44

Equatorial length(mm)

Large

Medium

Small

Large

Medium

Small

14.3
63.2
62.3

97.5
50.9
53.5

63.0
50.5
46.8

61.2
51.5
53.9

53.9
44.0
49.0

45.6
41.2
41.3
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Table 17 Assessing characters of colocasia
Category of characters

Type of assessment
VS VG

Grouping (give no only)
Essential(* marked)
Descriptive (+ marked)
Others
Total oxalate, Insoluble
oxalate, etc
Total

Table 18 Morphological characterization of rajma
bean as per IPGRI descriptor

MS

Character

MG Total

9
4
-

2
6
9
2
-

2
1
1
3
-

1
2
2
4
5

5
9
21
13
5

13

19

7

14

52

Plant growth habit

Pole type
Bush type
Leaf shape
Triangular
Quadrangular
Pod colour at physiological Yellow
maturity
Persistent yellow
Pale yellow with
coloured mottling
Dark purple
Pink
Pod colour maturity
Normal green
Dull green
Purple stripes on green
Dark purple
Pale red stripe on green
Shiny green
Pod cross section
Pear shaped
Round elliptic
Very flat
Pod curvature
Slightly curved
Recurring
Straight
Curved
Pod beak position
Marginal
Non marginal
Seed shape
Cuboid
Truncate fastigiated
Kidney
Oval
Round
Pod wall fibre
Leathery
Excessive shattering
Strongly contractory
Pod beak orientation
Straight
Upward
Dry pod colour
Golden/deep yellow
Golden brown
Pale yellow
Purple stripe on
pale yellow
Dark purple
Pale yellow – white
Purple stripe
Pale yellow with
pink stripe

MG: Measurement by a single observation of a group of plants or
parts of plants; MS: Measurement of a number of individual plants
or parts of plants; VG: Visual assessment by a single observation
of a group of plants or parts of plants; VS: Visual assessment by
observation of individual plants or parts of plants

Evaluation for yield and quality characters
Among the lines, the yield per plant ranged from
51g (line 92) to 1318g (line 60). Significant variation
was observed for dry matter (5.93–39.79 %), moisture
content (60.21– 94.07 %), starch (10.9–45g/100 g),
total sugars (1.6–8.6 g/100g) and the soluble oxalate
content (0.05-0.52 %).
RAJMA BEAN
Collection, conservation and characterization of
rajma bean germplasm
Out of 32 germplasm, 30 were pole types and 2
were bush types. The data on morphological
characterization were described in the table 18. Positive
significant variation was observed for the characters
viz., plant height (36–178.3 cm), no. of inflorescence
per plant (1.5–3.6), inflorescence length (2.0 – 6.4 cm),
no. of pods per inflorescence (1–3.6), pod length (7.6–
17.3 cm), pod width (0.9– 1.9 cm), no. of locules per
pod (4–8.5) and the test weight (29.4- 56.1 g) and yield
per plant (4–38.3 pods/plant).
GERBERA
Varietal evaluation
Seven gerbera varieties viz., Eiko, Ice Queen,
Jaffna, Liekie, P.Intenzz, Stanza and Venice were
evaluated in polyhouse (Table 19). The maximum stalk
length was recorded by P. Intenzz (48.93 cm) and
minimum by Venice (37.2 cm). The maximum ray
floret and trans-floret diameter of 11.14 cm and 6.28
cm was recorded by Stanza, respectively, and minimum
diameter by Eiko (4.88). Likie also recorded ray floret
diameter of 11.14 cm. The maximum no of ray floret
(75.1) and trans-floret (235.75) was recorded by Stanza.
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Classification

No of
lines
30
2
5
27
3
5
20
1
3
9
1
11
2
8
1
18
11
3
15
3
8
6
18
14
9
7
12
3
1
18
10
4
21
11
6
1
1
19
2
1
1
1
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Horticulture Mission (MM-1)
Production of planting materials
Assam lemon rooted cuttings (7200), khasi
mandarin seedlings (1000), Elephant foot yam var.
Gajendra (50 kg), Sweet potato cuttings (>50000 no’s)
were produced.

Table 19 Evaluation of gerbera varieties
Cultivar
Stanza
Liekie
Venice
Ice- Queen
Jaffna
P.Intenzz
Eiko
Gran Mean
CD (P=0.05)

Plant ht.
(cm)

Stalk length
(cm)

33. 52
34.16
30.49
26.09
26.57
30.71
25.39
29.56
2.61

46.25
48.10
37.20
38.20
43.73
48.93
45.95
44.05
3.47

Ray floret
dia. (cm)
11.14
11.14
10.36
9.10
10.82
10.58
10.63
10.54
0.85

Trans floret
diameter (cm)
6.28
5.53
5.92
—
5.45
5.62
5.33
4.88
0.64

No of ray
floret
75.1
62.3
55.3
55.4
64.4
76.9
42.1
61.67
4.87

No of trans
floret
235.75
174.08
198.55
—
195.11
184.85
124.76
159.02
27.12

Plant Pathology
Disease development in crops under jhum
cultivation– its analysis and management
Development of diseases in jhum field was studied
in some districts of Nagaland. The incidence of blast
disease, leaf spot or blight, anthracnose and wilt was
highest in jhum paddy, colocasia, beans and ginger,
respectively (Fig 17).

Fig 18 Electron microscopy of flexuous rod virus of
passion fruit

Fig 19 Sclerotinia in cabbage and tomato
Fig 17 Incidence of diseases in the major jhum crops

Disease Record in different crops of Nagaland
Survey conducted in passion fruit plantations of
Wokha district revealed the presence of sick plants.
Isolation microbes associated with the disease from
bark and internal tissue from stem and collar region
revealed the presence of fungi (like Fusarium sp.) and
bacteria species. These microbes are in the process of
further isolation and identification. Sample of passion
fruit with stem bulging like symptoms were examined
by electron microscopy. Fig 18 reveals the presence
of flexuous rod shaped virus like particles. This has to
be further confirmed by modern tools.
Sclerotinia damage was observed and recorded in
tomato (Fig 19), brinjal and cabbage at Domokhia
village of Dimapur district. The disease caused heavy
loss during the cooler months when these crops were
at bearing stage with the development of collar rot,
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leaf blight, wilting and
fruit rot symptoms. The
pathogen so isolated
confirmed it to be S.
sclerotiorum (Fig 20).
Mushroom cultivation
for subsidiary income
Fig 20 S. sclerotiorum
and nutritional security
under TSP
Two mushroom units were constructed at
Kukidolong (Fig 21) village and Wokha (Fig 22) with
production of 2kg fresh mushroom on an average per
day during the season. About 200-300 packets of
mushroom spawn were produced per month and made
available to the beneficiaries of different districts of
the state and the neighbouring states. Revenue has also
been generated by providing tissue cultures of
mushroom species to other regional centres of the
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Dimapur on spawn production and mushroom
cultivation. He has initiated a mushroom unit (Fig 24).

Fig 21 Mushroom unit at Kukidolong
Fig 24 Mushroom unit initiated by trainee

ANIMAL SCIENCE
Comparative studies on productive and
reproductive performances of different breeds of
pigs in Nagaland
The major reproductive traits of Ghungroo, Large
Black and Local X Ghungroo crosses viz., age at
puberty, age at first conception, litter size at birth up
to sixth parity and above, weaning to estrus interval at
different parities, litter weight at birth, weaning and
pre-weaning mortality were compared and tabulated
(Table 20). The average age at puberty, age at first
conception, weaning to estrus interval, inter farrowing
interval and litter size at different parities were
comparatively lower in Ghungroo X Local cross than
the large black cross breed. The litter weight at birth
and weaning is significantly higher in Large Black than
the Ghungroo and local cross (Fig 25).
Parity wise comparison of litter size revealed that
litter size increases from first parity onwards in all three
types of pig (Fig 26). However, in Ghungroo pig it

Fig 22 Mushroom unit at Wokha

institute
and
Defence Research
L a b o r a t o r y,
Tezpur, Assam.
Vo c a t i o n a l
training (Fig 23)
for fifteen days
was conducted for
a youth from
Fig 23 Vocational Training

Table 20 Comparison of major reproductive traits in Ghungroo, Large Black and Local X Ghungroo
breeds of pig in Nagaland condition
Attributes

Ghungroo

Large Black

Local X Ghungroo

Age at Puberty (days)
Age at first conception (days)
Gestation period (days)
Litter size at birth
Overall weaning to estrus interval days
Inter-farrowing interval in days
Overall litter weight at birth (kg)
Avg. individual litter weight at birth (kg)
Overall litter weight at weaning (kg)
Avg. individual weaning weight (kg)
Pre-weaning mortality (no.)

239.20±7.91
266.55±9.93
114.01±0.69
9.55±0.33
22.70±2.76
178.63±3.34
8.56±0.43
0.884±0.02
40.39±2.80
6.94±0.22
2.92±0.22

268.85±9.85
292.38±10.75
114.78±0.22
8.27±0.22
38.43±3.68
203.14±4.30
9.83±0.43
1.210±0.04
44.20±3.09
8.06±0.27
2.45±0.18

233.40±42.97
279.40±28.88
115.30±0.36
9.14±0.77
17.00±2.82
181.57±2.63
5.83±1.12
0.706±0.06
28.64±5.79
5.95±0.77
3.95±0.49
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litter size was as per the Ghungroo pure, but the litter
weight at birth and individual litter weight was
significantly lower than Large Black and Ghungroo.
The pre-weaning mortality was highest in Local cross,
followed by Ghungroo and Large Black pig.
The weaning to estrus interval and inter-farrowing
interval was significantly lower up to fourth parities
in Ghungroo pig than the Large Black, however, after
fifth parities no difference was observed in either of
the traits. From this study it can be concluded that the
Ghungroo pig is superior in terms of prolificacy and
lifetime productive performance than Large Black and
local crosses under Nagaland Condition.

Fig 25 Parity wise comparison of litter size and litter
weight at birth in Ghungroo, Large black and Local
Ghungroo cross bred pig

Physiological and genomic regulation of early
sexual maturity in Ghungroo, Local and Crossbred
pig of North East India
To study the early sexual maturity trait in Nagaland
local male pig in comparison to Ghungroo and
Crossbred, a stock of 12 female and 3 male of Nagaland
local pig were procured from the remote villages in
Phek districts and maintained under intensive systems.
The growth and survivability of local male was very
poor. To elucidate the onset of sexual maturity in local
male the expression of certain genes in testicular tissue
related to sexual maturity was attempted. The protocol
for PCR amplification of ERα, AR gene and IGF-1
gene along with the house keeping gene GAPDH was
standardized (Fig 27). The ERα, AR gene and IGF-1
genes were found to be expressed in testicular tissue
of growing male (3 months of age) of Ghungroo and
local pig.

maintains at consistently higher level (10.14 to 11.33)
up to sixth parity and above. Whereas, in Large black
pig the litter size was varied at 8.26 to 9.24 during
second to sixth parities. Although, in local cross the

Fig 27 PCR standardization of AR gene, IGF-1 gene
and GAPDH gene

Impact of climatic stress on growth and physiology
of Vanaraja birds and its amelioration through
dietary supplementation under NICRA
The experiment was conceptualized to study the
adaptability of Vanaraja varieties, which are resembled
to local birds and very popular throughout the
Northeast India. The major objective was to study the
physiological alteration in cold and heat stress
condition in Vanaraja birds and to study the
ameliorative measure of certain stresses through

Fig 26 Parity wise comparison of weaning to estrus
interval and inter farrowing interval in Ghungroo,
Large black and Local Ghungroo cross bred pig
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dietary supplementation. The experiment was
conducted in two season viz., winter (December to
March) and summer (June to September). A total of
400 birds were allocated to four treatments in two
replicates; Gr. I (pre+probiotic, n=50), Gr. II (ascorbic
acid, n= 50), Gr. III (Vit E + Se, n=50) and Gr. IV
(control, n=50) at recommended doses up to 12 weeks
of age. The daily weather parameters, growth, blood
bio-chemicals were analyzed up to 12 weeks of age
and carcass quality at 15 weeks of age. During summer
trial the average temperature ranged between 24.5 to
25.5°C with minimum temperature of 16.2°C and
maximum temperature of 31.9°C. However, the
humidity varied from 48.5 to 76.5% with the average
THI of 75.84. Similarly during winter months, the
average temperature ranged between 14.0 to 18°C with
minimum temperature of 9.3 and maximum
temperature of 22.6°C. The humidity varied from 53
to 66% with the average THI of 62.78.
A higher body weight gain was recorded in winter
than summer at 12 weeks of age. During winter the
maximum weight gain was achieved in ascorbic acid
supplemented group (1708.85 g) and in summer at
pre+probiotic supplemented group (1524.54 g)
compared to control, respectively (Fig 28). High rate
of mortality was observed in Vanaraja birds (up to 12th
wks) in summer (10-18%) due to sudden outbreak of

Fig 28 Weekly body weight (g) pattern of Vanaraja
birds in winter and summer months following dietary
supplementation
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coccidiosis and IBD compared to winter (0-6%).
During winter, supplementation of pre + probiotic leads
to zero mortality and in summer the ascorbic acid
supplementation was beneficial in prevention of
mortality. The carcass quality studied at 15th weeks in
both the phases of experiment revealed proportionately
higher live weight, dressing percentage (66-68% Vs.
55-59%) and cut of parts in winter than in summer
months.
Blood bio-chemicals particularly blood glucose,
total protein, albumin, HDL cholesterol, triglyceride,
Ca and P were analysed at 15 days interval in
representative samples from each treatment groups.
Comparatively lower plasma level of Glucose, total
protein, albumin, HDL-Cholesterol, and P and higher
level of Triglyceride and Ca were observed in Vanaraja
during summer compared to winter. Supplementation
of pre+probiotics and ascorbic acid has shown to
reduce the plasma HDL-cholesterol and Tryglyceride
level in summer than winter. Overall the performance
of Vanaraja during winter was better due to lower THI
than summer. The dietary supplementation particularly
pre+probiotic and ascorbic acid were found to be
beneficial in summer by reducing cholesterol and
triglyceride level and overall mortality.
Mega Seed Project on Pig
Parent stock of Large Black and Ghungroo,
Hampshire and crosses of Ghungroo and Hampshire
breeds of pigs were maintained under the project. A
total of 1062 nos. of piglets were born, of which 628
piglets were distributed to 96 farmers, 3 NGOs, 3
KVKs, and 16 GOI sponsored program in Dimapur,
Kohima, Peren, Wokha, Phek, Longleng and
Mokokchung district of Nagaland and ICAR Research
Complex, Manipur (Table 21). The feedback from all
the corners of the state was very much encouraging
and demand of piglets produced under the project was
enormous.
Artificial insemination (AI) in pig was initiated for
the first time in Nagaland to enhance piglets production
from superior breeding stock. Five males were trained
to donate semen and about 130 ejaculates were
collected, processed and preserved. Altogether 85
animals were served in farm and nearby villages of
Dimapur district. The conception rate was more than
75% in farm condition following double insemination
with litter size ranges from 8-11. Several capacity
building programs were undertaken to popularize the
improved pig breed for establishment of pig breeding
unit and to popularise AI technique in all the districts
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Table 21 Piglet production during 2013-14
Parent stock
81 (71M:10F)

Piglet born
1062

Piglet
produced

Piglet died

910

154

of Nagaland. Five training programs, exposure visits
and interactive meet were organized both off and on
campus covering 304 beneficiaries.
Poultry Seed Project
The parent stock of Vanaraja and Gramapriya
chicken were maintained in this project. During the
reporting year, a total of 152,035 numbers of eggs
comprised of 132510 nos. of Vanaraja and 19525 nos.
of Gramapriya eggs were produced. Altogether, 55,571
numbers of chicks were distributed to the beneficiaries
at subsidized rate in Nagaland, Arunachal Pradesh,
Assam and Meghalaya.
Several capacity building programs were
undertaken to popularize the Vanaraja and Gramapriya
poultry varieties for backyard farming in Nagaland.
Three training program and two exposure visits and
interactive meet were organized both off and on
campus covering 294 beneficiaries from all the districts
in Nagaland. Further, a total of 177 farmers were
covered under TSP of Poultry Seed Project and given
assistance by providing 9900 nos. of grown up chicks
of Vanaraja and Gramapriya varieties among the
beneficiaries.
Establishment of vaccine bank under Tribal Sub
Plan
An initiative was taken under TSP to set up a
vaccine bank for maintaining cold chain and supply
of different vaccines for livestock and poultry at free
of cost to the beneficiaries directly or through the
KVKs and state department. A total of 3690 doses of
swine fever, 15000 doses of FDRD (F strain), 1200
doses of FDRD (R2B strain), 4800 doses of fowl pox,
700 doses of Goat Pox vaccine were distributed in
Dimapur, Kohima, Wokha, Phek, Peren, Mokokchung,
Zunheboto and Longleng districts of Nagaland.
NEW INITIATIVE TAKEN UP
ICAR Nagaland-The Morung Express
Collaboration
Publication of full page articles and news on
agriculture and allied fields in a leading daily (The
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Piglet
distributed
628

Adult animal
culled
26

Revenue
(` In Lakh)
15.71 Lakh

Morung Express) has become a regular feature since
August 2013. On the first Friday of every month
different articles, packages of practices, technologies,
success stories, agro-advisory services etc are being
published in the “Perspective page” under the
supervision of ICAR-Nagaland Centre and so far eight
such issues have been published. This initiative had
received appreciation from different stakeholders and
the success of this page had been witnessed when a
group of young people of ‘sema’ community
approached this centre for seeking permission to
translate the articles so published in ‘Morung Express’
into Sumi dilect in the form of a Newsletter.
Publication in the Morung Express
High altitudes research initiated in Logleng and
Wokha
Based on the discussion in the Regional Committee
meeting held at ICAR Complex, Umiam and AAU,
Jorhat during 2011 and 2013, respectively under the
chairmanship of the Secretary, DARE & DG, ICAR,
an initiative was taken
to start research work
in upland paddy
utilizing the scientific
manpower available
with the KVKs at
Longleng and Wokha.
Paddy
varieties/
germplasms from
different sources viz., UPKAS Almora, ICAR RC
Barapani, ICAR RC Jharnapani, SARS Mokokchung
and the farmers across Nagaland have been collected.
The suitable experimental sites having the altitudes
more than 1200 m have already been identified in
Wohka and Longleng district of Nagaland under the
overall supervision of the Joint Director and Scientist
(Agronomy) of the centre.
Cropping intensity increased up to 300 per cent
Due to non availability of sufficient water during
January to April, the experimental field in ICAR
Complex, Nagaland Centre could not be utilized for
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second/ third crop after paddy/ maize. However, with
the active support from ICAR Complex HQ at Umiam,
four water harvesting structures (150 lakh litres
capacity), one overhead tank having the capacity of
25000 litres and 8 nos. of plastic tanks having the
capacity of 2000 litres each with required pipelines
were installed during 2012-14 besides installation of
drip and sprinkler. The water so saved/stored was
utilized for cultivation of 2-3 crops after harvesting
paddy/ kharif maize. Rape seed & mustard, winter
maize, buck wheat, green gram, black gram, rice bean,
potato, pumpkin, water melon etc had been grown in
sequence after harvesting paddy/ maize.

TRAINING AND DEMONSTRATION
List of trainings conducted under different
programmes/projects
Sl. Divisions
No.

1
2
3
4
5

No. of Training No. of
/ exposure visits beneficiaries
/interactive meet
conducted

NRM
Pathology
Horticulture
Animal Science
Total

10
15
9
8
42

392
548
260
598
1798

Demonstration unit established under TSP/NICRA/ Horticulture Mission
Sl. Title
No.

Location

Type of
beneficiaries

Total Area/Units
/Beneficiaries
(No.)

1

Setting up of mushroom units

Farmers

1 unit

2

Setting up of mushroom units

KVK

1 unit

3
4
5
6
7
8

SHG Women
SHG Women
Women farmer
Women SHG
Women SHG
Women farmers

5 units
4 Nos.
3 units
10 units
500 birds
20 No.

Longleng
Longleng
Longleng
Longleng.

Farmer
Farmers
Women SHG
Farmer

1 acre
4 units
4 units
1 unit

14
15
16
17

Establishment of IFS duck cum fish farming system
Tree bean plantation
Maize seed production
Establishment of poultry units
Poultry input distribution
Input distribution for paddy based oilseed double
cropping covering an area of 350 ha.
Integrated farming system model
Demonstration on small scale piggary unit
Demonstration on low cost Mushroom production unit
Demonstration of large cardamom based Agro-forestry
system
Vegetables production under protected condition
Low cost scientific rain water harvesting in jhum area
Demonstration of pig breeding unit
Demonstration of pig breeding unit

Kukidolong,
Dimapur
KVK,
Wokha
Wokha
Wokha
Wokha
Wokha
Wokha
Wokha

Women SHG
Farmers
NPFA Dimapur
SHG

18

Demonstration of rejuvenation of Khasi Mandarin

Phyolumo

2 unit
7 No.
65 (65 piglets)
4 unit
(20 piglets)
2.5 acre

19

Demonstration of rejuvenation of Khasi Mandarin

Thungben Tsopoe

2.5 acre

20
21
22
23

Demonstration of rejuvenation of Khasi Mandarin
Package of practices of Khasi Mandarin
Package of practices of Khasi Mandarin
Package of practices of Assam Lemon

Longleng
Longleng
Dimapur
Mezoma &
Khonoma
Elumyo,
Wokha
Bhandari,
Wokha
Thekrejuma
Gariphema
Gariphebasa
Punglwa

Kevi
Velohou
Theprosou
Rukholo

2.5 acre
2.5 acre
2.5 acre
1.5 acre

10
11
12
13
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Assessment of production potential, profitability,
production efficiency and energetics of local
buckwheat cultivars under different levels of
vermicompost
The experiment was laid out in FRBD, assigning
local cultivar ‘‘Mithe and Tithe’’ as a factor A and levels
of vermicompost (control, vermicompost @ 1.0 t/ha,
vermicompost @ 1.5 t/ha and vermicompost @ 2.5 t/
ha) as a factor B. Among the local cultivars of
buckwheat, Tithe recorded significantly higher number
of branches/plant, number of grains/plant, test weight
(g) and grain yield (958 kg/ha) over Mithe. Application
of vermicompost @ 2.5 t/ha recorded significantly
higher number of branches/plant, number of grains/
plant, test weight (g) and grain yield (11.26 q/ha) over
control. Similarly, significantly higher values of gross
returns, net returns, B:C ratio, production efficiency
and profitability were recorded with Tithe over Mithe.
Among the levels, application of vermicompost 1.5 t/
ha recorded significantly higher net income, B:C ratio
and profitability (317 INR/ha/day) over other levels
and control. Though significantly higher production
efficiency was observed with application of 2.5 t/ha
vermicompost (8.34 kg/ha/day) over other levels and
control, it remained statistically at par with 1.5 t/ha
vermicompost (8.20 kg/ha/day). With regards to gross
energy, net energy energy use efficiency, energy
productivity and energy intensity Tithe was proved
superior over Mithe.

SIKKIM CENTRE
WEATHER REPORT
The wearer parameters recorded at Tadong, Sikkim
Centre are presented in figure 1. The maximum rainfall
of 15.54 cm was received during July, 2013 whereas
minimum rainfall of 0.10 cm was recorded in February,
2014 and there was no rainfall during the month of
January, 2014. The maximum average temperature was
27.47 0C in June, 2013 and minimum temperature was
8.35 0C in February, 2014. Average monthly relative
humidity (RH) varied from April, 2013 (76.47 %) to
March, 2014 (85.15 %) with average of 56.5 % (April,
2013) to 39.2 % (March, 2014).

Fig 1 Weather report of Tadong during April 2013March 2014

CROP IMPROVEMENT

RICE

BUCKWHEAT
Evaluation of buckwheat germplasm
Thirty six buckwheat germplasm both of
Fagopyrum esculentum and F. tatarticum type were
evaluated at ICAR farm during rabi 2013-14. The
entries were evaluated for 15 quantitative traits. Entry
PRB 1 (2.09 t/ha) was the highest yielder followed by
IC109728 (2.14 t/ha) and IC 26600 (1.92 t/ha). Out of
36 entries, 14 matured in less than 80 days (Fig 2)

Evaluation of rice germplasm under rainfed upland
conditions
Rice germplasm (255 entries) both lowland and
upland types were evaluated under direct-seeded
rainfed upland conditions for recording phenological
and plant type traits. Entries IRCTN91-84 was earliest
in heading (52 days) followed by Dular (72 days) and
IR 30-13 and Birsa 109 (73 days) each.108 entries
showed earliness in days to 50% heading (< 90 days).
Dular was earliest in maturity (111 days) followed by
Lalna Kanda 41(115 days) and RCPL1468 (117days).
Forty-seven entries were early in maturity (120 days).
Among local rice of Sikkim, Thakmaru Dhan matured
earliest (119 days).
Performance of local rice germplasm of Sikkim
under rainfed upland conditions
Fifty local rice germplasm collected from different
locations of Sikkim were evaluated under rainfed

Fig 2 Yield (g/plot) and duration of top 10 high
yielding
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upland conditions by sowing as direct-seeded at ICAR
farm during kharif 2013. Data were recorded on 8
quantitative traits viz., plant height, number of tillers,
no. of effective tillers, panicle length, days to 50 %
heading, days to 75 % maturity, 1000 seed weight and
yield/m2. Highest yield per m2 (Fig 3) recorded in
Zornalli (513.14 g) followed by Anandhi (426.29 g),
Zomu (371.71 g), Marsee (364.57 g) and Tulasi (356.57
g). Cultivar Doodhkalam was earliest in maturity (124
days).
Fig 4 Upland rice evaluation trial

Fig 3 Yield / m2 in best yielding local rice germplasm of

Evaluation of rice varieties under different methods
of rice production in mid hill ecosystem of Sikkim
Himalaya
The experiment was laid out in split plot design,
assigning three methods of rice production viz., System
of Rice intensification (SRI), Integrated Crop
Management (ICM) and Conventional Planting (CP)
to main plots and six rice varieties viz., Pusa Sugandh
2, Satyaranjan, Geetanjali, Rajendra Bhagwati,
Krishna Bhog and Shahsarang in sub-plots.
Significantly higher values of all the yield attributes
{productive tillers/hill, panicle length (cm), panicle
weight (g), grains/panicle and test weight (g)} and grain
yield (3965 kg/ha) were recorded with SRI followed
by ICM and conventional method of planting. This
was 25.56 and 55.39% higher over the ICM and
conventional planting, respectively. Maximum values
of yield attributing characters and grain yield (4152
kg/ha) were recorded with the Satyaranjan which was
significantly superior over others varieties.
Performance of upland direct seeded rice variety
under different sources of organic nutrients
Four upland direct-seeded rice varieties (Fig 4) viz.,
Bhalum2, Bhalum3, RCPL412 and Rajendra Bhagwati
were tested under different sources of organic nutrients
for yield, nutrient availability, soil health and carbon
sequestration. The study consisted FRBD having 5
treatments T1=Control, T2= FYM 100%, T3= FYM
75% + NC (25%) + BF (Nalpak @ 12.5 kg/ha), T4=
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FYM 50% + VC 25 % + NC 25% + BF (Nalpak @
12.5 kg/ha), T5= VC 75% + NC 25% + BF (Nalpak @
12.5 kg/ha). T4 recorded the highest grain yield (3.47
t/ha in Bhalum 2, 3.78 t/ha in Bhalum 3, 3.91 t/ha in
RCPL and 2.84 t/ha in Rajendra Bhagwati). Nutrients
uptake in RCPL rice variety were N (127.7 kg/ha), P
(11.3 kg/ha), and K (130.2 kg/ha). Soil was clay loam
with pH 5.9, moderately fertile, being high in organic
carbon (0.92 %), available N (220.6 kg/ha), P (12.3
kg/ha) and K (210.4 kg/ha). Significant improvement
in soil health (N, P, K), pH, OC, bulk density
(decrease), porosity (increase), moisture content,
microbial biomass and soil aggregation were observed
in T4. Water productivity (kg/m3) was higher in RCPL
412 followed by Bhalum 3, Bhalum 2 and Rajendra
Bhagwati.
Effect of tillage practices and organic sources of
nutrients on productivity of rice-vegetable pea
cropping system
Three tillage practices viz., conventional (CT),
reduced (RT) and zero tillage (ZT) assigned to main
plot and four organic nutrient sources (control, 100%
FYM+BF, 100%VC+BF and 50% FYM+50%
VC+BF) were kept in subplot and replicated thrice.
The same treatments were imposed to both the crops
under study (Figs 5& 6). In rice, among the tillage
practice, maximum grain yield was recorded with the
CT.
However,
it
remained statistically at
par with ZT. With regard
to organic sources of
nutrients, application of
50% FYM+50% VC +
biofertilizer recorded the
maximum grain yield.
The results on vegetable Fig 5 Rice under zero
tillage
pea showed that double
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ZT
reduces
the
turnaround time of
about 10-12 days for
sowing of vegetable
pea. Double ZT
technology
also
conserves soil moisture
as compared to CT and
Fig 6 Vegetable pea under
RT practices. During
zero tillage
the study about 15-20%
higher soil moisture was noticed under double ZT
practice as compared to CT.
Identification of most profitable cropping system
for improving resource-use efficiency and soil
health
The experiments started in CRBD comprising seven
cropping systems viz., rice-maize, rice-fenugreek (leafy
vegetable) -maize (green cobs), rice-broccoli-Sesbania
(green manuring), rice-vegetable pea-maize (green
cobs), rice-coriander (green leaf)-cowpea (vegetable),
rice-fenugreek (leafy vegetable)-baby corn and ricebuckwheat. Recommended doses of N and P of all the
crops will be applied through organic sources. A
general crop of rice was grown as per the treatment in
kharif 2013. The mean grain yield of rice was 4.52 t/
ha, irrespective of the treatments. The data obtained
from rabi seasons crops of first year after harvest of
rice revealed that the mean economic yield of
fenugreek (leafy vegetable), broccoli, vegetable pea,
coriander (green leaf)- Fenugreek (leafy vegetable) was
5.93 t/ha, 8.10 t/ha, 7.69 t/ha, 5.40 t/ha under ricefenugreek (leafy vegetable)-maize (green cobs), ricebroccoli-Sesbania (green manuring), rice-vegetable
pea-maize (green cobs), rice-coriander (green leaf)cowpea (vegetable) and rice-fenugreek (leafy
vegetable)-baby corn cropping system, respectively
(Fig 7).

DISEASES
Organic management of blast and sheath blight in
rice
An experiment was carried out to study the effect
of biocontrol agents, botanicals and other organically
approved fungicides against sheath blight [Rhizoctonia
solani J.G. Kühn AG1-1A (teleomorph: Thanatephorus
cucumeris)] in rice. There were 14 treatments (Table
1). For the disease management study, the pathogen
was isolated and cultured on PDA plates. The
inoculation was done in the leaf sheath during panicle
initiation stage using the agar bits containing
mycelium. The inoculated leaf sheath was covered
using cotton immersed in sterile water. The inoculated
plants were observed for disease development (Figs
8-11). The disease appeared within three days after
inoculation. Among the treatments studied, copper
oxychloride (Blitox) was effective with no incidence
of disease and it was on par with Contaf (0 PDI) (Table
1). Next to Blitox, Sulfex and Pseudomonas
fluorescens were also found effective with less
incidence of sheath blight i.e. PDIs 19.25 and 27.77,
respectively when compared to control (61.47).
Table 1 Effect of different treatments on sheath
blight disease incidence

Fig 7 Rabi season crops after rice
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Treatments
Contaf(Hexaconzole) 0.1%
Blitox(Copper oxychloride) 0.3%
Sulfex 0.25%
Ginger 10%
Garlic 10%
Neem oil 0.3%
Garlic+Neem+Fern
Banmara (Chromolaena odorata)10%
Pseudomonas fluorescens
Trichoderma spp-1
Trichoderma spp-2
Trichoderma spp-3
Trichoderma spp-4
Control
CD (P=0.05)

Fig 8 Experimental field
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PDI(Per cent
Disease Index)
0.00
0.00
19.25
45.65
31.08
35.61
42.95
37.40
27.77
46.87
48.14
32.21
50.36
61.47
31.56

Fig 9 Inoculation using
agar bits

Fig 10 & 11 Symptom on the inoculated plant

URDBEAN
Evaluation of urdbean genotypes
Fifty two urdbean entries including local Pahelo
Dal germplasm were evaluated during kharif 2013 to
identify suitable germplasm and parental lines for
improving limiting traits in local urdbean of Sikkim.
Highest yield/plant recorded in VBN2 (4.42g) followed
by T9*PD (4.35g) and Urd 6 (4.22g). Highest pods/
plant recorded in entries Urd 2 (29.80), Urd 6 (23.40),
Urd 8 (21.00) and T9*PD (20.70). Earliest flowering
was noted in ADT5 (31 days).
RAPESEED
Genetic advancement of elite rapeseed germplasm
suitable for cultivation under Sikkim
Based on single plant selections, eight yellow
sarson (Brassica campestris var. yellow sarson)
populations were carried forward and evaluated under
rainfed conditions during rabi 2013. Population S-151 had highest seed yield/plant (6.79 g/plant) followed
by S-19-1 (6.36 g/plant) and S-20-1 (5.58 g/plant).

Residual effect of mulching and vermicompost on
productivity of local popcorn under toria-popcorn
cropping system
The experiment was laid out in split-plot design,
assigning four locally available mulching materials viz.,
control (no mulching), tree leaf mulch @ 5 t/ha, maize
stover mulch @5 t/ha and paddy straw mulch @ 5 t/ha
to main plots and three levels of vermicompost
(control, vermicompost @ 1 t/ha and vermicompost
@ 1.5 t/ha) to sub-plots. The objective of study was to
find out the residual effect of mulching and
vermicompost on succeeding popcorn applied to
preceding toria under organic management system.
Mulching treatments applied to preceding crops
exhibited significant residual effect on grain yield of
succeeding popcorn. However, among the mulching
material applied to preceding crop, application of
paddy straw mulch (Fig 12) @ 5 t/ha recorded
maximum grain yield (1932 kg/ha) of popcorn. Among
the different levels of vermicompost given to toria,
residual effect of vermicompost @ 1.5 t/ha showed
maximum grain yield of popcorn (1907 kg/ha)
followed by vermicompost @ 1 t/ha.

MAIZE
Population improvement in early maturing and
high yielding composites of maize suitable for
Sikkim
Thirteen yellow seeded maize populations (coded
C1 toC13) were advanced during 2013 for assessing
the performance of each population. Each population
was sown in plots during March 2013. The populations
were evaluated for yield and its component traits. Out
of 13, two populations were superior in yield and of
medium duration. These will be put for station trials
and MLT in the state. In white seeded maize, eight
populations MS-1 to MS-8 have been advanced during
2013. The populations were evaluated for yield and
its component traits. Out of eight, two populations have
been selected on the basis of yield and maturity
duration. These will be put for station trials and MLT
in the state.
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Fig 12 Local popcorn under residual effect of paddy
straw mulch @ 5 t/ha

SOYBEAN
Evaluation of production potential of soybean at
different date of planting changing climatic
condition of Sikkim Himalaya
The experiment was carried out to standardize the
sowing time of soybean in mid hill ecosystem. Six date
of sowing (27th May, 5th June, 17th June, 26th June, 5th
July and 15th July, 2013) were evaluated. Among the
date of sowing, maximum yield of soybean (1527 kg/
ha) was recorded in 5th June, which was significantly
superior over 27th May, 5th July, 2013 and 15th July
planted crop. However, it remained statistically at par
with other date of sowing.
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INSECT PEST
MUSTARD
Seasonal abundance of mustard aphid and saw fly
with relation to abiotic factors and their
management
Evaluation of biopesticides against mustard aphid
and sawfly
An experiment was conducted to evaluate the
bioefficacy of six different biopesticides viz., Neem
oil 0.03EC @ 3 ml/l, Neem oil 0.15EC @ 3 ml/l,
Beauveria bassiana @ 7 g/l, Bacillus thuringiensis @
2g/l, Verticillium leecanii @ 3 ml/l and Petroleum
Agrospray @ 10 ml/l by taking oxydemeton methyl
25 EC @ 1 ml/l as check against mustard aphid and
saw fly. One application was given at vegetative stage
at 20 days after sowing for controlling of sawfly.
Second spraying was done at 25% flowering of the
crop and the third spraying was given 15 days after
first application. Pre-treatment counts of the sawfly
and aphids were made 24 hours prior to insecticide
application while post-treatment counts were made at
3, 7 and 14 days after the spraying. The pre-treatment
aphid population during 2013-14 crop season was
55.13 to 57.86 aphids/10 cm terminal shoot. This
variation in aphid population was non-significant
indicating homogenous distribution of aphid
population in the experimental field. All the treatments
decreased the aphid population significantly than
control. Among the biopesticides, Bacillus
thuringiensis @ 2g/l was found to be effective for
management of sawfly population (68.60 % larval
reduction over control after 14 days of treatment)
whereas Petroleum Agrospray @ 10 ml/l and Neem
oil 0.15EC @ 3ml/l were found to be most effective
for controlling aphid population (72.51 and 71.46 %
population reduction over control).

