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P R E F A C E

ICAR Research Complex for NEH Region, a premier institute of Indian Council of
Agricultural Research.  The institute along with its six regional centers and 20 KVKs has
been promoting and conducting research, extension and human resource development
activities in agriculture and allied sectors for hilly and mountain ecosystem of North Eastern
Hill Region.  The institute has been striving hard through activities in its various divisions
to maximize the needed output aimed at fulfilling its goals.

A promising new Pig crossbreed “Lumsniang” developed by the institute would go a
long way for the hilly ecosystem.  The breed is highly promising due to its growth rate,
good mothering ability, higher litter size and better adaptability.  Institute has also
characterized over 40 rice genotypes for drought tolerance traits.  Hyperspectral remote
sensing was successfully carried out for abiotic stress detection in maize crop grown in
strong acid soils of Meghalaya.  Drone (UAV: Unmanned Aerial Vehicle) based technology
was successfully also used for detection and periodic assessment of standing maize crop
conditions in Meghalaya.  In post-harvest, protocols for preparations of peach leather, bottled
green peppercorns and dehydrated karkrol rings have been developed and storage conditions
optimized.  Short duration shiitake mushroom production technology was standardized
using saw dust and broad leaf based substrate, which has significantly reduced the shitake
mushroom production time.  In-house indirect ELISA kit was developed for detection of
CSFV antibody in serum samples.

Roadmap and strategy documents for doubling farmer’s income for four states such
as Mizoram, Tripura, Manipur and Nagaland have been prepared and shared with the
concerned state governments.  Integrated farming system developed by the institute have
been successfully implemented in farmer’s field leading to enhanced income of Rs 1.0  to
3.5 lakhs/ha slopping land.  One of the farmers of ICAR (Manipur Center) has been awarded
with the prestigious Jagjivan Ram Abhinav Kisan Puraskar 2017.

Tribal Sub Plan has been proved to be very beneficial, a total of 27998 tribal farmers
from seven North Eastern states were benefitted during 2017-2018 by various livelihood
programmes.  The response to the institute’s Agri-Business Incubation (ABI) programme is
overwhelming and many entrepreneurs have become members and some have excelled in
marketing and supply of processed and packed meat products and other processed food
products like jam, candy, jelly and pickle.

All these were possible due to the constant support and able guidance received from
Dr T. Mohapatra, Secretary DARE and Director General of ICAR, Govt. of India and Dy.
Director General (NRM) Dr K. Alagusundaram, in addition to the support received from
all my colleagues at the HQ and regional centers.

I complement the editorial board for their efforts in compilation of annual report and
sincerely believe that the document will be of immense value to the agriculture fraternity
of the country as a whole and the region in particular.

(N. Prakash)
Director
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mfe;e esa o”kZ 2017 esa dqy okf”kZd o”kkZ 2729.7 fe- eh- Fkh]
tks fd lkekU; o”kkZ ls yxHkx 14% vf/kd Fkh vkSj okf”kZd
rkieku 5.5oC ls 28.4oC ds chp FkkA pkj pkoy thuiz:iksa dks
,vkbZlhvkjih ¼ioZrh;½ ds AVT-I esa izksUur fd;k x;k( ok;qeaMy
ds varxZr pkj oa’kkofy;ksa dks rFkk cksjks ds rgr rhu oa’kkofy;ksa
dks vk’kktud ik;k x;kA blds vykok] 40 pkoy thuiz:iksa dk
lw[kk lfg”.kqrk xq.kksa ds fy, y{k.ko.kZu fd;k x;k ftlesa vkdkfjdh;
n`f”V ls rhu fHkUu lewg ik, x,A pkoy ¼fdLe Lo.kkZ½ esa filqe
lfroqe ;wdk;ksZfVd Vªkalys’kuy QSDVj 4A (Ps - eIF4A)dks
vfr-vfHkO;aftr fd, tkus ls yo.kh;rk lfg”.kqrk ds mPp Lrj
izkIr fd, x,A ef.kiqj esa] /kku ds 11 mPp mit okys oa’kØeksa dks
fdLeksa ds :i esa vkSj vf/kd fodflr djus ds fy, fpfUgr fd;k
x;kA vkjlhvkjVh ¼Åijh Hkwfe½ esa] RCPL 1-413 (3.5 Vu izfr
gSDVs-), RCPL 1-129 (3.3 Vu izfr gSDVs-), RCPL 1-131
(3.3 Vu izfr gSDVs-) dks es?kky; esa vk’kktud ik;k x;kA fetksje
dh Åijh Hkwfe fLFkfr;ksa esa]  fdLe Hkkyqe-1 (3.96 Vu izfr gSDVs-) esa
lokZf/kd nkuk mit ikbZ xbZ] tcfd fupyh Hkwfe;ksa esa fdLe
xkserh esa lokZf/kd nkuk mit (3.67 Vu izfr gSDVs-) izkIr dh xbZ!
flfDde esa] iwlk lqxa/k -5 esa vU; fdLeksa dh rqyuk esa dkQh vf/kd nkuk
mit (3.82 Vu izfr gSDVs-) ntZ dh xbZA ,vkbZlhvkjih ¼pkoy½

ds rgr HkkÑvuqi] mfe;e vkSj ef.kiqj dsanzksa esa izLQqVu ds fo:)
tkap fd, x, ,d gtkj pkj lkS rsjg ¼1413½ oa’kkofy;ksa esa ls]
,d lkS vV~Bklh ¼188½ oa’kkofy;ka izLQqVu ls izfrjks/kh ikbZ xbZaA
ef.kiqj esa] /kku dh dqy 35 oa’kkofy;ksa us iÙkh ,oa xzhok izLQqVu
nksuksa jksxksa ds fo:) izfrjk/sk iznf’kZr fd;kA flfDde esa] 6 pkoy
tuunzO;ksa ¼fjeLdh] f[keVk] tksjukyh] usiky /kku] pEis] eklhZ½ us
izLQqVu jksx ds fo:) izfrjks/k iznf’kZr fd;kA

VªkalfØI’ku ,sfDVos’ku QSDVj DREB 2A dh Dyksfuax isfUulsVqe
XykSdqe (PG–DREB 2A) ls dh xbZ vkSj mls vfr-vfHkO;aftr
djrs gq, eDdk ¼th est+ ,y-½ oa’kØe RCM 1-2 esa ueh ncko
lfg”.kqrk c<+kbZ xbZA laLFkku }kjk fodflr eDdk dEiksftV oa’kØeksa]
vFkkZr RCM 1-1, RCM 1-2 (ikWidkWuZ), RCM 1-61, RCM
75 ,oa   RCM 76 dk ewY;kadu laLFkku ds QkeZ rFkk I;kax[kjsi
xkao] es?kky; esa vuqdwyuh; ijh{k.kksa ¼vMsfIVo Vªk;y½ esa fd;k
x;kA bu oa’kØeksa esa lHkh LFkkuksa ij rFkk fujarj o”kksZa ds nkSjku
mit {kerk fLFkj ikbZ xbZA ,vkbZlhvkjih ¼eDdk½ ds rgr HkkÑvuqi]
mfe;e esa VflZdqe iÙkh vaxekjh izfrjks/k ds fy, 116 oa’kØeksa dk
ewY;kadu iqujkoÙkhZ; ijh{k.kksa esa fd;k x;k vkSj 17 oa’kØeksa dks
izfrjks/kh ik;k x;kA fetksje esa] lcls vf/kd mit eDdk fdLe
RCM-76 (5.72 Vu izfr gSDVs-) esa izkIr dh xbZA dksykflc esa
igyh Qly-dVkbZ ds rgr tbZ ¼vksV½ fdLe dsaV dh rktk pkjk

mit 30.5 Vu izfr gSDVs- ntZ dh xbZ tcfd jrwfuax esa 21.6 Vu
izfr gSDVs- ntZ dh xbZA blh izdkj flfDde esa] lokZf/kd (3.39
Vu/gSDVs) nkuk mit RCM 1-76 esa ntZ dh xbZ] tks fd RCM
1-75 (3.29 Vu izfr gSDVs-) ds lerqY; FkhA

fetksje esa] eVj fdLe vkdsZy esa lokZf/kd mit (23.20 fDo-
izfr gSDVs-) ntZ dh xbZ] tcfd elwj fdLeksa] ;kuh LO-1 (13.90
fDo- izfr gSDVs-) vkSj LO-9 (13.5 fDo- izfr gSDVs-) esa vf/kdre
mit ntZ dh xbZA flfDde dh fLFkfr;ksa ds rgr vjgj dh
fofHkUu fdLeksa esa ls] iar vjgj-291 (0.64 Vu izfr gSDVs-) vkSj
UPAS-120 (0.75 Vu izfr gSDVs-) dh rqyuk esa iar vjgj-3 esa
dkQh vf/kd nkuk mit (0.95 Vu izfr gSDVs-) ntZ dh xbZA
ef.kiqj fLFkfr ds rgr isfjYyk ds ikap mPp mit okys oa’kØeksa]
;kuh vkjlh FkksbfMax-21 (18.6 xzk- izfr ikni), vkjlh FkksbfMax-
6 (17 xzk- izfr ikni), vkjlh FkksbfMax-15 (14.5 xzk- izfr
ikni),vkjlh FkksbfMax-8 (13.9 xzk- izfr ikni)  vkSj vkjlh
FkksbfMax-16 (xzk- izfr ikni) dh igpku dh xbZA

Qly iz.kkyh% lCth yksfc;k-eDdk $ jkbl chu (7.73 Vu
izfr gSDVs-)ds rgr vf/kdre iz.kkyh mRikndrk ntZ dh xbZA
mPp xq.koÙkk okyh eDdk fdLeksa (HQPM-1 ,oa HQPM-5) dks
iwjs ef.kiqj jkT; esa 125 gSDVs;j {ks=Qy esa iznf’kZr Hkh fd;k x;kA
,xzks-VsDlVkby vk/kkfjr xzkmaM doj ds rgr [kqys ok;qeaMy [ksr
fLFkfr;ksa dh rqyuk esa eDdk] LohV dkWuZ rFkk eVj dh Øe’k% 60,
34 ,oa 36 izfr’kr mPp mit ntZ dh xbZA tyeXu D;kfj;ksa esa]
pkoy-elwj rFkk pkoy-eVj Qly vuqØeksa ds rgr ‘kglkjax 1
esa lcls vf/kd mit ntZ dh xbZA Qly pØ l?kurk dks c<+kus
rFkk LFkk;hdj.k ds tfj, ukbVªkstu ls e`nk dks le`) djus ds
fy, fofHkUu xkaoksa esa mUur Qly iz.kkfy;ksa] tSls fd eDdk-Ýkl
chu] eDdk-ewaxQyh] eDdk-lks;kchu vkSj pkoy-eVj dh [ksrh
‘kq: djkbZ xbZA fetksje esa] eDdk ds lkFk varj-Qly dh rqyuk
esa] lks;kchu (19.89 fDo- izfr gSDVs-) vkSj ewax (9.17 fDo- izfr
gSDVs-) dh ,dy [ksrh fd, tkus ls mPp mit izkIr dh xbZA
flfDde esa fofHkUu pkoy-vk/kkfjr iz.kkfy;ksa esa ls] pkoy-esFkh
¼iRrsnkj lCth½-csch dkWuZ (4.84 Vu izfr gSDVs-) iz.kkyh esa rFkk
mlds ckn pkoy-czksDdksyh-lslcsfu;k (4.61 Vu izfr gSDVs-) iz.kkyh
es a dkQh vf/kd nkuk mit ntZ dh xbZA es?kky; es a pkoy
vk/kkfjr Qly iz.kkyh ds varxZr eVj dh [ksrh ‘kq: djk, tkus
ls fdlkuksa dks pkoy-ijrh [ksrh iz.kkyh dh rqyuk esa] 81,500
#i, izfr gSDVs- dh vfrfjDr vk; izkIr gqbZA

es?kky; esa] ,dhÑr Ñf”k iz.kkyh (IFS-7000 m2) viuk,
tkus ls 1,56,278/- #i, izfr gSDVs- izfr o”kZ ‘kq) ykHk ds lkFk
4,33,931/- #i;ksa dk ldy ykHk ntZ fd;k x;k vkSj blds
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vykok] [ksfrgj yksxksa dks iwjs o”kZ jkstxkj miyC/k djk;k x;kA
dksaxksa flXuy] gkbfczM usfi;j] czwe] xqbfu;k] yseu xzkl] flVªksusyk
rFkk Ñ”V [kjirokjksa dh lexz e`nk ,oa ty laj{k.k n{krk,a Øe’k%
25.55%, 25.6%, 33.85%, 36.85%, 25.05%, 28.16% ,oa
37% FkhaA izkÑfrd ijrh Hkwfe (W5) dh rqyuk esa] fofHkUu
,dhÑr Ñf”k iz.kkfy;ksa ds rgr lw{e-tylaHkj Lrjksa] tSls fd Ñf”k
(W1), ,xzh-gkWfVZ-flYoh-ikLpj (W2), Ñf”k-okfudh (W3) vkSj
okfudh (W4) ij e``nk ,oa ty laj{k.k n{krk ¼%½ Øe’k% 44.9,
47.9,45.6 vkSj  37.5 ikbZ xbZA ukxkySaM esa fofHkUu Ñf”k iz.kkyh
ekWMyksa esa ls] Ñf”k $ ckxokuh $ lwvj ikyu $ eNyh ikyu
vk/kkfjr ,dhÑr Ñf”k iz.kkyh ls vf/kdre ykHk izkIr fd;k
x;kA

Qyh vk/kkfjr Qly iz.kkfy;ksa ¼tSls fd ewaxQyh] vjgj]
jktek] ewax] mM+n] jkblchu] yksfc;k ,oa lks;kchu½ ds lkFk pkoy
vk/kkfjr fefJr Ñf”k iz.kkyh ds fofo/khdj.k ls leLr izca/ku
fof/k;ksa ds lkFk lks;kchu] ewaxQyh] eDdk vkSj pkoy dh csgrj
mit izkIr dh xbZA izkS|ksfxdh dks 283 ykHkkfFkZ;ksa dks ‘kkfey dj
150 gSDVs;j {ks=Qy esa iznf’kZr fd;k x;kA eDdk$yksfc;k-lCth
eVj vuqØeksa esa Lo-LFkkus ueh laj{k.k fof/k;ksa ds tfj, fofo/khdj.k
fd, tkus ls 3-02 ds ykxr%ykHk vuqikr ds lkFk vf/kdre eDdk
lerqY; mit (17.0 Vu izfr gSDVs-)  ntZ dh xbZA flfDde esa]
eDds dh MafM;ksa $ [kjirokj ck;ksekl dks Lo-LFkkus izfr/kkj.k
fd, tkus ls daVªksy ¼eYp jfgr½ vkSj est+ LVksoj eYp dh rqyuk
esa Øe’k% 23-7 vkSj 6-7 izfr’kr vf/kd eDdk lerqy; mit ntZ
dh xbZA 0-43 gSDVs- {ks=Qy esa tSfod Ñf”k iz.kkyh ekWMy viuk,
tkus ls 92% dqy ukbVªkstu (N), 82% dqy QkWLQksjl (P),
96% dqy iksVsf’k;e (K) rFkk vf/kdka’k lw{e iks”kd rRoksa dh
vko’;drk dh iwfrZ dh xbZA

es?kky; dh Bksl vEyh; e`nkvksa esa cksbZ xbZ bu-QhYM eDdk
Qly esa vtSfod ncko dh [kkst djus ds fy, gkbijLisDVªy
fjeksV lsaflax dk lQyrkiwoZd mi;ksx fd;k x;kA ekud fof/k;ksa
dk vuqlj.k djrs gq, vkof/kd QhYM LizsDVªk ds fo’ys”k.k esa ;g
ik;k x;k fd Qly fodklkoLFkkvksa ¼okuLifrd ls iqu#Riknu
rd½ ds lkFk-lkFk ncko-eqDr ,oa iks”kdrRo (N & P) nckoxzLr
eDdk Qlyksa ds ijLij LisDVªy fj¶ysDVsal iSVuZ esa dkQh fopyu
ik;k x;kA es?kky; esa] eDds dh [kM+h Qly fLFkfr;ksa dh vkof/kd
[kkst ,oa vkdyu ds fy, ,d Mªksu@ekuojfgr ok;qeaMyh; okgu
vk/kkfjr izkS|ksfxdh dk lQyrkiwoZd mi;ksx fd;k x;kA rhu
mUur e’khu yfuZax oxhZdj.k rduhdksa] vFkkZr jsaMe QkWjsLV (RF),
jsaMe desVh (RC) vkSj liksVZ osDVj e’khu (SVM) rFkk
ikWyhuksfe;y dsjuy ds lkFk liksVZ osDVj e’khu (SVM) ls
UAV MkVk dks larks”ktud :i ls oxhZÑr fd;k x;k rFkk LoLFk
Qlyksa ls ,slh Qlyksa dks vyx fd;k x;k tks iks”kdrRo dh deh
ds dkj.k nckoxzLr FkhaA e/;-rqaxrk es?kky; esa yach vof/k ¼20

o”kZ½ rd ,d vkM+ w ds cxhps es a moZjhdj.k ,oa flapkbZ lfgr
laLrqr izc a/ku fof/k;ksa dk vaxhdj.k fd, tkus ls izeq[k e`nk
moZjrk] thokf.kd ,oa e`nk xq.koÙkkiw.kZ gkbMªks-Mk;ukfed xq.kksa esa
Hkkjh fxjkoV ikbZ xbZA vkM+w ds o`{k ds vkl-ikl fMªi lfdZyksa esa
xr o”kksZa ds nkSjku ckjckj moZjhdj.k fd, tkus ls fMªi lfdZyksa
vkSj varj-iafDr varjkyksa ds chp e`nk xq.k/keksZa esa O;kid LFkkfud
fofo/krk ikbZ xbZA orZeku RCM-1-76 dh rqyuk esa ikWV dYpj
,sLls esa eDds dh fdLesa] ;kuh Megha-9, Megha-10 ,oa MZM-
19 ,sY;qfefu;e fo”kkDrk (250 μM rd) ls dkQh lfg”.kq ikbZ
xbZaA es?kky; dh t;afr;k igkfM+;ksa esa dks;ys dk [kuu fd, tkus
ls e`nk dkQh vEyh; gks xbZ] yxHkx ,d ;wfuV pH (3.58) rd]
tcfd dks;yk [kuu ls vizHkkfor {ks=ksa esa vEyh;;rk pH: 4.5
FkhA dks;yk [kuu fd, tkus ls e`nk esa izkI; lYQj ,oa Hkkjh
/kkrqvksa] vFkkZr ykSg rRo] eSXuht] dkWij ,oa ftad rRo esa fu/kkZfjr
lhekvksa ls Hkh dbZ xq.kk vf/kd o`f) gqbZ] tcfd QkWLQksjl] iksVsf’k;e
vkSj ftad rRoksa dh izkI;rk Øe’k% 55%, 16% ,oa 40% rd de
gks xbZ FkhA fetksje esa >we [ksrh vof/k;ksa esa o`f) ds lkFk dqy
tSfod dkcZu ¼Vhvkslh½ dh ek=k esa dkQh o`f) dh xbZA Ñf”k
v/;;uksa ds rgr 2% KCl ds lkFk vkSj mlds fcuk 2% ;wfj;k
dk iz;ksx fd, tkus ls elwj Qly fodkl esa dkQh lq/kkj ik;k
x;k] tcfd AM ck;ks moZjdksa dk iz;ksx fd, tkus ls pkoy dh
mit esa 26.7% dh o`f) gqbZA

es?kky; esa laj{k.k tqrkbZ ¼thjks½ dk vaxhdj.k fd, tkus ls
ikjaifjd tqrkbZ fof/k;ksa dh rqyuk esa pkoy dh nkuk mit (43.7%)
rFkk mÙkjksÙkjjch Qlyksa] ;kuh rksfj;k (85.5%) vkSj vkyw (56.3%)
dh mit esa Hkkjh o`f) gqbZA iks”kdrRo@Qly izca/ku ds fy, rFkk
bl {ks= esa tyok;q ifjorZu ds izHkko ls fuiVus ds fy, mfe;e
ikfjfLFkfrdh ds rgr eDdk fdLe RCM-76 ds fy, DSSAT
CERES-eDdk ekWMy dk :ikadu fd;k x;kA FYM ds tfj,
100% RDN ds lkFk 2-0 Vu izfr gSDVs- dh nj ls ck;kspj dk
iz;ksx fd, tkus ls eDdk-eVj Qly iz.kkyh esa eDds dh mPp
nkuk mit (3.44 Vu izfr gSDVs-) ntZ dh xbZA pkoy esa pkj o”kksZa
ds ,dhÑr fo’ys”k.k esa ;g ik;k x;k fd 33% N FYM+33%
N VC +  GM dk iz;ksx fd, tkus ls flfDde esa RCM 1-3
(3.91 Vu izfr gSDVs-) vkSj RCM 1-76 (4.19 Vu izfr gSDVs-) esa
lcls vf/kd nkuk mit izkIr dh xbZA flfDde esa ‘kwU; tqrkbZ
(0.91 Vu izfr gSDVs-) vkSj ikjaifjd tqrkbZ (1.16 Vu izfr gSDVs-) dh
rqyuk esa de tqrkbZ (0.64 Vu izfr gSDVs-) esa jktek vkSj mM+n esa
mPp nkuk mit ntZ dh xbZA laj{k.k tqrkbZ fof/k;ksa dh rqyuk esa
ikjaifjd tqrkbZ fof/k ds rgr eVj ds tM+ cukoV xq.k csgrj FksA
czksDdkWyh lCth Qly iz.kkyh dh pkoy lerqY; mit ¼RYI½
100% tSfod (39.79 Vu izfr gSDVs-) [ksrh ds rgr rFkk mlds
ckn ,dhÑr (39.02 Vu izfr gSDVs-) vkSj 75% tSfod (34.95
Vu izfr gSDVs-) iks”kdrRo lzksrksa ds rgr vf/kdre ikbZ xbZA

.
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e`nk] iÙkh iks”kdrRo rFkk Qy xq.k ;qDr cxhpksa vkSj bu xq.kksa
ds vHkko okys cxhpksa ds ijLij ,d lglaca/k v/;;u fd;k x;kA
BAP (1.0 ls 2.0 fe- xzk- izfr yhVj) esa dpkbZ yseu esa izR;{k
bu-foVªks izjksg iqu#Riknu gkfly fd;k x;kA NAA (1.0-1.5
fe- xzk- izfr yhVj) esa 21 fnuksa ds dYpj ds i’pkr tM+ vkjaHku
gqvkA ef.kiqj esa] flVªl fVªlVstk ok;jl ds fy, lwphÑr 243
uhcwoxhZ; o`{kksa esa ls] DAS-ELISA vkSj  RT-PCR esa 52.3%
o`{kksa dks ok;jl ds izfr ikstsfVo ik;k x;kA ORF1a (404 bp)
ds ifjorhZ {ks= ds vk/kkj ij] lHkh 11 lhVhoh fo;qDrksa dk y{k.ko.kZu
fd;k x;k] ftUgsa ikni vkuqoaf’kdh dh n`f”V ls ikap fHkUu DyLVjksa
esa vyx fd;k x;kA ef.kiqj] ukxkySaM] fetksje] f=iqjk vkSj v:.kkpy
izns’k ls laxzfgr 135 uewuksa esa ls] iqu% 84 uewuksa ¼62-22 izfr’kr½
dks CLas/HLB laØe.k ds izfr ihlhvkj esa ikstsfVo ik;k x;k]
tks laØe.k dh O;kidrk dk lwpd gSA iwoksZÙkj Hkkjr ls 25 CLas
fo;qDrksa vkSj ukxiqj ds 5 fo;qDrksa rFkk fo’o ds fofHkUu fgLlksa ls
vU; fo;qDrksa ds 448 bp 16S rDNA ds vk/kkj ij] uscj TokWbfuax
QkbykstsusfVd fo’ys”k.k esa 12 DyLVjksa ds ckjs esa tkudkjh izkIr
dh xbZA flfDde esa] ve:n esa lcls vf/kd izfr ikni Qy la[;k
¼131 Qy½ RCGH-7 esa rFkk mlds ckn bykgkckn lQsnk (89.0
Qy) esa ikbZ xbZ vkSj RCGH-11esa lcls de ¼37-0 Qy½ ikbZ
xbZA mfe;e esa ve:n vkSj vkM+w esa Qy efD[;ksa ds fo:)
0.03EC (2fe- yh- izfr yhVj) dh nj ls uhe rFkk 6 fd- xzk- izfr
gSDVs- dh nj ls ,e- ,sfulksfIy, (1x108 cfu/gm) ds ,dhÑr
iz;ksx ds lkFk esy ,sfufgys’ku rduhd ¼15 dhV tky izfr gSDVs-
{ks=Qy½ ds iz;ksx dks izHkkodkjh ik;k x;kA flfDde esa vkM+ww esa]
lcls vf/kd ikni ÅapkbZ ¼3-96 eh-½ iRFkjuk[k esa rFkk mlds ckn
iatkc usDVj ¼3-75 eh-½ es gkfly dh xbZA gLr ijkx.k vkSj dhoh
Qy dks vkaf’kd :i ls lajf{kr fd, tkus ls Qy LFkkiu izfr’kr
esa dkQh o`f) gqbZ tks 73.3% ls 100% dh chp FkhA gLr ijkx.k
vkSj vkaf’kd laj{k.k ls flfDde esa dhoh Qy LFkkiu rd fnol ¼5
ls 8 rd fnu½ rFkk Qy ifjiDork rd ds fnol (176.3 ls
184.7 fnu) Hkh izHkkfor gq,A

,aMksftul cukuk LVªhd ok;jl ds y{k.ko.kZu esa iwoksZÙkj Hkkjr
ds dsyk m|kuksa esa ,aMksftul cSMuk ok;jl vuqØeksa dh O;kidrk
ikbZ xbZA iihrs eas] Hkkjr] ,f’k;k] vesfjdk vkSj vkWLVªsfy;k ls iwoZ
esa fjiksVZ fd, x, 75 iihrk fjaxLikWV ok;jl fo;qDrksa ds lkFk fd,
x, QkbykstsusfVd fo’ys”k.k esa ihvkj,loh lef”V esa mPp thuiz:ih
fofo/krk ikbZ xbZ vkSj bl izdkj izkIr QkbykstsusfVd xzwfiax dk
HkkSxksfyd mRifÙk ds lkFk dksbZ lglaca/k ugha ik;k x;kA ef.kiqj ds
ihvkj,loh fo;qDr dk orZeku v/;;u esa y{k.ko.kZu fd;k x;k
vkSj mls nks fHkUu lewgksa esa vyx fd;k x;kA dksykflc] fetksje
ls dVgy ds ,d Dyksu MZJF1dks p;fur fd;k x;k ftlesa cs-
ekSle Qyu gksrk gS vkSj cktkj esa mldh csgrj ekax dh laHkkouk
Hkh gSA fetksje esa] Qly fodkl] mit vkSj xq.koÙkk ds lanHkZ esa
LVªkscsjh dh usfcyk fdLe dk fu”iknu csgrj ik;k x;kA fetksje

esa] Mªsxu ÝwV esa ,saFkzsDuksl lkW¶V jkWV] ÝwV CySd jkWV ,oa ÝwV jsM
jkWV jksxksa dks mRiUu djus okys pkj jksxtukdksa dks lQyrkiwoZd
fo;ksftr fd;k x;k vkSj mudh jksxtudrk dh tkap dh xbZA

f=iqjk ds fy, cSaxu vkSj VekVj izR;sd dh nks oa’kkofy;ksa dks
rFkk I;kt dh rhu oa’kkofy;ksa dks vk’kktud ik;k x;kA uk’khtho
izca/ku ekWM~;wy ds varxZr tSo dhVuk’kdksa] vFkkZr vuksfuu 1EC
,oa uhe 0.03EC @ 1 fe- yh izfr yhVj izR;sd ds feJ.k dk 15
fnuksa ds vrjky ij nks fNM+dkoksa rFkk (15 /gSDVs- {ks= Qy dh nj
ls) Qy eD[kh dhVtky dks LFkkfir fd, tkus vkSj e`nk esa 4 fd-
xzk- izfr gSDVs- dh nj ls ,e- ,sfulksfIy, (1x108cfu/gm) feyk,
tkus ls VekVj vkSj LDoS’k esa Øe’k% 81.33% vkSj 73.67% Qy
eD[kh uqdlku de gqvkA mfe;e esa] vlajf{kr [ksrh ds rgr 01
uoacj ls 01 fnlacj ds nkSjku cqokbZ fd, x, I;kt esa dk”BdhVksa
¼fFkzIl½ dk vkiru dkQh vf/kd ik;k x;kA cSaxu] can xksHkh vkSj
e`nk esa DyksjQsukfij (100 vkSj 200 xzk- izfr gSDVs-) vif’k”V dk
irk yxkus ds fy, GC-ECD (bysDVªkWu dSIpj fMVsDVj ds lkFk
xSl ØksekVksxkQh) dk iz;ksx djrs gq, ,d fo’ys”k.k fof/k fodflr
dh xbZA cSaxu vkSj can xksHkh nksuksa dh ikfjfLFkfrfd;kas esa edM+h dh
lef”V ds fy, DyksjQsukfij dks lqjf{kr dhVuk’kd ds :i esa ik;k
x;kA fetksje esa] eqj>kku jksx ls izfrjks/k ds fy, tkap dh xbZ
cSaxu vkSj oU; iztkfr;ksa ds 90 oa’kØeksa esa ls] 12 oa’kØeksa esa dksbZ
Hkh jksx y{k.k ugha ik, x,] 16 oa’kØeksa dh vk/kh ifÙk;ka eqj>ku
jksx ls izHkkfor ikbZ xbZ vkSj 62 oa’kkofy;ksa esa eqj>ku jksx iw.kZ :i
esa ik;k x;k ftlds dkj.k mudh e`R;q gks xbZ FkhA fetksje dh
ikfjfLFkfrdh ds rgr VekVj esa Qy eD[kh iztkfr;ksa esa ls] VekVj
dh lHkh fdLeksa esa T;w;xksMkdql Vkm dks lcls vf/kd dkWeu
(66.67 to 100.00 %) iztkfr ds :i esa ik;k x;kA

mfe;e esa] dqYFkh chu ¼Mksfypksl chu½] ;kuh MZDBC-12
(1.23 fd- xzk- izfr ikni) vkSj TRDBC-11 (1.1fd- xzk- izfr
ikni) ds mPp mit okys tuunzO;ksa dh igpku dh xbZA dqYFkh
chu dslysD’ku-1 dks ,d mPp mit (173.61-228.38 fDo-
izfr gSDVs-), izdk’k-vlaosnu’khy vkSj cq’k Vkbioa’kØe ds :i esa
fpfUgr fd;k x;kA Ýkl chu dh 145 LFkkuh; oa’kkofy;ksa esa ls]
MNFBC-6, MZFB-44, MZFB- 47 vkSj RCMFB-1 dks
mfe;e dh ikfjfLFkfrdh ds rgr mPp mit’khy ik;k x;kA
mfe;e dh ikfjfLFkfrdh ds rgr yksfc;k thuiz:iksa] ;kuh MZCP-
4 (21.5), CPSL-2 (19.1), CPSL-9 (18.8) vkSj CPSL-
7(18.0) dks mPp mit’khy ik;k x;kA mfe;e esa] Vhlsy xkMZ
dh 46 oa’kkofy;ksa esa ls] lcls vf/kd mit izfr Vhyk RCSG-
15(2.36 xzke izfr ikni) esa rFkk mlds ckn RCSG-14 ,oa
RCSG-13 eas ntZ dh xbZA ‘kdjdan thuiz:i TSp12-12 esa
lokZf/kd foi.ku;ksX; mit (19.23Vu izfr gSDVs-) ntZ dh xbZ
vkSj LFkkuh; fdLe esa ‘kq”d inkFkZ rRo lcls vf/kd (33.33 %)
ntZ fd;k x;kA dksyksdsfl;k thuiz:i] eqDrkds’kh esa izfr ikni
lcls vf/kd ?kudand la[;k (25.33), lcls vf/kd otu (533xzk-

.
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), lcls vf/kd mit (16.88 Vu izfr gSDVs-) rFkk lcls vf/kd
dqy mit (21.33 Vu izfr gSDVs-) es?kky; esa ntZ dh xbZA

gYnh esa] IC-586767 esa lcls vf/kd mit (41.56 Vu izfr
gSDVs-) ntZ dh xbZ vkSj IC-586762 esa lcls vf/kd dqjdqfeu
rRo (6.44%) ik;k x;kA IC-586771 (19.23%) es a lcls
vf/kd vksfy;ksjsflu rRo ntZ fd;k x;kA c`vkbZ ds 60 fnu
i’pku (60 Mh,ih) ij feMdqj fdLe esa lcls vf/kd rktk
jkbtkse otu ¼18-57 xzk- izfr ikni½ ntZ fd;k x;k] tcfd izfrHkk
fdLe esa 120 Mh,ih ij lcls vf/kd rktk jkbtkse otu (217.17
xzke izfr ikni) ntZ fd;k x;k vkSj Qly-dVkbZ ij es?kk gYnh-
1 fdLe esa 369.98 xzk- izfr ikni ds lkFk lcls vf/kd rktk
jkbtkse otu ntZ fd;k x;kA es?kky; dh ikfjfLFkfrdh ds rgr
tSfod mRiknu esa] vnjd fdLe ukfM;k es a ,QokbZ,e $
vkbZvkbZ,lvkj ds lw{e iks”kdrRo la:i.k ¼5 xzk- izfr yh-½ ds
tfj, 75 izfr’kr ukbVªkstu dk iz;ksx fd, tkus ls 37.49 Vu
izfr gSDVs- dh vf/kdre mit ntZ dh xbZ vkSj mlds ckn [kkn
$ 10 izfr’kr oehZok’k ds tfj, 100 izfr’kr ukbVªkstu dk iz;ksx dj
izkIr (36.85 Vu izfr gSDVs-) dh xbZA

mfe;e esa] tjcsjk gkbfczM RCGH-114 esa vf/kdre iq”i
MaBy yackbZ (36.78 ls- eh-) ntZ dh xbZ] tcfd RCGH-117 esa
lcls vf/kd iq”i MaBy O;kl (4.55 fe- eh-) ntZ fd;k x;kA
RCGH-28 dks xeyksa vkSj dejs ds Hkhrj mxkus ds fy, ,d
fefu;spj tjcsjk ds :i esa fpfUgr fd;k x;kA mfe;e esa [kqys
ok;qeaMy fLFkfr ds rgr fyfy;e fdLe Vªslj dk fu”iknu csgrj
ik;k x;k vkSj vf/kd la[;k ¼4-7 izfr ikni½ esa iq”i izkIr fd,
x,A ‘ksM-usV ds rgr vkfdZM dh 33 iztkfr;ksa esa ls] dksbyksgkbu
¶ykflM esa vf/kdre la[;k esa iq”i MaBy@L;wMks cYc ¼6-0½ izkIr
fd, x,A

20% ‘kdZjk] 0.2% vEyh;rk] 0.01% ifjj{kd rFkk 0-5 ls-
eh- eksVkbZ ds lkFk vkm+ ysnj ¼veksoV½ fojpu dk b”Vrehdj.k
fd;k x;k] tks d{k rkieku ij 10 ekg dh vof/k rd csgrj :i
ls dk;e jgkA cksry esa j[ks x, xzhu iSijdkWuZ dks ,sflfMQkbM
czkbu ¼20 izfr’kr½ esa 3 ls 4 lIrkg rd mipkfjr fd;k x;k vkSj
mls rkts ,sflfMQkbM czkbu ¼16 izfr’kr½ esa iqu% cksry esa j[kk
x;k rFkk ;g ifjos’kh rkieku ij 12 ekg dh vof/k rd csgrj
fLFkfr esa dk;e jgkA fuyZthÑr dkdjksy fjaXt ds fy, izksVksdkWy
dk b”Vrehdj.k fd;k x;k vkSj mRikn dks d{k rkieku ij 6 ekg
dh vof/k rd csgrj fLFkfr esa dk;e fd;k tk ldrk gSA

dksdksuV dsl dSVjfiyj egklsuk dkWcsZVh VSEl dks Hkkjr ls
igyh ckj fjiksVZ fd;k x;k gSA vkØe.kdjh uk’khtho VekVj
fiuokWeZ V~;wVk vkWClksyqVk dh Hkh igpku dh xbZ ftls iwoksZÙkj Hkkjr
ls igyh ckj fjiksVZ fd;k x;kA Mh,u, ckjdksfMax esa iwoksZÙkj Hkkjr
esa VekVj iÙkh eksM+d uk’khtho] fyfj;ksekbtk lkfrok CySadkMZ dh
ekStwnxh ikbZ xbZA twu ekg ds nkSjku 5 fd- xzk- izfr gSDVs- dh nj
ls ysdkfuflfy;qe ysdkuh (1×108 cfu/gm) ds e`nk esa iz;ksx dks

vnjd esa jkbtkse ehyhcx] QksfeZdksdksvl ikWyhLisjl dks fu;af=r
djus esa dkQh izHkkodkjh ik;k x;kA pkj egRoiw.kZ ,sfQM iztkfr;ksa]
;kuh fepZ esa ,fQl xksflih] xkaB xksHkh ¼uksy-[kksy½ esa czsfodksjkbus
czkfldk] VekVj esa ekbtql iflZdk rFkk xqykc esa eSØkslkbQqe
xzsusfj;e ds fo:) ,saVkseksiSFkkstu dks lcls vf/kd laHkkfor uk’khto
ds :i esa ik;k x;kA LiksMksIVsjk fyP;wjk ds fo:) tsaFkkstkbyqe
vkekZVqe ds isfjdkiZ ,oa iÙkh vdZ esa l’kDr ,aVhQhMsaV] vksfolkbMy
vkSj ykohZlkbMy xq.k/keZ ik, x,A ih- czkfldk ds 2nd vkSj 3rd

bULVkj ykokZ ds fo:) isfjdkiZ ds tsM- vkekZVqe ds N-hexane
izHkkt esa dkQh l’kDr dhVuk’kd xq.k/keZ ik, x,A feysfV;k
pSphdkikZ vkSj ikfdZ;k jkWDlc?khZ ds iÙkh vdksZa esa Iy;wVsyk tkbyksLVsyk
ykosZ ds fo:) 0-25 izfr’kr ldsanz.k ij l’kDr ,aVhfQMsaV xfrfo/
k ikbZ xbZA flfDde esa cM+h bykbph ds uk’khdhVksa ds izca/ku ds
fy, fLiukslsM 45 SC @ 0.3 fe- yh- izfr yh- dks lcls vf/kd
izHkkodkjh dhVuk’kd ds :i esa ik;k x;kA 28s nrDNA ds vk/
kkj ij mÙkj iwohZ Hkkjr esaLysjksfV;qe fo;qDrksa ds vkf.kod y{k.ko.kZu
es a LysjksfV;qe jksYQlh (KY172987) vkSj ,l- MsfYQuh
(KY172990, KY172988, KY172989) dh ekStwnxh ikbZ
xbZA

[kqEc esa] vkjk Hkwlh vkSj pkSM+h iÙkh vk/kkfjr v/kksLrj ¼lcLVªsV½
dk iz;ksx djrs gq, -,d vYikof/k ‘khVsd [kqEc mRiknu izkS|ksfxdh
¼ikjaifjd fof/k esa U;wure 360 fnuksa dh rqyuk esa 75-82 fnuksa ds
Hkhrj½ dk ekudhdj.k fd;k x;kA ef.kiqj fLFkfr;ksa ds rgr 24-
27°C (Qyu vof/k ds nkSjku) dh rkieku jsat esa csgrj fu”iknu
djus okyh nks mi;qDr ‘khVsd iztkfr;ksa dh Hkh igpku dh xbZA
mPpre ck;ksykWthdy n{krk ¼37-12½ ds lkFk vks;LVj e’k:e
ih,y-16--2 dh ,d mPp mit okyh iztkfr dh Hkh igpku dh
xbZA

?kjsyw ikniksa ij ck;ks-izksLisfDVax v/;;u ds rgr] Vªh chu dh
Qyh ds ehFksuksfyd vdZ vkSj cht feJ.k esa vf/kdre ,aVh
vkWDlhMsaV xfrfof/k (IC50 value of 0.069 mg) ikbZ xbZ] tcfd
oU; larjs ds xwnk ds ehFksuksfyd vdZ esa mPp ,aVh-gkbijXykblsfed
xfrfof/k (74.83%) ikbZ xbZA blds vykok] yksdrd >hy
ikfjfLFkfrdh ls laxzfgr rhu oU; lfCt;ksa] uker% tqflvkb;k
fjisUl ,y-] xkbuqjk dqflEcqvk vkSj ikWyhxksuqe lkxhVkVqe esa mPp
jsfMdy Ldsosaftax xfrfof/k;ka ibZ xbZaA ef.kiqj esa thok.kqvksa dh
ck;ks-izksLisfDVax esa rhu egRoiw.kZ ikni-jksxtudksa] vFkkZr ¶;wlsfj;e
vkWDlhLiks#e] jkbtksDVksfu;k lksysuh ,oa ikbfjdqysfj;k vksfjts ds
fo:) nks ?kjsyw ,sfDVuks-cSDVhfj;y iztkfr;ksa] vFkkZr RCM-
SSR-5 vkSj RCM-SSR-11dh ,aVkxksfufLVd xfrfof/k ds fy,
igpku dh xbZA ikap iztkfr;ksa] ;kuh dh RCM-SSR-2, RCM-
SSR-5, RCM-SSR-6,RCM-SSR-8 vkSj RCM-SSR -11
esa QkWLQsV ?kqyu’khyrk rFkk IAA (36.3±2.1 μg/ml)] veksfu;k
vkSj lkbMsjkQksj ds mRiknu tSls ikni-vko/kZd xq.kksa ds fy,
ldkjkRed ifj.kke ik, x,A RCM-SSR-6 ds Qhnj gkbMªksykblsV
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ij 0.1 fe- xzk- izksVhu izfr fe- yh- Mkbyq’ku dk iz;ksx fd, tkus
ls xkMZu eVj lhM dh tM+ yackbZ] izjksg yackbZ vkSj vkSt lwpdkad
esa vf/kdre o`f) ikbZ xbZA ¼dqDdqV ia[k dpM+k@osLV½  ¼fpdu
Qhnj osLV½ dks Qhnj izksVh gkbMªkykblsV ¼,Qih,p½ esa ck;ksdUotZu
esa ,d cgqeq[kh ?kjsyw thokf.kd iztkfr] Økbfl;kscSDVh#e lsfMfeful]
RCM-SSR-7 dks Hkh dkQh izHkkodkjh ik;k x;kA ,Qih,p esa
ukbVªkstu ¼12 izfr’kr½ rFkk ewy vfeuks vEy] fo’ks”k :i ls
fgLVMkbu] U;wlkbu] fyflu] fFkz;ksukbu] vkblksY;wlkbu ,oa
ehfFk;ksukbu Hkjiwj ek=k esa ik;k x;kA ,Qih,p dh QhYM n{krk
dks Qwy xksHkh esa lQyrkiwoZd VsLV fd;k x;k vkSj 75% ,Qih,p
$ 25% ;wfj;k dk iz;ksx fd, tkus ls csgrj ifj.kke izkIr fd;k
x;kA ,Qih,p us 86% dh ikpuh;rk Hkh iznf’kZr dh] tks ;g
bafxr djrk gS fd bls i’kq vkgkj lkefxz;ksa ds :i esa mi;ksx
fd;k tk ldrk gSA ef.kiqj dsanz }kjk bl izkS|ksfxdh dk lQyrkiwoZd
okf.kfT;dj.k fd;k x;k gSA

mfe;e ds ekSle mxzrk fo’ys”k.k esa mxz rkieku lwpdkadksa esa
cnyko ik, x,] tks vfr egRoiw.kZ Fks] tcfd mxz o”kkZ lwpdkadksa
esa cnyko dksbZ egRoiw.kZ ugha FksA mfe;e] es?kky; esa ‘khrdky ds
nkSjku ikWyhgkml dks xje j[kus ds fy, vFkZ ghV ,Dlpsat dks
mi;qDr ik;k x;k] ysfdu tyok;q ifjorZu ds rgr xzh”e ds
nkSjku ikWyhgkml dks BaMk j[kus ds fy, mls mi;qDr ugha ik;k
x;kA tqrkbZ ls igys visf{kr dk;Z fd, fcuk gYnh dh Qly-
dVkbZ ds mijkar eDds dh izR;{k :i ls cqokbZ djus gsrq thjks-fVy
lhM fMªy dh izksVksVkbi fQtsfcfyVh VsfLVax dks 18 fd- xzk- izfr
gSDVs- dh cht nj ij larks”ktud ik;k x;k vkSj mldh QhYM
{kerk 0-08 gSDVs- izfr ?kaVk gkfly dh xbZA FYM ij AICRP
vkSj fjoksfYoax QaM Ldhe ds rgr o”kZ 2017-18 ds nkSjku QkeZ
vkStkjksa ,oa midj.kksa ¼828 ux½ ds izksVksVkbiksa dh vkiwfrZ mÙkj
iwohZ jkT;ksa ds fofHkUu fgr/kkjdksa dks dh xbZ ftlls 3]95]795
#i;ksa dh vk; vftZr dh xbZA es?kky; ds e/; igkM+h {ks=ksa ds fy,
mi;qDr Lopkfyr lkSj  Vid flpakbZ iz.kkyh ds Lopkfyr fu;a=.k
ra= dh iz;ksx’kkyk esa 1 ,pih ,lh okVj iai ds lkFk VsfLVax dh
xbZA tc ueh rRo 25 izfr’kr ls de gksrk Fkk rc ;g ra= vius
vki pkyw gks tkrk Fkk vkSj tc ueh rRo 35 izfr’kr ls vf/kd
gksrk Fkk] rc ;g vius vki can gks tkrk FkkA

ef.kiqj ds m[k:y ftys es a dpkbZ yseu ds ewY; J` a[kyk
v/;;u esa ;g ik;k x;k fd dqy ykxr dh rqyuk esa] ykxr ykHk
vuqikr ¼chlhvkj½ lerqY;] vFkkZr 1-23 Fkk vkSj iznÙk ykxr dh
rqyuk esa chlhvkj 5-53 ds cjkcj FkkA es?kky; esa dsanz ljdkj ds
laxBuksa esa HkkÑvuqi us buiqV (16.7%), lwpuk (10.7%) vkSj
lykgdkjh lsokvksa (9.6%) ds vk/kkj ij fgr/kkjdksa dks vf/kdfre
lsok,a miyC/k djkbZaA es?kky; esa LFkk;h izHkko ekWMy dk iz;ksx
djr gq, i’kq/ku mRiknu ij tyok;q ifjorZu ds vkdyu esa ;g
ik;k x;k fd es?kky; esa ekal vkSj nw/k mRiknu ij rkieku dk
ldkjkRed izHkko iM+k] tcfd o”kkZ vkSj rkieku nksuksa ls vaMk

mRiknu izHkkfor ugha gqvkA dan@lCth v/kkfjr ,dhÑr Ñf”k
ekWMyksa dk vaxhdj.k fd, tkus fdlkuksa dh vk; de ls de nqxquh
vo’; gqbZA fdlkuksa ds fy, QhYM Ldwy vk;ksftr djus dh vo/kkj.kk
dk ef.kiqj ds /kku fdlkuksa ij ldkjkRed izHkko iM+kA

mfe;e esa vkjds-13 lsy ykbu esa lh,l,Qoh oSDlhu ds fy,
izksVksVkbi fodflr fd;k x;kA lhje uewuksa esa lh,l,Qoh ,aVhckWMh
dh [kkst ds fy, bu-gkml vizR;{k bZyhlk fdV fodflr dh
xbZA vkjds-13 lsy ykbu esa lh,l,Qoh dh iqf”V ds fy, bUMk;jsDV
bE;wuks-isjkWDlhMsl VsLV ¼vkbZ-vkbZihVh½ dk mi;ksx lQyrkiwoZd
fd;k x;kA gseksjksftd lsfIVlsfe;k ¼,p,l½] CySd DokZVj ¼chD;w½]
[kqjidk vkSj eqagidk jksx ¼,Q,eMh½ vkSj Dykfldy Lokbu Qhoj
¼lh,l,Q½ es?kky; esa ekStwn izeq[k i’kq/ku jksx FksA mÙkj iwohZ
Hkkjr ds fofHkUu jkT;ksa esa lhjks-lfoZysal ds }kjk iksflZu fjLikbjsVªh
,oa fjizksMfDVo flaMªkse ¼ihvkjvkj,l½] cksokbu ok;jy Mk;fj;k
¼chohMh½] cksokbu czwlsyksfll] Lokbu czwlsyksfll] dsijkbu czwlsyksfll]
bUQSDpqvl cksokbu jkbuksVªkphfVl ¼vkbZchvkj½] isLV Msl isfVfVl
#feusUV~l ¼ihihvkj½ vkfn jksxksa dk funku fd;k x;kA lexz :i
ls] es?kky; esa i’kqvksa esa cwzlsyksfll dh O;kidrk 7-59% FkhA iwohZ
[kklh igkfM+;ksa ¼14-8%½ vkSj if’peh   t;afr;k igkfM+;ks  ¼29-
8%½ esa cksokbu vkSj iksflZu czwlsyksfll jksx lcls vf/kd ntZ
fd;k x;kA pwt+ksa ds dSEihykscSDVj YH502 ds thukse fo’ys”k.k esa
1,718,974 bp dk ,d Øksekslkse rFkk 125,964 bp dk ,d
esxk-IyklfeM (pCOS502) ik;k x;kA lkr LVkfQyksdksdql
vkSjs;l fo;qDrksa dh iqf”V eSfFkflfyu izfrjks/kh LVsfQyksdksdql
vkSjs;l ¼,evkj,l,½ ds :i esa dh xbZA cksokbu] iksflZu vkSj
dqDdqV ds [kkn uewuksa esa DyksjesfQfudksy izfrjks/kh thuksa (cat1)
dh [kkst dh xbZA mÙkj iwohZ {ks= ds dqDdqV esa xSLVªks bUVsLVkbuy
iSjkflfVd laØe.k dh lexz O;ikdrk 39.2% FkhA

fjxzsl lsyD’ku ls ,d vk’kktud u, lwvj ØkWlczsM ̂ ^yqElfu;sax^^
dks lQyrkiwoZd fodflr fd;k x;kA vk’kktud c<+okj nj]
csgrj ekr`Ro l{kerk] mPp larfr vkdkj vkSj csgrj vuqdwyurk
ds dkj.k igkM+h ^^yqElfu;asx^^ ikfjfLFkfrdh ds fy, dkQh mi;qDr
gSA fdlkuksa ds [ksrksa esa ØkWlczsM fixysV mRikfnr djus gsrq
eksckby vk/kkfjr Ñf=e xHkkZ/kku ¼,vkbZ½ fMyhojh ekWMy LFkkfir
fd;k x;kA xje vknzZ tyok;q {ks= dh rqyuk esa es?kky; eqjkZ HkSal
dh tuu{kerk vkSj iqu%tuu {kerk csgrj ikbZ xbZA CYM ÝwV
¼gsekVksdkiqZlosfyMql½ ds lkFk izcfyr vkSj le`) iksdZ lkWlst
fodflr dh xbZA cÙk[k vkSj VdhZ dk c<+okj fu”iknu es?kky; dh
Ñf”k-tyok;q ikfjfLFkfrfd;ksa esa b”Vre ik;k x;kA dqDdqV ikyu
dh xgu iz.kkyh ds varxZr Jhfuf/k iSr`dksa dh rqyuk esa] oujktk
iSr`dksa dk fu”iknu csgrj FkkA ?kjsyw ,oa mUur c<+okj okys pwt+ksa
dks Vjesfjd ,oa jksts+sy ikmMj dk vkgkj vuqiwj.k fn, tkus ls
‘khr ncko ikfjfLFkfrdh esa mipkjkRed izHkko ik, x,A oukjktk
if{k;ksa dh rqyuk esa] ?kjsyw usDM usd ,oa ukWeZy QhnMZ if{k;ksa dks
‘khr ncko ds fo:) vf/kd lfg”.kq ik;k x;kA dqy 73481 ,oa
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138077 pwt+ksa dks mRikfnr ¼PSP½ dj Øe’k% ukxkySaM vkSj ef.kiqj
esa fdlkuksa dks forfjr fd;k x;kA ukxkySaM dh QhYM ikfjfLFkfrdh
ds rgr dqy 895 fixysVksa dk izlo ¼lwvj ij ,e,lih½ gqvk vkSj
383 lwvjksa dk Ñf=e xHkkZ/kku djk;k x;kA

flfDde esa] fla?ksjh cdfj;ksa esa esykVksfuu mipkj fn, tkus ls
mPp dkeksUekn izsj.k vkSj larfr nj izkIr dh xbZA tUe ds le;
ij mu larfr;ksa dk otu dkQh vf/kd ik;k x;k ftUgsa cdjs }kjk
xfHkZr fd;k x;k FkkA nks ?kjsyw dqDdqV uLyksa ds vkf.kod y{k.ko.kZu
esa f=iqjk CySd vkSj f=iqjk czkmu uLyksa dh fHkUu tsusfVd iwy dh
laHkkouk,a O;Dr dh xbZ gSaA dqDdqV fu”iknu v/;;uksa esa ;g ik;k
x;k fd DyMZ czkW;yj ¼Mseykbu½ vkSj M~;wvy Vkbi ¼ch,uMh
ØkWl½ dqDdqVksa dh c<+okj ,oa vaMtuu {kerk csgrj FkhA

e/; igkM+h ikfjfLFkfrdh ds rgr eNfy;ksa dh lokZf/kd thfoÙkk
vkSj c<+okj ds vk/kkj ij] daØhV ds VSadksa esa lkbfizuql dkfiZ;ks
¼fdLe dkWE;wful½ vkSj ysfc;ks xksfu;l ds chtksRiknu ds fy, 10
Vu izfr gSDVs- dh nj ls dqDdqV [kkn ds mi;ksx dks dkQh
izHkkodkjh ik;k x;kA fdjMsedqykbZ >hy vkSj meVª;w unh ds
fyEuks-ikfjfLFkfrdh; vkSj eNyh fofo/krk v/;;uksa esa lkbfizuql
dkfiZ;ks ¼80 izfr’kr½] csfMl csfMl] pUuk ukek] pUuk iaDVsVl]
Msfu;ks Msafxyk] ysfiMkslsQsyl xqufV;k] Dysfj;l ekxqj] Dysfj;l
xsjhfiul] fu;ksslksphyql gSDlkxksukysfIl] iqfUV;l lksQksj] izku
vkfn dh ekStwnxh ikbZ xbZA ,aVhcSDVsfj;y VsLV esa ,sjkseksul
gkbMªksfQyk ds fo:) fl?kh ,oa èxy dh Ropk ,oa ey esa vf/kdre
,aVhcSDVhfj;y xq.k/keZ ik, x,A ef.kiqj esa] rkykc fLFkfr;ksa dks /
;ku esa u j[krs gq,] Vksj eg’khj ds xzksFk MkVk ds fy, xksEiVZt
ekWMy dks lcls vf/kd mi;qDr ik;k x;kA ekbuj dkiZ ds ofxdhZ
LFkkiu ds fy,] feVksdkWfUMª;y 16 SrRNA thu vuqØekas dk
iz;ksx djrs gq, ysfc;ksfuu eNyh ¼mnkgj.k ds fy, csaxkukMsjks ½
dk vk.kfod y{k.ko.kZu lQyrkiwoZd fd;k x;kA fetksje dh
ufn;ksa esa eNyh fofo/krk ds vkdyu esa ?kjsyw eNyh iztkfr;ksa dh
mPp fofo/krk ikbZ xbZ] ftUgsa lajf{kr fd, tkus dh vko’;drk gS
D;ksafd mudh mRifÙk dks ,aFkzksikstsfud dk [krjk gksrk gSA :nzklkxj
>hy ij fd, x, v/;;uksa esa Vªkalisjsalh] {kkjh;rk vkSj gkWMZusl dks
NksM+dj] l?ku tytho ikyu ds fy, b”Vre gkbMªksykWthdy
izkpyksa dks n’kkZ;k x;k gS] vkSj blds ifj.kkeLo:i] bl >hy esa
14 ifjokjksa vkSj 6 vkWMZj ls de ls de 33 eNyh iztkfr;ka ikbZ
tkrh gSaA vU; v/;;uksa esa varjk-milewg ;kSu-ØhMk vlaxrrk ds
lkFk ekbLVql dkflZ;ks vkSj ekbLVql Vsuxkjk ds 2 fHkUu vkdkfjdh;
mi-lewgksa dk mYys[k fd;k x;k FkkA ck;ks-¶ykWd v/;;uksa esa ty
fudk;ksa ls veksfu;k ds vo’kks”k.k gsrq ‘kdjdan dh Js”Brk rFkk
dkWeu dkiZ fQaxjfyaxksa esa c<+rh bE;qfuVh dk mYys[k ik;k x;kA
blh izdkj ls] 2 izfr’kr vks;LVj e’k:e dk vkgkj vuqiwj.k fn,
tkus ls ,sQsuksekblsl bUosMsal ds fo:) ysfc;ks jkfgrk esa
bE;qfuVhizkpyksa esa dkQh lq/kkj ns[kk x;k] tcfd ,- bUosMsal ds
udjkRed ft;ksVsfDVd twLiksjksa dk cgqxq.ku mPp lrgh ty

rkieku (>25°C) vkSj xSj-vEyh; ty (pH >7) ij dkQh de
FkkA blds vfrfjDr] 250 ppm QksesZfyu@iksVsf’k;e ijeSXusV ;k
1000 ppm gYnh@uhe iÙkh vdZ dk iz;ksx fd, tkus ls eNyh
esa ,- bUosMsal ds QSyko dks dkQh T;knk fu;af=r fd;k x;kA

NICRA ds varxZr dksykflc] fetksje ds 37 o”kksZa ¼1980 ls
2017½ ds MkVk esa ;g ik;k x;k fd vkSlr ekfld vf/kdre ok;q
rkieku dkQh vf/kd (p<0.05) c<+ jgk Fkk ( +0.1064°C/o”kZ
dh nj ls)tcfd U;wure ok;q rkieku esa fxjrh izo`fÙk ns[kh xbZ]
gkykafd ;g dksbZ [kkl egRoiw.kZ ugha FkhA dksykflc esa jkf= dk
rkieku BaMk FkkA mÙkj iohZ Hkkjr ds lHkh jkT;ksa ls laxzfgr 1100
thuiz:iksa ds ,d laxzg esa ls] mPp ‘kjhjfØ;kRed ,oa vU;
mit’khy xq.kksa ds lkFk lkr rki lfg”.kq pkoy thuiz:iksa dh
igpku dh xbZA c<+rs rkiekuksa ds rgr xzsu fc;fjax l{kerk ds
vuqØe esa] budk uke n;k] Hkkyqe 3] TRC 2016-301, TRC
2016-624, Hkkyqe 1, TRC 2016-426 vkSj ef.kiqj FkkA c<+rh
mez ds fixysVksa ds fy, ‘khr ncko dks de djus gsrq ,d mPp
ÅtkZ okyk vkgkj vuqiwj.k ¼ftls ‘khrdkyhu vkgkj dgrs gSa½
fodflr fd;k x;kA 8 lIrkg dh mez ds ØkWlczsM fixysVkas dks
‘khrdkyhu vkgkj vuqiwj.k fn, tkus ls lkekU; vkgkj dh rqyuk
esa] muds ‘kjhj ds otu (294±15.90 cuke 267±14.78 xzk-
izfr fnu)esa dkQh c<+ksÙkjh gqbZ rFkk mudh vkgkj n{krk (1:4.56
cuke 1:4.83) Hkh csgrj FkhA e/;-igkM+h es?kky; esa ‘khr ncko ds
rgr ikyh tk jgh if{k;ksa ¼usDM usd] ukWeZy QhnMZ vkSj oujktk½
esa jksx izfrjks/k {kerk c<+kus gsrq vkgjijh{k.k ds tfj, gYnh
(@1%) vkSj jkst+sy (@0.5%) ls ,d vkgkjh; gcZy ikmMj
vuqiwj.kfodflr fd;k x;kA bu if{k;ksa dks 12 lIrkg rd bl
vkgkjh; vuwiwj.k dk vkgkj fn, tkus ls muesa lhje dksfVZlksy dh
ek=k esa deh vkbZ] tcfd lqijvkWDlkbM fMLeqVsl (SOD) vkSj
ghV ‘kkWd izksVhu (HSP 20, 40, 70 ,oa 90) Lrjksa esa o‘f) gqbZ]
ftlds QyLo:i mijksDr if{k;ksa esa ‘khr ncko lfg”.kqrk c<+hA

tutkrh; mi;kstuk ¼Vh,lih½ ds varxZr o”kZ 2017-18 ds
nkSjku vk;ksftr fofHkUu vkthfodk dk;ZØeksa ls lkr mÙkj iwohZ
jkT;ksa ds 27998 ls vf/kd tutkrh; fdlku ykHkkfUor gq,A mÙkj
iwoZ Hkkjr ds fofHkUu tutkrh; xkaoksa esa vusd dk;Zdyki pyk,
x, ftuds ifj.kkeLo:i 430 fHkUu HkkSfrd ifjlaifÙk;ka l`ftr dh
xbZa] tSls fd tydqaM] lwvj iztuu bdkbZ] chch dkiZ gSpjh] Ñf”k
iz.kkyh ekWMy] [kqEc izn’kZu bdkbZ] izlaLdj.k la;a=] Nk;knkj
tky;qDr x‘g] lksyj Mªk;j] i’kq vkgkj fey] nw/k fudkyus dh
e’khu] lkeqnkf;d flapkbZ lqfo/kk] mPp ek=k esa lkeqnkf;d ty
lap;u lajpuk,a] iai lsV] lqikjh di esfdax e’khu] pkQ dVj ,oa
VªkWyh yksMj] :Q VkWi ty lap;u lajpuk,a rFkk ikoj fVyj vkSj
bu ifjlaifÙk;ksa dks mijksDr tutkrh; xkaoksa ds fdlkuksa dks
forfjr fd;k x;kA blds lkFk-lkFk] tutkrh; fdlkuksa ds {kerk
fodkl ds fy, Ñf”k ds vusd {ks=ksa ¼Qly mRiknu] i’kq/ku
mRiknu vkSj izca/ku] [kqEc dh [ksrh] ckxokuh Qlyksa dk miknu
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vkSj izca/ku vkfn½ esa vxziafDr izn’kZu ,oa tkx:drk dk;ZØe
vk;ksftr fd, x,A

,xzh-fctusl bUD;wcs’ku ¼,chvkbZ½ ds rgr ekal@Qy@elkyk
izlaLdj.k ls ysdj dqDdqV@lwvj ikyu@Ms;jh@vkS”k/kh; ,oa
lax/kh; ikni Ñf”k vkSj izlaLdj.k vkfn tSls fofHkUu {ks=ksa esa 56
m|fe;ksa@ m|eksa dks ,chvkbZ dk lnL; cuk;k x;kA ,vkbZch
dk;ZØe esa varxZr izf’kf{kr nks lnL;ksa essa ls ,d lnL;] ;kuh
fVujkb QkElZ izkbosV fyfeVsM] f’kyksax] es?kky; us 20 [kqnjk

nqdkuksa dks izlaLÑr ,oa iSDM ekal mRiknksa dh lh/ks vkiwfrZ dj 36
yk[k #i;ksa dh okf”kZd VuZvksoj gkfly dhA vU; izf’kf{kr lnL;]
vFkkZr xk;e QwM~l] m[k:y] efk.kiqj us 8 yk[k #i;ksa dh okf”kZd
VuZvksoj ds lkFk 42 fHkUu izlaLÑr [kk| mRiknksa ¼tSls fd tSe]
dSaMh] tSyh] vpkj vkfn½ dks mRikfnr fd;kA {ks= esa Ñf”k-m|e’khyrk
fodkl ds fy, ,chvkbZ us ekal izlaLdj.k] eNyh izlaLdj.k] Qy
izlaLdj.k vkSj ewY;o/kZu vkfn ij vusd O;kogkfjd izf’k{k.k dk;ZØeksa
dk vk;kstu fd;kA
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The total annual rainfall at Umiam was 2729.7 mm
in 2017 which was 14% higher than normal and the
annual temperature varied from 5.5oC to 28.4oC. Four
rice genotypes were advanced to AVT-I of AICRP
(Hill); four entries under aerobic and three entries
under boro were found promising. Additionally, 40
rice genotypes were characterized for drought
tolerance traits which showed three morphologically
distinct groups. Over-expression of Pisum sativum
Eukaryotic Translational Initiation Factor 4A (Ps -
eIF4A) in rice (cv. Swarna) showed higher level of
salinity tolerance. In Manipur, eleven high yielding
breeding lines of paddy have been identified for further
development as varieties. In RCRT (upland), RCPL
1-413 (3.5 t/ha), RCPL 1-129 (3.3 t/ha), RCPL 1-131
(3.3 t/ha) were found promising in Meghalaya. In
upland conditions of Mizoram, the highest grain yield
was observed in variety Bhalum-1 (3.96 t/ha) while
in lowlands, variety Gomati produced the highest grain
yield (3.67 t/ha). In Sikkim, Pusa Sugandha-5 (3.82 t/
ha) recorded significantly higher grain yield (3.82 t/
ha) over other cultivars. Among one thousand four
hundred thirteen lines screened against blast at ICAR,
Umiam and Manipur centers under AICRP on Rice,
one hundred and eighty eight entries were resistant to
blast. In Manipur, total of 35 entries of paddy showed
resistance to both leaf and neck blasts. In Sikkim, six
rice germplasms (Rimskee, Khimtae, Jornali, Nepal
Dhan, Champey, Marsee) showed blast resistance.