Fig 13 Aphid species

erysimi that was the most dominant species in mustard.
Other species were Cabbage aphid, revicoryne
brassicae and bean aphid, Aphis craccivora.
Foraging behaviour of different insect pollinators
in mustard
Pollinators play a pivotal role in the production of
buckwheat varieties/cultivars which are self
incompatible. Buckwheat (local cultivar Mithey)
cultivated inside nylon net where no pollinators could
visit, the seed set was very low 0.98 seed/flower and
yield (159 kg/ha) in comparison with buckwheat
cultivated in open field 8.39 seeds/flower and yield
(1024 kg/ha). However, in case of local cultivar Tithey
there was no signif icant difference in seed set between
inside net and open field. There were 14.5 seeds/flower
in open field and 13.3 seeds/flower inside net (Fig 14).
This might be due to the self compatibility characters
of the cultivar. In Sikkim, 10 insect pollinators were
recorded for the first time. Among the visitors, Apis
cerana indica, Eristalis tenax, Eristalis spp, E.
himalayensis and Syrphid fly visited frequently. The
pollinator complex of mustard and buckwheat was
almost same. Due to synchronization of flowering of
mustard and buckwheat crops cultivated in the adjacent
fields, the pollinator population was very less in

Set up of yellow sticky traps against mustard aphid
Yellow sticky trap were found suitable for mustard
fields for monitoring and trapping the winged adults
for management. One yellow sticky trap (size-1sq feet)
could easily trap 12.8– 28.2 winged adults of mustard
aphid in every two days.
Identification of different aphids in mustard
Survey was done in different fields of mustard crop.
Three different species (Fig 13) of aphids associated
with mustard crop were mustard aphid, Lipaphis
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Fig 14 Seed setting under open and net

buckwheat than mustard (Table 2). Therefore, from
the study it may be recommended that if buckwheat
and mustard are cultivated adjacently in the same field
the flowering should not be synchronized.

Sikkimensis) and raised seedlings for further
evaluation and identification as a suitable rootstock
for Sikkim conditions.
SIKKIM MANDARIN

Table 2 No. of pollinators visited mustard and
buckwheat in synchronized flowering
Pollinators
/visitors

No. of visitors/10 min/2 m2 area
Sole crop

Apis cerana indica
Eristalis tenax
E. himalayensis
Eristalis spp
Syrphid fly

Evaluation of nano fertilizers on Sikkim mandarin
Trials are ongoing to standardize the doses of foliar
sprays of nano fertilizers and their time of applications
at different growth stages of Sikkim mandarin.

Grown together

Mustard

Buck
wheat

10.12
9.14
8.26
6.84
6.78

7.34
7.12
6.45
4.96
5.88

Mustard
9.84
8.76
7.92
6.44
6.32

2.20
0.86
1.24
0.72
1.48

Rashtriya Krishi Vikas Yojana (RKVY)
Surveyed the different part of South and North
Sikkim and collected the local germplasm of different
crops from various locations crops viz., maize (10),
rice (26), sorghum (02), French bean (10), chilies (03),
Bhendi (02), Soybean (02), Bee (05), Beans (11), Rice
bean (12), Amranthus (02), Foxtail millet (02),
Buckwheat (02) and Porsomillet (02). Sixteen
previously collected of maize; nine rice bean and two
okra germplasm were evaluated at ICAR Research
Farm. The work on molecular and nutritional profiling
was also undertaken to find out the most nutritive
indigenous germplasm of different crops.
FRUITS
PEAR
Evaluation of pear germplasm suitable for
cultivation under Sikkim conditions
The high chill pear germplasm viz., Bartlett, Max
Red Bartlett, Starkrimson etc. from YSPUH&F
Regional Station, Kullu; low chill pear germplasm viz.,
Punjab Beauty, Punjab Nectar, Punjab Gold,
Patharnakh from Punjab Agricultural University
(PAU), Punjab; Japanese pear varieties viz., Hosui,
Kosui and Sojuru from state department and planted
in ICAR Sikkim Centre in order to enrich the pear
mother block. Evaluation studies have been initiated
for their suitability in Sikkim conditions. Also collected
seeds of local pear germplasm (Pyrus pyrifolia var.
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Flagship program on temperate fruits
‘Field gene bank of temperate fruit crops’ was
enriched with pomegranate (02) and persimmon (01),
plum (02) from PUA, Punjab; cherry black (01), walnut
(02), pecan nut (01), pomegranate (03) and plum (03
p) from YSPUHF, Solan Regional Station, Kullu and
private nurseries of Kullu, Himachal Pradesh.
Evaluation studies for the temperate fruit crops have
been initiated for their suitability in Sikkim conditions.
Some temperate fruits viz., apple, almond, apricot,
pecan nut and walnut plants showed poor survivability
under high rainfall conditions of Sikkim.

Buck
wheat

DISEASES
LARGE CARDAMOM
Bio-intensive management of Collectotrichum
gloeosporioides in large cardamom
Field experiment was conducted to study the effect
of different organic treatments against leaf blight
(Collectotrichum gloeosporioides) in large cardamom.
Garlic bulb extract @10% both spray and drench
showed less incidence of disease (7.43%) followed by
T2 (soil application of Trichoderma viride with FYM+
Vermicompost + COC @ 0.2% application) and T7
(only COC drench and spray 0.2%) compared to
control and other treatments with less per cent disease
incidence of 7.60 (Table 3).
VEGETABLES
PEA
Effect of organic sources of nutrient on
performance of garden pea (Pisum sativum) and
soil properties
The experiment included five treatments: T1,
farmyard manure (FYM) 10 t/ha + biofertilizers (BF);
T2, poultry manure (PM) 5 t/ha + BF; T3, vermicompost
(VC) 5 t/ha + BF; T4, FYM 5 t/ha + PM and VC each
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Table 3 Effect of different organic treatments
against leaf blight under field conditions
Treatments
T1- Soil application of Trichodermaviride
with FYM
T2-T1+Vermi compost+COC @ 0.2% application
T3-T2+Pseudomonas fluorescens spray @ 0.2%
T4-Alternate application of T. viride and P.
fluorescens spray @ 0.2%
T5-Garlic drench and spray 0.2%
T6-Ginger drench and spray 0.2%
T7- only COC drench and spray 0.2%
T8-Panch gavya drench and spray
T9- Panchgavya drench + COC spray @ 0.2%
T10-Carbendazim 0.1%
T11- Cow urine spray and drnech @ 10%
T12-Chiloney leaf extract spray and drench @
0.2% and mulching
T13-Turmeric spray and drench @ 0.2%
T14- Cow dung extract spray and drench @ 25%
T15- Control
CD(P=0.05)

Disease
incidence
9.00

RADISH

7.60
9.66
10.33

Standardization of radish cultivation
Experiments on radish varieties for year round
cultivation showed that variety Pusa Chetki performed
well during summer and rainy season, Local radish
(Pink) performed well during late fall to early winter
season and variety Indam Swetha performed well
during winter to spring season.

7.43
9.00
7.60
12.33
9.66
7.33
9.00
9.33

CHILLI

8.00
11.16
13.00
2.37

1.5 t/ha + BF; T5, control. Among all the treatments,
T4 resulted in higher plant height, number of pods/
plant, pod length, pod weight, number of seeds/pod
and yield of garden pea than other treatments. The
treatment T4 gave the highest pod yields (10.8 t/ha).
Compared to other treatments, T1 resulted in lowest
soil bulk density (1.18 Mg/m3). SOC was significantly
higher in T4 (1.89%). The soil pH increased in all the
treatments compared to control. T 4 registered
significantly higher available N, P and K contents in
soil compared to other treatments. Incidence of
Fusarium root rot was lower in T2 (9.42%) than other
treatments. Maximum number of nodules per plant was
observed in T3 than other treatments.
OKRA
Evaluations of okra varieties under direct sowing
and transplanted conditions
Experiments were conducted with 13 varieties of
Okra to study the performances under direct sowing
(April) and transplanting (May) conditions. The
performance of vegetative growth and yield of
transplanted okra was better than the direct sown. The
variety Super Lady Luck performed well during
vegetative growth but average fruit weight was higher
in the variety Avantika 221(F1) and Sikkim Local-1.
Variety Arka Anamika did not survive under
transplanted condition and plants died 45 days after
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transplanting. Both experiments concluded that the
local varieties of okra are bearing for a longer period
and variety Avantika221(F1) is suitable for
transplanting under Sikkim conditions. Variety Komal
and US7109 are suitable for direct sowing under
Sikkim condition.

Establishment of chilly repository
Chilly repository establishment has been initiated
with 16 germplasm and 12 types Dalley Khorsani
germplasm were collected from various parts of Sikkim
based on size, colour, early, mid and late season types
for enriching the repository.
CHOW-CHOW
Evaluation and screening of chow-chow/chayote
(Sechium edule) germplasm under varied climatic
conditions
The morphological characterization of 20
accessions of chow-chow planted in 2011 made in the
year 2013-14. The observations recorded were stem
diameter (mm), leaf length (cm), leaf width (cm),
petiole length (cm) and number of leaves/m2. Among
the 20 chow-chow accessions, distinct morphological
variations were observed (Fig 15).
The morphological characterization of 45
accessions planted in 2013-14 of chow-chow plants
was also made. The observations recorded were Stem
diameter (mm), Branch diameter (mm) Branch length
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Fig 15 Morphological characterization of 20 accessions
of chow-chow

and direct sowing of coriander and palak was carried
out at monthly interval. All the vegetables grown under
plastic tunnels performed well and attained marketable
size and weight 10-25 days earlier than open conditions
especially during rainy season. The seedlings did not
survive under open conditions during April-June
because of heavy hailstorm in April and high rainfall
during May-June. Crops sown in July and August in
open conditions showed erratic germination and
transplanted crops performed inadequately. However,
during winter months, crops under open conditions
performed well but the crops under plastic tunnels
attained marketable size 10-15 days earlier with good
quality. B:C ratio (5.19) was maximum in BroccoliPalak-Coriander-Broccoli-Coriander cropping
sequence under plastic tunnels.

(cm), No. of leaves/m branch, Leaf length (cm), Leaf
width (cm), Petiole length (cm), Petiole diameter (mm),
Internode length and Last node diameter. Among the
45 chow-chow accessions, distinct morphological
variations were observed (Fig 16).

Fig 16 Genetic diversity of chow-chow germplasm in
Sikkim

INSECT PEST

Off-season vegetable cultivation

TOMATO

Production technology for off-season vegetable
cultivation under low cost plastic tunnels
Cabbage, cauliflower, broccoli, lettuce, coriander
and palak were tried under low cost plastic tunnels
and in open conditions (Figs 17-18) to compare the
growth and yield performance. The seedlings
transplanting of cabbage, cauliflower, broccoli, lettuce

Screening of some germplasm of tomato against
fruit borer
An experiment was conducted to screen eight
different germplasm of tomato viz., Rangila, Nayak,
NDH Anand, Karan, Mahakranti, Sinnova, NTH882
and Romeo against fruit borer. The observations on
infestation of tomato fruit borer were recorded during
fruiting stage. The study revealed that all the
germplasm were getting sufficient infestation of tomato
fruit borer (12.00 to 15.30 larvae/10 plants) i.e. all the
screened germplasm were found susceptible.

Fig 17 Off season production of cole crops

Fig 18 Off season production of coriander
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Evaluation of biopesticides against tomato fruit
borer
An experiment was conducted to evaluate six
different biopesticides viz., Neem oil (0.03 EC) @ 3
ml/l, Neem oil (0.15 EC) @ 3 ml/l, Spinosad 45 EC @
0.4 ml/l, Bacillus thuringiensis, @ 2 g/l, Nuclear
Polyhedrocis virus @ 1 ml/l and Beauveria bassiana
7 g/l against tomato fruit borer. Amongst the
biopesticides, Spinosad 45 EC @ 0.4 ml/l was found
to be the most effective for controlling fruit borer
(75.62% larval reduction over control after 14 days of
second spraying) with less fruit damage (5.46 %) and
higher yield (28.42 t/ha).
Effect of weather parameters on population
buildup of tomato fruit borer
Sex pheromone traps (Fig 19) for Spodoptera and
Helicoverpa were installed in tomato field during
fruiting period. The male adults trapped after one week
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were recorded and
reinstalled. On an
average 44.25 to
110.25 adults/trap of
Spodoptera were
trapped perweek.
Only 2-3 adults were
trapped in case of
Helicoverpa. The
Fig 19 Sex Pheromone trap
correlation between
population of tomato fruit borer and weather
parameters was studied and found that there was no
significant effect of weather parameters on population
build up of tomato fruit borer.

been recorded as emerging pest of Cherry and pepper
(Dalle Khorsani).
Both young and adult mosquito bugs damage chilli
plants by sucking the sap from leaves. The affected
part of the plant develops a circular stain that is dark
brown or black. Buds or shoots become curled, dried
and black reducing growth of the plant and ultimately
affect the yield. Badly damaged plants produce less
shoots and thus, the plant losses the vigor and become
stunted. Another nine hosts were identified viz.,
Hibiscus spp, Chenopodium album Dahlia, Solanum
spp, Salvia spp, Duranda gold, Chlerodendron spp,
sweet potato, and Houtoenia cordifolia. In future it
may create havoc to the tea industry of Sikkim.

New record
A new species of leaf folder (Fig 20),
Cnephalocrocis sp was recorded in rice. This was
identified only to genus level at Division of
Entomology, IARI, New Delhi. The larvae fold the
leaves longitudinally and feed within resulting in a
linear pale white stripe. In case of severe infestation
the leaf margins and tips are totally dried and the crop
gives a whitish appearance. But the larva of new
species folds several leaves of rice and dwells inside.
The larva mainly defoliates the leaves instead of
producing white stripes on the leaves.

AICRP on Spices
Standardization of protocol for genomic DNA
isolation from large cardamom and ginger
A protocol for genomic DNA isolation from leaf
tissues of large cardamom and ginger have been
standardized without using liquid nitrogen. For large
cardamom, leaf samples from local six cultivars viz.,
Sawney, Seremna, Varlangey, Ramsey, Ramla and
Dzongu Golsey (Table 4) were taken and for ginger
local cultivar ‘Bhaise’ were taken for the study. Various
alterations in standard CTAB procedure have been
done without using liquid nitrogen. The DNA integrity
and quality is confirmed using electrophoretic and
spectrophotometric techniques. The A260/280 ratio
ranged from 1.68 to 1.97, indicative of the high DNA
purity. The DNA obtained was used for PCR-based
reactions like SSR and RAPD in which it shows good
amplification having clear bands.
Table 4 Quantitative estimates of DNA
concentration using UV spectrophotometer

Fig 20 Anew species of leaf folder

Tea mosquito bug, Helopeltis theivora
Tea Mosquito Bug, Helopeltis theivora Waterhouse
(Hemiptera: Miridae) (Fig 21) has been the major pest
of tea in past as well as in recent times in northeast
India and West
Bengal
which
causes heavy losses
every year because
it attacks only the
young shoots which
yield the actual
crop of tea. In
Sikkim this pest has
Fig 21 Tea mosquito bug

Sample name
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Sawney
Seremna
Ramsey
Varlangey
Dzongu Golsey
Ramla
Bhaise
(Ginger
cultivar)

Genotype name

Amomum subulatum
Amomum subulatum
Amomum subulatum
Amomum subulatum
Amomum subulatum
Amomum subulatum
Zingiber officinale

Sample DNA
weight concentration
(mg)
ng/μl λ 260
/280
300
300
300
300
300
300
300

557.9
383.2
159.6
340.2
470.0
111.8
650

1.78
1.77
1.79
1.89
1.74
1.68
1.97

GINGER
Diseases
Network project on management of soft rot of
ginger
Evaluation and demonstration of the best treatment
involving hot water + Trichoderma + COC 0.3%
application was done. More than 60 farmers belonging
to different districts of Sikkim were invited for field
demonstration programme to transmit the technology
to the ginger growing farmers. Three demonstration
plots were made at ICAR Sikkim Centre, Tadong,
Gangtok along with a control plot. Soil application of
500 g Trichodermaviride formulation was done after
mixing with 25kg of well rotten farm yard manure.
Ginger rhizomes of var. Bhaise were treated with hot
water at 470C for 30 min. Complete germination of all
planted ginger rhizomes was observed 60 DAS. The
germination per cent ranged from 87.5 to 93.3.
Application of Blitox @ 0.3% was done three times at
10 days interval starting from 17/07/2013. The disease
incidence ranged from 7.51 to 8.47% in the treated
plots whereas the disease incidence in control plot was
28.57% (Table 5).

Horticulture Mission for North Eastern Himalayan
States-I
Table 6 Production of seed/ planting materials of
horticultural crops
Crop

Germination
(%)

Disease
incidence (%)

93.32

8.47

12.50

Plot II

91.66

7.51

12.34

Plot III

87.50

8.76

12.96

Control plot

87.50

28.57

8.59

A value chain on selected aromatic plants of NE
India
Multiplication of citronella and lemongrass was
done for extension of area in the farmers’ field. The
demonstration of production technology of citronella
and lemongrass was done in ICAR Farm. About 85,000
slips of citronella and lemongrass have been produced.
Around 2 ha area has been covered in the farmers’
field of Dzongu, Rey Mindu and Namthang villages.
One Field Day was organized on aromatic plants
involving the farmers of Rey Mindu and Sajung
villages on 10th October, 2013.
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Fig 22 Propagation & demonstration of Kiwifruit
production through Cuttings

Yield
(t/ha)

Plot I

Remarks

Mandarin budded 500 no’s
Continuing (Fig 23)
sapling
Strawberry
40,000 no’s 2800 runners sold and 5000
were distributed to the farmers.
Kiwifruit
2000 no’s 2100 cuttings i.e. 800 each of
Monty and Bruno female, 200
Alison female and 300 Alison
male (Fig 22)
Asparagus
—
5850 plants raised and
distributed to the farmers during
training programs.
Local Okra
—
About 2.5 kg seeds was raised
for further multiplication of
local / red okra germplasm

Table 5 Germination per cent and per cent disease
incidence and yield in demonstration plot
Particulars

Target

Fig 23 Sikkim mandarin Seedlings

ANIMAL PRODUCTION
First time our centre has tested and introduced
successfully Berseem mixed with rye grass and late
oat as fodder during scarcity period to sustain
production. This has been reflected in increase in milk
production (>3000 lit/month). Hybrid Sorghum (Saloni
White), a multicut sorghum and cow pea (var.Gomati)
introduction along with silage making provision to
ensure year round balanced green fodder availability
to livestock at our farm to further boosted their health
and production. Deep litter housing model (4 units)
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with a total capacity to rear 12-15 pigs along with
vermicompost unit for amelioration of soil acidity to
boost overall farm production were established. Centre
is maintaining sizable population of Vanaraja layers
(>700) and successful chicks (DOC) production is
going on with a hatchability around 88% to meet the
given target of Sikkim. Centre is also given hands on
training to the farmers about poultry farming and staged
many distribution and demonstration programme for
popularisation and propagation of scientific backyard
poultry.
Animal Health
Agroclimatic zone and animal-wise prevalence of
gastrointestinal parasites
A total of 6096 animals were examined during the
study period. An overall prevalence of 34.59 %
helminthic infestation was observed. The occurrence
of GI helminthic infestation was found to be higher in
goats (65.71 %) than that of cattle (21.11 %) and yaks
(18.14 %). The mixed infestation of trematode, cestode
and nematodes with coccidian oocysts were found
higher in goats than in other animals. The mean EPG
value was also higher in goats as compared to cattle
and yaks. The prevalence of GI-helminthes was higher
in subtropical and high humid zone (42.14 %) followed
by temperate and humid area (35.33 %) as compared
to Subalpine low humid zone (30.92 %) and alpine
dry area 18.45 %.
Month-wise prevalence of gastrointestinal parasites
in goat, cattle and yaks in Sikkim
The helminthic infestation was higher during June
to October with the highest peak in August in goats
(82.22 %) and June in cattle (28.38 %) as compared
to yaks where maximum GI infection was found in the
month of July (23.53%). This may be due to high
rainfall and favourable temperature (26-280 C), which
is congenial for the development of parasitic infection.
Monthly evaluation of the data revealed that strongyles
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especially Haemonchus spp. was the most prevalent
parasite in all three animals throughout the year in
Sikkim.
Season-wise prevalence of gastrointestinal
helminthes in goat, cattle and yaks in Sikkim
Out of the four seasons, significantly higher
helminthic infestation was observed during summer
(June- August) in goats (75.29 %), cattle (26.36%) and
yaks (21.48%). Comparatively low infection was
observed during winter (51.51% in goats) and 17.22%
in cattle and 16.74% in yaks. Mixed infestation of
trematode, cestode, nematode and coccidian oocysts
were observed during all the seasons in Sikkim. The
mean EPG value was higher in monsoon and postmonsoon season in goats and cattle than spring and
winter. The highest mean EPG values of yaks were
seen in summer (58.0) as compared to spring and winter.
AICRP on Poultry Seed Project
Due to heavy break down of Ranikhet disease the
parent stock of 3rd batch was affected very badly and
most of the birds died. About 1113 Nos. of DOC of
parent stock was procured from Directorate of Poultry
Research Hyderabad (DPR) during August, 2013. The
performance of parent stock at Research Farm was very
good. The age of parent stock as on 31st March, 2014
was 32 weeks and average body weight of male and
female was 2400 g and 2750 g, respectively. With
regards to mortality, the average week mortality was
0.63 per cent. However, the average hatchability of
this batch was 77.6% in March, 2014. Total of 2615
numbers DOC was supplied/sold to various farmers
out of which, 1739 was supplied to tribal farmers.
Training on backyard poultry farming was also
conducted for the beneficiary farmers under poultry
seed project. Under TSP, Vanaraja chicks training cum
distribution programme was organized on March 29,
2014. About 80 farmers participated in this training
programme.
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winter temperature recorded 1 to 2% below normal.
There were 113 rainy days (2% more than the normal)
which contributed 2061.4 mm rainfall, 10% less than
the yearly normal rainfall and 4% more than the
previous year. Relative humidity found normal almost
throughout the year. Moisture stress found from
November to March in respect to total rainfall received
and total evaporation in particular month. Moisture
was surplus during April to September.

TRIPURA CENTRE
WEATHER REPORT
Monthly mean air temperature recorded showed
some seasonal variation (Table 1). Maximum and
minimum air temperatures were found to vary from
25 to 35 0 C and 10 to 25 0C, respectively. Mean
temperature during summer and monsoon recorded 2
to 4% over normal while during post monsoon and

Table 1 Meteorological data of Lembucherra during April 2013-March 2014
Month

Air
temperature

Soil temperature
Relative
Humidity
Morning

Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar

Evening

Max

Min

5 cm

10 cm 20 cm

5 cm

10 cm 20 cm Morn Even

34.6
31.6
34.2
33.2
32.2
32.6
30.9
29.4
26.8
25.2
27.9
32.3

23.3
22.9
25.2
25.3
24.7
24.7
22.7
16.1
11.8
10.1
12.3
17.9

26.7
25.1
27.9
28.2
27.4
27.0
25.6
20.5
17.2
15.9
18.4
23.0

28.0
26.1
28.8
29.1
28.4
28.2
26.7
21.9
18.3
18.3
20.5
25.3

41.0
33.6
39.4
38.7
36.0
37.8
35.6
34.3
29.1
28.2
33.4
38.5

37.5
31.7
36.4
35.6
33.2
34.5
33.0
31.9
26.6
24.7
29.3
34.7

29.5
27.3
29.9
30.0
29.3
29.1
27.9
23.7
20.5
19.5
21.6
26.5

34.3
30.0
34.2
32.8
31.4
31.7
31.3
29.5
24.7
22.6
26.0
31.3

78
73
85
86
85
85
81
71
69
61
59
70

61
68
70
67
69
68
75
74
57
55
63
64

Rainfall
(mm)

135.4
714.9
400.0
151.2
223.0
266.8
115.1
0.0
2.4
0.0
31.0
21.6

Wind
Direction
Morn

Even

W
SW
S
SW
SW
SW
SW
SW
SW
SW
NW
NW

N
N
N
NW
N
W
SW
NW
N
N
NW
N

Speed

6.7
6.2
1.5
1.4
1.4
0.7
0.3
0.6
0.2
0.4
0.6
0.8

Abbreviations: Cloud Coverage: PC : Partly Cloudy; MC : Mainly Clear; GC : General Cloudy , Wind Direction: SW : South Westerly;
W : Westerly; S : Southerly; E : Easterly; W : Westerly; N : Northerly

RICE
RICE IMPROVEMENT PROGRAMME
Four entries were tested through AICRIP. TRC
2008-6 (IET 22580) was in 3rd year of testing (AVT 2
IME). The mean grain yield was 5175 kg/ha. Days to
50% flowering were 94, panicles/m2 were 304, and
plant height was118 cm. Two other entries TRC 20132 and TRC 2013-3 were tested in IVT E TP. TRC
2013-1 was tested under IVT IM (Table 1).

Fig 1TRC 2008-6 (IET
22580)

Fig 2 TRC 2008 – 4 (IET
22112)

Table 1 Paddy Varieties of medium early duration in line for submission for release by SVRC in 2014
●
●
●
●

●

TRC 2008-6 (IET 22580) (Fig 1)
The entry was promoted to AVT2 on the yield superiority in
zone III in AICRIP.
On the basis of AVT2 trial the entry was listed as promising
in R IV (5914 kg/ha).
In AVT2 its national average productivity was 5175 kg/ha
with plant ht of 118cm and 94 days to 50% flowering.
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Head rice recovery was 72% and milling percentage was
73.6%.
TRC 2008 – 4 (IET 22112) ranked 1st (Fig 2) in AICRIP IVT
IME in national yield average (5576 kg/ha) in 2010.
TRC 2008-4 (IET 22112) also stood 1st in national average
yield among the entries tested in AICRIP IVT IM, kharif 2011.
It has average yield of 5519 kg, with 50% flowering in 113
days and plant ht is 105cm.

INGER Nurseries
During 2013 -14 a total of 255 entries were
evaluated under IIRON, IRLON, SGRILLN, SGRRLN
trials. Top five high yielding entries are shown (Table
2).

83928-B-B-56-4; IR 82589-B-B-2-2; IR 83929-B-B132-2; IR 82635-B-B-75-2; IR 82635-B-B-47-2; IR
82589-B-B-51-4; IR 83928-B-B-42-4; IR 82635-B-B25-4; IR 83928-B-B-9-1; IR 82589-B-B-138-2; IR
83928-B-B-56-4; IR 82589-B-B-138-2.

Table 2 Performance of top two entries in the trials

Identification of Major QTLs for Grain Yield under
drought stress in ‘Jhum’ rice varieties of North
Eastern Region for use in marker assisted breeding
to improve yield under drought
Screening of 83 jhum and upland rice germplasm
from NE region was completed for drought tolerance
under managed stress screening at Lembucherra,
Tripura (the target environment) and under rain-out
shelter facility at CRURRS, Hazaribag. Genotypes
were further screened under rainout shelter for drought
tolerance for one more season. Grain yield was found
to be negatively correlated with drought score, canopy
temperature, chaffs/panicle (sterility) and positively
correlated with grain number/panicle and biomass.
Based on grain yield and other traits, the promising
drought tolerant genotypes identified were RCPL 1128, Bhalum 3, Berain 2, Full Badam and Kataktara.
Mapping populations were created by crossing the
identified lines as drought tolerant dodnors with
Swarna and Naveen. The following mapping
populations: RCPL 1-128 x Naveen, Bhalum 3 x
Naveen, Fulbadam x Swarna, Kataktara x Naveen,
Fulbadam x Naveen and Kataktara x Swarna were in
F3 genotyping of the entire set of jhum germplasm
was completed with known drought QTL specific SSR
markers. Genotyping of two best mapping populations
will be taken up in 2014.

Trial

Entry

Yield
(kg/ha)

IIRON Module 1

OM 6162
IR 09N538
IR 09N272
IR 09N246
HHZ 12 Y4-DT1 –Y1
HHZ 12 SAL 8 Y1-SAL 1
TRC 2008-6 (LC)
HHZ 8 SAL 12 Y2 DT1

7920
7840
7900
7400
7800
6900
7315
6650

IIRON Module 2
GSR IRLL
GSR RFLL

Table 3 Details of six trials and activities under
BMGF-STRASA during 2013
Trail
URSBN AYT 80-100 rainfed
DBN AYT GT 120 Cont
DBN AYT GT 120 REPST
DBN AYT 100-120 Cont
DBN AYT 100-120 REPST
DBN OYT

No. of entries
65
15
15
30
30
480

Varieties in line for submission for release by
SVRC, Tripura during 2014 based on their promising
performance under drought stress are: IR 64 Dro2 (IR
64 NIL DRT) / IET 22835 (IR 87707-182-B-B-B);
Vandana NIL-IR 83929-B-B-132-3; TRC 2013-4 (IR
83928-B-B-56-4); TRC 2013-12 (IR 83928-B-B-424); TRC 2013-5 (IR 82589-B-B-138-2).
Varieties tested through State Multi location trial
are: TRC 2013-6 (RR 646-B-93-6-B-3), TRC 2013-7
(IR 87744-16-2-1-3), TRC 2013-8 (IR 87756-19-1-21), TRC 2013-9 (IR 87756-20-2-2-3), TRC 2013-10
(IR 87732-29-1-4-2), TRC 2013-11(IR 84898-B-171CRA-43-1), TRC 87-251, TRC 2013-4 (IR 83928-BB-56-4), TRC 2013-12 (IR 83928-B-B-42-4), TRC
2013-5 (IR 82589-B-B-138-2).
Higher yielding drought tolerant entries
identified are: IR 82589-B-B-7-2; RR 646-B-93-6B-3; IR 87744-16-2-1-3; IR 87756-19-1-2-1; IR 877099-1-2-2; IR 87756-20-2-2-3; IR 83928-B-B-81-2; IR
87732-29-1-4-2; IR 84898-B-171-CRA-43-1; IR
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SEED PRODUCTION
The seed production of TRC 2005-1 Gomatidhan,
Naveen and TRC 2008-6 was 270, 14.1 and 1.2 tonnes
while for other promising varieties it was 3.4 tonnes.
Front Line Demonstrations in rice
During 2013 under NFSM kharif FLDs were
organized in 40 ha area in 2 locations (clusters) viz.,
South Bagma village and Mirza in Gomati district
covering 106 farmers. All the demonstrations included
Gomatidhan as FLD variety; Swarna and Pooja were
the check varieties. In 25 ha FLDs were conducted in
ICM mode with two different spacing viz., 20cm x
20cm and 20cm x 15cm. FLDs were conducted using
SRI method in 15 ha. Overall, FLD plots yields was
5.43 MT/ha. Swarna recorded 4.61 MT/ha and Pooja
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highest yield, which was statistically at par with ZT +
N100 P18 K33.3 + cellulose decomposing organism + 30%
residue incorporation over all other treatments. Residue
incorporation had significant effect under CT with
farmer’s practice of fertilizer application. The
incorporation of 30% residue with CT and farmer’s
practice recorded significantly less yield compared to
CT + N40 P9 + no residue incorporation. In contrast to
boro season rice, aman rice showed the different trend
in response to tillage, nutrient management and residue
management. RT along with 25% N through GLM +
N60 P9 K17 B2 Zn5 + cellulose decomposing organism
and 30% residue incorporation gave the significantly
higher aman rice yield compared to other treatments.
The incorporation of crop residue along with fertilizer
application increased the rice yield compared to residue
incorporation without fertilizer application. Among the
tillage system with similar set of other management,
RT produced more aman rice yield as compared to ZT
and CT.

4.84 MT/ha. In ICM mode, average yield of
Gomatidhan was 5.76 MT/ha while in SRI yield was
5.1 MT/ha. In ICM mode 20cm x 15cm spacing
resulted in higher yield (5.92 MT/ha) over 20cm x
20cm (5.6 MT/ha). Thus, closer spacing resulted 5.7%
more yield in ICM mode. In SRI, 20cm x 20 cm spacing
produced average yield of 5.34 MT/ha; whereas, 25cm
x 25cm produced 4.96 MT/ha and 20cm x 15cm
produced 5 MT/ha. The demonstrations proved that
spacing of 20cm x 15cm or 20cm x 20cm will be
optimum for Tripura condition.
Evaluation of jhum rice varieties
Three varieties of jhum rice (SARS 1, SARS 2 and
SARS 5) were cultivated in Tripura centre farm with
the objective to enhance the productivity of jhum
production. The crop was sown in the first week of
August 2013 with recommended package of practices.
SARS 2 recorded highest yield (1818 kg/ha) compared
to SARS 5 (1691 kg/ha) and SARS 1 (1080 kg/ha).
On-Farm Participatory Research Project
“Livelihood Improvement through Farming
System Approach”
Agriculture crops
Most of the farmers grow the low yielding old rice
varieties with traditional system of cultivation. We
introduced the high yielding rice varieties (Ranjit,
Gomati, MTU 1010) with improved production
technology like system of rice intensification (SRI)
and integrated crop management (ICM). Five villages,
103 farmers and 40 ha area were covered. Variety
Ranjit gave the highest yield (5.1 t/ha) followed by
Gamati (5.0 t/ha) and MTU 1010 (4.5 t/ha). Both
methods of rice cultivation were found superior in
terms of yield and net benefit over the farmers’
traditional methods of cultivation. The yield and net
income benefit varied from 4.5 to 5.1 t/ha and Rs.
25000 to 32200 among the farmers. In conclusion, the
high yielding rice varieties with improved method of
rice cultivation enhanced the productivity and farmers
net income ultimately led to livelihood security.
Sustaining the productivity of rice–rice system:
innovative resource conservation approaches
The experimental results at cocotilla ICAR farm
revealed that there was no significant effect of tillage
on rice yield with 30% residue incorporation and with
improved/recommended nutrient management. CT +
N100 P18 K33.3 + 30% residue incorporation gave the
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Crop diversification and lime on productivity and
profitability of rice–fallow system
Seven crops viz., toria, green gram, black gram,
maize, lentil, field pea and vegetable pea were
introduced in rice fallow after harvest of rice with four
nutrient management systems (100% NPK, 200 kg
lime/ha, 5 t FYM/ha and 200 kg lime + 5 t FYM/ha).
Among the crops, vegetable pea recorded the highest
system productivity, gross returns and net returns
compared to other crops (Fig 3). However, all the crops
showed different response to lime application.
Application of 200 kg lime/ha enhanced the green gram
yield over 100% NPK application and found superior
over all other treatments. The efficiency of lime was
increased, when applied with 5 t FYM/ha. Hence, the
application 200 kg lime + 5 t FYM/ha was found much
better option for increasing the yield of vegetable pea,
lentil, black gram and maize over the other nutrient

Fig 3 Effect of crop diversification on productivity and
profitability of rice – fallow system

management system. However, toria and field pea
showed no response to lime application, 100%
recommended dose of NPK gave the highest yield.
PULSES
PULSES IMPROVEMENT PROGRAMME
Varietal improvement
Single plant selections were made from F7
segregating population from urdbean x mungbean cross
(SPS 5 x IPM 99-125). A total of 637 segregating lines
of mungbean are at different stages of evaluation.
Single plant selections were made in segregating
population of 9 different crosses in fieldpea. TRCM 131-1 is under repeat trial in Mungbean Summer AVT
2 + 1.
Front line Demonstration on Pulses (AICRP
MULLaRP & TSP MULLaRP) 2013-14
During the rabi season in total 240 FLDs on pulses,
100 FLDs on lentil, 100 FLDs on fieldpea and 40 FLDs
on chickpea were conducted. Majority of the
demonstrations were conducted on tribal farmers plots
covering all districts of Tripura. In lentil DPL 62 and
PL 06 were given as FLD varieties, in fieldpea TRCP
-8, Prakash, Adarsh and Vikash were given as FLD
varieties and in chickpea Subhra and Ujjawala were
given. All the FLDs were on HYV and complete
package technology.
Agronomic evaluation of green gram varieties
Five green gram varieties were evaluated for yield
performance. Variety TRCM-2-2-1 recorded highest
number of pods/plant (24.9), pod length (7.11 cm), seed
weight (0.39 g/pod), seed/pod (11.0) and seed yield
(765 kg/ha) as compared to other varieties ( Table 1).

Increasing the food legumes production by small
farmers to strengthen the food and nutritional
security through adoption of improved technologies
and governance within South-South cooperation
Popularization of pulse production technology in
collaboration ICARDA and KVK Salem at Dhalai
Tripura
For enhancing lentil production rice fallow was
started by ICAR Tripura centre in collaboration with
ICARDA in 2012-13. A total of 4 districts of Tripura
were covered with a number of total 18 villages. New
improved high yielding lentil varieties were introduced
to a total of 213 farmers in covering an area of 60 ha
in 2013 – 14.
Technological Interventions: Technological
interventions were provided to the farmers on lentil
cultivation (Figs 1-4). According to the phenological
stages of the crop, the details of these interventions
are as follows:

Fig 1 Lentil farmers

Improved crop varieties: HUL 57, NDL 1, WBL
58, WBL 77, PL 06.
Methods of establishment: Para cropping, RT
cultivation, ZT cultivation. The performance of RT
lentil is better than the crop grown under ZT condition.

Table 1 Yield attributes and seed yield of different green gram varieties
Treatment

Pod/plant

Pod length
(cm)

TARM 18

14.9

6.74

TRCM 1-6-5-4

13.2

TRCM 2-2-1

24.9

Seed weight
(g)/pod

Seed/pod

Seed Yield
(kg/ha)

0.29

10.5

623

6.85

0.35

10.5

657

7.11

0.39

11.0

765
670

IPM 2/3

19.0

6.75

0.35

10.5

TMB 37

24.3

6.62

0.35

10.4

695

SEm±

1.04

0.15

0.02

0.23

14.6

LSD (P=0.05)

3.39

NS

NS

NS

47.6
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Fig 3 Lentil (WBL 77) under reduced tillage
Fig 2 Lentil seed distribution

Seed rate: 30-35 kg/ha for CT and RT, 40-45 kg/
ha for ZT and 50-60 kg/ha for paira cultivation.
Seed treatment: Seed treatment with Rhizobium
culture @ 5 packets/ha and Bavistin @ 2g /kg.
Seed priming: Seed priming was performed for
better germination. Seeds were soaked during night
for 12 hours with natural water, excess water was
drained out and dried in shade before sowing.
Sowing:
Line sowing: Sowing at the distance of 25-30 cm
was done.
Broad casting: Seed was broadcasted after one
ploughing and the second ploughing was done to mix
the seed in the soil.
Sowing time: Four different sowing times (1st and
nd
2 fortnight of November and 1st and 2nd fortnight of
December) were tried to see the effect on productivity.
Weed management: Pendimethalin P.E. @ 1.5 kg
a.i/ha was applied immediately after sowing was done
to avoid losses due to weeds.
Nutrient management: 20 kg N, 40 kg P2O5 and
20 kg K2O/ha was applied in the form of urea, SSP
and MOP, respectively.
Urea spray: Foliar spray of 2% urea along with
boron and zinc just before flowering and repeated after
10-15 days specially to avoid the moisture and
atmospheric stress.
Performance of lentil at Dhalai Tripura
Three lentil varieties namely WBL 77 (Fig 10), PL
06 and WBL 58 were distributed among the 60 farmers.
The crop was grown on 20.6 ha of total land at Dhalai
Tripura for demonstration of improved lentil
production technologies in rice fallow area after
harvest of rice, with the objective to enhance lentil
production and nutritional security. WBL 77, sown in
the month of November under reduced tillage
condition, showed the better performance. PL 06 was
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sown in second forthnight of November and WBL 58
was sown in the month of December. Both the varieties
showed very good germination. Lentil variety WBL
77 produced higher seed yield (1.2 kg/ha) as compared
to WBL 58 and PL 06.
Performance of lentil at West Tripura
Five lentil varieties namely PL 06, NDL 1, WBL
77, WBL 58 and HUL 57 were distributed among the
67 farmers. The crop was grown on 17 ha of total land
at West Tripura for demonstration of improved lentil
production technologies in rice fallow area after
harvest of rice. The results are as follows:

Fig 4 WBL 58 in zero tillage at farmer’s field

Effect of date of sowing on seed yield of lentil
Lentil variety HUL 57 was sown on different dates
viz., 5th, 10th, 15th, 20th, 25th November and 5th, 10th
December, respectively. The optimum time for sowing
lentil crop was from 15th to 20th November which gave
highest yield (1.2 t/ha) while the crop sown on 10th
December recorded the lowest yield (0.2 t/ha).
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Effect of methods of establishment on lentil seed
yield
Lentil was sown under different methods of
establishments viz., RT, ZT and Paira cropping. The
lentil varieties grown under RT recorded the highest
yield (1 t/ha) however, paira cultivation of lentil
produced lowest seed yield (0.5 t/ha).

Effect of method of sowing on lentil yield
Five lentil varieties namely PL 06, NDL 1, WB 77,
WBL 58 and HUL 57 were sown through line sowing
and broadcasting. Among the line and broadcasting
methods of sowing, the line was found much better
for cultivation of lentil and produced more seed yield
(1.2 t/ha) as compared to broadcasting.

see the performance of all the varieties. Some
photographs showing the growth performance are
given bellow.
FIELD PEA

Performance of lentil varieties
Among the five varieties of lentil viz., PL 06, NDL
1, WB 77, WBL 58 and HUL 57 under study, the variety
HUL 57 (Fig 5) produced the highest seed yield (1.2
t/ha). The seed yield of varieties PL 06 and NDL 1
was at par and lowest yield among the varieties.

Evaluation of field pea varieries against Fusarium
wilt
Twenty varieties were evaluated for Fusarium wilt
caused by Fusarium oxysporum f sp pisi. The varities
are: PRAKASH, HUDP 1211, HUDP15-4,
PRAKASH, NDP10-101, HUDP 954, RFP-72, RF-12100, IPFD 11-5, IPFD 11-10, RFP 75, PANT P 217,
KPF 1028, HUDP 15, KPMR 925, HUDP 1202, PANT
P 195, HUDP 15, RFP 2009-2, RFP2009-4. Among
these the highest disease incidence of 33 % was
observed in RPF 2009-4.
OILSEEDS

Fig 5 HUL 57 in reduced tillage at farmer’s field

Adaptability evaluation of high yielding mustard
varieties
Eight varieties of mustard (Pusa Tarak, Pusa
Aagrani, Pusa Mahak, Pusa Mustard 25, Pusa Mustard
26, Pusa Mustard 27, Pusa Mustard 28 and TRCT 15-1-1) were sown after harvest of medium duration
rice variety Gomati, with the objective to diversify the
rice based cropping system. Among the eight mustard
varieties, Pusa mustard 25 recorded significantly higher
yield (800 kg/ha), which was at par with Pusa Agrani.
The overall yield of all the varieties was low due late
sowing.

Performance of lentil at South Tripura
Four varieties of lentil seeds (WBL 58, PL 06, HUL
57 and NDL 01) were distributed among the 77
farmers. The crop was grown on 21 ha of total land for
demonstration of improved lentil production
technologies in rice fallow area after harvest of rice,
with the objective to enhance lentil production and
nutritional security. The crop was sown from second
fortnight of November to December with
recommended package of practices under both the ZT
as well as CT. Among the lentil varieties, HUL 57
recorded highest yield (1.1 t/ha) followed by NDL 01,
PL06 and WBL 58. In West Pilak area NDL1 yielded
6.2 q/ha under minimum tillage.

LITCHI

Farmer’s participatory varietal selection
Two trials were started to evaluate most suitable
lentil variety for Tripura condition as follows:

Effect of shoot pruning and foliar feeding of
nutrients on shoot growth, flowering, fruit set and
fruit quality of litchi, Pusa Mahak
The experiment was laid out in the year 2013-14
on litchi variety Shahi with treatment combinations of
bearing shoot pruning (levels: removal of bearing shoot
tip, cutting of 10 cm, 20 cm and 30 cm shoot above
the panicle base point, no pruning of shoot) after
harvesting and foliar sprays of nutrient (levels: Zinc +
Boron, Zinc + Boron + Urea and No sprays).
Preliminary observation in the first year shows that
treatment combination of 20 cm and 30 cm shoot
pruning and Zinc + Boron sprays gave better response
in terms of early shoot emergence in 5-7th July, 2013
(T7 – T12) in comparison to No pruning (T13- T15) as
well as only the shoot tip removal (T1 – T3) treatments
(Table 1). Similarly, this treatment combination (T7 –

On farm agronomic performance of lentil varieties
distributed to farmers for demonstration
Five lentil varieties HUL 57, PL 06, NDL1, WBL
58 and WBL 77 were distributed to farmers for
demonstration was also sown on experimental farm to
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Table 1 Interaction effect of pruning and foliar sprays of Boron and Zinc on vegetative and reproductive
growth of litchi var. Shahi
Treatment Date of
shoot
emergence
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
CD (P=0.05)

2/8/13
29/7/13
30/7/13
17/7/13
15/7/13
17/7/13
7/7/13
5/7/13
7/7/13
6/7/13
5/7/13
6/7/13
10/8/13
13/8/13
11/8/13

Shoot
Length
(cm)

Shoot Dia.
(mm)

30.4
28.8
28.7
33.4
32.6
31.5
50.5
55.5
53.7
50.3
45.5
50.6
21.9
18.2
20.7
1.5

7.3
8.1
8.1
10.9
11.3
10.9
18.7
21.0
19.5
21.6
20.2
19.6
5.9
6.6
7.1
0.4

Date of
panicle
emergence
12/2/14
13/2/14
13/2/14
9/2/14
7/2/14
10/2/14
4/2/14
1/2/14
6/2/14
2/2/14
31/1/14
4/2/14
16/2/14
14/2/14
15/2/14

T12) was also found to be effective for higher shoot
length (45.5-55.5 cm) and diameter (18.7-21.2 mm),
panicle length (28.3-34.1 cm) and fruit set (12.418.6%).

Panicle
width
(cm)

Fruit Set
(%)

19.5
19.1
17.5
19.5
27.0
23.2
34.1
32.4
31.9
32.1
32.9
28.3
17.5
19.2
19.5
1.1

2.5
2.6
2.1
2.5
2.9
2.5
3.1
2.9
2.5
3.0
3.0
2.5
2.6
2.5
2.5
0.2

6.3
6.9
4.8
9.1
9.4
9.2
16.3
17.4
13.9
17.5
18.6
12.4
4.3
4.1
3.8
1.0

selected at three different directions on each trees and
rest all other branches were completely removed from
the base. Latent buds sprouted from the old bark on
the selected branches during 6-20th March, 2013.
Average numbers of shoots which emerged from the
top portion of the selected pruned branches were
counted to be in the range of 10.3-19.3. Vigorous and
upward growing shoots i.e., 3, 4 and 5 shoots/branch/
tree respectively were retained. New shoot length and
diameter were recorded in the range of 75.8-125.4cm
and 14.5-25.1 mm, respectively.

MANGO
Standardization of rejuvenation techniques of old
Mango trees
Rejuvenation of old and senile mango trees var.
Himsagar was under taken in the year 2012-13 (Fig
1). Selected trees were subjected to rigorous
rejuvenation pruning (December-January) at different
height (levels: 2.5m, 3.5m and 3.5m) from the ground.
Tree vigour of all the selected trees was recorded prior
to pruning in terms of tree height (10.2-12.7m), avg.
tree spread (8.8-10.7m) and avg. branch
circumferences (80.0- 101.3cm). Three branches were

Fig 1 One year old rejuvenated mango
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Panicle
Length
(cm)
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Horticulture Mission for North East and
Himalayan States (MM I)
Mother block of mango varieties viz., Pusa Surya,
Pusa Arunima, Mallika, Chausa, Langra, Alphonso,
Gopalbhog, Krishnabhog, Fazli, Dashehari and
Banganpali was established. Similarly mother block
of citrus like Mosambi, Valencia, Khasi Mandarin,
Local Scented Lemon and root stocks seed bank
namely Rangpur lime, Rough Lemon and
Volkamariana was also established. Saplings of mango
(15000), litchi (2000) and papaya (1000) were
distributed and a rejuvenation technique of old and
senile mango and litchi trees was demonstrated.
Gladiolus varieties viz., Pusa Suhagan, Red Ginger,
Prescilla, Suvenior and Summer Sunshine were
identified. Spike length varied from 65-75cm and floret
number varied from 12-15. Floret length varied from
8.5-10.2 and diameter was 7.8-8.9cm. Days to 50%

flowering was recorded to be 60-83 days after planting
(DAP). Total flowering duration completed in 93-111
DAP. Capsicum under polyhouse condition was better
during winter, summer and rainy season than open field
condition. Adaptation trials on winter vegetables were
carried out in collaboration with Department of
Horticulture and Soil Conservation, Govt. of Tripura.
Training on IFS of tuber crops and distribution of tuber
crops was organized. Six demonstrations on
rejuvenation old litchi tress were imparted in different
parts of Tripura. Training on improved Technologies
of vegetable and fruit cultivation in Tripura was
organized in collaboration with IWMP. Thirty trainees
from NERAMAC and local nurseries participated in
one week fruit nursery raising and management
programme (Fig 1).

Fig 1 Training on fruit nursery management

(AVT-I Tolcv Res-6) to 5.2 (AVT-II 2011/TOBW-5),
fruit diameter 20.4 cm (AVT-II 2011/TOBW-2) to 12.1
cm (AVT-II BT-1C). Fruit yield ranged from 225.6 q/
ha (AVT-II 2011/TOBW-2) to 74.0 q/ha (AVT-I Tolcv
Res-7). Six entries were evaluated and pod length
varied from 18.8 cm (2013/DOLPVAR-3) to 8.8 cm
(2013/DOLPVAR-4). Pod yield ranged from 15.8 q/
ha (2013/DOLPVAR-4) to 80.0 q/ha (Swarna
Utkrishit).
BANANA
Colony growth characters of Mycosphaerella spp
The growth of Mycosphaerella spp on 7 different
culture media viz., Potato Dextrose Agar (PDA),
Czapek Dox Agar (CDA), Malt Extract Agar (MEA),
Czapek Malt Agar (CMA), Macconkey Agar (MA),
Yeast Extract Agar (YEA), Oat Meal Agar (OMA).
The discs were cut from a 6 days old culture and placed
on 7 culture media with 3 replications each and
incubated at 24±2oC. PDA, CMA, CDA and OMA gave
uniform circular radial hyphae after second day of
incubation. While in case of YEA the white cottony
fluffy growth was seen. In case of MEA slightly
irregular growth was observed and in MA there was a
sparse, irregular and ununiform growth. OMA, MEA,
CDA, CMA and CDA covered the petri dish in six
days after inoculation while MCA covered 6 cm and
YEA covered 5.5 cm diameter. It shows that
Mycosphaerella growth on MCA and YEA is relatively
slower compared to other five media.

AICRP on Vegetable Crops
IET and AVT trials
Eighteen brinjal entries were evaluated under IET
and AVT I for different characters. Fruit weight ranged
from 390.9 (IET-long 2013/BRLVAR-1) to 47.8 kg
(AVT-I 2012/BRBW Res-1). Yield ranges from 292.5q/
ha (AVT-I 2012/ BRBW Res-1) to 55q/ha (IET- long
2013/BRLVAR-3). Bacterial wilt incidence ranged
from 0-11.8% in different entries. Total 13 entries of
cauliflower were evaluated under IET and AVT II. Curd
maturity duration varied from 45 days (IET Sankar C)
to 64.5 days (IET 2013/CAUMHYB-4). Net curd
weight varied from 154.2 g (AVT-II 2011/CAUMHYB3) to 742.2 g (IET 2013/CAUMHYB-1). Net yield
ranged from 11.3 t/ha (AVT-II 2011/ CAUMHYB-3)
to 20.3 t/ha (IET 2013/CAUMHYB-1). Total 17 entries
were evaluated under AVT I and AVT II. Fruit weight
ranged from 43.0 (AVT-I Tolcv Res-8) to 115.2 g (AVTII 2011/TOBW-2). Fruit length varied from 7.7 cm
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MUSHROOM
Evaluation of different races of milky mushroom
Three different strains viz., CI 38, CI 302 and CI
Tripura of milky mushroom (Calocybe indica) were
spawned (Table 1). In each case polythene bag was
prepared with 500g paddy straw and casing was done
with garden soil mixed with 2% CaCO3. Mushrooms
were harvested on its maturation. The results showed
that CI 302 recorded highest BE (62.0%) followed by
CI 38 (46.7 %).
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Yield evaluation of black ear mushroom on
different substrate composition
The black ear mushroom (Auricularia polytricha)
was tested (Fig 1) for its yield on four different
substrate compositions. Spawning was done on 25/4/
2013. First harvesting was done at 45 DAS. The yield
was highest with equal amount of saw dust and paddy
straw (1:1) along with 2.0% CaCO3 (272.5 g). With

Table 1 Evaluation of different races of milky
mushroom
Race

CI-38
CI-302
CI-Tripura

Date of
spawning

6/5/2013
8/5/2013
29/5/2013
6/5/2013
8/5/2013
29/5/2013
8/5/2013
15.5.2013

Days
required
for 1st
harvest
51.0
58.0
61.3
61.3
58.9
59.0
64.6
64.0

Yield
(g)/bed
(500g
straw)

BE
(%)

90.0
92.9
233.3
56.7
92.2
310.0
70.0
20.0

18.0
18.5
46.7
11.3
18.4
62.0
14.0
4.0

Table 2 Yield trial of mushroom hybrids with
selected stains and species of oyster mushroom
Strains/Species
/hybrids
PSC-2010
PSC2012
PSC SADA
PSC DMR
PSC-05
Pleurotus sp.
FLO
FLO-03
FLO DMR
PDZ
PE DMR
PDZ DMR
3S-12-14 × 2S-30
6S-3 × 3S-12
6S -13 × 4S -13
1S -8 × 2S -30
4S -18 × 5S -8
6S -3 × 3S-12 -10
CD at 5%

rice straw and saw
dust (1:1), the yield
was 227.5g compared
to rice straw (110g)
and rice straw with
2% CaCO3 (105g).
Fig 1 Black ear mushroom

Improvement of oyster mushroom
Final yield performances of hybrids along with
selected strains
The selected hybrids which showed better yield in
primary yield trial during the preceding year were
evaluated along with selected strains and species of
oyster mushroom. Spawning was done on 25/9/2013.
The hybrid, 4S -18 × 5S -8, and the strain of Pleurotus
sajor-caju (PSC-DMR) performed best, both showed
significantly higher yield than others (Table 2).
Evaluation of different bamboo species for making
low cost drip pipes
The experiment was conducted with banana
(spacing; 2.5m x2.5m) in slopy upland (>10% slope)
(Tilla land) (Fig1). There was total of 30 line of 25 m
length. Water tanks
of 1000 L capacity
were established at
height and then,
different material
were taken as
laterals while the
main and sub-main
Fig 1 Banana with bamboo
lines were PVC
drip pipe
pipe. Four types of
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Days required
for 1st harvest
32
26
26
32
27
28
29
24
27
18
20
29
27
31
36
26
-

Yield (g)
/kg straw
270
83
530
573
40
226
290
433
500
113
306
526
180
223
173
46
690
0
NS

BE
(%)
27.0
8.3
53.0
57.3
4.0
22.6
29.0
43.3
50.0
11.3
30.6
52.6
18.0
22.3
17.3
4.6
69.0
0.0
154.9

N.B.: PSC = Pleurotus sajor-caju, FLO= Pleurotus florida, PDZ
= Pleurotus djamor, PE = Pleurotus eous, 1S= Single spore
isolate of Pleurotus sp; 2S = Single spore isolate of Pleurotus
sajor- caju (strain-PSC-SADA), 3S = Single spore isolate
of Pleurotus sajor caju (strain-PSC), 4S = Single spore
isolate of Pleurotus florida, 5S = Single spore isolate of
Pleurotus flabellatus, 6S = Pleurotus djamor

locally available bamboo species viz., T1 = Barak
(Bambusa balcooa), T 2 = Dolu (Schizostachyum
dullooa), T3 = Rupai (Dendrocalamus longispathus)
and T4 = Bari (Bambusa vulgaris) were taken for
experiment. The distribution efficiency over Dolu
bamboo made drip was highest (87%) among all four
species of bamboo. This was below 12% than the
control (99.94%). This low efficiency was due to minor
leakages in the main pipe lines since the low cost drip
irrigation system was one year old. These four drip
pipes were evaluated by comparing them on different
criteria on rank and position based. Dolu bamboo made
drip pipes were found suitable which can be
recommended for drip pipe making under low cost drip
irrigation. To make durable, the bamboo drip pipes can
be painted by thick layer of castor or neem oil.
Integrated Watershed Development Programme
Capacity building programmes
Nine trainings were conducted under Loharnala
(LU) Micro-watershed and around 500 peoples were
benefited. The programme viz., watershed management

and soil and water conservation (50 farmers), farm
pond construction and composite fish farming (50
farmers), improved goat production technology (80
farmers), improved technologies of vegetables & fruit
plant cultivation in Tripura (80 farmers), bamboo based
entrepreneurship & skill development (50 farmers) and
farm animals & dairy, poultry (80 farmers). Apart,
farmers were also provided training under IPM in
major crops of Tripura (20 farmers), scientific
mushroom cultivation (30 farmers) and nursery
management (10 farmers).
BIOFERTILIZER
Effect of organic manures, zero tillage and crop
rotation on crop yield and mycorrhizal activity of
indigenous arbuscular mycorrhiza
To increase the infectivity of indigenous mycorrhiza
on-farm via agronomic practices (reduced tillage, crop
rotation, and organic fertilizer management) an
investigation was carried out for 16 months with four
crop cycles comprising of four months each on a sloppy
terraced field. The cropping sequence was maize
(monoculture) followed by vegetables viz., winter
tomato-capsicum-summer tomato (mixed cropping),
maize (monoculture) and pea (monoculture). Use of
different organic manures in the first and second-crop
cycle influenced arbuscular mycorrhizal (AM) root
infection significantly (P = 0.05). Succeeding zero
tillage (without incorporation of any organic manure
further) in the second crop cycle (i.e. winter tomatocapsicum-summer tomato) accounted significant
increase in AM root infection under all organic
fertilizer regimes except control to that of previous
crop cycle. Winter tomato recorded highest AM root
colonization followed by summer tomato and capsicum
in the mixed cropping system. The trend of increase
in AM root infection with regard to maize was of the
order- FYM > vermicompost > poultry manure.
However, the trend with regard to vegetables was FYM
> poultry manure > vermicompost. Addition of organic
manures upon ploughing successively in the third and
fourth crop cycles had no significant (P = 0.05) effect
on AM root infection.
Effect of Azospirillum, IAA and Hoagland’s solution
on spore multiplication of Glomus mosseae
We investigated the use of Azospirillum, IAA and
Hoagland’s solution in probable combinations to
achieve optimum level of AM fungal root infection
and spore number in short period. A test AM culture
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Glomus mosseae (Nicol. and Gerd.) Gerd. and Trappe
was inducted in the study. AM root infection and
sporulation studies were carried out in sterilized (1.5%
Sumabac sanitizer) plastic pots (6” dia.) containing
sterilized soil and sand (3:1) using Rhodes grass
(Chloris gayana Kunth) as a host. The treatments with
Azospirillum, IAA and Hoagland’s solution was
accomplished by pipetting 50 ml, 1 ml and 2 ml of
preparations, respectively to each mycorrhiza plus
Rhodes grass seed laden holes while treatments devoid
of biotic and abiotic agents served as control. The
experiment was completely randomized design during
March-June at 30.8oC; and observations in triplicate
were recorded at 45, 90 and 120 days after sowing
(DAS) designated as first, second and third harvest,
respectively. AM spore numbers, and per cent root
infection increased significantly (P < 0.05) with all
factors under study over corresponding control at all
harvests. Highest AM root colonization at 45 and 90
DAS were achieved by the application Azospirillum
and Hoagland’s solution in combination (60% , 94%);
followed by Azospirillum + IAA + Hoagland’s solution
(58%, 94%), Azospirillum (55%, 92%), Azospirillum
+ IAA (44%, 83%), and IAA + Hoagland’s solution
(44%, 82%). Lowest root infections were recorded
with the sole application of Hoagland’s solution and
IAA to 42% and 79% at 45 and 90 DAS, respectively.
Mycorrhizal root infection increased rapidly at 90
DAS, but nearly stabilized during the third harvest (120
DAS). Sporulation increased three times under the
influence of all factors (by solo and dual inoculation),
while 1.5 times increment was accounted in AM
control at the second harvest to the first harvest.
Azospirillum treated AM plants (at 45 DAS) recorded
almost equal or even more amount of infected roots
and spores than control (at 90, 120 DAS). Azospirillum
is recorded to be the best candidate among all the
factors to expedite AM infection and spore production
(Fig 1).
A 20-year old fallow land at jhum site of Chanki
village in Nagaland was investigated to find the spore
density and diversity of native AM. A total of 34,874
native AM spores of diverse morphotypes is extracted
from Chanki site. Native AM spore density ranged from
12-17 spores/g soil (d.w.). Spore density was highest
in the upper slope followed by middle and bottom
slope. Soil moisture content was least (18.7%) at the
upper slope and increased gradually towards the
bottom slope (25%). Overall gradients had a significant
influence on the spore population (P = 0.05). Spore
population in the upper, middle and bottom slopes was

Fig 1 Effect of Azospirillum, IAA, Hoagland’s solution on AM sporulation and root colonization in Rhodes grass
at three harvests

inversely correlated with the moisture content of the
slopes. Diverse AM morphotypes were categorized into
three groups on the basis of spore diameters viz., Atype (> 250 μm), B- type (106- 250 μm) and C- type
(53-106 μm). Preponderance of native AM morhotypic
spore was of the trend –B > C > A.
Effect of ‘burning’ practices and different fallow
periods on chemical properties of jhum soil
An investigation was conducted in two different
jhum sites of Nagaland and Mizoram under the
influence of burning practices and different fallow
periods (2 year, 4 year). Burning practices and different
fallow periods had a least influence on pH at both the
jhum sites. Total N content decreased in burnt site
compared to unburnt site. However, N increased in 4year fallow compared to 2-year fallow. The amount of
P decreased under the influence of both factors. The
quantity of K increased with burning activity. However,
it decreased (Mizoram) and increased (Nagaland) as
the fallow period increased. Both the jhum sites
recorded a decrease in SOC under the influence of
burning practices.

a sterile 0.9% NaCl. The positive tubes with mycelial
growth were noted at 96 h (30±2oC) incubation and
population density was expressed as colony forming
units (cfu)/g on dry weight basis. Higher number of
fungal colonies in acidified potato-dextrose medium
(pH 3.5) was recorded. Correspondingly, MPN method
on acidified potato-dextrose medium (pH 3.5) resulted
highest propagule count for R. oryzae (6.75 log cfu/
ml), followed by spread plate method (6.71 log cfu/
ml), and pour plate method (6.68 log cfu/ml). Potatodextrose medium (pH 5.6) recorded lower number of
propagules relative to acidified medium but with a
similar trend i.e., MPN (6.55 log cfu/ml) > SP (6.50
log cfu/ml) > PP (6.11 log cfu/ml). The trend of result
was parallel to T. reesei. MPN method in general
resulted insignificantly (P = 0.05) highest propagule
count compared to plate count techniques for both the
models under study. In conclusion, MPN method can
suitably be an option to standard plate count methods
for enumeration of fungal population density (Table 1).
Table 1Effect of pH of potato-dextrose media and
enumeration methods on fungal population density
pH

Effect of most-probable-number (MPN) method
and pH on fungal population density
We explored most-probable-number method to
evaluate population density of fungus of food, soil and
compared with plate count methods using two fungal
models viz., Rhizopus oryzae (ITCC 7382.09) and
Trichoderma reesei (local isolate) in potato-dextrose
media at two different pH-5.6 and 3.5. The fungal
propagules suspension was prepared by washing the
growth surface for three times with approximately 30
ml of sterile 0.9% (w/v) NaCl and was stored at 4oC.
Decimal dilutions of suspensions of harvested
propagules were tested up to 1:106 were prepared using
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Method

Population density* (log cfu /ml)
Rhizopus oryzae

Trichoderma reesei

5.6

MPN**
SP
PP

6.55 ± 0.02c
6.50 ± 0.01c
6.11 ± 0.02d

6.09 ± 0.02bc
6.06 ± 0.01c
6.01 ± 0.01d

3.5

MPN
SP
PP

6.75 ± 0.00a
6.71 ± 0.01ab
6.68 ± 0.02b

6.32 ± 0.01a
6.12 ± 0.02b
6.10 ± 0.02b
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Mean values ± SD of five replicates are given. Means sharing a letter in
the column are not significantly different at P < 0.05 by DMRT. **MPN
most-probable-number, SP spread plate, PP pour plate.

Effect of diverse agro-wastes on cellulolytic activity
of Aspergillus oryzae
The effect of nutrients on cellulase production by
Aspergillus oryzae, a local isolate, in submerged
fermentation was investigated (Table 2). Aseptically
collected culture filtrates of A. oryzae grown on
different lignocellulosic agro-wastes viz., wheat bran
and pulse husk at various incubation period – 3, 6, 9,
12 days were filtered through filter paper, centrifuged
(10000 rpm) and refrigerated (4oC, 8 h). Cellulase
activity of the crude enzyme and soluble protein

planted with Mango var. Amrapali in 2006 and Banana
var. Champa/Chini champa (local var.) in 2008. Halfmoon terraces were made at a distance of 5m for mango
and 41 nos. mango grafts were planted. 114nos. Banana
hills were planted between the mango lines with
appropriate soil conservation measures. A channel of
18” wide & 18” depth were made for natural drainage
of rain water into the water harvesting structure (pond)
of FSR. A fodder crop - Hybrid Napier are planted in
the channel bund which protect soil and supply green
fodder to the dairy animals through the year.

Table 2 Growth, total cellulolytic activity and protein secretion by Aspergillus oryzae on different
lignocellulosic agro-wastes
Incubation
time (days)

Wheat bran
Population
density
(log CFU/ ml)

3
6
9
12

7.1a
7.3 a
7.9 a
7.6 a

Pulse husk

Total
cellulolytic
activity
(FPU/ml)

Total
protein
content
(μg/ml)

0.96 c
1.91 a
2.32 a
1.76 ab

280 e
610 c
712 a
708 a

Population
density
(log CFU/ ml)
7.2 a
7.4 a
7.5 a
7.7 a

Total
cellulolytic
activity
(FPU/ml)

Total
protein
content
(μg/ml)

1.04 bc
1.66 abc
2.45 a
2.40 a

312 d
624 c
682 b
705 a

* Filter paperase is expressed in terms of filter paper units (FPU). One unit is the amount of enzyme in the culture filtrate that release 1ì mole of reducing
sugar from filter paper per min.

content were estimated. Cellulase content in wheat bran
and pulse husk media increased with concomitant rise
of population density of A. oryzae as incubation time
advanced. Wheat bran supported maximum growth of
Aspergillus while maximum enzyme production was
attained by pulse husk. Cellulase activity was
maximum (2.4 FPU per ml) in pulse husk medium on
12-day interval with optimum on 9-days. Activity of
cellulase enzyme and protein content in Aspergillus
culture filtrates vary with different lignocellulosic agrowastes.
Farming System Research model (FSR-1)
A Study on Agro–Economics of Mango + Banana
component
FSR–1 (Agri–Horti–Agroforestry-FisheryDuckery) model has an area of 1040 m2 slopy tila land

Economic Return
Each Amrapali mango plants yields mango @ 6-8
kg/plant. Average yield is 200 kg to 250 kg/year. Sale
rate of mango is ` 20 to 25 per kg. So, annual return
from mango component is ` 4000 to 6250 per year.
Banana var. Chini champa is very sweet and prolific
bearer round the year. Average production of banana
bunch is 60 to 70 every year. Each bunch yields 120 to
150 nos. bananas. The sale rate of banana is ` 10 for
20 (twenty) nos. and average return is ` 60 to ` 75
from each bunch. So, annual return from banana
component is ` 3600 to ` 4900 out the year. Four
cuttings of green fodder was possible per year. Fodder
yield was 40 to 50 kg. Each time and total annual
fodder yield was 160 kg to 200 kg. The sale rate of
green fodder was ` 7 per kg and total annual return
was ` 280 to ` 350. Economics of mango + banana in
FSR-1 is given in Table 1.

Table 1 Economics of Mango + Banana and summarized economic return in FSR-1
Total area

Cost of Cultivation
(`
`/ unit area )

2000
1040 m2
Summarized return from FSR- 1
5690 m2
28254
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Gross return
( `/unit area )

Net return
( `/unit area )

Net return
(`
`/ha)

Benefit cost
ratio

9350

7350

70,673

3.6

55719

27465

59706

1.97
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Many crop combinations were undertaken in FSR
-1 where cropping intensity was 300 % and the
cropping sequence as undertaken with economic return
is presented in Table 2.

Farming System Research FSR-II
In this model, fruits-tuber crops-elephant foot yam
(366 m2) colocasia (440 m2), dioscoria (66 m2), Tannia
(144m2) in kharif (Mar-Oct) and potato (640 m2),

Table 2 Cropping sequence and economic returns of FSR-1
Crop sequence

Variety

Production
(kg/ha)

Maize
Maize+G.nut
Broccoli

DMH 849
VQPM
9+TAG37A
Everest
TAG-24
Sahabhagi
TG-3
TAG-37A
King Kuroda
Okhra-152
DMH-849
BC-76
DMH-849+PDM-139
Hy-No-10
Trishul
Kufri joyoti
DMH-849+TAG-24
NDR-97 +TRC-87-251
Indra
Katuwa data
Kashi Kanchan
CFL 1522
TG 10
DMH 849
White Ivory
Kashi Kanchan
Trishul
PDM139

3806
1970.+682
3260

6680

9170

2490

0.27

1.37

815
3260
522
960
5030
4610
5903
28047
5272+310
4836
2350
12000
5634
2607+2394
1476
325bundle
1741
5202
475
5854
28000
1935
6003

1780

3762

1982

0.64

2.11

2680

4250

1570

0.73

1.58

2900

7810

4910

0.54

2.69

22,900

5750

2850

0.61

1.98

1830

2620

790

0.24

1.43

860

2235

1375

0.55

2.59

574

1178

604

0.19

2.05

510

964

454

0.69

1.89

Swarnabasundhar
White Viena
Sree Prakash
BCSP 7
Local
Local
Hy. Sweta
Highyielding mixed
Amrapali
Chini Champa
Local
H.Napier
Local
Catla,rohu, mrigal

412
4566
2027
4000
110 nos.
316 nos.
37
32000
2800
2400
1250
8000
48 bundle
45

730

1620

890

0.35

2.21

560

975

415

0.20

1.74

1140

3800

2660

0.96

3.30

240
650
580480
280
420
380
5000

555
1320
1650
1200
570
1200
920
6750

315
670
1070
720
290
780
540
1750

0.42
0.42
0.52
0.51
0.69
0.20
0.11

2.31
2.0
2.84
1.56
2.03
2.50
1.68
1.35

G.Nut
Paddy
Sesamum
G.Nut
Carrot
Bhindi
Maize
Cabbage
Maize +Moong
Bhindi
Tomato
Potato
Maize+G.Nut
Paddy
Capsicum
Amaranth
Cowpea
Cauliflower
Sesamum
Maize
Radish
Cowpea
Tomato
Moong seed
Vegetable
Soybean
Knolkhol
Tapioca
Sweet potato
Ash Gourd
Bottle Gourd
Ridge Gourd
Elephant foot Yam
Mango
Banana
Banana (Vegetable)
Fodder
Broom Grass
Fishery
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Cost of
Gross
Net
Net
BCR
cultin.
return
return
return
(`/unit area ) (`/unit area) (`/unit area) ( `in lakh/ha)
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amaranth (50 m2), and other minor vegetables were
cultivated (Nov-Feb) in the same terraced plot after
harvesting of tuber crops. It was observed that elephant
foot yam, colocasia, dioscoria, potato, piggery (18
piglets) with fishery (0.1ha.) also provided high returns
(Table 3).

characterized by decreased ovarian follicular reserve.
Unlike in primates and human beings, there is a lack
of bio-marker(s) for defining the age of ovarian
senescence and/ or ovarian functional status at any
point of age in different farm animal species. AMH is
expressed in the gonads of both sexes and produced

Table 3 Economic returns of the FSR-II
Crops Grown

Vegetable Crops
Amaranthas
Banana vegetale
Drumstic
Potato HPS-II/67
Papaya (vegetable)
Elephant Foot yam

Tannia
Dioscoria
Colocasia
Tapioca
Fruits
Mango
Banana
Papaya
Lemon
Areacanut
Animals
Fish
Piggery

Variety

Area

Production
t/ha.