Transcription activation factor DREB 2A was
cloned from Pennisetum glaucum (PG–DREB 2A)
over-expressed and enhanced moisture stress tolerance
in maize (Zea mays L.) line RCM 1-2.  Maize
composite lines developed by the Institute viz., RCM
1-1, RCM 1-2 (popcorn), RCM 1-61, RCM 75 and
RCM 76  were evaluated at Institute farm as well as
in adaptive trials at Pyngkhrep village, Meghalaya.
These lines maintained their yield potential in all
locations and years. One hundred sixteen lines in
replicated trials were evaluated for Turcicum leaf
blight resistance at ICAR, Umiam under AICRP on
Maize and seventeen lines were found to be resistant.
The maximum yield was produced by maize var.
RCM-76 (5.72 t/ha) in Mizoram. Oat var. Kent yielded
fresh fodder in the tune of 30.5 t/ha under 1st cutting
and 21.6 t/ha in ratooning at Kolasib. Similarly in
Sikkim, RCM 1-76 recorded highest grain yield (3.39
t/ha) which was at par with RCM 1-75 (3.29 t/ha).

In Mizoram, the pea variety Arkel (23.20 q/ha)
produced the highest yield while in lentil, varieties

LO-1 (13.90 q/ha) and LO-9 (13.5 q/ha) recorded
maximum yield. Among the different varieties of
Arhar, Pant Arhar-3 recorded significantly higher grain
yield (0.95 t/ha) over Pant Arhar-291 (0.64 t/ha) and
UPAS-120 (0.75 t/ha) under Sikkim conditions. Five
high yielding lines of perilla namely RC Thoiding-21
(18.6 g/plant), -6 (17 g/palnt), -15 (14.5 g/plant), -8
(13.9 g/plant) and -16 (12.8 g/plant) were identified
under Manipur condition.

Maximum system productivity was recorded under
cropping system: vegetable cowpea-maize + rice bean
(7.73 t/ha). The high quality protein maize cultivars
(HQPM-1 and HQPM-5) were also demonstrated
across the Manipur state in 125 ha area. Under agro-
textile based ground cover, 60, 34 and 36 percent
higher yield of maize, sweet corn and pea, respectively
was recorded as compared to open field condition. In
sunken beds, Shahsarang 1 recorded the highest yield
under rice-lentil as well as in rice-pea cropping
sequences. Improved cropping systems like Maize-
French bean, Maize-Groundnut, Maize-Soybean and
Rice-Pea were introduced in different villages for
enhancing cropping intensity and also to enrich soil
with nitrogen via fixation. In Mizoram, growing
soybean (19.89 q/ha) and green gram (9.17 q/ha) as
solo produced higher yields respectively than
intercropping with maize. Among the different rice-
based cropping systems, significantly higher rice grain
yield (4.84 t/ha) was recorded with Rice-Fenugreek
(Leafy vegetable)-Baby corn followed by Rice-
Broccoli-Sesbania (4.61 t/ha) cropping system in
Sikkim. Introduction of pea in rice based cropping
system in Meghalaya, farmers were benefitted with
an additional income of Rs. 81,500/ha over rice-fallow
system in Meghalaya.

In Meghalaya, Integrated Farming System (IFS-
7000 m2) recorded gross return of Rs 4,33,931/- with
net return of Rs 1,56,278/ ha/year, besides providing
year round employment to the farm family members.
The overall soil and water conservation efficiencies
of Congo signal, hybrid Napier, broom, guinea, lemon
grass, citronella and cultivated weeds were 25.55%,
25.6%, 33.85%, 36.85%, 25.05%, 28.16% and 37%,
respectively. The soil and water conservation
efficiency (%) at micro-watershed levels under
different IFS like agriculture (W1), agri-horti-silvi-
pasture (W2), agro-forestry (W3) and forestry (W4)
was found to be 44.9, 47.9,45.6 and 37.5, respectively
compared to the natural fallow (W5). Among the
different farming system models, Agriculture +

EXECUTIVE SUMMARY
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Horticulture + Piggery + Fishery based IFS gave the
maximum profit in Nagaland.

Diversification of rice based mixed farming system
in Manipur with leguminous based cropping systems
(like groundnut, arhar, rajma, moongbean, urdbean,
ricebean, cowpea and soybean) improved yield of
soybean, groundnut, maize and rice across all nutrient
management practices. The technology was
demonstrated in 150 ha area covering 283
beneficiaries. Diversification through in-situ moisture
conservation practices in maize + cowpea-vegetable
pea sequences recorded the maximum maize
equivalent yield (17.0 t/ha) with B: C ratio of 3.02.
In-situ retention of maize stalks + weeds biomass in
Sikkim recorded 23.7 and 6.7% higher maize
equivalent yield compared to control (without mulch)
and maize stover mulch, respectively. Adoption of
Integrated Organic Farming System model in an area
of 0.43 ha could able to meet the requirement of 92%
of the total nitrogen (N), 82% of the total phosphorous
(P), 96% of the total potassium (K) and most of the
micronutrients.

Hyperspectral remote sensing was successfully
carried out for abiotic stress detection in in-field maize
crop grown in strong acid soils of Meghalaya.  Analysis
of periodic field spectra following standard procedures
revealed significant variation in spectral reflectance
pattern between stress-free and nutrients (N & P)
stressed maize crops along the crop growth stages
(vegetative to reproductive). Drone (UAV) based
technology was successfully used for detection and
periodic assessment of standing maize crop conditions
in Meghalaya. Three advanced machine learning
classification techniques viz., Random Forest (RF),
Random Committee (RC) and Support Vector Machine
(SVM) with polynomial kernel satisfactorily classified
UAV data and separated nutrient deficiency induced
stressed crops from healthy crops. Adoption of
recommended management practices including
fertilization and irrigation in a peach orchard at mid-
altitude Meghalaya for long period (20 years) resulted
in significant deterioration of major soil fertility,
microbial and hydro-dynamic attributes of soil quality.
Repeated fertilization over the years in the drip circles
around the peach tree caused wide spatial variability
in the soil properties between the drip circles and inter-
row spaces.  Maize cultivars viz., Megha-9, Megha-
10 and MZM-19 were highly tolerant to Aluminium
toxicity (up to 250 μM) in pot culture assays compared
to existing RCM-1-76.  Coal mining in Jaintia Hills
of Meghalaya severely acidified the soil by nearly one
unit pH (3.58) compared to soils from unaffected areas
(pH: 4.5) and also resulted in increase of available

sulfur and heavy metals, namely iron, manganese and
copper and zinc content by several-fold in excess of
critical limits, while the availability of phosphorus,
potassium and zinc contents diminished by 55%, 16%
and 40%, respectively. Total organic carbon (TOC)
concentration was significantly increased with the
increase in jhum fallow periods in Mizoram. Under
agronomic studies, application of 2% urea with and
without 2% KCl significantly improved the growth of
lentil crop, while application of AM bio-fertilizers
improved the rice yield by 26.7%.

Adoption of conservation tillage (zero) in
Meghalaya, significantly increased grain yield of rice
(43.7%) and succeeding rabi crops, viz., toria (85.5%)
and potato (56.3%) compared to conventional tillage
practices.  DSSAT CERES-Maize model was
calibrated for maize cultivar RCM-76 under Umiam
condition for nutrient/crop management and the impact
of climate change in this region. Application of biochar
@ 2.0 t/ha along with 100% RDN through FYM
recorded higher grain yield of maize (3.44 t/ha) in
maize-pea cropping system. The four years pooled data
analyses in rice showed that application of  33% N
FYM+33% N VC +  GM resulted in highest grain
yield for RCM 1-3 (3.91 t/ha) and RCM 1-76 (4.19 t/
ha) in Sikkim. Rajmash and black gram recorded
higher grain yield in reduced tillage (1.16 t/ha) over
zero (0.91 t/ha) and conventional (0.64 t/ha) tillage in
Sikkim. Root architectural traits of peas were better
under conventional over conservation tillage practices.
The rice equivalent yield (REY) of broccoli-vegetables
cropping system was maximum under nutrient sources
from 100% organic (39.79 t/ha) followed by integrated
(39.02 t/ha) and 75% organic (34.95 t/ha).

A correlation among soil, leaf nutrient content and
fruit characteristics was established in decline and non-
declined orchards. Direct in-vitro shoot regeneration
in Kachai lemon was achieved in BAP (1.0 to 2.0 mg/
L). Root initiation has been observed in NAA (1.0-
1.5 mg/L) after 21 days of culture.  In Manipur, out of
243 citrus trees indexed for Citrus Tristeza Virus,
52.3% were tested positive in DAS-ELISA and RT-
PCR. All total 11 CTV isolates were characterized
based on variable region of ORF1a (404 bp), which
phylogenetically segregated into five distinct clusters.
Again, out of the 135 citrus samples collected from
Manipur, Nagaland, Mizoram, Tripura and Arunachal
Pradesh, 84 samples (62.22%) were tested positive in
PCR for CLas/HLB infection, indicating its high
prevalence. Neighbour joining phylogenetic analysis
based on 448 bp 16S rDNA sequence fragment of 25
CLas isolates from NE India and 5 isolates from
Nagpur along with other isolates from different parts
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of the world, showed 12 clusters. In Guava, the total
no. of fruits per plant was maximum (131 no.) in
RCGH-7 followed by Allahabad Safeda (89.0 no.) and
minimum (37.0) was recorded in RCGH-11 in Sikkim.
Integrating male annihilation technique (15 traps/ha)
with two topical sprays of Azadirachtin 0.03EC (2ml/
l) and soil incorporation of M. anisopliae (1x108 cfu/
gm) @6kg/ha was found effective against fruit flies in
guava and peach at Umiam. In pear, Patharnakh
attained maximum plant height (3.96 m) followed by
Punjab Nectar (3.75 m) in Sikkim. Hand pollination
and partial protection of kiwi fruit significantly
increased the fruit set per cent which varied from
73.3% to 100%. Hand pollination and partial
protection also influenced the no. of days taken to fruit
setting (5 to 8 days) and fruit maturity (176.3 to 184.7
days) of kiwifruit in Sikkim.

Characterization of endogenous Banana Streak
Virus revealed the prevalence of endogenous
badnavirus sequences in the banana mats of NE India.
In papaya, phylogenetic analysis with 75 Papaya
Ringspot Virus isolates reported earlier from India,
Asia, America and Australia revealed high genotypic
diversity among PRSV population and phylogenetic
grouping, thus, obtained did not correlate with
geographical origin. PRSV isolates from Manipur
characterized in the present study segregated into two
distinct groups. A clone of jackfruit MZJF1 was
selected from Kolasib, Mizoram with off-season
bearing habit having good market potential. Nabila
variety of strawberry performed well with respect to
growth, yield and quality in Mizoram. Four pathogens
causing anthracnose, soft rot, fruit black rot and fruit
red rot in dragon fruit were successfully isolated and
pathogenicity were tested  at Mizoram.

Two entries each of brinjal and tomato and three
entries of onion were found promising for Tripura.
Pest management module consisting of two sprays at
15 days interval of mixture of bio-pesticides viz.,
Anonin 1EC and Azadirachtin 0.03EC @ 1ml each /
liter of water along with installation of fruit fly traps
@15/ha and soil incorporation of M. anisopliae
(1x108cfu/gm) @4kg/ha was found reducing 81.33%
and 73.67% fruit fly damage in tomato and squash,
respectively. Thrips incidence was found to be
significantly higher in Onion planted during 1st

November to 1st December under unprotected
cultivations at Umiam. An analytical method was
developed to determine chlorfenapyr (100 and 200 g
a.i./ha) residue in brinjal, cabbage and soil using GC-
ECD (Gas Chromatography equipped with Electron
Capture Detector).  Chlorfenapyr was found to be safe
insecticide for spider population in both brinjal and

cabbage ecosystems. An analytical method was
developed to determine chlorfenapyr (100 and 200 g
a.i./ha) residue in brinjal, cabbage and soil using GC-
ECD (Gas Chromatography equipped with Electron
Capture Detector).  Among 90 lines of brinjal and wild
relatives tested for resistance to wilt, 12 lines showed
no symptom,16 lines showed half of the leaves wilted
and 62 lines showed wilt and dead in Mizoram.
Among fruit fly species in tomato, Zeugodacus tau
was found as most common species in all cultivars of
tomato (66.67 to 100.00 %) under Mizoram condition.

High yielding germplasms of Dolichos bean viz.,
MZDBC-12 (1.23kg/plant) and TRDBC-11(1.1kg/
plant) were identified at Umiam.   Selection-1
identified as high yielding (173.61-228.38q/ha), photo-
insensitive and bush type line of Dolichos bean.
Among 145 local accessions of French bean, MNFBC-
6, MZFB-44, MZFB- 47 and RCMFB-1 were high
yielding in Meghalaya.  Cowpea genotypes viz.,
MZCP-4 (21.5), CPSL-2 (19.1), CPSL-9 (18.8) and
CPSL-7(18.0) were found to be high yielding under
Umiam condition.  Among the 46 accessions of teasel
gourd, the highest yield per hill was recorded from the
RCSG-15(2.36 kg/plant) followed by RCSG-14 and
RCSG-13 at Umiam. Sweet potato genotype TSp12-12
recorded the highest marketable yield of (19.23t/ha) while
dry matter content was found highest in local cultivar
(33.33 %).  Colocasia genotype Muktakeshi recorded the
maximum number of cormels (25.33), weight of cormels
per plant (533g), cormel yield (16.88 t/ha) and total yield
(21.33 t/ha) in Meghalaya.

In turmeric, IC-586767 recorded the maximum
yield (41.56 t/ha) and IC-586762 had the highest
curcumin content (6.44%). Oleoresin content was
recorded highest in IC-586771 (19.23%). Mydkur
variety recorded the highest fresh rhizome weight at
60 DAP (18.57 g/plant), while Pratibha recorded
highest fresh rhizome weight at 120 DAP (217.17 g/
plant) and at harvest, Megha Turmeric-1 recorded
highest rhizome wight (369.98 g/plant). In organic
production, ginger var. Nadia recorded maximum yield
of 37.49 t/ha with the application of 75% N through
FYM + IISR micronutrients formulation (5 g/lit);
followed by 100% N through organic manure + 10%
vermiwash (36.85 t/ha) under Meghalaya condition.

Gerbera hybrid, RCGH-114 recorded maximum
flower stalk length (36.78 cm), while RCGH-117
recorded highest flower stalk diameter (4.55 mm) at
Umiam. RCGH-28 was identified as miniature gerbera
suitable for growing in pot and indoor plant. Lilium
cv Tresor performed well under open condition at
Umiam and produced maximum number of flowers
(4.7 per plants). The 33 species of Orchid, Coelogyne
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flaccid produced maximum no. of flower spikes/
pseudobulb (6.0) under shade-net.

Peach leather preparation was optimized with 20%
sugar, 0.2% acidity, 0.01% preservative and 0.5cm
thickness which kept well for up to ten months at room
temperature. Bottled green peppercorns were cured
in acidified brine (20%) for 3 to 4 weeks and rebottled
in fresh acidified brine (16%) and it was in good
condition for up to 12 months at ambient condition.
Protocol for dehydrated kakrol rings was optimized
up to 6 months at room temperature.

Coconut case caterpillar Mahasena  corbetti Tams
was reported for the first time from India. Invasive
pest tomato Pinworm Tuta  absoluta also identified
and reported for the first time from North East India.
DNA Barcoding revealed presence of tomato leaf
miner, Liriomyza   sativae Blanchard in Northeast
India.  Soil application of Lecanicillium  lecani (1×108

cfu/gm) @ 5kg/ha during the month of June was found
very effective in management of ginger rhizome mealy
bug, Formicoccous  polysperes in Ginger.
Entomopathogenic fungi Lecanicillium longisporum
was the most potential entomopathogen against four
important aphid species, viz., Aphis gossypi in chilli,
Brevicoryne  brassicae in knolkhol, Myzus  persicae
in tomato and Macrosiphum  granarium in rose.
Pericarp and leaf extract of Zanthoxylum  armatum
had strong antifeedent, ovicidal and larvicidal
properties against Spodoptera litura. The N-hexane
fraction of Z. armatum extracts of pericarp have very
strong insecticidal properties against the 2nd and 3rd

instar larvae of P. brassicae.  Leaf extracts of Millettia
pachycarpa and Parkia  roxburghii showed strong
antifeedant activity at less than 0.25% concentrations
against Plutella  xylostella larvae.  Spinosad 45 SC @
0.3 ml/l was effective pesticides for management of
insect pests of large cardamom in Sikkim. Molecular
characterization of Sclerotium isolates based on 28s
nrDNA revealed the presence of Sclerotium rolfsii
(KY172987) and S. delphinii (KY172990, KY172988,
KY172989) in Northeast India.

In mushroom, one short duration shiitake
mushroom production technology (within 75-82 days
compared to minimum of 360 days in conventional
method) was standardized using saw dust and broad
leaf based substrate. Two suitable shiitake strains
performing best in the temperature range of 24-27°C
(during fruiting period) under Manipur conditions
were also identified. One high yielding strains of
Oyster Mushroom PL-16-02 with highest biological
efficiency (37.12) was identified.

Under bio-prospecting study on indigenous plants,
methanolic extract of pod and seed mixture of tree

bean showed maximum antioxidant activity (IC50 value
of 0.069 mg); whereas, methanolic extract of wild
orange pulp showed high anti-hyperglycemic activity
(74.83%). In addition, three wild vegetables namely,
Jussiaea repens L., Gynura cusimbua and Polygonum
sagittatum collected from Loktak lake ecosystem
revealed high radical scavenging activities. Bio-
prospecting of microbes at Manipur led identification
of two native actino-bacterial strains namely RCM-
SSR-5 and -11 for their antagonistic activity against
three important phyto-phytopathogens namely
Fusarium oxysporum, Rhizoctonia solani and
Pyricularia oryzae. Five strains namely RCM-SSR-
2, -5, -6, -8 and -11 showed positive results for phyto-
stimulating traits like phosphate solubilization and
production of IAA, ammonia and siderophore. One
strain RCM-SSR-6 showed highest IAA production
(36.3±2.1 μg/ml). Feather hydrolysate of RCM-SSR-
6 applied at 0.1 mg protein/ml dilution resulted in
maximum increase in root length, shoot length and
vigor index of garden pea seed. One multifaceted
native bacterial strains, Chryseobacterium sediminis,
RCM-SSR-7 was also found highly effective in
bioconversion of chicken feather waste into feather
protein hydrolysate (FPH). The FPH was rich in
nitrogen (12%) and essential amino acid especially
histidine, leucine, lysine, threonine, isoleucine and
methionine. Field efficacy of FPH was successfully
tested in cauliflower and application of 75% FPH
+25% urea shown best result. The FPH also showed
86% digestibility which indicates that it can be used
as animal feed ingredients and this technology was
successfully commercialized by Manipur Center.

The weather extreme analysis of Umiam revealed
changes in extreme temperature indices were mostly
significant while for extreme rainfall indices, the
changes were non-significant. The earth heat
exchanger was found to be feasible for heating of the
polyhouse during winter but was not feasible for
cooling during summer under the climatic condition
of Umiam, Meghalaya. Prototype feasibility testing
of zero-till seed drill for sowing after turmeric was
found satisfactory at seed rate of 18 kg/ha with
effective field capacity achieved was 0.08 ha/hr.
Prototypes of farm tools and equipments (828
numbers) were fabricated during 2017-18 under
AICRP on FIM and Revolving Fund Scheme and
supplied to various stakeholders of NE states,
generating an income of Rs 3,95,795/-. Laboratory
testing of automatic control system for automatic solar
drip irrigation system suitable for mid hills of
Meghalaya was undertaken with 1 hp AC water pump.
The system was able to maintain ON and OFF when
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the moisture content is less than 25% and 35%,
respectively.

The value chain study of Kachai lemon in Ukhrul
District of Manipur revealed that the benefit cost ratio
(BCR) over total cost was equal to 1.23 and BCR over
the paid out cost was equal to 5.53. Among the central
Government organization within Meghalaya, ICAR
provided maximum services to the stakeholders in
terms of inputs (16.7%), information (10.7%) and
advisory (9.6%). The estimate of climate change on
livestock production by using fixed effects model in
Meghalaya, revealed that, the meat and milk
production in Meghalaya were found to be positively
affected by temperature while egg production was
unaffected by both rainfall and temperature. Adoption
of tuber/vegetable based integrated farming models
at least doubled the farmer’s income.  The Farmers’
Field School approach was found to be effective
among the paddy farmers in Manipur.

Prototype for CSFV vaccine in RK-13 cell line
developed at Umiam. In-house indirect ELISA kit was
developed for detection of CSFV antibody in serum
samples. Indirect Immuno-peroxidase test (I-IPT) was
successfully used for confirmation of CSFV in RK-
13 cell line. Haemorrhagic Septicaemia (HS), Black
Quarter (BQ), Foot and Mouth Disease (FMD) and
Classical Swine Fever (CSF) were the major livestock
diseases prevailing in Meghalaya. Sero-surveillance
diagnosed Porcine Respiratory and Reproductive
Syndrome (PRRS), Bovine Viral Diarrhoea (BVD),
Bovine Brucellosis, Swine Brucellosis, Caprine
Brucellosis, Infectious Bovine Rhinotracheitis (IBR),
Peste des Petits Ruminants (PPR) etc. in different
states of NE India. Overall, prevalence of brucellosis
in livestock of Meghalaya was 7.59%. Bovine and
porcine brucellosis was recorded highest in the East
Khasi Hills (14.8%) and West Jaintia Hills (29.8%),
respectively. Genome Analysis of Campylobacter coli
YH502 from chicken revealed a chromosome of
1,718,974 bp and a mega-plasmid (pCOS502) of
125,964 bp. Seven Staphylococcus aureus isolates
were confirmed as Methicillin Resistant
Staphylococcus aureus (MRSA). Chloramphenicol
resistance genes (cat1) were detected in manure
samples of bovine, porcine and poultry. Molecular
diagnosis of Cryptosporidium sp. was done. Overall
prevalence of gastrointestinal parasitic infections in
poultry of North Eastern region was 39.2%.

A promising new Pig crossbreed “Lumsniang” was
successfully developed from regress selection.
“Lumsniang” is highly suitable to the hilly ecosystem
due to it’s promising growth rate, good mothering
ability, higher litter size and better adaptability.  Mobile

based Artificial Insemination (AI) delivery model was
established to produce crossbred piglets at farmers’
doorstep. Productive and reproductive performances
of the Murrah Buffalo was found to be better in
Meghalaya than hot humid climatic region. Pork
sausage enriched and fortified with blood fruit
(Haematocarpus validus) was developed.   The growth
performance of ducks and turkeys was found to be
optimum in the agro-climatic conditions of Meghalaya.
Vanaraja parents performed better compared to
Srinidhi parents in the intensive system of rearing.
Dietary supplementation of Turmeric and Roselle
powder in indigenous and improved grower chicken
showed ameliorative effects in cold stressed condition.
Indigenous Naked Neck and Normal Feathered birds
were found to be more tolerant to cold stress compared
to Vanaraja birds.   A total of 73481 and 138077 chicks
were produced (PSP) and distributed to the farmers in
Nagaland and Manipur, respectively.   Total 895 piglets
were farrowed (MSP on pig) and 383 AI on pig was
done under field condition at Nagaland.

In Sikkim, Melatonin treatment yielded higher
estrus induction and kidding rates in Singharey goats,
whereas birth weight of kids was recorded to be
significantly higher in buck exposed group.  Molecular
characterization of two indigenous poultry breeds
manifest possibilities of distinct genetic pool of
Tripura Black and Tripura Brown. Poultry
performance studies showed better growth and egg
hatchability of Coloured Broiler (Damline) and Dual
Type (BND Cross).

Utilization of poultry manure @10 t/ha for seed
rearing of Cyprinus  carpio (var. communis) and Labeo
gonius in concrete tanks was effective in terms of
highest survival and growth of fishes under mid hill
condition.  Limno-ecological and fish diversity studies
of Kyrdemkulai Lake and Umtrew River revealed
presence of Cyprinus  carpio (80%), Badis badis,
Chanda  nama, Channa  punctatus, Danio  dangila,
Lepidocephalus  guntea, Clarius magur, Clarias
gariepinus, Neosocheilus  hexagonolepis, Puntius
sophore, prawns, etc. Antibacterial test indicated
maximum antibacterial properties of integumentary
secretions extract of singhi and mrigal against
Aeromonas  hydrophila. In Manipur, Gompertz model
was found to be the best fitted model for the growth
data of Tor mahseer irrespective of pond conditions.
For the taxonomic placement of minor carp, molecular
characterization of Labeonin fish (e.g. Banganadero)
was successfully accomplished by using mitochondrial
16 SrRNA gene sequences. The assessment of fish
diversity in the rivers of Mizoram revealed the high
diversity of indigenous fish species which needs to be
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conserved for minimizing the anthropogenic threats
to extinction. The studies on Rudrasagar lakes unveiled
optimal hydrological parameters for intensive
aquaculture except transparency, alkalinity and
hardness, and as a result, it inhabits at least 33 fish
species from 14 families and 6 orders. Another studies
revealed 2 distinct morphometric subgroups of Mystus
carcio and Mystus  tengara with intra-subgroup sexual
incompatibility. The Bio-floc studies showed
superiority of sweet potato to absorb ammonia from
water bodies and also stimulate immunity in common
carp fingerlings. Likewise, feed supplement of 2%
oyster mushroom significantly improved the immunity
parameters in Labeo  rohita against Aphanomyces
invadans, while the multiplication of negatively
geotactic zoospores of A. invadans significantly
reduced at higher surface water temperature (>25°C)
and non-acidic water (pH >7). Further, application of
250 ppm formalin/ potassium permanganate or 1000
ppm turmeric/neem leaf extract significantly
controlled the spread of A. invadans in fish.

Under NICRA, 37 years (1980 to 2017) data
analysis of Kolasib, Mizoram revealed, the average
monthly maximum air temperature had been
significantly (p<0.05) increasing (@ +0.1064°C/year)
while the minimum air temperature had been at non-
significant declining trend. Nights were getting much
cooler at Kolasib. From a core of 1100 genotypes
collected across all the states of North East India, seven
heat tolerant rice genotypes were identified with
superior physiological and other yield attributing traits.
In the order of grain bearing ability under elevated
temperatures, these were namely Daya, Bhalum 3,
TRC 2016-301, TRC 2016-624, Bhalum 1, TRC 2016-
426 and Manipur. To mitigate cold stress for grower
piglets, a high energy feed supplement (termed as
Winter Feed) was formulated. Piglets of 8 weeks old
crossbred fed with winter feed had significantly higher
body weight gain (294±15.90 vs. 267±14.78 g/day)
and better feed efficiency (1:4.56 vs. 1:4.83) than
normal grower ration.  From a feeding trial, a dietary
herbal powder supplementation of Turmeric (@1%)
and Roselle (@0.5%) was formulated to impart
ameliorative effects in cold stressed grower birds

(Naked Neck, Normal Feathered and Vanaraja) at mid-
Hill Meghalaya. Feeding the dietary supplementation
for 12 weeks resulted in reduction of serum Cortisol,
while increased Superoxide Dismutase (SOD) and
Heat Shock Protein (HSP 20, 40, 70 and 90) levels,
which improved cold stress tolerance in the birds.

More than 27998 tribal farmers from seven north
eastern states were benefitted during 2017-2018 by
various livelihood programmes conducted under Tribal
Sub Plan (TSP). Various activities like over 430
numbers of different physical assets viz., poly-house,
poly-tunnels, low cost poultry/ pig shed, vermicompost
production unit, Jalkund, pig breeding unit,  BB carp
hatchery, farming system models, mushroom
demonstration unit, processing plant, shed net house,
solar dryer, livestock feed mill, milking machine,
community irrigation facility, high volume community
water harvesting structures, pump set,  areca nut cup
making machine, chaff cutter and trolley loader, roof
top rain water harvesting structures, power tiller were
created/distributed  in different tribal villages of North
East India. Simultaneously, several (375 numbers)
training, front line demonstrations and awareness
programmes were organized for capacity building of
tribal farmers in various field of agriculture (crop
production, animal production and management,
mushroom cultivation, production and management
of horticultural crops etc.).

Under Agri-Business Incubation (ABI) program,
56 entrepreneurs/enterprises were made members of
the ABI in different ventures from meat/fruit/spices
processing to poultry/piggery/dairy/medicinal and
aromatic plants cultivation and processing etc. One
of the two graduated members of AIB namely Tynrai
farms private limited, Shillong, Meghalaya made an
annual turnover of Rs 36 lakhs by directly supplying
processed and packed meat products to 20 retailers.
The other graduated member Ngayam Foods, Ukhrul,
Manipur developed 42 different processed food
products (like jam, candy, jelly, pickle etc) with annual
turnover of Rs 8 lakhs.  ABI also conducted different
hands on training programmes on meat processing,
fish processing, fruit processing and value addition
etc for agri-preneurship development in the region.
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ICAR Research complex for NEH Region is the
premier institute dedicated to research in
agricultural sciences in the North Eastern Hill

Region of India since 1975. The institute has been
constantly endeavoring to develop location specific
technologies through its ten divisions in the
headquarters at Umiam, Meghalaya and its six regional
centers at the six hill states of the NE region. The
institute is delivering its technologies to a large number
of farmers in the remote areas through its 20 KVKs
distributed in different states. The institute has also
been involved in imparting sustainable livelihood
options in agriculture and allied fields through
trainings, demonstrations and awareness programmes.
Significant role is also played in teaching and guiding
students from Central Agricultural University, Assam
Agricultural University and other central and state
universities.

The institute has four Flagship projects viz.,a)
Improvement for sustainable livelihood;b)Trans-
boundary diseases surveillance and control measures;
c) Research Network on Medicinal and Aromatic plants
for development of nutraceuticals  healthcare drugs,
etc. and d)Temperate horticulture development in
North East Hills. A multi institutional and multi-

disciplinary project on medicinal plants has been
underway to tap the rich medicinal resources of the
NE region. Some competitive projects such as DBT,
DST, NICRA, NHB and NMSHE, TSP, KIRAN, Agri-
Consortia on Water etc. are operating in the region.
The institute has been disseminating modern
technologies for livelihood and nutritional security in
the region that include truthfully labeled seeds, quality
planting materials, improved animal breeds, poultry
and fish seeds including proto-type implements and
tools suitable for hill agriculture, soil health and
diagnostic kits for animal parasites, diseases and
critical inputs. Several in-house projects, mostly of
interdisciplinary nature, are being pursued. The
strategic and frontier research under NICRA is a major
research thrust area of the institute.  About 15 AICRPs,
5 network and 15 collaborative projects are in
operation.  The institute has strong linkage with other
ICAR Institutes and Universities, International
organizations like IRRI, ICRISAT, ILRI, and IWMI.
The Institute also collaborates with government
sponsored agencies like NERCOMP, MRDS,
NABARD and IFAD; several NGOs and farmers
bodies and co-operative societies for technology
dissemination.

1. INTRODUCTION

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, fisheries and other economical crops.
• Development of feed and fodder resources from 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

1. To develop and improve sustainable farming systems for different agro-climatic and socio-economic
conditions of NEH region, including organic agriculture.

2. To improve crops, horticulture, livestock and fishery and to impart training for development of local
competence for efficient management of resources.

3. To collaborate with state Departments for testing and promotion of improved farming technologies.
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HUMAN RESOURCES

Category Sanctioned Filled Vacant
post post post

Institute
Scientific 181 144 37
Technical 252 178 74
Administrative 129 87 42
Skilled Support 114 96 18
Total 676 505 171
Krishi Vigyan Kendra
Scientific 20 12 08
Technical 220 153 67
Administrative 40 09 31
Skilled Support 40 27 13
Total 320 201 119

LIBRARY

Nature of publication No. of copies
available

Books & Reports 30570
Back volumes of journals 12363
Foreign journals Nil
Indian journals 65
News papers 16
Hindi books 4478
Magazines 07

LABORATORIES
The headquarters of institute at Umiam is well

equipped with laboratory facilities in all the divisions.
Besides, a centre of Biotechnology and central
laboratory at headquarter also has the state of art
instruments for catering of research needs in different
agricultural and horticultural crops.  A post-harvest

BUDGET

Actual expenditure for 2017-2018 (in lakh)

BUDGET & EXPENDITURE FOR 2017-18

PROGRESSIVE EXPENDITURE

S. HEAD R.E Expenditure
NO 2017-18 2017-18

1 2 3 4

A. Non-Recurring (Grants for creation of Capital Assests) 

1 Works   
 (A) Land   
 (B Building   
 i. Office Building 120.00 115.43

 ii Residential Building 42.00 41.74
 iii. Minor Works 0.00 0.00

2 Equipments 173.00 166.55
3 Information Technology 40.00 39.93
4 Library Books & Journals 10.00 0.29
5 Vehicles & Vessels 0.00 0.00
6 Livestock 8.00 7.46
7 Furniture & Fixtures 5.00 4.28
8 Others 0.00 0.00

A. Total-CAPITAL (Grants for creation of Capital Assests) 398.00 375.69

B. Recurring (Grants in Aid-Salaries)

1 Establishment Expanses   
 (A) Salaries   
 i. Establishment Charges 4650.00 4629.56

 ii. Wages 1087.00 1085.76
 iii. Overtime Allowance 3.60 0.00

B. Total Grants in Aid-Salaries 5740.60 5715.32



3ICAR RC NEH ANNUAL REPORT 2017

processing unit and well-equipped workshop of
division of Agricultural Engineering is in place for
value added products, fabrication and repair of
agricultural implements and tools. A State of art
facilities such as FATE, CTGC, Biochar, TOC, DNA
sequencers, Flow cytometer, HPLC, GC, AAS, bio-
safety cabinet for isolation works under containment
condition, seven environmental control chambers,
rainout shelters, transgenic facilities have also been
developed at headquarter. The laboratories in all the
six centers of the Institute are also being strengthened
with basic and advanced instrumentation facilities.

IT FACILITIES
The institute has computer lab and perpetual license

for SAS, SPSS and STATISTICA. ARC GIS software
with workstation is also in place to carry out data
analysis. Online ARS-NET examination facilities
developed at the Umiam are functional since 2012.
KIRAN, a dedicated website managed by the Institute
has started providing much needed service and
knowledge sharing including integrated agro-advisory
services through SMS. The institute has internet
connectivity through NKN and more than 200
computers are provided with internet connectivity.

1 2 3 4

B.1 Recurring (Grants in Aid-General)
2 Travelling Allowance   

 (A) Domestic TA/ Transfer TA 100.00 99.92
 (B) Foreign TA   
 Total-Travelling Allowance 100.00 99.92

3 Research & Operational Expenses   
 (A) Research Expenses 350.00 349.75
 (B) Operational Expenses 300.00 299.98
 Total-Res.& Operational Exp. 650.00 649.73

4 Administrative Expenses   
 (A) Infrastructure 210.00 209.99
 (B) Communicaiton 4.00 3.77
 (C )Repairs & Maintenance  0.00
 i. Equipments, Vehicles & Others 36.00 35.92
 ii. Office Building 60.00 47.31
 iii Residential Building 30.00 23.63
 iv. Minor Works 33.00 32.81
 (D) Others (excluding TA) 470.00 469.99
 Total-Administrative Expanses 843.00 823.41

5 Miscellaneous Expenses   
 (A) HRD 17.00 16.81
 (B) Other Items (Fellowship, Scholarship etc.) 0.00 0.00

 (C ) Publicity & exhibitions 5.00 4.99
 (D) Guest House - Maintenance 6.00 5.76
 (E) Other Miscellaneous 5.08 3.54
 Total-Miscellaneous Expenses 33.08 31.10
B.1 Total-Grants in Aid-General 1626.08 1604.17

6  Loans & Advances 39.00 38.90
7 Pension & Other Retirement benefits 670.00 669.42

GRAND TOTAL
 B.+B.1 Total Revenue (Grants in Aid Salaries + 7366.68 7319.49

Grats in Aid General)
 A+B+B.1 Grand Total  (Capital+Revenue) 7764.68 7695.18
 Tribal Sub-Plan 854.00 851.87
 Loans &Adv + Pension 709.00 708.31
 GRAND TOTAL 9327.68 9255.36
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IMPORTANT MEETINGS

23rd Meeting of the ICAR Regional Committee Zone
III

The 23rd Meeting of the ICAR Regional Committee
Zone –III was held at City Convention Centre, Imphal
during 30-31st May 2017. The inaugural function was
graced by Shri Y. Joykumar Singh, Hon’ble Deputy
Chief Minister of Manipur as Chief Guest, Shri V.
Hangkhalian, Hon’ble Minister of Agriculture,
Veterinary and Animal Husbandry, Govt. of Manipur
as Guest of Honour. Dr. T. Mohapatra, Secretary DARE
and Director General ICAR, New Delhi chaired over
the two days long meeting along with other officials
of ICAR from different parts of the country. Members
of Governing Body Shri R.P. Singh, Shri Suresh
Chandel and Shri Sudhir Bhargava; Shri Sunil Kumar
Singh, (IAS) Additional Secretary & Financial Adviser
ICAR, Dr. N.S. Rathore, Deputy Director General
(Education), Dr. K. Alagusundaram, Deputy Director
General (National Resource Management &Agril.
Engg), Dr. J. Jena, Deputy Director General (Animal
& Fishery Sciences), Dr. A.K. Singh, Deputy Director
General (Horticulture), Dr. K.M. Bujarbaruah, Vice-
chancellor AAU, Jorhat & Dr. M. Premjit Singh, Vice-
chancellor CAU, Imphal and Directors from different
Departments and State Govt. officials participated in
the meeting for strengthening the Agricultural
Research, Development and Extension in the North
Eastern Region. Dr. T. Mohapatra informed that while
food production scenario of the region has improved
substantially over last one decade, the region is still
highly deficient in pulses, oilseeds, fish, meat, milk
and egg production. Hence, concerted effort of Centre,
State, NGOs and other stakeholders are required for a
strong Research, Development and Extension
Programme in the region to achieve self-sufficiency

in various sectors of agriculture and also to double the
income of the farmers by 2022 in line of the Vision of
Govt. of India.

Research Advisory Committee Meeting
The Research Advisory Committee (RAC) meeting

of ICAR Research Complex for NEH Region was held
on 13th and 14th September, 2017 at Umiam under the
chairmanship of Dr. S.P. Ghosh, Ex-DDG
(Horticulture), ICAR. The Research Advisory
Committee recommended the institute to continue the
four Flagship projects viz., Improvement for
sustainable livelihood; Trans-boundary diseases
surveillance and control measures; Research Network
on Medicinal and Aromatic plants for development of
nutraceuticals,  healthcare drugs, etc. and Temperate
horticulture development in North East Hills for logical
conclusion. The Committee also suggested the research
priorities to focus on developing technologies aiming
at Doubling Farmers’ Income by 2022; Meeting
Sustainable Development Goals (SDG), particularly
on ‘No Poverty’, ‘No hunger’ and ‘Climate Action’
goals; Value chain analysis/ development of major
horticultural crops of NEH. The RAC also gave general
suggestions for improvement of ongoing research
projects and also identified future programmes to be
under taken.

Institute Research Committee Meeting
The meeting of the IRC was held on 15th and 16th

September, 2017 at ICAR RC for NEH Region,
Umiam. The meeting was chaired by Dr. S.V. Ngachan,
then Director of ICAR RC for NEH Region. He
reviewed a total of 64 on-going and new project
proposals. Out of the 23 ongoing projects proposed

Fig 1. ICAR Regional Committee Meeting, 2017 at
Imphal, Manipur

Fig 2. Members of Research Advisory Committee,
ICAR RC for NEH Region, 2017
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for extension, 2 were recommended for closure while
31 were accepted for extension. A total of 21 numbers
of new project proposals were presented from the
regional centres and the different divisions in the
headquarters, of which 19 numbers were approved and
12 others were not approved. General recommend-
ations of the Chairman were to work on developing
new varieties of maize and to orient the project
development in the line of nanotechnology.

DISTINGUISHED VISITORS

Hon’ble Prime Minister, Shri Narendra Modi visits
ICAR Research Complex for NEH region
exhibition stall at Aizawl, Mizoram

Hon’ble Prime Minister, Shri Narendra Modi paid
a visit to Aizawl on 16th December, 2017 to inaugurate
the Tuirial Hydro Electric Power project, Mizoram.
An exhibition of STINER, agri-horti, handloom and
handicrafts products was organized by Ministry of
DoNER, GOI at Assam Rifle ground, Aizawl,
Mizoram. ICAR Research Complex for NEH Region,
Umiam, Meghalaya had exhibited salient ICAR NEH
technologies relevant to Mizoram condition viz.,
promising varieties of different agricultural and
horticultural crops, value added products, unique
indigenous germplasms of Mizoram, integrated
farming system model on hill slopes, etc. Hon’ble
Prime Minister, along with Shri Lal Thanhawla, Chief
Minister of Mizoram; Dr. Jitendra Singh, MOS (i/c),
Ministry of DoNER, GOI; Shri. R. K. Singh, MOS (i/
c), Ministry of Power, GOI and other dignitaries had
visited the ICAR-NEH exhibition stall. Dr. S.B. Singh,
then Joint Director, ICAR Research Complex for NEH

Region, Mizoram Centre, Kolasib explained the
different research and extension activities carried out
for the livelihood improvement of tribal farmers of
Mizoram. Hon’ble Prime Minister appreciated the
activities carried by the ICAR-NEH for the
development of agriculture in Mizoram.

Important dignitaries visits ICAR RC for NEH
Region during the National Seminar on “Nutrition
Sensitive Agriculture”

Shri P.B. Acharya, Hon’ble Governor of Arunachal
Pradesh and Nagaland, inaugurated a two day National
Seminar on “Nutrition Sensitive Agriculture” at ICAR
Research Complex for NEH Region, Umiam from 23rd

to 24th June, 2017. The seminar was organized by ICAR
Research Complex in collaboration with Deendayal
Research Institute, Chitrakoot. He emphasized that the
local and traditional foods should be promoted as every
region has a special nutritional aspect and requirement.
Other important dignitaries were Dr. Vanadana Shiva,
Internationally acclaimed environmentalist; Shri
Banwari Lal Purohit, Hon’ble Governor of Assam;
Smt. Archana Chitnis, Hon’ble Minister for Welfare
and Child Development, Government of Madhya
Pradesh. An exhibition cum technology showcasing
programme was also organized to display the food
diversity of the North East and other parts of India.
Day long technical sessions were conducted in which
the points highlighted by eminent speakers were
discussed and brainstorming sessions conducted where
feasible step towards development of nutritionally rich
country was strived to be achieved.

Fig 3. Shri Narendra Modi, Hon’ble Prime Minister
of India at ICAR exhibition stall with then Joint

Director, ICAR RC for NEH Region, Aizawl Centre,
Dr. S.B. Singh

Fig 4. Chief guest Shri. Banwari Lal Purohit, Hon’ble
Governor of Assam and other dignitaries lighting the

lamp for inauguration of the National Seminar on
“Nutrition Sensitive Agriculture”



6ICAR RC NEH ANNUAL REPORT 2017

Shri Parshottam Rupala, Hon’ble Minister of State
for Agriculture and Farmers’ Welfare and Shri
Rajen Gohain, Minister of State for Railways visits
ICAR RC for NEH Region, Umiam

The Hon’ble Minister of State for Agriculture and
Farmers’ Welfare, Shri Parshottam Rupala and Hon’ble
Minister of State for Railways, Shri Rajen Gohain
attended the progrmmme on “Sankalp Se Siddhi” and
farmers’ awareness cum orientation programme
organized on 30th August 2017 by ICAR Research
Complex for NEH Region, and ICAR-ATARI Umiam.
On the occasion, Shri Parshottam Rupala said that
“Quit India Movement” was initiated as the freedom
struggle and similarly it should be our “sanklap” to
have a better India by 2022.  Shri Rajen Gohain, while
addressing the gathering, stated that the mission of the
government is to double the farmers’ income and focus
on the flagship programmes of the government. The
programme witnessed a showcase of inspirational films
and distribution of power tillers to group of farmers.

Union minister inaugurates Pulse hub at ICAR
Tripura Centre

Hon’ble Minister of State for Ministry of
Agriculture and Farmers’ Welfare, Shri Sudarshan
Bhagat inaugurated indigenous seed hub at ICAR,
Tripura Centre, Lembucherra on Feb 9th 2017. He also
laid foundation stone of seed processing and storage
unit at ICAR. On the occasion, addressing more than
300 farmers, state department officials, ICAR and
KVK staff, Shri Bhagat said that the seed hub and
processing unit will cater the need of local farmers for
high quality seeds especially for oilseeds and pulses.
He further emphasized sustainable use of rich resource

diversity of NEH region to uplift the socio-economic
status of the farmers. In this context, he lauded the
efforts taken by ICAR RC for NEHR, Tripura for
working in participatory mode with the farmers and
developing varieties in fact at farmer’s field. The
meeting concluded with distribution of rice and pulses
seeds to the farmers.

Visit of Hon’ble Shri Sudarshan Bhagat, Minister
of State for Ministry of Agriculture and Farmers’
Welfare, at KVK, Birchandramanu

During a 3 days official visit to Tripura during Feb
19-21, 2017, Shri Bhagat visited ICAR-Krishi Vigyan
Kendra, Birchandramanu in the afternoon of Feb, 20,
2017. He inspected the on-going activities of KVK
and inaugurated a recently constructed Magur fish
hatchery. Later, under Central Government sponsored
Tribal Sub Plan (TSP), the minister distributed critical
inputs viz. improved crop seeds, high quality planting
materials, poultry chicks, fish fingerling to tribal
farmers and also handed over a power tiller to a farmers

Fig 5. Shri Parshottam Rupala with other dignitaries
at the programme on “Sankalp se Siddhi”

Fig 6. Inaguration of Pulse Hub at ICAR Tripura
Center by Shri Sudarshan Bhagat, Hon’ble Minister

of State for Ministry of Agriculture and Farmers’
Welfare distributing inputs to the Famrmers

Fig 7. Shri Sudarshan Bhagat, Hon’ble Minister of
State for Ministry of Agriculture and Farmers’

Welfare distributing inputs to the farmers
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club of 500 farm families. Subsequently, Shri Bhagat
addressed the gathering of more than 350 farmers and
officials. He expressed full satisfaction on farmer
oriented activities taken up at the KVK. He asked the
farmers to take maximum benefit of the KVK and take
up allied farming activities like horticulture,
aquaculture, piggery, poultry etc along with agriculture
to boost their livelihood security. The use of modern
farm implements to boost the farm productivity and
reduce labour cost should also be adopted in large scale.
He also highlighted number of schemes and initiatives
including budget allocation of agriculture that can be
harnessed for the benefits of the farming community
of north east.

IMPORTANT EVENTS

42ndFoundation Day of ICAR RC for NEH Region
The 42nd Foundation Day of ICAR Research

Complex for NEH Region was celebrated on 9th
January, 2017, in M.S. Swaminathan Hall of the
institute headquarters at Umiam. Dr. Mangala Rai,
Former DG, ICAR & Secy., DARE, Govt. of India,
graced the occasion as the Chief Guest. Dr.Mangala
Rai opined that multidisciplinary approach is the best
strategy for an inclusive agricultural research for which
a programmatic alignment of different divisions and
agencies is a prerequisite to tackle a task at hand. He
also emphasized that to double the farmers’ income,
technologies, encompassing high value crops,
enhanced water use efficiency and water harvesting
should be calibrated according to the farmers’ socio-
economic and cultural conditions. On this occasion, a
compendium documenting the 42 years of research,
activities and technologies developed by different
divisions, centres and KVKs of the institute was
released. Awards under different categories viz.,
Scientific category, Technical Category, Administrative

Category, Supporting Staff Category and Krishi Vigyan
Kendra were conferred to the deserving employees of
the institute by the Chief Guest.

Exhibition-cum–Workshop on Traditional Farming
and Indigenous Foods of North East

ICAR Research Complex for NEH Region, Umiam
Meghalaya, organized a three day Exhibition-Cum–
Workshop on “Traditional Farming and Indigenous
Foods of North East” during 25-27 Feb, 2017. More
than 1000 farmers from eight states of north east India
and 100 scientists and experts participated in the
programme. The programme was organized to provide
a platform for interactions among the culinary artisans,
traditional farmers, rural entrepreneurs, academicians,
researchers and consumers to explore the possibility
of entrepreneurship development in traditional food
sector of the North East. Dr. Trilochan Mohapatra,
Secretary DARE, Government of India and DG, ICAR
graced the chair as the Chief Guest of the inaugural
programme. He called upon the scientists to validate
the indigenous farming and food product for enhancing
the livelihood security of the famers. During the
inaugural ceremony, several awards were presented to
the scientists based on their contributions in agriculture
especially in hill ecosystems. Dr. M.S. Swaminathan
award was conferred to Dr. B.P. Bhatt, Director, ICAR
Research Complex, Eastern Region, Patna. Dr. D.N.
Borthakur Award was conferred to Dr. M. Datta and
his team comprising Drs. G.S. Yadav, Chandan
Debnath, B. Das and A. Halder for significant
contribution in the farming system research. The
institute also honoured the stalwarts who served in
north east India by conferring them life time
achievement awards. Six lifetime achievement awards
were presented to the six stalwarts namely Dr. Arun

Fig 8. Release of the Compendium of the
achievements of ICAR RC for NEH Region in the last

42 years during the 42nd Foundation Day of the
Institute

Fig 9. Exhibition – cum – workshop on Traditional
farming and indigenous foods of north east
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Varma (Animal Science) Dr. K. R. Dhiman (Crop
Improvement), Er. M. D. Singh (Agricultural
Engineering), Dr. Uttam C. Sharma (Natural Resource
Management), Dr. V. A. Parthasarathy (Horticulture)
and Dr. R. K. Samanta (Social Science). During the
occasion, souvenir, books and ICAR Meat and Fish
products were released. Forty stalls from all North-
eastern states of India showed their traditional farming
practices and indigenous food diversity.

National Conference on Linking Startups and
SMEs in Food Processing with Government
Schemes & Markets

A one day Conference on “Linking Startups and
SMEs in Food Processing with Government Schemes
& Markets” was organized by The Associated
Chambers of Commerce and Industries of India
(ASSOCHAM) in collaboration with Ministry of Food
& Processing Industries (MoFPI), Government of India
and ICAR Research Centre for NEH Region, Umiam,
Meghalaya on November 15, 2017 at ICAR RC for
NEH Region, Umiam. Shri Ganga Prasad, Hon’ble
Governor of Meghalaya, the Chief Guest for the
occasion, stated that there is enough potential for
setting up a starch based processing unit in the State.
Plantation crops like coffee, rubber, black pepper and
arecanut are also becoming important products. Shri
B. Paul Muktieh, Chairman & Managing Director,
NEDFi discussed various financial schemes funded by
NEDFi to help farmers and rural youths to develop
into successful Agripreneur. Shri B. Mawlong, Joint
Secretary, Department of Agriculture, Government of
Meghalaya informed that the new emphasis is laid on
pulses, oilseeds and cash crops. An autonomous board

is set up to promote plantation crops, pioneering work
done in tea cultivation, with the State having 253 small
tea growers at present. Dr. Om S Tyagi, Senior Director,
ASSOCHAM, shared that the food processing industry
has made some significant progress in North Eastern
region of India. Areas like - Agro & Horticulture
Processing, Processing of Plantation Crops, Animal
Husbandry and Meat Processing Industries have been
declared as potential area in the promotion of industrial
activities in the state of Meghalaya. Special emphasis
is presently laid on the non-traditional crops, such as
oilseeds, groundnut, tea, coffee, medicinal plants and
other crops.