Cost of
Cultivation
`/Unit area

Local
Local
Local
TPS
RCTP-I
Sree Badama
Appa Kodal
TRC-Badama
Mixed
Tripura Local
TRC-I
Muktakeshi
Sree Prakash

50 m2
640 m2
14.40 m2
16 m2
36.0 m2
300 m2
144 m2
66 m2
440 m2
64 m2

140 Bundles
870 Nos
37 kg
15.0
322 kg
66.0
63.0
65.0
54.0
28.0
38.0
8.0
7.5

370.00
3800.00
560.00
630.00
820.00
530.00
3750.00
750.00
700.00
780.00
580.00

420.00
1740.00
370.00
12000.00
1610.00
1290.00
1450.00
1170.00
9820.00
1100.00
1830.00
1690.00
1244.00

420.00
1740.00
370.00
8200.00
1050.00
660.00
630.00
640.00
6070.00
350.00
1130.00
910.00
664.00

3.15
2.87
2.04
1.76
2.20
2.61
1.46
2.61
2.16
2.14

56 m2
70 m2

270kg
319.00
47 kg
250nos.

1400.00
345.00
-

7100.00
797.00
705.00
250.00

5700.00
452.50

5.07
2.31

-

46 kg

-

920.00

0.1ha.

50000 fingerlings 20,000/18 piglets
54,750/-

Amrapali
Sabri
RCTP-I (ripe)
Scented /
Assam Lemon
Local
Catla, rohu, Mrigal
Duroc X mali

Promotion of mushroom cultivation technology
The mushroom cultivation technology was
standardized and promoted through conducting various
trainings and distribution of spawn and plastic bags
and sale of the spawn under TSP and NAIP. A total of
608 farmers were trained in mushroom cultivation
technologies and 2,244 spawn packets were distributed.
A total of 5650 spawn packets were sold worth of `
45,200 during the year 2013-14.
ANIMAL SCIENCES
CATTLE
Anti-Mullerian hormone (AMH) may be a biomarker for defining ovarian functional status in
cattle: a preliminary study
Reproductive aging is a major determinant of the
age-related decline in female fertility which is
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Gross
Net
Return
Return
`/Unit area `/ Unit area

50,000/99,000/-

-

Cost
Benefit
Ratio

-

-

30,000/44,250/-

2.5
1.8

by the granulose cells of early growing follicles in the
ovary of females. To date, more than 600 bovine plasma
samples were assayed using commercially available
Bovine AMH ELISA kit, USA make to know AMH
profiles from first month of age up to five year of age
in cattle under DBT sponsored twinning project.
Plasma AMH concentration was just detected at the
level of 0.29 ng/ ml at the first month of age and
thereafter AMH level increased and again dropped and
continuously showed a wave-like fluctuation up to 18th
month of age with a highest level of 3.84 ng/ml at 17th
month of age (Fig 1). Thereafter, AMH level increased,
probably peaking during onset of puberty (around 30th
month of age) and then showed a progressive decline
till 60th month of age. This preliminary result is quite
interesting to search the correlation between
progressive declining trend of plasma AMH level after
puberty and the depletion of ovarian follicular reserve,
if any.
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PIG
Mitigation of climatic stress on domesticated pigs
through nutritional supplementation
The effect of supplementation (either 25% or 50%)
of either sweet potato or locally made choak (rice bear)
waste in growing pigs in Tripura agro-climatic situation
was studied. In each experiment, a total of 18 piglets
were divided randomly into three groups in equal
number of 6 in each group depending on initial body
weight (BW). Group 1 was provided with
commercially available grower ration without any
supplementation. In Group 2 and Group 3, the total
dry matter requirement was met by replacing grower
ration with 25% and 50% either boiled sweet potato
or locally made choak (rice bear) waste, respectively
(Table 1). In case of sweet potato supplementation,
AGR and FCE were equal for both Group 1 (control)
and Group 2 and better than Group 3. In second
experiment 2 with locally made choak (rice bear)
waste, AGR and FCE were best for Group 2 (table.2).
However, the piglets under Group 3 showed the lowest
AGR and FCE. The study showed that either boiled
sweet potato or locally made choak (rice bear) waste
upto 25% of total dry matter intake could be fed to the
growing piglets for better growth and FCE.

Fig 1 Plasma AMH levels (ng/ ml) in cattle from 1st
month to 5 years of age

BUFFALO
Performance of Murrah buffalo
Performances of Murrah buffaloes under agroclimatic conditions of Tripura were investigated. The
highest lactational yield for 305 days was 1520.6 litres
with the highest peak milk production of 9 litre (Fig
2). The body weight of female Murrah buffalo ranged
from 400 kg to 475 kg with blood haemoglobin
between 11.6 to 13.4 g. The body condition scoring
ranged from 2.37 (thin) to 4 (fat) out of 5 point scale
during April 2013, while it showed between 2.55
(average) and 3.87 (fat) during March 2014. There was
no incidence of diseases during one year period except
one case of mastitis. Considering the consumer’s
attitude toward buffalo milk and milk price, there was
enough demand of buffalo milk in the locality.

Table 1 Performances of growing piglets fed with
boiled sweet potato
Parameters

Initial BW (kg)
Final BW (kg)
AGR (g/day)
FCE (%)

Group 1
(Control)
7.72
23.76
254.64
25.07

Group 2
(25% sweet
potato)
7.10
24.21
257.04
25.52

Group 3
(50% sweet
potato)
6.12
22.60
213.09
24.32

Table 2 Performances of growing piglets fed with
locally made choak (rice bear) waste
Parameters
Initial BW (kg)
Final BW (kg)
AGR (g/day)
FCE (%)

Fig 2 Average daily milk production (month wise) per
Murrah buffalo
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Group 1
(Control)
9.42
17.87
145.89
18.48

Group 2
Group 3
(25% choak) (50% choak)
10.15
23.03
164.71
19.18

9.76
20.25
134.56
16.25

Revenue distribution pattern from different Animal
resources
The highest revenue (` 8,74,235/-) was collected from
dairy sector followed by poultry farm (`8,37,792/-). The
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pig farm contributed `3,11,993/-, while goat farm
generated only `22,820/-. A total of `20,46,840/- was
generated from animal resources during 2013-14 (Fig 3).

Fig 3 Revenue generated from different animal
resources

Livestock disease control programme
Two livestock disease control programmes were
organized (Table 3). Both the programmes were
sponsored by National Institute of Veterinary
Epidemiology and Disease Informatics (NIVEDI)
Bangalore.
AQUACULTURE
Composite culture of pabda (Ompok bimaculatus)
with carps
In this trial, a stocking density of 4000 fingerlings/
ha and species composition of 4:3:1.5:1.5 for catla,
rohu, mrigal and pabda, respectively is evaluated for
6 months. Fish length-weight, water and soil quality
was analysed on monthly intervals. Water and soil
parameters were remained in normal ranges without
significant variation (P = 0.05) except for DO which
fell below 4 mg l-1 during morning hours (7.00 am).
Total productivity was 1200 kg/ha in pabda
incorporated composite culture compared to 1250 kg/
ha with carps only. The survival rate was 77% in catla,
73% in rohu, 88% in mrigal, 73% in pabda compared
to 80%, 76% for catla, rohu and mrigal, respectively.
Pabda showed positive impacts on survivality of
mrigal with growth compromising effect.

Nutrient analysis of freshwater snails of Tripura
Four freshwater snail species, namely B. costula,
B. bengalensis, B. dissimilis and P. globosa (Fig 1-4)
were studied for proximate and mineral contents with
an aim of establishing their nutritive values on wet
weight basis (Table 1). Moisture ranged from 65.8%
(B. bengalensis) to 73.8% (P. globosa), crude protein
11.18% (B. dissimilis) to 15.59% (P. globosa), lipid
0.82% (B. costula) to 1.15% (P. globosa), ash 3.82%
(P. globosa) to 8.11% (Bellamya spp.) and
carbohydrate 5.62% (P. globosa) to 11.97% (Bellamya
spp.). These values were significantly different
(P=0.05) from each other. Among the minerals, Ca
content varied from 142 mg% (B. dissimilis) to 312.5
mg% (P. globosa), P 55.39 mg% (B. dissimilis) to
121.17 mg% (P. globosa), K 118.20 mg% (B.
dissimilis) to 182.28 mg% (P. globosa), Mg 13.37 mg%
(B. dissimilis) to 21.43% (B. bengalensis), Fe 4.03
mg% (B. dissimilis) to 68.64 mg% (P. globosa), Cu
0.41 mg% (B. dissimilis) to 0.84 mg% (P. globosa),
Zn 1.47 mg% (B. costula) to 2.17% (P. globosa) and
Mn 3.13 mg% (B. costula) to 5.33 mg% (P. globosa).
In conclusion, freshwater snails can complement
nutrients needed for proper growth and development
of human being, thus they can be popularized and
recommended for regular consumption.

Fig 1 Brotia costula

Fig 2 Bellamya dissimilis

Fig 3 Pila globosa Fig 4 Bellamya bengalensis

Table 3 Livestock disease control programmes organized during 2013- 14
Sl. No. Programme

Date

No. of Farmers

Animal treated

1

16th Nov.
2013

92

112 animals covering cattle, goats,
pigs and 315 poultry birds

17th Feb. &
18th Feb.
2014

250 farmers on 17th Feb.
and 204 farmers on 18th
Feb. 2014

320 animals covering cattle, goats,
pigs, dogs and 377 poultry birds

2

‘Animal Disease Diagnosis and Animal
Health Camp’ organized at Champaknagar
Kolabagan, West Tripura
‘Livestock farming and Livestock Disease
Awareness Day 2014 and Health Camp’ at
Bamutia, West Tripura.
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Table 1 Morphometric analysis of snails
Morphometric analysis

Weight (g)
Total length (cm)
Total width (cm)
Aperture length (cm)
Aperture width (cm)
Meat content (%)

Snail varieties
Brotia costula

Bellamya bengalensis

Bellamya dissimilis

Pila globosa

6.49±2.40
5.38±0.78
1.61±0.32
1.23±0.18
1.10±0.19
36.56±6.57

6.97±1.56
2.51±0.40
1.88±0.21
2.00±0.18
1.23±0.16
41.99±4.33

3.17±0.71
1.14±0.18
0.85±0.09
0.91±0.08
0.56±0.07
48.24±5.45

9.06±2.03
3.27±0.52
2.45±0.27
2.60±0.24
1.61±0.21
43.43±10.89

Demonstration of low-cost cage culture
A demonstration cage is installed in the
experimental pond of ICAR Tripura. It consisted of a
battery (10.5m X 6.5m) with six compartments (3.0m
X 2.5m) and 0.5m width for catwalk. The frame was
made up with borak bamboo and fixing was done by
nylon rope and iron nails. 250-L empty oil barrel was
used for floating and 1’’ dia. PVC pipe filled up with
sand was used for cage net sinking and stretching. The
size of the net cage was 3.0 m X 2.5 m X 1.5 m, made
up with PE netting (5.0 mm mesh). For culture trial,
bata (Labeo bata, a minor carp) was stocked at the
rate of 5, 10 and 15 nos./m3 and they fed daily with
floating pelleted feed (20% CP) at 5% of their BW
(Table 2). At the end of 7 months, the stocking density
of 10 nos./m3 is was found better compared to 5 nos./
m3 and 15 nos./m3.

Fig 2a Predatory snakeheads

Table 2 Performance of bata under low cost cage
Parameters

5 nos./m3

10 nos./m3

15 nos./m3

Initial weight (g)
Final weight (g)
SGR (% day-1)
Survival (%)

4.0
45.26±2.77a
1.13±0.01a
74±1.88a

4.0
43.43±1.35a
1.15±0.02a
73±1.73a

4.0
32.6±1.57b
0.99±0.02b
66.22±1.53c

Fig 2b Weed fishes (Puntius sophore)

High-density fish farming
In this trial, fingerlings of catla, rohu, mrigal, silver
carp, and grass carp were stocked @ 15000 nos./ha
and they fed regularly with floating type pelleted feed
(20% CP) @ 5% of their body weight. A productivity
of 2.34 t/ha/yr was realized through partial harvesting.
The survival rate was 60%. Grass carp (1.0 kg)
performed better followed by silver carp (0.5 kg), rohu
(0.30 kg), catla (0.15 kg) and mrigal (0.10 kg). Interspecific competition was noticed between silver carp
and catla. Lack of pond reclamation, presence of
predatory and weed fishes (Fig 2a-c), poaching were
some of the critical issues need to be considered.
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Fig 2c Glossogobius giuris

Fingerling production and distribution to the
farmers
This year 2.5 lakh quality fingerlings of rohu,
mrigal, bata, gonia and puti were produced, out of
which, 1.5 lakh is distributed to 124 farmers (8F;
116M) of Golaghati, Dhalai and Lembucherra, West
Tripura. Fifty two farmers were given @1500 nos. and
72 farmers @1000 nos. at Golaghati in collaboration
with Arjunchand Welfare Society (an NGO).
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Brooders of Anabas testudineus were injected with
0.2ml/kg body weight of ovatide. The breeding
performance of A. testudineus is presented in the
following table 3

Fig 3 Captive breeding of A.testudineus

Fry to fingerling rearing of Anabas testudineus
Evaluation of stocking density on growth and
survivability of Anabas testudineus
Three different stocking densities viz., 25, 50 and
75/m2 were evaluated to raise Koi from fry to fingerling
stage. It was seen that 50/m2 is the ideal stocking density
to rear Anabas fry to fingerling. Commercial
formulated feed was fed to the experimental animals
@ 3% twice every day. Water exchange was done 25%
every alternate day (Table 5).
Table 5 Growth of A. testudineus in different
stocking densities

Table 3 Breeding performance of Anabas
testudineus
Attributes

Data

Number of females
Average size of female (gm)
Number of male
Average size of male (gm)
Dose for female (ml/kg)
Dose for male
Hatching (%)
Fertilization (%)

6
47.01±2.36
11
67.23±2.47
0.2
0.2
82
36

Stocking Initial
density weight
(/m2)
(g)

Final
weight
(g)

Survivability Duration
(%)
(days)

25

0.5±0.09

3.36±1.10a

45a

90

50

0.5±0.09

4.22±1.59

44

a

90

75

0.5±0.09

2.99±1.57b

32b

90

a

*Different superscripts indicate significant difference between the
treatments

Evaluation of different feeding practices to rear
Anabas fry to fingerling
Three different types of feeding practices were
evaluated to raise Anabas fry to fingerling stage. Feed
1 constituted only formulated feed, Feed 2 constituted
Formulated feed + Poultry offals, Feed 3 constituted
Formulated Feed + Filtered planktons. Feeding was
done @ 3% of body weight twice a day. Poultry offals
were fed till satiation once a day. Plankton washed
and filtered was provided once a day. Water exchange
was done @ 25% every alternate day. It was seen that
Anabas fry fed with formulated feed supplemented
with poultry offals showed better growth and
survivability (Table 6).

The growth and survivability of A. testudineus fry
was studied (Table 4) for a period of 30 days. Feeding
was started after 3rd day of hatching. The larvae were
divided into 2 experimental groups. One group
received only planktons and the second group received
planktons as well as egg custard with 20% water
exchange every day. The experimental duration was
15 days. The planktons that were fed were washed and
filtered repeatedly to prevent the entry of large
organisms which may kill the hatchlings of Koi.
Grading was done from 10th day onwards and the faster
growing larvae were segregated from the smaller one
to prevent cannibalism among these differentially
growing hatchlings.

Table 4 Growth of A.testudineus hatchlings fed with two different diets
Feed

Initial weight
(g)

Final weight
(g)

Diet 1
Diet 2

0.0036 ± 0.0014
0.036 ± 0.0014

0.14± 0.09a
0.22±0.01b

Survivability
(%)

Stocking density
(per m2)

19a
30b

100
100

Diet 1: Only Plankton; Diet 2: (Plankton + Egg custard)
*Different superscripts indicate significant difference between the treatments
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Duration
(days)
30
30

Table 6 Evaluation of different feeding practices on growth and survivability of Anabas testudineus
Feed

Initial Weight (g)

Feed1
Feed2
Feed3

2.45±1.26
2.45±1.26
2.45±1.26

Final Weight (g)

Survivability (%)

Stocking Density (/m2)

36a
32a
39b

4.22±1.01a
6.65±2.14b
4.89±1.78a

50
50
50

Duration (days)
30
30
30

*Different superscripts indicate significant difference between the treatments

Evaluation of management practices on growth and
survivability of A. testudineus
Anabas testudineus of average size 4.5±1.01gm
were stocked @ 50/m2 was evaluated based on three
different management practices: Water exchange
(WE1) @ 25% every alternate day, WE2 @ 10% every
day and WE3 @40% once in 4 days. Formulated feed
supplemented with poultry offals was supplied @ 3%
of body weight twice a day. It was seen that fishes
when stocked @ 50/m2, fed with formulated feed
supplemented with poultry offals @ 3% of their body
weight twice a day with 10% water exchange every
day gave better growth and survivability (Table 7).

Table 8 Seasonal variation in haematological and
immune parameters of L. bata
Parameter (Units)

Season

TEC (106 ) cells/cumm Summer
Rainy
Winter
TLC (103) cells/cumm Summer
Rainy
Winter
Protein (g/dl)
Summer
Rainy
Winter
Albumin (g/dl)
Summer
Rainy
Winter
Glucose (mg/dl)
Summer
Rainy
Winter
Lysozyme (ug/ml)
Summer
Rainy
Winter
Myeloperoxidase
Summer
(OD 450nm)
Rainy
Winter
NBT (OD 540nm)
Summer
Rainy
Winter

Seasonal variation in haematological and immune
parameters of L. bata
Blood and serum samples were collected for a
period of 1 year and it was done season wise. It was
observed that the haematological and immune
parameters showed the maximum value during summer
season indicating that bata is most immune-competent
in summer season (Table 8).
Trainings
A 7-days training programme was conducted for
the BSc. Biotechnology students on “Basic
hematological,
biochemical,
serological,
microbiological and molecular techniques” from 30/
12/2013 to 8/1/2014. One day training cum awareness
programme was conducted for the class X students of
West Tripura District. A training manual covering all
these aspects was also released.

Sample Size Mean ± SE
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

2.01±0.29b
1.77±0.19a
1.49±0.22a
54.30±3.66b
44.13±4.25a
30.15±4.15a
13.72±1.12a
12.26±0.96a
9.03±2.41b
3.87±0.44a
4.40±0.36b
3.35±0.78a
114±8.26a
88.21±4.36a
65.24±6.99b
3.39 ±0.12a
4.01 ±0.296a
3.89 ±0.48a
0.89 ±0.07a
0.75 ±0.046b
0.65 ±0.05b
0.28± 0.03a
0.25± 0.01a
0.15 ±0.002b

Demonstration of carp breeding in portable FRP
carp hatchery
A portable FRP carp hatchery (Fig 4) was received
from CIFA, Bhubaneswar. Two trials were conducted
to breed Rohu and Bata in these portable hatcheries
using ground water. A recirculatory type system was

Table 7 Growth and survivability of anabas with different management practices
WE (%)

Initial weight (g)

Final Weight (g)

WE 1
WE 2
WE 3

4.65±1.77
4.65±1.77
4.65±1.77

6.21±1.25a
6.30±1.42a
5.01±1.04b

Survivability (%)
33a
37a
12b

*Different superscripts indicate significant difference between the treatments
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Stocking density (/m2)
50
50
50

Duration(Days)
30
30
30

NICRA
NICRA Sub Project: Identification of major QTLs
for grain yield under drought stress in rice varieties
for use in marker assisted breeding to improve yield
under drought
●
Drought scoring (following IRRI protocol) was
completed for 342 entries in upland rice. In addition
to the above 381 lowland and 140 upland entries
were also evaluated for their performance under
rainfed condition during wet season.
●
Phenotyping of the mapping population (CT 99935-10-1-M/2* Sambha mahsuri) for drought QTL
identification was conducted for three seasons
●
Genotyping of 45 land races collected from jhum
in Tripura was completed with 52 SSR markers
●
Parental polymorphism and genotyping of 317 RILs
of mapping population (CT 9993-5-10-1-M/
2*Sambha mahsuri) was completed with 286 SSR
markers.

Fig 4 FRP Carp hatchery

developed to reduce the wastage of water. Rohu and
bata bred successfully with average 75% hatching in
late August.
Trial on freshwater prawn Macrobrachium
rosenbergii
Trial was conducted to evaluate the growth
performance of selectively bred Macrobrachium
rosenbergii in Tripura conditions (Fig 5). The
consignment was of 2000 nos was received in the
month of august. The average weight recorded during
that period was 0.03g. At the end of 4 months the
average weight recorded was 4.65±1.34 g. The trial is
continuing. The average water quality parameters
recorded during that period is given in table 9.

Fig 5 Fresh water Prawn Macrobrachium rosenbergii

Environmental correlations with disease outbreak
in rice crop in Tripura
The project was initiated at the end of 2011-12 in
order to correlate disease outbreak in rice with the
prevailing climatic factors to develop disease
forecasting models for Tripura. In doing so, the studies
were made in two different ways.
Experimental observation: Three different
experiments (with improved Aush cultivars, Jhum
cultivars and Aman cultivars were set up during Aush
(kharif) and Aman (Late kharif) by sowing/
transplanting rice plants in seven days interval with
three replications.
Experiment with improved varieties in kharif crop
season
An experiment during kharif crop season was
conducted with NDR 97 and TRC 87-251. The crop
was raised by sowing thrice at seven days interval in
order to observe disease incidences on same aged
plants during different times. The results are presented
in fig 1 and in table 1. It was found that bacterial leaf

Table 9 Average water quality parameter used freshwater prawn Macrobrachium rosenbergii
Month

DO

Alkalinity

pH

Temp

Depth

Oct
Nov
Dec
Jan

6.8±0.4
6.6±0.51
7.4±0.92
7.25±1.34

45.83±7.21
50±10.96
41.67±14.44
33.33±11.78

6.88±0.34
7.0±0.12
6.33±0.15
6.53±0.17

29.33±0.57
25.75±0.64
19.16±2.36
16.96±2.50

78.56±2.28
77.27±2.11
81±9.5
76.26±4.85
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Table 1 Corresponding climatic conditions affecting disease outbreak on different dates during kharif
2013
Max Tem
May-23
May-30
Jun-06
Jun-13
Jun-20
Jun-27
Jul-04
Jul-11
Jul-18
Jul-25
Aug-01
Aug-08
Aug-15

31.5
32
34.1
34.4
36.1
35.1
31.4
33.6
33.3
34.2
32.2
32.2
32.1

Min Tem
23.2
24
25.3
25
25.3
24.9
25.3
25.7
25.2
25.5
24.5
24.7
24.5

RH Morn
74.3
79.0
83.3
84.6
85.0
85.6
88.3
85.7
88.7
84.0
83.0
84.0
85.6

RH Even
68.4
64.7
68.0
63.9
69.0
77.3
76.3
67.4
63.0
60.9
69.9
69.9
70.3

blight, sheath blight, sheath rot and grain discolouration
were more during the season in both the varieties.
Further, the occurrence of false smut is also
considerable in both cases. The non-parasitic disease
(Iron toxicity) was less and affected crops during early
growth stages of rice, while, all most all the parasitic
diseases were found in late age. The corresponding
climatic conditions revealed that the higher
temperature, high humidity and high rain fall favoured
the high disease incidences.

Fig 1 Diseases in aush rice (var. TRC 87-251) on different
dates. BLB = Bacterial leaf blight; IT = Iron toxicity;
ShB = Sheath Blight; ShR = Sheath Rot; F. Smut = False
Smut; Gdis = Grain discolouration; NLS = Narrow Leaf
Spot

Jhum cultivars in kharif crop season
An experiment during kharif season was conducted
with three jhum varieties (Aduma, Garomalati and
Bitikrai) sowing on three different dates with 7- days
gap. In jhum cultivars disease incidence was
comparatively low than the HYV. Further, the disease
incidence was lowest in Aduma amongst the three jhum
cultivars. The diseases like bacterial leaf blight, sheath
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SSHR

Evp

R. Days

1.8
2.1
2.7
4
6.3
3.6
1.9
4.7
3.4
7.1
2.2
2.4
2.6

8.4
3.5
3.5
3.6
3.5
3.3
3.1
3.6
3.5
3.6
3.4
3.4
3.5

4.0
5
4
5
4
6
5
3
5
2
5
4
5

Rain fall
133.1
119.8
54.9
78.2
19.8
237.5
39.2
4.2
33.0
25.6
93.2
106.6
32.2

blight and sheath rot were the major diseases and that
affected by prevailing climatic conditions and age of
plant.
Aman (Late kharif) crop season
During Aman season five rice varieties, viz.,
Gomoti, Gomoti 2005-1; Puja, Ranjit and Swarna
Mahasuri were cultivated. During the season only
bacterial leaf blight, sheath blight, sheath rot, leaf blast,
leaf yellowing, false smut, grain discolouration, narrow
leaf spot and foot rot (bakane) diseases were found to
affect the crops. The bacterial leaf blight was found
more in Puja, Gomati, Gomati 2005-1 and Ranjit, while
that was less in Swarnamahsuri. Sheath blight disease
was found comparatively less in Gomati and Gomati
2005-1 than the others. Sheath rot disease was found
less in Puja and Gomati 2005-1. Puja was found very
much prone to leaf yellowing disease, while, that was
very less both in Gomati and Gomati 2005-1. Blast
(leaf blast) disease was found maximum in Ranjit while
that was minimum in Gomati. False smut was
comparatively less both on Gomati and Gomati 20051, although, the disease was very high in Puja. Grain
discolouration was very high in Ranjit, Swarnamahsuri
and Gomati. However, it was comparatively less in
Puja and Gomati 2005-1. Narrow leaf spot was found
to affect both Gomati and Swarna Mahsuri
considerably, while, foot rot (bakane) disease affected
Puja rice during early to middle stage of plants growth.
Effect of conservation tillage and resource
conservation method weed control on yield and soil
moisture content in direct seeded rice
An experiment was conducted to evaluate the effect
of conservation tillage, and resource conserving
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methods of weed control on productivity and quality
of upland rice in upland rice-mustard cropping system.
The experiment consists of two main plot treatment
Conventional tillage (CT) and Zero tillage (ZT) and
six subplot treatment viz., Control (weed check), Straw
mulch, Wheel hoeing + Straw mulch, Glyricidia leaf
mulch, Brown manuring and Weed free for rice crop.
All the treatments were assigned in split-plot design
and replicated thrice. Mustard crop grow in zero tillage
condition to evaluate the residual effect of mulch with
50% recommended dose of fertilizer. All the
observation on rice growth parameter and soil moisture
were recorded during growing period and observation
on yield attributes and yields were recorded at the time
of harvesting, and analyzed. There was no significant
effect of tillage on grain yield of rice. Zero tillage (CT)
recorded almost similar yield as compared to
conventional tillage (CT) treatment (Fig 2). Resource
conserving methods of weed control was also had
significant effect on yield. Glyricidia much treated plot
recorded significantly higher yield over all other
treatment (Fig 3).

Fig 2 Conservation
Fig 3 Resource conserving
tillage on rice grain yield methods of weed control
on rice grain yield

Effect of tillage modification and land configuration
on productivity of maize-pea cropping system
Effect of tillage and land configuration on summer
maize
There was no significant differences among the
growth parameter of summer maize due tillage.
However, Broad bed and furrow system with zero
tillage recorded maximum plant height, leaf length and
number of leaves per plant. Green cob yield of summer
maize was not significantly affected by tillage;
however land configuration had a significant effect on
green cob yield over tillage system. The highest green
cob yield was recorded with ridge and furrow system
with zero tillage (RFZT), which was at par with CT,
ZT and BBFZT and significant over rest of the
treatments (Fig 4). However, fodder yield of maize not
affected by tillage and land configuration. Hence the
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study revealed that that summer maize cultivation with
zero tillage gave almost same yield of green con and
fodder as in case of conventional tillage.

Fig 4 Effect of tillage and land configuration green cob
and fodder yield of summer maize

Environmental correlations with disease outbreak
in rice crop in Tripura
Survey of rice diseases
Survey of disease incidences were made during the
second and third growth stages of Boro rice of 190
farmers fields covering of 40 farmers in Gomoti
district, 24 of South district, 45 of Sipaijala district,
27 of West district and 27 of Unkoti districts, 27
farmers from khowai different times of growth period
of rice in Tripura .The survey was conducted for the
Rice Blast, Bacterial leaf blight Iron Toxicity And
Leaf Yellowing. The results presented in Fig 5
indicated that during boro crop leaf blast was the major
disease in farmers’ fields which recorded the maximum
score of 4.3 in Gomati, South Tripura And Khowai
Districts. Bacterial leaf blight was also observed in
West Tripura and Khowai with the maximum score of
2.33.iron toxicity was observed with the score of 3 in
khowai and with a score of 1 in Unakoti and
Sepahijala.the other two districts of Tripura there was
no boro rice cultivated.

Fig 5 Major diseases incidence in boro rice

Effect of seasonal variation of relative humidity and
temperature on bacterial wilt and leaf curl diseases
of tomato
Twelve tomato varieties were planted at 15 th and
30th November and 15th December 2013 and evaluated
for the wilt disease caused by the bacterium Ralstonia
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solanacearum and leaf curl disease caused by leaf curl
virus of tomato. The disease was observed for natural
infection shown in Fig 6 & 7.

NAIP

Fig 6 Percent wilt incidence in winter tomato

Farmers’ Participatory Research in Dhalai district
of Tripura
The work was started on Oct 2012 by selection of
site and beneficiaries in identified areas of Moracherra
and Balarm cluster to improve the productivity and
profitability of rice based cropping system through
lentil (WBL 77) and toria (TRC-T-1-1-5-1). Total 50
beneficiary’s families were selected under sub-project
to cover an area about 10 ha land. All the selected
beneficiaries grow only one rice crop during the kharif
season and field left fallow in rabi season. The
introduction of lentil and toria in selected farmer’s field
increased the cropping intensity up to 200% instead
of 100%. After harvest of lentil and toria rice was
transplanted on same land. The rice was transplanted
under SRI methods. The crop showed very good
growth due to the residual effect of lentil. The yield of
rice – lentil, rice toria and rice fallow is given in Table
1. Rice – lentil cropping system recorded higher system
productivity (9.5 t REY/ha) followed by rice – toria
cropping system (7.3 t REY/ha), which was 82.5137.5% higher than rice – fallow system.
Table 1 System productivity of rice based cropping
system

Fig 7 Percent leaf curl incidence in winter tomato

Cropping
system

Both leaf curl and wilt were less severe in the early
planting followed by the mid and late planting in all
the varieties. The lower leaf curl disease incidence
would be associated with lower population of the
whitefly which is the vector of the disease which
escapes the plant from the disease spread
Identification and evaluation of poultry germplasm
having unique trait (s), which make them resilient
to climate change (NICRA Sub project)
During the period under this project three local
indigenous poultry germplasm namely Tripura black,
Tripura brown and Naked neck were established and
maintained for their comparative evaluation. The
overall mean body weights at 08 weeks of age were
0.453 ± 0.010, 0.383 ± 0.017 and 0.479 ± 0.021 kg.,
respectively in Tripura black, Tripura brown and Naked
neck. However, the overall mean body weights at 20
weeks of age were 1.156 ± 0.025, 1.085 ± 0.028 and
1.298 ± 0.033 kg., respectively in the same stocks. The
overall mean body weights at all the ages were higher
in Naked neck followed by Tripura black and lowest
in Tripura brown.
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Rice
yield
(t/ha)

Yield of
lentil
/toria (t/ha)

System
productivity
(REY t/ha)

Rice – lentil

5.5

1.2

9.5

Rice - toria

5.0

0.7

7.3

Rice - fallow

4.0

0.0

4.0
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Livelihood improvement and empowerment of
rural poor through sustainable farming systems
Mushroom cultivation at Balaram and Maracherra
villages was conducted to develop small entrepreneurs
by giving training and demonstration (Table 2& Fig1).
The spawn and other requisite materials were supplied.
Low-cost mushroom houses were prepared & old
mushroom sheds were repaired. Sixty Seven small
mushroom entrepreneurs were developed. One training
programme was conducted at Bagmara Community
Hall with 225 numbers of farmer participants.
Mushroom spawn of 1100 number of bags were
distributed and 500kg mushrooms was produced by
earning ` 50,000.

Table 2 Performances on NAIP mushroom
cultivation
Particulars
Number of mushroom house prepared
Number of small mushroom entrepreneurs
developed
Number of training programme conducted
Number of trainees attended
Number of spawn bags used
Total mushroom production (kg)
Total Income

Amount
(No/`)
23
67
1
225
1100
500
50000

treatment facilities. Regular health management by
extending veterinary services including vaccination
and deworming programmes time to time dramatically
eliminated the incidence of swine fever in pigs and
reduced the occurrence of parasitic diseases and thus
augmented productive and reproductive efficiency of
pigs. Most of the tribal farmers earn more than `
40,000/- in a year from selling of piglets at 2- 3 months
of age. After adoption of piglet production farming
system, the annual net income (` 21,750/-) was 2 times
more than the previous year gross income (` 900010,000/-) from pig enterprise.

Fig 1 Spawn distribution to the trainees and a section
of trainees

Raising goats and pigs for rural livelihood
improvement
In Dhalai district under NAIP technical know-how
and financial supports for making low-cost, raised,
bamboo-made goat house and semi-permanent pig
shelter with brick-cement were provided. A total of 48
goats and 20 improved crossbred piglets were provided
to 34 farmers at Bagmara (new site) in Dhalai district.
In addition to the existing 139 small goat farms and 24
pig farms at Balaram and Murracherra sites, another
24 goat houses and 10 pig shelters were built by 34
farmers during 2013- 14.
Pig Day 2013 and assessment of capacity building
of the tribal people
Pig Day was organized at Tripura centre on 31st
October 2013 to assess the impact of pig farming on
livelihood of farming community (Fig 2). A total 67
pig farmers from South Tripura, Dhalai and West
Tripura participated. The farmers informed that earlier,
the local pigs gave birth of only 5-7 piglets per delivery.
But most of the pigs (87%) have given birth of 7-12
piglets per delivery. All the improved pigs grew faster
than the earlier local pigs and gained more body weight
(80-90 kg) at 1 year of age compared to local pigs
which reached 40-50 kg body weight at 1 year of age.
The farmers reported that the disease affected pigs died
previously, because of less accessibility to animal
ANNUAL REPORT 2013-14

Fig 2 Tribal woman farmer addressing gathering

IMPACT OF NAIP
Introduction
Dhalai district of Tripura formed in 1995 covers
an area of 2312.29 km2 having population density of
139 nos. km-2. Seventy per cent of the population lives
below the poverty level. Majority of the population
belongs to Scheduled Tribe community. Though it has
its own natural and bio-resources the productivity of
the district is very low. To improve the livelihood of
the rural poor, the scientific knowledge of fish farming
and other agricultural practices were provided by
Dhalai Zilla Parishad, Ambassa, Dhalai , Tripura from
the year 2008 under “Livelihood Improvement and
Empowerment of Rural Poor through sustainable
Farming Systems in North Eastern Region” of National
Agricultural Innovation Project (NAIP). It has proven
as a cost-effective practice for marginal and poor
farmers.
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Sub-project Objectives
1) To Evaluate the validate indigenous and improved
farming system models for enhancing
production in agro-ecosystem of disadvantages
areas falling within the jurisdiction of the project

tapioca), 60cm ×20cm (sweet potato) and ginger which
was planted @ 1.5 t/ha. One unit pig (2 piglets) was
integrated for fattening by utilizing tapioca, sweet
potato etc as feed. Farmers provided kitchen waste,
some concentrate for better growth of pigs. Planting
material for pineapple, banana, ginger, gamahar,
cashew nut, lemon, jatrofa, tapioca etc. were provided
for agro-forestry (Table 1& Fig 1).

for sustainability, profitability, productivity and
Competitiveness.
2) To address the constraints of deliverable to facilitate
the poor rural community harness optimum benefit
of agriculture and allied sectors.
3) To ensure capacity building, skill up gradation,
information access and promotion of activity
specific SHGs.
4) To create employment generation through agroprocessing and value addition including storage
packaging, transportation marketing of the produce.
Baseline Analysis
Dhalai is predominantly an agricultural district. The
Net Sown area is only 15% of the total area of the
district. Around 84% of the area in the district is not
available for cultivation. The major crops grown in
the district are Paddy, vegetables and horticulture
plantations. Around 75% of the total land is classified
as forest. Around 53% of the landscape is classified as
Tilla (Hilly) land. Due to the large proportion of forest
area the land available for cultivation is very restricted.
Impact of different interventions
1. Agro forestry based farming system
Before intervention tuber crop based farming
system was completely a new concept for the farmers
in the selected villages of Dhalai District, because there
was no such type of tuber crops cultivation. The
farmers did not have any idea to utilize the fallow land.
As the portion of the land was tilla and there was no
source of irrigation, it was selected for cultivation of
tuber crops viz., dioscorea, elephant foot yam, tapioca,
ginger, sweet potato etc. After clearing, the land was
divided into small plots of about 800m2 each for the
individual tuber crops. Boundary of each plot was
planted with banana suckers. The materials were
planted at 90cm×90cm (dioscorea, elephant foot yam,

Fig 1 Income enhancement through agro-foestry based
farming system

Impact: The net income from crop component was
14,150 and that of from pig was ` 6,200, thereby, giving
a total net income of ` 20,950 in a single year from a
piece of 0.48 ha land area. There was effective
utilization of land and various waste materials for
maintaining soil health. Steps have been initiated to
replicate the model in other areas for horizontal spread.
This agro-forestry model provided employment of 83
man days /ha. They would consume the tuber crops
during the monsoon season while the food availability
used to be less due to continuous rain and also during
working in Jhum land after collecting from adjacent
jungle. As per their concept it is very highly energetic
and durable items. They were using tapioca (Kathaloo)
as fencing materials. The tuber crops were also used
as pig feed (Table 2).

Table 1 Impact of different interventions
Tree Components

Major Achievements

Teak
Mango, Areca nut

Banana Pineapple Tapioca –
Cabbage Okra GingerSesamum –
FishRice –

Areca nut, Coconut
Lemon, Coconut, Cashew nut
Teak, areca nut
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Net Income (`)

30 kg/plant
3714 nos./ha
2.0 t/ha
7.18 t/ha
3.41t/ha
3 t/ha
0.6 t/ha
3.5 t/ha
4t/ha
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Income Enhancement(`)

B:C Ratio

36740

12458

2.14

48241

10247

3.41

45327

14257

2.67

37418

16574

2.05

58258

19257

2.41

Table 2 Productivity and employment from traditional and improved practices
Cost
Economics

Traditional Practice (Before intervention)

Improved practice (After intervention)

1 .Productivity Traditionally the farmer group never used to
cultivate these crops viz. dioscorea, elephant
foot yam, tapioca, ginger etc. They used to gather
such crops from jungles for their consumption
and access collection they used to sale in the
market.

2. Cost of
production

Since the crops were collected from natural jungles
so cost was almost nil

3. Income

Minimal

4. Employment Collection by the farmer himself
(man days)

2. Production of rice through SRI and ICM
Farmers of the Balaram and Bagmara cluster of
Dhalai Tripura were growing local variety of rice in
traditional method. They used to grow rice once (kharif
rice) in a year. Yield of rice was low because of low
quality seed and improper application of fertilizer in
the soil. After intervention of HYV, SRI, ICM
production and productivity of rice has increased.
Farmers were motivated for SRI & ICM through
demonstration, distribution of seeds and fertilizer
among the farmers. Rice transplanting day was
conducted to demonstrate the technology. Rice
seedlings were transplanted using mechanical rice
transplanter. Varieties like Naveen, Varsha, Pusa 44,

Dioscorea

5.63 t/ha
(Production-450 kg/800 m2)
Elephant foot yam
3.75 t/ha
(Production-330 kg/800 m2)
Tapioca
1.9 t/ha
(Production-150 kg/800 m2)
Ginger
2 t/ha
(Production-160 kg/800 m2)
Sweet Potato
4.25 t/ha
(Production-320 kg/800 m2)
Banana (on boundaries)
10 bunches/annum (100 kg)
Piggery (2 nos)
180 kg (fattening purpose)
` 3250/0.48 ha for cultural practices & ‘5100/0.48 ha for
planting material. The cost of pig rearing including piglet,
feed etc was ‘ 9800. Thus, total cost of production was
` 18,150.00
Gross income
Net Income
i.Crop component
` 23,100/0.48 ha or
` 14,150/0.48 ha or
` 4,8125/ha
` 29,479/ha
ii. Livestock
` 16,000.00
` 6200.00
iii.Total = ` 39,100.00
` 20,950.00
40 man days/0.48 ha or 83 man days/ha

TRC 205-1, Gomati, Swarna Masuri etc were
provided to the farmers . Productivity and employment
from technology intervention is presented in Table 3 and
Fig 2 .Trend of impact is shown in Table 4 and Fig 3.

Fig 3 Impact of rice production

Fig 2 Enhancement of productivity and production of rice through SRI and HYV
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Table 3 Productivity and employment from SRI &
ICM
Cost Economics

Before
intervention

After
intervention

No of farmers involved
Area/farmer:
Variety grown

Nil
Nil
Local variety

1530
0.16 ha
HYV: Naveen,
Swarna Masuri,
Pusa 44 and TRC
2 05-1, Gomati
3.75-4.44 t/ha
` 29000/ha
` 62000/ha
` 33000/ha
95 days

Productivity
Cost involvement
Gross income
Net income
Employment generated

1.5-2.2 t/ha
` 23000/ha
` 41000/ha
` 18000/ha
41 days

which is giving additional income for livelihood
improvement. Due to availability of fresh vegetables/
fruits in home, the vegetable consumption of farmers
especially the women and children has increased
resulting in better nutrition and health of the people.
Table 5 Production, income and employment from
nutritional kitchen garden
House
hold, nos.

3. Nutritional kitchen gardening
The production of vegetables in backyards using
the available fresh water as well as the kitchen and
bathroom waste water was introduced. This will not
only facilitate the utilization of unused water which
otherwise will be hazardous to our health through
environmental pollution, but can be useful for
successful production of vegetables. Since kitchen
gardening is done in a small area, controlling pests
and diseases through the removal of affected parts and
non-use of chemicals.
Two crops of paddy in a year, rearing livestock and
growing vegetable on marginal scale is the main source
of income in the selected clusters of Balaram and
Maracherra. Before the intervention people of these
two clusters used to cultivate very few types of
vegetable with little care not fullfilling their family
requirements. After intervention they are growing at
least five to seven types of vegetables round the year
and now produced surplus vegetables (Table 5 ).
Impact: A net income of `4,575 from 500 m2 land
was produced. People are now utilizing unused
backyard space for round the year vegetable cultivation

Before
After
intervention intervention

No of farmers
70
involved in
kitchen gardening
Area (m2) /
200
farmer
Crops grown
Pumpkin,
cowpea,
lablab
bean, etc.

300 (150 each in Balaram and
Moracherra cluster)
500

Production
/farmer

85 kg

Cost
involved/
farmer (`)
Gross income (`)
Net income (`)
Productivity
enhancement
Income
enhancement
Increase in
employment

350.00

Brinjal, cucumber, Basella
alba/rubra (Poi sak), okra,
pumpkin, amaranthus (Data
sak), maize (green cob), chilly,
cowpea / yard-long bean
(barbati) and radish
i. Brinjal, cucumber, okra,
cowpea, lablab bean, yard
long bean, radish, pumpkin
etc (350 m2/farmer)310- kg
ii. Leafy vegetables, Poi sak, a
maranthus, leafy mustard,
coriander etc (150 m2)115 kg
Total: 425 kg.
1,800

1275.00
925.00

6,375
4,575
400%

-

394 %

5 man-days

2605 (18 man days)

Table 4 Incremental income of farmers after intervention of technology
Year

2008-09
2009-10
2010-11
2011-12
2012-13
2013-14

No of farmers

Area covered
(ha)

BI, yield
(t/ha)

AI, Yield
(t/ha)

812
887
962
1021
1150
1244

338
379
129
262
275
295

1.59
1.63
1.41
1.50
1.60
1.60

3.85
3.95
3.46
3.73
4.03
4.44

BI- Before Intervention of technology, AI- After Intervention of technology
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% increased
yield
142
142
145
148
151
177

4. Mushroom cultivation
Mushroom cultivation was popularized by
providing trainings, spawn, and shed for cultivation.
Details are presented in Table 6 and Fig 4.
Table 6 Cumulative production and income
generated from mushroom cultivation
Particulars

Before
Intervention

After
Intervention

No. of house hold
Variety introduced
Production

Nil
Nil
Nil

325
Oyster mushroom
45 kg from 75 no of
spawn packets per
beneficiary @ 600 g/
packet
100 %
900/ beneficiary @ `12
per packet
9000/ beneficiary/
annum
8100/ beneficiary/
annum
8100/ beneficiary/
annum
54 man days

Increase in production Nil
Total cost involvement Nil
(`)
Gross Income (`)
Nil
Net income (`)

Nil

Income enhancement % Nil
Employment
enhancement %

Nil

of age at the farm. After 6 wks of age 10-15 chicks
were given to each farmer of the villages. Space
requirement for adult- floor space 2500-3000 cm2 (3.25
ft2). Water space 2500-3000 cm2 (3.25 ft2) and feeder
space 14 .0 linear cm. During the rearing period, chicks
were inoculated by the vaccine for the deadly viral
diseases like Ranikhet and Gumboro (IBD).
Impact: Rearing backyard poultry is supporting
livelihood of the participants by providing of eggs,
meat and manure. It helps in food security, income
and employment generation of the family. The farmers
are getting good nos. of eggs from improved
germplasm and satisfied by the performance of the
stock. It has increased income by 338.71% and
employment by 20% (Table 7). Therefore the demands
of chicks are too high.
Table 7 Production and income generated through
rearing of backyard poultry
Before

No. of house hold
Variety introduced

Nil
Nil

After

325 (12 birds/farmer)
Back yard poultryCARI Nirbheek,
Gramapriya
Production
60-70 eggs
160-180 eggs, Av. 2.0
kg. bird
Increase in production NA
Approx. 100 eggs/year
Total cost involvement `75/` 310/- bird
Gross Income
`350/ bird
`1050/Profit/ loss
Profit ` 275/- Profit ` 740/Increase in income (%) —
338.71%
Increase in
—
20%
employment(%)

Impact: Each farmer earned a net income of ` 8100/
annum.

6. Goat raising for rural livelihood improvement
A total of 155 beneficiaries were given two female
goats each. Of them 108 beneficiaries are still having
goat on an average of 6 goats to each beneficiaries.
There are 87 beneficiaries who have earned more than
` 7000 a year from goat rearing (Fig 5). The
reproductive potential
is good but there is
lack of good quality
male goat to be used
for
reproductive
purpose. The farmers
sell them easily as it
earn huge sum as
compared to female. A
total of 650 goats are Fig 5 Rearing of Black Bengal
goat by a beneficiciary
still there in two

Fig 4 Training on mushroom cultivation

5. Dissemination of improved germplasm of
backyard poultry
Agriculture, livestock and poultry production is the
main livelihood source of most of farmers of Tripura.
Rural Poultry Farming (RPF) implies rearing of poultry
in small numbers in the backyard in the free range or
semi intensive system. Nearly 80 % population of
poultry consist of deshi/nondescript, in which growth
and production is very low (60-70 eggs per bird per
annum, 1.5-2.5 kg). So farmers were supplied with
improved germplasm of poultry. Each year approx.
2,200 chicks were hatched in the hatchery of the
Division of Poultry Science of the ICAR Tripura
Centre. The chicks were brooded and rear upto 6 weeks
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cluster of Maracherra and Balaram. Each beneficiary
could multiply the goat population to 3 folds (Table 8).
Table 8 Production and income generated through
rearing of black Bengal goat
Particulars

Before

After

No. of house hold
Variety introduced
Production

90
Local breed
4.5 kg/kid

Gross Income

` 3500/year
/farmer
Profit ` 1500
/year/farmer
10 mandays

155
Black bengal
Avg. Body wt.
7.5 kg/ kid
` 7500/year
/farmer
Profit ` 5500
/year/farmer
36 mandays

Profit/ loss
Employment

7. Scientific rearing of pig
Pigs are the preferred livestock species in Dhalai
District. The production system in the villages mainly
based on indigenous breeds with feeding systems
primarily based on jungle forages and kitchen waste.
Prior to this project there has been no concerted effort
to improve the pig production system in the project
villages leaving the whole system traditional and
poorly remunerative. The farmers were financially
supported (@ `10,000/- per house per farmer) for
making improved type pig shelters (brick- cement
made) for better management of pigs. Twenty crossbred
(Large White Yorkshire x Landrace) piglets (1 male +
1 female for each farmer) were provided to ten farmers
for rearing, breeding and production of piglets and
subsequently selling of piglets to fetch money in a
continuous manner. 20 piglets of other breed Ghungroo
was provided to 10 beneficiary farmers (Table 9).

Feb-May) in a year. After rice they keep the land as
fallow. Only few farmers are growing vegetables. As
lentil is a pulse crop it fixes the atmospheric nitrogen
into the soil and increases the productivity of next crop
in the same field. So that farmers were motivated for
cultivation of lentil as legume after cereals (Fig 6).
Demonstration was
conducted
and
training was provided
to the famers. As after
November due non
availability of water
irrigation
was
provided through
pumpset. The PL-16,
Fig 6 Lentil demonstration
WBL-77, WBL-56
at Dhalai
varieties
were
provided. Conventional tillage method was followed
for cultivation of lentil. Tractor was used for
preparation of land. The productivity of lentil was 0.9t/
ha. After intervention productivity was increased,
employment was generated and soil fertility also
improved for cultivation of next crop.
Impact: Each farmer has gained a net income of
`30000/ha from their produce. People have learnt to
utilize the land after kharif rice. This lentil cultivation
improved the soil fertility which is essential for next
crop in the same field. The farmers could sale their
produce after meeting their own consumption (Table 10).
Table 10 Production and income generated through
lentil

Table 9 Production and income generated through
rearing of pig
Particulars

Before

After

No. of house hold
Variety introduced

90
Local breed

Production

4.5 kg/kid

Gross Income

`15000-18000
/ unit /year
120 mandays

155
White Yorkshire,
Hampshire
Avg. Body wt.
7.5 kg/kid
`30000-40000
/year/farmer
215 mandays

Employment

Before

After

No. of house hold
Variety introduced

Nil
Nil

Production
Increase in production
Total cost involvement (`)
Gross Income (`)
Net income (`)
Income enhancement (%)
Employment enhancement ( %)

Nil
0.4 t/ ha
13000/ha
20000/ha
7000/ha
NA
NA

567
PL 16, WBL 77,
WBL 56
0.9 t/ha
0.9 t/ha
15000/ha
45000/ha
30000/ha
17000/ha
63 man-days

TSP Projects
1. Demonstrations on rice under TSP
Under TSP demonstrations were undertaken on
8000 kanis (1280 ha) of 8000 tribal farmers’ land in
all the districts of Tripura using variety Gomatidhan.

8. Demonstration on Lentil Production
Farmers of the village Balaram and Maracherra
were growing rice once (Aug-Nov) or twice (Aug-Nov/
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2. Improvement of livelihood through need based
integrated organic farming system
Gomcha Kobra gram panchayat was selected under
Lefunga block of West Tripura. This gram panchayat
is including seven small village viz. Gomcha Kobra,
Ramkrishna, Ravia Narayapara, Bhagwan Thakur, East
Ramnagar, Kherowa and Nipendra Nagar. Gomcha
Kobra gram panchayat is having about 600 families
and 2500 population. It is 20 km away from Agartala
and 5 km from ICAR Tripura Centre. This is Tribal
village; most of the formers are resource poor. They
are mostly depending on daily wage earning. For
improving the livelihood resource destitute tribal
farmer of this village through need based integrated
organic farming system. The following interventions
were started for upliftment of economic status of tribal
farmers of this village.
Cultivation of improved rice variety Gomati under
organic SRI
The seed of rice variety Gomati for organic SRI
cultivation was distributed to 50 farmers covering an
area about 8.16 ha of Gamsa Kobra, West Tripura. Data
was collected after harvest of rice through personal
interview methods and analyzed using descripts
statistics. The percentage yield increased was also
calculated. The results revealed that the yield of Gomati
under organic SRI system on farmer’s field was 5.0 t/
ha as compared to traditional rice cultivation which
gave 3.0 tonnes grain yield/ha. Gomati variety under
organic SRI system increased the rice yield 60-66%
on farmer’s field over traditional methods (Farmer’s
practice).

attended from 10 Villages under Salema RD Block
under IGDCP. A total 400 packets of mushroom spawn
were distributed to different SHG of IGDC Project
Tripura (Fig 1).

Fig 1 Mushroom spawn distribution

Activity 2: Spawn selling and revenue generation
In all, 3868 spawn packets were sold and `30944/was generated as a revenue.

3. Development of small entrepreneur of mushroom
cultivation amongst the tribal youths
Activity 1: Conduction of Training programme &
monitoring of cultivation
Two training programmes one each at KVK,
Birchandramanu and KVK, Salema was organized. In
all, 76 trainees were participated in the programme
and they were given 399 packets of spawn.
Mushroom training cum and spawn distribution
A one day training program on mushroom
cultivation and spawn distribution was organized by
Tripura Centre, in Collaboration with the Indo German
Development Cooperation Project at Forest Training
Hall, Salema Forest Range under Salema Block dated
on 22 nd February 2014. Altogether 130 farmers
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Activity 3: Spawn, cultivating materials
distribution and low cost mushroom shed
preparation
Apart from training, mushroom spawn, PP bags,
hangers and chemicals were distributed to the tribal
beneficiaries and their cultivation was monitored. Ten
mushroom sheds were also prepared. Existing growing
structures were modified to for mushroom cultivation.
A total of 2,311 spawn packets and polythene bags
were distributed to the 403 tribal farmers.
Capacity building of tribal community through pig
and goat farming under TSP
The tribal men and women were educated on
improved pig and goat husbandry practices including
technical know-how for making animal shelter. In
addition to 79 tribal farmers involved in previous years,
a total of 60 farmers were benefited with low cost pig
shelters and improved variety of piglets (Table 1). To
date 33 of low-cost, raised, bamboo-made goat houses
were built by thirty three tribal farm women. Sixty six
Black Bengal type female goats collected from distant
locations were given to 33 tribal women for strategic
breeding between she and he goats to gradually reduce
the inbreeding problem and enhance the productivity
of Black Bengal type goats.
Augmenting income of the tribal women through
improved management of goats under TSP
Three meetings with 98 tribal farm women were
organized to educate them about the benefits of

Table 1 Promotion of pig and goat husbandry under TSP
Component

District

Pig husbandry

South Tripura,
West Tripura and
Khowai
West Tripura and
Khowai

Goat husbandry
Total

No. of farmers
benefited

No. of pig/ goat
shelter made

No. of piglets/ goats
provided to the farmers

60

60

120

33

33

66

93

93

186

improved management of goats for livelihoods. Thirty
three low-cost, raised, bamboo-made goat houses were
built by 33 tribal farm women in different villages of
West Tripura and Khowai (Table 2). Sixty six Black
Bengal type female goats collected from South Tripura

were given to for strategic breeding between the female
goats of South Tripura and buck of West Tripura to
gradually reduce the inbreeding problem and enhance
the productivity of Black Bengal type goats.

Table 2 Work done on goat husbandry under TSP
District

Village

West Tripura

Balaram Choudhury
Para and Sepai Para
of Lefunga
Gungarai Hour
of Baramaidan,
Kalayanpur

Khowai
Total
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No. of farmers
benefited

No. of goat house
made

No. of goats provided
to the farmers

23

23

46

10

10

20

33

33

66

208

3. PUBLICATIONS
MEGHALAYA (HQ)
NATURAL RESOURCE MANAGEMENT
Research paper
Bal SK, Choudhury BU, Sood A, Saha S, Mukherjee J, Singh H
and Kaur P. 2013. Relationship between leaf area index of
wheat crop and different spectral indices in Indian Punjab.
Journal of Agrometeorology 15(2): 98-102.
Bhattacharjee S, Singh AK, Kumar M and Sharma SK. 2013.
Phosphorus, sulfur and cobalt fertilization effect on yield and
quality of soybean (Glycine max L. Merrill) in acidic soil of
northeast India. Indian Journal of Hill Farming 26(2): 6366.
Bordoloi LJ, Singh AK, Kumar M, Patiram and Hazarika S. 2013.
Microbial biomass nitrogen as an index of N availability in
acid soils of North East India. Indian Journal of Hill Farming
26(1):22-28.
Bordoloi LJ, Singh AK, Kumar M, Patiram and Hazarika S. 2013.
Evaluation of nitrogen availability indices and their
relationship with plant response on acidic soils of India. Plant
Soil and Environment 59(6): 235-240.
Das A, Patel DP, Munda, GC, Ramkrushna GI, Kumar Manoj and
Ngachan SV. 2013. Improving productivity, water and energy
use efficiency in lowland rice (Oryza sativa) through
appropriate establishment methods and nutrient management
practices in the mid-altitude of north-east India. Experimental
Agriculture. doi:10.1017/S0014479713000483.
Das A, Patel DP, Ramkrushna GI, Munda GC, Ngachan SV, Kumar
M, Buragohain J. and Naropongla. 2014. Crop diversification,
crop and energy productivity under raised and sunken beds:
results from a seven-year study in a high rainfall organic
production system. Biological Agriculture & Horticulture
30(2): 73-87.
Das, A, Choudhury BU, Ramkrushna GI, Tripathi AK, Singh RK,
Ngachan SV, Patel DP, Layek J, Munda GC 2013. Multiple
Use of Pond Water for Enhancing Water Productivity and
Livelihood of Small and Marginal Farmers. Indian Journal
of Hill Farming. 26(1):29-36.
Devi NL and Choudhury BU. 2013. Soil fertility status in relation
to fallow cycles and landuse practices in shifting cultivated
areas of Chandel district Manipur, India. IOSR Journal of
Agriculture and Veterinary Science 4(4): 1-9.
Firake DM, Venkatesh A, Firake PD, Behere GT and Azad Thakur
NS. 2013. Parkiaroxburghii: an underutilized but
multipurpose tree species for reclamation of jhum land.
Current Science 104(12): 1598-1599.
Hazarika S, Kumar M, Thakuria D and Bordoloi LJ. 2013. Organic
farming: realty and concerns. Indian Journal of Hill Farming
26(2): 88-97.
Kumar M, Das A, Ramkrushna GI, Patel DP, Munda GC,
Naropongla and Buragohain J. 2013. Effect of nutrient
sources and transplanting date on aromatic rice (Oryza sativa)
under mid hills of north eastern India. Indian Journal of
Agronomy. 58(3): 85-89.
Kumar M. 2014. Influence of seed priming with urine, phosphorus
and zinc on maize (Zea mays L.) yield in an acid soil of
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northeast India. Indian Journal of Hill Farming 27(1). (in
press)
Kuotsu K, Munda GC, Das A and Verma BC. 2014. Soil health as
affected by altered land configuration and conservation tillage
in a groundnut (Arachis hypogaea) - toria (Brassica
compestris var. toria) cropping system. Indian Journal of
Agricultural Sciences 84(2): 241-247.
Mandal S, Choudhury BU, Mondal M and Bej S. 2013. Trend
Analysis of Weather Variables in Sagar Island, West Bengal,
India: A Long Term Perspective-1982-2010. Current Science
105(7): 947-953.
Mandal S, Ramakrushna GI, Verma BC and Das A. 2013. Biochar:
an innovative soil ameliorant for climate change mitigation
in NE India. Current Science 105(5): 568-569.
Mandal S, Singh RK, Kumar A, Verma BC and Ngachan SV. 2013.
Characteristics of weed biomass-derived biochar and their
effect on properties of beehive briquettes. Indian Journal of
Hill Farming 26(1):8-12.
Nagarajan R, Aravind J, Ravi R and Venkatesh A. 2013. Improved
Measures for Conservation Agriculture Practices in Rice
Farming System. Indian Journal of Hill Farming 26(2): 2631.
Ramesh T, Manjaiah KM, Tomar TMS and Ngachan SV. 2013.
Effect of multipurpose tree species on soil fertility and CO2
efflux under hilly ecosystems of northeast India. Agroforestry
Systems 87: 1377-1388.
Ravi R, Buvaneswaran C, Venkatesh A and Prasad R. 2013. Growth
and productivity of Casuarina equisetifolia in farmlands.
Indian Journal of Agroforestry 15(1): 36-44.
Saikia US, Goswami B, Rajkhowa DJ, Venkatesh A, Ramachandran
K, Rao VUM, Venkateswarlu B and Ngachan SV. 2013. Shift
in Monsoon Rainfall Pattern in the North Eastern Region of
India post 1991. Journal of Agrometeorology 15(2): 162164.
Singh AK, Bordoloi LJ, Kumar M, Hazarika S and Brajendra. 2014.
Land use impact on soil quality in eastern Himalayan region
of India. Environmental Monitoring and Assessment 186(4):
2013-2024.
Tripathi VD, Venkatesh A and Dhyani SK. 2013. Allelopathic effect
of leaf extract of Eucalyptus tereticornisclones on seed
germination of oil seeds. Flora and fauna. 19(2): 289-293.
Tripathi VD, Venkatesh A, Prasad R and Dhyani SK. 2013. Phytotoxicity of Eucalyptus tereticornisclones on Leucaena
leucocephalaL. International Journal of Advanced Research
1(10): 82-87.
Book chapter
Choudhury BU, Choudhury TA, Mohapatra KP and Das A. 2013.
APSIM training manual for rainfed lowland rice-fallow
systems. (in). Crop growth simulation modelling, pp 49-74.
Mohanty et al. (Eds.), Indian Institute of Soil Science, Bhopal,
Madhya Pradesh-462038, India.
Das A, Ramkrushna GI, Ngachan SV and Munda GC. 2014.
Resource conservation technologies in pulse based cropping
systems in NEH region. (in). Resource conservation
technology in pulses. Ghosh PK, Kumar N, Venkatesh MS,
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Hazra KK and Nadarajan N (Eds.), Scientific Publishers,
Jodhpur. pp. 43-57.
Ramesh T, Manjaiah KM, Ngachan SV, Rajasekar K and Murmu
K. 2013. Effect of temperature on soil CO2 efflux under
different forest land use systems in subtropical regions of
Meghalaya. (in). Agroforestry and climate change
management, pp 72-81. Arunachalam A, Dagar J C and Singh
A K (Eds), Pointer Publishers, New Delhi, India.
Venkatesh A, Mohapatra KP, Arunachalam A and Ngachan SV.
2013. Improvement of ‘jhum’ lands in north-eastern India.
(in). Agroforestry and Climate Change Management, pp 107
– 114. Arunachalam A, Dagar J C and Singh A K (Eds.),
Pointer Publishers, Jaipur.
Venkatesh A, Mohapatra KP, Arunachalam A, Rajkhowa DJ,
Bharali S and Ngachan SV. 2013. Agroforestry and Food
Security. (in). Agroforestry: Theory and Practices, pp 3453. Raj A J and Lal S B (Eds.), Scientific Publishers, India.
Venkatesh A, Rajkhowa DJ and Ngachan SV. 2013. Strategies for
improvement of ‘jhum’ lands in north-eastern India. (in).
Growing Tamil Science: Forestry, pp 7-11. Krishnamoorthy
S, Muthamilselvan M, Thukkaiyannan P, Parthiban K T and
Kamalathiyakarajan A (Eds.), All India Tamil Science
Association, Tanjore.
Popular article
Prasad R, Kumar S, Venkatesh A, Tripathi VD and Singh R. 2013.
Gondevamrolka krishi vaniki me samanvayan.
KrishivanikiAlok, Annual Hindi magazine, NRCAF, Jhansi,
7: 32-36.
Technical bulletins