National Seminar on Smart Farming for Enhancing
Input Use Efficiency, Income and Environmental
Security

A three days National seminar which commenced
from 19th Sept to 21st Sept, 2017 highlighting on the
theme “Smart Farming for Enhancing Input Use
Efficiency Income and Environmental Security”
(SFEIES) was jointly organized by the Indian
Association of Hill Farming (IAHF) in collaboration
with ICAR Research Complex for NEH Region,
Umiam. The National Seminar witnessed brain
storming sessions from more than 300 participants
from all over India focusing on agricultural
diversification, processing and value addition along
with entrepreneurship development and smart
marketing linkages as the key role for doubling farmers’
income and to achieve the Prime Ministers vision of
food surplus India. The seminar witnessed intellectual
presentation by young scientists from all over the
nation which gave a new direction to research and a
step ahead in achieving Prime ministers vision. Dr. S.
V. Ngachan President, IAHF and then Director, ICAR
Research Complex for NEH Region in his welcome
speech said that the technology needs to be upgraded

Fig 10. Hon’ble Governor of Meghalaya, Shri Ganga
Prasad, lighting the inaugural lamp for National

Conference on Linking Startups and SMEs in Food
Processing with Government Schemes & Markets
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for the hilly region because the topography of the
region requires special attention. The Guests of Honour
and the Chief Guests for the inaugural and valedictory
functions were Dr. M. Premjit Singh, Vice Chancellor,
CAU, Imphal, Shri Ram Muiva, Secretary, NEC; Shri
Prahlad Singh Patel, Member of Parliament and Dr.
K. M. Bujurbaruah, Vice Chancellor, Assam
Agricultural University. The three days seminar
witnessed twelve technical sessions and various
innovative recommendations came into light which
was highlighted in the valedictory session. The
National Seminar provided a common platform for the
scientists, researchers, policy makers, entrepreneurs
and other stake holders to explore the various aspects
of emerging challenges in agriculture and allied sectors.

69th Annual meeting of Indian Phytopathological
Society and National Symposium on Diagnosis and
Management of Plant Diseases: Integrated
Approaches and Recent Trends

Dr. Mangala Rai (Former DG, ICAR) was the Chief
Guest during the inaugural session of the 69th Annual
meeting of Indian Phytopathological Society and
National Symposium on Diagnosis and Management
of Plant Diseases: Integrated Approaches and Recent
Trends. He stressed on integration of efforts by all
disciplines to make disease management effective and
profitable. Dr. P. K. Chakrabarty (ADG, PP &
Biosafety) emphasised on molecular detection of
pathogens and also on the need of tracking
transboundry movement of the pathogens. Book of
abstract and souvenir of the national symposium and
three books from IPS viz., A journey of seven decades;

Special Issue of Indian Phytopathology and Members
Directory were also released during the inaugural
ceremony. Dr. P. Chowdappa, Director, ICAR-CPCRI
& President, IPS emphasized on intensive research
inputs required for tackling climate change scenario.
Dr. S.V. Ngachan, then Director, ICAR Research
Complex for NEH region & Chairman Organizing
Committee stressed on soil health aspects in respect
to influence of soil microbes on plant health and urged
the gathering for developing a holistic approach of
tackling plant diseases. Dr. Pratibha Sharama,
Secretary, IPS informed the gathering about the
activities of the society and also about the recent
collaboration with American Phytopathological
Society. The symposium concluded with
recommendations such as Strengthening of quarantine
measures, Development of rapid and easily accessible
diagnostic kits for major pathogens and focussing
Research programs on disease management,
Exploration of new sources of resistance for major
diseases, Time series studies on pathogen population
dynamics in relation to climate change, Effect of nano
particles on beneficial microbes and Research on PR
proteins for biotic stresses.

National Workshop cum Brainstorming Sessions
on “Jhum improvement for sustaining farm
livelihood and natural resource conservation: Vistas
and frontiers”

A one day National workshop cum brainstorming
session on “Jhum improvement for sustaining farm
livelihood and natural resource conservation: Vistas
and frontiers” was organized by ICAR RC NEH,
Umiam in Imphal, Manipur on 15 November, 2017.
The inaugural function was graced by Prof. M. Premjit
Singh, Vice Chancellor, Central Agricultural
University, Imphal; Dr. U. C. Sharma, former Assistant
Director General, ICAR, New Delhi and Member,
International Commission on Water Quality; Dr. K. R.
Dhiman, former Vice Chancellor, Dr. Y. S. Parmar
University of Horticulture and Forestry, Solan, H.P.;

Fig 11. Dignitaries during the inaugural and
valedictory function of The National Seminar on

Smart Farming for Enhancing Input Use Efficiency
Income and Environmental Security

Fig 12. Inaugural session of the 69th Annual meeting of
Indian Phytopathological Society
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Dr. B. C. Deka, Director, ICAR-ATARI (Zone VII),
Meghalaya; Dr. A. K.Tripathi, Director, ICAR-ATARI
(Zone VI), Guwahati and Dr. S. K. Dhyani, Principal
Scientist, NRM Division, ICAR, New Delhi and former
Director, ICAR-Central Agro forestry Research
Institute, Jhansi as the Chief Guest, Guests of Honour
and President, respectively. Dr. N. Prakash, Director
of the Institute delivered the welcome address. During
technical session, Joint Directors of all regional centres
delivered presentations on status of jhum cultivation
in their respective states, significant achievements and
future strategies. The major recommendations of the
workshop was to make a concerted effort to prepare
valid information on jhum area and dependent
population/household for all NE statesinvolving DAC,
ICAR, NRSC, NESAC, State Remote  Sensing Agency
(e.g. MARSAC) and Line departments as the statistics
on jhum area reported by different organization are
highly variable. State Government may be suggested
to initiate jhum census. The house also recommended
that suitable location specific intensified agriculture
technologies with inclusion of livestock and secondary
agriculture in farming system mode for higher income
generation. North Eastern hill region may also be
promoted as the next fruit bowl of India in suitable
jhum areas. Alternative livelihood may also be
emphasized through value addition, processing with
strong linkage of value chain and marketing
infrastructure, which will also be beneficial for landless
Jhumias for livelihood improvement. The other
recommendations were analysis of the decadal changes
in jhum lands since 1970 onwards to find out the
decadal trend in area and families dependent on it and
promotion of homestay agro-tourism in jhum areas.
The expert panel also suggested that technologies for

jhum improvement developed by ICAR should be
compiled and shared with State Governments and other
stakeholders.Frequent interface meeting should be
organized by ICAR/CAU with Line departments and
farmers in every NE state to chalk out the stakeholders
problems. More than 100 participants covering
scientists, officers from line departments, farmers and
NGOs attended the programme. A publication on jhum
improvement was also released during the inaugural
function of the National Workshop.

ICAR Research Complex for NEH Region, Umiam
organized exposure cum training programme for
NABARD officials

ICAR Research Complex for NEH Region, Umiam
organized exposure cum training programme on 27-
28 March 2017 for the senior officials of NABARD
(National Bank for Agriculture and Rural
Development) Assam, on “Improved farming practices
for enhancing productivity and income of farmers”.
The objective of the programme was to equip officials
on various recent technologies for their possible
implementations through various NABARD schemes.
A total of 20 NABARD officials including General
Manager, Deputy General Manager and Assistant
General Manager and District Development Managers
(DDMs) from Assam participated in the programme.
The Inaugural session of the programme was graced
by the Chief General Manager, NABARD, Guwahati,
Smt. Rajashree K. Baruah, Dr. S.V. Ngachan, then
Director, ICAR RC for NEH Region, Umiam and Dr.
B.C. Deka, Director, ICAR-ATARI, Zone-III, Umiam.
The exposure cum training programme comprised of
theory and practical sessions on technological options
for North East India including integrated farming
system, organic farming, conservation agriculture,
climate resilient agriculture, high-tech horticulture,
livestock production and health management, post-

Fig 13. National Workshop cum Brainstorming
Session on “Jhum Improvement for Sustaining Farm

Livlyhood and Natural Resource Conservation. Vistas
& Frontiers”

Fig 14. Training programmes for the officials of
NABARD, Guwahati
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harvest processing, meat processing and composite fish
farming. The valedictory program was graced by the
General Manager, NABARD, Assam, Shri. S. S.Saha.

Zonal Chapter Meeting and National Symposium
on ‘Emerging and Re-emerging Plant Diseases in
North East India: Challenges and Strategies’

One National Symposium was organized by ICAR
Research Complex for NEH Region, Manipur Centre
in collaboration with Indian Phytopathological Society,
New Delhi during 10-11 October, 2017 at Imphal,
Manipur. The event was inaugurated by Shri Y.
Joykumar Singh, Deputy Chief Minister of Manipur
at ICAR Research Complex for NEH Region, Manipur
Centre on 10th October, 2017. The occasion was also
graced by Prof. M. Premjit Singh, Vice Chancellor,
CAU, Imphal. Chief Guest stressed upon the need to
undertake concerted efforts to develop durable
strategies for managing emerging and re-emerging
economically important plant diseases in North East
region of India. He also urged the scientists to
undertake research in the area of organic farming with
special emphasis on organic options for plant disease
management. Prof. M. Premjit Singh in his remarks
appreciated the efforts of ICAR Research Complex for
NEH Region, Manipur Centre in the field of research
and extension Plant Pathology. The Zonal President,
Dr. N. Prakash in his address mentioned that the NE
region shares geographical boundaries with
neighbouring countries and therefore is porous to the
transboundary entry of new pathogens. He called upon
the Plant Pathologists to come together and devise
strategies to combat the menace of exotic and
transboundary pathogens. A total of 77 delegates from
North Eastern and others parts of the country
participated in the symposium. Several lead talks, oral

and poster presentations covering wide arenas of Plant
Pathology were delivered.The prestigious Prof. M.J.
Narasimhan Merit Academic Award Contest APS
Travel Grant Contest was also organized and two
candidates under each category were recommended
for National level contest.

“Lumsniang”- A New Pig Variety Released by
ICAR RC NEH Region, Umiam, Meghalaya

ICAR RC NEH, Umiam Meghalaya had released a
new variety of Pig named Lumsniang on 6th March,
2017 in presence of Dr. H. Rahman, Deputy Director
General (Animal Science) ICAR, New Delhi; Dr. R.
S. Gandhi, Assistant Director General, ICAR, New
Delhi, Dr. S.V. Ngachan, then Director of the institute;
Dr. B.C. Deka, Director, ATARI, Zone III, Umiam; Dr.
D.K. Sarma, Director, NRC on Pig, Guwahati; Dr.
Vineet Bhasin, Principal Scientist, ICAR, New Delhi;
Shri B.K. Sohliya, OSD, Meghalaya Institution of
Enterpreneurship & In-Charge Piggery Mission, Govt.
of  Meghalaya and other dignitaries from Central
Agricultural University, Umiam; ICAR-NBPGR;
Officials from Government of Meghalaya representing
animal husbandry, horticulture and other departments
officials, pig entrepreneurs and farmers.

The pig variety has better adaptability  in hill
ecosystem, has climate resilient traits including the
body physiology suitable to  hill ecosystem, promising
growth rate and feed conservation efficiency, good
mothering ability with higher litter size at the time of
birth and weaning, good carcass quality and consumer
preference in the region. Another key feature of the
pig variety is suitable to low input tribal production/
backyard pig production system. The variety came up
by endless efforts of scientist from the institute, ICAR
RC NEH, Umiam, Meghalaya with initiation from Dr.
K.M. Bujarbaruah, Vice Chancellor, Assam

Fig 15. Dignitaries during the inaugural function of
Natioinal Symposium on “Emerging and Re-emerging

Plant Diseses in North East India : Challenges and
Strategies”

Fig 16. Release of pig variety “Lumsniang” at ICAR
RC for NEH Region, Umiam
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Agricultural University; (Late) Dr. Anubrata Das, Ex-
Director, NRC Pig; Dr. R.K. Bardoloi and Dr. S.Naskar.

Sankalp Se Siddhi cum World Honey Bee Day
KVK Ri-Bhoi celebrated Sankalp Se Siddhi Cum

World Honey Bee Day on the 19th August 2017, at the
MS Swaminathan Auditorium, ICAR, Umiam. The
“Sankalp se siddhi” pledge taking was administered
by the Chief Guest, Hon’ble Member of Parliament,
Shillong, Shri. Vincent H. Pala. The Chief Guest urged
the farmers to sincerely and whole-heartedly take up
all the activities for doubling farmers’ income as
outlined in the pledge; he emphasized to adopt
activities like Integrated Farming Systems, Apiculture,
Soil Health Management in addition to normal farming
activities, in consultation with ICAR, Umiam and KVK
RiBhoi. Dr S.V. Ngachan, then Director, ICAR RC
NEH Umiam, Meghalaya urged the farmers to adopt
IFS and value addition of local products. About 100
Vanaraja poultry chicks were distributed to about 250
farmers from ten different villages of RiBhoi district
and 50 Scientists of ICAR & KVK, officers of the State
Departments and Bank Officials participated in the
programme.

Vigilance awareness week observed at ICAR NEH
Region headquarter, Umiam, Meghalaya

As part of the Vigilance awareness week, the ICAR
Research complex for NEH region observed a five day
long programme from October 30 to November 3,2017
at its head quarter, Umiam, Barapani, Meghalaya and
in other regional centres in six NE states. On the
occasion in Meghalaya, an integrity pledge for
organization was administered by the Director, Dr. N.
Prakash to the scientists and staff of the institute. He
also urged everyone to take e-pledge by visiting the
CVC web site. In the five day long programme, various

competitions such as slogan writing, poster making,
essay, quiz and extempore etc were held and prizes
were distributed to the winners.  The Superintendent
of police of Ri-Bhoi, Meghalaya Mr. Ramesh Singh,
IPS attended the valedictory function as the chief guest
and speaker. He emphasized on the issues of preventive
vigilance. Dr. S.K. Das, Vigilance officer of the
institute and a Principal scientist & Head delivered
the welcome address and highlighted the importance
of such awareness week to achieve a corruption free
society. Dr. A. Sen, Principal scientist & Head and the
member secretary of the organizing committee offered
vote of thanks.

International Women’s Day celebration at ICAR
Research Complex for NEH Region, Umiam,
Meghalaya on 8th March 2017

The Women’s Cell of ICAR Research Complex for
NEH Region, Umiam celebrated International
Women’s Day on 8th March 2017 on the theme ‘Be
bold for change’ under the coordination of Dr. K. Puro,
Vice-Chairperson of the women’s cell. Short speeches
were delivered by Dr. C. Aochen, treasurer women’s
cell, Mrs. T. Pattanayak, Joint secretary women’s cell,
Dr. R. K. Sanjukta, Scientist, Animal Health and
Mrs.Swapna Deb Kanungo, Branch Manager SBI,
ICAR Umiamhighlighting the potency of women at
workplace, the stigma attached to a working mother,
the significance of celebrating of women’s day, the
fight for dignity of women in the society and building
a society where women are secure and successful.
Invited speaker, Dr. Juliana D’Costa from Shillong
highlighted the precious place women holds in the
society and understanding between the genders is the
key to a balanced society.

Fig 17. Vigilance awareness week Fig 18. International Women’s Day
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WEATHER REPORT- 2017
The total annual rainfall of Umiam was 2729.7 mm

with monsoon rainfall (June to September)
contribution of 1958.2 mm (72% of the total annual
rainfall). There were 138 rainy days (more than 2.5
mm rain per day) in the year with monsoon period
having 85 rainy days (62%). The monthly and annual
pattern in rainfall is depicted in Fig 1.  During the whole
year, the total rainfall was 14% higher than normal
and monsoon rain was also higher by 27.7%. In 2017,
almost all the months received similar amount of
rainfall as normal except the August month, which
received 405 mm higher rainfall than normal, making
the monsoon season as well as the whole year a rainfall
excess year as compared to the normal. The maximum
rainfall in a single day was 129.7 mm on August 11th,
2017. The total annual pan evaporation was 870.8 mm.
The rainfall was more than the pan evaporation from
April to October, but the reverse happened during rest
of the months.

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 (a)]. The mean Tmax varied between
26.6° C to 28.4° C for all the months except November
to March when it varied between 24.8° C to 22.1° C. It
is clear from the figure that for almost all the months
the Tmax was either similar or more than its long period
average (LPA) value. This phenomenon of higher than
normal Tmax was also observed in the last few years,

indicating towards a slow but persistent increase in
Tmax over the place. The highest mean monthly Tmax
was seen during the July month (28.4°C). It was about
0.8° C higher than the normal. The mean monthly Tmin
was highest for the month of August with a value of
20.6° C and lowest for the month of January with a
value of 5.5° C. It is clearly seen that the mean monthly
minimum temperature increased after January to reach
the maximum at August and therefore decreased to the
minimum at January again.

The variation in the morning relative humidity (RH-
morning) was less as compared to the evening relative
humidity (RH-evening) [Fig 2 (b)]. The RH (morning)
had very less variation throughout the year with
minimum in February (81.7%) to maximum in August
(90.5%). But RH (evening) showed larger variation as
it varied between 40.8 and 77.8% in February and June

2.  RESEARCH ACHIEVEMENTS

MEGHALAYA

Fig 1. Monthly and annual rainfall pattern

Fig 2 (a).  Monthly values of mean maximum &
minimum temperature during 2017

Fig 2 (b).  Monthly values of mean relative humidity
during 2017
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respectively. The RH-evening was lower than LPA
value throughout many months of the year which is
mainly due to increase in Tmax of the place. The average
wind speed was highest for the month of April which
was 3.2 km/hr. For all the months it was lower than
normal by 35 to 65%.

CROP SCIENCES

Rice Improvement

Development of phosphorous efficient rice by
marker assisted backcross breeding

In the programme for development of Phosphorous
efficient rice through marker aided backcross breeding
program, attempts were made to transfer PUP1 QTL
from Swarna (PUP1 Positive) to Bhalum 4 (PUP1
Negative).  A total of 79 Promising BC2F6 lines
possessing PUP1 QTL in the background of Bhalum 4
in homozygous condition are ready for evaluation in
the low P plot for their tolerance to  P deficient soil..

Functional genomics study of cold tolerance in rice
One hundred and fifty three (153) genotypes

selected from previous years’ experiment were
phenotyped at two locations Umiam (980m ASL -
Control site) and Upper Shillong (1920 m ASL – Cold
stressed site).

Based on Chlorophyll content, RWC, cell
membrane stability, pollen fertility, panicle weight,
grain filling, seed weight, plant height and biomass,
four genotypes were identified for making crosses for
developing a mapping population for functional
genomics studies.Four unique genotypes identified
were Kuban 3 (for seed weight), IRCTN91-57(for
spikelet fertility),Mujudo (for EBT) and Kuki(for
panicle weight).

Genotype Characters

Kuki High in panicle weight through
higher spikelet number but low in
spikelet fertility and seed weight

Kuban3 High in seed weight but low in
panicle weight, spikelet number and
spikelet fertility

Mujudo High in EBT under stress condition
IRCTN 91-57 High in spikelet fertility under

stresscondition but low in EBT

Study of rice yield under low light intensity
The third field phenotyping of selected 50

genotypes from the two-year screening of 300
genotypes was undertaken under ambient and two
shade-net conditions (30% and 50% shading)
respectively, during kharif, 2017 at Upland Plant
Breeding farm (Fig 3) with the following checks viz.,
Swarna Prabha (SP, Tolerant check), IR 8 (Susceptible
check), Shahsarang (Local Check), and Swarna.
Sampling for biochemical analyses was done at 50%
flowering. Light intensity was recorded daily during
the crop period (Fig 4).

Increase in plant height, leaf area, carotenoids, and
decrease in specific leaf weight (SLW), Chlorophyll
a/b are all adaptive features exhibited under low light
conditions to increase light capture. Plant height
increased up to 48% and 44%; SLW reduced up to
55% and 54%; tiller number reduced up to 50% and
57% at 30% and 50% shade respectively. Variations
in spikelet fertility and yield were observed; while
spikelet fertility decreased up to 55% and 38% at 30%
and 50% shade respectively, some genotypes exhibited
an increased up 20% and 19% at 30% and 50% shade
treatments, respectively. Similarly, while a general
trend in yield reduction was observed up to 52% and
63% in both treatments, respectively, an increase in
yield up to 195% and 150% was observed in few
genotypes in both treatments.  There was a sharp
increase in carotenoids content under low light;
Chlorophyll a:b ratio decreased due to the surge in

Fig 3. Low light experimental area

Fig 4. Light Intensity during crop growth period
(kharif 2017)
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Chlorophyll b (Fig 5). The low light tolerant genotypes
viz., Shahsarang, Khira, Jyoti, Purandu, T. Basumati,
Narendra 1, Danteswari, Mahisugandh and Kunti.

Starch and sucrose content in leaves and grains
under low light conditions

Sampling was done in leaves at 7 days after anthesis
(DAA), 15 DAA and 30 DAA in checks SP (tolerant),
IR 8 (susceptible), and selected genotypes Danteswari,
Sashi, Kalanunia and Pusa Sougandh 5. In grains, the
variations in trends were observed at 30 DAA in checks
SP, IR 8 and selected genotypes Kalanunia, Sashi and
Pusa Sougandh 5.

In leaves, sucrose content decreased with increase
in DAA in tolerant check SP under control conditions.
At 30% shading, a decreased content at 15 DAA in SP
was observed increase at 30 DAA. In more intense
50% shading, SP exhibited high sucrose content at 15
DAA and subsequent decrease at 30 DAA. In the
relatively tolerant genotypes, an increasing trend in
sucrose content is observed under shading conditions
with increase in DAA (Fig 6).

In grains of both tolerant SP and susceptible IR 8,
a decreasing trend in starch and sucrose content is
observed at 30 DAA with increase in shading with
higher values in SP. A similar decreasing trend was
observed in Sashi and Pusa Sougandh 5 for starch
content; Pusa Sougandh 5 followed a similar trend with

SP with similar sucrose value. In Kalanunia, an
increase in starch content from 66 μg/g to 88 μg/gand
72 μg/g was observed in 30% and 50%, respectively
(Fig 7).

Functional validation of Pisum sativum Eukaryotic
Translational Initiation Factor 4A (Ps - eIF4A) for
abiotic stress tolerance

Selection and validation of endogenous gene is
commonly being studied worldwide for differential
gene study. And it is also considered as inevitable for
gene validation studies. Endogenous gene expression
varies profoundly with every cell and tissue with even
mere deviations at nominal levels too, thus need
normalization.

T3 seeds of chickpea variety Pusa 256 were
screened for drought tolerance. For each of 10
transgenic lines, five replicates of 50 seeds were
screened with various concentration of PEG (MW
6000). Seed germination and root growth was very high

Fig 5. Variations in Chlorophyll a/b ratio in screened
genotypes under low light condition

Fig 6. Leaf Sucrose Content at different days after anthesis across all light conditions

Fig 7. Grain Starch and Sucrose Content at 30 DAA
across all light conditions
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in transgenic compared to control. However, PS-
eIF4A,when over expressed in rice (Swarna) showed
higher level of salinity tolerance at reproductive stage.
On salinity screening, PS-eIF4A over expressed lines
of transgenic Swarna, showed higher level of tolerance
compare to salinity - tolerant control FL 478 and
susceptible control IR29 (90 mM NACL STRESS at
pH 5.6) reproductive stage. Our results confirm that
protein translational machinery especially, Eukaryotic
translation initiation factor 4A play a very important
role in abiotic stress tolerance in plant. This finding
will help in understanding the mechanism of abiotic
stress tolerance in plant with special reference to
protein translation machinery.

Research Complex Regional Trials (RCRT) on
upland Rice

In RCRT (upland), RCPL 1-413 (3.5 t/ha), RCPL
1-129 (3.3 t/ha), RCPL 1-131 (3.3 t/ha) were found to
be promising. As far as RCRT (lowland) is concerned,
RCPL 300 (3.8 t/ha) and RCPL 1-145 (3.6 t/ha) had
shown their superiority for grain yield. Three AICRIP
trials were conducted at upper Shillong farm. Entries
namely, 2809, 2919 and 3005 were the top yielders in
AVT-1 (M) H, IVT (M) H trials and IVT (U) H
respectively. The high performing lines namely, RCPL
1-145 and RCPL 1-300 were also nominated for
AICRIP trials.

Morphological assessment of 150 rice genotypes
A genotype by trait biplot was constructed based

on morphological evaluation. Grain yield was highly
correlated with spikelet fertility percentage and number
of tillers per plant. Reng Kawai followed by IRCTN
91-63 and Chankimaso were the high yielding
genotypes. The highest number of effective tillers per
plant was highest in Shahsarang 1 followed by Megha
SA 1.  Principal components analysis performed on
morphological traits revealed that the first five most
informative components accounted for 69.43%
variance. Among all principal components PC1
contributed maximum (25.41%) to the total variation.
Important characters with greater weightings in
principal component axis I included grain weight,
secondary leaf length and number of effective tillers.

Molecular characterization
In SSR genotyping the number of alleles ranged

from 2 to 6 with an average of 3.75 alleles per locus.
The highest number of alleles was detected for the loci
RM510 and the lowest number of alleles was detected
for the loci RM307. Neighborhood clustering based
on Roger’s genetic distance had differentiated the
genotypes into three major clusters. Cluster I comprised

Fig 8. Putative transgenic plants development in
Chickpea, PCR analysis and Southern Analysis

Fig 9. Molecular analysis of Transgenic Rice (Swarna)
and Chickpea (P 256) with PS-elf4A Gene

Fig 10. Morphological assessment of RCPL 1-300 and
RCPL 1-145

Fig 11. Genotype by trait biplot of 150 rice genotypes
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of three genotypes, whereas cluster 2 and 3 possessed
45 and 102 genotypes respectively. Model based
clustering with a burn-in period of 50000 and Monte
carlo Markov chain replication of 50000 based on
maximum likelihood had also differentiated the
genotypes into 3 groups.

Rice Pathology
One thousand four hundred thirteen lines were

screened against rice blast in uniform blast nursery
pattern at ICAR, Umiam under AICRP on Rice. One
hundred and eighty eight entries were found to be
resistant. Variety HR-12 was used as susceptible check.
NSN 1 (3703, 3707, 6201, 3814 etc.), DSN (RP-Patho-
6-1-13, RP-Patho- 7-5-9, RP-Patho-10-6-1 etc.),
NSNH- (2710, 2712, 2724 and 2908 etc) were observed
resistants.

Table 1. Reaction of rice entries against blast disease

Screening trial No. of Resistant
Lines  lines

National Screening Nursery- 1 354 35
National Screening Nursery- Hills 99 52
National Hybrid Screening Nursery 127 30
Donor Screening Nursery 90 14
National Screening Nursery- 2 743 57
Total 1413 188

MAIZE

Expression of DREB 2A from Pennisetum glaucum
(PG - DREB 2A) confers enhanced moisture stress
tolerance in maize (Zea maysL.)line RCM 1-2 at
germination and early vegetative stage

Maize is very susceptible to drought. It requires
water for cell elongation across all stages of its growth

and development. However, the amount of water
requirement varies depending on the growth stages in
which it increases during vegetative stages and reduces
during reproductive stage. Stress responsive
transcriptional regulation is an adaptive strategy of
plants that alleviates the adverse effects of
environmental stresses. In this study, a cDNA with an
open reading frame, encoding the transcription
activation factor DREB2A, was cloned from
Pennisetum glaucum (PG – DREB2A) and over-
expressed in maize under the stress-inducible rd29A
promoter.

A total of 21 GUS positive and PCR positive
putative transgenic maize plants were screened for
germination stage moisture stress. A total of 30 seeds
from each transgenic line of PG – DREB2Aat fourth
generation (T3) and their control (WT) was
phenotypically screened in the greenhouse under
simulated drought stress condition in the presence of
mannitol (200, 300, 400, 600mM). During simulated
osmotic stress conditions, the seed germination
percentage varied from 50–66% in PG – DREB2A
transgenic maize at 300 mM mannitol concentration
and 41–58% in 400 mM mannitol concentration.
However, when exposed to 300 and 400 mM mannitol
concentration, germination percentage in control maize
seeds was 21-34% and 10-12% respectively.  The rate
of seedling survival of PG – DREB2A transgenic lines
was much more superior to control. All the transgenic
lines showed a significant increase in germination and
seedling survival under 300-400 mM mannitol.
Approximately, 6—9% of PG– DREB2A transgenic
maize seeds could able to germinate and/or could not
survive at 600 mM manittol. Also the growth
performance of transgenic seedlings in terms of shoot
and root length were significantly higher for transgenic
seedlings over the WT seedlings during moisture
stresses. The germination potential of wild type was
declined significantly under increased mannitol stress.
Under 200 mM mannitol treatment, germination
potential in transgenic and wild type seeds did not
decrease.

During moisture stress conditions employed
withholding the water for 10 days, non-transgenic
plants started wilting whereas most of the transgenic
plants showed normal growth performance. However,
both transgenic and non-transgenic control plants
showed symptoms of drought stress i.e. wilted leaves,
burned at the leaf edge and tip, and the upper leaves
turned yellow after 15 days of water withholding. The
wild-types showed much more severe symptoms of

Fig 12. Clustering of rice genotypes based on SSR
markers
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drought stress with most of the leaves being wilted
and dehisced compared to transgenic plants after 15
days of water withholding treatment. When water was
provided to these samples, the transgenic seedlings
exhibited recovery in growth, but most of the WT
seedlings died. Even under simulated drought stress
condition by limiting the water supply for the entire
growth period, all the PG – DREB 2A transgenic maize
plants exhibited relatively superior growth
performance in comparison to their WT counterparts,
in terms of several phenotypic growth parameters at
vegetative stage of growth such as plant height, leaf
length, root length, etc.  Comparatively, transgenic
plants grew healthily, whereas the surviving WT
seedlings were dwarf and developed pale green leaves
during moisture stress.The leaf RWC measured in wild-
type leaves was decreased to 79.7% whereas leaf RWC
in transgenic plants leaves maintained water as high
as 94.9%. After 15 day of water withholding, leaf RWC
in the wild-type control plants was as low as 33.7% as
compared to the leaf RWC of transgenic plants that
was 68.9%. There was no significant difference in leaf
RWC between the control and transgenic plants that
were watered regularly, and the transgenic plants after
10 days of water withholding. However, the leaf RWC
of PG – DREB 2Atransgenic line was less after 15
days of water withholding as compared to that of 10
days water withholding, but far less in the leaves of
the wild-type control plants.

Southern blot hybridization confirmed the
integration of PG – DREB 2A transgene in T3 plants.
The RT-PCR analysis confirmed the transcription of
PG – DREB 2Atransgene in plants and the same is
confirmed by Northern blot analyses of T3 plants.
These observations suggested that transgenic over-

expressionof the PG – DREB 2A conferred stress
toleranceand protected maize seedling under moisture
stress.

Evaluation of composite lines of Maize
 The composite lines developed by the Institute viz.,

RCM 1-1, RCM 1-2 (popcorn), RCM 1-61, RCM 75
and  RCM 76  were evaluated at Institute farm as well
as in adaptive trials at Pyngkhrep village,
Bhoirymbong. These lines maintained their yield
potential throughout locations and years. Also, a set
of 132 maize land races were evaluated for their yield
potential for three consecutive years. The data was
further subject to GGE biplot analysis. Superior lines
with high yielding ability namely, RCMGP 114,
RCMGP 72, RCMGP 47, RCMGP 44, RCMGP 42,
RCMGP 96 and RCMGP 96 were identified.

Maize Pathology
One hundred sixteen lines in replicated trials (two)

were evaluated for Turcicum leaf blight resistance at
ICAR, Umiam under AICRP on Maize. Seventeen lines
were found to be resistant. Resistant lines in trial 75

Fig 13. Molecular Analysis of Transgenic Maize
(RCM  1-12) with PG-DREB2A gene (PCR, Southern

and Northern Analysis)

Fig 14. GGE biplot analysis of maize genotypes for
grain

Table 2.  Reaction of maize entries against turcicum
blight

Screening trial No. of No. of
Lines resistant lines

Trial 75 Late (AVT-I-II) 24 5
Trial 77 Early (AVT- I-II) 15 0
Baby corn  I-II-III 11 0
Pop corn I-II-III 14 0
Sweet corn  I-II-III 15 0
AVT I- Rainfed 11 7
Trial 76 Medium (AVT I-II) 26 5
Total 116 17
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(JH 15080, VaMH 13024, JH 13023 etc.), trial 76
Medium (AVT I-II) (entry no.IMH 1527, LMH 1116,
IMHBG-2016-4, LMH 1216 etc.) and AVT – I Rainfed
(GK 3206, IMH1618, OMH14-27 etc.) were observed.

RICE BEAN
100 genotypes of rice bean were evaluated in RBD

with an objective to identify the superior genotypes
for Meghalaya. The yield per plant varied from 2.1 to
80.5 g with an average of 28.9 g. The maximum yield
was recorded in genotypes namely, Chakhawai 31 (80.5
g) followed by BKSB 23 (67.9 g) and Chakhawai 1
(65.4 g). For 100 seed weight, Chakhawai 2 (52.4 g)
followed by Chakhawai 3 (42.0 g) were found to be
superior. When path coefficient analysis was
performed, number of seeds per plant (0.78) had shown
highest direct effect on yield per plant followed by
100 seed weight (0.386) and number of pods per plant
(0.20). Mahalanobis d-square distance among the
genotypes was also calculated. The percentage
contribution towards genetic divergence was maximum
for 100 seed weight followed by days to maturity. In
general, genotypes were grouped into six major
clusters.

SOYBEAN
In station trial, genotypes namely RCS 1-9 (2.5 t/

ha) and RCS 1-10 (2.4 t/ha) had maintained their
superiority. In another experiment a set of genotypes
were grown at different locations and polygon view
was formed by connecting the markers of genotypes
that was farthest from the biplot origin with straight
lines. For yield per plant, DS 3101 followed by MAUS
706 were high performing lines for Imphal and
Nagaland. PS 1556 and KDS 753 were high performers
for Umiam and Imphal. The genotypes namely DS
3101, DSB 28-3 and MACS 1460 having large PC1
scores (high mean yield) and small (absolute) PC2
scores (high stability) were closer to the ideal genotype
for yield per plant.

CHICKPEA

Physiological evaluation of chick pea genotypes for
growth and yield performance at mid altitudes of
Meghalaya

Field experiments were conducted during 2015-16
to 2016-17 at low land agronomy field to evaluate
inherent drought tolerance and yield performance of
different chickpea genotypes in collaboration with
IIPR, Kanpur. Various agro-physiological observations
for agro-climatic suitability for NEH region recorded
during different stages of crop growth. Among the
different chickpea genotypes, the total chlorophyll
content was higher in D 7 (2.68 mg/g) and D 2 (1.17
mg/g), respectively. The mean carotenoid content was
71.30 and 12.85 μg/g at 35 and 80 days after sowing
respectively. The mean root weight was recorded
higher under D 17 (1.53 g/plant) followed by D 8 (1.44
g/plant). The root to shoot ratio and total dry matter
(g/plant) recorded was maximum in D 2 genotypes of
chickpea. The highest seed yield of 2.30 t/ha was
recorded in D 12 chickpea genotype and lowest seed
yield (0.61 kg/ha) under D 11. Therefore, among
several chickpea genotypes tested; D 7, D 12, D 18, D
20, D 22 and D 17 performed better in relation to seed
yield, leaf pigmentation and harvest index at mid
altitude of Meghalaya.

PEA

Root growth behavior and phenotypic plasticity of
pea cultivars under different tillage and nutrient
management practices in rice fallows

 The present study aimed at examining the residual
effect of tillage and varied nutrient management (NM)
practices in rice on overall root growth-attributes and
physiology of succeeding winter pea cultivars grown
under no-till (NT) condition. Higher values of root
architectural traits viz., root surface area, total root

Fig15. A polygon view and ideal genotypes
comparison plot of soybean

Fig 16. Evaluation of chickpea genotypes at lowland
Agronomy farm
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length, root volume, root length ratio (RLR) and root
tissue density were observed under conventional tillage
(CT) relative to NT and minimum tillage (MT) in both
pea cultivars (Arkel and Prakash). In addition,
significantly higher values of functional root traits viz.,
RLR, root mass ratio and root fineness had been
observed under CT with sole application of 50% NPK
and 100% NPK relative to other tillage and NM
practices. Moreover, increased root exudation was
observed under reduced tillage (NT and MT) along
with organic residue addition particularly by cultivar
Arkel. However, noticeable changes in stress
responsive morpho-physiological traits like enhanced
chlorophyll pigmentation and favourable leaf
characteristics were observed under NT with 50% NPK
+ weed biomass (WB)/green leaf manure (GLM)
applications. Higher leaf area expansion and thickness
with optimum turgidity were recorded under NT and
MT than CT in both the pea cultivars. Thus, adoption
of MT along with 50% NPK + WB/GLM in summer
rice is recommendable option for inducing favourable
root environment and optimised pea production in
succeeding winter season in Eastern Himalayas, India
and other similar agro-ecosystems.

COTTON

Growth and physiology of cotton (Gossypium
arboreum L.) at mid altitudes of Meghalaya

Present study was undertaken to study the agro-
climatic suitability and feasibility of cultivating cotton
(Gossypium arboreum L.) by evaluating suitable
morpho-physiological traits at Institute farm of ICAR
research complex for NEH region, Umiam, Meghalaya.
Two varieties of cotton viz., HD 123 and HD 432 have
been grown with sowing date at 1st fortnight of May,

2017 under organic production systems. Results
revealed that, out of two cotton varieties, only HD 123
was successful in establishing in the planted field
whereas another variety HD 432 did not establish and
put forth its growth in this climate. In HD 123, leaf
chlorophyll pigments like chl. a, chl. b, carotenoids
and anthocyanin content has indicated higher values
of 2.39, 0.88, 0.17 and 0.025 mg/g respectively.  The
content of accessory pigments viz., carotenoid and
anthocyanin was higher as they may act both as
antioxidant and protectant of chlorophyll during
stressful conditions. At active growth stage, the values
of root architecture parameters like total root length
and root surface area noticed was 153 cm and 112 cm2

whereas root volume and root dry weight witnessed
was around 3.1 cm3 and 0.89 g. The extent of increase
in root parameters in established variety i.e HD 123
was advantageous to the plant to enhance nutrient
uptake especially phosphorus and efficient water
absorption. The stomatal distribution studied in abaxial
surface of cotton leavesshows that the stomatal
frequency ranged from 358-400 per cm2 and stomtal
index of 27.3-30.2%. Biomass characteristics like
shoot biomass and total dry matter of cotton was
observed 2.59 g and 3.39 g per plant with root to shoot
ratio of 0.35. The overall growth observed in present
study in the established cotton variety was moderate
and sub-optimal, which further giving the scope for
studying the appropriate agronomic practices to
improve the cotton crop physiology and resilient
growth for better productivity to suit changing climate
in mid altitudes of Meghalaya.

Table 3. Stomatal characteristics of cotton grown
at mid altitudes of Meghalaya

Parameter Stomatal Stomatal Stomatal size
frequency index
/cm2 (%) Length Breadth

(ìm) (ìm)

R1 358 27.3 10.17 6.77
R2 372 28.5 10.65 6.81
R3 400 30.2 10.42 6.55
Average 376.67 28.67 10.41 6.71

FRUITS

MANDARIN
Soil-plant nutrients and fruit characteristics in
Khasi mandarin orchards at various altitudes

A correlation among soil, leaf nutrients content and
fruit characteristics were established in decline and

Fig 17. Root architecture of pea (Arkel) under
different tillage and NM practices
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non-declined orchards. Correlation among altitudes,
slope, pH, SOC and fruit characteristics in declined
and non-declined orchards revealed a significant
positive correlation with acidity (0.526) and negative
correlation with total sugar (-0.489) in non-declined
orchards while, altitude exhibited significant positive
correlation with seed number (0.736) and acidity
(0.636) in declined orchards. Slope showed significant
positive correlation with seed number in both declined
and non-declined orchards. Soil pH showed significant
positive correlation with yield. Similarly, SOC had a
significant positive correlation with yield attributes in
both declined and non-declined orchards. Correlation
among N, P, K and fruit characteristics showed that
soil and leaf (N, P, and K) content had a positive
correlation with yield attributes in both declined and
non-declined orchards. Similarly, soil and leaf (Ca, Mg,
Zn) contents showed positive correlation with yield
attributes in both declined and non-declined orchards.
Leaf Zn content exhibited significant positive
correlation with fruit weight (0.841), TSS (0.612) but
negatively correlated with acidity (-0.564) in non-
declined orchards.

LEMON
DUS guidelines for lemon (Citrus limeon (L)Burm)

For developing Distinctive Uniformity and Stability
(DUS) guidelines for lemons viz., Assam lemon, Jaintia
lemon, Kachai lemon and Elaichi lemon, the pomological
and fruit quality traits were assessed which showed
significant variations. The leaf length varied from 6.6 to
15.6 cm and leaf width varied from 3.2 to 7.8 cm. The
no. of spines (30 cm shoot length) varied from 3 to 9 nos.
and spine length varied from 1.2 to 4.2 cm. The flowers
were complete and hermaphrodite and had stamens more
than 4/petal. Fruit shape varied from spheroid to ellipsoid.

Shape of fruit base varied fromconcave collared to
truncate and fruit apex was mammiform. The fruit weight
ranged from 80.2 to 300 g; fruit length and fruit diameter
ranged from 5.7 to 13.2 cm and 4.90 to 7.83 cm,
respectively. No. of seeds ranged from 0 to 40.5 nos. The
juice content varied from 20.10% to 55.60%; TSS ranged
from 5.3oB to 6.5oB and titratable acidity ranged from
4.3% to 5.49%.

PEACH

AINCP on canopy management and plant
architectural engineering in temperate fruits

Two low chilling peach cv. Partap and Flordaprince
grafted on local rootstocks were planted at four
different training system and densities viz., Espalier
system: 3.0 m x 2.0 m; Tatura trellis system (Y-Shape):
2.0 m x 5.0 m; Central leader system (4 scaffold
branches): 3.0 m x 3.0 m and Open centre system: 3.5m
x 3.5m at Umiam, Meghalaya and Basar, Arunachal
Pradesh. In 2nd year at Umiam, the highest plant height
was recorded in cv. Partap on Central leader (2.05 m)
followed by Tatura trellis system (1.87 m) while cv.
Flordaprince recorded highest plant height on Espalier

Table 4. Correlation among altitudes, slope, pH, SoC and fruit characteristics in decline and non-declined
orchards

Fruit weight See dnumber TSS Acidity Ascorbic acid Total sugar Yield

Non-Declined orchards
Altitude -0.228 0.473 -0.075 0.526* 0.259 -0.489* -0.461
Slope 0.141 0.490* 0.036 0.001 -0.249 0.205 -0.122
Soil pH 0.466 -0.306 0.125 -0.673** -0.487 0.589** 0.739**
SOC 0.570* -0.067 0.275 -0.467 -0.256 0.440 0.790**
Declined orchards
Altitude -0.111 0.736** 0.012 0.636** 0.272 -0.356 -0.486
Slope 0.177 0.824** -0.112 0.067 -0.175 0.207 -0.401
Soil pH 0.032 -0.433 -0.103 -0.450 0.018 0.309 0.828**
SOC 0.036 -0.380 -0.203 -0.045 0.105 0.034 0.529*

*. ** = significant at P (0.05) = 1 tailed (0.497) and two tailed (0.576), respectively

Fig 18. Variability in different lemon germplasm
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(1.85 m) system. At Basar, the highest plant height
was observed in cv. Flordaprince on Espalier system
(1.36 m) followed by Tatura trellis system (1.29 m)
while cv. Partap recorded highest plant height on
Central leader system (1.23m). The response of training
system and varieties was non-significant on girth at
both the locations.

Regional trial onadvance breeding lines of
horticultural crops

GUAVA: Five guava varieties viz. RCGH-1 (Sour
type X Red fleshed local), RCGH-4 (Red fleshed X
Allahabad Safeda), RCGH-7 (Lucknow-49 X Pear
shaped), Allahabad Safeda and Lucknow-49 were

Table 5. Correlation among N, P, K and fruit characteristics in decline and non-declined orchards

Fruit weight See dnumber TSS Acidity Ascorbic acid Total sugar Yield

Non-Declined orchards
Soil N 0.421 -0.287 0.413 0.223 -0.546 -0.203 0.728**
Leaf N 0.283 -0.123 0.146 -0.017 -0.336 -0.154 0.732**
Soil P 0.469 -0.053 0.407 0.113 -0.663 -0.471 0.677**
Leaf P 0.431 -0.530* 0.220 0.139 -0.258 -0.059 0.717**
Soil K 0.599** 0.005 0.290 0.508* -0.101 -0.043 0.435
Leaf K 0.609** -0.091 0.115 0.682** -0.196 0.070 0.673**

Declined orchards
Soil N 0.112 -0.720 0.233 -0.134 -0.600 -0.285 0.851
Leaf N -0.198 -0.343 -0.138 -0.653 0.068 -0.095 0.501
Soil P 0.014 -0.524 0.112 -0.090 -0.012 -0.310 0.481
Leaf P -0.035 -0.267 0.075 -0.332 -0.347 -0.096 0.649
Soil K 0.498* 0.103 0.535 -0.119 -0.348 -0.380 0.521
Leaf K 0.193 -0.509 -0.305 0.222 0.196 0.341 0.142

*. ** = significant at P(0.05) = 1 tailed (0.497) and two tailed (0.576), respectively

Table 6. Correlation among Ca, Mg, Zn and fruit characteristics in decline and non-declined orchards

Fruit weight See dnumber TSS Acidity Ascorbic acid Total sugar Yield

Non-Declined orchards
Soil Ca 0.581** -0.196 0.357 -0.554* -0.335 0.554* 0.485
Leaf Ca 0.397 -0.367 0.480 -0.148 0.109 0.214 0.207
Soil Mg 0.479 -0.266 0.368 -0.535* -0.262 0.344 0.717**
Leaf Mg 0.515* -0.442 0.169 -0.315 -0.084 0.157 0.729**
Soil Zn 0.475 -0.460 0.440 -0.237 -0.074 0.461 0.791**
Leaf Zn 0.841** -0.211 0.612** -0.564** -0.431 0.606 0.709**

Declined orchards
Soil Ca 0.424 -0.580** 0.314 -0.525* -0.459 0.459 0.490
Leaf Ca 0.427 -0.504* -0.036 -0.340 -0.283 -0.029 0.361
Soil Mg 0.221 -0.325 0.165 -0.477 -0.320 0.223 0.461
Leaf Mg -0.011 -0.426 -0.136 0.003 0.159 -0.020 0.495*
Soil Zn 0.168 -0.478 -0.001 -0.418 0.108 0.319 0.765**
Leaf Zn 0.244 -0.291 0.176 -0.109 -0.454 0.434 0.273

*. ** = significant at P (0.05) = 1 tailed (0.497) and two tailed (0.576), respectively

planted under meadow orchard planting system
(spacing: 2.0 m x 1.5 m) during 2014. The experiment
is being conducted in all regional stations. In 3rd year,
number of fruits per plant was recorded highest at
Tadong in cv. RCGH-7 (140 nos.). While at Umiam,
number of fruits per plant was recorded highest
RCGH-1 (51 nos.) followed by RCGH-7 (42 nos.) and
RCGH-4 (38 nos.). In fruit quality, highest TSS
(10.2oB) and lowest acidity (0.45%) and highest TSS:
acid ratio (22.6) was recorded in cv. RCGH-1 at
Lembucherra.

ACID LIME: Four acid lime varieties viz.,
ARL-1, Pramalini, Vikram and Balaji were planted
during 2016 at all six regional stations. In 1st year,
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plant height was recorded highest in cv. ARL-1 at
Umiam (87.29 cm) followed by Basar (85.33 cm).
However, cv. Pramalini (90 cm) at Imphal recorded
highest plant height. The highest plant girth was
recorded in ARL-1 (10.98 mm) at Lembucherra,
Tripura compared compared to other check varieties.

Insect Pest
Oviposition deterrence activity of botanical
pesticides against fruit flies in peach and guava

Oviposition suppressing potential of different
botanical pesticides viz., Azadirachtin 0.03EC, Anonin
1EC and Bamboo leaf prickly ash extract was evaluated
against fruit flies in guava and peach. Mixture of
BLPA-nh extract @ 0.001% and Azadirachtin 0.03EC
@ 0.05% considerably reduced (83.67% and 79.33%)
the egg laying of oriental fruit fly, B. dorsalis in peach
and guava fruits, respectively.

Bio-intensive management of fruit fly in guava and
peach

Integrating male annihilation technique (15 traps/
ha) with two topical sprays of Azadirachtin 0.03EC
(2ml/l) and soil incorporation of M. anisopliae
(1x108cfu/gm) @ 6kg/ha was found effective against
fruit flies in guava which
increased 53.67%
marketable yield of guava
over control. Similarly,
mass trapping (Fig 19) of
adult males @ 20 traps/ha
with two topicals prays of
Azadirachtin 0.03EC (2ml/
l) was found reducing
71.33% fruit fly damage
over control in peach.

VEGETABLES

DOLICHOS BEAN
Genetic variability in local accessions of Dolichos
bean

Among the 165 local accessions of dolichos bean
evaluated during August, 2016 - March, 2017 with
check Swarn Utkrist, pod length ranged from 3.58-
24.40 cm, pod weight (2.71-20.08g), number of seeds
per pod (2.30-6.70), yield (0.23-1.54kg/plant), protein
content (14.77-36.75%) and anthocyanin content (0.10-
3.21mg/100g). Among the accessions the high yielding
germplasms were identified as MZDBC-12 (1.23kg/
plant), TRDBC-11(1.1kg), TRDBC-14(0.82kg/plant)

and ASDBC-12(0.8kg). RCDBC-25 a red podded
genotype was identified as rich in anthocyanin (2.6-
3.1mg/100g). RCDBC-11 was long poded genotype
(20.0-24.0cm). MZDBC-24 was identified as an
accession suitable for marketing and cluster harvesting
(12-15 pods per cluster). TRDBC-36 was identified
as a white poded dual purpose genotype (for vegetable
and seeds for pulse). RCDBC-17 was unique line with
cyamose bearing habit.

Evaluation of bush type photo-insensitive
accessions of dolichos bean

To identify the high yielding photo-insensitive and
dwarf genotype of Indian bean, four accessions i.e.,
Selection-1, Selection-2, Arka Jay and Konkan
Bhushan were evaluated during March - June and
August - November, 2017 at Umiam, Meghalaya. Seeds
were sown in lines at 60 x 25 cm spacing. Among the
genotype the highest yield 173.61 and 228.38 q/ha was
recorded from the accession Selection-1 followed by
check Konkan Bhushan grown during March - June
and August - November, respectively. The average
yield of Selection-1 was 20.6 % and 47.2% higher over
the national check Konkan Bhushan and Arka Jay,
respectively. All the genotypes have shown the
symptoms of leaf blight during both the season.

Fig 19. Fruit flies
trapped in RC-fruit

fly trap
Fig 21. Accessions of Dolichos bean with unique traits

Fig 20. Genetic variability in Dolichos bean for pods
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FRENCH BEAN

Evaluation of French bean germplasm
Total 145 local accessions of pole type French bean

were evaluated during August to December, 2017 with
Naga Local as check at 60 x 30 cm spacing. Among
the accessions the high yielding lines were MNFBC-6
(309g/plant) followed by MZFB-44, MZFB- 47 and
RCMFB-1.

COW PEA

Genetic variability of cowpea in North Eastern
states of India

Total 35 accessions of cowpea were collected and
evaluated for different yield and related traits. Among
the accessions based on
flower and pod
characteristics all 3
cultivated species i.e.,
Catjang (Vigna
unguiculata ssp.
cylendrical),Common
cow pea/Southern pea
(Vigna ungiuculata ssp.
unguiculata ) and Yard
long bean/ Asparagus
bean (Vigna unguiculata

ssp. sesquipedalis were identified. The high yielding
genotype were MZCP-4 (21.5) followed by CPSL-2
(19.1), CPSL-9 (18.8) and CPSL-7(18.0). MNCP-2
was earliest for flowering (30 days).

Table 9. Variability in cowpea accessions for yield
and related traits

Characters Mean Range SD Best genotype

Days to 33.89 30.0 1.79 MNCP-2 (30 days)
first - 37.0
flowering
First 3.11 2.0 0.63 CPSL-1(2)
flowering - 4.3
node
Pod length 33.60 19.4 7.87 CPSL-2 (49.7)
(cm)  - 49.7
Pod 0.77 0.6 0.13 CPSL-2(1.2)
diameter (cm) - 1.2
Pod 11.52 5.56 4.75 CPSL-2(27.9)
weight (g) - 27.9
No of pods 17.90 12.66 3.92 MNCP-10
per plant - 33.3
Yield per 201.63 100.13 79.88 MZCP-4 (429.5),
plant (g) - 429.5 CPSL-2 (381.0),

CPSL-9 (375.8),
CPSL-7(360.3)

Yield/ha (t) 10.08 5.00 45.49 MZCP-4 (21.5),
 - 21.5 CPSL-2 (19.1),

CPSL-9 (18.8),
CPSL-7(18.0)

Table 7. Performance of bush type photo-insensitive lines of dolichos bean

Genotype Pod Pod Pod No of Seed March - June August - November
length width weight seeds weight
(cm) (cm) (g) /pod (g) Yield Yield Yield Yield

/plant(g) /ha (q) /plant(g) /ha (q)

Selection-1 12.27 3.39 10.59 4.00 37.12 128.60 173.61 145.00 228.38
Selection-2 11.80 3.20 10.65 4.00 39.22 107.00 144.45 99.40 156.56
Arka Jay 7.48 1.31 4.26 3.67 28.52 85.00 114.75 100.50 158.29
Konkan Bhushan 7.98 1.84 6.31 3.67 28.62 110.00 148.50 117.23 184.64
CD (5%) 0.81 0.52 1.23 1.02 3.42 20.11 12.56 16.95 10.70
CV (%) 5.20 10.66 5.57 5.56 4.23 14.66 9.68 8.09 8.85

Table 8. High yielding lines of pole type French bean

Genotype Days to flowering Pod length (cm) Pod weight(g) No of pod/plant Yield/plant (g) Plant height (cm)

RCMFB-1 38 17.3 27.6 21.3 266.2 290.3
RCMFB-1A 34 13.5 23.7 21.7 232.2 242.3
MZFB- 27 39 14.3 26.6 30.3 249.9 335.2
MZFB- 47 36 13.3 24.7 26.0 290.7 222.2
MZFB-44 34 16.6 23.3 15.0 263.2 228.4
NCFB-7 35 11.8 23.4 21.3 236.9 219.5
RCFBS-11 33 13.8 23.4 20.7 242.9 209.5
MNFBC-6 36 18.1 27.1 23.3 309.7 232.1
Naga Local 36 14.0 25.0 23.7 221.2 248.0
CD (5%) 1.0 2.2 2.3 3.6 10.8 17.6

Fig 22. Variability in
cowpea for pods
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CUCURBITS

Genetic characterization of teasel gourd for yield
and quality attributes

Total 46 accessions of teasel gourd (Momordica
subangulata ssp. renigera) were evaluated for growth,
yield and quality attributes. The fruit weight ranged
from 15.88-125.3 g, fruit length (4.90-10.57 cm), fruit
diameter (2.95-5.58 cm) fruit yield (0.18-2.36 kg/
plant). Similarly quality parameter Vitamin C content
ranged from 42.0 – 219 mg/100g and β-carotene
content 6.18-17.3 mg/100g. Among the genotype the
highest yield per hill was recorded from the RCSG-
15(2.36 kg/plant) followed by RCSG-14 and RCSG-13.

AICRP on Vegetable Crops
Varietal trial on Tomato: Under varietal trials total

5 experiments were carried out during January-April,
2017. Entry, 2016/TODVAR-12 (25.3 t/ha), 2015/
TOINDVAR-6 (33.0 t/ha) and 2014/TODVAR-2 (38.0
t/ha) were high yielding lines under IET, AVT-1 and
AVT-II trials, respectively. However, in cherry tomato
entries 2016/TOCVAR-6 (40.0 t/ha) and 2015/
TOCVAR-3 (44.0 t/ha) were high yielding in IET and
AVT-I trials, respectively.

Varietal trial on Brinjal: Total 6 trials were under
taken in the brinjal and in brinjal long segment entry
2016/BRLVAR-6 (27.0 t/ha), 2015/BRLVAR-2 (32.5
t/ha) and 2014/BRLVAR-4 (36.8 t/ha) were the high
yielding lines under IET, AVT-1 and AVT-II trials,
respectively. However, under brinjal round category
entry 2016/BRRVAR-9 (54.2 t/ha), KSS-224 (51.0 t/
ha) and Swarn Mani (40.6 t/ha) were high yielding
under IET, AVT-1 and AVT-II trials, respectively.

Hybrid trial on Cabbage: Total 6 genotype of
cabbage were evaluated and the highest yield was
recorded from hybrid 2015/CABHYB-1 (54.0t/ha)
followed by 2015/CABHYB-3 under AVT-II trials.

Hybrid trial on Bottle gourd: Under this
experiment total 9 hybrid were evaluated during May
to August, 2017. Among the hybrid the highest yield
was recorded from 2016/DOBGAR-7 (39.8 t/ha)
followed by 2016/DOBGAR-1 and2016/DOBGAR-9
(35.6 t/ha each).

Resistant trial on Brinjal: This experiment was
conducted to identify the lines tolerant to bacterial wilt.
Total 9 accessions were evaluated in sick plots during
March- September, 2017 under IET trial. Out of 9
accessions, 2016/BRBW-3 given higher yield (33.8t/
ha) with the low percent diseases incidence (14.0%)
followed by 2016/BRBW-2. Accession 2016/BRBW-
8 was found to be highly susceptible to bacterial wilt
(44.0%).

Insect pest

Eco-friendly management of fruit flies in tomato
and squash

During fruiting, the module consisting of two sprays
at 15 days interval of mixture of bio-pesticides viz.,
Anonin 1EC and Azadirachtin 0.03EC @ 1ml each /
litre of water along with mass trapping or male
annihilation technique (MAT) by using lure traps @15/
ha and soil incorporation of M.anisopliae (1x108cfu/
gm) @4kg/hawas found reducing 81.33% and 73.67%
fruitfly damage in tomato and squash, respectively.

Management of brinjal shoot and fruit borer
(Leucinodes orbonalis)

The bio-efficacy of different insecticides viz.
indoxacarb 14.5SC (75 and 150 g a.i./ha), chlorfenapyr
10SC (100 and 200 g a.i./ha) and chlorpyrifos 20EC
(200 and 400 g a.i./ha) were evaluated against brinjal
shoot and fruit borer. The plot treated with indoxacarb
150 g a.i./ha recorded the lowest shoot infestation
recording (4.74%) followed by indoxacarb 75 a.i./ha
(6.14%). among the treatments. The lowest fruit
infestation was also observed in plot treated with
indoxacarb 150 g a.i./ha (7.50%) followed by
indoxacarb 75 g a.i./ha (10.05%).

Bio-intensive management of major pests of cole
crops in Meghalaya

Different biopesticides were evaluated against
major pests of cole crops at their recommended

Fig 23: Variability for floral traits in teasel gourd
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concentrations under field condtions.Alternate foliar
spray of entomopathogenic (EP) fungi Nomuraea riley
(1×108 cfu/ml) @ 5ml/l  and Lecanicillium lecani
(1×108 cfu/ml) @5ml/l at 20 days interval was found
promising against Spodoptera litura and Brevicoryne
brassicae, respectively during rainy season in knol-
khol which reduced 67.33% and 71.67% plant damage,
respectively over control. Two foliar sprays of EP
bacteria, Bacillus thurengiensis (Lipel 8WP) @ 2g/l
at 15 days interval were found reducing 79.33% and
48.67% damage of Pieris brassicae and Plutella
xylostella, respectively in winter cabbage.