nkl ,] iVsy Mhih] jked‘”.kk thvkbZ] eq.Mk] thlh] ³pku ,loh] pkS/kjh ch;w]
egkik=k dsih]jkt[kksok Mhts] dqekj jkts’k]iaokj] ,,l rFkk t;ark
yk;sd A 2013A Tkyok;q yphykiu ,oa lalk/ku laj{k.k ds fy, /kku
mRiknu dh mUur rduhd¼fdlku xkbM½A foLrkj cqysfVu la[;k
80AHkk- Ñ- v- i- iwoksZŸkj ioZrh; {ks= vuqla/kku ifjlj] mfe;e]
es?kky; & 793103 A p. 33.
Extended summaries
Ramkrushna GI, Das A, Verma BC, Layek Jayanta, Krishnappa R
and Panwar AS. 2013. Response of maize varieties to different
soil acidity amelioration measures in north east India. (in).
Proceedings Book of National Conference of Plant
Physiology-2013 on “Current Trends in Plant Biology
Research”. pp 642-643. Directorate of Groundnut Research,
Junagadh-362 001, Gujarat.
Abstracts
Kharsyntiew L, Das A, Ramkrushna GI, Layek J, Mandal S,
Ngachan SV. 2014. A land use model for sloppy land for soil
and water conservation. 2014. (in). Abstracts of National
Seminar on ‘Emerging challenges and prospective strategies
for hill agriculture in 2050’. pp 37, 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre.
Kumar M, Das A, Patel DP, Ramkrushna GI, Layek J. 2014.
Productivity, Soil health and economics as influenced by
cropping systems and nutrient management practices of raised
and sunken bed on mid hill condition of Meghalaya. (in).
Abstracts of National Seminar on ‘Emerging challenges and
prospective strategies for hill agriculture in 2050’. pp 146,
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23-25 January, ICAR Research Complex for NEH Region,
Nagaland Centre.
Layek J, Das A, Ramkrushna GI, Ghosh PK, Choudhury BU,
Mandal S, Krishnappa R, Panwar AS, Ngangom B and
Ngachan SV. 2014. Mitigating moisture stress in lentil in
upland rice fallow through residue management and varietal
interventions. (in). Abstracts of National Seminar on
‘Emerging challenges and prospective strategies for hill
agriculture in 2050’. pp 90-91,23-25 January, ICAR Research
Complex for NEH Region, Nagaland Centre.
Lyngdoh MS, Das A, Ramkrushna GI, Layek J, Patel DP, Kumar
M, Buragohain J and Ngachan SV. 2014. Soil health,
productivity and produce quality after eight years of
continuous organic farming in vegetable based cropping
systems. (in). Abstracts of National Seminar on ‘Emerging
challenges and prospective strategies for hill agriculture in
2050’. pp 63, 23-25 January, ICAR Research Complex for
NEH Region, Nagaland Centre.
Ramkrushna GI, Das A, Patel DP, Verma BC, Layek J, Krishnappa
R and Panwar AS. 2014. Effect of different soil acidity
amelioration measures on productivity of maize varieties in
north east India. (in). Abstracts of National Seminar on
‘Emerging challenges and prospective strategies for hill
agriculture in 2050’. pp 26, 23-25 January, ICAR Research
Complex for NEH Region, Nagaland Centre.
Wanshnong RK, Das A, Ramkrushna GI, Layek J, Buragohain J
and Ngachan SV. 2014. Impact of tillage and nutrient
management practices in upland rice-toria cropping system
on soil carbon and physical properties in a subtropical hill
ecosystem. (in). Abstracts of National Seminar on ‘Emerging
challenges and prospective strategies for hill agriculture in
2050’. pp 36, 23-25 January, ICAR Research Complex for
NEH Region, Nagaland Centre.
Papers presented in Conferences/Symposia/Seminars/
Workshop/other fora
Devi NL and Choudhury BU. 2013. Soil fertility restoration in
shifting cultivated areas of Northeast India: intervention of
improved landuse practices and optimum fallow lengths. 6th
International Congress of Environmental Research. Abstract
No. ISCA-ISC-2013-1AFS-25, 19-21 December,
Aurangabad, Maharashtra India.
Kumar M, Das A, Patel DP, Ramkrushna GI, Jayanta L. 2014.
Productivity, Soil health and economics as influenced by
cropping systems and nutrient management practices of raised
and sunken bed on mid hill condition of Meghalaya. National
Seminar on ‘Emerging challenges and prospective strategies
for hill agriculture in 2050’. pp 146, 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre.
Ramesh T, Hazarika S, Venkatesh A, Rajkhowa DJ, Verma BC,
Krishnappa R, Choudhury B U, Kumar M and Ngachan S V.
2014. Altitudinal variation of soil acidity parameters and
fertility under jhum cultivation in Meghalaya. National
Seminar on “Emerging challenges and Prospective Strategies
for Hill Agriculture in 2050”. pp 109, 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Ramesh T, Manjaiah KM, Venkatesh A, Rajkhowa DJ and Ngachan
SV. 2014. Assessment of carbon stocks and fractions under
agroforestry plantation in the hilly ecosystems of northeast
India. “World Congress on Agroforestry”. pp 13, 10-14
February, New Delhi.
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Research paper
Azad Thakur NS and Firake DM. 2014. Population dynamics of
rodents during bamboo flowering event in North East India.
Indian Journal of Agricultural Sciences, (In press)
Azad Thakur NS, Firake DM and Kumar D. 2013. Indigenous
traps for the management of rodent outbreak in North eastern
hill region of India. Indian Journal of Traditional Knowledge
12(4): 730-735.
Azad Thakur NS, Firake DM, Behere GT, Firake PD and Saikia K.
2013. Biodiversity of Agriculturally important insects in
North eastern Himalaya: An overview. Indian journal of hill
farming 25(2): 37-40.
Baiswar P, Ao Tiameren N, Upadhyay DN and Chandra S. 2013.
Effect of weather variables on Soybean rust severity in mid
hills of Meghalaya. Environment and Ecology 31: 306-309.
Baiswar P, Ao Tiameren N, Upadhyay DN and Chandra S. 2013.
Tolerance evaluation using different methods against soybean
rust caused by Phakopsora pachyrhizi. Indian Journal of Hill
Farming 26: 59-62.
Baiswar P, Ao Tiameren N, Upadhyay DN and Chandra S. 2014.
Evaluation of different fungi as mycoparasite for eco-friendly
management of soybean rust (Phakopsora pachyrhizi).
Journal of Eco-Friendly Agriculture 9: 101-103.
Baiswar P, Ngachan SV and Chandra S. 2014. Identification of
Nyssopsora thwaitesii on Schefflera in northeast India.
Australasian Plant Disease Notes, Online first doi 10.1007/
s13314-014-0124-3.
Baiswar P, Ngachan SV, Kipgen TL, Das A, Chandra S, Patel DP
and Rajkhowa DJ. 2014. Molecular characterization of
Rhizoctonia solani on rice, maize and soybean in northeast
India. Journal of Eco-Friendly Agriculture 9: 61-64.
Banerjee A, Dutta R, Roy S and Ngachan SV. 2014. First report of
Chilli veinal mottle virus in Naga chilli (Capsicum chinense)
in Meghalaya, India. Virus Diseases 25(1): 142-143.
Banerjee A, Roy S, Behere GT, Roy SS, Dutta SK and Ngachan
SV. 2014. Identification and characterization of a distinct
banana bunchy top virus isolate of Pacific-Indian Oceans
group from North-East India. Virus Research 183: 41–49.
Behere GT, Firake DM, Tay WT, Azad Thakur NS and Ngachan
SV. 2014. Complete mitochondrial genome sequence of a
phytophagous ladybird beetle, Henosepilachna pusillanima
(Mulsant) (Coleoptera: Coccinellidae). Mitochondrial DNA,
doi: 10.3109/19401736.2014.892082.
Berilus SR, Pattanayak A and Ram G. 2013. Analysis of genetic
variability in rice cultivars of Arunachal Pradesh (India) using
microsatellite marker. African Journal of Biotechnology
12(8): 798-810.
Debbarma M and Firake DM. 2013. Host generated cues alter the
foraging behaviour of cabbage butterfly, Pieris brassicae and
its larval parasitoids, Cotesia glomerata and Hyposoter
ebeninus. Journal of Entomological and Acarological
Research 45(15): 90-92.
Firake DM and Khan MA. 2014. Alternating temperatures affect
the performance of Trichogramma species. Journal of Insect
Science 14: xx. Available online: http://
www.insectscience.org/14.xx.
Firake DM, Behere GT, Deshmukh NA, Firake PD and Azad Thakur
NS. 2013. Recent scenario of insect-pests of guava in North
East India and their eco-friendly management. Indian journal
of hill farming 26(1): 55-57.
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Firake DM, Behere GT, Firake PD, Rajkhowa DJ, Azad Thakur
NS, Saini MS, Rahman Z and Ngachan SV. 2013. Arge
xanthogaster (Hymenoptera: rgidae): A New Threat to Rose
Plants in Meghalaya, India. Florida Entomologist 96(4):
1298-1304.
Firake DM, Deshmukh NA, Behere GT, Azad Thakur NS and
Ngchan SV. 2013. First report on elephant beetles of the genus
Xylotrupes (Coleoptera: Scarabaeidae) attacking guava in
India. The Coleopterist Bulletin 67(4):608-610.
Firake DM, Kumar R, Behere GT, Firake PD, Azad Thakur NS,
Verma VK, Deshmukh NA and Ngachan SV. 2014. First
report of Tiracola plagiata Walker (Lepidoptera: Noctuidae)
attaching dolichos bean, Lablab purpureus L. from
Meghalaya, India. Entomological News 123(5): 365-370.
Firake DM, Lytan D, Thubru DP, Behere GT, Firake PD and Azad
Thakur NS. 2013. Traditional pest management practices and
beliefs of different ethnic tribes of Meghalaya, North-Eastern
Himalaya. Indian Journal of Hill Farming 26(1): 58-61.
Firake DM, Venktesh A, Firake PD, Behere GT and Azad Thakur
NA. 2013. Parkia roxburghii: an underutilized but
multipurpose tree species for reclamation of jhum land.
Current Science 104(12): 1598-1599.
Gayacharan, Bisht IS, Pandey A, Yadav MC and Rana JC. 2014.
Genetic diversity of upland red rice (Oryza sativa L.) landrace
populations from North-western Indian Himalayas. Indian
Journal of Biotechnology (Accepted)
Gupta S, Pandey A, Kumar A and Pattanayak A. 2014. Evaluation
of genotypic variation and suitability of rice bean genotypes
for mid-altitudes of Meghalaya. Legume Research.
(Accepted)
Kumar A, Kumar S, Kapoor C, Bhagawati R, Pandey A and
Pattanayak A. 2014. GGE biplot analysis of
Genotype×Environment interaction in soybean grown in NEH
regions of India. Environment and Ecology 32(3A): 10471050.
Kumar A, Pandey A and Pattanayak A. 2014. Assessment of
genotypic variations in Soybean (Glycine max). Legume
Research. (Accepted)
Pandey A, Gupta S, Kumar A, Thongbam PD and Pattanayak A.
2014. Genetic divergence, path coefficient and cluster analysis
of Chickpea (Cicer arietinum) cultivars, in the Mid-altitudes
of Meghalaya. Indian Journal of Agricultural Sciences
83(12): 1300-1304.
Pattanayak A and Pfukrei K. 2013. Aluminium toxicity tolerance
in crop plants: Present status of research. African Journal of
Biotechnology 12(24): 3752-3757.
Roy S, Banerjee A, Pattanayak A, Roy SS, Rathi RS, Misra AK,
Ngachan SV and Bansal KC. 2013. Chakhao (delicious)
rice landraces (Oryza sativa L.) of North-east India:
collection, conservation and characterization of genetic
diversity. Plant Genetic Resources: Characterization and
Utilization, doi:10.1017/S1479262113000580, pp 1–9.
Singh J, Kumar A and Fiyaz AR. 2014. Diversity and stability
analysis for yield and component traits in pigeon pea under
rain fed conditions. Legume Research (Accepted)
Tay WT, Soria MF, Walsh T, Thomazoni D, Silvie P, Behere GT,
Anderson C and Downes S. 2013. A brave new world for an
old world pest: Helicoverpa armigera (Lepidoptera:
Noctuidae) in Brazil. PLOS ONE 8(11): e80134.
Thongbam PD, Kumar A, Nonglait KKL and Pandey A. 2014.
Repeated measure analysis of total protein, total phenolics,
polyphenoloxidase, and peroxidase activity in rice genotypes
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against Magnaporthe grisea. Indian Journal of Agricultural
Sciences 84(2): 198-204.
Zeliang PK and Pattanayak A. 2013. Wide hybridization in the
genus Oryza: Aspects and prospects. Indian Journal of Hill
Farming 26(2): 71-77.
Book authored/edited
Azad Thakur NS, Rahman Z, Saikia K, Behere GT, Ngachan SV
and Ramamurthy V. 2013. Insect fauna of North eastern
Himalaya, VOL 01. ICAR Research Complex for NEH
Region, Umiam-793103, Meghalaya, India.
Book chapter
Azad Thakur NS, Pande R and Firake DM. 2013. Insect pest
management in underutilized fruit crops of hill regions of
India. (in). Developing the potential of underutilized fruit
crops in Hill regions, pp 481-491. Prakash N, Roy S, Sinva
PK and Ngachan S V(Eds.), Todays and Tomorrows
publisher, New Delhi.
Banerjee A and Ngachan SV. 2013. Important diseases of banana
and their integrated management strategies. (in). IPM in
important field and horticultural crops of NEH region of
India, pp 78-87. Sehgal M and Chattopadhyay C (Eds).
NCIPM, New Delhi.
Deshmukh NA, Patel RK, Verma VK, Firake DM and Jha AK.
2013. Potential fruits and plantation crops of Meghalaya. (in).
Horticulture for economic prosperity and nutritional security
in 21st Century, pp 225-242. Hazarika TK and Nautiyal BP
(Eds.), Westville publishing house, New Delhi.
Firake DM, Behere GT and Deshmukh NA. 2013. Latest trend in
insect pest management of horticultural crops in North East
India. (in). Horticulture for economic prosperity and
nutritional security in 21st Century, pp 195-206. Hazarika
TK and Nautiyal BP (Eds.), Westville publishing house, New
Delhi.
Firake DM, Firake PD, Behere GT, Azad Thakur NS and Nath D.
2013. Indigenous technical knowledge for the management
of major pests of field crops in North-east India. (in).
Ancestral Knowledge in Agri-Allied Science of India, pp 6172. Saha et al. (Eds.), New India publisher, New Delhi.
Firake DM, Firake PD, Behere GT, Azad Thakur NS and Nath D.
2013. Traditional practices for the management of major pests
of horticultural crops and stored produce in North-east India.
(in). Ancestral Knowledge in Agri-Allied Science of India,
pp 72-84. Saha et al. (Eds.), New India publisher, New Delhi.
Roy S, Banerjee A, Bhattacharya S, Pattanayak A and Bansal KC.
2013. Omics-based approaches for rice improvement.
(in).OMICS Applications in Crop Science, pp 1-46. Barh D
(Eds.). ISBN 9781466585256; CRC Press.
Popular article
Banerjee A, Roy SS, Roy S and Ngachan SV. 2013. Chilli veinal
mottle virus: An emerging threat to Naga chilli cultivation.
Agricomplex Newsletter 28(1): 4.
Bharambe VY and Firake DM. 2013. Bhat Lagwad (In Marathi).
Godwa, June, 68-69.
Bharambe V Y and Firake DM. 2013. Bhat Lagwad Karatana (In
Marathi). Shetkari, June, 33-34.
Firake DM, Behere GT and Azad Thakur NS . 2013. Eco-friendly
management of mustard aphid, Lipaphis erysimi: A most
destructive pest of brassicaceous crops. Popular kheti 29(1):
1-33.
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Firake DM, Behere GT, Azad Thakur NS, Burange PS, and
Bharambe VY. 2013. Climate change and insect pests:
Potential impacts and future strategies. Popular kheti. 1(2):
67-70.
Singh R, Benerjee A, Ramajayam D, Bhagawati R and Ngachan
SV. 2013. Present status of banana bunchy top disease in
West Siang: an emerging threat in Arunachal Pradesh.
Agricomplex Newsletter 28(1): 4.
Training manual
Baiswar P and Ngachan SV. 2014. Training manual on spawn
production for livelihood improvement. pp 1-28. ICAR
Research Complex for NEH Region, Umiam-793103,
Meghalaya, India.
Baiswar P, Das A, Kumar A and Ngachan SV. 2013. Training
manual on mushroom cultivation, spawn production and post
harvest management for women empowerment. pp1-22.
ICAR Research Complex for NEH Region, Umiam-793103,
Meghalaya, India.
Papers presented in Conferences/Symposia/Seminars/
Workshop/other fora
Azad Thakur NS and Firake DM. 2013. Ecology of rodents during
bamboo flowering event in North East India. 10th National
Symposium on “Biotechnological Approches for plant
Protection: Constraints and Opprtunities. pp 186-187, 2729 January, ICAR RC for Goa, Ela, Old Goa, India.
Azad Thakur NS, Firake DM, Behere GT, Baiswar P and Chandra
S. 2014. Crop protection in context of climate change.
National Seminar on Emerging Challenges and Prospective
Strategies for Hill Agriculture in 2050. pp 79-85, 23-25
January, ICAR Research Complex for NEH Region, Nagaland
Centre, Jharnapani, Medziphema, Nagaland, India.
Baiswar P, Kipgen TL, Ngachan SV, Das A, Chandra S and
Rajkhowa DJ. 2014. Screening against sheath blight
(Rhizoctonia solani) of rice using detached tiller technique.
National Seminar on Emerging Challenges and Prospective
Strategies for Hill Agriculture in 2050. 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Baiswar P, Mohapatra KP, Chandra P, Chandra S and Ngachan
SV. 2014. Screening of Mucuna germplasm against rust
caused by Uromyces mucunae. National Seminar on
Emerging Challenges and Prospective Strategies for Hill
Agriculture in 2050. pp 106-107, 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Banerjee A, Roy S, Behere GT, Roy SS, Dutta SK and Ngachan
SV. 2014. Molecular characterization of a new isolate of
Banana bunchy top virus (BBTV) from North-east India.
National Seminar on Emerging Challenges and Prospective
Strategies for Hill Agriculture in 2050. pp87, 23-25 January,
ICAR Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Banerjee A, Roy S, Sharma SK, Roy SS and Ngachan
SV.Characterization of Chilli veinal mottle virus (ChiVMV)
infecting chilli germplasm (Capsicum spp.) growing in midhill conditions of Meghalaya, India. Asia-Pcific Congress of
Virology. pp80, 17-20 December, Amity Institute of Virology
and Immunology, Amity University, Sec-125, Noida (New
Delhi NCR), India.
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Behere GT, Firake DM and Azad Thakur NS. 2013. Choice of
molecular markers for tracking the movements of
lepidopteran insect pests. IV International Congress on Insect
Science. pp 52,14-17 Feb, Bangalore, India.
Behere GT, Firake DM, Azad Thakur NS and Ngachan SV. 2014.
A complete mitochondrial genome sequence of a
phytophagous ladybird beetle Henosepilachna pusillanima
(Mulsant) (Coleoptera: Coccinellidae). International
Conference on “Probing Biosciences for Food Security and
Environmental Safety”. pp 85,16-18 February, CRRI, Cuttack
(Odisha), India.
Firake DM , Kalita L, Azad Thakur NS and Behere GT. 2014. Biodiversity of Plant Parasitic Nematodes in Meghalaya, North
Eastern Himalaya. 35th Annual Conference and Symposium
on “Innovative and Ecofriendly Research Approaches for
Plant Disease Management”. 8-10 January, PDKV, Akola,
India.
Firake DM, Azad Thakur NS, Deshmukh NA, Behere GT and
Saikia K. 2013. Elephant beetle of genus Xylotrupes: A threat
to Guava cultivation in India. 10th National Symposium on
“Biotechnological Approches for plant Protection:
Constraints and Opprtunities. pp 80-81, 27-29 January,
ICAR RC for Goa, Ela, Old Goa, India.
Firake DM, Behere GT and Azad Thakur NS. 2014. Bio-intensive
management of mustard aphid in brassicaceous crops. 16th
Indian Agricultural Scientists & Farmers’ Congress on
“Nanobiotechnological Approaches for Sustainable
Agriculture & Rural Development”. 22-23 Feb, Lucknow,
India.
Firake DM, Behere GT, Firake PD and Azad Thakur NS. 2014.
Rapid Technique of Sex Segregation in Pupal Stage of
Parasitoid Wasp, Hyposoter ebeninus Gravenhorst
(Hymenoptera: Ichneumonidae). International Conference
Biodiversity, Bioresources and Biotechnology”. 30-31
January, Mysore, India.
Firake DM, Behere GT, Firake PD, Saini MS, Azad Thakur NS
and Ngchan SV. 2013. Arge xanthogaster (Hymenoptera:
Argidae): an emerging pest of rose plants in Meghalaya, North
East India. IV International Congress on Insect Science. pp
34, 14-17 Feb, Bangalore, India.
Roy S, Banerjee A, Pattanayak A, Roy SS, Singh SG, Monsang
LT, Prakash N and Mishra AK. 2014. Collection and
characterization of genetic diversity in chakhao rice landraces
of Manipur. National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. pp143,
23-25 January, ICAR Research Complex for NEH Region,
Nagaland Centre, Jharnapani, Medziphema, Nagaland, India.
Sharma SK, Banerjee A, Roy SS, Kumar PV, Baranwal, VK,
Prakash N and Ngachan SV. Molecular evidence for
association of Banana straek MY virus with the leaf streak
disease of banana in North eastern India. Asia-Pcific Congress
of Virology. pp85, 17-20 December, Amity Institute of
Virology and Immunology, Amity University, Sec-125,Noida
(New Delhi NCR), India.
Sharma SK, Banerjee A, Roy SS, Kumar PV, Baranwal, VK,
Sharma PK, Prakash N and Ngachan SV. 2014. Distribution
of banana streak disease and standardization of a robust
detection procedure for routine indexing of banana streak
viruses in India. National Seminar on Emerging Challenges
and Prospective Strategies for Hill Agriculture in 2050.
pp108-109, 23-25 January, ICAR Research Complex for NEH
Region, Nagaland Centre, Jharnapani, Medziphema,
Nagaland, India.
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Sontakke PP, Behere GT, Firake DM, Thubru D. and Chodhury S.
2014. Efficacy and co-toxicity of chemical pesticides against
diamondback moth, Plutella xylostella (L.). National Seminar
on Emerging Challenges and Prospective Strategies for Hill
Agriculture in 2050. pp 92, 23-25 January, ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema, Nagaland, India.
Sontakke PP, Behere GT, Firake DM, Thubru DP and Chodhury
S. 2014. Evaluation of toxicity and co-toxicity of Biopesticides against diamondback moth, Plutella xylostella (L).
National Seminar on Emerging Challenges and Prospective
Strategies for Hill Agriculture in 2050. pp 67, 23-25 January,
ICAR Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Swer EKP, War AL, Dutta R, Banerjee A, Behere GT, Chandra S
and Ngachan SV. 2014. Morphological and molecular
identification of seven Trichoderma species from North-east
India. National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050.pp 6667, 23-25 January, ICAR Research Complex for NEH Region,
Nagaland Centre, Jharnapani, Medziphema, Nagaland, India.
Tay WT, Soria M, Walsh T, Thomazoni D, Silvie P, Behere GT,
Anderson C and Downes S. 2013. Making use of the
Helicoverpa armigera genome. The Helicoverpa Genome
Consortium. Australian Cotton Research Conference, pp 59,
8-11 September, CSIRO Ecosystem Sciences, Narrabri, NSW,
Australia.
Tay WT, Soria M, Walsh T, Thomazoni D, Silvie P, Behere GT,
Anderson C and Downes S. 2013). Helicoverpa armigera
(Lepidoptera: Noctuidae) in Brazil? First molecular detection
report. Annual Meeting of Entomological Society of America
(ESA). Paper No: DO0563, 10-13 November, 2013 at Austin,
TX, USA.
Sequences Published
Banerjee A, Roy S, Behere GT, Roy SS, Dutta SK and Ngachan
SV. 2013. Identification and characterization of a distinct
banana bunchy top virus isolate of Pacific-Indian Oceans
group from North-East India. Accession No. KC466373KC466377.GenBank (http://ncbi.nlm.nih.gov.in/).
Banerjee A, Behere GT, Ngachan SV and Dutta R. 2014.Study on
genetic divergence among R. solanacearum isolates from
North-east India using Multi Locus Sequence Typing
(MLST). Accession No. KJ626166- KJ626173.GenBank
(http://ncbi.nlm.nih.gov.in/).
Banerjee A, Swer E and Ngachan SV. 2014.Study on genetic
divergence among R. solanacearum isolates from North-east
India using Multi Locus Sequence Typing (MLST). Accession
No.
KJ626174-KJ626177.GenBank
(http://
ncbi.nlm.nih.gov.in/).
HORTICULTURE
Research paper
Anandaraj M, Prasath D, Kandiannan K, Zachariah TJ, Jha AK,
Singh BK, Singh AK, Pandey VP, Singh SP, Shoba N, Jana
JC, Ravindra KK and Uma Maheshwari K. 2014. Genotype
by environment interaction effects on yield and curcumin in
turmeric (Curcuma longa L.). Industrial Crops and Products
53: 358-364.
Buragohain J, Singh VB, Deka B C, Jha AK, Wanshnong K and
Angami T. 2013. Collection and evaluation of some

underutilized leafy vegetables of Meghalaya. Indian Journal
of Hill Farming 26(2): 111-115.
Deshmukh NA, Lyngdoh P, Jha AK, Patel RK, and Deka BC. 2013.
Comparative study on newly developed guava hybrids with
commercial cultivars under mid-hills of NE India. The
Bioscan 8(4): 1367-1370.
Deshmukh NA, Patel RK, Deka BC, Verma VK, Jha AK, and
Pathaw JE. 2013. Self help groups boost turmeric production
in Meghalaya- A success story. Hortflora Research Spectrum
2(3): 230-234.
Dutta SK, Srivastav M, Rymbai H, Dubey AK, Singh AK and Lal
K. 2013. Pollen-pistil interaction studies in mango
(Mangifera indica L.) cultivars. Scientia Horticulturae 160:
213-221.
Meitei SB, Patel RK, Deka BC, Deshmukh NA and Singh A. 2013.
Effect of chemical thinning on yield and quality of peach cv.
Flordasun. African Journal of Agricultural Research 8(27):
3558-3565.
Patel RK, Maiti CS, Deka BC, Deshmukh NA and Nath A. 2013.
Changes in sugars, pectin and antioxidants of guava (Pisidium
guajava) fruits during fruit growth and maturity. Indian
Journal of Agricultural Sciences 83(10): 1017-1021.
Patel RK, Maiti CS, Deka BC, Roy SS and Verma VK. 2013.
Genetic diversity among guava genotypes based on seed
protein polymorphism. Indian Journal of Horticulture 70(2):
190-194.
Rao BN, Jha AK, Deo Chandra, Kumar Sunil, Roy SS and Ngachan
SV. 2013. Influence of irrigation and mulching on growth,
yield and quality of Passion fruit (Passiflora edulis Sims.).
Journal of Crop and Weed 9(1): 94-98.
Rao BN, Roy SS, Jha AK, Singh IM and Prakash N. 2013. Influence
of nitrogen and spacing on the performance of Allium
odorasum under mid- altitude foot hill condition of Manipur.
Indian Journal of Hill Farming 26(2): 88-97.
Rymbai H, Srivastav M, Sharma RR, Patel CR and Singh AK.
2013. Bio-active compounds in mango (Mangifera indica L.)
and their roles in human health and plant defense. Journal of
Horticultural Science and Biotechnology 88(4): 369-379.
Singh BK, Pathak KA, Ramakrishna Y, Verma VK and Deka BC.
2013 Vermicompost, Mulching and irrigation level on growth,
yield and TSS of tomato (Solanum lycopersicum L.). Indian
Journal of Hill Farming 26(2): 105-110.
Srinivasa N, Rajesh AM, Rymbai H, Ganeshamoorthi BR and
Yathish R K. 2013. Morphological and biochemical
characterization of antagonist Pseudomonas isolates.
International Journal of Agricultural Sciences 9(1): 14-23.
Zosiamliana JH, Reddy GS N and Rymbai H. 2013. Study on the
performance of some varieties of China aster (Callistephus
chinensis Ness.) in Andhra Pradesh. Progressive Horticulture
45(2): 312 – 316.
Book chapter
Deshmukh NA, Patel RK, Verma VK, Jha AK and Nath A. 2013.
Potential fruit and plantation crops in Meghalaya. (in).
Horticulture for economic prosperity and nutritional security
in 21st Century, pp 225-242. Hazarika T K and Nautiyal B P
(Eds.), Westville Publishing House, New Delhi (ISBN 97881-85873-97-8).
Lalhmningsanga, Jha AK, Nath A, Deka BC and Thakuria D. 2013.
Nutrient management influenced the yield and quality of
broccoli in acidic soils on hill terrace. (in). Horticulture for
economic prosperity and nutritional security in 21st Century,
pp 320-328. Hazarika T K and Nautiyal B P (Eds.), Westville
Publishing House, New Delhi (ISBN 978-81-85873-97-8).
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Patel RK, Verma VK, Deshmukh NA, Jha AK, Nath A and Patel
RS. 2013. Underutilized fruits of Meghalaya: An option for
livelihood and nutritional security. (in). Horticulture for
economic prosperity and nutritional security in 21st Century,
pp 256-263. Hazarika T K and Nautiyal B P (Eds.), Westville
Publishing House, New Delhi (ISBN 978-81-85873-97-8).
Verma VK, Nath A, Jha AK, Deshmukh NA and Patel RK. 2013.
Impact of abiotic stresses on horticulture and strategies for
mitigation in Northeastern India. (in). Climate Resilient
Horticulture: adaptation and mitigation Strategies, pp 3539. Singh et.al. (Eds.), DOI 10.1007/978-81-322-0974-4-4,
Springer, India.
Lead paper
Ngachan SV, Roy SS, Deshmukh NA and Jha AK. 2013. Status of
citrus in NEH region and their prospects. (in). Souvenir and
Abstracts of National Citrus Meet. pp 79-91, August, NRC
for Citrus, Amravati Road Nagpur-440010, Maharashtra,
India.
Papers presented in Conferences/Symposia/Seminars/
Workshop/other fora
Deshmukh NA, Deka BC, Patel RK, Rymbai H, Jha AK and Kumar
A. 2014. Technology for doubling the production of grafted
& budded plants of Khasi mandarin: a profitable option for
nurseryman. National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. 23-25
January, ICAR Research Complex for NEH Region, Nagaland
Centre, Jharnapani, Medziphema, Nagaland, India.
Deshmukh NA, Deka BC, Patel RK, Verma VK, Rymbai H, Jha
AK, and Pathaw JE. 2014. Self help groups managed turmeric
supply chain in Ri-Bhoi district of Meghalaya: A success
story. National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. 23-25
January, ICAR Research Complex for NEH Region, Nagaland
Centre, Jharnapani, Medziphema, Nagaland, India.
Verma VK, Jha AK, Nongbet M and Verma BC. 2013. Effect of
foliar feeding on yield and quality attributes of tomato
(Solanum lycopersicon L) grown in acid soil under low cost
polyhouse. National Seminar on Protected cultivation of
Horticultural crops and value addition. pp 53, 29-30
November, SHIATS, Allahabad, India.
Verma VK, Jha, AK. 2014. Performance of tomato (Solanum
lycopersicon L) germplasm against moisture stress. National
Seminar on Emerging Challenges and Prospective Strategies
for Hill Agriculture in 2050. pp 98, 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Verma VK, Jha AK, Deshmukh NA and Patel RK. 2014. Recent
advances: Protected cultivation and value addition in high
value horticultural crops of North Eastern India, National
Seminar on Protected cultivation of Horticultural crops and
value addition. pp 22-23, 29-30 November, SHIATS,
Allahabad, India.
Abstracts/Extended summeries
Deshmukh NA, Patel RK, Roy SS, Deka BC, Sohtun W and Jha
AK. 2013. DUS characters for Khasi mandarin and Assam
lemon. (in). Souvenir and Abstracts of National Citrus Meet.
pp 51, August, NRC for Citrus, Amravati Road Nagpur440010, Maharashtra, India.

Deshmukh NA, Patel RK, Roy SS, Deka BC, Sohtun W and Jha
AK. 2013. Influence of altitudinal variation on physicchemical traits of Khasi mandarin. (in). Souvenir and
Abstracts of National Citrus Meet. pp 52, August, NRC for
Citrus, Amravati Road Nagpur-440010, Maharashtra, India.
Patel RK, Deshmukh NA, Deka BC, Verma VK, and Patel RS.
2014.Tree growth, yield and fruit quality of Khasi mandarin
grafted on different rootstocks. (in). Souvenir and Abstract
of National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. pp 94,
23-25 January, ICAR Research Complex for NEH Region,
Nagaland Centre, Jharnapani, Medziphema, Nagaland, India.
Rymbai H, Jha AK, Deshmukh NA, Verma VK, War GF, Roy AR,
Mishra LK, Roy D and Chaudhri P. 2014. Micromorphology
of flower of sohshang (Elaeagnus latifolia L.). (in). National
Seminar on Emerging Challenges and Prospective Strategies
for Hill Agriculture in 2050. pp 144-145, 23-25 January,
ICAR Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Rymbai H, War GF, Jha AK, Deshmukh NA, Verma VK, Mishra
LK, Roy AR, Roy D and Chaudhri P. 2014. Flowering
characteristics of different genotypes of Sohshang (Eleaegnus
latifolia L.). (in). National Seminar on Emerging Challenges
and Prospective Strategies for Hill Agriculture in 2050. pp
139, 23-25 January, ICAR Research Complex for NEH
Region, Nagaland Centre, Jharnapani, Medziphema,
Nagaland, India.
AGRICULTURAL ENGINEERING
Research paper
Kumar A and Baruah DC. 2013. Wetland traction research: Present
status and future need. International Journal of Agricultural
Engineering 6(1): 216-220.
Mandal S, Kumar A and Singh RK. 2012. Design of a Reciprocating
Manual Weed Cutter for Hill Orchard. Journal of
Agriculturall Engineering 51(1): 1-6.
Mandal S, Kumar A, Singh RK, Ngachan SV and Kundu K. 2014.
Drying, Burning and Emission Ccharacteristics of Beehive
Charcoal Briquettes: An alternative household fuel of Eastern
Himalayan Region. Journal of Environmental Biology 35(5).
Mandal S, Singh R K, Kumar A, Verma B C and Ngachan S V.
2013. Characteristics of weed biomass-derived biochar and
their effect on properties of beehive briquettes. Indian Journal
of Hill Farming 26 (1): 8-12.
Technical/popular article
Mandal S, Ramkrushna GI, Verma BC and Das A. 2013. Biochar:
an innovative soil ameliorant for climate change mitigation
in NE India, Current Science 105(5): 568-569.
Mandal S and Kumar A. 2013. Hand operated winnower improved
rice quality and income. http://www.icar.org.in/node/6135.
Published 10.07.13.
Papers presented in Conferences/Symposia/Seminars/
Workshop/other fora
Kumar A, Mandal S, Singh RK and Sethy BK. 2014. Evaluation
of puddlers suitable for NEH region of India. National
Seminar on Emerging Challenges and Prospective Strategies
for Hill Agriculture in 2050. 23-25 January, ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema, Nagaland, India.
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Mandal S, Kumar A, Singh RK and Ngachan SV. 2014.
Performance of a power tiller operated zero-till planter for
establishment of pea in hilly terrain. 48th Annual Convention
of ISAE and International Symposium on Conservation
agriculture. pp 102, 21-23 February, MPUAT, Udaipur, India.
Sethy BK, Singh RK, Kumar A and Mandal S. 2014. Soil and
water management techniques through Watershed Approach
for sustainable production in NEH Region. National Seminar
on Emerging Challenges and Prospective Strategies for Hill
Agriculture in 2050. 23-25 January, ICAR Research Complex
for NEH Region, Nagaland Centre, Jharnapani, Medziphema,
Nagaland, India.
Singh RK and Ngachan SV. Agricultural development through
plasticulture interventions in the North Eastern hills region.
National Seminar on Emerging Challenges and Prospective
Strategies for Hill Agriculture in 2050. 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
ANIMAL PRODUCTION
Research paper
Bharti PK, Kamboj ML and Kumar P. 2014. Health performance
of crossbred Indian dairy calves reared on whey based
commercial milk replacer. Indian Journal of Animal Sciences
(Accepted).
Biswas P, Dutt T, Patel M, Kamal R, Bharti PK and Sahu S. 2013.
Assessment of pack animal welfare in and around Bareilly
city of India. Veterinary World 6(6): 332-336.
Das SK. 2013. A preliminary note on assessment of a few
indigenous ornamental fishes of Northeast India as potential
predators of mosquito larvae. Indian Journal of Hill Farming
25(1): 63-65.
Doley S, Chutia H and Kumar S. 2014. Effect of Probiotic
Supplementation on the productive and egg quality traits in
Gramapriya layers. Indian Veterinary Journal (Accepted).
Doley S, Chutia H, Kumar S and Khargharia G. 2014. Effect of
Improval on some productive and egg quality traits in
Vanaraja chicken . Indian Journal of Animal Production and
Management 29(3-4): 64-67.
Kadirvel G, Bujarbaruah KM, Kumar S and Ngachan SV. 2014.
Oestrus synchronization with fixed time artificial
insemination in smallholder pig production systems in northeast India: Success rate and benefits. African Journal of
animal Sciences (Accepted).
Kadirvel G, Kumar S, Khargharia G, Hasin D, Sarma H, Barman
C, Barman G, Naskar S, Rajkhowa DJ and Ngachan SV. 2014.
Effect of PMSG followed by HCG on estrus synchronization
in weaned sows. Indian Jounal of Animal Production and
Management (Accepted).
Kamal R, Dutt T, Patel BHM, Ram RP, Biswas P, Bharti PK and
Kaswan S. 2013. Assessment of pack animal welfare in and
around Bareilly city of India. Veterinary World 6(8): 482485.
Majhi SK and Das SK. 2013. Thermal Tolerance, Oxygen
Consumption and Stress Response in Danio dangila and
Brachydanio rerio (Hamilton, 1822) acclimated to four
temperatures. Turkish Journal of Fisheries and Aquatic
Sciences 13: 359-365.
Majhi SK, Das SK and Rajkhowa D. 2013. Effects of elevated
water temperature on tolerance and stress in Chocolate
mahseer, Neolissochilus hexagonolepis: implications for
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habitat restoration and conservation. Current Science 105(3):
379-383.
Singh P, Senani S, Prasad CS and Rao SBN. 2013. Manipulation
of conjugated linoleic acid in milk and meat through dietary
management in ruminant animals: A review. Indian Journal
of Hill Farming 26(2): 1-15.
Popular article
Bharti PK, Khan MH, Basumatary R and Kumar S. 2013.
Management of pre-weaning piglet mortality. North East
Veterinarian 13(2)
Solanki AS and Singh P. 2013. Producing nutritionally rich fodderICAR Barapani. Meghalaya Times writers column. http://
meghalayatimes.info/index.php/writer-s-column/20408producin.
Research bulletin
Das SK. 2013. Evaluation of performance of improved variety of
Common carp, Amur (Hungarian strain) in Meghalaya. ICAR
Research complex for NEH Region, Umiam, Barapani,
Meghalaya, India.
Kadirvel G, Bharti PK, Basumatary R, Kumar S, Khargaria G and
Ngachan SV. 2013. Goat genetic resources of India. Assam
Hill Goat: A long beard hairy hilly goat- the pride of northeast region of India. Research Bulletin No. 90. ICAR
Research Complex for NEH Region, Umiam, Meghalaya,
India.
Training manual
Bharti PK, Basumatary R, Kadirvel G, Kumar S and Khan MH.
2013. Green House Gas (GHG) emission from livestock and
its mitigation strategies. (in). short term course entitled
“Climate Change Impacts and Vulnerabilities on Livestock
Production, Adaptation and Mitigation in Hill Ecosystem”.
ICAR Research Complex for NEH Region, Umiam- 793103,
Meghalaya, India.
Extension folder/leaflet
Das SK. 2013. Amur Common carp for enhancing fish production
in NE Hill Region. ICAR Research complex for NEH Region,
Umiam, Barapani, Meghalaya, India.
Lead paper
Das SK. 2014.Tapping the fish diversity for entrepreneurship
development and business venture in the Northeast India.
(in). Proceedings of National seminar on Emerging
Challenges and Prospective Strategies for Hill Agriculture
in 2050. pp 171-176, 23-25 January, ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema, Nagaland 797 106, India.
Papers presented in Conferences/Symposia/Seminars/
Workshop/other fora
Puro K, Singh P, Ghatak S, Sen A, Ahuja A, Joishy T, Bhattacharjee
A and Chakraborty AK. 2014. Therapeutic potential of
indigenous plant (Hibiscus sabdariffa) for use as feed
additives. National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. pp 193,
23-25 January, ICAR Research Complex for NEH Region,
Nagaland Centre, Jharnapani, Medziphema, Nagaland, India.
Bharti PK, Dutt T, Pandey HO, Patel BHM, Tomar AKS, Gaur
GK, Biswas P, Verma KK, Upadhyay DK, Kumar V, Kadirvel
G, Kumar S and Bhushan B. 2014. Effect of suckling versus
weaning on reproductive performance of Murrah buffaloes
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(Bubalus bubalis). National Seminar on “New Dimensional
Approaches for Livestock Productivity and Profitability
Enhancement under Era of Climate Change” & XXI Annual
Convention of Indian Society of Animal Production and
Management. pp 136, 28-30 January, College of Veterinary
Science & Animal Husbandry, AAU, Anand- 388001, Gujrat,
India.
Bharti PK, Dutt T, Pandey HO, Patel BHM, Tomar AKS, Gaur G
K, Singh M and Bhushan B. 2014. Effect of calf rearing
systems on the milking temperament of Murrah buffaloes.
National Seminar on “New Dimensional Approaches for
Livestock Productivity and Profitability Enhancement under
Era of Climate Change” & XXI Annual Convention of Indian
Society of Animal Production and Management. pp 237, 2830 January, College of Veterinary Science & Animal
Husbandry, AAU, Anand- 388001, Gujrat, India.
Bharti PK, Dutt T, Pandey HO, Patel BHM, Tomar AKS, Gaur
GK, Singh M and Bhushan B. 2013. Weaning vs. Suckling
system of calf raising and its impact on feed intake and growth
of Murrah buffalo calves. National IAVNAW Conference on
Nutrient-Health interactions for optimum livestock
production and human welfare. pp 83, 19-21 September,
Division of Animal Nutrition, Faculty of Veterinary Science
& Animal Husbandry, Sher-e- Kashmir of Agricultural
Science & University, Jammu-181102 (J&K), India.
Bharti PK, Dutt T, Pandey HO, Patel BHM, Tomar AKS, Kumar
S, Singh M, Sahu S, Verma K, Bharti P, Kamal R and Bhushan
B. 2014. Comparative study on body weight gain, dry matter
intake and feed efficiency of suckled versus weaned Murrah
buffalo (Bubalus bubalis) calves. National Seminar on “New
Dimensional Approaches for Livestock Productivity and
Profitability Enhancement under Era of Climate Change”
& XXI Annual Convention of Indian Society of Animal
Production and Management. pp 29, 28-30 January, College
of Veterinary Science & Animal Husbandry, AAU, Anand388001, Gujrat, India.
Bharti P K, Pandey H O, Dutt T, Patel B H M, Tomar A K S, Gaur
G K, Singh M and Bhushan B. 2014. Effect of weaning on
milking temperament and reproductive health of Murrah
buffaloes (Bubalus bubalis). International conference on
Reproductive Health: Issues and Strategies under changing
climatic scenario and 24th Annual meeting of ISSRF. 6-8
February, Centre of Advanced Faculty Training in Veterinary
Physiology, Division of Physiology & Climatology, Indian
Veterinary Research Institute, Izatnagar, Bareilly-243122.
U.P., India.
Kadirvel G, Bharti P K, Kumar S, Doley S, Khargharia G and
Ngachan S V. 2014. Effect of different level of exotic
inheritance and season on farrowing behaviour of indigenous
pigs in Eastern Himalayan region. National Seminar on “New
Dimensional Approaches for Livestock Productivity and
Profitability Enhancement under Era of Climate Change”
& XXI Annual Convention of Indian Society of Animal
Production and Management. pp 240, 28-30 January, College
of Veterinary Science & Animal Husbandry, AAU, Anand388001, Gujrat, India.
Kadirvel G, Kumar S, Bharti PK and Ngachan SV. 2014. Enhancing
productivity of pigs reared under smallholder tribal
production system through artificial insemination in northeast India. National Seminar on “New Dimensional
Approaches for Livestock Productivity and Profitability
Enhancement under Era of Climate Change” & XXI Annual
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Convention of Indian Society of Animal Production and
Management. pp 246, 28-30 January, College of Veterinary
Science & Animal Husbandry, AAU, Anand- 388001, Gujrat,
India.
Kadirvel G, Kumar S, Bharti PK and Ngachan SV. 2014.
Performance evaluation of Murrah buffaloes under agroclimatic conditions of North East India. National Seminar
on Emerging Challenges and Prospective Strategies for Hill
Agriculture in 2050. pp 191, 23-25 January, ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema, Nagaland, India.
Kaswan S, Patel BHM, Mondal SK, Dutt T, Bharti PK, Kamal
RK, Upadhyay D, Biswas P and Sahu S. 2014. Behavioural
and welfare assessment of pigs reared with reduced floor
space allowances. National Seminar on “New Dimensional
Approaches for Livestock Productivity and Profitability
Enhancement under Era of Climate Change” & XXI Annual
Convention of Indian Society of Animal Production and
Management. pp 245, 28-30 January, College of Veterinary
Science & Animal Husbandry, AAU, Anand- 388001, Gujrat,
India.
Kaswan S, Patel BHM, Mondal SK, Dutt T, Bharti PK, Kamal R,
Upadhyay D, Biswas P and Sahu S. 2014. Relative economics
of pig rearing with different floor space allowances. National
Seminar on “New Dimensional Approaches for Livestock
Productivity and Profitability Enhancement under Era of
Climate Change” & XXI Annual Convention of Indian Society
of Animal Production and Management. pp 31, 28-30
January, College of Veterinary Science & Animal Husbandry,
AAU, Anand- 388001, Gujrat, India.
Kumar S, Bharti PK, Kadirvel G and Doley S. 2014. Strategies for
productivity enhancement of livestock in hill agriculture. (in).
National seminar on “Emerging Challenges and prospective
strategies for hill agriculture in 2050”. pp 240, Organized
by Indian Association of Hill Farming in collaboration with
ICAR Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema-797106, Nagaland, India.
Kumar S, Gedam S, Barman C, Barman G, Mahanta N, Kadirvel
G, Doley S, Bharti PK and Ngachan SV. 2014. Effect of season
on ovarian biometry, oocyte retrieval and quality of oocytes
in pigsNational symposium on “Frontier reproductive
biotechnologies for enhancing animal fertility and fecundity:
Global perspective” and XXIX Annual Convention of the
Indian Society for Study on Animal Reproduction, pp 217,
Department of Animal Reproduction, Gynaecology and
Obstetrics, Nagpur Veterinary College, MAFSU, Nagpur440006, Maharashtra, India.
Kumar S, Kues WA, Talluri TR, Kumar D, Kadirvel G, Doley S,
Bharti PK and Ngachan SV. 2014. Isolation and culture of
Inner Cell Mass (ICM) from porcine embryos for preparation
of embryonic stem cells. National symposium on “Frontier
reproductive biotechnologies for enhancing animal fertility
and fecundity: Global perspective” and XXIX Annual
Convention of the Indian Society for Study on Animal
Reproduction. pp 354, Department of Animal Reproduction,
Gynaecology and Obstetrics, Nagpur Veterinary College,
MAFSU, Nagpur- 440006, Maharashtra, India.
Kumar S, Kues WA, Talluri TR, Kumar D, Kadirvel G, Doley S,
Bharti PK and Ngachan SV. 2014. Effect of method of
isolation of Inner Cell Mass (ICM) from porcine embryos
for preparation of embryonic stem cells. 24th Annual Meeting
of the ISSRF along with an International Conference on
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Reproductive Health: Issues and Strategies under Changing
Climate Scenario. 6-8 February, Indian Veterinary Research
Institute (IVRI), Izatnagar, U.P., India.
Kumar S, Mahanta N, Barman C, Barman G, Gedam S, Kadirvel
G, Doley S, Bharti PK and Ngachan SV. 2014. Effect of sera
and media on in-vitro maturation of porcine oocytes. National
symposium on “Frontier reproductive biotechnologies for
enhancing animal fertility and fecundity: Global perspective”
and XXIX Annual Convention of the Indian Society for Study
on Animal Reproduction. pp 352, Department of Animal
Reproduction, Gynaecology and Obstetrics, Nagpur
Veterinary College, MAFSU, Nagpur- 440006, Maharashtra,
India.
Kumar S, Singh P, Bharti PK, Doley S, Kadirvel G, Basumatary R,
Barman C, Khargharia G, Rajkhowa DJ and Ngachan SV.
2014. Resilience of Murrah buffaloes for adaptation and their
performance evaluation under agro-climatic conditions of
north east India. National Seminar on “New Dimensional
Approaches for Livestock Productivity and Profitability
Enhancement under Era of Climate Change” & XXI Annual
Convention of Indian Society of Animal Production and
Management. pp 16, 28-30 January, College of Veterinary
Science & Animal Husbandry, AAU, Anand- 388001, Gujrat,
India.
Kumar S, Singh P, Bharti PK, Doley S, Kadirvel G, Basumatary R,
Barman C, Khargaria G, Rajkhowa DJ and Ngachan SV. 2014.
Performance evaluation of Murrah buffaloes under agroclimatic conditions of North East India. National Seminar
on Emerging Challenges and Prospective Strategies for Hill
Agriculture in 2050. pp 191, 23-25 January, ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema, Nagaland, India.
Upadhyay VK, Tomar AKS, Patel BHM, Khan TA, Bharti PK,
Rangaswamy R, Golhar DM, Kaswan S, Sahu S, Upadhyay
D, Tripathi U, Syed M and Ingle V. 2014. Effect of weaning
on milking temperament of indigenous Tharparkar cows.
National Seminar on “New Dimensional Approaches for
Livestock Productivity and Profitability Enhancement under
Era of Climate Change” & XXI Annual Convention of Indian
Society of Animal Production and Management. pp 241, 2830 January, College of Veterinary Science & Animal
Husbandry, AAU, Anand- 388001, Gujrat, India.
Verma KK, Patel BHM, Singh M, Sahu S, Upadhyay D, Narwaria
US, Verma AK and Bharti PK. 2014. Mortality pattern in
Muzaffarnagari sheep at organized farm. National Seminar
on “New Dimensional Approaches for Livestock Productivity
and Profitability Enhancement under Era of Climate
Change” & XXI Annual Convention of Indian Society of
Animal Production and Management. pp 170, 28-30 January,
College of Veterinary Science & Animal Husbandry, AAU,
Anand- 388001, Gujrat, India.
ANIMAL HEALTH
Research paper
Babu S, Avasthe RK, Singh R and Das S. 2014. Backyard poultry
farming in Sikkim with improved Vanraja chicken. Indian
farming 63(10): 63-64.
Balamurugan V, Saravanan P, Sen A, Rajak KK, Venkatesan G,
Krishnamoorthy P, Bhanuprakash V and Singh RK. 2012.
Prevalence of peste des petits ruminants among sheep and
goats in India. Journal of Veterinary Sciences 13(3): 279285.
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Balamurugan V, Sen A, Venkatesan G, Bhanuprakash V and Singh
RK. 2014. Protective immune response of live attenuated
thermo-adapted peste des petits ruminants vaccine in goats.
Virus Diseases DOI 10.1007/s13337-014-0208-x.
Balamurugan V, Sen A, Venkatesan G, Rajak KK, Bhanuprakash
V and Singh RK. 2012. Study on passive immunity: time of
vaccination in kids born to goats vaccinated against peste
des petits ruminants. Virologica sinica 27(4): 228-233.
Das S, Ghatak S, Bhattacharya U, Puro K, Amarjit K, Prashant
Kumar KL, Verma D, Ahuja A and Sen A. 2013. Identification
of Erysipelothrix rhusiopathiae infection from a pig farm in
Meghalaya, India. Veterinary Practitioner (Accepted).
Das S, Malik SVS, Srivastava S, Gandhale P, Kumar S, Shoukat
S, Das DP, Barbuddhe SB and Rawool DB. 2013.
Comparative efficacy of Internalin C-based peptide and
Listeriolysin O-based enzyme linked Immunosorbent assays
for serodiagnosis of listeric infection in goats. African Journal
of Microbiology 7 (48): 5471-5478.
Dubal ZB, Mawlong M, Susngi B, Sanjukta R, Puro K, Ghatak S,
Sen A, Shakuntala I, Barbuddhe SB, Ahuja A and
Bhattacharjee U. 2014. Comparison of agarose gel
electrophoresis and RNA-PAGE for rapid detection of
rotavirus from faecal samples. Journal of Applied Animal
Research doi: 10.1080/09712119.2014.896262.
Ghatak S, Singha A, Sen A, Guha C, Ahuja A, Bhattacharjee U,
Das S, Pradhan NR, Puro K, Jana C, Dey TK, Prashantkumar
KL, Das A, Shakuntala I, Biswas U and Jana PS. 2013.
Detection of New Delhi metallo-beta-lactamase and extendedspectrum beta-lactamase genes in Escherichia coli isolated
from mastitic milk samples. Transboundary and Emerging
Diseases 60: 385-389.
Goswami A, Laha R, Sarma D and Chatlod LR. 2013. A report on
gastrointestinal parasitic infections in yaks. Indian Journal
of Hill Farming 26(1): 42-44.
Gupta B, Ghatak S and Gill JPS. 2013. Prevalence and
characterization of pathogenic Aeromonas spp. isolates from
fish and fish products. Journal of Veterinary Public Health
11(1): 19-26.
Laha R, Das M and Goswami A. 2013.Seasonal dynamics of
gastrointestinal parasitic infections and prediction of
Haemonchus contortus infections of goats in a subtropical
hilly region of North-Eastern India . Indian Journal of Animal
Research 47(4): 309-314.
Laha R, Das M and Goswami A. 2013. Coccidiosis in rabbits in a
subtropical hilly region. Indian Journal of Animal Research
(Accepted ).
Laha R, Rajkhowa C, Chamuah JK and Goswami A. 2013.
Gastrointestinal parasitic infections in mithuns in organized
farm. Indian Journal of Hill Farming 26(1): 45-46.
Mandal M, Laha R, Pandit S, Biswas P, Hajra DK and Sasmal
NK.2013.Pathological changes in rats and rabbits
experimentally infected with Trypanosoma evansi. Indian
Journal of Veterinary Pathology 37(1): 38-40.
Patel A, Rajak KK, Balamurugan V, Sen A, Sudhakar SB,
Bhanuprakash V, Singh RK and Pandey AB. 2012. Cytokines
expression profile and kinetics of peste des petits ruminants
virus antigen and antibody in infected and vaccinated goats.
Virologica Sinica 27(4):265-271.
Prashant KL, Ghatak S, Kumar A, Bhilegaonkar KN, Dandapat
S, Sen A, Shakuntala I, Puro K, Das S, Pegu R, Karam A,
Ahuja A, Bhattacharjee U, Minakshi Singha L, Dey TK,
Chakraborty A and Dutta A. 2013. Incidence of putative
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virulence factors and antimicrobial resistance in Aeromonas
caviae isolated from livestock in Northeast India. Indian
Journal of Hill Farming 26(1):13-21.
Sarmah PC, Laha R, Bhattacharjee K, Goswami A, Raquib M. and
Kakati P. 2013. Human consumption of rumen flukes of cattle
in India. South East Asian Journal of Tropical Medicine and
Public Health 45(1): 1-5.
Shoukat S, Malik SVS, Rawool DB, Kumar A, Kumar
S, Shrivastava S, Das DP, Das S and Barbuddhe SB.
2013. Comparison of indirect based ELISA by employing
purified LLO and its synthetic peptides and cultural method
for diagnosis of ovine listeriosis. Small Ruminant
Research (Accepted).
Singh BB, Dhand NK, Ghatak S and Gill JPS. 2014. Economic
losses due to cystic echinococcosis in India: need for urgent
action to control the disease. Preventive Veterinary Medicine
113(1): 1-12.
Singh B B, Ghatak S, Banga H S, Gill J P S and Singh B. 2013.
Veterinary urban hygiene: a challenge for India. Revue
Scientifique Technique (International Office of Epizoonotics)
32 (3): 645-656.
Review article
Laha R.2014. Sarcoptic mange infestation in pigs: an overview.
Journal of Parasitic Diseases DOI 10.1007/s12639-0140419.5.
Popular article
Puro K, Amarjit, Prashat KL, Sunjukta R, Das S, Ghatak S,
Shakuntala I and Sen A. 2013. Bovine nocardiasis.
Pashudhan 39(9):8.
Training manual
Laha R. 2013. Climate changes effects on host-vector-climateparasite relationship, vector borne parasitic diseases in hill
eco system and modern tools/approaches for adaption. (in).
Training Manual on “Climate Change Impacts and
Vulnerabilities on Livestock Production, Adaptation and
Mitigation in Hill Ecosystem”. pp167-177, ICAR Research
Complex for NEH Region, Umiam, Meghalaya, India.
Abstract/Extended summaries
Sen A, Shakuntala I, Laha R, Pattanayak A, Ghatak S, Puro K,
Das S, Ahuja A, Bhattacharya U and Ngachan SV. 2014.
Reverse vaccinology-concepts and applications. (in).
National Seminar on Emerging Challenges and Prospective
Strategies for Hill Agriculture in 2050. pp 187-188, 23-25
January, ICAR Research Complex for NEH Region, Nagaland
Centre, Jharnapani, Medziphema, Nagaland, India.
Laha R, Das M, Goswami A, Sailo B, Puii LH, Patra MK, Das
RK, Anamika Sharma and Ebibeni Ngullie. 2014. Prevalence
of gastrointestinal parasitic infections in pigs of North Eastern
Region of India. (in). National Seminar on Emerging
Challenges and Prospective Strategies for Hill Agriculture
in 2050. pp 198-199, 23-25 January, ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema, Nagaland, India.
Laha R, Das M, Goswami A, Sen A, Suresh Kumar and Kadirvel
G. 2014. Epidemiology of gastrointestinal parasitism in pigs
in subtropical Hill Zone of Meghalaya. (in). National Seminar
on Emerging Challenges and Prospective Strategies for Hill
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Agriculture in 2050. pp188-189, 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Laha R, Mondal B, Biswas SK, Chand K, Das M, Sarma D,
Goswami A and Sen A. 2014. Molecular detection of Babesia
bigemina in cattle from North-Eastern Region of India by
polymerase chain reaction and genetic relatedness with other
isolates. (in). Abstracts of XXIV National Congress of
Veterinary Parasitology and National Symposium on
“Towards food security through sustainable animal
production and integrated parasite management”. pp 132,
5-7 February, Department of Parasitology, College of
Veterinary and Animal Science, Mannuthy, Trissure, Kerala,
India.
Puro K, Pegu RK, Shakuntala I, Verma D, Sen A, Ghatak S, Das
S, Sunjukta R K and Laha R. 2013. Prevalence of Listeria
monocytogenes in various food and meat samples of North
eastern India. (in). International Symposium on Problems of
Listeriosis (ISOPOL XVIII). pp 102, 19-22 September, Goa,
India.
Sen A, Shakuntala I, Laha R, Ghatak S, Das S, Puro K, Sanjukta
R, Ahuja A, Bhattacharya U, Raj Pegu and Ngachan SV.
2014. Biosecurity issues for trans-boundary animal disease
control. (in). National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. pp 156163, 23-25 January, ICAR Research Complex for NEH
Region, Nagaland Centre, Jharnapani, Medziphema,
Nagaland, India.

SOCIAL SCIENCE
Research paper
Das A, Choudhary BU, Ram Krishna GI, Tripathi AK et al. 2013.
Multiple use of pond water for enhancing water productivity
and livelihood of small and marginal framers. Indian Journal
of Hill Farming 26(1): 29-36.
Kumar D, Kadian KS, Roy A, Tripathi AK, Singh NU and Debnath
A. 2013. Comparison of the adoption level of members of
private dairies and dairy co-operatives towards improved
dairy farming practices in Rajasthan. International Journal
of Tropical Agriculture 31(3-4).
Roy A, Dkhar DS, Tripathi AK, Singh UN, Kumar D and Debnath
A. 2013. Growth performance of agriculture and allied sectors
in the North East India. Economic Affairs (Accepted).
Roy A, Singh NU, Tripathi AK, Kumar D, Singh SP, Debnath A
and Dkhar DS. 2014. Economics of livestock integrated
farming system: A case study of pig-based integrated farming
system in Ri-Bhoi district of Meghalaya. International
Journal of Tropical Agriculture 32(1-2).
Roy A, Tripathi AK, Singh Uttam N, Kumar D, Das SK and
Debnath A. 2013. Diversification in horticultural sector for
harnessing the agri-business opportunities in North-East.
International Journal of Tropical Agriculture 31(3-4).
Abstracts/Extended summeries

Papers presented in Conferences/Symposia/Seminars/
Workshop/other fora

Kumar R, Chatterjee D, Deka BC and Roy A. 2014. Productivity,
quality and soil health as influenced by lime in rice bean
varieties under foothills of North-eastern India. (in). National
Seminar on Emerging Challenges and Prospective Strategies
for Hill Agriculture in 2050. pp 38, 23-25 January, ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema, Nagaland, India.
Roy A, Singh NU and Tripathi AK. Trends in production and
productivity of foodgrains in North-east India: Some policy
issues. (in). National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. pp 239,
23-25 January, ICAR Research Complex for NEH Region,
Nagaland Centre, Jharnapani, Medziphema, Nagaland, India.
Tripathi A K, Roy A, Singh NU and Singh SP. 2014. Performance
and factors affecting growth of agriculture and allied sectors
in the North East India. (in). National Seminar on Emerging
Challenges and Prospective Strategies for Hill Agriculture
in 2050. pp 238, 23-25 January, ICAR Research Complex
for NEH Region, Nagaland Centre, Jharnapani, Medziphema,
Nagaland, India.

Laha R. 2013. Status of Trypanosoma evansi infection in animals
of Eastern and Nort Eastern Region of India. Meeting of
Scientists working on Trypanosomosis. 26 November, NRC
on Equines, Hisar, Haryana, India.
Sequences published
Laha R, Mondal B, Das M, Sarma D, Biswas SK, Chand K and
Goswami A. 2013. Babesia bigemina (Umiam) gene for 18S
ribosomal RNA. Accession No. KF112076 (http://
www.ncbi.nlm.nih.gov/nuccore/KF112076).
Laha R, Mondal B, Sen A, Das M, Biswas SK, Chand K, Goswami
A, Sarma D, Bhattacharjee K and Sarmah PC. 2013. Babesia
canis gene for 18S ribosomal RNA. Accession No. KF112072
(http://www.ncbi.nlm.nih.gov/nuccore/KF112072).
Laha R, Mondal B, Sen A, Das M, Biswas SK, Chand K, Goswami
A, Sarma D, Bhattacharjee K and Sarmah PC. 2013. Babesia
canis gene for 18S ribosomal RNA. Accession No. KF112073
(http://www.ncbi.nlm.nih.gov/nuccore/KF112073).
Laha R, Mondal B, Sen A, Das M, Biswas SK, Chand K, Goswami
A, Sarma D, Bhattacharjee K. and Sarmah PC. 2013. Babesia
gibsoni (No.178) gene for 18S ribosomal RNA. Accession
No. KF112074 (http://www.ncbi.nlm.nih.gov/nuccore/
KF112074).
Laha R, Mondal B, Sen A, Das M, Biswas SK, Chand K, Goswami
A, Sarma D, Bhattacharjee K. and Sarmah PC. 2013. Babesia
canis (No.218) gene for 18S ribosomal RNA. Accession No.
KF112075 (http://www.ncbi.nlm.nih.gov/nuccore/
KF112075).
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Research paper
Bhagawati R, Bhagawati K, Sarma U, Rajkhowa D J and Bhagawati
G. 2013. Study of insect behaviors and dynamics with moonday: A case study on traditional knowledge of crop planning
for climate resilient agriculture. Agriculture, Ecosystems and
Environment 34: 231-237.
Jini D and Meena HR. 2013. Knowledge and adoption level of
scientific pig rearing practices among farmers in Arunachal
Pradesh. Bharatiya Krishi Anusandhan Patrika 27: 54-58.
Jini D, Bhagawati R, Borah T, Yomgam B and Bhagawati K. 2014.
Study of performance of dual purpose poultry bird under
different topography-high, mid and foot hill. Animal Science
Journal (Acceptance No: 1298AF/ASJ/3-04).

MANIPUR CENTRE

Jini D, Meena HR, Seth P and Meena HL. 2013. Job satisfaction
among the technical workers of a veterinary institute. Indian
Journal of Social Research 54(2): 173-180.
Book chapter
Bhagawati R, Bhagawati K, Bhagawati G, Singh UD, Baruah S
and Singh SP. 2013. Comparative Study of Hit-ratio (accuracy
percentage) of rice blast forecasting using various forecasting
models based on different statistical techniques: A case study.
(in). Climatic variability: Impacts on agriculture and allied
sectors. New India Publishing Agency, New Delhi.
Popular article
Asharani, Chandra A, Kumar J, Singh R, Singh AKK and
Bhagawati R. 2014. Managing insect-pests in organic
farming. Souvenir: NE Agriculture fair-2014, CAU, Imphal,
pp 77-78.
Bhagawati R and Sen A. 2014. Organic agriculture in Arunachal
Pradesh and export market scenario. Souvenir and Abstracts
of National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. pp 5157, 23-25 January, ICAR Research Complex for NEH Region,
Nagaland Centre, Jharnapani, Medziphema, Nagaland, India.
Kumar J, Chandra A, Singh R and Bhagawati R. 2014. Organic
farming for sustainable hill agriculture in North East India.
Souvenir: NE Agriculture fair-2014, 2014, CAU, Imphal,
pp 13-20.
Technical bulletin/training manual/books
Singh R, Bhagawati R, Ramajayam D, Chandra A, Kumar J, Singh
D, Baruah S, Singh RA and Ngachan SV. 2013. Training
manual for entrepreneurship cum skill development
programme on mushroom cultivation. 50 pages. ICAR
Research Complex for NEH Region, A.P. Centre, Basar, India.
Extension folder/leaflet
Choudhary VK, Bhagawati R, Singh R and Chandra A. 2014.
Scientific maize cultivation in Arunachal Pradesh. 6 pages.
ICAR Research Complex for NEH Region, A.P. Centre,
Basar, India.
Jini D and Borah T. 2014. Successful pig farming why and how? 6
pages. ICAR Research Complex for NEH Region, A.P.
Centre, Basar, India.
Jini D and Yomgam B. 2014. Poultry farming. Good management
practices. ICAR Research Complex for NEH Region, A.P.
Centre, Basar, India.
Jini D, Baruah MS and Borah T. 2014. Profitable poultry farming
with Vanraja- A dual purpose bird. 6 pages. ICAR Research
Complex for NEH Region, A.P. Centre, Basar, India.
Jini D, Borah T and Yomgam B. 2014. Care and management of
chicks before and arrival. ICAR Research Complex for NEH
Region, A.P. Centre, Basar, India.
Jini D, Yongam B and Borah T. 2014. Successful rabbit farming
why and how? 6 pages. ICAR Research Complex for NEH
Region, A.P. Centre, Basar, India.
Singh R, Bhagawati R, Baruah S and Mahanta P. 2014.
Management of rice diseases. ICAR Research Complex for
NEH Region, A.P. Centre, Basar, India.
Singh R, Bhagawati R, Baruah S, Pait B and Mahanta P. 2014.
Bordeaux paste preparation and their uses in citrus orchards.
6 pages ICAR Research Complex for NEH Region, A.P.
Centre, Basar, India.
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Research paper
Ansari MA, Prakash N, Baishya LK, Punitha P, Sharma PK, Yadav
JS, and Kabui GP and Kl Levis Ch. 2014. Integrated Farming
System: an ideal approach for developing more economically
and environmentally sustainable farming systems for the
Eastern Himalayan Region. Indian Journal of Agricultural
Sciences 84(3): 356–62.
Ansari MA, Prakash N, Baishya LK, Punitha P, Yadav JS, Sharma
PK, Sailo B. and Ansari MH. 2013. Comparative study on
conventional and improved integrated farming systems for
sustainable production, income generation and employment
opportunity among the tribal farmers in hilly Regions of
Manipur. Indian Journal of Agricultural Sciences 83(7): 765–
72.
Ansari MA, Prakash N, Sailo B, Yadav JS, Punitha P and Sharma
PK. 2014. Analysis of livestock feeding management under
traditional and improved farming system among tribal farmers
of Manipur. Indian Journal of Animal Sciences (Accepted).
Ansari MA, Prakash N, Singh IM, Sharma PK and Punitha P. 2013.
Efficacy of boron sources on productivity and profitability
of groundnut (Arachis hypogaea L.) under North East hill
regions. Indian Journal of Agricultural Sciences 83(9): 959–
63.
Banerjee A, Roy S, Behere GT, Roy SS, Dutta SK and Ngachan
SV. 2014. Identification and characterization of a distinct
banana bunchy topvirus isolate of Pacific-Indian Oceans
group from North-East India. Virus Research 183: 41-49.
Baranwal VK, Sharma SK, Khurana D and Verma R. 2014.
Sequence analysis of shorter than genome length episomal
Banana streak OL virus like sequences isolated from banana
in India. Virus Genes 48: 120-127.
Bhadana VP, Sharma PK, Ansari MA, Baishya LK, Punitha P,
Shiv Datt, Prakash N and Rana KS. 2013. Food legumes for
livelihood and nutritional security in North Eastern
Himalayan Region: Prospects and constraints. Indian Journal
of Agricultural Sciences 83(9): 899–906.
Biswas KK, Tarafdar A, Sharma SK, Singh JK, Dwivedi S, Biswas
K and Jayakumar BK. 2014. Current status of Citrus tristeza
virus incidence and its spatial distribution in citrus growing
geographical zones of India. Indian Journal of Agricultural
Sciences 84: 184-189.
Devi YI, Devi MP and Roy SS. 2013. Variability in tree characters
in F1 hybrids of peach (Prunus persica L.). Journal of Crop
and Weed 9(1): 210-13.
Devi YI and Roy SS. 2013. Studies on the Variability in
Biochemical Characters in F1 Progenies of Peach (Prunus
persica L.). Indian Journal of Hill Farming 26 (2): 98-104.
Hari Om, Rana K S and Ansari M A. 2013. Productivity and nutrient
uptake of mustard (Brassica juncea) influenced by land
configuration and residual and directly applied nutrients in
mustard under limited moisture conditions. Indian Journal
of Agricultural Sciences 83 (9): 933–8.
Hari Om, Singh SP, Singh JK, Singh RN, Ansari MA, Meena RL
and Yadav B. 2014. Productivity, nitrogen balance and
economics of winter maize (Zea mays) as influenced by QPM
cultivars and nitrogen levels. Indian Journal of Agricultural
Sciences 84 (2): 306–8.
Patel RK, Maiti CS, Deka BC, Roy SS and Verma VK. 2013.
Genetic diversity among guava genotypes based on seed
protein polymorphism. Indian Journal of Horticulture 70(2):
190-94.
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Prakash N, Ansari MA, Punitha P and Sharma PK. 2014.
Indigenous traditional knowledge and usage of folk
biomedicines among Rongmei tribe of Tamenglong district
of Manipur, India. African Journal of Tradititional,
Complementary and Alternative medicines 11(3) (In Press).
Rao BN, Jha AK, Deo C, Kumar S, Roy SS and Ngachan SV.
2013. Effect of irrigation and mulching on growth, yield and
quality of passion fruit (Passiflora edulis Sims.). Journal of
Crop and Weed 9(1): 94-98.
Rao BN, Roy SS, Jha AK, Singh IM and Prakash N. 2013. Influence
of nitrogen and spacing on the performance of Allium
odorosum under mid-altitude foothill condition of Manipur.
Indian Journal of Hill Farming 26(2): 67-70.
Rao GP, Sharma SK, Singh D, Arya M, Singh P and Baranwal
VK. 2014. Genetically diverse variants of sugarcane
bacilliform virus infecting sugarcane in India and evidence
of a novel recombinant Badnavirus variant. Journal of
Phytopathology
Rathore SS, Chaudhary DR, Baishya LK, Shekhawat K and Bhatt
BP. 2014. Schoenite and potassium sulphate: Indigenous
potassic fertilizer for rainfed groundnut (Arachis hypogaea
L). Indian Journal of Traditional Knowledge 13(1): 222-226.
Roy S, Banerjee A, Pattanayak A, Roy SS, Rathi RS, Mishra AK,
Ngachan SV and Bansal KC. 2013. Chakhao (delicious) rice
landraces (Oryza sativa L.) of North-east India: collection,
conservation and characterization of genetic diversity. Plant
Genetic Resources: Characterization and Utilization, pp 19.
Sahoo MR, Roy SS, Singh NR, Devi Y I, Prakash N and Ngachan
SV. 2013. Physiological and biochemical properties of sweet
potato (Ipomoea batatas L.) as affected by agronomic
practices under sub-tropical North eastern hills of India.
Journal of Root Crops 39(1&2). (In Press)
Sarkar D, De DK, Das R and Mandal B. 2014. Removal of organic
matter and oxides of iron and manganese from soil influences
boron adsorption. Geoderma 214-215: 213-216.
Sarkar D, Sheikh AA, Batabyal K and Mandal B. 2014. Boron
estimation in soil, plant and water samples using
spectrophotometric methods. Communications in Soil Science
and Plant Analysis (in press DOI:10.1080/
00103624.2014.904336).
Singh A, Shivay YS amd Ansari MA. 2014. Enhancing productivity
and Zn-use efficiency of Basmati rice through summer green
manuring and Zn fertilization. Indian Journal of Fertilizers
10(2): 42-48.
Singh J, Fiyaz RA, Kumar S, Ansari MA and Gupta S. 2013.
Genetic variability, correlation and path coefficient analysis
for yield and its attributing traits in pigeonpea (Cajanus cajan)
grown under rainfed conditions of Manipur. Indian Journal
of Agricultural Sciences 83(8): 852–8.

Popular article
Ahmad I, Chongtham SK, Singh YV, Ansari MA and Singh H.
2013. Resource conservation technologies in rice–wheat
cropping system. Popular Kheti 1(3): 44-49.
Ansari MA, Baishya LK, Sharma PK and Prakash N. 2013.
Integrated nutrient management and sustainable agriculture:
current issues and future challenges in North East Himalayan
region. The Sanghai Express pp 2.
Ngachan SV, Roy SS, Deshmukh NA and Jha AK. 2013. Status of
citrus in NEH region and prospects. (in). Souvenir and
Abstracts of National Citrus Meet. pp 79-91. 12-13 August,
Nagpur, Maharashtra.
Prakash N and Sarkar D. 2013. Conservation agriculture: an
innovative practice for achieving sustainability in north east
India. (in). Souvenir of the Regional Science Congress, Northeastern Region, of Indian Science Congress Association. pp
40-45, 30-31 December, 2013 in Manipur University, Imphal.
Prakash N, Ansari MA, Baishya LK, Punitha P and Roy SS. 2014.
Opportunities and challenges of food legumes for nutritional
security in North East India. (in). Compendium of National
Seminar on Emerging Challenges and Prospective Strategies
for Hill Agriculture in 2050. pp 128-132, 23-25 January,
Nagaland, India.
Prakash N, Roy SS, Ansari MA, Punitha P, Sailo B and Ngachan
SV. 2014. Organic Farming India: Facts, Situation and
Challenges. (in). Souvenir of the North East Agriculture Fair
2014, Central Agricultural University, Imphal. pp 1-12, 2527 February, Gangtok, Sikkim.

Book authored/edited
Devi YP, Roy SS, Devi YI, Kabui GP and Prakash N. 2013. Delights
of Fruits and Vegetables, 168 pages. ICAR Research Complex
for NEH Region, Manipur Centre, Lamphelpat, Imphal.
Book chapter
Roy SS, Prakash N, Sharma PK, Sahoo B, Sahoo MR and Singh
IM. 2013. Climate Change and Indian Agriculture: Needs
and Focus. (in). Ecoplanning Biodiversity and Climate
Change, pp 1-19. Gupta A (Eds.), Pointer Publishers, Jaipur.
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Bulletin
Roy SS, Prakash N, Sahoo MR, Devi AR and Juliana S. 2013.
Papaya. Technology Bulletin No. RCM (TB)-06. 44 pages,
ICAR Research Complex for NEH Region, Manipur Centre,
Lamphelpat, Imphal - 795004.
Sharma PK, Ansari MA, Roy SS, Punitha P, Baishya LK, Sahoo
MR, Kumar D, Singh IM, Prakash N and Ngachan SV. 2013.
Diseases of citrus and their management. Technology Bulletin
No. RCM (TB)-08. 20 pages, ICAR Research Complex for
NEH Region, Manipur Centre, Lamphelpat, Imphal - 795004.
Manual
Roy SS, Prakash N, Punitha P, Sahoo MR, Devi YI and Kh.
Ranjeeta. 2013. A Comprehensive Manual on Production &
Post Harvest Management of Turmeric and Ginger. Training
Manual No. RCM (TM)-02. 63 pages. ICAR Research
Complex for NEH Region, Manipur Centre, Lamphelpat,
Imphal - 795004.
Sharma PK, Ansari MA, Roy SS, Punitha P, Baishya LK, Sahoo
MR, Kumar D, Singh IM, Prakash N and Ngachan SV. 2013.
Training Manual on Pleurotus Mushroom Cultivation.
Training Manual No. RCM (TM)-03. 32 Pages, ICAR
Research Complex for NEH Region, Manipur Centre,
Lamphelpat, Imphal - 795004.
Singh IM, Bhuvaneswari S and Sharma SK. 2014. Manual of
training on seed certification in rabi crops for seed inspectors
and trainers in Manipur. (in). Manual of training on seed
certification in rabi crops for seed inspectors and trainers in
Manipur. Singh I M and Singh G S. ICAR Research Complex
for NEH Region, Manipur Centre, Lamphelpat, Imphal 795004.