Management of cabbage butterfly (Pieris brassicae)
in Cabbage

Three insecticides viz. indoxacarb 14.5SC (75 and
150 g a.i./ha), chlorfenapyr 10SC (100 and 200 g a.i./
ha) and chlorpyrifos 20EC (200 and 400 g a.i./ha) were
evaluated against cabbage butterfly Pieris brassicae
on cabbage. The pooled data over periods after first
and second spray showed that all the treatments were
found significantly superior over untreated control in
reducing the larval population. Indoxacarb 150 g a.i./
ha recorded the lowest number of mean larvae/plant
(1.20 larvae/plant) among the treatment which was at
par with chlorpyrifos 400 g a.i./ha (2.44/plant)
indoxacarb 75 g a.i./ha (3.15/plant).

TUBER CROPS

All India Coordinated Research Project  on Tuber
Crops

SWEET POTATO: Nine sweet potato lines
supplied by ICAR-CTCRI, Thiruvananthapuram, were
evaluated for yield and other parameters. The genotype
TSp12-12 recorded the highest marketable yield of
(19.23t/ha) as well as the highest total yield (27.81t/
ha). Dry matter content was found highest in Local
cultivar (33.33 %). Starch and sugar were also found
highest in the Local cultivar (19.56% and 4.34%). In
addition, thirty one (31) genotypes were collected and
evaluated for yield and quality parameters. The
genotype Selection-1 recorded the highest total yield
(29.58 t/ha) whereas Collection-4 recorded the
maximum length (16.43 cm) and diameter of tuber
(6.47 cm).

COLOCASIA: Under AICRP on Tuber crops six
(6) genotypes of colocasia were evaluated. Muktakeshi
recorded the maximum number of cormels (25.33),
weight of cormels per plant (533g), cormel yield (16.88
t/ha) and total yield (21.33 t/ha).  Analysis also showed

lowest calcium oxalate (170mg/100g) in Megha Taro-
1.  Megha Taro-1 and Muktakeshi did not have leaf
blight symptom. In addition twenty nine (29) genotypes
of colocasia were collected and evaluated. The plants
were harvested at six months maturity. The genotype
Arunachal-3 and Naga Local recorded the maximum
plant height (145.47 cm) and number of side shoots
per plant (4.33 nos.) respectively. The highest number
of cormels/plant (23.67) and cormel yield was recorded
in Thangling (35.55 t/ha).

SPICES

KING CHILLI

Evaluation of king chilli genotypes
Fifteen (15 nos.) genotypes of King Chilli viz., ML-

1, ML-2, ML-3, ML-4, ML-5, ML-6, ML-7 (Manipur);
NL-1, NL-2, NL-3, NL-4 (Nagaland); TL-1, TL-2, TL-
3 and TL-4 (Tripura) were collected and evaluated in
RBD with three replication for yield and its related
traits. The highest fruit yield per hectare and number
of fruits per plant were recorded in the genotype ML-
5 (10.9 t and 64.90, respectively). The average fruit
weight was highest in the genotype TL-3 (10.33 g).

Fig 24. Sweet Potato grown as intercrop with Khasi
mandarin

Fig 25. Selfed King Chilli genotypes under protected
cultivation
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The genotype TL-3 was the earliest to mature and took
minimum days to first harvest (84.67 days). The highest
plant height was recorded in the genotype ML-3
(194.67 cm), whereas the number of primary branches
per plant was highest in the genotype ML-5 (7.06).
The fruit length was recorded highest in the genotype
NL-1 (6.41 cm), while fruit breadth was highest in the
genotype NL-1 (3.69 cm).

Insect Pest

Biological control of chilli aphid, Aphis gossypi in
Meghalaya

Two potential entomopathgenic fungi
Lecanicillium longisporum (1×109 cfu/ml) @5ml/l and
Beauveria bassiana (1×109 cfu/ml) @5ml/l along with
Nimbecidine 0.03EC @5ml/l were evelauted against
major chilli pest A. gossypi and the results were
compared with recommended chemical
pesticideFipronil 5SC @ 1.5ml/litre. Two sprays of
Lecanicillium lecani (1×109 cfu/ml) @5ml/l water at
20 days interval during flowering stage was found very
effective (Fig 26)
against chili aphid,
Aphis gossypi
(59.33% reduction
in aphid
population) which
is at par with
A z a d i r a c h t i n
0.03EC @5ml/l of
water.

ONION

All India Network Research Project on Onion and
Garlic (AINRPOG)

Under AINRPOG, 22(IET), 15 (AVT I) and 11 (AVT
II) genotypes of Rabi onion were evaluated for various
quantitative and quality traits. In the IET, the
marketable yield as well as total yield was found to be
highest in the genotype ON16-32 (5.24 t/ha and 8.34
t/ha, respectively), whereas the lowest yield was
recorded in ON16-24 (0.2 t/ha and 0.47 t/ha,
respectively). The highest average bulb weight (55.67
g) and neck thickness (13.11 mm) were recorded in
the genotype ON16-11. Percentage double bulb
depicted highest value in the genotype ON16-18
(6.67%) and bolter bulbs in ON16-32 (67.77%),
whereas highest percentage rot bulb was recorded in
ON16-57 (35.57%). Total soluble solid was found to
be highest in the genotype ON16-32 (11.37 %) at 173

days to harvest whereas highest pyruvic acid was
recorded in ON16-24 (176.73μM/g). Reducing sugar
(3.14 %) and non-reducing sugar (4.98 %) were found
to be highest in the genotype ON16-13.

In AVT-I, average bulb weight and neck thickness
was also found to be highest in ON15-27 (50.30g) and
ON15-01 (12.00mm). Percentage double bulbs and
bolters were highest in the genotype ON15-06 (12.50
% and 76.11%, respectively), whereas highest
percentage rot was recorded in ON15-23 (40.03%).
Total soluble solid was found to be highest in the
ON15-39 (12.99 %) whereas pyruvic acid in ON15-
48 (187.91μM/g). Reducing (2.87%) and non-reducing
sugar (4.52 %) was found to be highest in ON15-01
and ON15-20, respectively.

Similarly, in AVT-II marketable yield (2.4 t/ha) as
well as total yield (5.4 t/ha) was found to be highest in
ON14-06. Percentage double bulbs depicted highest
value in ON14-09 (3.36%), whereas percentage bolter
bulbs in ON14-27 (42.99%). Total soluble solid was
found to be highest in ON14-09 (12.30 %), whereas
highest pyruvic acid was recorded in the genotype
ON14-06 (256.84μM/g). Reducing (3.02%) and non-
reducing sugar (3.92%) was found to be highest in the
genotype ON14-27.

Insect Pest

Thrips incidence in different onion genotypes at
Umiam, Meghalaya

Thrips incidence in IET was limited to 20% foliage
damage in six genotypes viz., ON-16-05, ON-16-13,
ON-16-15, ON-16-18, ON-16-20 and ON-16-54  while
the foliage damage was ranged from 20-40%  in seven
genotypes viz., ON-16-32, ON-16-35, ON-16-37, ON-
16-39, ON-16-52, ON-16-57 and ON-16-22. Seven
genotypes were also found to have more than 40%
foliage damage viz., ON-16-11, ON-16-17, ON-16-24,
ON-16-25, ON-16-27, ON-16-41 and ON-16-48.,
Thrips damage in AVT I was observed to be higher
(>40% foliage damage) in four genotypes viz., ON-
15-06, ON-15-16, ON-15-39, ON-15-42. Thrips
incidence was higher (>40% foliage damage) in
remaining genotypes in AVT II except three genotypes
(viz., ON-14-25, ON-14-11, ON-14-04).

Population dynamics of onion thrips during 2016-
17

Thrips population was started appearing in the field
from the last week of the March (2.07 thrips/plant),
being highest during the mid of the April (38.67 thrips/
plant) (Fig 27). Thrips population was declined during

Fig26. Lecanicillium
longisporum infection in chilli

aphids
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the May, but again increased during mid-June (21.60
thrips/plant). No thrips population was observed from
July onwards. Incidence of thrips was found to have
significant positive correlation with maximum
temperature (r=0.308).

Assessment of yield loss due to thrips infestation
Thrips incidence was significantly reduced in

protected plots compared to unprotected plots. Thrips
incidence was found to be significantly higher in crop
planted during 1st November to 1st December under
unprotected conditions. Marketable yield was higher
in crop planted during 1st and 15thSeptember and also
on 15th February. Percent yield loss was found to be
minimum (44.86%) in crop planted during 1st

December.

AICRP on SPICES
Germplasm conservation and evaluation: Forty

three (43)genotypes of ginger having Accession No.
from IC-584322 to IC-584364 were maintained and
evaluated. It was found that, IC-584354 recorded the
highest yield (20.95 t/ha). Crude fibre was found to be
highest in IC 584335 and IC 584347 (6.15%). Dry
matter content of 25.09 % was recorded highest in IC-
584353and oleoresin content 7.07% was found highest
in IC-584343. Similarly, thirty two (32) genotypes of
turmeric (IC No. from IC-586749 to IC-586780) were
maintained and evaluated. It was found that, IC-586767
has the maximum yield with 41.56 t/ha and IC-586762
has highest curcumin content of 6.44%. Oleoresin
content was recorded highest in IC-586771 (19.23%).

Source- sink relationship trial in turmeric and
ginger: Six (6) genotypes of turmeric were evaluated.
The observations were recorded at 60, 120, 180 DAP
and at harvest stage and the dried samples were sent
to IISR for further analysis. Mydkur variety recorded
highest fresh rhizome weight at 60 DAP (18.57 g/
plant), while Prathiba recorded highest fresh rhizome

weight at 120 DAP (217.17 g/plant) and 180 DAP
(367.89 g/plant). At harvest, Megha Turmeric-1
recorded highest with 369.98 g/plant.

Similarly, three (3) genotypes of ginger viz.
Himgiri, Nadia and Mahima were evaluated. The
observations were recorded at 60, 120, 180 DAP and
at harvest stage and the dried samples were sent to
IISR for further analysis. Highest fresh rhizome weight
at 120 DAP (107.04 g/ plant), 180 DAP (175.78 g/
plant) and at harvest (290.13 g/plant) was recorded in
Himgiri, whereas at 60 DAP, Nadia recorded highest
fresh rhizome weight with 17.05 g/plant.

Organic production of turmeric var.Megha
Turmeric-1: Maximum yield of 44.08 t/ha was
recorded with recommended package by SAU,
followed by 41.43 t/ha in farmers practice. Dry
recovery of 22.05% was recorded maximum under
recommended Package by SAU and minimum
(21.28%) with 75% N through FYM + IISR
micronutrients formulation (5 g/lit). Application of
75% N through FYM + IISR micronutrients
formulation (5 g/lit) also registered highest curcumin
content of 6.42%; whereas, highest oleoresin of
14.35% was recorded with recommended Package by
SAU.

Organic production of ginger var. Nadia:
Maximum yield of 37.49 t/ha was recorded with the
application of 75% N through FYM + IISR
micronutrients formulation (5 g/lit); followed by 100%
N through organic manure + 10% vermiwash  (36.85
t/ha). Dry recovery of 20.37% was recorded highest
with 100% N through organic manures + IISR
micronutrients formulation (5 g/lit) and lowest (19.37%)
in farmers’ practice. Application of 75% N through
FYM+ 10% vermiwash registered highest fiber content
of 3.94% while lowest (3.55%) was recorded with
recommended package by SAU. Maximum and
minimum oleoresin content was recorded with
recommended package by SAU (4.31%) and 75% N
through FYM + 10% vermiwash (3.82%), respectively.

Higher and healthier ginger productivity with
ginger bioorganic formulation (GF1): Under Mera
Gaon Mera Gaurav programme during 2017 at Umling
Village of Ri-Bhoi District, a group of 12 ginger
growing farmers were trained to use Ginger Bioorganic
Formulation (GF1) developed by the crop production
division. Each farmer was given 3 liters of formulation
which was applied in a quarter of an acre land with
traditional bun system of farming. Rhizome soaking
with 3% aqueous diluted mixture of formulation was

Fig 27. Seasonal incidence of onion thrips at Umiam,
Meghalaya (2016-2017)
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undertaken for 4 hours before planting. For
comparison, another quarter of an acre land with
traditional method of cultivation earmarked in
respective farmer’s field without GF1 treatment. First
observation was undertaken after 60 days of planting.
In general, the treated ginger crops were having
lustrous green foliage with average 27% more
pseudostems. After 90 days, farmers collected mother
rhizomes from the standing crops and along with the
cultural operations a foliar application with 2%
concentration of GF1 was undertaken. Second
observation was recorded at 120 days after planting.
On an average 16% of population were affected by
the ginger rot in non-treated standing crop. Whereas,
in the treated area, only 3% of crop recorded with rot
issue. At 180 days after planting, 23% of the crops in
non-treated area were infected with disease and in
treated crop it was only 5% of crop. The crops were
harvested at 280 days after planting. On an average,
farmers recorded 28% higher yield (14.6 t/ha) in the
GF1 treated crop.

Insect pest

Bio-rational management of invasive ginger
rhizome mealybug, Formicoccous polysperes

Ginger rhizome mealy bug Formicoccous
polysperes has been recently reported as a major pest
of ginger in certain localities of Meghalaya. Therefore,
two potential entomopathogenic fungi viz.,
Metarhizium anisoplae and Lecanicillium lecani and
botanical pesticide, Nimbecidine were evaluated
against ginger mealy bug under field conditions. Soil
application of Lecanicillium lecani (1×108 cfu/gm) @
5kg/ha during the month of June was found the best
treatment and the treated area was found less infested
from mealybug colonies.

FLORICULTURE

GERBERA

Evaluation of promising gerbera hybrids under
open field conditions

Four promising hybrids of gerbera RCGH-12, -22,
-114 and -117 developed by the Division of
Horticulture were identified and evaluated. RCGH-114
recorded maximum flower stalk length (36.78 cm),
while RCGH-117 recorded highest flower stalk
diameter (4.55 mm), flower diameter (11.00 cm),
number of ray floret/ head (172.62), number of flowers/
plant (22.38 /year) and vase life (5.62 days).

Miniature gerbera genotypes
Among 32 gerbera genotypes, RCGH-28 was

identified as miniature gerbera suitable for growing in
pot and indoor plant. It
took about 12.5-14.0 days
for bud burst and 24-25
days for flower opening.
RCGH-28 produced on an
average 7-7.5 flowers per
month with stalk length of
23.5 -24.5 cm and floral
diameter of 8-8.5 cm. The
vase life was recorded to be
6-7 days.

LILIUM

Evaluation of Lilium varieties for open conditions
Among the lilium varieties suitable for open field

conditions, cv. Tresor produced significantly maximum
plant height (56.4 cm), number of leaves (95.7 per
plant), leaf length (97.8 mm), flower stalk diameter
(8.1 mm) and number of flower (4.7 per plants) which
was followed by Cavalese and Pavia.

ORCHIDS

Evaluation and maintenance
of orchid germplasm

Thirty three (33) species of
orchids were collected,
maintained and evaluated for
growth and flowering under
shadenet house. Maximum
plant height was obtained in
Phaius tankervilleae (150.3
cm), while maximum leaf
number (91.0) and plant spread

Fig 28. GF1 treated ginger cultivation

Fig 29. RCGH-28 –
Miniature flowers

Fig 30. (a) P.
woodfordie and

(b) P. tankervilleae
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(1.12 m) in Coelogyne flaccid. Floral traits showed
that Coelogyne flaccid produced maximum no. of
flower spikes/ pseudobulb (6.0). Phaius tankervilleae
recorded maximum number of flowers/ spike (15.33),
while Phaius woodfordie obtained maximum
inflorescence diameter (16.37 cm) and inflorescence
length (17.83 cm).

POST HARVEST TECHNOLOGY
Chow chow and sohiong blended jam : Pulps of

chow chow and sohiong (Prunus nepalensis Serr.) were
blended for preparation jam in the combination ratios
of 100:0, 90:10, 80:20, 70:30, 60:40 and 50:50. Jam
of different treatment ratios was prepared by addition
of sugar, acid and cooked till end-point consistency
wherein the final TSS and acidity was adjusted to 68°B
and 0.5% acidity. Based on the organoleptic evaluation,
80:20 followed by 70:30 ratios was most liked.

Carambola processing :Osmo-dehydrated
carambola slices of 10 and 20 mm thickness were

prepared by steeping in acidified sugar syrup (40°B)
for 3h, drained and oven dried at 55±5°C, with
dehydrated slices as control. Based on the uniformity
of drying, final colour and sensory testing, 10mm
osmo-dehydrated carambola slices was the best. Ripe
carambola fruits were used for making carambola
spread, after removal of seeds and addition of sugar,
containing 65°B TSS and 0.5% acid .

Peach leather : Peach leather preparation was
optimized with 20% sugar, 0.2% acidity, 0.01%

preservative and 0.5cm
thickness which kept well for
up to ten months at room
temperature.

Green peppercorn in
brine : Bottled green
peppercorns were cured in
acidified brine (20%) for 3

to 4 weeks. After curing, it was rebottled in fresh
acidified brine (16%) and preservative. It was in

Table 10. Evaluation of promising gerbera hybrids under open field conditions

Hybrids/ Varieties Stalk length Stalk diameter Flower diameter No. of ray floret No. of flowers Vase life
(cm) (mm) (cm) / head /plant/year (days)

RCG-12 35.49 4.26 9.84 125.15 19.680 4.67
RCGH-22 34.05 4.26 10.13 142.49 21.257 5.32
RCGH-114 36.78 4.43 10.37 164.55 22.156 5.31
RCGH-117 35.78 4.55 11.00 172.62 22.375 5.62
Alesmera 38.68 4.63 10.42 58.10 16.862 6.13
CD (0.05) 1.95 0.04 0.35 11.64 0.590 0.28

Table 11. Evaluation of Lilium varieties

Varieties Plant height No. of leaves Leaf length Stalk diameter No. of flowers
(cm) /plant (mm) (mm) / plant

Cavalese 50.3 66.3 67.2 7.6 4.6
Merente 43.9 68.3 69.7 7.3 3.0
Tresor 56.4 95.7 97.8 8.1 4.7
Pavia 46.5 62.3 64.0 7.6 4.3
Ravenna 38.7 33.3 61.6 7.2 3.6
C.D. (p = 0.05) 2.5 2.8 3.6 0.03 0.26

Fig 31. Chow chow and sohiong blended jam

Fig32. Osmo dehydrated
carambola slices

Fig33. Carambola
spread

Fig34. Peach leather
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good condition for up to 12
months at ambient condition.

Optimization of dehydrated
kakrol rings: Three thickness viz.,
1, 1.5, 2 cm for dehydrated
(55±2°C) rings preparation was
tried in four genotypes of spine
grourd/kakrol (Momordica
dioica). After complete drying,
they were packed in PE packets. On the basis of visual
quality and rehydration ratio, 1.5cm thickness gave
the best result and kept well for up to 6 months at room
temperature.

HORTICULTURE OUTREACH ACTIVITIES
Training programmes (total 10 nos. - on campus

and off campus) were organised benefitting about 340
farmers and home makers. Three (03) FLDs were
conducted on Nutrient management in Khasi mandarin
orchard at Wahkhen village; on Lilium cultivation
inside polyhouse at Laitdingsai village, East Khasi
Hills, and on Organic ginger production at Tyrso Pyllun
village of Ri-Bhoi district, Meghalaya. In addition,
exposure visits for students from Arunachal Pradesh,
Assam and Sikkim were also arranged in Horticulture
Farm and Laboratories. A Field Day on underutilized
legume vegetables was organised on 13th January, 2017

benefitting 128 farmers from Ri Bhoi, East Khasi Hills
and Jaintia Hills.

ENTOMOLOGY

DNA barcoding revealed presence of leaf miner,
Liriomyza sativae Blanchard in Northeast India

The vegetable leaf miner, Liriomyza sativae
(Diptera: Agromyzidae)is observed for the first time
infesting tomato (Solanum lycopersicum L.) leaves in
experimental farms of the institute at Umiam and
surrounding villages. The species was also
charecterized at molecular level and a representative
sequence (species specific DNA barcode) of L. sativae
has been deposited to the NCBI with accession number
MF079257. The infestation was found ranging from
2.1 to 42.5% infested leaves per plant. After hatching,
tiny maggots feed the mesophyll portion of the leaves
and cause irregular scrolled and loose mines on the
foliage and young tender stem. Leaf miner infested
plants usually become weak since the photosynthetic
ability of the plants reduces due to destruction of
chlorophyll-containing cells during damage (Fig 41).
Infestation of L. sativae was started from the seedling
stage of tomato plants in the nursery. Seasonal
incidence of L. sativae was studied in tomato crop and
the infestation was observed throughout the growing
period but the damage was higher during March and
April months (Fig 42).

Fig 36. Training on
Production technology
of Khasi mandarin at
Mookympad village

Fig 37. On Campus
Training on Production

technology of Tuber
crops

Fig35. Brined
green peppercorns

Fig 38. Demonstration on Nutrient management in
Khasi mandarin Orchard at Wahkhen village, East

Khasi Hills

Fig 39. Demonstration on
Lilium cultivation inside
polyhouse at Laitdingsai
village, East Khasi Hills,

Meghalaya

Fig 40. Students’
Exposure visit

Fig 41. Leaf miner,  L. sativae infested leaves of tomato
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First report of coconut case caterpillar  Mahasena
corbetti Tams from India

Coconut case caterpillar or Bagworm moth,
Mahasena corbetti Tams (Lepidoptera: Psychidae) is
a destructive polyphagus pest in Southeast Asia and
some islands of the Pacific. Considering the rapid
expansion of the distribution range of M. corbetti, this
species is under the list of dangerous pests in plant
quarantine act of Malaysia. M. corbetti is also
considered as a pest of quarantine importance in many
countries. During 2015-16, severe incidence of M.
corbetti was observed for the first time on arecanut
(Areca catechu L.) plants (Fig 43) in Sohbar and
adjoining villages of East Khasi Hills district of
Meghalaya state (India) and subsequently its
identification was confirmed during 2017 at both
morphological and molecular level. This is the first
report on occurrence of M. corbetti in India.
Considering the invasiveness, taxonomic complexities
in identification and destructive nature of bagworms,
DNA barcode have been developed for this species by
sequencing standard barcoding region of mitochondrial
cytochrome oxidase I (COI) gene. This report will serve
as a preliminary foundation for reliable diagnosis of

M. corbetti and also for creating awareness among the
arecanut growers and other related functionaries in
India and nearby countries.

First report of invasive pinworm  Tuta absoluta in
Northeast India

The invasive south American tomato pinworm Tuta
absoluta damage has been reported for the first time
infesting tomato plants (Fig 44) in mid hills of
Meghalaya. The identification was confirmed by
standard morphological characters and DNA barcoding
by amplifying cytochrome oxidase gene (CO-I) of
mitochondrial DNA. Mild to severe infestation of T.
absoluta has been observed on tomato plants in our
experimental farms located at Umiam and neighboring
villages in the Meghalaya state during surveys. Region
specific management practices are being developed
against this new pest of tomato in the region.

Insecticidal activities of Zanthoxylum armatum
extracts against Spodoptera litura

The n-hexane pericarp extract of Zanthoxylum
armatum was found to have insecticidal properties
against S. litura. Sub-lethal doses of pericarp extract
disrupted the biology of the S. litura. The LC50’s of
the n- hexane fraction of pericarp was found to be
0.179% and 0.209%, respectively against 2nd and 3rd

instar S. litura caterpillars by contact at 72 hours  which
are comparatively lesser than Azadirachtin 0.15EC.
When the 2nd instar larvae of S. litura were topically
treated with sub-lethal dose viz., LC10, the significant
variations were observed in larval and pupal weight,
their duration, % pupation and adult emergence in S.
litura. The weight of fourth instar caterpillar and pupa
was significantly reduced in the treatment (0.54±0.02g
and 0.29±0.02g, respectively) whereas the duration of
larval and pupal stage was considerably extended in
treated larvae (25.83±1.01 days and 17.33±0.6 days,
respectively) compared to untreated control. About

Fig 42. Seasonal incidence of L. sativae at Umiam

Fig 43. Infestation of M. corbetti on Arecanut   plants
in Indo-Bangladesh bordering region

Fig 44. Pinworm, Tuta absoluta infestd tomato fruits
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69.44±2.6% treated larvae were successfully pupated
from which 79.67±2.9% could produce healthy adults.

Effect of Zanthoxylum armatum extracts against
brassica specialist caterpillar, Pieris brassicae

N-hexane fraction of Z. armatum extracts of seed,
pericarp and leaves were found to have an insecticidal
properties against P. brassicae. Amongst, pericarp was
found to be most effective against the 2nd and 3rdinstar
larvae of P. brassicae. The LC50 value of 2nd and 3rd

instar larvae of P. brassicae were 0.153 and 0.212 per
cent, respectively at 72 hours. The pericarp extract was
selected for further evaluation to study the sub lethal
and ovicidal effects of Z. armatum. When the 2nd instar
larvae were treated topically with LC10, the weight of
4th instar larva and pupa was significantly reduced
(0.24±0.01g and 0.17±0.01g, respectively) in treated
larvae whereas duration of larval and pupal stage was
considerably extended (28.83±0.17 and 14.17±0.44 days,
respectively) compared to control. The hatchability of
eggs was significantly reduced (76.00, 58.00 and 37.77,
respectively) in the eggs treated with LC10, LC30 and LC50
values compared to untreated control.

Toxicity of insecticides on spiders and coccinellids
in brinjal and Cabbage

Toxicity of three insecticides viz. indoxacarb
14.5SC (75 and 150 g a.i./ha), chlorfenapyr 10SC (100
and 200 g a.i./ha) and chlorpyrifos 20EC (200 and 400
g a.i./ha) were evaluated on spiders and coccinellids
in brinjal and cabbage ecosystems to identify the
relatively safer insecticides. Results revealed that there
was a negative impact of chlorfenapyr and chlorpyrifos
on spider population in both brinjal and cabbage
ecosystems. The lowest mean spider population was
recorded in chlorpyrifos @400 g a.i./ha (2.51 spiders/
5plants) followed by chlorpyrifos @200 g a.i./ha (2.74
spiders/5plants), chlorfenapyr @200 g a.i./ha (2.94
spiders/5plants) and chlorfenapyr @100 g a.i./ha
(5.02spiders/5plants) in brinjal. Lowest number of
coccinellids were recorded in chlorpyrifos @400 g a.i./
ha (0.60 coccinellids/5plants) followed by chlorpyrifos
@200 g a.i./ha (0.69 coccinellids/5plants) and
chlorfenapyr 200 g a.i./ha  (1.89 coccinellids/5plants).
Similar trend of impact of insecticides on both spiders
and coccinellids were observed in cabbage.

Method development and residue study of
chlorfenapyr in brinjal, cabbage and soil

An analytical method was developed to
determine chlorfenapyr (100 and 200 g a.i./ha) residue

in brinjal, cabbage and soil using GC-ECD (Gas
Chromatography equipped with Electron Capture
Detector). Samples were extracted by QuEChERS
(Quick, Easy, Cheap, Effective, Rugged and Safe)
method. Chlorfenapyr was detected with retention time
of 6.35±0.02min under following chromatographic
condition of GC - Oven temperature: 230ºC for 5min,
increase 1ºC/min up to 235ºC and hold for 3 min;
Injector  temperature: 280ºC; Detector temperature:
310ºC; Column flow: 2ml/min; Injection volume: 1μl;
Split ratio:1:10. In brinjal, the residue reached below
detectable limit (BDL) on 14 days after spray with
half-life of 2.26-2.32 days while in cabbage, the
residues reached BDL on 14 and 21 days with half-
life of 2.39-2.81 days for respective doses. It was
detected up to 10 days and 14 days in brinjal and
cabbage, respectively with 2.62-2.74 and 3.34-3.24
days half-life for respective doses in soil.

GC-ECD analysis of indoxacarb residue in brinjal,
cabbage and soil

QuEChERS (Quick, Easy, Cheap, Effective, Rugged
and Safe) method was followed for estimation of
indoxacarb (75 and 150 g a.i./ha) residue in brinjal,
cabbage and soil using GC-ECD. Indoxacarb was
detected with retention time of 6.13±0.02 min under
following chromatographic condition of GC - Oven
temperature: 290ºC (Isothermal); Injector temperature:
295ºC; Detector temperature: 310ºC; Column flow: 2ml/
min; Injection volume: 2μl; Split ratio: 1:10. In brinjal,
the residue of indoxacarb detected up to 7 days of spray
for both doses with half-life of 1.86-1.80days while in
cabbage, the residues reached BDL on 10 and 14 days of
spray with half-life of 2.17-2.47 days for respective doses.
It was detected up to 7 days and 10 days in brinjal and
cabbage, respectively with 1.77-2.15 and 2.66-2.37days
half-life for respective doses in soil.

Persistence and dissipation of chlorpyriphos in
brinjal, cabbage and soil

Persistence and dissipation pattern of chlorpyriphos
was studied in brinjal, cabbage and soil following foliar
application of chlorpyriphos @ 200 and 400 g a.i./ha.
Extraction was done by QuEChERS (Quick, Easy,
Cheap, Effective, Rugged and Safe) method and
residue was estimated by GC-ECD. Retention time of
chlorpyriphos was 6.90±0.02 min under following
chromatographic condition of GC - Oven temperature:
200°C for 3min, increased 5°C/min up to 230°C and
hold for 5 min.; Injector temperature: 275ºC; Detector
temperature: 310ºC; Column flow: 2ml/min; Injection
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volume: 1μl; Split ratio: 1:10. In brinjal, the residue
of chlorpyriphos detected up to 10 days of spray for
both doses with half-life of 2.45-2.74 days while in
cabbage, the residues reached BDL on 21 days of spray
with half-life of 3.01-3.17 days for respective doses.
In case of brinjal soil, it was detected up to 10 and 14
days with half-life of 2.53-3.14 days for single and
double dose, respectively while in cabbage soil, the
corresponding values 14 days for both doses with half-
life of 3.34-3.63 days, respectively.

PLANT PATHOLOGY

Exploration and utilization of hyperparasites (of
plant pathogens) and entomopathogens in
Meghalaya

Batkoa amrascae Keller & Villacarloson Cofana
sp. (Distant) (Hemiptera: Cicadellide) has been
identified and reported for first time in India. Infected
insects (both adults and nymphs) were found on rice
plants. Entomopathogenic fungi Lecanicillium
longisporum was found to be the most potential
entomopathogen against four important aphid species,
viz., Aphis gossypi in chilli, Brevicoryne brassicae in
knolkhol, Myzus persicae in tomato and Macrosiphum
granarium in rose in pot culture study. More than 70%
parasitism was observed in all the aphid species during
peak season. Augmentative bio-control (repeated field
trial) experiment was conducted in cole crops.
Alternate foliar spray of entomopathogenic (EP) fungi,
Nomuraea rileyi (1×108 cfu/ml) @ 5ml/l  and
Lecanicillium longisporum (1×108 cfu/ml) @5ml/l at
20 days interval was found promising against
Spodoptera litura and Brevicoryne brassicae,
respectively during rainy season in knol-khol which
reduced 72.33% and 79.67% plant damage,
respectively over control. Two foliar sprays of EP
bacteria, Bacillus thurengiensis (Lipel 8WP) @ 2g/l
at 15 days interval were found reducing 82.33%
damage of Pieris brassicae in winter cabbage.

Molecular characterization of Sclerotium isolates
Molecular identification of Sclerotium isolates

revealed that one isolate belonged to Sclerotium rolfsii
(KY172987) and three isolates to S. delphinii
(KY172990, KY172988, KY172989) based on 28s
nrDNA (partial). Forty six common weeds (detached
leaf and stem) were collected and used in pathogenicity
test (Sclerotium spp). Isolate SL1 (S. rolfsii) was
pathogenic on both leaf and stem of all the common
weeds except stem of Spilanthes paniculata. Isolate

SU (S. delphinii) was pathogenic on both leaf and stem
of all the common weeds.

Pathogenicity of Rhizoctonia solani AG 1-IB isolates
on weeds

Pathogenicity of Rhizoctonia solani AG 1-IB isolate
was tested on 47 common weeds in Meghalaya. It was
found to be pathogenic on all the 47 common weeds
tested. Incubation period on all the common weeds
was 2-3 days except 6 days on Cyperus iria. The weed
Emilia sonchifolia was most susceptible to isolate R.
solani AG 1-IB based on area under disease progress
curve criteria.

Mushroom
Four oyster mushroom strains were evaluated at

AICRP, (Barapani) Umiam centre. Strains PL-17-02
and 03 were found to be superior. Days taken for spawn
run (14 days) were also less in case of these two strains.
Paddy straw substrate was used with spawning in
september 2017. Sterilisation was undertaken by using
hot water treatment.  The study was conducted with

Fig 45. Phylogenetic analysis of sequences of
Sclerotium spp. using maximum likelihood criteria

Table 12. Evaluation of mushroom strains for yield
under Umiam conditions

Pleurotus Average yield Days Fruit
strains (kg/100 kg dry (spawn body

substrate) run) wt (g)

PL-17-01 45.7 26 17.4
PL-17-02 75.3 14 14.0
PL-17-03 64.8 14 14.1
PL-17-04 (C) 30.1 26 10.1
CD (5%) 12.1 10 5.1

*Evaluation at Umiam, Centre
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06 replications and ten bags per replication were used
for evaluation.

Extension Activities under AICRP on Mushroom
Mushroom day with the theme “Mushroom

cultivation for wealth from waste” was celebrated at
ICAR Research Complex for NEH Region, Umiam,
Meghalaya on 23.12.17.

Nine trainings/field days and ten demonstrations/
visit/lecture were conducted at ICAR, Umiam
(Barapani) under AICRP on Mushroom covering
farmers, entrepreneurs etc. Trainings were oriented
towards spawn production, mushroom cultivation and
postharvest management.

FARMING SYSTEM RESEARCH

Farming system research project
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 since 1984 at ICAR
Research Complex for NEH Region, Umiam,
Meghalaya. However, progress report of 2017 is given
here under.

Dairy based farming system (FSW-1)
Dairy based farming system was evaluated on a

micro watershed of 1.39 ha area including 0.45 ha of
forest land. The area under planned land use was 0.94
ha of which 0.447 ha terrace area falls under annual
fodder crops and the remaining under broom and
guinea grass production. Three numbers of milch cows
along with their calves were maintained. An analysis
of fodder production and requirement revealed that
total green fodder from forage crops and slopping land
was 34.76 t, while the requirement for dairy animals
was 33.29 t, showing a surplus of (+) 1.47 t/annum.
The feed concentrate, paddy straw and medicine were
arranged from nearby market costing to Rs. 1, 22,359/-.
The milk yield obtained from the system was 4,816
litres amounting to Rs.1, 83,008/-. The net annual
income from the system was calculated as Rs. 98,649/-.

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

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. Total 112 nos. of Acacia
auriculiformis, 123 nos. of Michelia oblonga and 30
nos. of Symingtonia populnea were survived in the
system. The growth and development attributes of tree
species were recorded during 2017. The circumference
at basal as well as and breast height, both was
maximum with Acacia auriculiformis (1.23 m and
1.006 m respectively), followed by Symingtonia
populnea (1.18 m and 0.81 m respectively) and
Michelia oblonga (0.84 m and 0.60 m respectively).

Silvi-pastoral system (FSW-3)
Silvi-pastoral system was established on 2.94 ha

area of forest land of which 2.05 ha was under planned
land use. The average slope of the area was 32.18%.
Twenty seven goats (9 males, 18 females) were
maintained in this system by demarcating 0.5 ha area
in the system. The system was not generating profit
and hence, poultry birds (526 no. broilers) were also
integrated in three cycles above the fish pond of 500
m2 area as a subsidiary source of income. The fish
weight of 75 kg was recorded, which together with
broiler poultry increased income of the system. Around
Rs. 13,746/- were generated from pond area with
intensification through vegetables in pond dyke. The
net income from this system was recorded to be Rs.
24,170/. 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. Mixed perennial grasses had been planted
between the fodder trees to conserve soil and water
and to provide supplementary source of fodder for
grazing.

Agro-pastoral system (FSW-4)
Agro-pastoral system established in 0.64 ha area

having an average slope of 32.42%. The hill slopes is
having forest land of 0.06 ha and a planned land used
area of 0.58 ha. The crop planning was done in such a
way that the top portion of water shed was utilized
with single crop, middle portion double cropping and
bottom portion with triple cropping. An integrated
approach with crops and livestock showed that
maximum income was obtained from cow milk (Rs.
1,79,930/-). This system could generate 237 man-days
employment excluding family labour amounting to Rs.
47,400/- adding the cost of other inputs amounting to
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Rs. 1,35,259/-.  The net income of Rs. 1,17,596/- was
obtained giving an input-output ratio 1.86.

Agri-horti-silvi-pastoral system (FSW-5)
The area of Agri-horti-silvi-pastoral system was

developed in 1.58 ha for jhum improvement in NEH
Region. Out of which, 0.55 ha was under forest while
1.03 ha under planned land use system. The Agri-horti-
silvi-pastoral system produced 6.39 t/ha rice equivalent
yield (REY). The highest REY of 3.35 t/ha was
estimated with cow milk followed by capsicum-French
bean-pea (0.60 t/ha). Cost of cultivation analysis
indicated gross return of Rs. 81,503/- from the system.

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
of 0.96 ha of which 0.50 ha area was kept for system
study. The average slope of the area was 53.18%.
Lower terraces covering an area of 490 m2 was utilized
for growing spices like turmeric, radish, etc. The
middle portion of the system was utilized for fruit crops
such as guava, pine apple and dragon fruits. Upper
portion of the system was covered with the forest tree
Alnus nepalensis. A gross income of Rs.32,620/- was
recorded from this system.

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 45.8%.  The
watershed area was dominated by common weed flora
viz. Fumaria parvifolia, Ciprus irri, Eupatorium
adenophorum, Arundinella bengallensis, Solanum
khasianum and Ageratum spp. Two tree species viz.,
Pinus kesyia and Schima wallichii werecommonly
grown on the natural forest in the watershed area. The
growth and development attributes of these tree species
revealed that Pinus kesyia (1.6 m) attained more plant
height and other developmental attributes as compared
to Schima wallichii (1.25 m).

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 a
plant height of 1.81 m and 1.14 m and breast height of
1.03 m and 1.01 m, respectively.

Integrated Farming System Approach
One hectare area was earmarked for

accommodating different components of Integrated
Farming System in which 7000 m2 area was allotted
to agri/vegetable based cropping system, 2000 m2 was
to horticulture and 500 m2 was under water harvesting
pond in which fish culture was started. Remaining 500
m2 area was kept for livestock sector, vermicompost
unit, threshing floor and for miscellaneous uses.
Results revealed that agri/vegetable based cropping
system registered gross income of Rs. 1,95,744/-. Rice-
Toria-French bean system was allotted in 2300 m2 area
which gave income of Rs. 25.55/m2. The maize based
cropping system involving soybean, black gram, green
gram, French bean, toria were planted in 2500 m2 which
recorded gross income of Rs. 34,372/- with income
potential of Rs. 13.75/m2. The spices crops were grown
in 900 m2 area on which cucumber, bottle gourd,
sponge gourd and squash were grown as vertical crop.
The gross incomefrom spice based cropping system
was recorded to Rs. 69,840/- with income potential of
Rs. 77.60/m2. The vegetable based cropping system
adopted in 700 m2 area with 300% cropping intensity
registered gross income of Rs. 27,548/ with income
potential of Rs. 39.35/m2. The lowest area and income
was recorded from groundnut-toria cropping system.
The system as a whole is able to generate a gross
income of Rs.1, 95,744/-with income potential of Rs.
27.96/m2.

In livestock component of Integrated Farming
System, 526 broiler chicks were reared in 5 rotations

Fig 46. Different vegetables grown under Agri-horti-silvi-pastoral system
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of 105 birds each for a cycle of 35-40 days. Net profit
of Rs.12,526/- was realized from broiler production.
Besides, 80 layer birds of Vanaraja sp. of poultry were
maintained on the farm for the egg production. The
net return from Layer poultry was Rs. 3,985/-. The
total cost of rearing for pig was worked out to be Rs.
25,800/-, while the gross return was Rs. 29,800/-.

The fish pond was lined with polythene sheet and
tested for water storage continuously for two years.
About 500 fingerlings were released in fish pond of
500 m2 area which gave75 kg of fish yield. The dyke
occupies an area of 322 m2 and was utilized for
cultivation of vegetables, fruit crops and fodder crops.
Cucurbitaceous crops like bottle gourd, pumpkin and
cucumber are grown during kharif season in the
bamboo machan and cole crops like cabbage and
broccoli are grown during rabi season. The cost of
cultivation involved in vegetable production involved
Rs. 15,011/- with a net income of Rs. 13,746/-. In
totality, the Integrated Farming System recorded gross
return of Rs 4,33,931/- with cost of production/rearing
of Rs 2,77,653/-and  a net return of Rs 1,56,278/- ha/
year, besides providing year round employment to the
farm family members.

National Mission for Sustaining the Himalayan
Ecosystem (NMSHE) Task force- 6 (TF-6):
Himalayan Agriculture

The NMSHE is one of the eight missions under the
National Action Plan on Climate Change (NAPCC).
Under the project, Mawthei village in Ri-Bhoi District
Meghalaya was adopted as pilot site and various

activities for sustainable agriculture have been
implemented in the village. The land use map in the
monitoring site has been generated. Improved variety
of crops like maize (DA 61A), turmeric (Megha
Turmeric 1), ginger (Nadia), groundnut (ICGS 76), rice
(Shahsarang 1 and IURON 514) and its improved
production technology was successfully introduced in
the village for sustainable production and productivity.
Improved cropping systems like maize-French bean,
maize-groundnut, maize-soybean and rice- pea were
introduced in the village for enhancing cropping
intensity and also to protect and renew soil fertility
through nitrogen fixation. A conservation principle in
agriculture was implemented by introducing mulching,
minimum tillage, cover crops and recycling of organic
matter through vermicomposting unit. Improved breed
of piggery (Lumsniang) and poultry (Vanaraja) was
also introduced in the village. Deep litter pig shelter
was also set up in the village for improve housing and
for high quality and quantity manure production.

The improved rice varieties Shahsarang 1 and IURON
514 gave a yield of 3.5 t/ha and 2.1 t/ha respectively as
compared to their local varieties of 1.3 t/ha. During first
year of introducing pea in rice based cropping system,
the farmers have generated an additional income of Rs.
81,500/ha compared to only rice based cropping system.
The productivity of turmeric in the village comes to 10.1
t/ha. The farmer sold the produce freshly at the market
and a net return of Rs 96,630/ha was achieved with a
benefit cost ratio of 1.91.

Under the project several activities were undertaken
for extension on climate resilient technologies in
Mawthei village in Ri-Bhoi District
• Six jalkund was constructed in the village with

water holding capacity of 30,000 liter of rain water
for life saving irrigation during dry season.

• To combat deforestation and over exploitation of
natural resources, multipurpose trees like
Mychaelia champaca (110 nos.) and Chukrasiata
bularis (50 nos.) were planted in the village
community forest. Fruit trees such as Guava,
Sohiong (Padusnapa ulensis), Sohshang (Eleagnus
latifolia) and Parkia sp. were also planted in the
farmer’s field.

• To encourage the farmers to produced organic
manure of their own and proper organic waste
management, 4 vermibeds were set up in four
farmer’s field of size 4m×1m×1m. 1000 number of
worms per beds was also provided to the farmers.

Fig 47. Poultry and piggery under Integrated farming
system
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ORGANIC FARMING

Network Project on Organic Farming

Comparative efficacy of organic, chemical and
integrated management practices on soil health and
crop productivity

The experiment consisted of four cropping systems
namely broccoli-carrot, broccoli-potato, broccoli-
french bean, broccoli-tomato on raised beds and four
cropping systems namely rice (var. Megha Aromatic
2)-fallow, rice (var. Shahsarang 1)-fallow, rice (var.
Ngoba)-fallow and rice (var. Lampnah)-fallow on
sunken beds. Four management practices viz.,75%
organic + i.e. 10% vermiwash and 10% cow urine, 100%
organic, integrated management with 50% inorganic +
50% organic and 100% inorganic have been undertaken
to carry out the experiment. The Rice equivalent yield
(REY) of broccoli-vegetables cropping system was
maximum under 100% organic (39.79 t/ha) followed by
integrated (39.02 t/ha) and 75% organic (34.95 t/ha).
100% organic produced significantly higher REY
compared to rest of the nutrient management practices.
Among cropping sequences, broccoli-tomato cropping
system recorded maximum REY (39.07 t/ha) followed
by broccoli-carrot, broccoli-French bean and broccoli-
potato system.

Evaluation of crop varieties under organic farming
Multiples lines/cultivars of maize, french bean and

tomato were evaluated under organic production
system to assess their suitability in North Eastern
Region of India. In Maize, 11 lines were screened
among which eight were composites, one hybrid and
two local varieties. 10 varieties of french bean (8
improved and 2 local) and 20 varieties/lines of tomato
were screened under the experiment. Among maize
lines, DA 61A followed by RCM 76 performed better
than other varieties. Naga local and RCM 18 gave
promising results for French bean and MT 2  and O 17
for tomato. Farmers can use these varieties for

cultivation in order to get higher yield and better
income.

Evaluation of bio-intensive complimentary cropping
systems

Raised and sunken beds (RSB) were made in
sequence for efficient drainage and inter-plot water
harvesting with a fixed width i.e. 1.0 m for raised and
1.25 m for sunken bed. Transplanted rice was grown
in sunken beds during kharif season with four rice
varieties namely Shahsarang 1, Lampnah, IR 64 and
Vivek Dhan 82. On raised beds, potato, french bean
and carrot were grown during pre-kharif season
followed by okra in kharif season. During pre-kharif
season, carrot followed by potato recorded highest
yield under vegetable crops in raised beds. The yield
of okra during kharif season was highest under french
bean-okra cropping sequence. Shahsarang 1 recorded
the highest yield under rice-lentil as well as in rice-
pea cropping sequence in sunken beds. The highest
pea and lentil yield was recorded following Vivek Dhan
82 variety of rice. Therefore, raised and sunken bed is
a useful technology for effective land and water
management in case of lowland and inter-plot water
harvesting in upland to increase cropping intensity.

Development of Integrated Organic Farming System
model (IOFS) for valley land

The IOFS model comprised of different enterprises
such as cereals (rice and maize), pulses (lentil, pea),
oilseeds (soybean, rapeseed), vegetable crops (french

Fig 48. Broccoli on raised beds and rice on sunken
beds

Fig 49. Varietal evaluation of maize and French bean
under organic farming

Fig 50. Different crops on raised and sunken beds
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bean, tomato, carrot, okra, brinjal, cabbage, potato,
broccoli, cauliflower, chili, coriander, etc.), fruits
(Assam lemon, papaya, peach), dairy  unit (a milch
cow + calf), fodder crops, central farm pond, farmyard
manure (FYM) pits and vermicomposting unit. A farm
pond of 460 m2 area with average depth of 1.5 m was
part of the IOFS model for life saving irrigation and
aquaculture. Climbing vegetables such as bottle gourd,
chow-chow, cucumber, ridge gourd, etc. were grown
on a structure created above water bodies in one side
of the pond dyke for vertical intensification. The
washings from the dairy unit were diverted to fish pond
for promoting growth of zooplankton and
phytoplankton for fish growth. The solid waste from
cow shed was used for production of FYM and
vermicompost.

The total cost of cultivation for the IOFS model
with an area of 0.43 ha was Rs. 56,654/- per year with
net return of Rs. 79,354/- per year (Rs. 6612/- per
month or Rs. 217/- per day) which is much higher than
the region’s farmer common practices and is a modest
amount for living by a four member family (2 adults
and 2 children). The highest contribution towards the
total net return came from crop component (59.85%)
followed by dairy (21.50%) and fishery (13.66%). For
the specified area, it was estimated that 92% of the
total nitrogen (N), 82% of the total phosphorous (P),
96% of the total potassium (K) and most of the
micronutrient requirement could be met within the
model itself.  Very little amount of nutrient (8% N,

18% P and 4% K) is required to be met from external
sources which can be reduced substantially with the
recycling of pond silt, intercropping with legume, use
of bio-fertilizers in crop production, etc.

Table 13. Economics of the IOFS model (area=0.43
ha)

Farming System Total Cost of Net Net
components area cultivation returns return

(ha ) (Rs.) (Rs.) (Rs./ha)

Crops (cereals, 0.3743 26429 47487 -
pulses, oilseeds,
vegetables, fruits
and fodder crops)
Dairy (1 milch cow 0.0036 21365 17065 -
+ 1 calf)
Fishery (composite) 0.0460 4910 10840 -
Nutrient cycling 0.0072 3950 3950 -
(Vermicompost/
FYM, etc.)
Total 0.4311 56,654 79342 184516
Net income/day - - 217 505

IFS model for organic food production in sloping
lands

A land use model (0.36 ha) for organic food
production was developed at the Agronomy Research
farm of ICAR Research Complex for North Eastern
Hill (NEH) Region, Umiam, Meghalaya. The model
comprises of various cropping systems involving fruits,
spices like ginger and turmeric, pulses and oilseeds,
vegetables and cereals like rice and maize (lower
terraces) based cropping systems. Soybean was
intercropped and incorporated into soil under maize,
rice, ginger and turmeric based systems. Due to
adoption of multiple cropping sequences in a farming
system approach very high maize equivalent yield
(MEY) of 18.79 t/ha was realized from an area of 0.36
ha. The same land area if kept under maize mono-
cropping would have given a maximum productivity
of 3.85 t/ha as evident from the maize productivity in
adjacent fields under optimum management practices.

Fig 51. Yield of crops grown on raised beds under
different cropping systems

Fig 52. Different enterprises under IOFS Model
Fig 53. Fruit trees and crops in IFS Model for sloping

land
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Thus, a farmer can realize almost five times
enhancement in productivity if the farming system
concept with appropriate cropping sequences are
adopted.

Organic food production through integrated
farming system- cluster approach

Division of Crop Production, ICAR Research
Complex for NEH Region, has selected three villages
(Mynsain, Pynthor and Umden Umbathiang) of Ri-
Bhoi District, Meghalaya for disseminating organic
production technology in cluster approach.
Demonstration trials of various organic production
techniques were conducted in farmers’ field in cluster
approach covering a total area of 110 ha comprising
of 345 farmers. During the year 2017, the following
inputs viz., fingerlings (50 kg), vermibed (15 nos.),
silpaulin sheet (Jalkund) (16 nos.), chicks (2500 nos.),
piglets (12 nos.) and vegetable seeds, etc., were
distributed to the farmers for sustaining their livelihood
and enhancing income, employment and nutritional
security.

Forty one demonstrations were conducted on
“organic cultivation of cole crops (cabbage,
cauliflower, broccoli)” in two adopted villages
(Mynsain and Pynthor, Umiam, Meghalaya). Two
community vermicomposting units and three
vermibeds were given for vermicomposting in village
Pynthor and Umden Umbathiang villages. Kitchen
gardening were promoted in several farmers field.
Raised and sunken beds technology for crop
intensification and income enhancement were
promoted in three villages covering 18 farmers. Six
(6) demonstrations were conducted on “micro-
watershed harvesting structures (jalkind) for promoting
diversified use of water in farmers’ field of three
villages of Umiam. Organic cultivation of pre-kharif
crops like French bean, tomato, potato, carrot, etc. for
obtaining higher returns under organic farming were
promoted. No-till lentil and pea production in rice
fallow has been followed in several farmers field.

Improved organic rice production technology
particularly for Shahsarang 1 were demonstrated in
18 farmer’s field and recently a MoU has been signed
for rice seed production between farmers of Mynsain
Village and ICAR Research Complex for NEH Region,
Umiam. Demonstration on organic soybean and
groundnut cultivation for oilseed production and
fertility enhancement were also demonstrated.
Community nurseries were development for cole crops
and tomato in six farmers’ field.

Integrated farming system activities were done at
famers field of three villages namely Mawkyrdep,
Kyrdem and Labansaro for enhancing the livelihood
security of tribal farmers under TSP. Farmers of these
village initially followed the single crop/livestock
based farming practices, which unable to provide
consistent income and employment. In order to enhance
the farmers’ income and employments, critical crop
production input like seed of vegetable crops, piglets,
poultry birds, small farm implements, etc. were
distributed among the tribal farmers.  About 250
farmers were benefited through various input support
system under TSP.

Impact of biochar on soil quality and carbon
dynamics in rice and maize based cropping system
(under NICRA)

A field experiment is being conducted in rice and
maize based cropping systems to study the impact of

Fig 54. Vermibed and community vermicompost unit
in Mynsain

Fig 55. Community nursery of cole crops

Fig 56. Growing crops and rearing poultry under IFS
mode in Mawkyrdep
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biochar on various soil physical and hydrological
properties, soil carbon stock, liming potential and GHG
emission. Biochar derived from available weed
biomass, woods, maize residue, etc. will be used in
different doses (0, 5, 10 and 20 t/ha) to judge the
suitability and appropriate dose of biochar for getting
positive results in long run. Apart from yield attributes
and yield of rice based cropping systems, soil
parameters like bulk density, soil moisture retention
characteristics, infiltration rate, aggregate size
distributions in soil, available N, P, K, etc. will be
determined. Biomass (weeds dominated by Lantana
camera, Chromolaena odorata and Eupatorium sp.;
and maize residue) from the nearby and surrounding
areas and wood biomass from saw mill, Barapani,
Meghalaya has been collected and stored in Biochar
unit, Agri. Engg. Dept. ICAR NEH, Meghalaya for
carrying out the experiment. Biochar production
(pyrolysis) is in process and characterization will be
done for determination of pH, density, specific surface
area, etc.

Evaluation of rice varieties under different sowing
dates and nutrient management options

A field experiment was conducted at lowland
Agronomy farm, ICAR Research Complex for NEH
Region, Umiam, Meghalaya to study the impact of
sowing date and nutrient management practices on rice.
It was found that delay in sowing resulted in yield
reduction for all the tested varieties i.e. RCM 10,
CAUR 1 and Shahsarang 1 under all nutrient
management practices. RCM 10, CAU R1 and
Shahsarang 1 gave higher yield under integrated
nutrient management followed by 100% recommended
dose of fertilizer (RDF) through fertilizer, 100%
through organic and the lowest grain yield of all the
three varieties were recorded in 50% RDF under both
the sowing dates. Among the three varieties,
performance of Shahsarang 1 and RCM 10 was
comparatively good as compared to CAU R1 under
both the sowing dates.

Vermicompost production from weed biomass
Considering the huge production of weed biomass

of diverse species composition both in cropped and
non-cropped areas due to favorable climatic condition
of NEH region; a trial was conducted for conversion
of such weed biomasses into quality manure through
vermicomposting and nutrient content of
vermicompost prepared from different weed biomass
was analyzed.  The nitrogen, phosphorus and potassium
content of different weed biomass ranged from 1.06 -
2.07%, 0.49 - 0.72% and 0.75 - 2.28% respectively
(Table 14).

Table 14. Nutrient content of vermicompost
prepared from different weed biomass

Weed biomass N P K
(%) (%) (%)

Alligator weed 1.28 0.55 1.04
(Alternanthera philoxeroides)
Big-sage/lantana 1.70 0.69 1.45
(Lantana camara)
Fireweed 1.68 0.60 2.19
(Erechtites hieraciifolius)
Eastern hayscented fern 1.79 0.54 0.81
(Dennstaedtia punctilobula)
Crofton weed/sticky snakeroot 1.12 0.53 0.75
(Ageratina adenophora)
Blue snakeweed 2.07 0.57 1.76
(Stachytarpheta cayennensis)
Goat weed 1.51 0.49 1.90
(Ageratum conyzoides)
Cobbler’s peg/ beggar-ticks 1.06 0.57 2.28
(Bidens pilosa)

Mixed grasses 1.18 0.72 1.80

Fig 57. Weed biomass and maize biomass for biochar
production

Fig 58. Grain yield (t/ha) of rice as affected by
date of sowing and nutrient management

practices
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SOIL SCIENCE

Impact of long-term management practices on soil
quality of Peach (Prunus persica L.) orchard in
humid subtropics of Eastern Himalayas

This study assessed the impact of long-term (20
years) management practices on soil quality under
peach (Prunus persica L.) orchard by comparing soil
properties of the orchard relative to the adjacent forest
soils (AFS). The orchard was maintained at the
Experimental Horticulture Farm, ICAR Research
Complex for North Eastern Hill (NEH) Region,
Umiam, Meghalaya that falls under humid subtropics of
Eastern Himalayas. The orchard soil properties had
undergone significant alterations relative to that of AFS.
The pH, maximum water holding capacity (MWHC),
soil organic carbon (OC) and hot water extractable
carbohydrates (HWEC) reduced from 0.24 to 0.26, 4.3
to 4.6%, 5.9 to 7.1% and ~16 to ~17%, respectively. Long-
term fertilizer applications resulted in significant build-
up of available macro-nutrients- N, P, K and S in the
orchard soils relative to AFS. Microbial biomass carbon
(MBC) and enzyme activities were reduced to the extent
of 2.3 to 3.9% and 10 to 35%, respectively relative to
AFS and the differences were significant (at p<0.05) .
The pH, MWHC, available N, OC, HWEC, and enzyme
activities in drip circle soil reduced significantly
compared to inter-row space soils. The activities of soil
enzymes and MBC showed significant positive
correlation with OC, HWEC and pH. Principal
component analysis (PCA) revealed distinct variability
in soil properties among AFS, drip circle and inter-row
space soils, and the three clusters in the PCA plot
differed significantly from each other (analysis of
similarity, Global R = 0.92 at P< 0.01). This study
clearly demonstrated that the differences in

management practices between drip circle and inter-
row spaces seems to be one of causes  of spatial
variability in soil quality within the orchard. The long-
term impact of the existing recommended management
practices significantly altered the soil quality characters
of the orchard on hilly slope under high rainfall humid
subtropics. Therefore, modification of existing orchard
management practices is needed to improve the orchard
soil quality for long run sustainability.

Critical Levels of Aluminium toxicity for maize
production in North Eastern region

The study was conducted to identify suitable maize
cultivars of the region (30 nos.) for Al toxicity tolerance
through sand and pot culture assays. Physiological
response of selected cultivars relative to moderately
acid tolerant maize variety RCM-1-76 of the mid-
altitude Meghalaya region was also evaluated.
Collected germplasms/cultivars, from hill states of
North East India, were initially screened under
laboratory conditions for Al toxicity tolerance (Fig 61).
From the standardized experiment in pot culture,
critical concentration of Al for toxicity was found to
be 150 μM for check variety RCM-1-76 and 250 μM
was found to be the toxic concentration for the tested
cultivars.  Results revealed that cultivars Megha-9,
Megha-10 and MZM-19 were tolerant while Megha-

The star diagram indicated the percent variation in soil properties
at sampling sites scaled to 100% of the values detected in the
adjacent forest soil (reference site).

Fig 59. Graphical representation of soil properties (0-
15 and 15-30 cm) at different sampling sites of long-

term (20 years) managed Peach orchard

Data were normalized to eliminate the effects of units. Ellipses
represent superimposed hierarchical clusters (Euclidean distance
4.5) based on Bray-Curtis resemblance matrix, deduced using
group-average linking incorporating similarity of profile
(SIMPROF) at 95% confidence limit. One-way analysis of
similarity (ANOSIM) performed on the Bray-Curtis resemblance
matrix to test the significance level between pair-wise group
comparisons.

Fig 60. Comparison of variability (in terms of soil
properties) at different sampling sites (drip circle,
inter row and AFS; A: 0-15 cm and B: 15-30 cm)
within the peach orchard performed by principal

component analysis



43ICAR RC NEH ANNUAL REPORT 2017

1, MZM-22, and MZM-42 were moderately tolerant
and Uruapara, Sublgarh and BRL Para were sensitive
to Al toxicity.

Tolerant cultivars exhibited significantly higher root
and shoot biomasses, leaf pigmentation and
photosynthetic activities over moderately tolerant and
sensitive cultivars. These selected maize cultivars were
tested and validated through pot experimentation (Fig
62) using an extremely acidic soil with pH~3.9 as
growing medium. Under the pot experiment too, the
tolerant and moderately tolerant maize cultivars
exhibited better performance with respect to Al toxicity
tolerance morpho-physiological indicators as
compared to the sensitive cultivars.

Characterization of acid soils under different land
use pattern and its impact on crop growth: A Hyper-
spectral approach

A: Acid Soil Spectral Library Preparation for
Meghalaya

Selection of representative soil sampling locations
From the several stratified agro-physical thematic

layers (LULC, agro-ecological region, physiography,
rock type, geology, slope, elevation, ancillary data
comprising climate-rainfall, soil pH, soil carbon

content, stock etc.) using SOI topo-sheets at 1:50K,
IRS-P6-LISS-III satellite data, ASTER-GDEM, etc. in
RS and GIS environment, representative soil sampling
locations with maximum spatial variability in soil
properties across major land use systems including
shifting cultivated areas of hilly ecosystem of
Meghalaya were selected (Figs 63a & 63b). All these
maps were transferred into GIS environment, overlaid
and used as base map for selecting sites for soil sample
and spectral reflectance collections at 1: 50,000 scale
(nearly 20 locations per SOI topo-sheets of 1: 50K); a
true representative to the inherent variation exists
across the sampling site (Fig 64).

Soil characterization in laboratory and spectral
reflectance measurements

Collected soil samples (0-15 cm) were pre-
processed, characterized in laboratory following

Fig 61. General view of the screening experiment in
growth chamber

Fig 62. Pot experiment for screening maize cultivars

Fig 63a. Agro-physical thematic layers used in
selecting representative sampling locations across

Meghalaya
(Source of vector layers: Bhuvan, NRSC & NESAC
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standard procedures for soil reaction (pH), organic
carbon (SOC), macro (Nitrogen, Phosphorus and
Potassium - N, P, K) - and – micro (DTPA extractable
Fe, Mn, & Cu) nutrient contents.  Analyzed soils
revealed wide variability in soil properties (e.g. pH
varied from 2.51 to 6.4; SOC: 0.16- 5.73%) and macro
nutrients (available N: <13 kg/ha to >600 kg/ha P: <6
kg/ha to 48.9 kg/ha, K, <60 to 317 kg/ha). Micro-
nutrients, especially DTPA- Fe content reflected wide
variation and in many locations across Jaintia Hills, it
exceeded critical threshold limits of toxicity by several
fold while DTPA-Zn content was very low invariably
across the state of Meghalaya (Table 15). Soil spectral
reflectance measurements (both in laboratory and field
conditions) are on progress.

B: Abiotic stresses in Maize as test crop – field
studies using ground spectroradiometer and UAV
(Drone) technology

Two field experiments (winter maize: October 2016
to April, 2017; kharif maize: April, 2017 to August,
2017) on maize crop as test crop (variety RCM-1-76)
were carried out at experiential research farm, NRM
Division (Soil Science) of ICAR Research Complex
for NEH Region (Fig 65). Maize crop was grown under
different abiotic stress imposed environment- soil

Table 15.Spatial distribution of  soil properties  across Meghalaya

Parameter pH Av. N Av. P Av. K SOC Fe Cu Zn

kg/ha % DTPA extractable, mg/kg

Range 2.51-6.34 12.5-603.1 5.88-48.86 56.0-316.6 0.16-5.73 0.49-257 0.2-8.27 0.15-0.39
(Average) (4.21) (176.61) (16.10) (156.3) (1.22) (51) (0.59)  (0.45)

Sample size (N= 158-210)

Pure Pine Forest Mixed forest

Bun cultivation Dense Forest

Jhum cultivation

Coal mined areas

Fig 64. Few selected sample sites across major land
use systems of Meghalaya

Fig 63b. Homogenization of zones with similar
properties and selection of sampling sites across major

landuses and road accessibilities of Meghalaya.
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acidity (pH was maintained at <4.30), Nutrients-
Nitrogen (gradients: @ 0, 40, 80, 120 kg/ha) and
Phosphorus (gradients: @ 0, 30, 60, 90, 120 kg/ha)
stresses.

Spectral Analysis (ground spectroradiometer)
Periodic soil spectral reflectance (in the canopy

zone) along with reflectance of crop canopy and
selected (3-4th) leaves of maize crop (on-field) were
measured using ground spectroradiometer. Similarly,
using UAV (Unmanned Aerial Vehicle, Inspire 1 UAV),
spectral images of the maize field for the same period
of ground spectra measurements were taken
periodically. Soil samples were collected from the same
location in the same day for characterization in
laboratory. Similarly, periodic bio-physical (crop
growth parameters) and bio-chemical (Chlorophyll a
& b, carotenoids, anthocyanin, leaf-NPK etc.) were
collected and analyzed for the same periods.

Periodic field spectral data were analyzed following
standard procedures (including standard statistical
analysis involving sensitive spectral bands, spectral
indices,  multivariate analysis –PCA etc.) for smoothed,

1st derivative, normalized and water removal
reflectance of the maize crops (Fig 66). Due to N & P
deficiencies, spectral signature curve of stressed crops
differs from stress free crop.  Similarly, due to N-stress,
chlorophyll contents reduced and crop reflected more
in red as well as near infrared wavelength while P-
deficiency resulted in reduction of reflectance in near-
infrared. In stress-free crop, highest absorption was
observed in red and highest reflection was observed
in near-infrared bands (Fig 66).

Around 24 indices/sensitive bands were correlated
with the bio-chemical and bio-physical properties of
the maize plant at different stages of growth across
treatment combinations (stress free, N- and P stress
conditions). Initial findings from preliminary analysis
identified N-stress and P stress spectral band ranges.
From multivariate analysis (principle component
analysis-PCA) using P-stress maize plants with respect
to stress-free maize plants (control: NPK), 143 bands
out of 939 bands  falling in the range of 750-916 nm in
NIR region in PC1, exhibited a strong correlation
coefficient of more than 0.95 (Fig 67). Similarly, for
N-stress, the identified sensitive bands/wave length

Winter Maize- October 2016- April 2017

Kharif maize - April 2017- August 2017

Fig 65: Pictorial view of the experimental farm and
abiotic stresses on maize crop

Fig 66. Spectral Signature curve showing differences
in different bands sensitive to Nutrient stress and

stress free condition
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ranges from 754-867 nm in NIR region with a strong
correlation coefficient of more than 0.90 (Fig 67).
Conclusive findings are on progress.

UAV-spectral image analysis
The multi-spectral UAV/drone (Model DJI Matrice

600, burrowed from NESAC) fly was made
periodically during the crop growth periods since the
inception of the field experiments till harvest, covering
multi-date for both the consecutive seasons. Data
acquisition and pre-processing from the onboard
multispectral and RGB camera were done following
standard procedures (Fig 68). After pre-processing of
the UAV data, the different reflectance bands (Red,
Green, Red edge and Near Infra Red band) were
generated. These bands were used to obtain different
indices like Normalized Difference Vegetation Index
(NDVI), Normalized Difference Red Edge Index
(NDRE), Green Normalized Difference Vegetation
Index (GNDVI) etc. These indices were analyzed
further to correlate it with the ground obtained
parameters for different treatments. The four bands
(Green, Red, Red edge, NIR) were stacked and used
for NDVI profiling for two seasons (Fig 69) as well as
supervised classification of image following different
classifiers. Similarly, two sets of UAV multispectral
land cover data classified into 4 different classes in

order to find the Phosphorous and Nitrogen deficiency.
Two supervised classifiers (Support Vector Machine
and Random Forest) were used to perform
classification on the UAV data on crop stress detection
(Fig 70). The plants under stress (N & P deficiency
induced) imposed treatments showed poor NDVI
compared to stress-free plants under balance
fertilization of NPK along with lime in the initial stages
of growth.

The accuracy of the SVM classifier (Fig 70) in
discrimination of stressed crop (N & P together) , stress
free/healthy crop and non-agricultural areas using
training sites was over 81% with a Kappa coefficient
of 0.75 and RMSE of 0.34. Overall accuracy in
Random forest was little higher than SVM.
However, both the classifiers (SVM & random
forest) could not segregate the N and P specific
stressed crops from the total class of stressed crops
(N & P together). This could be due to the use of
UAV spectral images from initial stages of crop
growth since the stress of N and P yet to be visible
/ effective at initial stages of crop growth. This
resulted in mixed response of N and P stress pixels
along with still some healthy crops in stressed plots.
However, further improvements can be done by

Fig 67. Nitrogen and Phosphorus stress sensitive
spectral bands (N:750-916 nm; P:750-916 nm)

Fig 68. UAV RGB Camera Images of maize crop
grown on 25th April, 2017 (Kharif-2017)

Fig 69. Multi-date NDVI Images of maize crop grown
on 25th April, 2017 (Kharif-2017)

Fig 70. Support vector machine and random forest
based classification of  UAV multispectral Image of

maize crop grown on Kharif-2017
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taking multiple date involving UVA spectral images
from peak crop growth stages with strongly visible
symptoms /effects of N and P stresses.

Assessment of soil contamination in coal mine
affected areas in Jaintia Hills district of Meghalaya
during pre-monsoon season

The present study is being carried out to assess
the level of heavy metal contamination and soil
health in the coal
mining areas of
Jaintia hills (Fig 71)
during the pre-
monsoon.  Coal
mined soils had
nearly one unit less
soil  pH (3.58)
compared to soils
from unaffected
areas (pH: 4.5).
Compared to
unaffected soils,
coal mining
resulted in increase
of available sulfur
and heavy metals,
namely iron, manganese and copper and zinc content
by several-fold in excess of critical limits, while
the availability of phosphorus, potassium and zinc
contents decreased by 55%, 16% and 40%,
respectively (Table 16). The study revealed that, in
most of the soil samples, among the heavy metals,
Fe content increased rapidly by several fold beyond
critical limits for continuing agricultural crop
production, which may cause substantial decline in
soil health to support optimum crop production.

Table 16. Physical and chemical properties of coal
mine affected soil of the Jaintia Hills

Soil parameters Unaffected Coal Mined
area  area

pH 4.50 3.58
SOC (%) 1.60 2.03
Available N (Kg/ha) 205.70 267.60
Available P (Kg/ha) 25.10 11.20
Available K (Kg/ha) 93.82 78.80
Available S (Kg/ha) 23.90 180.00
Total Fe (mg/kg) 4509.00 7135.00
Total Mn (mg/kg) 102.00 114.90
Total Cu (mg/kg) 17.64 39.70
Total Zn (mg/kg) 64.50 38.30

WATER MANAGEMENT

Residue management and conservation tillage in
Rice-based cropping system under AICRP on Water
Management

In Rice based cropping system, zero tillage during
rabi season resulted in higher grain yield of mustard
and pea compared to conventional tillage practices.
Adoption of conservation tillage (zero) significantly
increased grain yield of rice (43.7%) and succeeding
rabicrops, viz., toria (85.5%) and potato (56.3%)
compared to conventional tillage practices.

Resource conservation practices in rice based
lowland cropping system

Unpuddled transplanted rice (4703 kg/ha) and no
tilled rice (3522 kg/ha) recorded higher yield.There
was 200% increase in grain yield of rice under puddled
transplanted condition compared to puddled wet seeded

Fig 71. Map of Jaintia
Hills showing the

sampling sites

Conventional tillage Zero tillage for all crops
(Residue removal) (Residue retention)

Fig 72. Performance of rice under different tillage and
residue management practices

Fig 73. Rabi Crop performance under different tillage
practices

Fig 74. Rice experimental plots with different tillage
practices
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rice. Also, the water use efficiency (195.7%) was found
significantly higher under unpuddled transplanted rice
compared to puddled rice.

valuation of resources conserving option on
productivity and water use efficiency (WUE) of
maize-toria cropping system

Conventional tillage resulted in higher maize
equivalent yield (MEY: 4084 kg/ha) compared to Zero
tillage. Among the intercropping system/residue
management treatments, the MEY was highest under
Maize + Groundnut paired row (residue retention: 4757
kg/ha) which was 28.2% more compared to sole maize
crop. The yield of succeeding toria was also found
higher under Maize+ Groundnut paired row (residue
removal: 1138 kg/ha) compared to sole maize crop.

Optimization of genotype coefficients and
validation of DSSAT CERES-Maize model (V
4.0.2.0) for maize cultivar RCM-76

DSSAT CERES-Maize model was calibrated w.r.t.
maize cultivar RCM-76 under Umiam condition. The
optimized genotype coefficients for RCM-76 are given
in Table 17. The model was subsequently validated
with data set generated during 2017. Calibration and
validations were done with the following treatment
combinations of nitrogen application under rainfed
condition: Control (no application of inorganic N),
recommended dose (RD: 80 kg N/ha), 75% of RD (60
kg N/ha) and 125% of RD (100 kg N/ha). The

parameter considered for comparison between
observed and simulated values was maize grain yield.
Low RMSE (123.96) and d-stat >0.5 (0.98) was
observed in the validation process, which signifies very
good agreement between observed and simulated
values. The CERES-Maize model now can be used
for various applications such as nutrient/crop
management and to study the impact of climate change
in this region.

Table 17: Optimized genotype coefficients of maize
Cv. RCM-76 for DSSAT CERES-Maize model
under Umiam condition

Symbol Description Values

P1 Thermal time from seedling emergence 225.0
to the end of the juvenile phase
(expressed in degree days above a base
temperature of 8°C) during which the
plant is not responsive to changes in
photoperiod

P2 Extent to which development 0.7
(expressed as days) is delayed for each
hour increase in photoperiod above the
longest photoperiod at which development
proceeds at a maximum rate (which is
considered to be 12.5 hours)

P5 Thermal time from silking to 500.0
physiological maturity (expressed in
degree days above a base temperature of
8°C)

G2 Maximum possible number of kernels per 850.0
plant

G3 Kernel filling rate during the linear grain 6.0
filling stage and under optimum
conditions (mg/day)

PHINT Phylochron interval; the interval in thermal 50.0
time (degree days) between successive
leaf tip appearances

AGROFORESTRY

Yield of ginger and turmeric under MPT based agro
forestry systems

Ginger and turmeric were grown under the canopy
of different trees species and growth and yield data
were recorded (Table 18). Yield of ginger was found
to be better in the uncultivated areas as compared to
cultivated areas. Maximum yield was recorded under
Schima wallichi uncultivated forest area i.e. 13.90
tonnes per ha. Under bamboo, the yield of ginger was
found to be very low in both cultivated and uncultivated
areas.

Maize + Soybean Maize + Groundnut

Fig 75. Validation results of CERES-Maize model
w.r.t. maize Cv. RCM-76
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Table 18.Yield performance of ginger under
different tree based agroforestry systems

System Rhizome Yield
tonnes

Length Width Dia per ha

Pine cultivated system 28.22 39.26 46.52 8.30
Control cultivated regularly 31.75 43.68 48.01 11.03
Bamboo cultivated 23.73 36.33 36.50 3.62
Schima wallichi tree 33.96 47.57 52.23 12.61
cultivated
Schima wallichi tree 36.25 51.05 51.14 13.90
uncultivated
Parkia roxburghii tree 31.80 47.11 49.89 10.80
cultivated regularly
Pine uncultivated for 34.04 39.48 48.58 12.60
last 8 years
Bamboo uncultivated 22.57 22.57 40.77 6.19

Yield of turmeric was found to be maximum under
Schima wallichi (14.46 tonnes per ha).  In turmeric also,
growth and yield was found to be very less in bamboo
based agroforetry system (3.62 tonnes per ha in cultivated
and 6.19 tonnes per ha in uncultivated bamboo based
agroforestry sytems.  Growth and yield performance of
turmeric grown under these systems was also recorded
and results are presented in Table 19 and 20.

Soil samples were collected before planting and
after harvesting of ginger and turmeric. Soil characters
such as soil pH, organic carbon, available nitrogen and
available potassium were analyzed and compared. The
soil parameters before planting (initial) and after
harvesting are presented in Table 21and Table 22.

Assessment of resin yield and its quality in Pinus
kesiya

Pinus kesiya resin was extracted from different
provenances using standardized bore hole method. The
yield of pine resin, rosin and turpentine from different

provenances is presented in Table 23.
The turpentine was subjected to GC MS analysis.

Initial oven temperature was kept at 40° C for 4 minutes,
thereafter it was increased to 220° C at the rate of 4° C
per minute.  Column used was Agilent DB-5MS ultra
inert column with temperature -60° C to 325° C with
dimentions 30 m × 250μm × 25μm. Flow rate was kept 1
mL/minute. Total run time was kept at 64 minutes after
that 10 minute post run was performed.Out of total of
major 20 compounds identified, α-pinene and mentha -1
(7), 8- diene were major constituents (about 90 per cent
in all samples analyzed). Other important constituents
identified were α-pinene, phellandrene beta, delta 2
carene, detla 3 carene, benzoic acid etc. List of
compounds identified with their area percentage in
representative sample of Umshing Village, Shillong is
presented in Table 24, Table 25and Fig 76.

Variation with respect to different major
constituents in turpentine oil extracted from different
provenances is presented in table

Table 19.Growth performance of turmeric under different agroforestry sytems

System Leaf length Leaf width No of leaves Plant height No of tiller

Pine cultivated system 37.33 9.33 9.44 65.13 1.38
Control cultivated regularly 36.22 9.05 9.50 70.01 1.50
Bamboo cultivated 26.88 6.72 6.56 44.42 1.00
Schima wallichi tree cultivated 38.95 9.74 8.06 82.88 1.06
Schima wallichi tree uncultivated 35.12 8.78 8.44 72.92 1.25
Parkia roxburghii tree cultivated regularly 32.53 8.13 7.75 66.36 1.13
Pine uncultivated for last 8 years 40.83 10.21 8.63 78.73 1.13
Bamboo uncultivated 34.79 8.70 7.00 57.83 1.13

Table 20. Yield performance of turmeric under
different tree based agro forestry systems

System Rhizome Yield
tonnes

Length Width Dia per ha

Pine cultivated system 28.22 39.26 46.52 8.30
Control cultivated regularly 31.75 43.68 48.01 11.03
Bamboo cultivated 23.73 36.33 36.50 3.62
Schima wallichi tree 33.96 47.57 52.23 14.46
cultivated
Schima wallichi tree 36.25 51.05 51.14 13.90
uncultivated
Parkia roxburghii tree 31.80 47.11 49.89 10.80
cultivated regularly
Pine uncultivated for last 34.04 39.48 48.58 12.60
8 years

Bamboo uncultivated 22.57 22.57 40.77 6.19
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Survey and documentation of endangered
medicinal plants of north east region

A survey was conducted for documentation four
threatened medicinal plants of north east region viz.,
Panax spp. Valeriana jatamansi, Paris polyphylla and
Coptis teeta.

Paris pollyphylla
Paris pollyphylla is being extracted on a very large

scale from Manipur, Nagaland and Arunachal Pradesh
which has resulted in drastic decrease in the wild
population of the species. In last 10 years. The species
is collected and traded illegally to Myanmar through

Table 21.Nutrient status of different tree based land use systems before and after cultivation of ginger

System Soil pH Organic carbon Available nitrogen Available potassium

Initial After Initial After Initial After Initial After
harvest harvest harvest harvest

Pine cultivated system - 5.06 - 1.68 - 229.97 - 170.87
Control cultivated regularly 4.84 4.93 1.14 1.24 246.70 200.70 144.67 128.46
Bamboo cultivated 4.90 4.99 1.88 1.88 263.42 238.34 179.57 193.01
Schima wallichi tree cultivated 4.77 4.87 1.84 1.92 267.60 242.52 230.27 215.38
Schima wallichi tree 4.65 4.86 2.02 1.86 271.79 234.15 161.91 240.28
uncultivated
Parkia roxburghii tree 4.68 4.99 1.96 2.00 255.06 250.88 249.54 240.35
cultivated regularly
Pine uncultivated for last 4.70 5.05 1.65 1.46 250.88 204.89 249.39 180.21
8 years
Bamboo uncultivated 4.75 4.98 1.86 1.90 209.07 246.70 264.54 227.10

Table 22. Nutrient status of different tree based land use systems before and after cultivation of turmeric

System Soil pH Organic carbon Available nitrogen Available potassium

Initial After Initial After Initial After Initial After
harvest harvest harvest harvest

Pine cultivated system - 4.97 - 1.64 - 246.70 - 189.35
Control cultivated regularly 4.84 4.86 1.14 1.01 246.70 204.89 144.67 134.06
Bamboo cultivated 4.90 5.07 1.88 1.81 263.42 229.97 179.57 181.25
Schima wallichi tree cultivated 4.77 4.85 1.84 1.83 267.60 255.06 230.27 224.34
Schima wallichi tree 4.65 5.03 2.02 1.64 271.79 250.88 161.91 254.13
uncultivated
Parkia roxburghii tree 4.68 5.07 1.96 1.88 255.06 234.15 249.54 194.54
cultivated regularly
Pine uncultivated for last 4.70 5.02 1.65 1.44 250.88 213.25 249.39 168.26
8 years
Bamboo uncultivated 4.75 5.13 1.86 1.82 209.07 259.24 264.54 213.92

Table 23. Performance of different provenances of Pinus kesiya for resin and turpentine yield

Provenances Resin yield in different Diameter class(g per tree) Turpentine
yield

30-35 cm 35-40 cm 40-45 cm (per cent)

Kyrdem, Nongthymmei, District Ri-Bhoi  Meghalaya 78.96 82.49 151.54 30.42
Umsaw Khwan, Umsning, District Ri-Bhoi Meghalaya 179.86 161.85 198.76 23.60
Shangpung, District Jaintia Hills, Meghalaya 141.88 113.32 143.66 51.83
Umshimg, District East Khasi Hills, Meghalaya 164.28 305.64 242.75 59.00
ICAR Umiam, Ri-Bhoi Dist, Meghalaya 66.19 88.60 116.77 54.67
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Table 24: Compounds identified on GC MS chromatogram of Pinus kesiya turpentine

S NO Compound IUPSC name Formula RT Relative
amount (area
percent)

1. Hexalactone <gamma-> 2 (3H)- Furanone, 5-ethyldihydro- C6H10O2 5.54 0.23
2. Carene<delta-3>  Bicyclo Bicyclo[4.1.0]hept-3-ene, 3,7,7-trimethyl- C10H16 9.74 0.12

[4.1.0]hept-3-ene, 3,7,7
-trimethyl

3. Pinene<alpha-> Bicyclo[3.1.1] hept-2-ene, 6,6,6-trimethyl C10H16 10.21 51.56
4. Camphene Bicyclo[2.2.1]heptane, 2,2-dimethyl-3-methylene- C10H16 10.85 0.51
5. Mentha-1(7),8-diene <p-> Cyclohexane, 1-methylene-4-(1-methylethenyl)- C10H16 11.97 41.06
6. Pinene <beta-> Bicyclo [3.1.1] heptane, 6,6-dimethyl-2-methylene14.12 C10H16 12.60 0.38
7. Phellandredne <beta> Bicyclo [3.1.1] heptane, 6,6-dimethyl-2-methylene14.12 C10H16 14.12 2.37
8. Carene <delta-2-) $$ Cyclo27.22hexene, 3-methyl40.56ene-6- C10H16 16.33 0.09

Bicyclo [4.1.0] hept-2-ene, (1-41.74methylethyl)-42.93
3,7,7-trimethyl-

9. Longifolene 1,4-Methanoazulene, decahydro-4,8,8-trimethyl C15H24 27.72 0.68
-9-methylene-, (1S,3aR,4S,8aS)-

10. Benzoic acid <2- Benzoic acid, 2-[4-(4-hydroxy-4-methylpentyl)- C21H9NO3 40.56 0.39
[4-(4-hydroxy-4- 3-cyclohexen-1-yl]methylene]amino]-, methyl ester
methylpentyl)-,
3-cyclohexen-1-yl]
methylene]amino]-,
methyl-> ester

11. Benzoic acid <2- Benzoic acid, 2-[[[4-(4-hydroxy-4-methylpentyl) C21H9NO3 41.74 0.16
[4-(4-hydroxy-4- -3-cyclohexen-1-yl]methylene]amino]-, methyl ester
methylpentyl)-,
3-cyclohexen-1-yl]
methylene]amino]-,
methyl-> ester

12. Indopone 1-Propanone, 1-[(1S,3aR,7aR)-1,2,3,6,7,7a-hexahydro-1, C15H24O 42.93 0.28
5-dimethyl-3aH-inden-3a-yl]-2-methyl-

13. Indopone 1-Propanone, 1-[(1S,3aR,7aR)-1,2,3,6,7,7a-hexahydro-1, C15H24O 43.36 0.15
5-dimethyl-3aH-inden-3a-yl]-2-methyl-

14. Hydratropaldehyde Benzene, (2,2-dimethoxy-1-methylethyl)- C11H16O2 43.77 0.08
<dimethyl-> acetal

15. Falcarinol 1,9-HEPTADECADIENE-4,6-DIYN-3-OL, (3r,9z)- C17H24O 45.72 0.08
16. Falcarinol 1,9-HEPTADECADIENE-4,6-DIYN-3-OL, (3r,9z)- C17H24O 46.25 0.31
17. Benzonithiol<2 ethyl> Benzenethiol, 2- ethyl C8H10S 48.46 0.42
18. Falcarinol 1,9-HEPTADECADIENE-4,6-DIYN-3-OL, (3r,9z)- C17H24O 48.83 0.27
19. Phenylacetaldehyde Benzene, 2,2-dimethoxy-ethyl C10H14O2 51.58 0.70

dimethyl acetal
20. Phenylacetaldehyde Benzene, 2,2-dimethoxy-ethyl C10H14O2 55.55 0.28

dimethyl acetal
21. Phthalic acid bis 1,2-Benzenedicarboxylic acid, 1,2 bis(2-ethylhexyl) ester C24H38O4 59.21 0.10

(2-ethylhexyl) ester
(6Cl, 8Cl)

Fig 76. GC MS analysis of pine turpentine showing major peaks such as alpha-pinine (RT 10.218min), mentha
1,7 di-ene (RT 11.978), beta pinene (12.599), phellendrine beta (14.123) , Longifoline (27.72)



52ICAR RC NEH ANNUAL REPORT 2017

Manipur border fetching Rs.6000 to 8000 per kilogram
of dried rhizomes. A total of 13 sites were identified
for the studies of variation in morphological features.
Variability was observed in different with respect to
plant height, no of leaves in flowering and non
flowering whorl, stem diameter, petiole length, no of
leaves, no of stigma lobes, no of anthers, fruit size and
number of leaves. The range of variability observed in
these parameters is presented in Table 26. Leave
samples were collected and DNA has been extracted
for analysis of genetic variation in different
populations.

Valariana jatamansi
Survey was conducted in the states of Arunahcal

Pradesh, Nagaland and Manipur and wild population
of the speices was observed in Nyuokmadang,
Arunachal Pradesh, Dirang, Arunachal Pradesh,
Mandala Arunachal Pradesh, Mandala road, Arunachal
Pradesh, Pfutsero Nagaland, Sakraba Nagaland and
Khezakeno, Nagaland. Plant and soil samples were
collected and plants were grown at ICAR RC for NEH
Region farm area for evaluation of morphological and
yield attributes (Fig 77).

Table 26.Variation in morphological features of
Paris polyphylla growing at different sites of
Manipur and Nagaland

Character Range Character Range

Plant height (cm) 19.48 Leaf length (cm) 3.15
-134.8 in flowering whorl -12.04

Stem Diameter 2.98 Leaf width in 1.4
(mm) -11.6 flowering whorl (cm) -3.82
No. of leaves in 6-13 No. of anther 3 to 8
Non flowering
whorl
Petiole length (cm) 0.4 No. of stigma lobe 4-9

– 5.22
Leaf length (cm) 11.96 Fruit Length cross 0.8

-24.8 (cm) -3.6
Leaf width (cm) 2.02 Fruit width (cm) 0.96

-15.4 -2.5
No. of leaves in 1-8 Number of seed 11
flowering whorl per fruit -172

Dicentra scandens
Dicentra scandens is a climbing perennial herb,

belonging to the family Fumariaceae. The plant is used
by Naga ethnic tribal communities living in eastern
Nagaland state for treating various diseases including
a number of fatal diseases like malaria, high blood
pressure and diabetes. The extract of the plant from
root tuber and leaf is prescribed a sremedy against
fevers, gastrointestinal disorders and is considered
diuretic. It has been used traditionally as a remedy for
dysentery, diarrhoea, fever, hypertension, diabetes and
also possess anti-helmintic and wound healing
properties. The species was collected from Nagaland
and Manipur and growth was observed at ICAR RC
for NEH Region farm. The plant sprouts from tubers
in the month of February March. Flowering takes place

Table 25. Quantitative assessment of alpha pinene, beta pinene, mentha 1,7 (8) diene, phallandrine beta
in  turpentine extracted from different  provenances of Pinus kesiya

Provenances Alpha Beta Mentha Phallandrin Delta 2 Delta 3
pinene pinene 1,7 (8) beta carene  carene

diene

Kyrdem, Nongthymmei, District Ri-Bhoi 61.08 0.78 29.88 3.50 0.21 0.18
Meghalaya
Umsaw Khwan, Umsning, District Ri-Bhoi 49.24 0.42 44.36 2.36 Not detected 0.11
Meghalaya
Shangpung, District Jaintia Hills, Meghalaya 35.13 0.84 51.97 4.34 Not detected Not detected
Umshimg, District East Khasi Hills, Meghalaya 49.04 0.70 41.45 2.37 0.09 0.12
ICAR Umiam, Ri-Bhoi Dist, Meghalaya 57.11 0.75 36.05 3.20 0.07 0.17

* All data are expressed in per cent only major compounds are given in table

Fig77. Valeriana jatamansi collections growing
research farm of ICAR Umiam
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of north east region. Field survey was conducted in
Arunachal Pradesh, Sikkim and West Bengal for
collection of natural populations of this indigenous
species. Some distinct morphological features was
observed and recorded. Typical glands were found at
the base as well as margin of the leaves (Fig 80).

The tree belongs to the family salicaceae and trees
are dioecious where male and female catkins are borne
on separate trees. The different maturity stages of male
and female catkins is depicted in Fig 81and Fig82.

Leaves were also collected from two different
populations one from Arunachal Pradesh (Haploi,
Yachuli and Yazali areas) and another from Kalimpong

in the month of June-July and flowed by fruiting in
the month of September-October. Growth attributes
of the species is presented in the Table 27.

Table 27. Growth attributes of Dicentra scandens
grown at ICAR RC for NEH Region Umiam
Meghalaya

Parameter Wine length Standard
deviation

Total wine length 176.23 49.43

Stem diameter 2.16 0.66

No of branches 23.6 8.17

leaf length 3.82 0.61

leaf width 2.08 0.72

Petiole length 2.70 0.85

No of flowers per branch 6.60 1.80

NO of pods per branch 4.00 1.73

Pod length 2.90 0.74

Pod width 0.74 0.09

No of seed per pod 5.60 2.40

Some of the endangered and high value medicinal
plants are grown by farmers. These species includes
Panax spp. valenrian jatamansi, Paris polyphylla,
Coptis teeta, Alliums hookeri, Oromylum indicum,
Hotunia cordata etc.

Studies on morphological variation and genetic
diversity of Populus gamblei

Research work was also initiated on Populus
gamblei, a less known indigenous fast growing species

Fig 78. Growth of Dicentra scandens growing at
ICAR Umiam

Fig79. Panax spp growing at Landang, Ukhrul
District, Manipur

Fig 80. Gland found at the base (A), margin (B) and
tip (C) of the leaves
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Fig 81. Male catkin of Populus gamblei at different
maturity stages

Fig 82. Female catkin of Populus gamblei at different
maturity stages

AGRICULTURAL ENGINEERING

Evaluation of Conservation Efficiency of Grasses
on Hill Slopes of Meghalaya Region

The project is being conducted since 2014-15 for
assessing the conservation efficiency of grasses in
natural resources conservation and economic
feasibility.  The aims can be fulfilled by studying the
hydrological behaviors of degraded lands under
selected local grass covers with their conservation
efficiencies and production potentials. During the
period under report (2017) ten numbers of runoff plots
(ROP) were renovated for desired slope of 45% with
renovation and installation of gauging stations and
gauging devices.  Transplanted Congo signal, hybrid
Napier, broom, guinea, lemon grass and citronella
saplings in 6 numbers of ROPs in two replications
were monitored for conserving natural resources.
ROPs were monitored for their hydrological behaviors
by installing automatic water stage level recorders on
1ft H-flumes. Sediment samples were monitored
through 1’ dia Coshocton wheel silt samplers (N—1
type).  The area received 2729.7 mm annual rainfall
in 138 events with runoff producing storms of 1678.2
mm in 49 events. The hydrological behaviors and
production potential of different ROPs are presented
in Table 1.Soil conservation efficiencies were
estimated at 29.6, 27.1, 40.5, 42.3, 22.61, 35.22 and
25.3% with water conservation efficiency of 21.5,
24.1, 27.2, 31.4, 27.5, 21.1 and 48.7% respectively.
The overall soil & water conservation efficiencies of
Congo signal, hybrid Napier, broom, guinea, lemon
grass, citronella and cultivated weeds were 25.55, 25.6,
33.85, 36.85, 25.05, 28.16 and 37% respectively.

Table 1. Hydrological behaviors of ROPs with
production potential during 2017

ROP(s) Grass Runoff Sediment Yield
(% yield (fresh
rainfall) (t/ha)  biomass)

1 Congo signal 17.25 9.59 54.25
2 Hybrid Napier 17.62 9.41 229.62
3 Broom grass 18.06 10.40 155.93
4 Guinea grass 18.66 10.53 26.21
5 Lemon grass 18.11 9.07 15.64
6 Citronella grass 17.20 10.01 28.44
7 Weed biomass in 21.12 9.27 21.57

cultivated fallow
8 Weed biomass in 14.20 7.40 31.86

natural fallow
and Tasiding areas of West Bengal for studying DNA
variability. Extraction procedure has been
standardized.
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Estimation of water budget components for
predominant farming systems of Meghalaya region

The project was started during 2014-15 for
evaluation of farming system impact on water budget
parameters, development of relationship, between
water budget components and hydro- meteorological
parameters, suitability of different models/ methods/
approaches for modeling water budget components
with assessment of biological and economical
productivity of water under different farming system
options. The farming system research watershed
include Agriculture (W1=0.64 ha), Agri-Horti-Silvi-
pasture (W2=1.03 ha), Agro-forestry (W3= 2.94 ha),
forestry(W4=3.89 ha) and natural fallow (W5=1.03 ha).
The soil is of sandy loam and lies in class VIIe. The
average slope of micro-watersheds lies in the range of
32.02 to 45.87% with relief of 89-110 m. The
maximum length and width varies from 250-320 m
and 65-230 m respectively. Five gauging stations
equipped with H-flumes were renovated and installed
with automatic stage level recorders. Five farming
system micro-watersheds were calibrated for their
hydrology.  During the year 2017 the area received
2729.7 mm annual rainfall in 138 events with runoff
producing storms of 976.3 mm in 24 events. The
hydrological behavior of FSR Micro-watersheds is
presented in Table 2.

Runoff was estimated using standardized SCS-CN
method for the region and actual evapotranspiration
by following the method of FAO-56 Penman-Monteith
using multiple crop option. Recharge contribution was
estimated using the water balance approach. Estimated
water budget components for predominant land uses
individually and combining composite land use system
are presented in the Table 3 and monthly water budget
components is presented in Table 4.

Analysis of historical weather variables and
accuracy assessment of the weather forecast

Nowadays climate change and variability
discussions are often dominated by the climatic

extremes rather than just trends in mean of the climatic
variables like temperature and rainfall. Climate change
effects have become widespread and even getting
strongly felt due to the impacts of these extremes.
Hence, to understand the patterns of changes in the
extremes, daily weather variables (maximum &
minimum temperature along with the rainfall) were
analyzed using the methodologies of Expert Team on
Climate Change Detection and Indices (ETCCDI)
which is a part of World Climate Research Programme

Table 2. Hydrological behavior of FSR micro-watersheds (2017)

FSR Micro- Runoff Sediment yields Water Conservation Soil Conservation Soil and Water
watershed No. (%) (ton/ha/yr) Efficiency (%) Efficiency (%) Conservation

Efficiency (%)

W1 18.60 11.86 46.70 43.16 44.93
W2 17.64 11.21 49.44 46.28 47.86
W3 18.50 11.63 46.98 44.27 45.62
W4 21.34 13.31 38.84 36.20 37.52
W5 34.89 20.86 Control Control Control

Table 3. Estimated contribution of water budget
components for different land uses (2017)

Land uses Contribution

Runoff AET Recharge
(%) (%) (%)

Agril (W1) 18.60 37.85 39.64
Agri-Horti-Silvi-Pasture (W2) 17.64 62.07 21.08
Agro forestry (W3) 18.50 49.47 30.56
Forestry (W4) 21.34 54.21 25.46
Natural fallow (W5) 34.89 33.43 35.25
Combining Composite 22.20 47.40 30.40

Table 4. Estimated monthly water budget
components for the year 2017

Month(s) Rainfall Runoff AET Recharge
(mm) (mm) (mm) Contribution

(mm)

January 26.4 0.0 29.2 0.0
February 0.0 0.0 31.4 0.0
March 60.3 12.1 51.6 0.0
April 206.1 21.3 183.9 0.9
May 200.8 33.2 185.4 0.0
June 475.9 124.1 159.1 192.7
July 381.2 93.3 172.1 115.8
August 752.7 186.4 129.4 436.9
September 348.4 98.3 131.3 118.8
October 254.1 37.1 117.1 99.9
November 20.8 0.0 69.6 0.0
December 3.0 0.0 32.8 0.0
% Contribution 100.0 22.2 47.4 30.4



56ICAR RC NEH ANNUAL REPORT 2017

(WCRP) and World Meteorological Organization
(WMO). Here we have presented 22 indices of
ETCCDI which are pertinent for Umiam, Meghalaya
(Table 5). These indices broadly deal with the extremes
of temperature and rainfall. Both the maximum (Tmax)
and minimum (Tmin) temperature are considered for
temperature indices. The diurnal temperature range
has significantly increased in Umiam over the last three
decades, which is mainly due to increase in the
maximum temperature (TXn) and decrease in the
minimum temperature (TNx). Results clearly showed
that the cold days significantly decreased while
completely opposite trend was observed for warm
days. Warm nights decreased significantly while there
was no trend for cold nights. Warm spell duration
which indicates occurrences of at least six consecutive
warm days, also increased significantly. Another index
of warmness, number of summer days which counts
days when daily Tmax remains greater than 25oC also
increased significantly over the area. These results
broadly indicated that the extremes of maximum
temperature are increasing i.e. days are getting warmer
while the extremes of minimum temperature are

showing negative trend i.e. nights are getting colder
or warm nights are decreasing. The results of extremes
of daily rainfall (RR) show that though there were
trends, but for most of the indices the trend was not
statistically significant. It can be seen that, only
consecutive dry days indicated by maximum number
of consecutive days with RR less than one mm has
significantly increased over the area. It points towards
the fact that over the area, very light rainfall days have
decreased. These types of rainfall are very crucial for
the growth of plants as well as for ecological point of
view. Decrease in these sorts of rainfall during winter
and pre-monsoon season may increase the
vulnerability of natural vegetation to fire as they
remain too dry during these periods. Though the
number of heavy, very heavy precipitation days along
with maximum one-day precipitation showed
increasing trend but it was statistically non-significant.
Overall, the results showed that in case of extreme
temperature indices the changes were mostly
statistically significant while for extreme rainfall
indices the changes were mostly non-significant.

Table 5. Trends in the extreme weather indices of Umiam, Meghalaya

S. Index name Index Explanation Rate of
No.  change

1 Diurnal temperature range (DTR) Monthly mean difference between Tmax and Tmin 0.117***
2 Maximum Tmax (TXx) Monthly maximum value of daily Tmax 0.011
3 Maximum Tmin (TNx) Monthly maximum value of daily Tmin -0.097***
4 Minimum Tmax (TXn) Monthly minimum value of daily Tmax 0.101***
5 Minimum Tmin (TNn) Monthly minimum value of daily Tmin -0.053
6 Cold Days (TX10p) Percentage of days when Tmax< 10th percentile -0.323***
7 Warm days (TX90p) Percentage of days when Tmax> 90th percentile 0.594***
8 Cool nights (TN10p) Percentage of days when Tmin<10th percentile 0.155
9 Warm nights (TN90p) Percentage of days when Tmin>90th percentile -0.52**
10 Warm spell duration index (WSDI ) Annual count of days with at least 6 consecutive days when 1.686***

Tmax> 90th percentile
11 Cold spell duration index (CSDI) Annual count of days with at least 6 consecutive days when 0.278

Tmin< 10th percentile
12 Number of summer days (SU) Annual count of days when TX (daily Tmax) > 25oC 1.614***
13 Consecutive dry days (CDD) Maximum number of consecutive days with RR<1mm 1.377***
14 Consecutive wet days (CWD) Maximum number of consecutive days with RR>=1mm -0.02
15 Annual total wet-day precipitation Annual total PRCP in wet days (RR>=1mm) 1.108
16 Number of heavy precipitation days Annual count of days when PRCP>=10mm 0.019
17 Number of very heavy precipitation Annual count of days when PRCP>=20mm 0.083

days
18 Very wet days Annual total PRCP when RR > 95th percentile -0.85
19 Extremely wet days Annual total PRCP when RR > 99th percentile -1.055
20 Max 1-day precipitation amount Monthly maximum 1-day precipitation -0.489
21 Max 5-day precipitation amount Monthly maximum consecutive 5-day precipitation -1.075
22 Simple daily intensity index (SDII) Annual total precipitation divided by the number of wet days 0.007

(PRCP>=1.0mm) in the year

*** and ** denote Mann-Kendall trends at 1% and 5% signiûcance level, respectively. The rate of change is the non-parametric Sen’s Slope.
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Evaluation and Development of Power Weeder
Suitable for Hilly Region

The project was initiated during 2017 for
evaluating existing designs of power weeder and mini-
tillers for weeding operation, modification /
development of power weeder and evaluation of cost-
economics of mechanized weeding operation under
upland condition. Literature on manual and power
weeders/mini-tillers, weeding operation and existing
weeders were reviewed during the period under
report.The review revealed that portable weeders of
1.5 HP to 5 HP are available in Indian market.Majority
of them is petrol powered for cutters and manual
movement in field. Weights of these are between 10.4
kg to 44 kg as they needed to be driven manually. Some
power weeders were identified for procurement. They
are (i) 1.5-2 hp power mini-tiller, (ii) 1.5- 2 hp power
backpack weeder machine and 2-4 hp power walk
behind type power weeder/mini-tiller. This equipment
will be evaluated for suitability in the prevalent
farming system in the region.

Evaluation of Automatic Solar drip Irrigation
System Suitable for Mid Hills of Meghalaya

The microcontroller based automatic control
system for gravity drip irrigation system was designed
and developed. The system consists of ATmega 16A
microcontroller, resistance type soil moisture sensor,
LCD display and other peripheral components. The
printed Circuit Board (PCB) of the system was also
developed in Eagle software. The system need two
source of power supply i.e. 5V to supply to the micro
controller unit and 12 V to operate relay for the water
pump. The overall current consumption of the system
is about 180 mA. Calibration of the soil moisture
sensor was undertaken by using soil samples which
are at different moisture content. The calibration curve
of soil moisture sensor is presented in Fig 1.

It was observed that the moisture sensor can
significantly detect soil moisture content up to 45%.
The sensor cannot differentiate moisture content above
45%.The soil is too saturated when the soil moisture
content is more than 40%. The soil available in the
experiment field is Silty loam to Clay loam soil. The
available water to the plant is in the range of 15 to
35%.  The algorithm for operating automatic control
system was developed by using calibrated curve of
the soil moisture sensor. The algorithm is developed
in such a way that the system maintains the soil
moisture content in the range of 25% to 35%.  The
laboratory testing of the system is done by using 1 hp
AC water pump and soil sample at different moisture
content. There is deviation of soil moisture as
determine by the developed system from the moisture
content determine by the oven drying method. The
deviation is reduced with the increased in moisture
content. In the working range i.e. 25 to 35% soil
moisture content, the deviation is in the range of 0.55
to 0.72%. Also the system off the water pump when
the sensor is in soil sample having more than 35%
moisture content.

AICRP on Plasticulture Engineering and
Technology

Feasibility and Economic Evaluation of Heating and
Cooling of Polyhouse using earth heat exchange

Designed, fabricated and installed earth air tube
heat exchanger was operated round the year during
2015-17 with blower speed at 12.5 m3/h at the day
time during the month of September 2015 to
September 2017 to heat/ cool the polyhouse. However,
the length of flow changed from 12 m to 48 m inside
the heat exchanger.  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 theFig 1. Calibration curve of soil moisture sensor

Fig 2. Laboratory testing of the developed system
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polyhouse as total heat gain or loss will be higher as
compared to low speed.  The average maximum and
minimum temperature inside the polyhouse were
24.7oC and 18.3oC in comparison to outer temperature
of 23.5oC and 13.3oC respectively. The respective
relative humidity during morning and evening periods
were 72.5 and 62.6 (inside) as compared to 87.8 and
74.1% (outside) respectively. The blower was run for
10 hrs/ day.  Considering the price for electricity
consumption in the Meghalaya state @Rs.2.25/kwh
under agril practice, the cost comes up to Rs.9/-day
and fixed charge @ Rs.50/- month. If it is considered
under Industrial use, the cost of operation per day @
Rs 5.2as Rs.52/- + fixed charge @ Rs.90/- month.

Modeling the micro climate of vegetable based
cropping system under poly house in mid hills of
Meghalaya

Land was prepared in poly house and net house
and vegetable crops of capsicum, Brinjal and tomato
seedlings were transplanted during the month of May,
2107. Old stockings of gerbera were maintained. The
growth parameters of planted vegetation were
monitored. It was observed that the growth of plants
in poly house is more luxuriant than net house
environment. The micro-climate of poly house and net
house is more ambient as compared to open condition
as mean average temperatures were 2.1°C and 1.7°C
more respectively in comparison to open condition.
The relative humidity exhibited the same trend in all
the conditions.  The productivity of tomatoes were
recorded as 1341q/ha, 916 q/ha in poly and net house
respectively against farmers practice of 516 q/ha. The
productivity of capsicum in poly house and net house
were 601.2 q/ha, 406.8 q/ha against farmers practice
of 270.80 q/ha.  Harvesting of Gerbera flower

indicated increase of flower numbers 26.04% and
23.10 % under poly house and net house condition as
compared to farmers practice. The poly house
microclimate reading indicated that poly house
recorded 11.20°C more in maximum temperature and
14.50 % less RH in comparison to net house. It was
observed that maximum temperature is increased in
polyhouse as compare to net house while RH was
decreased in polyhouse as compared to net house.
Relationship was developed among micro-climate of
poly house, net house and climatic parameters of the
air (Table 6).

Development of package of practices for pisciculture
in poly housed – plastic lined pond for mid- hills of
Meghalaya

The project was conducted for two years i.e. 2015-
17. During the periods, Catla fingerlings were
introduced into poly housed lined pond.  The
temperatures were monitored at surface, 30 cm depth
and bottom (150cm). Maximum temperatures of 22.2,
26.6 and 26.20C at the surface, 30 cm depth and bottom
respectively were observed with minimum of 13.1,
15.5 and 15.30C respectively with average value of
21.8, 21.3 and 20.80C respectively during the fish
growing period. Maximum and minimum air
temperatures outside the structure were 30.6 and 3.50C
with average value of 26.01 and 12.40C respectively.
It was observed that the water quality inside the poly
housed lined pond was in desirable range for rearing
fish but there is no significant growth (150 gm to 250
gm) of fish fingerlings. So the developed system was
not effective for cultivation of fish for commercial
purpose.  The system may be used for rearing of
ornamental fish fingerlings during extreme winters
only.

Table 6. Relationship of temperatures & RH among poly & net house with climate of Umiam (2015-
2017)

Maximum air temperature (T Max Air) 15.5 to  33.80C
Minimum air temperature(T Min Air) 0.6 to 22.10C
Net house Maximum temperature (TMax Net) TMax Net  = 0.97 T Max Air+0.86 R2 =0.82 , SeTMax Net  = 1.42dF=1049,  F= 4942.71
Net house Minimum temperature(TMin Net) TMin Net  = 0.91 T Min Air +0.96 R2 =0.82 , SeTMin Net  = 2.2dF=1049,  F= 4952.8
Poly house maximum temperature(TMax Poly) TMax poly  = 1.08T Max Air+0.67 R2 =0.83 , SeTMax poly  = 1.63dF=1049,  F= 4742.2
poly house minimum temperature(TMin Poly) TMin poly  = 1.21T Min Air-0.7 R2 =0.84 , SeTMin poly  = 2.76dF=1049,  F= 5566.4
RH poly maximum(RH Max_Poly) RH Max_Poly=1.08 RH Net Max -6.8 R2 =0.93 , Se RH Max_Poly= 2.33dF=1049,

F= 14198
RH poly minimum (RH Min_Poly) RH Max_Poly=0.89 RH Net Min +7.5 R2 =0.92 , Se RH Min_Poly= 4.8dF=1049,

F= 13068
Poly House VrsNet House
Poly house maximum temperature(TMax Poly) TMax poly  = 0.82T Max Net+7.66 R2 =0.55 , SeTMax poly  = 2.63dF=1049,  F= 1178.4
poly house minimum temperature(TMin Poly) TMin poly  = 0.54T Min Net+4.97 R2 =0.51 , SeTMin poly  = 3.70dF=1049,  F= 1068.7
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Agri-Consortia Research Platform on Water
One number of runoff water harvesting pond and

one plastic lined jalkund was constructed in Umroiwah
watershed during 2017. Runoff water from the
watershed area was collected in the pond which is
located at the outlet of the watershed. The collected
water is pumped to the polyline ponds (jalkund)
located at the higher elevation of the watershed by
using solar power water pump. Mild slope terraces
were constructed on the sloppy surfaces and raised
beds for plantation of crops were made. Vegetable
crops like french beans, tomato, cabbage, chilly, bitter
gourd, ginger and turmeric, etc. were planted on the
prepared bed. Pits of different dimensions (3’ to 1’)
were excavated for horticultural plantation in the area.
Two piggery sheds having dimension of 16 m × 20 m
were constructed in the watershed. Six piglets were
kept in each pig shed. Water from the jalkund is being
used for domestic purpose, irrigating vegetables, and
for providing in the piggery units. Fish culture is being
undertaken with supply of fish feeds in both the
upstream and downstream of the jalkund.

AICRP on Farm Implements and Machinery

Design and development of sowing attachment for
lightweight power tiller suitable for NEH region

A sowing attachment for light weight small engine
(BCS Make light weight power tiller of 69 kg, 4.1 kW
engine as prime mover) was designed and fabricated
with appropriate metering.  This consists of main
frame, seed box, adjustable furrow opener and ground
wheel. The rotors type of metering mechanism having
cells on periphery is being used for seed metering. It
was so designed where rotor can easily be changed
for different crops. Rotor having 6 cells, 12 cells and
14 cells were designed for sowing of maize, soybean
and pea, respectively. The specifications and test
results are given below.

Specifications of sowing attachment
Overall Dimensions : l x w x h, mm:

700 x 900 x 500
Weight, kg : 21
Type of metering : Rotor type having cells on
mechanism periphery
Type of furrow : Inverted T-Type
opener
Number of row (with : 2
adjustable row spacing)
Crop : Maize, Soybean and pea

Development of complete mechanization package
for pineapple cultivation in north eastern hill
region

Pineapple is one of the most important fruit crop
both in terms of area under plantation and production
in the north-eastern region of India. Therefore, this
sub-project was initiated to identify and evaluate
suitable tools and equipment for different operation
involved in pineapple cultivation and to modify/adopt
tools and equipment for mechanized cultivation of
pineapple in the region. On survey, it was observed
that all the farmers are using locally made hand tools
and no improved tools or equipment are being used in
the Meghalaya and other pineapple growing states of
NEH region. From the preliminary study it was found
that weeding and harvesting are two major operations
which require more manual energy.

Prototype Feasibility testing of farm machinery
Power tiller drawn seed drill was taken for

feasibility testing. The hitch point and hopper link on
both side of the seed drill were modified to make it
suitable for being operated with KAMCO power tiller

Light weight power tiller

Developed sowing attachment

Fig 3. Sowing attachment for lightweight power tiller
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being used in the region. The equipment was tested
for maize sowing on terraces of 2-5m wide at
Agricultural Engineering farm. It was equipped with
fluted feed roller type seed metering mechanism with
two numbers of furrow openers. Depth of seeding
achieved was 45-50 mm at a row spacing of 560 mm
and the pattern of seed placement in row was
continuous. Maize seeds were sown directly after the
harvest of turmeric without any prior tillage operation
and it was found satisfactory at seed rate of 18 kg/ha.
Effective field capacity achieved was 0.08 ha/hr.
Modification by fitting rotor type metering mechanism
in place of fluted roller type could be more suitable
for the maize crop.

Frontline Demonstration of Farm Tools and
Machinery

Front line demonstrations for self-propel vertical
conveyor reaper, power paddy thresher cum cleaner,
hand operated winnower and posthole digger were
conducted in the farmers field. VST make self-propel
VCR having 1000 mm cutter bar length, 4 Nos. of
crop divider and 5 hp diesel engine was demonstrated
for harvesting paddy in terraces and valley lands.
STIHL make engine operated posthole digger having
635 mm length and 150 mm diameter augur was

demonstrated for digging holes. Power paddy thresher
cum cleaner and hand operated winnower developed
at division of Agricultural Engineering, ICAR-RC-
NEH Region, Umiam were demonstrated for threshing
and cleaning paddy in the farmers field for
popularization.

Prototype Manufacturing of Farm Tools and
Equipments

Prototypes of farm tool and equipment (779
numbers) were fabricated during January to December,
2017 under Revolving Fund Scheme on
“Commercialization of farm tools and Machinery for
Hill Agriculture” and supplied to government, non-
government organizations, KVKs and individual
farmers of NEH states.

Forecasting Agricultural output through space
agro-meteorology and Land based observations
(FASAL)

Field experiments on maize (cv. RCM 76) and
upland rice (cv. Bhalum 1) were conducted under
FASAL project in 2017. Maize was sown on 24th April
while rice was direct seeded on 5th June. Rainfall
during 2017 maize growing period (Apr-July) was
1264.0 mm against water requirement of 750 mm with
66 nos. of rainy days where as  rainfall of  2212.3 mm
was observed against requirement of 1000 mm with
rainy 98 nos. of days during rice growing period (June-
October). The crops did not suffer from any water

Tools used in pineapple
cultivation

Sucker preparation with dao

Weeding using local spade Pineapple harvesting with local
sickle

Fig 4. Pineapple cultivation in Meghalaya

Fig 5. PFT of power tiller drawn seed drill for sowing
maize on terraces

Fig 6.  Frontline demonstration of farm tools and
machinery
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stress during its growing period. Maize and rice took
106 and 130 days to attain physiological maturity
respectively. DSSAT (Ceres-Maize) simulated maize
yield of 2165 kg/ha against observed yield of 2103
kg/ha with over estimation of 3%. Simulated yield was
2320 kg/ha against observed yield of 2313 kg/ha with
over estimation of 0.3% for rice. Considering acreage
of maize and rice in Meghalaya as 18,463 and 63,587
ha, respectively, expected (simulated) production of
kharif maize and rice in Meghalaya in 2017would be
39.9 and 147.5 thousand tons, respectively.

Gramin Krishi Mausam Sewa (GKMS)
Agro-advisory bulletin service was initiated from

May 1996 at AMFU, Umiam with the objectives of
preparing AAS bulletin based on weather
forecast(medium range of 3-5 days)  from IMD,
Guwahati on every Tuesday and Friday after
consultation with the Agro-Advisory bulletin board,
providing weather forecast to the farmers along with
agro-advisory guidelines for economic management
of farm operations, taking  feedback from farmers and
analyzing  for improvement of Agro Advisory
Services(AAS), assessing the feasibility of the forecast
and  communicating daily recorded meteorological

data to Regional Meteorological Station, Guwahati for
improvement of weather forecast. Agromet advisories
are prepared by expert groups (Scientists of ICAR,
Umiam) based on the weather forecast received from
regional meteorological centre, Guwahati along with
tools & techniques like Normalized Difference
Vegetation Index (NDVI) & the Standardized
Precipitation Index (SPI) for 11 district of Meghalaya
received from Agromet Pune. Agro-advisories are
disseminated to media like AIR, DDK, Local
newspapers, etc. through e-mail, SMS, Fax and
Telephonic conversation. Prepared agro-advisory
bulletin is uploaded in IMD Agromet website
(www.imd.agrimet.gov.in), (www.farmer.gov.in) &
(www.kiran.nic.in) for dissemination. UmiamAgromet
field unit (AMFU) has been engaged in sending the
advisory bulletin as well as SMSs to all the KVKs of
the state, State Agril/Horti officers for forwarding the
SMS to beneficiary farmers. During the period under
report, 1067 numbers of AAS bulletins were prepared
and disseminated to the farmers. In addition, 68294
numbers of SMSs were sent to the farmers through
mkisan portal of Ministry of Agriculture, Government
of India.

Organization of demonstrations/ field days
A total of nineteen numbers of demonstration/field

days were organized during 2017 on farm tools,
equipment, Agro-processing technology and
construction of jalkund to the farmers, students and
officials of state departments.

Table 7. Prototypes of farm tools and
equipmentsmanufactured and supplied during
2017

Prototypes Fabricated and Supplied Quantity/No.