Profile
Ngachan SV, Prakash N, Singh IM, Roy SS, Ansari MA and Punitha
P. 2014. ICAR Research Complex for NEH Region, Manipur
Centre - A Profile, 51 pages. ICAR Research Complex for
NEH Region, Manipur Centre, Lamphelpat, Imphal - 795004.
Extension folder
Ansari MA, Baishya LK, Singh IM, Punitha P and Prakash N.
2013. Lentil (Lens culinaris Moench) cultivation. Folder No.
RCM (F)-02. ICAR Research Complex for NEH Region
Manipur Centre Lamphelpat, Imphal – 795004.
Baishya LK, Ansari MA, Singh IM, Punitha P and Prakash N.
2013. Sunflower (Helianthus annuus) cultivation. Folder No.
RCM (F)-03. ICAR Research Complex for NEH Region
Manipur Centre Lamphelpat, Imphal – 795004.
Abstract/Extended summaries
Ansari MA, Baishya LK, Punitha P, Sharma SK and Prakash N.
2014. Farmer participation: An integral approach to increase
the groundnut (Arachis hypogea) production among tribal
farmers of Manipur. (in). Compendium of National Seminar
on Emerging Challenges and Prospective Strategies for Hill
Agriculture in 2050. pp 240, 23-25 January, Nagaland, India.
Ansari MA, Prakash N, Baishya LK, Singh IM and Punitha P.
2013. Performance of groundnut cultivars (Arachis
hypogaea) in climate change of North Eastern Himalayan
region. (in). National Conference of Plant Physiology on
Current Trends in Plant Biology Research. pp 437-38. 1316 December, Junagadh, Gujarat.
Baishya LK, Ansari MA and Prakash N. 2014. Integrated weed
management in transplanted rice under rainfed conditions
for Eastern Himalayan Region. (in). Biennial Conference of
Indian Society of Weed Science on Emerging challanges in
Weed management. pp 31, 15-17 February, Directorate of
Weed Science Research, Jabalpur, Madhya Pradesh, India.
Baishya LK, Ansari MA, Sarkar D, Singh IM and Prakash N. 2013.
Rice yield and grain quality and profitability : A comparison
of improved varieties with a local variety in the eastern
Himalayan region of India. (in). Souvenir and abstract of
ISCA-Regional Science Congress. pp 169, 30-31 December,
Imphal, Manipur.
Baishya LK, Sarkar D, Ansari MA, Singh IM and Prakash N. 2014.
Climate change and its influence on yield, quality and
profitability of rice varieties (Oryza sativa L.) under rainfed
conditions in Manipur. (in). Compendium of National
Seminar on Emerging Challenges and Prospective Strategies
for Hill Agriculture in 2050. pp 100, 23-25 January, Nagaland,
India.
Banerjee A, Roy S, Behere GT, Roy SS, Dutta SK and Ngachan
SV. 2014. Molecular characterization of a new isolate of
Banana bunchy top virus (BBTV) from North-east India.
(in). Compendium of National Seminar on Emerging
Challenges and Prospective Strategies for Hill Agriculture
in 2050. pp 87, 23-25 January, Nagaland, India.
Banerjee A, Roy S, Sharma SK, Roy SS and Ngachan SV. 2013.
Characterization of Chilli Veinal Mottle Virus (ChiVMV)
Infecting Chilli Germplasm (Capsicum spp.) Growing in Midhill Conditions of Meghalaya, India. (in). Abstract Book of
VIROCON 2013 : Asia-Pacific Congress of Virology. pp 80,
17-20 December, Noida, India.
Basudha Ch and Geetakumari Kh. 2014. Prospects of ornamental
fish farming in Manipur. (in). National Seminar on Recent
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advances in fishery science. 7-8 March, D.M. College of
Science, Imphal.
Basudha Ch and Sobita N. 2014. Population studies of two Puntius
and three Pethia species from different water areas of
Manipur. (in). National Seminar on Recent advances in
fishery science. 7-8 March, D.M. College of Science, Imphal.
Basudha Ch, Sobita N, Geetakumari Kh, Zenith Ng, Ngalaton A
S, Anand K and Prakash N. 2014. Indigenous Rice cum fish
farming systems in different areas of Manipur. (in). National
Seminar on Recent advances in fishery science. 7-8
March,D.M. College of Science, Imphal.
Deshmukh NA, Patel RK, Roy SS, Deka BC, Sohtun W and Jha
AK. 2013. DUS characters for Khasi Mandarin and Assam
lemon. (in). Souvenir and Abstracts of National Citrus Meet.
pp 51, 12-13 August, Nagpur, Maharashtra.
Deshmukh NA, Patel RK, Roy SS, Deka BC, Sohtun W and Jha
AK. 2013. Influence of altitudinal variation on physicochemical traits of Khasi Mandarin. (in). Souvenir and
Abstracts of National Citrus Meet. pp 52, 12-13 August,
Nagpur, Maharashtra.
Geetakumari Kh and Basudha Ch. 2014. Eco-biology and breeding
of eel-loach Pangio pangia, (Hamilton 1822). (in). National
Seminar on Recent advances in fishery science. 7-8 March,
D.M. College of Science, Imphal.
Memthoibi, Baishya LK, Ansari MA, Singh R and Sarkar D. 2014.
Effect of different sources of organic manures and inorganic
fertilizers on productivity, profitability of rice and soil health.
(in). National Seminar on “Organic farming in India:
prospects and challenges with special reference to North East
India. pp 78, Department of Botany, Standard college,
Kongba, Imphal and Deparment of life science, Manipur
University, Canchipur, Imphal.
Roy SS, Hore JK, Prakash N, Sahoo MR, Juliana S, Devi Y I,
Dhanabati L and Ranjeeta Kh. 2013. Impact of bio-organic
inputs on productivity and quality of turmeric. (in). Abstract
of 4th International Conference on Landscape and Urban
Horticulture. pp 53, 12-14 September, Kolkata, W.B., India.
Roy SS, Sahoo MR and Prakash N. 2013. Influence of bio-organic
inputs on turmeric (Curcuma longa L.). (in). Souvenir and
abstract of ISCA-Regional Science Congress. pp135, 30-31
December, Imphal, Manipur.
Roy SS. 2013. Bioactivity directed evaluation of wild Curcuma
species. (in). Souvenir and abstract of ISCA-Regional Science
Congress. Pp 113, 30-31 December, Imphal, Manipur.
Roy S, Banerjee A, Pattanayak A, Roy SS, Singh SG, Monshang
LT, Prakash N and Mishra AK. 2014. Collection and
characterization of genetic diversity in Chakhao rice landraces
of Manipur. (in). Compendium of National Seminar on
Emerging Challenges and Prospective Strategies for Hill
Agriculture in 2050. pp 143, 23-25 January, Nagaland, India.
Sahoo MR, Roy SS, Singh NR, Devi YI, Raneeta Kh, Dhanabati
L, Prakash N and Ngachan SV. 2013. Influence of fertilizer
and spacing on physiological and biochemical properties of
Sweet Potato (Ipomoea batatas L.) under foot hill conditions
of Manipur. (in). Abstract Book of International Conference
on Tropical Roots and Tubers for Sustainable Livelihood
under Changing Agro-Climate. pp158-59, 9-12 July,
Trivandrum, Kerala.
Sarkar D, Meitei BC and Prakash N. 2013. Potential of fallow in
shifting cultivation on soil carbon sequestration in north
eastern India. (in). Souvenir and abstract of ISCA-Regional
Science Congress. pp 165, 30-31 December, Imphal,
Manipur.
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Sharma SK, Banerjee A, Roy SS, Kumar VK, Baranwal VK,
Prakash N and Ngachan SV. 2013. Molecualr evidence for
association of Banana Streak MY Virus with the leaf streak
disease of banana in North eastern India. (in). Abstract Book
of VIROCON 2013 : Asia-Pacific Congress of Virology. pp
95, 17-20 December, Noida, India.
Sharma SK, Banerjee A, Roy S, Roy SS, Vignesh KP, Baranwal
VK, Sharma PK, Prakash N and Ngachan SV. 2014.
Distribution of banana streak disease and standardization of
a robust detection procedure for routine indexing of banana
streak viruses in India. (in). Compendium of National Seminar
on Emerging Challenges and Prospective Strategies for Hill
Agriculture in 2050. pp 108-109, 23-25 January, Nagaland,
India.
Sharma SK, Sharma PK, Ansari MA, Chanu N, Singh IM, Prakash
N and Ngachan SV. 2014. A survey of false smut disease of
rice in Manipur state of North East India. (in). Compendium
of National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. pp 109,
23-25 January, Nagaland, India.
Sharma SK, Sharma PK, Ansari MA, Chanu T, Singh IM, Prakash
N and Ngachan SV. 2014. A survey of false smut disease of
rice in Manipur state of North East India. (in). Compendium
of National Seminar on Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050. pp 109,
23-25 January, Nagaland, India.
Sharma SK, Vignesh KP, Geetanjali AS and Baranwal VK 2013.
Rolling circle based complete genome characterization of
episomal banana streak virus species associated with banana
in India and development of polyclonal antisera using in vitro
expressed putative coat protein and synthetic peptides. (in).
Asia-Pacific Congress of Virology (VIROCON-2013), Indian
Virological Society. pp 114, 17-20 December, Amity
University, Noida, India.
Sharma SK. 2013. Improved rolling circle based full genome
characterization of episomal banana streak virus isolates
infecting banana hybrids in India and development of
immunodiagnostics using polyclonal antibodies to an
expressed putative coat protein. (in). Souvenir and abstract
of ISCA-Regional Science Congress. pp 111, 30-31
December, Imphal, Manipur.
Sobita N and Basudha Ch. 2014. DNA Barcoding of Pethia
manipurensis (Cyprinidae), an indigenous fish of Manipur,
India. (in). National Seminar on Recent advances in fishery
science. 7-8 March, D.M. College of Science, Imphal.
Zenith Ng and Basudha Ch. 2014. Impact of aquatic factors on the
occurance and seasonal cycle of endo-parasite found in certain
cat fishes in Imphal valley. (in). National Seminar on Recent
advances in fishery science. 7-8 March, D.M. College of
Science, Imphal.

MIZORAM CENTRE
Research paper
Banerjee A, Roy S, Behere GT, Roy SS, Dutta SK and Ngachan
SV. 2014. Identification and characterization of a distinct
banana bunchy top virus isolate of Pacific-Indian Oceans
group from North-East India. Virus Research 183: 41–49.
Boopathi T and Karuppuchamy P. 2013. Evaluation of ecofriendly
agents against spiralling whitefly, Aleurodicus dispersus
Russell on brinjal. Madras Agricultural Journal 100 (4-6):
559-661.

ANNUAL REPORT 2013-14

Boopathi T, Karuppuchamy P, Kalyanasundaram M, Mohankumar
S and Ravi M. 2013. Pathogenicity, ovicidal action, and
median lethal concentrations (LC50) of entomopathogenic
fungi against exotic spiralling whitefly, Aleurodicus dispersus
Russell. Journal of Pathogens http://dx.doi.org/10.1155/
2013/393787.
Boopathi T, Karuppuchamy P, Kalyanasundaram M, Mohankumar
S and Ravi M. 2013. Relative efficacy of botanicals, an
organic salt and fish oil rosin soap in controlling the spiralling
whitefly, Aleurodicus dispersus Russell on cassava.
Hexapoda 19(2): 59-66.
Boopathi T, Singh SB, Ngachan SV, Manju T, Ramakrishna Y and
Lalhruaipuii. 2014. Influence of weather factors on the
incidence of fruit flies in chilli (Capsicum annuum L.) and
their prediction model. Pest Management in Horticultural
Ecosystems 19(2): 194-198.
Dastagiri MB, Ganesh KB, Hanumanthaiah CV, Paramsivam P,
Sidhu RS, Sudha M, Mandal S, Singh SB and Khem Chand.
2013. Marketing efficiency of India’s horticultural
commodities under different supply chains. Outlook in
Agriculture 41(4): 271-278.
Dutta SK, Srivastav M, Chaudhary R, Krishan Lal, Patil P, Singh
SK and Singh AK. 2013. Low temperature storage
of mango (Mangifera indica L.) pollen. Scientia
Horticulturae 161: 193-197.
Dutta SK, Srivastav M, Rymbai H, Chaudhary R, Singh AK, Dubey
AK and Krishan Lal. 2013. Pollen–pistil interaction studies
in mango (Mangifera indica L.) cultivars. Scientia
Horticulturae 160: 213-221.
Singh R, Chauhan AK, Chandel BS, Dhaka JP and Singh SB. 2013.
Economic impact of integrated dairy development project:
Micro evidence from Meghalaya. Indian Journal of Dairy
Science 66(1): 65-71.
Popular article
Dutta SK, Singh AKR, Boopathi T, Singh SB, Lungmuana
Malsawmzuali, Dubey S, Singh MC and Ngachan SV. 2013.
Seeds of pole-type frenchbean landraces. ICAR News, 19 (4):
20.
Singh AKR, Dutta SK, Singh SB, Ramakrishna Y, Lalbiakhlua
Ralte, Singh S and Lalremruati V. 2014. Puakzo: Indigenous
pop-corn maize of Mizoram. ICAR News 20(1): 9.
Sunil TS, Aghora Dutta SK, Lalremruati V, Chakrabarty SK, Singh
FB and Bhandari DC. 2013. Cowpea landraces from
Mizoram. ICAR News 19(3): 8.
Book authored/edited
Boopathi T, Singh SB, Ngachan SV, Manju T, Dutta SK, Singh
AKR and Ramakrishna Y. 2013. Insect pests management
guidelines: Cole crops in Mizoram. ICAR Research Complex
for NEH Region, Umroi Road, Umiam – 793 103, Meghalaya,
India.
Singh SB, Prakash N and Ngachan SV. 2013. New Perspectives
on marketing of horticultural crops in North-East India. Today
and Tomorrow’s Printers and Publishers, Ansari Road,
Daryagani, New Delhi-110002, India.
Book chapters/Proceedings/Abstracts

223

Boopathi T, Karuppuchamy P, Kalyanasundaram M, Mohankumar
S and Ravi M. 2013. Relative efficacy of several organic
products to the exotic spiralling whitefly, Aleurodicus
dispersus Russell on eggplant. (in). Proceedings of 3rd
International Congress on Global Warming on Biodiversity

of Insects: Management and Conservation Strategies (GWBIMC, 2013) pp 41, 26-28 November, Bharathiar University,
Coimbatore, Tamil Nadu, India.
Boopathi T, Karuppuchamy P, Kalyanasundaram M, Mohankumar
S and Ravi M. 2014. Entomopathogenic fungi as potential
biocontrol agents of invasive spiralling whitefly, Aleurodicus
dispersus Russell (Homoptera, Aleyrodidae) on eggplant,
Solanum melongena L. (in). Proceedings of National
Symposium on Emerging Trends in Eco-friendly Insect Pest
Management (In commemoration of 100 Years of
Entomological Research in TNAU) – a Book of Extended
Summary. pp 183-186, 22-24 January, Tamil Nadu
Agricultural University, Coimbatore - 641 003, Tamil Nadu,
India.
Boopathi T, Karuppuchamy P, Kalyanasundaram M, Mohankumar
S and Ravi M. 2014. Evaluation of bio-intensive pest
management (BIPM) module against exotic spiralling
whitefly, Aleurodicus dispersus Russell (Homoptera,
Aleyrodidae) on cassava. (in). Proceedings of National
Symposium on Emerging Trends in Eco-friendly Insect Pest
Management (In commemoration of 100 Years of
Entomological Research in TNAU) – a Book of Extended
Summary. pp 198-199, 22-24 January, Tamil Nadu
Agricultural University, Coimbatore - 641 003, Tamil Nadu,
India.
Boopathi T, Singh SB, Manju T, Ngachan SV, Ramakrishna Y and
Lalhruaipuii. 2014. Efficacy of several biopesticides and
chemical insecticides against diamondback moth (DBM),
Plutella xylostella (L.) on broccoli. (in). Proceedings of
National Symposium on Emerging Trends in Eco-friendly
Insect Pest Management (In commemoration of 100 Years
of Entomological Research in TNAU) – a Book of Extended
Summary. pp 389-391, 22-24 January, Tamil Nadu
Agricultural University, Coimbatore - 641 003, Tamil Nadu,
India.
Boopathi T, Singh SB, Ngachan SV and Ramakrishna Y. 2013.
Reaction of okra genotypes against major insect pests under
natural conditions. (in). Proceedings of 4th biopesticide
international conference (BIOCICON 2013). pp 289, 28-30
November, Crop Protection Research Centre, Department of
Zoology, St. Xavier’s College, Palayamkottai-627002, Tamil
Nadu, India.
Boopathi T, Singh SB, Ngachan SV and Ramakrishna Y. 2013.
Relative abundance of fruit flies, Bactrocera spp. in tomato,
Lycopersicon esculentum Mill. (in). Proceedings of 4th
biopesticide international conference (BIOCICON 2013). pp
240, 28-30 November, Crop Protection Research Centre,
Department of Zoology, St. Xavier’s College, Palayamkottai627002, Tamil Nadu, India.
Boopathi T, Singh SB, Ramakrishna Y, Lalhruaipuii Singh AKR
and Dutta SK. 2013. Toxicity of several insecticides to
mustard aphid, Lipaphis erysimi Kalt. in cabbage. (in).
Proceedings of 3rd International Congress on Global
Warming on Biodiversity of Insects: Management and
Conservation Strategies (GW-BIMC, 2013). pp 40, 26-28
November, Bharathiar University, Coimbatore, Tamil Nadu,
India.
Chandrasekar K, Suresh S and Boopathi T. 2014. Reaction of rice
genotypes against sucking pests of rice. (in). Proceedings of
National Symposium on Emerging Trends in Eco-friendly
Insect Pest Management (In commemoration of 100 Years
of Entomological Research in TNAU) – a Book of Extended
Summary. pp 238-240, 22-24 January, Tamil Nadu
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Agricultural University, Coimbatore - 641 003, Tamil Nadu,
India.
Dutta SK, Singh AKR, Boopathi T, Singh SB, Saha S and
Lungmuana. 2014. Seed morphological characteristics of
pole-type vegetable French bean (Phaseolus vulgaris L.)
landraces collected from Mizoram. (in). Proceedings of
National Seminar on Emerging Challenges and Perspective
Strategies for Hill Agriculture in 2050. pp 101, 23-25 January,
ICAR Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema-797106, Nagaland, India.

NAGALAND CENTRE
Research paper
Begum S, Patra MK, Ngullie L, Ngullie E and Das RK. 2014.
Antimicrobial resistance pattern in swine colibacillosis under
farm and field condition in Nagaland. International Journal
of Livestock Research 4(1): 81-88.
Buragohain J, Angami T, Choudhury BU, Singh P, Bhatt BP,
Thirugnanavel A, Deka BC. 2013. Quality evaluation of
indigenous taro (Colocasia esculenta L.) cultivars of
Nagaland. Indian Journal of Hill Frming 26(2): 16-20.
Buragohain J, Singh VB, Deka BC, Jha AK, Wanshnong K, Angami
T. 2013. Collection and evaluation of some underutilized leafy
vegetables of Meghalaya. Indian Journal of Hill Frming
26(2): 111-115.
Chatterjee D, Datta SC and Manjaiah KM. 2013. Clay carbon pools
and their relationship with short-range order minerals:
avenues to mitigate climate change? Current Science 105(10):
1404-1410.
Deka BC, Nath A, Lamare RL and Patel RK. 2013. Quality and
shelf life of shoshang (Elaegnus latifolia L.) fruits in different
packages during storage. Indian Journal of Hill Frming 26(2):
21-25.
Deshmukh NA, Lyngdoh P, Jha AK, Patel RK and Deka BC. 2013.
Comparative study on newly developed guava hybrids with
commercial cultivars under mid-hills of NE India. The
Bioscan 8 (4): 1367-1370.
Deshmukh N A, Patel R K, Deka B C, Verma V K, Jha A K and
Pathaw J E. 2013. Self help groups boost turmeric production
in Meghalaya-A success story. HortFlora Research Spectrum
2(3): 230-234.
Kumar R and Bohra JS. 2013. Effect of NPKS and Zn application
on growth, yield, economics and quality of baby corn.
Archives of Agronomy and Soil Science. http://dx.doi.org/
10.1080/03650340.2013.874559.
Kumar R. 2013. Effect of sowing date, seed rates and integrated
nutrient management on production potential and profitability
of summer mungbean in Eastern Himalaya. Archives of
Agronomy and Soil Science. http://dx.doi.org/10.1080/
03650340.2013.874559.
Lamare RL, Deka BC, Nath A and Patel RK. 2013. Dynamics of
physic-chemical values in Shoshang (Elaegnus latifolia L.)
across maturity. Indian Journal of Hill Frming 26(2): 49-53.
Meitei SB, Patel RK, Deka BC, Deshmukh NA and Singh A. 2013.
Effect of chemical thinning on yield and quality of peach cv.
Flordasun. African Journal of Agricultural Research 8(27):
3558-3565.
Patel RK, Maiti CS, Deka BC, Deshmukh NA and Nath A. 2013.
Changes in sugars, pectin and antioxidants of guava (Psidium
guajava) fruits during fruit growth and maturity. Indian
Journal of Agricultural Sciences 83(10): 1017–1021.
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Patel RK, Maiti CS, Deka BC, Roy SS and Verma VK. 2013.
Genetic diversity among guava genotypes based on seed
protein polymorphism. Indian Journal of Horticulture 70(2):
190-194.
Patra MK, John R and Das RK. 2014. Does folded skin predispose
to maggot infestation in Ghungroo pig? International Journal
of Livestock Research 4(1): 58-62.
Patra MK, Kumar H and Nandi S. 2013. Neutrophil functions and
cytokines expression profile in buffaloes with impending
postpartum reproductive disorders. Asian Australasian
Journal of Animal Science 26(10):1406-1415.
Patra MK, Kumar H, Nandi S, Loyi T and Islam R. 2013. Upregulation of TLR-4 and pro-inflammatory cytokine
transcripts as diagnostic indicator of endometritis in buffaloes.
Journal of Applied Animal Research http://dx.doi.org/
10.1080/09712119.2013.842482.
Patra MK, Ngullie E and Borkotoky D. 2014. Multi-organ anmalies
in pig. International Journal of Livestock Research 4(1): 143145.
Sanwal SK, Deka BC and Kozak M. 2013. Antioxidant
phytochemicals and curcuminodes content in different
genotypes of turmeric (Curcuma longa). Indian Journal of
Agricultural Sciences 83(4): 415-419.
Singh BK, Deka BC and Ramakrishna Y. 2013. Genetic variability,
heritability and interrelationships in pole-type french bean
(Phaseolus vulgaris L.). Proceedings of National Academy
of Sciences, India, Section B: Biological Sciences. DOI
10.1007/s40011-013-0287-2.
Singh BK, Pathak KL, Ramakrisha VK, Verma VK and Deka BC.
2013. Vermicompost, mulching and irrigation level on
growth, yield and TSS of tomato (Solanum lycopersicum L.).
Indian Journal of Hill Frming 26(2): 105-110.
Thirugnanavel A, Deka BC, Rangnamei L and Chakruno M. 2013.
Genetic diversity of taro (Colocasia esculenta L.) in Mon
district, Nagaland needs attention for its conservation. Current
Science 105(8): 1036-1037.
Wanshnong RK, Thakuria D, Sangma CB, Ram V and Bora PK.
2013. Influence of hill slope on biological pools of carbon,
nitrogen, and phosphorus in acidic alfisols of citrus orchard.
Catena 111:1-8.
Book /Book chapter
Baruah R and Chatterjee D. 2013. Biofertilizers production,
application and quality control. (in). Avenues for farmers’
empowerment and agro-based entrepreneurship
development, pp 38-42. Deka B C, Patra M K, Thirugnanvel
A, Chatterjee D, Borah T R and Kumar R (Eds.), ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema – 797 106, Nagaland.
Borah TR and Kikon J. 2013. Mushroom Production: a potential
avenue for rural entrepreneurship development. (in). Avenues
for farmers’ empowerment and agro-based entrepreneurship
development. Deka BC, Patra MK, Thirugnanvel A,
Chatterjee D, Borah TR and Kumar R (Eds.), ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema – 797 106, Nagaland.
Borah TR. 2013. Mushroom spawn production. (in). Avenues for
farmers’ empowerment and agro-based entrepreneurship
development. Deka BC, Patra MK, Thirugnanvel A,
Chatterjee D, Borah TR and Kumar R (Eds.), ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema – 797 106, Nagaland.
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Borah TR. 2013. Organic management of crop diseases in
sukhakheti. (in). Resilient jhum cultivation through integrated
farming system. Chatterjee D and Ezung N K (Eds.), ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema-797 106, Nagaland.
Chatterjee D, Kumar R and Sangma CBK. 2014. Roof top rain
water harvesting. (in). Rain Water Harvesting and Its
Utilization, pp 3-8. Chatterjee D, Sangma C B K, Kikon Z J,
Ray S K, Chowdhury P (Eds.), ICAR Research Complex for
NEH Region, Nagaland Centre, Jharnapani, Medziphema797 106.
Chatterjee D, Patra MK, Thirugnanavel A and Deka BC. 2013.
Jhum improvement: success and shortcoming. (in). Resilient
jhum cultivation through integrated farming system, pp 3840. Chatterjee D and Ezung N K (Eds.), ICAR Research
Complex for NEH Region, Nagaland Centre, Jharnapani,
Medziphema-797 106, Nagaland.
Chatterjee D. 2013. Model farming system for resilient shifting
cultivation in Nagaland. (in). Resilient jhum cultivation
through integrated farming system, pp 7-9. Chatterjee D and
Ezung N K (Eds.), ICAR Research Complex for NEH Region,
Nagaland Centre, Jharnapani, Medziphema-797 106,
Nagaland. pp. 7-9.
Chatterjee D. 2013. Tips for the establishment of a soil testing
laboratory. (in). Avenues for farmers’ empowerment and agrobased entrepreneurship development, pp 27-37. Deka B C,
Patra M K, Thirugnanvel A, Chatterjee D, Borah T R and
Kumar R (Eds.), ICAR Research Complex for NEH Region,
Nagaland Centre, Jharnapani, Medziphema – 797 106,
Nagaland.
Deka BC, Chatterjee D, Sahoo B, Patra MK, Thirugnanvel A,
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district of Nagaland. (in). Rain Water Harvesting and Its
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development, pp 209-214. Deka BC, Patra MK, Thirugnanvel

ANNUAL REPORT 2013-14

A, Chatterjee D, Borah TR and Kumar R (Eds.), ICAR
Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema – 797 106, Nagaland.
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S and Punitha P. 2013. Traditional tuber crops food of Northeastern India. Central Tuber Crops Research Institute,
Thiruvananthapuram, Kerala.
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Popular article
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Deka BC and Borah TR. 2013. Jhum Park: A new dimension in
Eco-tourism. The Mourung Express October 5, pp-8.
Deka BC and Chatterjee D. 2013. Agriculture in Nagaland: Present
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Hoque H and Borah TR. 2014. Pathogens that attack fruits and
vegetables after harvest. Frontier Farming 2 (1): 21-25.
Kumar R and Kumar S. 2014. Green manuring: Effective approach
to sustain soil fertility in Jhum area of North Eastern Hilly
State. Farmers Agri Digest 47(2): 42-44.
Kumawat N, Kumar R and Kumar S. 2014. Sri padhdhati se pai
doguni paidawar. Kisan Bharti 45(6):15-16.
Kumawat N, Kumar R, Meena RS and Meena BL. 2014. Potash:
Kheti me ek mahatpurna tatva. Rajasthan Kheti February
issue, pp 19-20.
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Kumawat N, Kumar R, Shukla UN and Singh S. 2014. Sukhe samay
me pashuo ki aahar vyawstha. Star Krishi January issue, pp
20-21.
Kumawat N, Kumar S, Kumar R and Ram M. 2014.Site specific
nutrient management in rice-wheat cropping system. Agrobios
Newsletter 7(8): 12-14.
Om H, Kumar R and Yadav B. 2013. Sansadhan sarkshan
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pineapple brings cheers. Indian Horticulture 58(5): II-III.
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Needs of conservation agriculture: New paradigm to achieve
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Nagaland.
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Seminar on Emerging Challenges and Perspective Strategies
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Research Complex for NEH Region, Nagaland Centre,
Jharnapani, Medziphema-797106, Nagaland, India.
Kent Y, Patra MK, Ngullie L and Das RK. 2014. Studies on
reproductive performances of different pig breeds under farm
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India. National Seminar on Emerging Challenges and
Perspective Strategies for Hill Agriculture in 2050. pp 38,
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for NEH Region, Nagaland Centre, Jharnapani, Medziphema797106, Nagaland, India.
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Jharnapani, Medziphema-797106, Nagaland, India.
Rajesha G, Nakkeeran S, Chandrasekaran A, Indumathi T and
Adhipathi P. 2014. Evaluation of antifungal property of yeast
isolates against Macrophomina phaseolina. National Seminar
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for NEH Region, Nagaland Centre, Jharnapani, Medziphema797106, Nagaland, India.
Sangma CBK, Moharana PC and Biswas DR. 2014. Rock
phosphate enriched compost vis-à-vis inorganic fertilization:
the effect on soil chemical and biological properties. Soil
and water management for higher productivity and
profitability. National Seminar on Emerging Challenges and
Perspective Strategies for Hill Agriculture in 2050. 23-25
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SIKKIM CENTRE
Research Papers
Ansari MA, Rana KS, Ansari MH, Baishya LK, Babu S, Das A
and Hariom. 2014. Effect of transpiration suppressants and
nutrients under rainfed conditions: An integral view on crop
productivity and biological indices in millet/pulses
intercropping system. African Journal of Agricultural
Research 9(3): 334-344.
Babu S, Rana DS, Yadav GS and Singh R. 2013. Effect of sunflower
stover incorporation and nutrients management on soil pH
at different growth stages of pigeonpea under pigeonpeasunflower cropping system. Life Sciences Leaflets 11(2013):
47-51.
Bajpai PK, Warghat AR, Sharma RK, Yadav A, Thakur AK,
Srivastava RB and Tshering S. 2014. Structure and genetic
diversity of natural populations of Morus alba in transHimalayan ladakh region. Biochemical Genetics 52:137–152.
Bajpai PK, Warghat AR, Yadav A, Kant A, Srivastava RB and
Tshering S. 2014. High phenotypic variation in Morus alba
L. along an altitudinal gradient in the Indian trans-Himalaya.
Journal of Mountain Science (Accepted).
Chahota RK, Sharma SK, Sharma TR, Kumar N and Kapoor C.
2013. Induction and characterization of agronomically useful
mutants in horsegram (Macrotylomauniflorum), Indian
Journal of Agricultural Sciences 83(10): 1105-109.
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Chaudhari RD, Gudade BA, Jadhao SD, Babu S, Wankhade SG,
and Dhale BT. 2013. Effect of different levels of FYM and
harvesting time on quality and nutrients uptake of Kalmegh.
Journal of Soils and Crops 23(1): 204-09.
Das SK and Mukherjee I. 2014. Influence of microbial community
on degradation of flu bendiamide in two Indian soils.
Environmental Monitoring and Assessment 186(5):32133219.
Kapoor C and Gopi R. 2013. Performance of some indeterminate
type breeding lines of field pea under midhills of Sikkim.
Agricultural Science Digest 33(4): 313-316.
Kapoor C and Lata S. 2013. Screening of some maize inbreds for
conversion to quality protein maize lines. Indian Journal of
Agricultural Research 47(5): 457-460.
Kapoor C, Gopi R and Pattanayak A. 2013. Genetic parameters
and disease reaction of some upland paddy lines evaluated
under Sikkim midhills. Crop Research 46: 28-31.
Karuppaiyan R, Kapoor C and Gopi R. 2013. Variability,
heritability and genetic divergence in lowland rice genotypes
under the midhills of Sikkim. Oryza 50(1): 81-84.
Singh H, Jha G, Babu S and Jha AK. 2013. Effect of seed rate and
sowing depth on growth, yield attributes and yield of irrigated
wheat (Triticum aestivum) in Madhya Pradesh. Indian
Journal of Agronomy 58(2): 259-261.
Singh H, Jha G, Rawat A, Babu S and Jha AK. 2013.Low seed rate
at surface sowing enhance resilience of physiological
parameters and economics of wheat (Triticum aestivum).
Indian Journal of Agricultural Sciences 83(8): 881-884.
Yadav GS, Datta M, Babu S, Debnath C and Sarkar PK. 2013.
Growth and productivity of lowland rice (Oryza sativa) as
influenced by substitution of nitrogen fertilizer by organic
sources. Indian Journal of Agricultural Sciences 83(10):
1038-1042.
Yadav GS, Shivay YS, Kumar D and Babu S. 2013. Enhancing
iron density and uptake in grain and straw of aerobic rice
through mulching and rhizo-foliar fertilization of iron. African
Journal of Agricultural Research 8(20) 5447-5454.
Yadav SK, Babu S, Singh Y, Yadav GS, Singh K, Singh R and
Singh H. 2013. Effect of organic nitrogen sources and
biofertilizers on production potential and energy budgeting
of rice (Oryzasativa)-based cropping systems. Indian Journal
of Agronomy 58(4): 9-14.
Yadav SK, Babu S, Singh Y, Yadav MK, Yadav GS, Pal S, Singh
R and Singh K. 2013. Effect of organic nutrient sources on
yield, nutrient uptake and soil biological properties of rice
(Oryza sativa) based cropping sequence. Indian Journal of
Agronomy 58(3): 70-75.
Yadav SK, Babu S, Yadav MK, Singh Y and Singh K. 2014
Profitability of high value crops with organic nitrogen sources
under rice (Oryzasativa) based cropping sequence. Indian
Journal of Agricultural Sciences 84(3): 343–348.
Yadav SK, Singh Y, Yadav MK, Babu S and Singh K. 2013. Effect
of organic nutrient management in basmati rice (Oryza
sativa)-based cropping systems. Current Advances in
Agricultural Sciences 5(1): 50-54.
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Review Paper
Babu S, Rana DS, Yadav GS, Singh R and Yadav SK. 2014. A
review on recycling of sunflower residue for sustaining soil
health. International Journal of Agronomy 601049: 1-7.
Yadav SK, Babu S, Yadav MK, Singh K, Yadav G S and Pal S.
2013. A review of organic farming for sustainable agriculture

in Northern India. International Journal of Agronomy
718145: 1-8.
Book
Gopi R and Kapoor C. 2013. Organic plant disease management.
Kalyani Publishers. (ISBN:978-93-272-3560-9).
Popular Article
Babu S, Avasthe RK , Singh R and Das S. 2014. Backyard poultry
farming in Sikkim with improved Vanaraja chicken. Indian
Farming 63(10): 63-65.
Prasad D, Prasad H, Babu S, Pal S and Ram A. 2013. Integrated
farming system for rainfed areas. Popular Kheti 1 (1):16-20.
Prasad D, Ram A, Babu S and Pal S. 2013. Rain water harvesting
techniques to improve crop productivity in rainfed areas.
Indian Farming 62(11): 16-18.
Singh H, Babu S, Chaturvedi AK and Gupta SK. 2013.
Bibhinnphaslon me samanvitkeetprabandhan. Prasar Doot
5: 46-50.
Yadav GS, Babu S, Datta M, Das A and Saha P. 2013. Zero tillage
cultivation of lentil in low land rice fallow. Indian Farming
68(8): 28-30&36.
Article published in Training Manual
Das SK, Singh R, Babu S, Gopi R and Avasthe RK. 2013. Biochar:
Key for acidic soil amelioration and efficient nutrient
utilization. (in). Natural resource management for enhancing
climate resilience in mountain ecosystems. pp 119-127.
Avasthe R K, Singh R, Babu S and Das S K (Eds.), ICAR
Sikkim Centre, Tadong, Gangtok.
Das SK, Singh R, Babu S, Kapoor C and Gopi R. 2013. Rice
cultivation and climate change. (in). Rice knowledge
management for food and nutritional security. pp 139-145.
Kapoor C, Gopi R, Mohanty A, Dahal D and Benoi S (Eds.),
ICAR Sikkim Centre, Tadong, Gangtok.
Gopi R and Kalita H. 2014. Organic disease management- A vista
for enhancing climate resilience.2013. (in). Natural resource
management for enhancing climate resilience in mountain
ecosystems. pp 137-149. Avasthe RK, Singh R, Babu S and
Das SK (Eds.), ICAR Sikkim Centre, Tadong, Gangtok.
Gopi R, Kalita H, Kapoor C and Das SK. 2014. Organic disease
management- A vista for enhancing climate resilience. (in).
Rice knowledge management for food and nutritional
security. pp 128-136. Kapoor C, Gopi R, Mohanty A, Dahal
D and Benoi S (Eds.), ICAR Sikkim Centre, Tadong,
Gangtok.
Gopi R, Kalita H, Kapoor C, Das SK and Mohanty AK. 2013.
Importance of disease surveillance under climate change and
their management. (in). Rice knowledge management for food
and nutritional security. pp 216-225. Kapoor C, Gopi R,
Mohanty A, Dahal D and Benoi S (Eds.), ICAR Sikkim
Centre, Tadong, Gangtok.
Gopi R, Kalita H, Kapoor C, Mohanty AK and Das SK. 2013.
Organic disease management in rice. (in). Rice knowledge
management for food and nutritional security. pp 237-249.
Kapoor C, Gopi R, Mohanty A, Dahal D and Benoi S (Eds.),
ICAR Sikkim Centre, Tadong, Gangtok.
Kalita H, Gopi R and Kapoor C. 2014. Impact of climate change
on population buildup of insect pests and their management
options. (in). Rice knowledge management for food and
nutritional security. pp 128-136. Kapoor C, Gopi R, Mohanty
A, Dahal D and Benoi S (Eds.), ICAR Sikkim Centre, Tadong,
Gangtok.
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Kalita H, Gopi R, Kapoor C and Babu S. 2013. Biorational
managemnent of insect-pest in rice. (in). Rice knowledge
management for food and nutritional security. pp 250-259.
Kapoor C, Gopi R, Mohanty A, Dahal D and Benoi S (Eds.),
ICAR Sikkim Centre, Tadong, Gangtok.
Kalita H, Kapoor C, Gopi R and Singh R. 2013. Role of
biopesticides in management of insect-pests in rice. (in). Rice
knowledge management for food and nutritional security.
pp 258-269. Kapoor C, Gopi R, Mohanty A, Dahal D and
Benoi S (Eds.), ICAR Sikkim Centre, Tadong, Gangtok.
Kapoor C, Gopi R and Kalita H. 2014. Breeding strategies for
oilseed crops under climate change era. (in). Natural resource
management for enhancing climate resilience in mountain
ecosystems. pp 150-158. Avasthe R K, Singh R, Babu S and
Das S K (Eds.), ICAR Sikkim Centre, Tadong, Gangtok.
Kapoor C, Gopi R, Kalita H, Mohanty AK and Chettri P. 2013.
Quality seed production technology of HYV and Hybrid in
rice. (in). Rice knowledge management for food and
nutritional security. pp 184-196. Kapoor C, Gopi R, Mohanty
A, Dahal D and Benoi S (Eds.), ICAR Sikkim Centre, Tadong,
Gangtok.
Kapoor C, Kalita H, Gopi R and Mohanty AK. 2013. Rice varieties
suitable for different ecosystems. (in). Rice knowledge
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