Maize sheller 150
Zero till furrow opener 35
Garden rake 45
V-blade weeder 18
Wheel hoe 27
Briquette chulah 6
Grass slasher 36
Briquetting mould 14
Conoweeder 6
Groundnut decorticator 98
Straight blade weeder 12
Metallic tip dibbler 12
Hand Fork 60
Hand operated winnower 8
U-blade weeder 48
Manual Trolley 5
Adjustable Row Marker 45
Paddy thresher pedal type 6

Fig 7. Demo of farm tools, equipment, agro-processing
technologies and construction of Jalkund to the

farmers, students and officials of state departments
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SOCIAL SCIENCES

Value Chain Analysis of Ginger, Citrus, King Chilli,
Cassava, Large Cardamom and Pineapple in
North-East: Study on Kachai lemon in Ukhrul
District of Manipur

The present study was conducted in three villages
of Lungchong Maiphei block in Ukhrul district of
Manipur. Sample of 90 respondents were selected
randomly by using Proportionate Random Sampling
method. The growth rate in area, production and
productivity of lemon in Manipur was positive with
19.84, 22.37 and 2.33 percent per annum respectively
during 2005-06 to 2013-14. Total cost of cultivation
for lemon was Rs. 98301/ha. The total net farm income
was Rs. 206886/ha. Net present value, internal rate of
return and payback period were found to be 61816,
28.94 percent and 7.5 years respectively. The benefit
cost ratio (BCR) over total cost was equal to 1.23 and
BCR over the paid out cost was equal to 5.53. Serious
neglect in post-harvest management resulted in very
high post-harvest losses of citrus fruit. Processing
infrastructure and packing station for value addition
in citrus was almost absentin the region. Growers sell
their produce in local markets or even on the roadsides
due to lack of proper marketing facilities. Keeping
these constraints in view, ICAR Research Complex
for NEH Region, Umiam has worked on developing
various value added products. The technology can be
taken up by the industry for commercialization and
also the progressive farmers through participatory
approach to improve their livelihood status.

Developing Marketing Strategies of Horticultural
Crops in Meghalaya

A study has been conducted to know seasonal price
structure and market margin of pineapple in
Meghalaya. Data were collected from different
identified marketing channels of pineapple prevailing
in the state. With the availability of the bulk of
productionduring summer, wholesaler bought the
produce from farmers directly and disposed to the
retailer in Nongpoh and Shillong markets. Two main
channels in the study area were identified for
marketing of pineapple viz ,  a) Producer →
Wholesaler/Traders → Retailer → Consumer and b)
Producer → Retailer → Consumer. It was observed
that the preference of the channel by the producer
depends upon the quantity of the pineapple produced
during the season. Out of 608.37 ton of total produce
on small farmsin summer, 564.49 ton (92.79%) was

disposed through Channel-I (Producer → Wholesaler/
traders → Retailer → Consumer) and 7.21 per cent of
produce was disposed through Channel-II (Producer
→ Retailer → Consumer). Medium farmers disposed
96.10 per cent of the produce through Channel-I and
remaining 3.90 per cent was estimated to be disposed
through Channel-II. The cost incurred by the producer
under channel”II in Nongpoh market was 726.98 and
retailer cost was 969.98 with a margin share of 45.92
per cent. The producer’s share in consumer rupee was
found out to be 41.02 per cent. The producer cost was
1090.61 and retailer cost was 1030.28 with a margin
share of 52.73 per centunder the same channel in
Shillong market. The producer’s share was 33.13 per
cent.

Livelihood Improvement of Hill Farmers through
Sustainable Farming Systems in North Eastern Hill
Region (Farmers’ FIRST Project)

The project was implemented in two clusters with
ten villages (Borgang, Parangang, Lalumpam,
Barkhatsari, Nalapara – Jaigang, Umtham,
Nongagang, Sarikhusi and Mawtnum) of RiBhoi
district of Meghalaya. A baseline survey was
conducted to analyse the issues and the opportunities
of the area in all the villages covering more than 500
households. Various PRA techniques were undertaken
to get the first hand information about the project site
and identification of technological gaps, research
problems and prioritization of research problems in
consultation and participation with farmers.
Demonstration of improved scientific technologies
were undertaken in seven different modules in the
tribal farmer’s field to see their impact in improvement
of livelihood of the tribal farmers in comparison with
their traditional practices which will help in identifying
the potential technologies suitable for different agro-
climatic situations. Promotion of pulses (Pea and
Lentil) in rice fallow in which a gross income of Rs.
1,65,000 per hectare with an average green pod yield
58 to 65 qt/ha was realized. By promotion of vegetable
cultivation in rice fallow wheresome of the farmers
earned a net income of Rs. 1,30,371/- per ha were
observed. Backyard piggery improved breed i.e.
Hampshire-87.5% cross breed piglets (42 tribal
farmers) and backyard poultry (Vanaraja) were
demonstrated. Gross total incomes of Rs 16400 in
duration of 5 months were realized.  A locally
abandoned building has been well furnished to set-
upcustom hiring Post harvest processing and value
additioncenter. 4 - 5 numbers of farmers has started
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the cultivation of mushroom using the low-cost
mushroom house and good quality of spawn provided
from ICAR institute.55 numbers of interested farmers
were selected from the villages for taking up
demonstration of scientific beekeeping. 250 numbers
of soil samples from the adopted villages were
collected and tested for distribution of Soil Health
Card. Acidic soil and iron (Fe) toxicity were found to
be the major problems. Demonstration on bio-intensive
pest management practices was carried outwhich
resulted in increase in yield in the range of 11.00% to
38.67% under integrated pest management.
Demonstration of Fishery based Integrated farming
system model with crop husbandry, piggery, poultry,
duckery, fisheries, goatry, rabbitry, mushroom
cultivation, vermicomposting, vegetable farming and
agro forestry component was undertaken in the
Nalapara village. A custom hiring center was
established with 200 farmers from selected
villageswhich earned net revenue of Rs 30,000.

Convergence and Network Analysis of Extension
Organizations for Enhancing their Effectiveness in
Pluralistic Extension Regime (NASF Project on
Convergence)

Two stage approaches were followed i.e., from
farmers’ perspective and from the organizations’
perspectiveto assess the existing nature and extent of
convergence and linkages., data from 364 respondents
covering 25 villages of four districts (RiBhoi, East
Khasi Hills, West Khasi Hills and Jaintia Hills) has
been collected and analyzed to get the information
regarding farmers’ perspective for identification of
different organizations i.e., Central, State, Private,
Banks and NGO engaged in providing different
extension services like inputs, information, advisory
and capacity building. Result revealed that the most
of the services in terms of inputs, information and
advisory were provided by ICAR which provides 16.7
per cent of inputs, 10.7 per cent of information and
9.6 per cent of advisory to the respondents followed
by KrishiVigyan Kendra (KVK) among central
government organizations. District Agriculture Offices
(3.0%) is performing comparatively well followed by
state agriculture department among state government
organizations in terms of providing inputs (2.7%), state
horticulture dept. (2.7%) and community & rural dev.
(2.7%). Most of the state level organizations failed to
deliver the services except state agriculture dept., state
horticulture dept. and community & rural dev for

providing information and advisory. NGO working in
the field of agriculture in Meghalaya serve better as
compare to others in case of private sector organization
in providing inputs (1.9), information (1.9) and
advisory (2.2%) followed by RRTC with 0.5, 2.5 and
1.9% for inputs, information and advisory respectively.

NICRA- Technology Demonstration Component
Ten different villages were adopted under different

agro-climatic conditions to assess the climate
resiliency and mitigating capacities of the different
climate resilient technologies developed by
ICAR.Three villages Umeit, Mairungheh and Tyrso
were selected according to frequency of climate
aberrations and a benchmark survey was conducted
to assess the nature and extent of climatic aberration
and their effect on growth and productivity of
agriculture and livestock sector. Moisture stress
technology, raised and sunken bund method of
cultivation, zero tillage and minimum tillage, climate
resilient housing model for pig and poultry, land use
model of hilly slope were selected for demonstration
purposebased on survey. Seeds (pea variety: Arkel,
bean variety: Selection-9 and onion variety: Nasik N-
53, Coriander variety: Surabhi, Tomato variety: Pusa
Ruby and Brocolli variety: Green Magic) along with
associated package of practices were provided to the
tribal farmers which will be evaluated for its climate
resiliency.

Development of Strategies for Improving
Effectiveness of Convergent Model of Extension
Services in Meghalaya

A schedule has been developed and being used for
data collection from different stakeholders (Central
Govt., State Govt., Banks, Private and NGOs)
pertaining to the existing nature and extent of
convergence along with the suggestive measures to
increase the efficiency and effectiveness of extension
organizations in delivering the extension services to
the farmers in a convergence mode during the
pluralistic regime of extension organizations. Data
from different organizations and farmers were
collected using semi-structured interview schedule
developed to assess the extent of extension services
provided by different extension organizations.A total
of 364 respondents were selected from the 25 different
villages covering four districts namely RiBhoi, East
Khasi Hills, West Khasi Hills and Jaintia Hills. Data
regarding the nature, type and extent of different
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extension services required for different agricultural
enterprises and crops were analysedto identify the
potential agricultural enterprises to be focused for
convergence model and delivering the need-based
extension services to the target audience.

Designing of Participatory Decision Support
System for Horticultural Crops in Meghalaya

The interview schedule was developed to ascertain
the different areas like production technologies,
protection technologies, post-harvest processing &
value addition and marketing in which farmers needs
the information which can be supplemented through
ICT means. The information collected through this
interview schedule may help in developing the
Decision Support System (DSS) which will help the
farmers and other extension professionals in
addressing the framers queries and problems at their
door step with their own convenience of time.

Impact of Climate Change on Livestock Production
and Local Adaptation Measures in Meghalaya

The fixed effects model was used to extract the
effect of climate change on livestock production in
Meghalaya by keeping the district and time effects
fixed. The district fixed effect would include the
differential socio-cultural, topographical and soil
situations specific to different districts. The time fixed
effect would include any significant government and
policy interventions, any sudden change in market
demand or consumption pattern or any other changes
during the time period except for climate change. Thus
after such effects are kept fixed the remaining effects
on livestock production can be attributed to climate
change.

From the results of the fixed effect model analysis,
it was inferred that the meat production was found to
be positively affected by temperature (estimated to
have increased by 79.56 tonnes for every 1°C increase
in average temperature). Milk production was also
positively affected by temperature which increased at
the rate of 0.17 thousand tonnes for every 1°C increase
in average temperature. Egg production was neither
affected significantly by rainfall nor temperature.
Rainfall amount and pattern has not affected the
livestock production significantly. Thus, for the whole
state, climate change more particularly temperature
warming has positively affected the livestock
production. However, it is imperative to conduct a
micro-level study of the livestock farmers especially
in the RiBhoi district where maximum temperature
variability and decrease in livestock population were
observed.

Skill gap analysis of the tribal farmers on pig and
cattle production in Meghalaya

Interview schedule was prepared to assess the
existing skill gap in pig and cattle production between
farmers practice and the pig and cattle maintained at
the livestock farm of ICAR Research Complex for
NEH Region, Umiam during the reporting period. The
interview schedule was tested through pilot survey and
accordingly its validation is to be undertaken. Data
will be collected randomly from 200 farmers’
respondents from three districts of Meghalaya
(RiBhoi, West Garo Hills and Jaintia Hills) along with
the stakeholders working in these areas after validation
of the interview schedule.

Table 8.Coefficients of fixed effect model

Livestock products Annual Rainfall Average Temperature

Milk 0.000143 0.1669*

Egg -0.000092 0.7033

Meat -0.01668 79.5613*

*Significant at 95% level of confidence
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LIVESTOCK PRODUCTION

Productive and reproductive performance of Sirohi
and Jakhrana goat under agro-climatic condition
of Meghalaya

Sirohi and Jakhrana are considered as the principal
and renowned native breeds of goat in Rajasthan.
These breeds are medium to large in size and mainly
reared for milk and meat by rural poor people in India.
In Sirohi, their body coat color is varied from brown
with dark or light patches whereas,Jakhrana is longer
in size and predominantly black in color with white
spot on muzzle and ears. Goats are the key livestock
reared by tribal people mainly for meat and milk
production in North eastern region of India. Indigenous
breed of goats are of smaller in size, their productivity
is quite lower as compared to large size breed like
Jamunapari, Sirohi and Jakhrana. Reproductive
performance is the main factors for improved goat
production which determine the productivity of the
goat irrespective of their use for meat and milk
production. Birth weight and body weight is
component trait factors since there is positive genetic
correlation between birth weight and growth rate, age
at maturity and mature body weight which influence
the future productive and reproductive performance
of the goat. In order to improve reproductive
performances of goat production, larger size of Sirohi
(dual breed) and Jakhrana (milch breed) were
introduced in Meghalaya. The performance of
productiveness and reproductiveness of Sirohi and
Jakhrana goats were evaluated under semi-intensive
system in agro-climatic condition of Meghalaya are
presented in Table 1. The Sirohi and Jakhrana goats
were maintained under standard management
conditions viz., six hours grazing and supplement of
concentrate feed twice daily. Results revealed that
overall means for body weight of Sirohi and Jakhrana
at birth, 3, 6, 9, and 12 months of ages (born in 2017)
were 2.53±0.03, 13.15±0.42, 16.35±0.14, 18.23±0.42,
23.65±0.25; 2.31±0.07, 9.23±0.35, 13.49±1.14,
16.52±0.66 and 22.89±0.87, respectively.

The average mature adult body weight of buck and
does of Sirohi and Jakhrana was found to be
28.0±3.75,30.0±1.75; 51.0±2.03 and 42.1±2.85 days,
respectively. The milk yield of Sirohi and Jakhrana were
0.750 ml/day and 850 ml/day. Highest milk yield was
observed in Jakhrana.The ranges of lactation period in
Sirohi and Jakhrana were 4-5 months and 6-7.5 months,
respectively. The average age at first kidding of Sirohi
and Jakhranawere 684.6±43.7 and 568.3±23.0,

respectively. Sirohi goat gave birth twice a year; single
(90.91%) and twins (9.09%) were quite common, triplets
were very rare.  On the other hand, single (70.0%) and
twins (30.0%) of births were observed in Jakhrana. The
kidding interval was found to be higher in Sirohi
(370.61±11.38) than Jakhrana(311.16±23.15). The
average gestation periods were 148.71±8.19 and
151.85±7.74 in Sirohi and Jakhrana, respectively.

Table 1. Productive and reproductive traits
performance of Sirohi and Jakhrana goat under
field condition

Parameters Sirohi Jakhrana

Birth weight (Kg) 2.53±0.03 2.31±0.07
Body weight at 3 months 13.15±0.42 9.23±0.35
Body weight at 6 months 16.35±0.14 13.49±1.14
Body weight at 9 months 18.23±0.42 17.52±0.66
Body weight at 12 months 23.65±0.25 22.89±0.87
Weight of adults buck (Kg) 28.00±3.75 51.02±2.03
Weight of adults does (Kg) 30.00±1.75 42.06±2.85
Types of birth Single 90.91% 70.00%

Twin 9.09 % 30.00%
Milk yield (ml/day) 0.750±0.35 0.850±1.45
Milk yield at 90 days 61.79±0.02 136.65±3.67
Milk yield at 150 days 86.445±5.42 208.21±10.05
Lactation period (months) 4-5 6-7
Dry period (days ) 127.00±37.42 154.22±12.63
Age at first kidding (days) 684.61±43.75 568.25±23.03
Kidding interval (days) 370.61±11.38 311.16±23.15
Gestation period (days) 148.71 ± 8.19 151.85 ± 7.74

Formulation of low-cost pig feed with Banana
pseudo-stem in feed ration

The present study was carried out to evaluate the
effect of banana pseudo-stem feeding as a partial
replacement of concentrate feed on growth
performance and better adaptation of pigs. A total of
six samples of Banana pseudo-stem (Musa spp.) were
collected randomly from different villages viz., Umroi,
Mawbri, Umsninag, Umsaw, Nongpathaw, ICAR
livestock Farm, Ri-Bhoi, Meghalaya and were
analyzed for proximate nutrient analysis. Proximate
analysis was evaluated for different section of upper,
middle and lower portions of banana pseudo-stem
(outer and inner) are presented in Table 2 and Figs 1-
4. The average percent of moisture, dry matter (DM),
crude protein (CP), crude fibre  (CF), ether extract
(EE), nitrogen free extract(NFE) and ash were found
to be 93.35±1.03%, 6.64±1.03%, 4.60±1.19%,
31.15±0.24%, 0.99±0.24%, 45.46±0.24%, 21.81±5.42%,
respectively whileaverage gross energy was found as
3231±4.14 (Cal/g).
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The present study was conducted on (18) eighteen
weaned growing pigs and were divided randomly into
three groups (I, II and III) having six in each group.
Pigs of all the three groups were fed iso-calorie and
iso-nitrogenous diets as per NRC (1988)
recommendation. Before starting the experiment,
initial average body weight of pigs in groups I, II and
III were found to be 8.25 ± 0.36 kg, 8.25 ± 0.28 kg,
8.25 ± 0.28 kg, respectively, the differences among
them were statistically non-significant.The design of
the experiment was completely randomized. Banana
pseudo-stems were chopped off into small pieces (1-
2 cm in length), dried under sun light and crushed into
mesh/dry powder form before use. Pigs were fed with
banana pseudo-stem (20% level) + standard
concentrate mixture (80% level), banana pseudo-stem
(40% level) + standard concentrate mixture (60%
level) and in control group with standard concentrate
mixture (100% level) for 90 days. Body weight gain,
feed conversion efficiency, plane of nutrition and

economic of feeding was recorded in different groups
of pigs. Growth performance was affected by dietary
treatments over the total experimental period. Results
revealed that average body weight (Kg) at 30, 60 and
90 days were 14.97±0.67, 19.86±0.68, 24.35±0.62;
12.75±0.51, 16.65±0.26, 20.36±0.27 and 18.33±0.76,
23.07±0.67, 28.00±0.88 in Group I, Group II and
Group III, respectively (Table 3). Trend of average
daily weight gain (g) were 187.55±10.62, 164.38±5.14
and 248.05±15.90 in Group I, Group II and Group III,
respectively (Table 3). The average daily gain (ADG)
in Group I was significant higher than that group II.

Table 3. Growth performance of grower pigs fed
with Banana Pseudo stem on dry matter basis

Parameter Treatment Control
Group-I Group-II Group-III
(20%) (40%)

Average initial 8.85±0.36 8.65±0.38 8.25±0.28
body weight (kg)
Body weight at 14.97±0.67 12.75±0.51 18.33±0.76
30 days (kg)
Body weight at 19.86±0.68 16.65±0.26 23.07±0.67
 60 days  (kg)
Body weight at 24.35±0.62 20.36±0.27 28.00±0.80
90 days (kg)
Average daily 187.55±10.56 164.38±5.14 248.05±15.90
weight gain (gm)

However, the growth rate of grower pigs reduced
significantly when the banana pseudo-stem mixed with
concentrate feed up to 20% and 40%. The feed
conversion efficiency was reduced when the banana
pseudo-stem was replaced with concentrate feed.Pig
fed with banana pseudo-stem has no beneficial effects
on the ADG and FCR. Experiment on fermented and
fortification of banana pseudo-stem with different
locally available ingredients have been under test to
mitigate stress in pigs.

Table 2. Proximate analysis of locally available banana pseudo-stem samples

Parameters Moisture Nutrient content (%) Gross
(%) Energy

DM CP CF EE NFE ASH (Cal/g)

Upper portion Inner 90.65 9.35 2.38 40.59 0.40 46.45 12.43 3570
Outer 93.75 6.25 3.60 23.00 1.92 55.74 33.47 3188

Middle portion Inner 89.97 10.03 2.96 34.31 0.77 38.91 10.90 3478
Outer 94.40 5.60 3.30 19.21 0.86 42.11 24.34 2944

Lower portion Inner 94.96 5.04 5.09 46.98 0.51 63.79 16.25 3184
Outer 96.40 3.60 10.31 22.83 1.49 25.78 33.47 3023

Mean±SE 93.35 6.64 4.60 31.15 0.99 45.46 21.81 3231
±1.03 ±1.03 ±1.19 ±0.24 ±0.24 ±0.24 ±5.42 ±4.14

Fig 1. Chopped banana
pseudo-stem

Fig 2. Drying banana
pseudo-stem under

sunlight

Fig 3. Banana pseudo-
stem mesh

Fig 4. Concentrate feed +
Banana pseudo-stem
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Functional enhancement of pork sausage through
addition of blood fruit (Haematocarpus validus) an
underutilized fruit in Northeast India

An attempt was made to enhance the functional
property of pork sausage by addition of blood fruit
(Haematocarpus validus) which is an underutilized
fruit of Northeast India. It is reported to have high
levels of beta carotene, anthocyanin and ascorbic acid.
It is also claimed to be rich in iron content. Around
10% of the fruit was added in the pork sausage
emulsion which was processed through subsequent
stages of sausage making. The final product, on
organoleptic evaluation was found to be acceptable.
Beta carotene and anthocyanin content were analyzed
and estimated to be 4.48 mg/100 gm and 6.14 mg/
100gm, respectively. However, both the content in the
plain pork sausage was not traceable. The other
parameters analysed and compared were crude protein,
crude fibre, ether extract, nitrogen free extract, ash
and calorie (Table 4). The results prove the functional
up gradation of pork sausage. Such an initiative will
not only provide a healthier variety product but also
help to utilize underutilized fruits (e.g. blood fruit)
during its peak season when there is surplus
production.

Table 4. Nutritive value of the pork sausage with
blood fruit

Parameter Plain Sausage with
Sausage Blood Fruit

Crude Protein (CP) 38.51% 36.14%
Crude Fibre (CF) 1.57% 3.04%
Ether Extract (EE) 29.85% 31.72%
Nitrogen Free Extract (NFE) 23.56% 23.49%
Ash 6.51% 5.61%
Energy 4589 cal/g 5000 cal/g
Anthocyanin - 4.48 mg/100 gm
Beta carotene - 6.14 mg/100gm
Dry matter 38.46% 48.94%

Release of crossbred pig variety “Lumsniang”
The planned crossbreeding program by the institute

over a long period with rigorous selection resulted in
developed “crossbred pig variety called “Lumsniang”
with better adaptability in hill ecosystem, climatic
resilient traits, promising growth rateand good
mothering ability with higher litter size. It has better
adaptability and performance in hill ecosystem of the
north eastern region of India. Crossbred pig was
popularized to the pig growers of the region. The
crossbred pig variety “Lumsniang” had both Niyang

Megha (Khasi local pig) as indigenous germplasm and
Hampshire as exotic germplasm inheritance (Fig 5).
Heritability and repeatability of growth performance
and reproductive traits for the crossbred pigs were
estimated besides the life time productivity traits after
Inter se mating and selection. The institute released
the variety of Pig named Lumsniang on 6th March, 2017
(Fig 6). The pig variety had faster growth rate and
attained the body weight of 77.5-90.7 kg at the age of
12 months. The Post weaning growth rate was 300-
367 g/day with average feed conversion efficiency of
1:4.30. The pig variety had excellent reproductive
ability including the early sexual maturity and higher
litter size at birth (Table 5). The good mothering ability
was the one of the feature of the pig variety leading
higher litter size at weaning. The life time productivity
of the pig variety traits for average of 6 farrowing/
sow viz., total litter size at birth (51.83±2.70), average
litter size at birth (9.13±0.17), total litter weight at
birth (44.07±2.29 kg), average litter weight at birth
(7.75±0.14 kg), total litter size at weaning
(47.17±2.69), average litter size at weaning
(8.29±0.20), total litter weight at weaning
(446.19±25.43kg) and average litter weight at weaning
(78.46±1.91kg) were promising.

Table 5. Reproduction traits

Age at Puberty (d) 276.66±21.19
Age at first Conception (d) 318.00±31.41
Age at first farrowing (d) 432.17±31.52
Litter size at birth 9.32±0.55
Litter size at weaning 8.52±0.81
Avg. individual weight at birth (kg) 0.85±0.16
Avg. individual weight at weaning (kg) 9.46±1.14
Number of days for weaning (d) 56

The pig variety had been popularized and
disseminated through on farm demonstration with
collaboration with state animal husbandry department,
KVKs and NGOs under different projects. The pig
variety attained higher body weight gain (294g Vs

Fig 5. “Lumsniang” crossbred pig variety
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183g/day) and higher litter size at weaning (8.36±0.77
Vs 5.23±0.54) compared to local non-descriptive pigs
in the low input tribal production system.

Establishment of mobile base artificial
insemination (AI) delivery model for the
smallholder pig production system

Transportation is one of the major costs involved
in the insemination of pigs in the hilly terrain of the
tribal pig production system. Therefore mobile based
portable AI delivery models at door step of farmers/
farm gate level established in smallholder tribal pig
production system for improving the livelihood of
tribal farmers (Fig 7). A total of 270 numbers of AI
were carried out in two districts of Meghalaya viz.,
Ri-Bhoi and East Khasi hill at farmer’s doorstep by
using mobile based AI delivery model system. The
collected superior quality semen was kept at laboratory
at 170C.

Whenever received any phone call from farmers
to official number, AI van/unit containing inseminating
kit, semen sachet, catheter and other necessary items,
timely inseminated at farmer’s doorstep by the trail
technician. AI card also provided to the farmers which
included type of breed, age of the animal, estrus sign
and symptom and date of insemination. After
insemination, sow was monitored regularly at monthly

interval and recorded its changes. The furrowing rate
was estimated and the reproductive traits like litter
size at birth, litter size at weaning, litter weight at birth,
litter weight at weaning were also recorded.

Table6. Success rate in Mobile based AI model

No. of pigs inseminated 270
Farrowing rate (%) 73.0
Litter size at birth 8.84±0.32
Still birth 0.4±0.0
Born alive 8.35±0.37
Litter weight at birth 0.877±0.45
Litter size at weaning 7.77±0.62
Body weight at 3 months 10.36±0.76

The furrowing rate was 73% with litter size at birth
of 8.84 (Table 6) and maximum of 15 numbers of
piglets were found. The tribal farmers were benefited
by AI many ways namely; (1) timely availability of
superior germplasm to produce crossbred piglets; (2)
saved the mating cost of INR 1,000–1,500 and
transport of cost (INR 300–400) of female to the boar
premises and (3) controlled mating to prevent
inbreeding. The present study clearly demonstrates the
feasibility andpotential benefit of AI technique to
smallholder backyard pig production system in tribal
rural areas. In addition to genetic improvement of
nondescript local pigs, this technology can help in
overcoming breeding constraints in smallholder
backyard pig production for increasing productivity.

POULTRY SCIENCE

Studies on reproductive and growth performance
of ducksand turkeys in Meghalaya

The reproductive and growth performance of
indigenous ducks of northeastern region and Broad
Breasted Bronze turkeys were recorded under semi-
intensive rearing system in the institute farm. The
average fertility and hatchability (FES) of duck eggs
were recorded to be 78% and 47%, respectively. The
average body weights of day-old, 1st and 2nd week
ducklings, body weight at sexual maturity and age at
sexual maturity of ducks were recorded to be 35.2g,
133.5g, 236.00g, 1417.27g and 24 weeks, respectively.
The average egg weight of ducks at 28th weeks was
54g, which was increased by 32% and 53% at; duck
housed and duck day egg productions, respectively.
The average body weights of turkeys at 12th, 16th, 20th

and 24thweek’s were recorded to be 1003.27g,
1465.51g, 2679.31g and 3045g, respectively. The age

Fig 6. “Lumsniang” pig variety released by DDG
(Animal Sciences), ADG and other dignitaries

Fig 7. Mobile Artificial Insemination at farmers’ door
Step
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at sexual maturity was recorded to be 24 weeks. The
reproductive performance of indigenous ducks in
terms of fertility and hatchability were found to be
lower. However, the growth performances of ducks
and turkeys were found to be optimum in the agro-
climatic conditions of Meghalaya under semi-intensive
rearing system.

Studies on reproductive and egg quality traits of
Vanaraja and Srinidhi parents under intensive
systems of rearing in Meghalaya

A comparative study was done on the performance
of Vanaraja and Srinidhi parent chicken varieties under
intensive system of rearing in the Institute Poultry
Farm. The results showed overall better reproductive
performance and egg quality traits of Vanaraja
compared to Srinidhi parents in the intensive system
of rearing in the agro-climatic conditions of
Meghalaya.

Table 7. Reproductive and egg quality traits of
Vanaraja and Srinidhi parents under intensive
systems of rearing in Meghalaya

TRAITS VANARAJA SRINIDHI

A. Reproductive traits
Age at sexual maturity 175 186
(Days)
Male body weight at 3230.00 3506.67
sexual maturity (g) ± 74.45 ± 50.91
Female body weight 2396.67 1610
at sexual maturity (g) ± 62.38 ± 58.99
Hen day egg production 43.54 28.16
at 36thweeks (%)
Hatchability on total 73.76 65.86
egg set (%)
Body weight of day-old 33.20 31.07
chicks (g) ± 0.68 ± 0.52
B. Egg quality traits at 28th weeks
Egg weight (g) 52.05 ± 0.45 51.78 ± 1.12
Shape Index (%) 76.55 ± 2.83 79.43 ± 0.84
Albumen Index (%) 5.2 ± 0.004 5.2 ± 0.009
Yolk Index (%) 43.5 ± 0.005 49 ± 0.01
Shell thickness (mm) 0.32 ± 0.01 0.31 ± 0.01

Effect of dietary herbal powder supplementation
on certain stress biomarker parameters in
indigenous and improved grower chicken during
winter in Meghalaya

Feeding trials were conducted to study the effect
of supplementation of Turmeric and Roselle powders
in indigenous Naked Neck, Normal Feathered and
Vanaraja grower birds during peak winter months in
Meghalaya. Basal commercial grower mash in control
and basal grower mash plus Turmeric @1percent and
Roselle @ 0.5 percent in treatment groups were offered
for 4 weeks. The experimental birds were reared on
deep litter system under standard management
condition. A total 72 numbers of grower birds at the
age of 12th week, comprising 12 birds from each
control and treatment groups were selected randomly
for collection of blood samples and estimated for
serum Cortisol, Superoxide Dismutase (SOD) and
Heat Shock Protein (HSP 20, 40, 70 and 90) levels as
biomarkers of stress in the birds.

Dietary supplementation of Turmeric and Roselle
powders resulted in decrease of serum Cortisol and
increase of SOD and different HSP expression levels.
The serum Cortisol levels in Indigenous Naked Neck,
Normal Feathered and Vanaraja were found to
be1.38±0.52, 2.19±1.07 and 1.28±0.69 μg/dl in
treatment groups compared to 3.30±2.14, 3.50±1.41
and 4.05±1.69 μg/dlin control groups, respectively.
The serum SOD levels in Indigenous Naked Neck,
Normal Feathered and Vanaraja were found to be
0.033±0.003, 0.037±0.003 and 0.034±0.005 Units/ml,
respectively in treatment groups compared to
0.030±0.003, 0.030±0.004 and 0.029±0.005 Units/ml,
respectively in control groups. The HSP20 expression
levels in Indigenous Naked Neck, Normal Feathered
and Vanaraja were found to be 2.46±0.7887, 2.26±0.68
and 1.62±0.78 ng/ml in treatment groups compared
to 1.2±0.35, 1.48±0.53 and 1.18±0.52ng/ml in control
groups, respectively. The HSP40 expression levels in
Indigenous Naked Neck, Normal Feathered and
Vanaraja were recorded to be 2.03±0.28, 2.03±0.29
and 1.7±0.29 ng/ml in treatment groups compared to
1.27 ±0.12, 1.4±0.15 and 1.57±0.52ng/ml in control

Fig 8. Ducks under semi-
intensive system

Fig 9. Turkeys under semi-
intensive system

Fig 10. Vanaraja layers Fig 11.  Srinidhi layers
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groups, respectively. The HSP70 expression levels in
Indigenous Naked Neck, Normal Feathered and
Vanaraja were estimated to be 21±5.89, 18.67±8.84
and 14.83±1.83 ng/ml in treatment groups compared
to 17.83±3.24, 15.5±6.17 and 8.00±1.32 ng/ml in
control groups, respectively. The HSP90 expression
levels in Indigenous Naked Neck, Normal Feathered
and Vanaraja were found to be 2.03±0.34, 2.17±0.13
and 1.67±0.47ng/ml in treatment groups compared to
1.63±0.39, 1.83±0.57 and 1.17±0.21ng/ml in control
groups, respectively. Moreover, it was also noted that
the expression of different HSP levels were higher in
Indigenous Naked Neck and Normal Feathered
compared to Vanaraja grower birds.

The results of the present study indicated that the
dietary supplementation of Turmeric and Roselle
powders had ameliorative effects in cold stressed birds.
Moreover, the Indigenous Naked Neck and Normal
Feathered birds were more tolerant to cold stress
compared to Vanaraja birds.

ANIMAL HEALTH

AICRP on Animal Disease Monitoring and
Surveillance (ADMAS)

The major livestock diseases prevailing in the state
of Meghalaya are Haemorrhagic Septicaemia (HS),
Black Quarter (BQ), Foot and Mouth Disease (FMD)
and Classical Swine Fever (CSF). Among the viral
diseases, Bovine FMD recorded the highest incidence
in the districts of West Khasi Hills (WKH) followed
by East Khasi Hills (EKH), Ri-Bhoi (RB) and South
West Garo Hills (SWGH) while swine FMD and
caprine FMD were recorded only in East Khasi Hills
district. As for CSF, the incidence was recorded only
in South West Garo Hills.  Among the bacterial
diseases, the incidence of HS was recorded highest in
SWGH while the highest incidence of BQ was
recorded in West Khasi districts. The details of the
livestock disease profile were given in Table 8. Seropositivity of important infectious diseases

The seropositivity of important infectious livestock
diseases are given in Table 9.

Disease Investigation
In disease investigation, 4 outbreak of PPR were

recorded in South West Garo Hills, 1 outbreak of FMD
in Ri-Bhoi, 1 outbreak of contagious ecthyma in
RiBhoi and 1 outbreak of Bovine Babesiosis in RiBhoi
districts.  In addition a case of bovine papilloma was
also recorded in South West Garo Hills.

Table 8. Livestock disease profile of Meghalaya
(2017)

Diseases EKH WKH RB SWGH
cases cases cases

Bovine FMD 4 OB & 684 AT 745 77 65
Swine FMD 102 cases - - -
Caprine FMD 9  cases - - -
HS 1 case - - 85
BQ 1 case 204 96
CSF - - - 78

Fig 12. Ulcer on the mouth and Inter-digital space of
the FMD affected animal

Fig 13. Bovine Papillomatosis

Fig 14. Diarrhoea
in PPR affected

goat

Fig 15. PCR detection of N
gene of PPR virus

Fig 16. Pustular lesion on
the muzzle  of affected

goat

Wart on
the skin

214 bp

Fig 17. PCR detection of
“orf” gene of Contagious

Ecthyma virus
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Serum sample collection for National Livestock
Serum Repository

A total of 473 caprine  serum samples from
livestock  were collected from the allotted epi-units
(35 villages ) covering  East Khasi Hills, West Khasi
Hills, Jaintia Hills, Ri-Bhoi, West Garo Hills and South
Garo Hills districts of Meghalaya for  dispatching to
National Livestock Serum Repository at ICAR-
NIVEDI, Yelahanka, Bengaluru.

DBT Network Project on Brucellosis
Sero-surveillance: During the period from January

to December’ 2017, 1860 livestock serum samples
(comprising bovine, swine, caprine and ovine) were
screened for Brucella antibody, by RBPT and ELISA,
from various districts of Meghalaya (East Khasi Hills,
West Khasi Hills, RiBhoi, East Garo Hills, West Garo
Hills, East Jaintia Hills and West Jaintia Hills) and
Nagaland (Peren, Tuensang, Kohima) (Figs 18-19).

In Meghalaya, bovine samples of 43/291(14.77%) and
60/438(13.69%) collected from East Khasi Hills and
RiBhoi districts, respectively were positive. Similarly,
swine samples of 3/201(1.49%) and 31/104(29.8%)
collected from RiBhoi and West Jaintia Hills,
respectively were positive. The overall prevalence of
brucellosis among the various livestock in Meghalaya
was found to be 7.59%.

The highest prevalence of bovine brucellosis was
recorded in East Khasi Hills (14.77%) followed by

Table 9. Seropositivity of important infectious livestock diseases (2017)

District Bovine Swine Caprine BVD IBR PRRS CSF PPR BTV
Brucellosis Brucellosis Brucellosis

RB 60/438 3/201 0/46 19/247 80/247 1/112 80/112 0/47 7/25
(13.7%) (1.49%) (0%) (7.7%) (32.4%) (0.89%) (71.4%) (0%) (28%)

EKH 43/291 0/274 0/8 45/239 61/239 0/51 64/86 0/41 5/41
(14.8%) (0%) (0%) (18.8%) (25.52%) (0%) (74.4%) (0%) (12.19%)

WKH 0/3 0/158 0/6 - - - - 3/33 7/33
(0%) (0%) (0%) (9.1%) (21.21%)

JH 0/6 31/149 - - - 0/149 - 8/22
(0%) (20.8%) - (36.36%)

WGH 0/55 0/111 0/16 - - 0/36 16/36 16/352 -
(0%) (0%) (0%) (44.4%)  (4.5%)

SWGH - - - - - - - 12/16 -
(75%)

EGH 0/19 0/26 - - - - - - -
(0%) (0%)

Table 10.  Disease investigation report  (January to December 2017)

Disease Species Village District No. of No. of No. of No. of
Outbreak susceptible attack death

animals

FMD Bovine Rongman RiBhoi 1 300 150 0
PPR Caprine Rakhaldubi South West 1 50 30 25

Garo Hills
Bhoirakupi 1 15 10 6
(Nolbari)
Bhoirakupi 1 280 260 250
Phuljuri 1 148 100 89

Contagious ecthyma Caprine Liarbang RiBhoi 1 10 8 Nil
Babesiosis Bovine Summer RiBhoi 1 10 4 0
Papillomatosis Bovine Nalbari South West 10 1 0

Garo Hills

Fig 18. Bovine brucellosis in different districts of
Meghalaya
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RiBhoi districts (13.69%) of Meghalaya. The
prevalence of porcine brucellosis was highest in West
Jaintia Hills district (29.80%) followed by
RiBhoidistrict (1.49%) (Figs 18-19).

Isolation: Three isolates of Brucella abortus were
successfully obtained from 51 clinical samples. This
added up to make a total of fourteen (14) isolates
(ML1-ML14), obtained during the project period.
Thirteen isolates were confirmed as B. abortus and
one isolate as Brucellasuis by IVRI, Izatnagar. Whole
genome sequence of B. abortus (ML1 to ML5) and B.
suis (ML9) were performed at MKU (BB), Madurai.
The B. suis (ML9) strain was identified to belong to
the biovar 1. The B. abortus strains formed separate
clade in whole genome based phylogenetic tree. The
MLST sequence result sheet of all the 14 isolates was
received from ICAR-NIVEDI. All B. abortus strains
belonged to ST1 and Brucellasuis strain belonged to
ST14.

Molecular: Nearly 20 bovine and 10 porcine blood
samples were screened for bcsp31 gene by PCR assay.
Out of these, 10 bovine and 5 porcine samples were
found to be positive.

Speciation of Mycobacterium spp. isolated from
man, animal and environmental samples

Mycobacterium species (65) present in the
repository obtained from field was speciated. Out of
64, M. tuberculosis species, 23 isolates were of human
origin. The 41 isolates were Non tuberculosous
Mycobacteria (NTM) of which, 8 were of
environmental origin comprising a diverse range of
species such as M. immunogenum,  M. pyrenivorans,
M. saopaulense,  M. chelonae and M. fortuitum. From
human origin, NTMs, a rare M. novocastrense, novel
NTM (1) M. lentiflavum (1) and M. abscessus (2) were
isolated. From the animal source, M. chelonae (21),
M. lentiflavum (3), M. goodie (1), M. peregrinum (1)
and M. tuberculosis (1) isolates were obtained from
cow milk and 2 novel NTM of canine origin.

Genome Analysis of Campylobacter coli YH502
Campylobacter is an important cause of food borne

diseases globally. Therefore, considering the
importance, the genome of Campylobacter coli YH502
isolated from chicken was sequenced and analyzed.
Whole genome sequencing (WGS) de novo assembly,
and annotation of the genome revealed a chromosome
of 1,718,974 bp and a mega-plasmid (pCOS502) of
125,964 bp. GC content of the genome was 31.2%
with 1931 coding sequences and 53 non-coding RNAs.
A number of virulence genes including a plasmid-
borne type VI secretion system and antimicrobial
resistance genes (beta-lactams, fluoroquinolones, and
aminoglycoside) were observed. The presence of T6SS
on a plasmid indicated plausible horizontal transfer
of these virulence genes to other organisms. The C.
coli YH502 genome also harbored CRISPR sequences
and associated proteins. The SNP based phylogenetic
analysis identified closely related C. coli genomes
reported previously. The chromosome and plasmid
sequences of C. coli YH502 have been deposited in
GenBank (CP018900.1 and CP018901.1).

Proximate composition, Antioxidant, Antibacterial
and Insecticidal property of Zanthoxylum armatum,
indigenous medicinal plants of Northeast India

Z. armatum parts were extracted using four
extraction solvents with decreasing polarity i.e.
hexane, ethylacetate (non-polar), methanol, water
(polar) solvents, respectively by successive solvent
extraction scheme using Soxhlet extraction method.
Proximate analysis of the whole plants powder was
evaluated. The antioxidant and antibacterial properties
of the n-hexane, ethyl acetate and methano-aqueous
(1:1) extracts of Z. armatum were analysed using
DPPH scavenging assay and agar gel disc diffusion
assay, respectively. Antibacterial property of the
different fractions of Z. armatum was determined

Fig 19. Swine brucellosis in different districts of
Meghalaya

Fig 20. Subsystems feature distribution of annotated
C. coli YH502 genome
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against E. coli (ATCC 25922), Salmonella
typhimurium (ATCC 49416), Klebsiella pneumonia
(ATCC 700603), Acinetobacter baumannii (ATCC
19606) and Staphylococcus aureus(ATCC 25923).
Insecticidal activity including anti-feedent and ovicidal
action were also checked against Spodoptera litura.

Proximate analysis indicated carbohydrates,
proteins, fats and crude fibres were in sufficient
amount. Among all the extracts tested for in vitro
antioxidant activity using DPPH, n-hexane extract had
shown maximum antioxidant activity and it increased
with increasing concentration. An effective
antibacterial property was observed from the various
extracts of Z. armatum but n-hexane fraction was
found to be most effective against the tested bacteria.
The insecticidal potential including antifeedent and
ovicidal action of Z. armatum demonstrated for the
first time against Oriental leafworm, Spodoptera
litura. Overall findings revealed that, the n-hexane
pericarp and leaf extract of Z. armatum has strong
antifeedent, ovicidal and larvicidal properties against
S. litura. Sub-lethal dose (LC10) of pericarp extract
was found to have adverse effects on the biology;
demonstrating its potential for disrupting the life cycle
of S. litura. Further studies are needed to fully
characterize the toxicity of Z. armatum extracts.

Studies on oncogenic viruses of Poultry
The phylogenetic analysis of Meq gene based MDV

isolates were performed to investigate genetic
relationship of the isolates in our study with some
previously reference MDV sequences. Both isolates
were found to belong to cluster I genotype of MDV
and clustered in the same group with isolates JN
808280, AY571784, KF895030 - KF895035. Amino
acid sequence analysis also revealed the matching of
these isolates with AY571784 - ATE strain. The
sequences of Meq gene were analyzed and submitted
to DNA Data Bank of Japan (DDBJ) and accession
number LC195187 and LC195188 were assigned for
the isolates. The complete REV insertion in Ind/Guj-
11 isolate was of 7,989 bp in length. The provirus
contained two LTR (5’ LTR and 3’LTR) and a

complete set of gag, pol and env genes. Sequence
alignment and phylogenetic analysis of Ind/Guj-11
isolate was done by using Clustal W program and
MEGA 5.2 software, respectively. The Ind/Guj-11
isolate showed high sequence similarity (99%) with
the other REV strains that were isolated from a variety
of hosts; Turkey (KJ756349), Attwater’s prairie
chickens (DQ387450), Goose (FJ439119) or inserted
within FWPV (AF246698). The full length sequence
of REV has been submitted to Gen Bank under
accession no. KY498002.

Studies on therapeutic effects of Indigenous plant
(Roselle sabderiffa and Sechiumedule)

The nutritional quality, antioxidant activity,
antimicrobial properties, anti-proliferative activity and
apoptosis inducing capacity of roselle was evaluated
(Fig 21). The analysis of dried calyx revealed the
composition: 90.47% dry matter, 8.31% crude protein.
11.53% crude fibre, 0.80% ether extract and 5.69%
total ash. The nitrogenous free extract was calculated
to be 64.14%.  Antimicrobial activity against both gram
positive and gram negative bacteria was tested and
found upto25mg/ml, there was complete growth
inhibition of both gram positive (Staph. aureus) and
gram negative (E. coli, K. pneumonia) bacteria.
Antioxidant activity with 100 mg/ml concentration
was high (90% scavenging activity) and gradually
decreases with dilution in concentration. The
antiproliferative activity of roselle juice was evaluated
on kidney epithelial (Vero) and cervical (HeLa) cancer
cell lines. It exhibited anti-proliferative activity against
both the cells lines in concentration dependent manner
and the concentration @100mg/ml can induce upto
51.8% apoptosis in cervical (HeLa) cancer cell. The
nutritional qualities, phytochemical contents and anti-
proliferative effects of aqueous extracts of two
commonly prevalent genotypes (light green and dark
green colour fruits) of S. edule in tumour cell lines
(HeLa, MCF-7 and SAS) wereevaluated. The
proximate values of the two varieties are given in Table
11.

Table 11. Determination of  total protein, fiber, lipid and ash content of S. edule fruit extracts

Fruit Varieties Crude protein Crude fiber Ether extract Nitrogen free Ash content
(CP) (CF) (EE) Extract (NFE)

Dark green (DG) 9.69±0.0190 10.08±0.0309 0.77±0.0918 74.85±0.0007 4.61±0.0031
Light green (LG) 10.45±0.0081 12.03±0.0118 0.97±0.0583 70.71±0.0006 5.84±0.0206

Values are mean of triplicates + SEM
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The phytochemical composition revealed thatthe
phenol content of dark green variety (6.76 mg) was
higher compared to light green variety (4.62 mg) in
terms of gallic acid equivalent (GAE/100g) (Table 12).
But the flavonoids content variation of 21.27-22.62
mg between the two varieties was not significantin
terms of catechin equivalents (CE)/100g.

Table 12. Phytochemical composition of  S.
edulefruit extracts

Phenols Flavonoids DPPH
(mg GAE/100g) (mg CE/100g) (mg AEAC/100g)

Dark green 6.76±0.0042 22.62±0.0009 76.67±0.0011
Light green 4.64±0.0183 21.27±0.0060 41.67±0.0039

Values are mean of triplicates + SEM

Advanced animal disease diagnosis and
management consortium (ADMaC)

Outbreak of peste des petits ruminants (PPR) in
goats atSouth West Garo Hills of Meghalaya was
investigated and confirmatory diagnosis of PPR was
done using the sera and nasal swab samples collected
from the affected animals (Fig 22). Competitive ELISA
shows 75% and 25% seropositivity in goat and sheep,
respectively while antigen capture sandwich ELISA
shows 25% positivity for PPR antigen. Three of the
highly positive sera samples by ELISA were found to
be positive for PPRV N gene by RT-PCR which

confirmed the disease was caused by PPR.A case of
suspected swine pox virus (SWPV) was observed in
3 months old piglet from Umsing village, RiBhoi,
Meghalaya (Fig 22). The virus was identified by PCR
amplification of 524bp fragment of viral late
transcription factor-3 (VLTF-3) gene and 543bp
fragment DNA polymerase (DNA pol) gene. This
report may be considered as the first report of
swinepox from RiBhoi district, Meghalaya.

A total of 1,437 porcine serum samples comprising
537, 25, 305, 184, 154 and 232 from Meghalaya,
Assam, Tripura, Nagaland, Manipur and Mizoram,
respectively were collected/received for screening of
various viral diseases and Brucellosis (Fig 23). Along
with the serum, another 56 porcine tissue were also
collected from Meghalaya. These samples were
screened for various important viral diseases such as
Porcine Respiratory and Reproductive Syndrome
Virus (PRRSV), Classical swine Fever virus (CSFV),
Porcine Circo Virus (PCV), and Brucellosis by using
commercially available ELISA kits and PCR methods.
Bovine and canine serums collected/received were 278
and 14, respectively and these samples were screened
for IBR, BVDV, Brucellosis and Canine Distemper
Virus (CDV). The seropositivity of porcine serum
samples were 8.5%, 36.6%, and 89.0% for PRRSV,
CSFV and PCV, respectively. This includes 14.1%
(PRRSV), 53.4% (CSFV), and 89.2% (PCV) in
Meghalaya; 48% (PRRSV) and 71.4% (PCV) in
Assam; 6.8% (CSF) in Tripura; 1.1% (PRRSV) in
Nagaland; 15.1% (PRRSV) in Mizoram samples.
Brucellosis seropositivity observed in porcine serum
and tissue samples were 7.07% and 7.14%,
respectively. All the porcine tissue samples were found
negative for PRRSV, CSFV and PCV.  Bovine serum
showed seropositivity of 50%, 8.9% and 1.4% for IBR,

a) Flowering stage b) Calyces
Fig 21. Roselle plant

Fig 22. Swine pox in piglet
Fig 23. Prevalence of various diseases in porcine

serum samples
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BVDV and Brucellosis, respectively. The canine
serum samples were negative for canine distemper
virus (CDV).

Cell lines used for isolation of viruses
Sixteen cell lines were maintained in the laboratory

for various research purposes and these were shared
with various research institutes and universities of
North East Region of India. In addition, MDCK cell
line was used for isolation of Classical Swine Fiver
Virus (CSFV), Canine Distemper Virus and Marek’s
Disease Virus (MDV) and RK-13 cell line and ESK-4
for CSFV. Peste des Petis Ruminant Virus (PPRV)
isolation was carried out in B95a and Vero cell line:
Vero/h SLAM and Vero cell line were also used for
isolation of Goat Pox Virus (GPV). QT-35 cell line
was used for isolation of Duck Pox Virus (DPV).

Development of prototype CSFV vaccine
Classical Swine Fever Virus was isolated from field

outbreak samples and the virus was adapted in RK-13
cell line up to passage number 45. Presence of virus
in RK13 cell line was confirmed through conventional
PCR and Real Time PCR by targeting the E2 and NS5B
genes and 5’NTR gene of CSFV, respectively (Fig 24).

The presence of CSFV in RK-13 cell line was also
confirmed by an Indirect Immuno-peroxidase test (I-
IPT) as per the method described in the European
Union diagnostic manual with slight modification. I-
IPT was performed from passage 11 to passage 36 in
RK-13 cell line infected with CSFV. Crystal Violet

staining also performed to differentiate healthy and
infected cells (RK-13 infected with CSFV).

Development of in-house indirect ELISA kit for
detection of CSFV antibody in serum

For the formulation of Indirect ELISA, CSFV was
adapted in RK-13 cell line (Fig 27). The cell culture
adapted virus was purified and precipitated with PEG
6000. The precipitated cell lysate was used as antigen
to formulate In-House Indirect ELISA for the detection
of CSFV antibody status in serum samples. Using the
standardized protocol for in-house Indirect ELISA,
403 serum samples were screened and the result
obtained was compared with the result of IDEXX for
the same samples.

Diagnostic services rendered to different states and
the major bacterial pathogens identified

Different clinical samples including swab and
tissue samples were collected from diagnostic
laboratories of Meghalaya and Arunachal Pradesh for
screening of bacterial pathogens. The major bacterial
pathogens observed were E. coli (67), Pseudomonas
sp. (2), Staphylococcus sp. (26), Streptococcus sp. (4)
and Klebsiella sp. (13). Most of these isolates exhibited
multi-drug resistance properties, with resistance to at
least two or more antibiotics.

Fig 24. Detection of CSFV in RK13 cell line

Un-infected RK13
cell line

CSFV infected RK13 cells showing
cytoplasmic staining in I-IPT

Figs 25.  Normal and infected RK-13 cells

Fig 26. Crystal Violet staining of RK-13 cell line

Fig 27.  In-house indirect ELISA kit
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Presence of multidrug resistant (MDR) bacteria in
porcine tissue samples

A total of 35 isolates (29 Escherichia coli, 5
Klebsiella species and 1 Salmonella pullorum),
isolated from clinical porcine tissue samples were
analyzed for multi-drug resistance properties based
on phenotypic and genotypic characterization (Table
13). Phenotypic screening was carried by the
conventional disk diffusion method on Meuller Hinton
Agar plates in triplicates; and for the genotypic
characterization, various antibiotic resistance genes
were screened by conventional PCR using published
primers. Majority of the isolates tested were resistant
to multiple antibiotic used and the percent resistance
ranged from 20% to 80% as indicated in the multiple
antibiotic resistance index. All the isolates were
resistant to ampicillin. One isolate each of E. coli and
K. pneumoniae showed resistance to colistin. Some
of the isolates showed intermediate profile against
these antibiotics. Antibiotic resistance gene analysis
showed all isolates harbouring a minimum of three
different resistance genes and eight resistance genes
were detected in one E. coli strain. The sul1 and bla-
CTXM genes which are responsible for resistance
against sulphonamides and beta-lactam classes of
drugs were present in 97.1% and 85.7% of the isolates,
respectively. The least prevalent genes observed were
bla-SHV (5.7%) and bla-OXA (8.5%).

Twenty six Staphylococcus aureus isolated from
porcine and bovine postmortem samples of Meghalaya
were screened for mecA gene by PCR using published
primer.  Out of these, 7 S. aureus isolates (2 from
porcine and 5 from bovine samples) were confirmed
as MRSA on the basis of amplification fmecA gene.
On the other hand, only 2 (porcine) isolates were
phenotypically resistant to methicillin and oxacillin
in disc diffusion method and the remaining isolates
were susceptible to both these antibiotics (Fig 28a-b).

Screening of manure samples for antimicrobial
resistance

A total of 45 livestock manures including Bovine
(15), porcine (15) and poultry (15) samples were

randomly collected from organized farms of RiBhoi
district in Meghalaya. These samples were screened
through conventional disc diffusion for the presence
of antimicrobial resistance bacteria by testing against
antibiotics belonging to each class. The selected AMR
genes responsible for conferring antibiotic resistance
in bacteria were detection through PCR by using
published primers. The pattern observed by disc
diffusion method showed 100% resistance to
antibiotics belonging to each class. But the genotypic
data obtained through PCR analysis showed some
variations in the prevalence of resistance genes. The
AMR genes responsible for resistance to all but one
group of antibiotics were seen highest in poultry
manure followed by porcine and bovine manures. The
prevalence of chloramphenicol resistancegenes (cat1)
was similar in all the three manure samples, whereas,
mcr1 gene (encoding colistin resistance) was not
detected in any of the samples even though 100%
resistance were observed through disc diffusion test.
Vancomycin resistance genes (van A &van B) were
absent in bovine manure (Table 14). The most
important observation was the prevalence of resistant

Table 13. Methicillin Resistant Staphylococcus aureus (MRSA) isolates from clinical samples

No. of Beta-lactam Sulphonamides Tetracyclines
isolates

blaCTXM blaTEM blaSHV blaOXA Sul1 Sul2 TetA TetB

n=35 30 15 2 3 34 26 21 11
% 85.7 42.8 5.7 8.5 97.1 74.2 60 31.4

Fig 28a.PCR amplification of 16S rRNA gene in S.
aureus isolates (108bp)

Fig 28b. PCR amplification of mecAgene (310bp) in S.
aureus isolates (100bp)
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bacteria in livestock manure to last-resort antibiotics
such as vancomycin and colistin. The patterns
observed in this initial analysis indicates that the
possibility of other resistance mechanisms employed
by the bacteria in the manure to evade the antibiotics.

Protozoan parasitic infections of swine in
Meghalaya

Fecal samples examination revealed prevalence of
overall 27.56% gastrointestinal protozoan parasitic
infections in pigs of Meghalaya. Six species of G.I.
protozoan parasites were identified under three
Phylum (Ciliophora, Sarcomastigophora,
Apicomplexa). Under Phylum - Ciliophora,
Balantidium coli (37.69%) was identified; under
Sarcomastigophora–Entamoeba polecki (6.23%) and
Giardia sp. (1.78%) while under Apicomplexa -
Cryptosporidium sp. (11.28%), Eimeria sp. (35.61%)
and Isosporasuis (7.42%) were identified. Different
species of Eimeria were identified and species wise
Eimeria debliecki (42.99%) infection was the highest
followed by E. suis (27.10%), E. porci (15.89%), E.
perminuta (10.28%), E. spinosa (2.80%) and E.
cerdonis (0.93%), respectively. Variations in the
prevalence of Eimeria sp. according to the age are
given in Fig 29. Age-wise, variations in parasitic
infections was recorded in all the age groups of pigs
viz.< 6 months (32.9%), 6-12 months (34.1%) and >12

months (17.7%).Monthwise, the highest and the lowest
infections were recorded in the month of June
(36.78%) and January (20.54%), respectively. The
oocyst per gram (OPG) of feces ranges from 50-1250.
Examination of blood samples revealed presence of
Eperytrozoonsuis (10.71%) in blood smear of pigs (Fig
30). The percentage of infection was 10.7%.

Table 14. Livestock manure samples showing Antimicrobial resistance (phenotypic) against different
class of antibiotics and the prevalence of various AMR genes.

Class of Bovine (N=15) Porcine (N=15) Poultry (N=15)
antibiotics

Phenotypic Targeted Prevalence Phenotypic Targeted Prevalence Phenotypic Targeted Prevalence
(resistance) genes of target (Resistance) genes of target (Resistance) genes of target

genes (%) genes (%) genes (%)

βββββ-lactam 7 (46.6) 13 (86.6) 12 (80)
Cefotaxime 15 ctxmt 9 (60) 15 ctxmt 14 (93.3) 15 ctxmt 15 (100)
Ceftazidime 15 emsh 5 (33.3) 15 emsh 0 15 emsh 8 (53.3)
Ampicillin 15 voxa-1 1 (6.6) 15 voxa-1 5 (33.3) 15 voxa-1 8 (53.3)
Tetracycline 15 tet A 10(66.6) 15 tet A 13(86.6) 15 tet A 14(93.3)

tet B 8(53.3) tet B 14(93.3) tet B 15(100)
Sulphona- 15 sul1 5(33.3) 15 Sul1 14(93.3) 15 Sul1 14(93.3)
mides
Cotrimoxazole sul2 15(100) Sul2 13(86.6) Sul2 15(100)
Quinolones 15 qnrA 0 15 qnrA 0 15 qnrA 13(86.6)
Ciprofloxacin qnrB 2(13.3) qnrB 12(80) qnrB 14(93.3)
Glycopeptides 15 vanA 0 15 vanA 9(60) 15 vanA 12(80)
Vancomycin vanB 0 vanB 0 vanB 11(73.3)
Chloram- 15 cat1 14(93.3) 15 cat1 14(93.3) 15 cat1 14(93.3)
phenicol
Colistin 15 mcr1 0 15 mcr1 0 15 mcr1 0

Fig 29. Different species of Eimeria in pigs according
to age

Fig 30. Eperythrozoonsuis in blood smear of pig
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Molecular diagnosis of Cryptosporidiosis in
pigs: The 18S rRNA gene of Cryptosporidium sp. was
amplified by Nested PCR (Figs 31a-b). The positive
samples showed the clear 1325bp band in the primary
PCR. In the secondary PCR, lane A and lane B showed
the positive 840bp band while lane M showed the DNA
marker.

Characterization of Immunogenic Proteins of
Rhipicephalus(Boophilus) microplus Tick and its
effect as a Vaccine in experimentally infested
Rabbits

For characterization of immunogenic proteins of
Rhipicephalus (Boophilus) microplus tick, male and
female B. microplus ticks were collected from
naturally infested cattle and identified morphologically
(Figs 32-33). Partly engorged female ticks were first
washed with 70% ethanol and then washed three times
with sterile distilled water. After drying, they were
maintained at 28°C temperature and 85% relative
humidity. Salivary glands, mid-gut and ovaries were
dissected out with the help of a fine tipped forceps in
cold PBS, rinsed in fresh PBS and then each of these
organs were used for antigen preparations (Fig 34).

Gastro Intestinal Parasitic infections in Poultry of
North Eastern Region of India

From different states of North East India, a total of
622 fecal samples were collected to detect GI parasitic
infections after microscopical examination. Out of
these, 39.22% fecal samples were found positive for
GI parasitic infections. The prevalence of GI parasitic
infections of each state and parasites that were found
has been mentioned in Table 8. Molecular diagnosis
using PCR identified Eimeriamitis (330bp) (Fig 35).

Table 15. Prevalence of GI Parasitic infections in
Poultry of North Eastern Region

State Nos. Nos. (%) GI Parasites Recorded
Exam. Positive

Meghalaya 371 157 (42.31) Ascaridiagalli, Eimeria  sp.
and Capillaria sp.

Manipur 51 18 (35.29) Eimeria sp.
Arunachal 24 16 (66.66) Eimeria sp., Ascaridiagalli,
Pradesh Capillaria sp.
Tripura 32 12(37.50) Eimeria sp., Ascaridiagalli,

Strongyloides sp.
Sikkim 35 15(42.85) Eimeriasp., Ascaridiagalli,

Strongyloides sp.
Nagaland 49 16 (32.65) Eimeria sp., Ascaridiagalli,

Strongyloides sp.
Mizoram 60 10 (16.66) Eimeria sp., Ascaridiagalli
Overall 622 244 (39.22) Eimeria sp., Ascaridiagalli,

Strongyloides sp. Capillaria
sp.

Post mortem examination of G.I. tracts of poultry
birds of both local birds and organized farms collected
from butcher shops of Meghalaya revealed overall
21.83% as positive for GI parasitic infections. Detailed
report of PM examination of GI tracts of poultry birds
are mentioned in Table 16 and Fig 36.

Table 16. Prevalence of GI Parasitic infections in
Poultry of Meghalaya afterpost mortem
examination

Types of Nos. Nos. (%) GI Parasites Recorded
Birds Exam. Positive

Indigenous 68 26 (38.23) Ascaridiagalli,
poultry birds Raillietina sp.
Birds maintained 74 5 (6.75) Eimeria sp. in intestinal
in farm condition scrappings
Total 142 31(21.83) Raillietina sp.,

Ascaridiagalli, Eimeria
sp.

Figs 31a-b. Amplification of 18S rRNA gene of
Cryptosporidium sp. by Nested PCR

Fig 32. Female Boophilus microplus

Fig 33. Male Boophilus microplus
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Training programmes/Animal Health Camps
For improving the livestock and poultry farming,

training programmes (4 nos.) and health camps (3 nos.)
were organized in different villages across Meghalaya
viz. Mawphrew, Umsawkhwan, Sarikhushi,
Purangang, Borkhatsari, Lalumpam, Borgang,
Nongagang, Nalapara, Umtham, Mawtnum,
Borkhatsari and Umshorshor under funding from TSP
and Farmer’s FIRST projects (Fig 37).

Collaborative Program organized under NEH
Component of National Dairy Research Institute
(NDRI), ERS, Kalyani, West Bengal

Two days programme on awareness about rearing
of dairy cattle, demonstration of use of various inputs
along with distribution of various inputs and animal
health camps in two remote villages of Meghalaya
namely Mawmuthoh and Tanglei (Smit) were jointly
organized by ICAR-NDRI, ERS, Kalyani, West Bengal
and ICAR RC for NEHR, Umiam, Meghalaya on 11
and 12 January 2017, respectively. A total of 105
numbers of farmers’ were benefited by the programme.
Awareness programme on rearing of dairy cattle,
demonstrations of use of various inputs along with
distribution of various inputs at Umlyngka Village,
Upper Shillong, East Khasi Hill were undertaken on
24.03.2017.

FISHERIES

Utilization of Poultry manure in Fish seed rearing
under mid hill condition

Fish fingerlings being one of the basic inputs for
aquaculture, this study was undertaken to optimize the
use of poultry manure forseed rearing in concrete tanks
under mid hill condition.   Two important fish species
for mid hill aquaculture,  Common carp, Cyprinus
carpio (var. communis) and Labeo gonius in fry and
spawn stages were reared  during  May to September’
2016 in concrete tanks fertilized with poultry manures
till they attain the size of fingerlings at ICAR Research
Complex fish farm, Umiam, Meghalaya. Among the
three treatments, viz. control T0 (no manure), T1
(poultry manure @ 5 t/ha) and T2 (Poultry manure @
10 t/ha), the highest survival and growth of fishes were
recorded in T2. The common carp fry stocked at a
density of 5 lakh/ha attained the highest mean length
of 7.02±0.07cm in 45 days of rearing with an average
survival of 87.66%, while the spawn of Labeo gonius
stocked at density of 3.0 million /ha attained the
highest mean length of 6.99±0.07 cm in 75 days of
rearing with average survival percentage of 76.75. The
study highlights the importance of optimum doses of
poultry manure, favorable water quality and optimal

Fig 35. Eimeriamitis (330bp) using PCR

Raillietina sp. Ascaridiagalli Ascaridiagalliin
intestinal Tract

Fig 37. Animal Health Camp

Fig 36. Parasites recovered after PM examination in
poultry

Fig 38. Training programmes organized at
UmlyngkaandTanglei villages
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density of plankton population for higher survival and
growth in fish seed nursing.

Limno-ecological and fish diversity assessment of
selected natural water bodies of Meghalaya

In an attempt to understand the limno-ecological
and fish diversity of Kyrdemkulai Lake and Umtrew
River, a few important water quality parameters like
Temperature, Dissolved oxygen (DO), pH, Total
Alkalinity, Hardness, Total dissolved solids (TDS),
Free carbon dioxide were analyzed from five randomly
selected stations of the lake (Fig 40). These parameters
were analyzed on the basis of monsoon and post –
monsoon season (Fig 41).  The plankton density during
the post-monsoon season was estimated at 916 nos.
per liter.  Among the different types of fishing gears
used, the gill net was observed to be the most dominant
in Kyrdemkulailake. Other fishing methods used by
the local people were angling and various traditional
traps. The fish catch composition was mainly
dominated by common carp (Cyprinus carpio) which
almost contributed to about 80% of the total catch as
reported by the local fisherman. Other fish species
available in the lake were Baids badis, Chanda nama
(Glass fish), Channa punctatus (Snake head), Danio
dangila, Lepidocephalus guntea, Clarius magur

(Magur), Clarias gariepinus (Thai magur),
Neosocheilus hexagonolepis (Chocolate mahseer),
Puntius sophore (Barbs), Devario aequipinnatus,
Brachydanio rerio, prawns, etc.

Antibacterial activity of selected cultivable fish
species against gram positive and gram negative
bacteria

The studies on antibacterial activity were
conducted from the integumentary secretion samples
collected from the seven selected cultivable fish
species. The antibacterial test was conducted on farm
fish species namely common carp (Cyprinus carpio),

Fig 39. Experimental tanks and growth of common
carp and Labeo gonius fingerlings

Fig 40. Different sampling location in Kyrdemkulai
Lake

Fig 41. Variation of water quality parameters in
monsoon and post – monsoon season

Fig 42. Water sample collection

Fig 43. Fish sample collection
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catla (Catla catla), amur common carp (Cyprinus
carpio. var.amur), koi carp (Cyprinus carpiocarpio),
kuri (Labeo gonius), mrigal (Cirrhinus mrigala) and
singhi (Heteropneus tesfossilis). Two bacterial strains
viz. one gram negative strains (Aeromonas hydrophila)
and one gram positive strains (Staphylococcus aureus)
were selected for conducting the antibacterial activity
test. Ciprofloxacin was used as a positive control. The
result of the antibacterial test indicatedmaximum
antibacterial properties against Aeromonashydrophila
in case of integumentary secretions extract of singhi
and mrigal (Figs 44-45).

The study demonstrated antibacterial activity with
20 mm and 18 mm, respectively as diameter of the
inhibition zone.Further, the antibacterial properties
against Staphylococcus aureus showed 18 mm and 15
mm, respectively as diameter of zone of inhibition. In
case of control, it was observed that zone of inhibition
was 20 mm as the antibacterial activity against both
Aeromonas hydrophila and Staphylococcus aureus.

Introduction of value added fish products from
low-cost farmed fish

In addition to fresh fish, value added fish products
play an important role in the diet of majority of the
people in the Northeast India. There are many such
traditional fish products such as dry fish, smoked fish,
fermented fish etc. prepared locally with indigenous

fish species especially in the hilly states of the region.
Recently, the fisheries division of Institute at head
quarter, Meghalaya made a maiden attempt to
standardize several fish products viz. fish pickle, fish
chakli and fish sausage etc. from a low cost cultured
fish Pangasius hypophthalamus.

Workshop on Post-harvest and value addition of
low cost fish

A 2-day long hands on training programme on Post-
harvest and value addition of low value fish was
conducted by Fisheries Division, ICAR-RC-NEH
Region, Umiam, Meghalaya in collaboration with
Central Institute of Fisheries Education, Mumbai and
Animal Production Division of the Institute (Figs 47-
48). Altogether, 20 nos. of participants from
Department of Fisheries, Govt. of Meghalaya, local
Farmers and entrepreneurs of the region participated
in the hands on training programme. All the
participants were given theory as well as hands on
training for preparation of different fish products like;
Fish sausage, Fish pickle, Prawn pickle, Fish Vada,
Fish papad, Fish cutlet, Fish mourky (chalki) and Fish
Save (bhujiya).

All the participants were given equal opportunity
to prepare the
products by
themselves and
develop confidence to
start up their own
enterprises for self-
e m p l o y m e n t
generation.

Block level training program on scientific mid hill
aquaculture

Three days long training programmme on scientific
mid hill Aquaculture was organized in collaboration
with the District Basin Development Unit and  the

Fig 44. Antibacterial
study against

Staphylococcus aureus

Fig 45. Antibacterial
study against Aeromonas

hydrophila

Fig 46. Different value added fish products from
cultured Pangasius hypophthalamus

Fig 47. Inauguration of Workshop on Post-harvest
and value addition of low cost fish

Fig 48. Participants of the
workshop
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DRDA, West Jaintia Hills District, Jowai, Meghalaya
atthree different Blocks i.e. Thadlaskein, Laskein and
Amlarem blocks of the said district. The training
programmmes were conducted at each Block
Development Office and fish fingerlings were also
distributed to the selected fish farmers of the three
blocks under the Tribal sub plan of the ICAR RC for
NEHR, Umiam, Meghalaya. The technical sessions
including interaction with the participants were
conducted by Dr. S K Das, Principal Scientist and
Head, Division of Fisheries, ICAR-RC for NEHR,
Umiam.  A total of 181 fish farmers’ and local
unemployed youths received the training to improve
their knowledge and skills in scientific fish farming.
In addition, altogether 100 selected fish farmers
received 57,500 nos. of advance fish fingerlings to
stock in their fish pond for enhancing fish production.

Meghalaya State Level Aqua Fest 2017
To display and demonstrate different fish culture

technologies and value added fish products to the tribal
farmers of Meghalaya, the Division of Fisheries
participated in the State Level Aqua Fest 2017,
organized by the Department of Fisheries, Government
of Meghalaya on 7th April 2017 on behalf of the ICAR-
RC-NEH Region, Umaim. The division also sold
ornamental fish, produced by the Institute. Especially
the Gold fish was the major attraction among the

participants. More than 1000 nos. of farmers,
entrepreneurs, school children and local
citizensparticipated in this event.

Farmer’s training
The Division of Fisheries conducted a two days

training cum exposure visit programme in
collaboration with Pragjyotish Unnayan Samiti,
Morigaon, Assam (NGO), from 15th March to 16th

March 2017.  The programme was supported by
NABARD Regional Office Assam. A total of 20 farmer
entrepreneur participated in the programme (Fig 50).

In another programme, a total of 44 farmers
selected by the Krishi Vigyan Kendra, West Khasi
Hills received on-farm training at the Fish farm
complex of the institute. They were exposed different
avenues of fish farming on January 18, 2017.

Entrepreneurship and skill development in
Fisheries and Aquaculture

To attract young and unemployed youth towards
different avenues of Fisheries and Aquaculture for
livelihood security under Agri-Business Incubation
programme, three unemployed graduates were selected
as ABI incubates and given hands -on training with
major focus to fish breeding and seed production of
cultivable carps under mid hill condition and on value
added fish products for two months during 1st June to
31st July’2017 (Fig 51).

Fig 50. Training programme on different avenues of
fish farming

Fig 49. Training programme on scientific mid hill
Aquaculture

Fig 51. ABI incubates undergoing training in the
Fisheries division
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ARUNACHAL PRADESH

WEATHER REPORT
The year 2017 received total annual rainfall of

2862.2 mm which was 20.3 per cent excess of normal
rainfall (2378 mm) at Basar (N27°59.537'/
E94°41.269'). The total monthly rainfall during pre-
monsoon and southwest monsoon were mostly above
normal (Fig 1), with above 50 per cent excess rainfall
during March, April and September. Except for the
month of October (that received excess rainfall above
80%), the winter and post-monsoon months received
below normal rainfall. The rainfall pattern as a whole
proved favourable particularly for rice, though in some
place the heavy rainfall during September and October
caused damages to standing Jhum fields. Highest
rainfall was recorded during the month of September
(531.4 mm).During the number of rainy days sharply
dropped by -10 per cent (129 days against normal of
143 days) resulting in high intensity rainfall (as the
total rainfall was above normal) in some months
leading to surface runoff and flash floods mostly in
plains. There was regular drop in rainy days during
high rainfall months of June, July and August (Fig 2).
Throughout the year 2017, the maximum temperature
on an average was +1.4°C above normal. There
observed to be consistent rise in the maximum
temperature during cold seasons (winter and post-
monsoon) as depicted in Fig 3. While during the year
the minimum temperature remain below normal for
entire 12 months (Fig 3) with average drop of -0.8°C.
The highest temperature was recorded on 18th July
(35.2°C) and lowest on 17th January (2.5°C).

The morning relative humidity (RH) was above
normal during pre-monsoon and post-monsoon
seasons and dropped below normal during winter and
southwest monsoon seasons. While the evening RH
was below normal during January, February, March,
June and August and above normal in the rest of the
months. The high sunshine during the months of
October, November and December was very
favourable and beneficial for ripening of rice across
the region.

ANIMAL SCIENCE

Preliminary survey on dynamics of Mithun
(Bosfrontalis) population in mid hills of Arunachal
Pradesh

Three villages were purposively selected having
the highest Mithun population within the Basar circle
of lower Siang district. Based on the initial survey of
these three village viz.,Gori (I,II,III) having 149
household, it was found that majority (58.8%) of the
farmers belonged to the middle aged group (45-60Fig 1. Monthly total rainfall compared to normal

during 2017

Fig 2. Monthly total rainy days compared to normal

Fig 3. Monthly average maximum and minimum
temperatures compared to respective normal
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years), 68.9% had medium family size (6-9 members)
and agriculture was the main occupation (61.5%), with
71.2% annual income between Rs 15,000-76,667 and
87.2% income from sale of Mithun was between Rs
(50,000-73,333/-).

The location of study site was 94°42.44E and
27°59.51 at about 660-880 meters. The area was
covered with dense tropical evergreen forest having
annual rainfall of around 2550mm with mean rainy
days of 143 days. The soil of summits and ridges was
moderately shallow to deep, loamy skeletal to sandy
skeletal. The texture varies from gravelly loam to
gravelly sandy loam, taxonomically classified as Lithic
and Typic Udorthents, Entic Haplumbrepts, Dystrict
Eutrochrepts, Unbric and typic Dystrochrepts. The
soils were strongly to moderately acidic in nature, rich
in organic matter.

The study was conducted from November to
February during morning hours till afternoon. During
the survey, around 50 species of fodder were collected.
Some of the common feed resources identified. 1. Tree
fodders (Ficus hirtavahl, Ficus hispida, Ficus
semicaudata, Ficus palmeri, Livistona jenkinsiana,
Trema orientalis, Rubus hexagynus) 2. Shrubs and
herbs (Piper pedicellatum,Mussaenda roxburghii,
Rhyachotcchnum ellipticum, Crassocepahlum
crepidioides, Dendrocalam ushamiltonii, Musa
paradisiasa) 3.Grasses (Thysanchaena maxima,

Imperata cylendrica, Saccharum spontaneum,
Cynodon dactylon) 4.Creepers (Conocephalus
sauvelence, Puereria spp., Entada poseatha and
Micrengam icranta).

AGROFORESTRY

Evaluation of multipurpose trees (MPT) and
development of Agroforestry based farming system

Evaluation of Multipurpose Trees
During 1997-2001, 53 MPT species were planted,

out of which 49 species are established successfully.
Among 16 tree species established in 1997, highest
plant height was recorded in Michelia obtusifolia
(18.6m) followed by Castonopsis indica (18.0m).
Pinus kesia attained maximum basal girth (135.6cm)
followed by Michelia obtusifolia (128.4cm). Canopy
spread was recorded highest (8.79m x 8.9m) in Pinus
kesia followed by Cuppressus torulosa (7.84m x
7.34m) after seventeen years of planting. Highest light
intensity in inter-rows was recorded in Terminalia
myriocarpa (671.13 lux) followed by Gmelina arborea
(536.8 lux).

Among the 20 tree species planted in 1998, Acacia
mangium attained maximum height (26.8m) followed
by Pinus wallichiana (18.6m). Basal girth was
recorded highest in Acacia mangium (146.8cm)
followed by Pinus wallichiana (120.5cm). The canopy

Ficus hispida Saccharum spontaneum Ficus hirta Piper pedicellatum

Musa paradisiasa Mussaenda roxburghii Rhyachotcchnum
ellipticum

Crassocepahlum crepidioides

Fig 4. Photograph  of some Fodder species consumed by Mithun in the project site
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spread was found highest in Acacia mangium (10.8m
x 9.85m) followed by Pinus wallichiana (9.2m x
8.6m). Highest interspacing light intensity was
recorded in Gravelia robusta (869.8 lux) followed by
Alnus nepalensis (598.6 lux).

Among six species established in 1999, Manglietia
insignis attained highest plant height (17.3m) followed
by Parkia roxburghii (15.8m). The basal girth was
found highest in Manglietia insignis (105.2 cm)
followed by Aleurites montana (92.7 cm). Aleurites
montana recorded the highest canopy spread (7.08m
x 6.49m) followed by Manglietia insignis (6.0m x
5.97m). Aleurites montana showed the highest inter
spacing light intensity (853.9 lux) followed by Emblica
officinalis (465.8 lux).

Among five species planted in 2000, maximum
plant height was recorded in Eleocarpus sphaericus
(22.85m) followed by Kobolakso (11.0m). The basal
girth was found highest in Eleocarpus sphaericus
(120.4 cm) followed by Kobolakso (52.3 cm).

Eleocarpus sphaericus also recorded the highest
canopy spread (8.87m x 8.48m) followed by
Kobolakso (5.78m x 5.52m). The inter row light
intensity was recorded highest under Kobolakso (409.3
lux) followed by Chukrasia tabularis (318.6 lux).

Out of four species planted in 2001, Hiko recorded
the highest plant height (8.78m) followed by Litsea
lacta (8.68m). The basal girth was found highest in
Hiko (62.8 cm) followed by Litsea lacta (54.4 cm).
The canopy spread was recorded highest (5.5m x
5.77m) in Lithocarpus sperma followed by Hiko
(5.06m x 4.97m). The inter-spacing light intensity was
recorded highest in Litsea lacta (131.5 lux) followed
by Hiko (83.8 lux).

Performance of different intercrops in combination
with different MPTs

Among 31 combinations of MPTs and 5 species of
cane, Alnus nepalensis + Takek was reported best in
terms of basal girth (38.13 cm) followed by Pinus
khasiana + Takek (33.2 cm).

Pinus kesia Eleocarpus spharicus

Acacia mangium Manglietia insignis

Fig 5. Best performing MPTs
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Among 28 combinations of MPT species and
Guinea grass, the combination Terminalia myriocarpa
+ Guinea recorded the highest guinea grass yield (28.8
kg/row) followed by Kobolaxo + Guinea (21.7 kg /
row). In all combinations of MPTs and other crops,
the length of row was 30 meters.

Among 22 combinations of MPT species and
Broom grass, the combination Gravelia robusta +
Broom grass recorded the highest yield (28.0 kg / row)
followed by Bombaxceiba + Broom (20.1 kg/row) and
Lagerstroemia speciosa + Guinea (16.4 kg/row).

Effect of tree densities on the growth performance
of Ghamari(Gmelina arborea)

The spacing trial of Ghamari was established in
1999. In 19th year of establishment, ghamari obtained
highest plant height (19.5m) in the spacing 2m x 3m
followed by the height (18.7m) in spacing 4m x 3m.
The girth at breast height was found highest (125.3cm)
in the spacing 4m x 4m followed by 105.9cm in 6m x
3m spacing (Fig.7).

Spacing Trial of Bola (Morus laevigata)
The spacing trial of Bola was established in 1998.

After 20 years, maximum plant height (9.88m) was
attained in the spacing 3m x3m followed by height
(8.98m) in 4mx3m spacing. The average girth at breast
height was also found highest (27.2cm) in the spacing
5m x 3m followed by 23.0cm in the spacing 3m x 3m
spacing.

Spacing Trial of 13 Bamboo species
Out of 13 species of bamboo grown under three

spacing, maximum clump circumference was recorded
in Bambusa cacharensis (16.4m) at 5m x 5m spacing
followed by the same species (14.5 m) planted at
spacing 6m x 6m. But in spacing 7m x7m, Bambusa
nutans recorded the highest clump circumference
(11.5m). Highest number of culms per clump was
recorded in Bambusa pallida (82) at 7m x 7m spacing
followed by Dendrocalam ussahnii (70) at 6m x 6m
spacing and Dendrocalam ushamiltonii (66) at 5m x
5m spacing.

Development of Bamboo based agroforestry
systems for Jhum improvement in Arunachal
Pradesh

Three species of bamboo namely Eso (Bambusa
pallida), Ejo (Bambusa tulda) and Eni (Dendrocalam
ushamiltonii) were selected on the basis of adaptability
of local farming community. Planting materials for the
same are being prepared in nursery for subsequent
transplantation in April 2018.

Evaluation of toko palm (Livistonia jenkinsiana)
resources and standardization of agro-techniques

Seeds were collected from Basar, Bame and Sago
and seedlings are raised in nursery. The seedlings are
transplanted in the field in April-2017.

ENTOMOLOGY

Study on natural suppression of an outbreak of
Armyworm, Mythimna separate Walker

An outbreak of Armyworm, Mythimna separate
was reported in Jhum rice from several places
viz.,Sago, Ngomdir, Doje Jelly, Doje-Jeku, Bagra, and
Angu villages of West Siang district of Arunachal
Pradesh in the first week of July 2017. Surveys were
carried out at the intervals of 10 days. Observations
on the number of larvae per plant and no. of plants
infested were recorded and specimens were reared in
the laboratory for emergence of natural enemies.

T. myriocarpa +
Guinea grass

Alnus nepalensis +
Takek

Gravelia robusta +
Broom grass

Fig 6. Tree inter-cultivation with cane and grasses

Fig 7. Plantation of Gmelina arborea (Ghamari)

Bambusa cacharensis Bambusa pallida

Fig 8. Plantations of bamboo
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On 1st July 2017, the level of infestation was
recorded as 89.67±0.03% with 6.37±0.61 larvae per
plant. After 10 days, the infestation reduced to
78.7±0.03% with 5.34±0.23 larvae per plant. Further,
the infestation of armyworm drastically dropped down
to 14.7±0.05% with 0.17±0.06 larvae per plant on 20th

July and only to 6.3±0.025% with 0.07±0.03 larvae
per plant on 30th July (Table 1).Large number of cocoon
clusters was also observed on the rice plants in early
July. Braconid Cotesia ruficrus emerged in large
numbers from the cocoons.  Number of clusters of
cocoons per 100 plants was 18.67±10.60 on 1st July,
31.33±11.59 on 10th July, 7.33±4.04 on 20th July and
6.67±1.53 on 30th July. There were 8 to 25 cocoons
observed in one cluster, whereas number of cluster
varied from 1 to 4 on a single plant. Interestingly,
Dipteran parasitoids emerged from the larvae of M.
separata reared in the laboratory. The dipteran maggots
which emerged from the larvae of M. separate in the
laboratory were dirty white in coloured. The maggots
were 10.27±1.87 mm in length and took 3.33±2.97 days
to pupate after emergence from the host larvae. Initially,
the pupae were light brown coloured and subsequently
turned to dark-brown. The dark-brown coloured pupa
measured 6.13±0.74 mm and 3.02±0.13 mm in length
and breadth, respectively whereas the pupal period was
recorded as 10.2±1.42 days. The parasitisation per cent
of this dipteran recorded from the larvae collected from
the field on 1st July was 11.48±2.80 which increased
to 72.20±7.09 per cent by the 10th of July (Fig 9). The
drastic reduction in the level of infestation of
armyworm may be attributed to the parasitisation of
C. ruficrus initially and later by the yet to be identified
dipteran parasitoid.

Population distribution of fruit fly, Bactrocera
dorsalis in citrus orchard during the year 2017

Month-wise population distribution of the Fruit fly,
Bactrocera dorsalis was studied through Methyl
eugenol traps for the year 2017. Fifteen traps were
installed spreading across the citrus orchard of the

Research Farm, Gori. Data were collected at every
15-day interval, representing the population for first
and second fortnights of each month. After each
observation, the traps were re-lured with two drops of
Methyl eugenol along with two drops of undiluted
Imidacloprid 17.8 SL.

Three major peaks fruit fly populations were
observed during the year 2017. The first major peak
was observed in the first fortnight of April (3.53 fruit
fly/trap), second (3.80 fruit fly/trap) and third (5.33
fruit fly/trap) peak was observed in the second
fortnight of June and the first fortnight of October,
respectively (Fig 10).

Evaluation of the production, behavior of pigs and
nutrient content of substrates under Deep Litter
Housing (DLH)

Yorkshire piglets were reared in 4 different deep
litter systems.Five treatment groups, shed with cement

Table 1. Showing infestation level of M. separata, parasitization% (dipteran maggots) and cluster cocoons
of Cotesia ruficrus in Jhum rice

% infestation No. of larvae per Parasitization % No. of Cluster cocoons
 (M. separata) plant (M. separata) (Dipteran maggots) (C. ruficrus) per 100 plants

1st July 2017 89.67±0.03 6.37±0.61 11.48±2.80 18.67±10.60
10th July 2017 78.7±0.03 5.34±0.23 72.20±7.09 31.33±11.59
20th July 2017 14.7±0.05 0.17±0.06 - 7.33±4.04
30th July 2017 6.3±0.025 0.07±0.03 - 6.67±1.53

Fig 9. Per cent infestation of Armyworm, %
parasitization by Dipteran maggots & No. of cluster

cocoons per 100 plants

Fig 10.Month-wise population distribution of the fruit
fly, Bactrocera dorsalis in citrus orchard of Basar
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concrete floor as control group (C), saw dust (T1),rice
husk (T2), pine leaves (T3) and indigenous tree leaves
(T4). Standard ration was provided as per BIS
standard. Regular deworming was done after 3 months
interval using piperazine @ 9ml/10kg b.wt. 8 weaned
piglets weighing (6.23±0.09 kg) consisting of 4 male
and 4 female randomly selected. The built up litter
material was removed with fresh litter. The Average
body weight of pigs at 22 months old was recorded
highest in rice husk 124.1±0.33, followed by
109.2±0.56,107.5±0.37,103±0.29, and 101±0.68 kg
under cement concrete, saw dust, koyom leaves and
pine in DLH system.

Similarly, it was found out that, out of all the four
substrate in rice husk the temperature was consistently
above the ambient temperature which was comfortable
for the pigs during cold months. In terms of
replacement rate of different substrate it was
economical and minimal in rice husk and highest in
koyom leaves (Fig 11).

National Mission On Sustaining Himalayan
Ecosystem (NMSHE)

The project study was under taken at Lipunamchi
village of west siang district of Arunachal Pradesh
located 94° 41.123´ longitude and 27° 58.234´ latitude
with altitude of 680m average msl with a total
geographical area of the 4.5 sqkm. Initially physic-
chemical properties of the soil under different land
use pattern was studied it was found that under Jhum
field highest soil stock carbon whereas organic carbon
was highest in natural forest (Table 2).

Various interventions were identified for increasing
the productivity as well maintaining the soil quality
and efficient water utilization. In order to control soil
erosion and nutrient runoff, contour bund was made
across the slope with the help of A-frame. Strip
cropping with soybean and cover crop with cowpea
was also done (Fig 12). Planting of fodder crop such
as guinea grass on the contour ridge was also done to
check the runoff. Two numbers of Jalkund

(6mX4mX1.5m) with 36000 water holding capacities
were constructed at the project site.

Table 2. Physico-chemical properties of soil under
different land use pattern

Land use Soil depth Bulk OC Soil carbon
(cm) density (%) Stock

(g/cc) (ton/ha)

WRC 0 to 10 0.857 5.77 49.44
10 to 20 0.876 5.20 45.55

Banana 0 to 10 1.061 2.61 27.70
10 to 20 1.204 2.40 28.90

Orange 0 to 10 1.174 3.61 42.37
Plantation 10 to 20 1.211 3.40 41.16
Toko pal 0 to 10 1.067 3.96 42.24
plantation 10 to 20 1.075 3.50 37.64
Natural 0 to 10 0.788 8.59 67.65
Forest 10 to 20 0.790 7.90 62.39
Jhum* 0 to 10 1.183 6.20 73.37

10 to 20 1.980 5.50 65.87

*sample was collected in jhum immediately after burning

For round the year vegetable production, 3 poly
houses were distributed in the project site where
various off season vegetable particularly tomato and
king chilly were grown which covered around 2.61
hectare with overall yield of 24.8 tons having BC Ratio
of 1: 2.31 (Fig 13).

HDPE vermin beds of size 4x1x1 were provided
to 2 beneficiaries at project site. Average yield per
bed at 90 days was around 970kg.Total yield from 8
beds was around 7.76 tons. Income generated by
selling 300kg vermicompost per bed was Rs 12,000.
Remaining vermicompost was used in farmer’s own
field as manure. Out of 200 chicken birds distributed
to 10 farmers, 140 birds were alive at farmers’ field.
The birds were reared on scavenging cum evening

Fig 11. Half yearly replacement rate of different
substrate under DLH system

Fig 12. Soil and water conservation measures at the
project site
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ration which comprise of crushed maize and rice. Male
Birds attained body weight of 1.52 kg and female 1.12
kg at 11 weeks of age.Average age at first egg
production was 24.5 ± 0.35 weeks. Average egg weight
was 50.24± 0.78 gm. Mortality of birds was due to
diseases like RD, Fowl pox. Total Gross Income from
selling of birds and eggs at 36 weeks old was around
Rs 16,500/- (Fig 14).

Distribution of inputs to the farmers
The ICAR AP centre, Basar distributed 25 low-

cost polyhouses to the local tribal farmers of Basar
circle under TSP project. These farmers are producing
vegetables (tomato, cucumber, chilly, King-chilly etc)
and getting income from its sale in local market
throughout the year.Knapsack sprayers were
distributed to 20 tribal farmers and Jalkunds were
distributed to 10 local tribal farmers of Anjaw district.

Gramin Krishi Mausam Sewa (GKMS) - AMFU,
Basar

During the year 2017, a total of 1120 new farmers
got registered into the GKMS system mainly from

Namsai, Longding and Anjaw districts.  Through
mKisan portal 143 SMS and 104 bulletins were sent
to the famers from 16 districts. A total of 1, 95, 368
farmers and other stake holders were benefitted from
the meteorological information. For further outreach
of the project to provide customised advisories to the
farmers in remote villages, notice boards were attached
in village community halls to display hard copy of
bulletins with the help of village panchayat and
progressive farmers. One mobile app is under
development mainly for officers of state line
departments and progressive farmers to enable better
feedback and suggestions.

Fig 14. Glimpse of various interventions at project site
Fig 15. Distribution of inputs to the local tribal farmers

Fig 13. Horticulture based intervention at project site
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MANIPUR

WEATHER REPORT
During the period January to December 2017, the

monthly average maximum and minimum temperature
was 22.4°C and 29.1°C, respectively.The monthly
average minimum temp. varied from 6.0oC to 22.6oC.
The total rainfall in the year 2017 was 2439.4 mm.
Average maximum R.H. during 2016-17 varied from
85.7% to 92.6%. and minimum R.H. varied from
47.8% to 79.0%. Imphal receives the highest annual
rainfall in 2017 with total rainfall of 2439.4 mm which
is 68.7% above normal annual rainfall (1446.3 mm).
Rainfall above 2000 mm was recorded only in 1991
(2110.6 mm) and 1993 (2171.6 mm). In 2017, rains in
January, February and November months were below
normal rainfall with 70.8%, 52.3% and 79.5% of the
monthly normal respectively. But during the remaining
months, monthly rainfalls were abovenormal. During
March to October 231.7%, 128.0%, 33.2%, 20.9%,
66.9%, 10.6%, 140.4%, 95.7% and with 784.0% in
December, 2017 above normal were received.In 2017
highest amount of daily rain record was on 31st March
with 103.4 mm and highest monthly rainfall was
received in July, 2017 (396.8 mm). December month
has received a record rainfall of 116.3 mm in 2017
since 1966 (94.0 mm).

FIELD CROPS

RICE

Breeding for high yielding rice for Kharif, 2017
An Advanced Station Yield Trial was conducted

with 22 entries including 3 check varieties using
Randomized Block Design with 3 replications under

transplanted conditions at Lamphelpat farm of ICAR,
Manipur centre. Entries namely, MC 35 76 49 6, MC
35 55 46 22, MC 35 2 3 1, MC 35 7 2 42 48 and MC
35 3 4 22 25 performed significantly better than the
check varieties and gave 8.83, 8.75, 8.08, 7.67 and
7.67 t/ha yield, respectively.

A Preliminary Station Yield trial was conducted
under transplanted conditions at Lamphelpat farm of
ICAR, Manipur centre with 21 entries including 3
check varieties. Entries namely, MC 41 2 1 3, MC 45
2 2 11, MC 41 2 1 5, MC 41 36 1 2, MC 45 44 11, MC
45 5 1 15 are some of the promising entries that
performed significantly better than the check varieties
and gave, 8.67, 8.25, 7.92, 6.92, , 6.92, 6.92  t/ha yield,
respectively.

Characterization and development of rice plant
Ideotypes for improved yield under upland
conditions of Manipur

31 populations from 2 crosses viz. Bhalum-3 x
RCM-9 and Bhalum-1 x RCM-9 were planted at
Langol farm under direct seeded conditions. MC-71-
8-7, MC-71-5-1 and MC-50-2-8 were some of the
promising lines yielding 4.81t/ha, 4.44t/ha and 3.78t/
ha, respectively.

DUS testing and Grow out test of farmer’s varieties
in north- eastern hill regions

27 Farmer’s varieties of Rice were grown under
transplanted conditions during kharif, 2017. Out of 49
plant morphological and 2 post-harvest characters, 43
characters were found to be distinct.

Front Line Demonstration on Rice under NFSM
RC Maniphou 10 and RC Maniphou 7 varieties of

rice were demonstrated in 50 ha area at farmers’ field
of Imphal West, Bishnupur and Thoubal district of
Manipur.The FLD helped to create awareness,
knowledge and skill development to the farmers on
growing of high yielding variety of rice. The yield
varied from 4.8 to 6.3 tonne/ ha as compared to the
farmers practice 3.1 to 4.1 tonne/ha.

Fig. 1. Monthly weather variables of Imphal region
during 2017

Fig 2. Front line demonstration on rice under NFSM
in Manipur
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Development of technology to mitigate the effect
of elevated temperature on seed set, yield and
quality under STR (AICRP)NSP

One experiment in rice (variety: RC Maniphou 7) was
taken up with treatments viz.,T0 - Control, T1-Glycine
Betaine (600 ppm), T2-Salicylic acid (800 ppm),T3-
Salicylic acid (400 ppm), T4-Ascorbic acid (10 ppm) +
Citric acid (1.3%), T5-α-Tocopherol (150 ppm), T6 -KCL
1%. Among the characters studied, pollen viability was
noticed in all the two tested condition. Among the
treatment under two condition, T5-α-Tocopherol (150
ppm) under Non-stress condition had better performance
in pollen viability test.The highest grain yield (510.5 gm/
plot) was recorded in treatment T1–Glycine Betaine (600
ppm) under non-stress condition and the lowest (119.9
gm/plot) was recorded in treatment T6 (KCL 1%) of Stress
condition. There is also significant differences in
germination and vigour index among two conditions,

T6 (KCL 1%) had better performance in Germination
and vigour index.

Development of DNA fingerprinting and Barcoding
of local Rice Varieties for varietal identification and
genetic diversity among landraces of Manipur

DNA barcoding and phylogenetic studies of two
hundred rice germplasms collected by ICAR, Manipur
Centre were done. DNA was amplified by PCR using
published primers recommended by CBOL to compare
the quality of sequences obtained using the described
primers.The morphology and taxonomic data was
supported by DNA barcoding information. DNA
barcoding has been carried out using the matK gene
of chloroplast. It has successfully identified the plant
taxon when run in BOLD System. Phylogenetic
analysis was carried out using matK gene sequences
in MEGA7 software (Phylogenetic analysis software).

Screening of rice entries under National Screening
Nursery-Hills (NSN-H), National Hybrid Screening
Nursery (NHSN) and Donor Screening Nursery
(DSN) for leaf and neck blast diseases

A total of 316 rice entries constituting NSN-H (99),
NHSN (127) and DSN (90 entries) received from IIRR,
Hyderabad were screened for leaf and neck blast

Table 1.  Chlorophyll index of RC Maniphou 7 as influenced by different treatments

Treatment Chlorophyll index in Vegetative stage Chlorophyll index in seed filling stage

Before application After application Before application After application

Non Stress Stress Non Stress Stress Non Stress Stress Non Stress Stress

Control 26.3 24.3 22.3 19.7 25.2 26.5 30.2 24.5
Glycine Betaine (600 ppm) 27.5 20.8 19.4 19.9 23.9 27.6 26.5 21.7
Salicylic acid (800 ppm) 27.1 23.2 21.4 20.6 25.6 23.0 29.7 25.3
Salicylic acid (400 ppm) 26.0 24.5 22.6 19.7 29.0 20.3 30.5 24.2
Ascorbic acid (10 ppm) +
Citric acid (1.3%) 23.0 21.9 23.9 20.5 26.7 25.0 29.2 23.3
α-Tocopherol(150 ppm) 27.1 23.6 22.7 15.3 23.5 20.5 28.3 20.9
KCL (1%) 25.3 25.2 22.4 18.0 24.7 25.0 29.1 24.6
T test value 3.21 3.12 1.02 13.53

Fig 3. Rice at flowering
Stage (Stress)

Fig 4. Rice at flowering
Stage (Non-Stress)

Fig 5. Rice at mature
stage (Stress)

Fig 6. Rice at mature stage
(Non-Stress)

Fig 7. Gel Images for
matK amplifications for

rice samples

Fig 8. Maximum
parsimony analysis of

taxa
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diseases under modified uniform blast nursery (UBN)
and natural disease pressure respectively. Moderate to
high disease pressure was recorded during the Kharif
2017. In NSN-H trial, 9 entries exhibited low disease
score (0-3) for leaf blast and 39 entries for neck blast.
7 entries in NSN-H trial showed resistance to both leaf
and neck blast. In NHSN trial, 17 entries showed
resistance (low disease score of 0-3) to leaf and neck
blast. In DSN, 20 entries showed resistant reaction
(score of 0-3) for leaf blast and 44 entries for neck
blast. 11 entries in DSN trial showed resistance to both
leaf and neck blast.

Field monitoring of virulence of Pyricularia oryzae
under Manipur valley conditions

The virulence spectrum of rice blast pathogen
population was monitored on 25 cultivars consisting
of international differentials, donors, and commercial
cultivars during Kharif 2017. None of the genotypes
showed resistant reaction. Four genotypes (Tetep,
Zenith, Dular, Kanto 51 and Calaro) showed moderate
reaction (score 4-6). Remaining all genotypes in the
differential set showed highly susceptible reaction to
leaf blast pathogen. Differential virulence pattern as
compared to last three years was observed which
indicated dynamic virulence spectrum of rice blast
pathogen in North Eastern region.

MAIZE

Enhancing productivity and resource use efficiency
of Maize-pulse cropping systems in hill of Manipur

Seven maize based cropping system (CS1-maize
(sole), CS2-vegetable cowpea-maize + rice bean, CS3-
vegetable cowpea-maize + soybean, CS4-vegetable
cowpea-maize + cowpea, CS5- summer black gram,
CS6- maize + rice bean summer black gram-maize +
soybean and CS7-summer black gram-maize +
cowpea) were experimented under various land
management practices viz. LM1-CT-CT (Residue
removal), LM2- CT-CT (Residue retention), LM3-ZT-
ZT (Residue retention) and LM4-CT-ZT (Residue
retention). The maximum system productivity was
observed in (maize equivalent yield, MEY) under LM2
(6.8 t/ha) followed by LM4 (6.04 t/ha). Among the
cropping system, significantly maximum system
productivity was recorded under CS2 (7.73 t/ha)
followed by CS4 (6.94 t/ha) as compared to other
cropping system. Intercropping system fetched higher
net returns as well as B: C ratio over sole pearlmillet
and pigeonpea due to more combined yield. Similarly,

the moisture extraction pattern and water productivity
also recorded maximum under intercropping system
as compared to sole cropping.

Promoting improved technology of maize
production in NEH region

The high quality protein maize cultivars (HQPM 1
and HQPM 5) demonstrated across the Manipur state
in 125 ha area under collaborative project of ICAR-
Indian Institute of Maize Research, New Delhi. The
HQPM yield varied from 3.4 to 4.2 t/ha, which is
twofold higher than local cultivar (Chaochujak).
Altogether 243 beneficiaries’ were covered for
demonstration of HQPM from twenty three villages
from various districts of Manipur.

Application of agrotextiles materials for enhancing
crop and water productivity

Maize based cropping system (Maize-Sweet corn-
pea) experiment conducted under agrotextiles based
ground cover and open field. We have observed that
60, 34 and 36 percent higher yield of maize, sweet
corn and pea under ground cover crop than open field,
respectively. The system productivity in terms of maize

Fig 9.Effect of land management and cropping
systems on system productivity in maize based

cropping systems

Fig 10. Maize (HQPM-5) grown in April- August
under open field and ground cover
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was recorded 15.2 tonnes/ha in Ground cover as
compared to10.7 tonnes/ha under open field.Under
ground cover higher water use efficiency and very less
weed infestation were recorded as compared to open
field.

PULSES

Enhancing legume production in Jhum lands for
nutritional security, sustainable production system
and livelihood improvement of the tribal farmers

For jhum improvement, rice based mixed farming
system was diversified with leguminous based
cropping system like groundnut, arhar, rajma,
moongnean, urdbean, ricebean, cowpea and soybean.

The said crops were demonstrated in forty four villages
of nine districts viz. Bishnupur (2), Chandel (14),
Churachandpur (12), Imphal East (1), Imphal West (1),
Ukhrul (2), Tamenglong (8), Thoubal (3) and Senapati
(1) districts of Manipur. Altogether 283 beneficiaries’
were covered under demonstration in 150 ha areas
during 2017. Farmers earned net returns of Rs 35000
to 67000/ha from said leguminous crops.

POTENTIAL CROPS

All India Coordinated Network project on Potential
Crop

Genotype screening trial on Perilla: Among 33
local germplasm, five lines recorded maximum yield
namely RC
Thoiding 21 (18.55
g/plant), RC
Thoiding 6 (17.00
g/palnt), RC
Thoiding 15 (14.5
g/plant), RC
Thoiding 8 (13.9 g/
plant) and RC
Thoiding 16 (12.8
g/plant).

Fig 11. Sweet corn grown in August- Oct under open
field and ground cover

Fig 12. Pea (Arkel) grown in Nov- Feb under open
field and ground cover

Fig 13.Demonstrated arhar (var. UPAS 120) at
farmers field at Haochaong village, Tamenglong

Fig 14.Demonstrated pea (var. Azad Pea) on farmers
field at Monsangpantha village, Chandel

Fig 15. Demonstrated Broadbean + Hangam +
Broccoli intercropping

at Sekmai Hijam Khunou, Thoubal

Fig. 16. Perilla germplasm in
research farm
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SEED TECHNOLOGY

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 and basic
seeds are being produced. Seeds were supplied to the
framers either directly under different demonstration
programmes or Participatory seed production
programme. RC Maniphou 4, RC Maniphou 5 and RC
Maniphou 12 are the pre kharif rice varieties and main
kharif varieties RC Maniphou 6, RC Maniphou 7, RC
Maniphou 10 and RC Maniphou 13 are taken up.
During the year, altogether 18.5 q basic seeds in rice
were produced. In other crops too, maize composite
variety Pusa Composite-3 have been maintained since
2005 with time isolation by sowing during rabi 0.15 q
of basic seed was produced. In oilseeds, soybean
variety JS 335 (0.30 q) and groundnut variety ICGS
76 (0.60 q) of breeder seed was maintained.

Table 2. Basic Seed Production during 2017

Variety Quantity ( in quintals) Total
(q)

Breeder Foundation Certified
seed  seed seed

RC Maniphou 4 0.80 0.50 0.00 1.30
RC Maniphou 5 0.60 0.50 0.00 1.10
RC Maniphou 6 0.60 0.50 0.00 1.10
RC Maniphou 7 10.00 6.00 154.19 170.19
RC Maniphou 10 0.10 3.00 77.13 80.23
RC Maniphou 11 0.80 0.30 0.00 1.10
RC Maniphou 12 1.10 4.00 95.34 100.44
RC Maniphou 13 4.50 7.00 198.44 209.94
Total rice 18.50 21.80 525.10 565.40
Soybean (JS 335) 0.30 0.00 0.00 0.30
Groundnut 0.60 2.00 122.75 0.60
(ICGS 76)
Maize 0.15 0.00 11.00 0.15
(Pusa Composite 3)
Total other crops 1.05 2.7 133.75 2.90

Participatory Development of Quality Seed
Production Practices for Seed Village Concept

The project involving KVKs, NGOs, Self-help
Groups and Farmers Clubs under Famers’ Participatory
Seed Production approach aimed at developing a
suitable seed production system for the NEH Region
in major crops was taken up in five districts of Manipur
viz., Imphal West, Imphal East, Bishnupur, Chandel
and Churachandpur. Participatory Seed Production of
rice covered 48 hawith 60 farmers of rice varieties RC
Maniphou 7, 10, 12 and 13 with a production
of525.10quintals. An average seed yieldof 41 q/ha in
pre kharif and 50.4 q/ha from main kharif rice were
obtained from different districts of the
Manipur.Similarly, 124.75 quintals from 12 ha of
labelled seeds of groundnut (ICGS 76) and 1.10 q of
maize (RCM 1 76) were produced from 3 ha of farmers’
farm land.Selected farmers were properly trained and
demonstrated with technologies like isolation, line
transplanting, conoweeder and Leaf Colour Chart
during the seed production in farmers’ field and RC
seed bin was also demonstratedin some farmersfor
saved seed production.

CROP PROTECTION

Insecticidal activity of Millettia pachycarpa and
Parkia roxburghii leaf extracts on Plutella xylostella
larvae

The insecticidal activity of Millettia pachycarpa
and Parkia roxburghii leaf extracts was tested on
Plutella xylostella larvae reared in controlled
laboratory condition. Cabbage leaves were treated with
the extracts and after drying kept in petri-plates through
leaf-dip bioassay method. Plutella xylostella larvae
were then released into the petri-plates. Altogether ten
concentrations were taken for bioassay experiment @
0.25, 0.50, 0.75, 1.0, 1.25, 1.50, 1.75, 2.00, 2.50 and
3.0 percent.

Probit analysis of mortality data after 24 hours
showed heterogeneity of 0.754 with a chi-square value
of 6.034. The LC50 value was found to be 1.231% with

Fig 17. Maintenance
Breeding of Maize

Fig 18. Maintenance
Breeding of Rice

Fig 19. Participatory seed production of rice in
different districts of Manipur
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upper fiducial limit of 1.130 and lower fiducial limit
of 1.329. The discrimination concentration, LC90 value
was found to be 1.959% with upper fiducial limit of
1.779 and lower fiducial limit of 2.237. All the extracts
of both M. pachycarpa and P. roxburghii even at lower
concentrations (less than 0.25%) showed strong
antifeedant activity.

Table 3. Probit analysis of mortality data after 24
hours

LC Values n % 95% Fiducial Limit

Lower Upper

LC30 330 1.019 0.906 1.112
LC50 330 1.231 1.130 1.329
LC70 330 1.489 1.380 1.621
LC90 330 1.959 1.779 2.237

All the extracts were found to be highly toxic to P.
xylostella. However, hexane extract were more toxic
than methanol extracts. During the process of bioassay,
healthy larvae were found to be sluggish and reluctant
to feed that may be due to probable antifeedant activity.
The same phenomenon was strongly observed in case
of hexane extracts of both M. pachycarpa and P.
roxburghii. Hexane extracts usually contain more fatty
and phenolic plant metabolites which may deter insects
from feeding on them and may prove to be more toxic.
Tree bean being a leguminous tree is having more
tannins and phenolic components to deter pest and
diseases.There was no significant difference in protein
and fat content among untreated and treated larvae with
the plant extracts.  However, most of the larvae are
deterred from feeding and either dying from starvation
or due to insecticidal effect for any significant effect
to be seen in protein or fat content.

Table 4. Insecticidal activity of methanol extract of
M. pachycarpa on Plutella zylostella

Dose n r Expected Residual Probability Standard
in % mortality error

0.25 30 0 0.36 -0.355 0.012 -0.600
0.50 30 0 0.54 -0.545 0.018 -0.745
0.75 30 3 2.89 0.113 0.096 0.070
1.0 30 11 8.73 2.267 0.291 0.911
1.25 30 16 15.66 0.335 0.522 0.123
1.50 30 19 21.32 -2.315 0.711 -0.932
1.75 30 23 25.08 -2.082 0.836 -1.027
2.00 30 28 27.32 0.675 0.911 0.433
2.50 30 30 29.25 0.749 0.975 0.876
3.00 30 30 29.79 0.206 0.993 0.456
Control30 01 0.36 0.645 0.012 1.088

chi-square: 6.034     degrees of freedom: 8     heterogeneity: 0.754

HORTICULTURAL CROPS

CITRUS

Prevalence and genetic diversity of citrus tristeza
virus: development of robust diagnostics for routine
indexing

Different citrus groves of Manipur, Nagaland and
Mizoram were surveyed to record the prevalence of
citrus tristeza virus (CTV) on different citrus species.
Out of 243 citrus trees indexed for CTV, 52.3% were
tested positive in double antibody sandwich-ELISAFig 20.Probit response curve of leaf extract of M.

pachycarpa against P. xylostella

Fig 21. Leaf-dip Bioassay with cabbage leaves in
different concentrations
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(DAS-ELISA) and reverse transcription-PCR (RT-
PCR). Selected 11 CTV isolates were characterized
based on variable region of ORF1a (404 bp), which
phylogeneticallysegregated into five distinct clusters.
CTV isolates characterized in the present study shared
genetic relatedness with the isolates reported from
other citrus growing areas of world, indicating the
existence of high genetic diversity.

Prevalence and genetic diversity of Candidatus
Liberibacter asiaticus the causal agent of
huanglongbing disease in North East India

Extensive surveys were conducted in different
citrus growing groves/pockets of North East India
(Manipur, Nagaland, Mizoram, Tripura and Arunachal
Pradesh) and diverse kind of symptoms was recorded.
Out of the 135 samples (Manipur: 79, Nagaland: 13,
Arunachal Pradesh: 16, Tripura: 2, Mizoram: 15 and
Nagpur: 10) indexed, 84 samples (62.22%) were tested
positive in PCR for CLas infection, indicating its high
prevalence. Neighbour joining (NJ) phylogenetic
analysis based on 448 bp 16S rDNA sequence fragment

of 25 CLas isolates from NE India and 5 isolates from
Nagpur (characterized in present study) along with
other isolates from different parts of the word, showed
12 clusters. CLas isolates from NE India characterized
in the present study segregated into 11 clusters
indicating existence of diverse haplotypes prevalent
in the NE region. Interestingly seven clusters (Gp-I-V
and XI-XII) solely comprised of CLas isolates alone
from NE India. At 16S rDNA nucleotide sequence
level, North Eastern CLas isolates showed variability
up to 4.6%. CLas isolates from present study had a
sequence similarity of 97.1-100 %, 96.9-99.7%, 97.1-
100% and 97.1-100% with earlier reported CLas
isolates from USA, Malaysia, Japan and China
respectively. 27CLas isolates sampled from NE India
were also characterized for the tandem repeat numbers
(TRN) in the CLIBASIA genomic region. CLas isolates
characterized in the present study had TRN ranging
from 4-21. CLas sampled from Khasi mandarin (Citrus
reticulata) had TRN 9-12, with TRN 12 being the most
predominant class. In case of acid lime (Citrus
aurantifolia), the TRN varied from 4-6 with TRN 4
and 5 being the most predominant class. Interestingly,
a citrus genotype grown in Imphal region was found
infected with CLas having TRN of 21, which is the
highest reported till date.

Direct shoot regeneration from in vitro root explants
of Citrus jambhiri

In vitro grown roots, obtained from 4-6 weeks old
seedlings of Citrus jambhiri, were used as explants
for direct shoot regeneration. The intact roots were
cut from the seedlings and cultured on MS medium
with Nitsch vitamins and sucrose (3%), solidified with
0.3% phytagel. The direct shoot regeneration was
achieved in BAP (1.0 to 2.0 mg/L). Individual shootlets

Fig 22. NJ phylogenetic inference of CTV isolates
from selected groves of NE based on variable ORF1a

(404 nt) genomic region

Fig 23. Citrus plants infected with CTV

Fig 24. Symptoms of huanglongbing infection in citrus
plantations of various groves of NE India and NJ

phylogenetic inference based on the conserved
16srDNA (448 bp) sequences
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were separated and cultured in BAP+GA3 (1.0 mg/L
each), resulted in multiple shoot induction (6.4 nos).
Root initiation has been observed in NAA (1.0-1.5 mg/
L) after 21 days of culture.

BANANA

Characterization of endogenous and episomal
banana streak viruses (BSV) in banana mats of NE
India

Characterization of endogenous BSV (eBSV) from
different banana mats collected from different groves
of NE India indicated the prevalence of endogenous
badnavirus sequences having similarity to eBSOLV
and Musa balbisaina PKW type activable alleles. This
indicated the prevalence of distinct/novel alleles in the
banana mats of NE India. The M. balbisiana (BB;
cvChangbi from Manipur) and Bhimkol (BB; from
Assam) had all the tested eBSV alleles. 31 symptomatic
samples (23 samples from Manipur, 4 from Nagaland,
2 from Tripura, 1 from Mizoram and 1 from Assam)
were characterized for episomal BSV infection using
rolling circle amplification (RCA). Sequences of RCA
restricted fragments indicated the prevalence of banana
streak MY virus (BSMYV), banana streak OL virus
(BSOLV) in the banana mats of NE.

Prevalence and molecular characterization of
banana bunchy top virus (BBTV) from Manipur

Typical symptoms of the narrower leaf with wavy-
yellow margins, stunted growth and deformed fruit are
of common appearance in certain cultivated banana
varieties in Manipur. Symptomatic leaf samples were
collected from 20 plantation sites covering 6 districts
of Manipur and subjected to PCR amplification using
primers to ‘DNA R’ and ‘DNA U3’ of BBTV genome.

Amplification of 1,110 bp fragment revealed the
association of BBTV. In all together, 10 samples
showed the amplification of the DNA R region while
the remaining samples did not give the expected
amplicons in PCR. Partial sequence analysis of four
isolates for both DNA R (467 bp) and DNA U3 (441
bp) of BBTV from Manipur revealed the close affinity
with BBTV reported from Pacific-Indian Oceans (PIO)
group for DNA R sequences. BBTV isolates from
Manipur had sequence similarity of 66-95% among
them for partial DNA R sequences. Manipur isolates
show close proximity with those reported from
Arunachal Pradesh, Congo, Chennai, Sri Lanka and
China. For the DNA U3 sequences, BBTV isolates
from Manipur showed a sequence similarity of 90-97%
among them. Present study conclusively proved the
occurrence of BBTV in different banana mats of
Manipur.

PAPAYA

Prevalence, biological and molecular evidence for
papaya ringspot virus (PRSV) infection

Papaya plantations grown over different locations
of Manipur covering all nine districts were surveyed.
Partial NIb and full CP coding gene (1.2-1.3 kb) of
eight PRSV isolates originating from different
locations of Manipur were amplified, cloned and
sequenced. For nucleotide sequences of CP, these eight
PRSV isolates (PRSV-Mnp1 to 8) had heterogeneity
up to 14.7%. For amino acid sequences of CP, PRSV
isolates from Manipur had an identity of 88.8 to 99.6%.
When compared to other PRSV isolates from India,
Manipur isolates had an identity of 84 (Uttar Pradesh
PRSV isolate) to 93.2 (Assam PRSV isolate) for
nucleotide sequences of CP. Phylogenetic analysis with
75 PRSV isolates reported earlier from India, Asia,
America and Australia revealed high genotypic
diversity among PRSV populations. The phylogenetic
grouping thus obtained did not correlate with
geographical origin. PRSV isolates from Manipur

Fig 25. Direct multiple shoot regeneration from in-
vitro root cultures of Citrus jambhiri

Fig 26. Symptomatic expression of streak disease

Fig 27. RCA/RFLP based detection of BSV in the
banana samples collected from different parts of

Manipur
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characterized in the present study segregated in to two
distinct groups (D and F). The Phylogenetic group F
comprised of PRSV-Mnp3, 5 and 6, which was a new
phylogroup to the world. Out of the six groups, Indian
PRSV isolates were in five clusters, indicating high
phylo-diversity of PRSV population in India.

UNDERUTILIZED CROPS

Multiple shoot regeneration from embryo culture
of Parkia roxborgii

Embryo culture of Parkia roxburgiiwas established
in MS media supplemented with Nitsch vitamins and

various concentrations of GA3. Days to bud break were
observed as early as 7 days in GA3 (1.0 mg/L). Multiple
shoots (6.2) were achieved while sub cultured in
MS+BAP (1.0 mg/L)+ GA3 (1.0 mg/L). Root initiation
at different concentrations of auxin is in progress.

Antioxidant and Anti-hyperglycemic Activity of
Indigenous Agri-horticultural crops of Manipur

A total of eightagri-horticultural crops were
screened for their free radical scavenging and
antihyperglycemicactivity (á-amylase enzyme
inhibitory activity). In antioxidantassay, methanolic
extract of pod and seed mixture of tree bean shown
maximum antioxidant activity (IC50 value of 0.069 mg);
followed by acetone extract of pigeon pea leaf (IC50
value of 0.342 mg),acetone extract tree bean pod (IC50
value of 0.601 mg), methanolic extract of pigeon pea
leaf (IC50 value of 0.630 mg), methanolic extract of

Fig 28. Genetic diversity of PRSV isolates
characterized from different locations of Manipur

Fig 29.Genetic relatedness of PRSV isolates with other isolates reported from different parts of world

Fig 30. Multiple shoot generation from cotyledonary
explants of Parkia roxburgii

Fig 31. Top Five Plant Extracts Showing High
Antioxidant Activity (IC50 value in mg)
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tree bean pod (IC50 value of 0.914 mg) and acetone
extract of pod and seed mixture of tree bean(IC50 value
of 1.01 mg). In anti-diabetic assay, maximum inhibition
of á-amaylase enzyme was reported with methanolic
extract of wild orange pulp(74.83%); followed by tree
bean pod (67.39%),chinese chives leaf (57.14%),
hooker chives root (56.84%), mixture of tree bean pod
and seed (56.10%), tree bean seed (54.59%), acetone
extract of wild orange pulp(54.50%) and methanolic
extract of black rice husk (50.62%).

Antioxidant Activity, Phenolic and Flavonoid
Content of Wild Edible Plants of Loktak Lake
Ecosystem in Manipur

The antioxidant activity, phenolic and flavanoid
content of 28 diverse wild edible plants resources of
Loktak lake ecosystem of Manipur were evaluated.
Antioxidant activities measured by three different
methods viz. DPPH, ABTS and FRAP revealed wide
diversity among the plants. The antioxidant activity
of the WEP was found in wide range of 1.71-263.7
μM TEAC/g fresh weight. In all the methods the first
three plant showing highest antioxidant capacity are
in same order Jussiaea repens L.>Gynura
cusimbua>Polygonum sagittatum. These three plants
showed antioxidant activity ranging from (99.5-263.7
μM TEAC/g fresh weight). The phenolic and flavanoid
content was found in range of 1-22.03 mg GAE/g fresh
weight and 1.07-25.08 mg QE/g fresh weight
respectively. Highest phenolic (22.03±0.28 mg GAE/
g fresh weight) and flavanoid (33.67±1.4 mg QE/g
fresh weight) content was observed in Gynura
cusimbua. The dendogram based on cluster of three
antioxidant assays revealed that the 28 plants are in
three distinct groups. The first cluster comprises of
two plants viz; Jussiaea repens L. and Gynura
cusimbua (D. Don) Moore which showed maximum
antioxidant activity. The second cluster is group of five

plants viz; Alpinia nigra( Geartn) Burtt, Alpinia
officinarum, Hedichium marginatum C.B. Clarke,
Trapta natans L. and Polygonum sagittatum which
showed medium antioxidant activity. The remaining
21 plants are grouped in third cluster showing less
antioxidant activity compare to the plants group in first
and second cluster.

All the three antioxidant determination
methodologies were positively correlated. Highest
correlation is shown by ABTS vs. FRAP (r=0.994).
The three antioxidant assay was also positively
correlated with the phenolic and flavanoid content. The
linear co-efficient correlation between phenolic content
and DPPH assay was 0.951. Similarly, ABTS and
FRAP assay were 0.919 and 0.936 respectively. The
correlation between flavanoid content and antioxidant
activity (DPPH, ABTS and FRAP) in the studied assay
were r = 0.751, r = 0.656 and r = 0.672 respectively.
In this study, linear co-efficient correlation of
antioxidant assay and phenolic is higher than the
antioxidant assay and flavanoid content.

Garcinia indica extract inhibits human noroviruses
(HuNoVs) infectivity

The antiviral potential of aqueous extract of
underutilized Garcinia fruits was assessedon food
borne human noro viruses (HuNoVs), Tulane virus
(TV) and Aichy virus (AiV) infectivity causes acute
sporadic gastroenteritis, using plaque assays and time-
of-treatment assay.  Enumeration of TV and AiV
showed higher reduction of ~2.40 and 2.53 log PFU/
mL, respectively in rind extracts (100 mg/mL) at 6
hours of treatment. Time of treatment assay confers
complete reduction of TV (4.36 log PFU/mL) and AiV
(5.10 log PFU/mL) while pre-blocked with rind
extracts (100 mg/mL) 30 minutes priaor to infection
in LLCMK2 and vero cells, respectively. The rind

Fig 32. Promising Plant Extracts Showing > 50% ααααα-
amylase enzyme inhibitory activity

Fig 33. Dendogram based on cluster of three
antioxidant assays revealed in 28 plants
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extract (100 mg/mL) delivered the virus inhibition in
a most promising and efficient ways which could be
used as antiviral drugs against TV and AiV infectivity.

SECONDARY HORTICLTURE

MUSHROOM

AICRP on Mushroom
Four high yielding strains of Oyster Mushroom

(Pleurotus sp) were evaluated at temperature of <20oC
(winter trial). Strain PL-16-02 gave the highest
biological efficiency (BE) of 37.12 which was higher
than control. PL-16-03 and PL-16-04 took maximum
time of 31 days for first harvest.In addition, for
popularization of mushroom cultivation among farmers
of Manipur, quality spawn of different Pleurotus
species (P. ostreatus, P. eous, P. sapidus, P. flabellatus,
P. sajorcaju, P. floridaand P. eryngii) and shiitake
(Lentinula edodes) were produced and supplied to
different stakeholders. Different training programmes
(154 participants) on scientific mushroom spawn
production and cultivation technology and ‘National
Mushroom Day’ (40 participants) were organized for
farmers, farm women, women shelf help groups,
entrepreneurs etc.

Location specific short duration technology for
cultivation of shiitake mushroom

A technology for cultivation of shiitake mushroom
(Lentinula edodes) on artificial wood logs was
developed. Shiitake spawn was prepared on paddy
grains and grown over artificial wood logs (made of
saw dust of broad leaved hard wood trees + 20% rice
bran substrate). This substrate was treated with 1%
CaCO3 (dry weight basis). After 2 to 2.5 months of
spawning, PP bags were removed and blocks were
dipped in chilled water (4-5°C) for 10 minutes. Fruiting
bodies started coming out after 3-4 days of chilling
treatment. On average total time taken from spawning
to first harvest were 75-82 days as compared to
minimum of 360 days taken when grown on wood logs

(conventional method). Two strains performed best in
the temperature range of 24-27°C (during fruiting
period) under Manipur conditions.

Micronutrient Content and Antioxidant Activity of
Edible Mushroom Species

All total five edible mushroom species namely,
Pleurotus oystractus, Pleurotus eous, Ramaria
botrytis, Scleroderma citrinumand Termitomysis sp.
were evaluated for their micronutrient content.
Maximum Cu, Fe and Mn content (32.25 ppm, 382.50
ppm and 34.02 ppm, respectively) was recorded with
Termitomysissp., followed by Ramaria botrytis (30.10
ppm, 183.15 ppm and 31.07 ppm, respectively);
whereas, Pleurotuseous was found to be rich in Zn
(140.55 ppm), followed by Scleroderma citrinum
(101.55 ppm).

MICROBIOLOGY

Identification and Characterization of Native
Feather Degrading Microbes

A total of twelve bacterial and actinobacterial
strains viz. RCM-SSR-1, -2, -4, -5, -6, -7, -8, -9,-11, -
12, -56, and -102 were identified by 16S rRNA gene
sequence analysis. Of these, ten isolates except RCM-
SSR-9 and -11 were found to be positive feather
degrading activity; whereas, RCM-SSR-9 and -11 have
shown good biocontrol activity. One microbial strains,
Chryseobacterium sediminis, RCM-SSR-7was found
to be more effective in bioconversion of chicken feather
waste into feather protein hydrolysate (FPH). The FPH
contains 75%, crude protein, 12% Nitrogen, 11%, ash
and 3%, fat, phosphorous (840 mg/100g-), potassium
(450 mg/100g), calcium (114 mg/100g), iron (13.7 mg/
100g), zinc (10.3 mg/100g), manganese (0.52 mg/
100g) and copper (0.48 mg/100g). In-vitro digestibility
results indicated that feather meal prepared with
Chryseobacterium sediminis RCM-SSR-7 was
digestible by pepsin and trypsin releasing 650 mg
peptides per gram of FPH. Digestibility of the present
FPH is 86%.

Fig 34. Shiitake mushroom grown on artificial wood logs
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Amino Acid Profiling of Feather Protein
Hydrolysate

Feather protein hydrolysate prepared by
Chryseobacteriums ediminis, RCM-SSR-7 was found
to be rich in essential amino acids such as histidine
(90 mg/g), leucine (106.3 mg/g), lysine (43.1 mg/g),
threonine (86.1 mg/g), isoleucine (17.9 mg/g)) and
methionine (56.3 mg/g) as compared with raw feather.
Essential amino acids are also detected as free soluble
amino acids in cell free fermentation broth.

Table 5.Amino acid content in raw feather, feather
protein hydrolysate and fermentation broth

Amino acids Raw Feather Free amino acid
feather Protein in cell free
(mg/g) hydrolysate fermentation

(mg/g) broth (μg/ml)

Aspartic acid 20.00 102.20 42.60
Glutamic acid 34.30 33.80 85.20
Serine 34.20 108.10 48.10
Histidine 14.90 90.30 109.20
Glycine 44.69 71.00 29.90
Threonine 4.08 86.10 3.00
Arginine 31.82 115.40 55.30
Alanine 26.90 77.00 47.60
Tyrosine 10.10 64.90 27.40
Methionine 2.20 56.30 17.70
Valine 17.70 45.10 36.70
Phenylalanine 17.60 100.50 31.50
Isoleucine 13.66 71.90 32.40
Leucine 45.30 106.00 50.50
Lysine 5.86 43.10 43.60

Field Efficacy Study of Feather Protein Hydrolysate
on Cauliflower

Application of feather hydrolysate as nitrogen
source is comparable to the chemical fertilizer based
on their effects on the growth and yield performance
of cauliflower. Highest whole plant weight and curd

weight is observed when feather hydrolysate and urea
is applied in 3:1 (i.e. 75% feather hydrolysate+25%
urea).

Screening of Streptomyces species for
Phytostimulating Activity

The Streptomyces species isolated from Manipur
soil were screened for phytostimulating traits such as
phosphate slubilization, IAA, ammonia, and
siderophore production. Strain RCM-SSR 2, 5, 6, 8
and 11 showed positive results for all phytostimulating
traits. The strains showing positive result for IAA
production in qualitative test were subjected for
quantitative assay. IAA production was observed in
range of 10-38 μg/ml. RCM-SSR 6 showed highest
IAA production (36.3±2.1μg/ml) followed by RCM-
SSR 11 (25±0.2μg/ml), SSR-RCM 8 (22.0±2.0μg/ml)
and RCM-SSR 5 (21.5±0.8μg/ml). Feather hydrolysate
of RCM-SSR 6 was evaluated for in-vitro seed

Fig 35. Micronutrient Content in Different Edible Mushroom Species

Fig 36. Effect of feather protein hydrolysate on
cauliflower yield

Fig 37. Cauliflower Curd of different FPH treatment
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germination test using garden pea seeds. Seeds treated
with undiluted feather hydrolysate (3 mg protein/ ml),
the vigor index of seed germination is decreased as
compared to control. However, when the seeds were
treated with diluted feather hydrolysate vigor index
was increased. Maximum increase in root length, shoot
length and vigor index was observed at 30X dilution
(0.1 mg protein/ml).

Table 6.Results for screening of Streptomyces
strains for phyto-stimulating traits

Isolate code Production Phosphate
solubili-

Sidero- Indole 3- Ammonia zation
phore Acetic

Acid

RCM-SSR 1 +ve –ve +ve +ve
RCM-SSR 2 +ve +ve +ve +ve
RCM-SSR 3 +ve –ve +ve –ve
RCM-SSR 4 +ve +ve +ve –ve
RCM-SSR 5 +ve +ve +ve +ve
RCM-SSR 6 +ve +ve +ve +ve
RCM-SSR 8 +ve +ve +ve +ve
RCM-SSR 9 +ve +ve +ve –ve
RCM-SSR 11 +ve +ve +ve +ve
RCM-SSR 12 +ve –ve +ve +ve
RCM-SSR 13 –ve –ve +ve –ve
RCM-SSR 14 –ve –ve +ve +ve

ANIMAL SCIENCE

POULTRY

Evaluation of performance and lipid profile of
broiler chicken through nutritional manipulation

Feed for broiler birds were formulated after
inclusion of this dried processed medicinal local herbs
(1%) and were fed to 150 days old birds of mixed sexes
under different treatment. Control group were given
broiler feed recommended by BIS system without

including herbs.Overall body weight gain (0-6 wk) was
1601g, 1583g, 1581g, 1586g, 1646g and 1624g for T1
(Control), T2 (1% Centella asiatica), T3 (1% Allium
odorum), T4 (1% Hibiscus sabdariffa), T5 (1%
Zanthoxylum armatum) and T6 (1% Morus alba).
Overall feed intake (0-6 wk) was 2885g, 2984g, 3200g,
3157g, 3049g and 2966g and overall Feed Conversion
ratio was 1.80, 1.89, 2.02, 1.99, 1.85 and 1.83 for T1,
T2, T3, T4, T5 and T6 respectively.

ICAR-Poultry Seed Project
A total number of 2053 Vanaraja and Srinidhi

poultry birds (Including the pullets) were maintained
in the farm. During the reporting year, a total of 73481
numbers of day old chicks were supplied and
distributed to the beneficiaries in various district of
the Manipur. Altogether 1330 numbers of farmers, 145
families/household and 2 villages are benefitted under
TSP under ICAR-Poultry Seed Project.

DAIRY

Demonstration Unit
A total of 14 animals (Milch cow=4, Dry cow=2,

Bull=1, Heifer=3 and 4 calves) were maintained in
the dairy demonstration unit to impart knowledge on
exotic cross-bred dairy cattle (Local x Jersey and Local
x HF) and farm management to the farmer’s. Beside
these, milk produced from the dairy unit has been made
available to the staff at a nominal rate, and moreover
FYM is made available to all the disciplines of this
centre. Whenever there is surplus of heifer or bull,
preference is given to the farmers at a nominal rate to
disseminate the exotic cross-bred at the field level.
Murrah buffalo was recently introduced in the
demonstration unit and a total of 5murrah buffalo
(Milch buffalo=2, Male buffalo=1, calves=2) were
maintained in the farm. The milk production of the
Murrah buffalo was 121 and 152liters respectively in
November and December, 2017.

Fig 38. IAA production by Streptomyces strains

Fig 39. Monthwise production of poultry chicks
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FISHERIES

Effect on growth and survival rate of Tor tor at
different locations of Manipur

To determine the growth performance and pattern
of Tor mahseer under different pond environments in
Manipur, Gompertz model was found to be the best
fitted model for the growth data of Tor mahseer
irrespective of different pond conditions. Water quality
of ponds in two locations (ICAR, Lamphelpat and
Rongdai Village, Nungba) were analyzed in pre
monsoon, monsoon, post monsoon and winter period.

Table 7. Growth parameters of Tor tor at ICAR
farm and Rongdai village

Parameter Pond at Pond at
ICAR, Rongdai
Lamphelpat Village

Average fish length in cm 13.42 10.58
Standard deviation 5.52 4.13
Maximum length of fish 21.80 16.35
Minimum length of fish 2.92 2.92
Range 18.88 13.43

For the taxonomic placement of minor carp,
Bangana dero among the Labeonin fishes, molecular
characterization was conducted by using mitochondrial
16SrRNA gene sequences. Partial sequences of mito.
16SrRNA gene of fifteen cyprinid species of the sub-
family Labeoninaewas downloaded from NCBI

Genbank. The analysed nucleotide sequence lengths
were 538 bp. In a total of 811 characters, 194 were
conserved sites (monomorphic) and 347 were variable
sites (polymorphic) and out of 347 variable sites, 73
were parsimony informative sites and 274 singleton
sites. The nucleotide frequencies were 31.4% (A),
22.57% (T), 24.00% (C) and 21.96% (G). The
transition/transversion bias (R) is 2.51. The overall
mean distance was 0.083. The dendogram constructed
by Neighbour-Joining tree have three clusters which
can indicate the taxonomic positions of Bangana dero.

SOCIAL SCIENCE

Socio-Economic study of fish farmers in Bishnupur
district of Manipur

A total of 50 fish farmers were randomly selected
for the studyfrom Bishnupur district of Manipur
covering Keinou and Oinam villages. The average age
of the fish farmer was 46 years with fish farming as
main occupation followed by crop cultivationwith an
average 15 years of experience in fish farming and 76
per cent of the farmers have attended training in fish
farming. About 60 per cent of the farmers have taken
loan for fish farming with an average loan amount of
Rs. 40,172. The farmers have an average of 2 number
of fish pond with an overall average pond area of 0.80
hectare. It has been found from the study that the
overall average fish production was 1469 kg per farm.
The production of fish increases with the increase in
the farm size category. It was highest for the large size
category with a production of 3316 kg of fish followed
by medium (1361 kg) and least for the small farm size
category with a production of only 933 kg of fish
annually. Grass carp was the most common fish reared
by the farmers followed by silver carp, mirgal and rohu
respectively. Major problem faced by the fish farmers
were flood and water management problems, pond

Fig 40.Month wise milk production at dairy
demonstration unit

Fig 41. Sampling of Tor tor for growth studies in pond
of ICAR Lamphelpat

Fig 42. Genomic DNA
isolated from the fish
samples of Bangana dero

Fig 43. PCR amplified
region of mitochondrial
16SrRNA gene(M- 500 bp
DNA step ladder, Lane 1to 6-
mitochondrial 16SrRNA
gene region of fish species
studied)
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related problem, lack of technical knowhow, lack of
government support and poor yield of fish.

Farmers Field School Integral Farmer’s Club-
Transfer Of Technology Approach For Enhancing
Percolation of Technologies At Field Level And
Improve Technology Adoption

For studying the socio-economic condition and
technology adoption 25 numbers of members’ farmers
were randomly selected from each of the three villages.
Altogether there are 75 numbers of members respondents
with another 75 numbers of non-member farmers
randomly selected from the three villages for comparison.
The study revealed that members had higher adoption of
improved rice variety ie. 35% compared to only 10 per
cent for non-members. The average yield of rice was 4.7
tonnes for members compared to 4.3 tonnes for non-
members. Non-Members recorded a higher expense for
rice cultivation per hectare ie. Rs.48492 compared to Rs
46650 for members. Expenses on human labour constitute
the highest percent 40 to 45% on the cost of rice
cultivation. Net return from rice cultivation per hectare
was Rs. 39200 as compared to only Rs. 29757 for non
members. The B: C ratio of members was 1.84 as compare
to 1.61 for members. About 27 members household goes
for rabi and summer crop cultivation earning on an
average Rs 26583 as compared to 16 farmers in case on
non-member and earning Rs.19170 per annum. High cost
of fertilizer and fertilizer non-availability as and when
required are the main problems of the member farmers
while high cost of fertilizer and poor extension contact
are main problem for the non-member farmers. As per
the knowledge gained through farmer club, it has been
found that 33 per cent of the farmers are highly satisfied
on knowledge regarding drum paddy seeder and its
operation, 35 per cent on use of conoweeder and 16
percent on good quality seed selection.

NATIONAL MISSION ON SUSTAINING THE
HIMALAYAN ECOSYSTEM – TASK FORCE ON
HIMALAYAN AGRICULTURE (NMSHE-TF6)

The pilot studies under the project were undertaken
on introduction of pulses under jhum and rice-fallow
system [Pigeonpea (UPAS 120), Urd bean (PU 31),
rice (R C Maniphou 7)], organic turmeric, maize +
groundnut/pulses intercropping, INM, IPM and SRI
were introduced for the first time through tribal sub
plan. Cultivation of Rabi vegetables and especially
legumes (lentil, pea and broadbean) were undertaken
to increase the cropping intensity and enhance the soil
fertility. In this pilot studies, we have successfully

established the rain water harvesting structure and
farmers harvested > 6 lakh liters of water. Introduction
of improved bred of poultry strain (Vanaraja), cross
breed of pig (Hampshire × Large Black) and Rani (pig
variety) as well as timely vaccination, feed supplement
and improved housing was done. Climate smart
technologies like preparation of early vegetable nursery
under low cost polytunneland organic turmeric
production were introduced. Income generating
secondary agricultural activities like mushroom
production, bee keeping and community based fruit
processing were popularized with an aim for agri-
preneurship development. Two integrated farming
system were developed in NMSHE village where
farmers are getting more than Rs 5.00 lakhs net returns.

Water samples were also collected from 10
monitoring sites across three different altitudes and
tested for different water quality. Maximum NO3 level
observed from Stream water, Senapati (1.4 ppm), NO2
from Loktak river (1.10 ppm), PO4 from Thongjaorok
river,  Bishnupur (2.2 ppm).

Fig 44. Integrated farming system developed in
NMSHE village Chandanpokpi, Chandel

Fig 45. Integrated farming system developed in
NMSHE village Sekmai Hijam Khunou, Thoubal
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Technology Commercialization
Two technologies namely, process for producing

feather protein hydrolysate (FPH) from chicken feather
waste using a novel efficient feather degrading native
bacterial strain Chryseobacterium sediminis, RCM-
SSR 7 and organic formulation (granular) for crop
production were commercialized. The Institute has
granted the non-exclusive and non-transferable license
to M/s GCC Biotech India Pvt. Ltd., New Delhi, India
and M/s Tulip Agritech, Surat, Gujarat, India,
respectively.

ICAR Recognized TSP Farmer for High Value
Integrated Farming System

Shri R. D. Peter, one progressive farmerfrom
PurulAkutpa Village, Senapati district, Manipur was
awarded “Jagjivan Ram Abhinav Kisan Puraskar 2016”
by ICAR for developing one unique integrated farming
system under Tribal Sub-Plan. His IFS model includes
high value enterprises and ensured profitability to the
tune of 1 : 6.49 within five years of establishment.

OUTREACH ACTIVITIES
During 2017, all total 35 training programmes

including 1 National training programme, 2 model
training courses, 5 gardeners skill training programmes
and 2 rural agricultural work experience programmes
were organized for various stakeholders covering more
than 1300 participants. In addition, all total 275.50 ha
area was brought under pulses, khasi mandarin,
citronella grass, lemon grass, pineapple and large
cardamom in 6 districts covering 160 beneficiaries.
Two demonstrations on oyster and shiitake mushroom
were also organized.

Table 8. Changes in water ecotopes and water quality of different monitoring sites

Monitoring Tem pH Alkalinity Dissolved NO3
- NO2

- NH4
+ PO4

-3 Cl-

Sites (°C) (ppm) oxygen (ppm) (ppm) (ppm) (ppm) (ppm)
(ppm)

Low Altitude (<800 m)
Thangmeiband pond, I West 21 7.8 70 3.80 0.6 0.09 <0.5 0.5 10
Langol bore well, I West 20 7.6 80 1.18 0.3 0.05 <0.5 0.4 20
Loktak lake, Bishnupur 24 7.5 40 6.40 0.4 1.1 <0.5 0.4 15
Thongjaorok river, Bishnupur 22 7.3 40 5.40 0.1 0.18 <0.5 2.2 10
Mid Altitude (800-1600 m)
Maha river, Chandel 22 7.6 70 5.60 0.1 0.05 <0.5 0.3 5
Stream water, Chandel 21 7.8 80 6.60 0.5 0.05 <0.5 0.2 10
Ponds, Chandel 20 7.4 40 5.40 0.3 0.08 <0.5 0.5 15
High Altitude (>1600 m)
Chuya spring, Senapati 18 6.7 40 7.40 0.1 0.03 <0.5 0.7 10
Stream, Senapati 16 6.1 40 7.80 1.4 0.04 <0.5 0.7 10
Kulu canal, Senapati 15 7.6 40 7.00 0.1 0.05 <0.5 0.5 10

Fig 46. Ceremonial Signing of MoU between Institute
and Two Companies

Fig 47.Shri R. D. Peter Receiving ‘Jagjivan Ram
AbhinavKisanPuraskar 2016’ Conferred by ICAR,

New Delhi

Fig 48. Special National Training on Advancement of
Seed Testing
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Fig 49. Model Training Course on “Integrated
Farming System for Sustainable Hill Agriculture: An

Option for Climate Smart Agriculture and NRM”

Fig  50. ICAR, Manipur Centre organized Five
numbers of 200 Hours Gardeners Skill Training

Programme under MIDH

Fig 51. Training Programmes on Hortculture under NEC funded project

Fig 52. Field visit programme for the farmers Fig 53. Director (Horticulture), Govt. of Manipur
Visiting Mushroom Exhibition at ICAR, Manipur

Centre

Fig 54. Observation of National Mushroom Day at ICAR, Manipur Centre
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MIZORAM

WEATHER REPORT
Daily weather observations were recorded at the

agro-meteorological observatory of ICAR Research
Complex for NEH Region, Mizoram Centre, Kolasib
during January to December 2017 (Fig 1). The total
amount of rainfall received during the period was
3603.10 mm with 150 rainy days (> 2.5mm per day)
and 3 extreme rainy days (> 100 mm per day). Rainfall
received during the monsoon season was 2112.20 mm
followed by pre monsoon (1123.10 mm), post
monsoon (362.00 mm) and winter (5.80 mm) season.
The mean TMax varied from 30.9 to 33.40C in April
and October respectively while mean TMin varied
between 9.5 to 11.5°C in January and February
respectively. The highest (33.4°C) and lowest (9.5°C)
maximum temperatures were observed on 17th July
and 14th January, 2017, respectively. The RH-morning
was lesser than the RH-evening which varied from
85% (April) to 96% (September) while the RH-
evening varied from 42% (February) to 83% (July and
August). Southerly to South-Easterly was most
prevalent throughout the year. The Average bright
sunshine hours (BSH) varied from 3.3 to 4.8 hour
during monsoon months (June to September) and 6.0
to 7.1 hour during October to December.

Impact of Shifting Cultivation on Soil Organic
Carbon

Shifting cultivation with variable fallow periods
were selected in Kolasib District of Mizoram. Surface
(0-10 cm) and sub-surface (10-20 cm) soil samples
were collected. Soil was collected before burning (BB)
the slash vegetation, 45 days after burning (AB) and
during the harvesting of local rice (Trai). Total organic
carbon (TOC) concentration significantly (P < 0.05)

increased with the increase in fallow periods from F3
to F23 (Fig 2). Burning (AB) reduced the average TOC
concentration significantly (P< 0.05) across fallow
periods over 17% in surface soils compared to before
burning (BB: 30.4 mg/g). On cultivation of rice, the
TOC further reduced by 12%. Similar decreasing trend
(P< 0.05) in TOC was also observed in sub-surface
soils.

Note: Bars represent standard error (SE). Different upper case
letter are significantly different (P<0.05) between fallow
period within the same stage of shifting cultivation. BB:
Before burning; AB: After burning; H: Harvesting; F23: 23
year fallow; F21: 21 year fallow; F14: 14 year fallow; F10: 10
year fallow; F6: 6 year fallow; F3: 3 year fallow.

RICE

Evaluation of different genotypes of rice under
upland conditions of Mizoram

Eight different varieties of rice were evaluated to
check the performance on growth and yield during
Kharif 2017 (Fig. 3). Naveen recorded the highest
number of tillers (15.55) whereas Bhalum3 recorded
(10.66) the lowest (Table 1). The highest number
(13.52) of panicles was observed in CAUR2. The
tallest plant was observed in Bhalum2 (144.66 cm)
whereas lowest plant height (96.32) was found in
CAUR2. The highest grain yield was observed in
Bhalum1 (3.96 t/ha) and Naveen (3.55 t/ha), whereas
the lowest grain yield was observed in Idaw (1.09 t/
ha). The highest and lowest test weight was found in
Idaw (17.69 g) and Bhalum4 (8.33g), respectively.

Fig 1. Mean monthly weather condition recorded at
ICAR Research Complex for NEH Region, Mizoram

Centre, Kolasib during 2017

Fig 2. Variability of TOC in post burn cultivation and
fallow period

Fig 3. Performance of rice varieties (a) Iuron and (b)
Bhalum3 in upland of Mizoram
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Evaluation of different genotypes of rice under
lowland conditions of Mizoram

An experiment was conducted during Kharif 2017
to determine the yield and production potential of 16
rice varieties under lowland conditions in Mizoram
(Fig 4). The tallest plant was observed in Buhmawi
(163.32 cm) among the genotypes tested (Table 2).
More number of tillers per plant and panicles per plants

Table 1. Growth and yield of different rice genotypes in upland condition of Mizoram

Varieties Tillers Panicles Plant height Grain yield Biological Harvest Test weight
/ plant / plant  (cm) (t/ha) yield (t/ha) index (g)

Naveen 15.55 10.45 109.35 3.55 7.55 0.32 9.09
Khoujaiphou 12.52 10.95 130.95 2.58 7.01 0.27 10.65
Idaw 13.75 11.65 133.99 1.09 6.96 0.14 17.69
Bhalum1 18.35 10.13 130.30 3.96 7.15 0.36 13.05
Bhalum2 15.15 12.45 155.55 2.85 4.98 0.36 8.93
Bhalum3 10.66 11.72 120.77 2.95 5.09 0.37 8.33
CAUR2 13.91 13.52 96.32 2.95 6.56 0.31 10.69
Iuron 13.77 12.89 101.03 2.36 5.03 0.32 16.55
SE(m) ± 0.89 0.24 0.76 0.98 0.69 1.09 0.51
CD (P=0.05) 1.82 0.59 1.59 1.53 1.98 2.21 1.09

Table 2. Yield and yield attributes of different rice varieties in lowland of Mizoram

Varieties Tillers Panicles Plant height Grain yield Biological Harvest Test weight
/ plant / plant  (cm) (t/ha) yield (t/ha) index (g)

Shasarang 6.43 9.10 118.01 1.55 6.39 0.20 18.25
Buhmawi 8.32 8.01 163.32 2.23 6.85 0.25 16.95
Khawbungbuh 7.77 7.96 150.92 2.59 7.29 0.26 18.15
Chhunpawlh 6.52 7.02 160.35 3.02 8.33 0.27 19.35
RCM9 5.39 8.11 113.12 2.33 7.65 0.23 19.45
RCM10 8.46 9.45 125.36 2.51 8.21 0.23 20.15
RCM13 10.23 10.25 119.25 2.15 8.15 0.21 18.51
CAUR1 7.99 9.35 120.52 2.02 5.33 0.27 19.11
NLR7 7.59 8.69 138.56 2.09 5.15 0.29 18.15
NLR1 12.24 9.20 129.21 2.85 8.56 0.25 18.33
NLR2 10.45 7.55 120.13 2.33 6.19 0.27 16.59
NLR3 9.25 8.36 120.11 2.65 5.63 0.32 18.13
NLR4 9.59 8.99 135.75 1.83 5.69 0.24 17.15
NLR5 7.89 7.45 123.12 2.91 6.95 0.30 18.95
NLR6 9.36 10.23 166.79 2.09 6.55 0.24 15.11
Gomati 12.69 11.23 115.10 3.67 9.00 0.29 18.15
SE(m)± 0.11 0.05 0.56 0.05 0.05 0.06 0.32
CD(p=0.05) 0.31 0.18 1.12 0.11 0.12 0.18 0.72

Fig 4. Performance of rice varieties (a) Gomati and
(b) RCM9 in lowland of Mizoram

a b

were observed in Gomati (12.69) and NLR1 (12.24)
whereas the lowest was recorded in Shasarang (6.43).
The highest grain (3.67 t/ha) and biological yield (9.00
t/ha) were recorded from Gomati. However, the highest
harvest index was recorded in NLR3 (0.32) and 1000
seeds weight was found in RCM10 (20.15 g).

MAIZE

Evaluation of different maize varieties under
Mizoram condition

Four varieties of maize including composite and
hybrid were sown during Kharif 2017 to evaluate the
performance in terms of growth and yield under
Mizoram condition (Fig 5). DA61A was the tallest
(276.8 cm) followed by RCM75 (264.2 cm), HQPM1
(245 cm) and RCM76 (229.2 cm), respectively (Table
3). However, the maximum number of cobs per plant



109ICAR RC NEH ANNUAL REPORT 2017

was found under RCM76 (1.8) followed by HQPM1
and RCM75 which produced similar numbers of cobs
per plant (1.6) and lowest was found under DA61A
(1.4). Varieties RCM76, HQPM1 and RCM75
produced the heavier weight of cobs in the range of
135.8-137.4 gm while DA61A (107.4 gm) produced
lighter cob weight. Length of the cob was highest in
RCM75 (18.6 cm) and RCM76 (18.34 cm). The
highest yield was produced by RCM76 (5.72 t/ha) and
RCM75 (5.11 t/ha).

Evaluation of different soybean and green gram
varieties in intercropping with maize

Soybean (cv. JS335) and green gram (cv. Tripura
Muskali 1) was intercropped with maize in different
row ratio (i.e. 1:1 and 1:2) during Kharif 2017 (Fig
6). The sole crop of soybean produced the plant height
(98.8 cm) and green gram (73.4 cm) but the lowest
(54.21 cm) was found under 1:2 ratios for both the

crops (Table 4). Similarly, the yield attributes like
numbers of pods per plant and seeds per plots were
also higher in sole crops than intercrops. Sole soybean
produced 238 no. of pods and 2.24 no. of seeds per
pods whereas sole green gram produced 29.05 and 9.65
no. of pods and no. of seeds per pods, respectively.
Intercropping with maize could not produce higher
yield of soybean and green gram. Sole crops of
soybean (19.89 q/ha) and green gram (9.17 q/ha)
produced the maximum yield followed by 1:1 ratios
of intercropping with maize. The highest yield was
found under sole crop of soybean (59.09 q/ha) and
green gram (30.26 q/ha).

OAT

Evaluation of fodder Oat var. Kent for dry matter
production in first harvesting and ratooned under
Mizoram conditions

Fodder oat variety Kent was sown during the first
week of December 2016 to check the production

Table 3. Yield and yield attributes of different maize varieties Mizoram

Variety Height Nos. of Weight Cob length Rows Grains Girth length Grain yield
(cm) cobs/plant /cobs (g) (cm) /cob /row (cm)  (t/ha)

HQPM1 245.0 1.60 135.80 14.60 14.00 31.80 14.72 4.63
RCM75 264.2 1.60 133.00 18.68 13.20 36.40 13.34 5.11
RCM76 229.2 1.80 137.40 18.34 14.16 36.80 13.88 5.72
DA61A 276.8 1.40 107.40 15.38 12.80 33.20 13.56 4.78
SE(m)± 5.2 0.11 5.08 0.28 0.32 0.94 0.17 0.08
C.D(p=0.05) 16.0 0.34 15.65 0.87 0.98 2.90 0.54 0.25

Fig 5. Performance of maize varieties (a) RCM76 and
(b) DA61A

a b

Table4. Effect soybean and green gram on growth and yield intercropped with maize

Treatments Height Nos. of Seeds Test weight Seed yield Stover yield
(cm) pods /pod (g) (q/ha) (q/ha)

Sole soybean 98.80 238.00 2.24 111.54 19.89 59.09
Sole green gram 73.40 29.05 9.65 25.71 9.17 30.26
Maize : Soybean (1:1) 88.00 167.40 2.16 109.24 10.21 27.27
Maize : Green gram(1:1) 58.75 24.65 8.99 24.39 4.80 12.57
Maize : Soybean (1:2) 86.00 175.10 2.18 106.32 13.11 37.23
Maize : Green gram (1:2) 54.21 21.51 8.21 24.20 6.21 20.53
Sem(±) 1.84 7.89 0.22 0.38 0.18 0.42
CD(p=0.05) 5.46 23.28 0.66 1.13 0.57 1.25

Fig 6. Performance of soybean and green gram
intercropped with maize
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potential in 1st harvesting and ratooning under
Mizoram condition for the purpose of fodder (Table
5). First harvesting was done on 28th of February, 2017
while harvesting of ratooned was done on 15th of April,
2017. The variety performed better in 1st harvesting
whose plant height was 130 cm whereas it was 90.4
cm under ratooned. Number of tillers per square meter
was 335.2 and 312.2 after 1st harvest and ratooned,
respectively. Fresh fodder yield was 30.5 t/ha under
1st harvesting and 21.6 t/ha under ratooned. Dry fodder
yield was 8.47 t/ha and 5.38 t/ha under 1st harvesting
and ratooned, respectively.

Table 5. Performance of oat var. Kent in Mizoram
condition

Height Nos. of Fresh dry Dry
(cm) tillers matter matter

/m2 yield yield
(t/ha) (t/ha)

1st harvesting 130.0 335.2 30.5 8.47
2nd harvesting 90.4 312.2 21.6 5.38

PULSES

PEA

Evaluation of growth and yield parameters of pea
under Mizoram condition

Pea cultivars (PO1, PO2, PO3, PO4, PO5, PO6,
PO7, Vikas, HUDP15 and Arkel) were sown on last
week of November during 2016 (Fig.7). All varieties
took 4-6 days for germination. PO1 (42.70 days) took
least days in 50% flowering among all varieties, while
PO6 (66.70 days) and PO5 (66.0 days) took the longest

duration for 50% flowering (Table 6). The highest
plant height was recorded in PO2 (149.50 cm),
whereas PO1 (59.30 cm) produced the lowest plant
height. Vikas and Arkel (23.30) recorded the maximum
number of pod per plant but the highest number of
seeds per pods was found in PO3 (7.2). The highest
seed yield was recorded in Arkel (23.20 q/ha) and
HUDP15 (21.70 q/ha) while PO1 (9.70 q/ha) produced
lowest grain yield. The highest biological yield was
obtained under Arkel (92.50 q/ha) while PO1 (38.70
q/ha) recorded the lowest.

Table 6. Growth and yield of different pea varieties under Mizoram condition

Variety Days to 50% Plant Nos. of Nos. of Pod Seed Grain Biomass
flowering height pods/ seeds length index yield yield

(cm) plant / pods (cm) (g) (q/ha) (q/ha)

PO1 42.70 59.30 16.90 6.20 7.20 17.50 9.70 38.70
PO2 60.30 149.50 21.50 6.30 6.40 16.10 14.30 71.50
PO3 43.70 141.30 20.30 7.20 6.30 15.40 13.50 64.50
PO5 66.00 80.60 20.80 6.70 6.80 17.50 13.30 55.10
PO6 66.70 79.40 20.60 6.70 7.20 17.30 13.80 64.40
PO7 52.30 73.00 20.00 6.00 6.80 15.40 13.50 69.20
VIKAS 49.70 102.70 23.30 5.90 7.20 20.80 17.80 85.10
HUDP15 45.30 104.80 21.30 6.70 6.80 20.90 21.70 89.10
ARKEL 45.00 102.50 23.30 6.80 6.70 20.70 23.20 92.50
SE(m)± 0.60 4.80 0.50 0.10 0.10 0.30 1.00 4.30
C.D.(p=0.05) 1.66 14.40 1.60 0.30 0.33 0.97 3.06 12.97

Fig 7. Different pea varieties P06, HUDP-15 and
Vikash in Mizoram condition
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Evaluation of pea in zero tillage and minimum
tillage under Mizoram conditions

Two varieties of pea (cv. HUDP15 and Vikash)
were evaluated under zero and minimum tillage
condition (Fig 8). Variety HUDP15 (51 days) under
one time tillage took the least numbers of days for
50% flowering followed by one time tillage (Vikash)
(Table 7). Both the varieties under one time tillage
produced taller plant (102.2 cm for Vikash and 100.80
cm for HUDP15) than zero tillage. Number of pods
and seeds per pod were higher under minimum tillage
than zero tillage. One time HUDP15 produced
maximum number of pods per plant (19.8), seeds per
pod (8.80) and pod length (7.42 cm) followed by
Vikas. The highest seed yield was recorded under
minimum tillage HUDP15 (15.58 t/ha) followed by
Vikash (14.57 q/ha). Similarly, minimum tillage of
HUDP15 (65.23 q/ha) produced maximum yield
followed by Vikash (58.16 q/ha). But there is no
difference in seed index under zero tillage and
minimum tillage of HUDP15 and Vikash.

LENTIL

Evaluation of growth and yield parameter of Lentil
The lentil cultivars were sown on first week of

December, 2016 (Fig 9). The number of days taken for
50% flowering was the lowest in IPL316 (42.70 days)
(Table 8) whereas it was the longest duration for  LO3
(70.0 days).The tallest plant was recorded under IPL406
(60.00 cm) but LO7 produced the shortest plant among

the varieties. Maximum number of pods per plant was
recorded under LO1 (69.5) while LO6 (40.5) produced
the lowest number of pods per plant. All the varieties
produced the same number of seeds per pod (range 1.7-
1.9). The highest grain yield was recorded under LO1
(13.90 q/ha) while LO6 (7.5 q/ha) produced the lowest
grain yield. The maximum biological yield was found
under LO9 (64.7 q/ha).

Evaluation of Lentil under zero, minimum tillage and
conventional tillage under Mizoram condition

Lentil variety HUL57 was sown under three different
types of land configuration i.e. zero, minimum tillage
(minimum) and conventional tillage during Rabi season
under Mizoram conditions (Fig 10). All the parameters
including yield of the lentil were superior under
conventional tillage over minimum and zero tillage. The
minimum days to reach 50% flowering found under
conventional tillage (58 days) than zero tillage (67 days)
(Table 9). The tallest plant was recorded under
conventional tillage (58.65 cm) followed by minimum

Table 7. Performance of pea under different tillage condition in Mizoram condition

Particulars 50% Height Pods Seeds Pod length Seed Seed Stover
flowering (cm) /plant /pod (cm) index yield yield

(g) (q/ha) (q/ha)

Zero tillage (HUDP15) 58.60 86.40 9.20 6.40 6.44 19.92 9.82 33.08
Zero tillage (Vikas) 64.00 64.80 8.60 5.60 6.32 20.10 8.40 29.66
One time Tillage (HUDP15) 51.40 100.80 19.80 8.80 7.42 20.52 15.58 65.23
One time Tillage (Vikash) 55.40 102.20 17.00 7.40 6.76 20.67 14.57 58.16
Sem(±) 0.40 3.62 0.95 0.13 0.08 0.32 0.24 1.02
CD(p=0.05) 1.18 10.67 2.82 0.39 0.25 NS 0.71 3.02

Fig 8. Performance of pea varieties HUDP15 and
Vikash under zero tillage

Fig 9. Performance of different lentil varieties
HUL57, L07 and L06

Fig 10. Performance of Lentil HUL57 varieties Zero
tillage and conventional Tillage in different tillage

condition of Mizoram
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tillage and zero tillage. The highest number of pods per
plant (73.21) and seeds per plot (1.9) was found under
conventional tillage. Conventional tillage produced the
maximum seed yield of 10.12 q/ha. Stover yield under
conventional tillage was maximum (50.12 q/ha) as
compared to 19.65 q/ha of zero tillage, respectively.

SOYBEAN

Effect of lime and fertilizer interaction on soil
health and yield of Soybean (JS 335)

To explore the effect of fertilization and lime
combination on soil health and yield of soybean
(JS335), an experiment was conducted in the terrace
land of ICAR research farm during 2017. The study
was laid out in a factorial RCBD consisting of 10
treatment combinations, where, soybean (JS335) was
sown during August and harvested during the last week
of November. The fertilization treatments include T0-
Absolute control, T1-NPK @ 10:30:20, T2- NPK @
20:60:40, T3- F1+FYM@ 2.5 t/ ha and T4-
F1+vermicompost@ 2.5 t/ ha and lime treatments
include L0- No Lime and L0- Lime @ 500 kg/ ha. While
there was a marginal effect for different dose of
fertilizers, lime exerted a significant effect on the soil
organic carbon and yield of soybean. Lime application
was found suitable to improve the soil health and yield
of soybean in acidic degraded terrace soil (Table 10
and Fig 11).

Table 10. Effect of fertilizer and lime interaction
on soybean (JS335)

pH Grain Yield OC
t/ha  (%)

L0 T0 39.33 16.60 0.63
T1 42.21 17.06 0.62
T2 43.68 18.25 0.83
T3 46.27 18.48 0.88
T4 46.83 22.98 0.89

L1 T0 42.94 22.42 0.95
T1 47.11 22.96 0.99
T2 48.74 23.20 1.00
T3 52.43 23.45 1.11
T4 54.03 24.31 1.01

L (F value) 30.19** 34.16** 35.70**
F  (F value) 11.60** 3.30* 4.10*
LxF(F value) 0.38ns 1.14ns 1.40ns

PH: Plant height; OC: soil organic carbon; ** significant at 1 % level and
* significant at 5 % level; L0: No lime; L1: Lime @ 500 kg/ha.

Table 8.Growth and yield attributing characters of lentil under Mizoram condition

Variety Days to Plant Nos. of Nos. of Test Grain Biomass
50% height pods seeds/pods weight yield yield
flowering (cm) /plant (g) (q/ha) (q/ha)

LO7 45.70 34.70 66.20 1.90 16.40 13.10 62.60
LO6 61.30 52.20 40.50 1.90 18.40 7.50 47.70
IPL316 42.70 50.60 52.70 1.70 20.30 10.60 54.30
HUL57 59.00 57.70 54.30 1.90 23.40 9.00 48.50
LO1 69.30 44.80 69.50 1.70 15.10 13.90 64.40
VL42 57.70 50.50 61.60 1.70 30.00 11.10 58.60
LO9 65.30 48.90 67.70 1.90 22.60 13.50 64.70
LO3 70.00 52.30 46.90 1.70 29.50 7.90 46.50
IPL406 63.30 60.00 53.50 1.70 33.20 11.70 54.20
SE(m)± 0.90 1.30 4.60 0.10 0.60 1.30 3.40
C.D.(p=0.05) 2.61 3.90 13.80 NS 1.70 3.77 10.18

Table 9. Performance of lentil under different tillage condition in Mizoram

50% Height Pods Seeds Test Seed Biomass
flowering (cm) /plant /pods weight (g) yield (q/ha) yield (q/ha)

Zero tillage 67.00 46.12 22.40 1.68 22.29 4.43 19.65
Minimum tillage 65.00 48.69 39.46 1.76 22.17 6.44 32.45
Conventional tillage 58.00 58.65 73.21 1.90 23.00 10.12 50.12

Fig 11. Harvested soybean of different treatments
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HORTICULTURE

MANGO

Physical and chemical characterization of local
mango germplasms of Mizoram

Thirty five mango germplasms were collected
from different parts of Mizoram based on fruit
shape, fruit size and fruit colour (Fig12). The fruits
were carefully cleaned from foreign materials,
wrapped and keep at room temperature for ripening.
Collected fruits were analysed for physicals and
chemicals parameters. The different shapes and
colours of mango were observed. The fruit weight
ranged from 48 to 468 g, the maximum fruit weight,
fruit  length, fruit  width was recorded from
Thimgdawl area of Kolasib. The fruit TSS ranged
from 7.3 to 16.330 Brix was found from collected
mango fruits. The maximum fruit TSS (16.330Brix)
was recorded from Veng area of Kolasib district.
The acidity content in the collected samples ranged
from 0.24 to 3.76% and ascorbic acid ranged from
3.2 to 16 mg/100g of pulp. The total carotenoids
ranged from 0.0038 to 0.032 mg/100 gram of mango
pulp.

DRAGON FRUIT

Standardization of package and practices of dragon
fruit under Mizoram condition

Dragon fruit variety Commercial Red was planted
at ICAR Research farm at different spacing of 2×2 m,
2×3 m and 2×3.5 m (Fig 13). Three plants were planted
in one pit around the cement pole. The growth of
dragon fruit was observed at different spacing and
manures treatments. The result revealed that  applying
NPK @ 25-75-75 g/plant along with FYM (2 kg/plant)
and vermicompost (1 kg/plant) significantly improved
growth and more no. of branches compared to other
treatment combinations. Dragon fruit started fruiting
from 18- 24 months after planting (Fig 14). Dragon
fruit become ready for harvesting in 30-35 days after
flowering.

Diseases of dragon fruit
Three isolates of four pathogens (anthracnose, soft

rot, fruit black rot and fruit red rot), were used for
conducting pathogenicity test (Fig15). After 15 days
of inoculations, disease symptoms i.e., rooting and
lesions of black streaks were developed which showed
significant differences among all isolates. Soft rot
(Erwninia spp.) appeared on inoculated plants which
became more drastic after 30 with lesion length (9
mm). Severe red and black rotting was exhibited by
isolates isolated from red and black spot. The plants
artificially inoculated with the fungi were re-isolated
and confirmed pathogenicity.

Fig 12. Diversity of mango germplasms in
Mizoram

Fig 13. Growth performance of dragon fruit under
Mizoram climatic condition

Fig 14. Flower bud emergence and fruiting of dragon
fruit
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JACKFRUIT

A unique jackfruit clone
A clone of jackfruit MZJF1 was selected from

Kolasib, Mizoram having unique traits. The clone
starts flowering and fruiting very early during winter
months (November - February), thereby, it was found
to be off-season variety with no presence of jackfruit
fruits during that period in the market. The tree was
recorded to have 50-60 big sized fruits ranging from
6.5-14.3 kg (Fig 16). The average fruit length and
breadth ranged from 25.5-38.5 cm to 17.5-22 cm. This
clone was liked by the local people due to more tasty
having very high TSS and pleasant aroma. This clone
has very good market potential during off-seasons both
as ripe and immature fruits. Immature fruits can be sold
at Silchar, Assam market for vegetable purpose with
premium price as there is huge demand for the same.

Jackfruit chips
For preparation of jackfruit chips fully mature fruit

was selected and cleaned with water. The bulbs were
collected from fruit, removed seed from the bulb and

cut into slices. The cut slices were blanched in water
for 5 min for checking enzymatic activity. The slices
were dried in shade for absorbing less oil in subsequent
frying. After drying, the slices were fried in the mustard
oil and stirred with narrow wooden stick. When the
slices were obtained in light yellow colour, the fried
chips were put out from saucepan. The prepared chips
were mixed with salt and spices in a bowl. After this,
the processed products were packed in packaging
materials (Fig 17). Flow chart for preparation of
jackfruit chips is depicted in Fig 18.

Fully mature jackfruit
↓

Washing
↓

Peeling
↓

Cut into cm slices
↓

Blanching for 5 minutes (95o C)
↓

Sieving
↓

Drying
↓

Frying in Mustard oil
↓

Salting and spicing
↓

Packaging
↓

Storing the product at room temperature (25-30o C)

Fig 18. Flow diagram for the preparation of fried
jackfruit chips

STRAWBERRY

Evaluation of Strawberry cultivation in Mizoram
Two strawberry varieties viz., Nabila and Ofra were

evaluated at ICAR research farm at spacing of 60×30
cm (Fig 19). The results revealed that the Ofra recorded
more plant height (14 cm) and TSS (8.3oBrix) than
Nabila (Table 11). The number of leaves, fruit weight,
fruit length and fruit width was recorded maximum in
Nabila (Table 11).

Fig 15. Different diseases of Dragon fruit (Hylocereus
spp.) in Mizoram and their conformity through
identification and pathogenecity test a) pure culture of
DF RB-1 (Fusarium pallidoroseumc) b) symptom
developed after inoculation of DF RB-1 and c) pure
culture of DF RB-2,Thielaviopsis paradoxa d) DF RB-2
d) Symptom developed after inoculation of DF RB-2, e)
pure culture of red spot, Fusarium culmorum f) symptom
developed after inoculation of red spot g) pure culture
of soft rot of bacteria, Erwinia spp h) symptom developed
after inoculation of isolate from soft rot

Fig 16. Jackfruit clone during fruiting, weighing and
the pulp

Fig 17. Jack fruit slices, chips frying and packed jack
fruit chips
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TOMATO

Species composition of fruit flies in tomato cultivars
Among fruit fly species Zeugodacus tau was the

most common species in all the cultivars (66.67 to
100 %) (Table 12). The other species detected
[Bactrocera correcta (Bezzi), B. dorsalis (Hendel) or
B. latifrons (Hendel)]occurred less frequently (0.0 to
33.3%). Cultivars Pusa Rohini, Emerald, Arka Alok,
Nun 7610, Bhulaxmi, 9005Siri, Badshah, Alankar and
Swaraksha were infested only by Z. tau and this species
alone found infesting 85.7% of fruit in cv. Jessica and
JK Akshay and 66.7 % in cv. Chiranjeevi.

Table 12. Species composition of fruit fliesin tomato
cultivars

Cultivar Species composition (%)

Zeugodacus tau Other speciesa

Pusa Rohini 100.0 0.0
Emerald 100.0 0.0
ArkaAlok 100.0 0.0
Nun 7610 100.0 0.0
Bhulaxmi 100.0 0.0
9005Siri 100.0 0.0
Badshah 100.0 0.0
Alankar 100.0 0.0
Swaraksha 100.0 0.0
Jessica 85.7 14.3
JK Akshay 85.7 14.3
Chiranjeevi 66.7 33.3

aBactrocera correcta, B. dorsalis and B. latifrons

OKRA

Field evaluation of parasitoids against sucking
pests of Okra

Encarsia guadalopae was found to be the most
effective parasitoid in the reduction of sucking pests
(whitefly) populations both after 60 days of first
(78.1%) and second releases (96.9%) followed by E.
meritoria (Table 13) in both the releases (67.0 and
94.6%, respectively) three species of parasitoids
evaluated. Sixty days after second release, all the three
species of parasitoids were found to be more effective
causing >90% reduction in whitefly population.

BRINJAL

Wilt resistant test for Brinjal
Brinjal wilt causing pathogen Fusarium oxysporum

f. sp. melongenae (Fom) was isolated from infected
plants. For  wilt resistance tests, fifty lines (ICAR-
NBPGR, New Delhi, ICAR- NBPGR, Regional Station,
Hyderabad) were collected from ICAR RC NEH,
Manipur and twenty five landraces of brinjal, 3 landraces
of Samtrok (Solanum aetiopicum), one landraces of
Sentiderm (Solanum macrocarpon) and one S. incanum
were grown at both glass house and field conditions. The
12 lines showed no symptom, 16 lines showed half of
the leaves wilted and 62 lines showed wilt and dead (Fig
20 and 21) among 90 lines tested for resistance to wilt.

Table 11.  Evaluation of two strawberry varieties under Mizoram conditions

Varieties Plant height (cm) No. of leaves Fruit weight (g) Fruit length (cm) Fruit width (cm) TSS (0B)

Nabila 13.33 56 26.45 4.34 3.90 8.0
Ofra 14.00 44 11.62 3.94 2.51 8.3

Fig 19. Performance of strawberry varieties (a)
Nabila and (b) Ofra

Fig 20. Fom resistance screening in sick plot technique
of different landraces of brinjal and their wild relatives
in glass house condition
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ANTHURIUM

Performance of anthurium under Mizoram
condition

There is significant influence in overall
performances of anthurium plants due to antagonist,
bio stimulator and botanical extract on plant growth
attributes and diseases reduction (Table 14). Among
the different treatment combinations, the maximum

plant height (46.52 cm), plant spread (67.02cm),
number of leaves (15.02), leaf length (36.15 cm), leaf
breadth (35.15 cm), leaf areas (1199.37 cm2) and
number of suckers (5.9) were recorded in treatment
T9.The treatment T7:T4+ Foliar spray with
Trichoderma harzianum was the best performer among
ten treatments in terms of reduction in disease severity
and enhancement of growth and flower characters
(Table 14). When bio-agents and chemicals were
applied alone, control did not perform satisfactorily
in disease reduction and flower characters.

VEGETABLE ENTOMOLOGY

Evaluation of bio-intensive pest management
(BIPM) for fruit flies in vegetable ecosystems

Four modules were evaluated against fruit flies,
module 2 [Sanitation + male annihilation technique
(15 traps/ha) + spinosad bait spray + Neem oil 5%
(1.0 ml per litre) + B. bassiana@ 2×109 conidia/ml
(2.0 g/l)] recorded a lesser population (3.24/20fruits)
compared to untreated check (38.45/20fruits). The per
cent reduction of fruit flies population over control
was maximum in module 1 and module 2 than module

Table 13. Field evaluation of parasitoids against major insect pests of vegetable crops

Predators Pre count Per cent reduction of A. dispersus*  (Days after release)
(No. per
leaf) First release Second release

7 15 21 30 7 15 21 30

Encarsia guadeloupae 122.8 16.1a 40.6a 62.5a 78.1a 80.7a 91.3a 95.2a 96.9a

Encarsia meritoria 115.6 11.9ab 36.8b 53.9b 67.0b 79.0b 84.2b 92.1b 94.6b

Encarsia haitiensis 122.4 9.0b 27.1c 45.8c 61.1c 71.5c 79.6c 88.6c 92.8c

Control 118.2 0.0c 0.0d 0.0d 0.0d 0.0d 0.0d 0.0d 0.0d

Fig 21. Fom resistance screening in sick plot technique
Note: Inner circle represent the number of accessions that scored

as resistant (score 0–2) using the 0–2 scoring system. The
numbers of resistant accessions in each respective category
are shown

Table 14. Effect of different antagonist, bio-stimulators and chemical on cv. Pistache under shade house
(85%) conditions in Mizoram

Treatments Percent disease index (PDI) Mean disease reduction (%)

T1: Sucker Dip with T.harzianum 62.05±1.23ef 13.28
T2Sucker Dip with Pseudomonas fluorescens 61.53±2.02ef 14.00
T3Sucker Dip with ABM+ Streptocycline 59.13±3.26ef 17.36
T4T1+ soil drenching with T. harzianum 53.12±1.96de 25.76
T5T2+ soil drenching with P. fluorescens, 52.23±3.96d 27.00
T6T3 + soil drenching with ABM + Streptocycline 47.23±3.26c 33.99
T7T4+ Foliar spray with  T. harzianum, 15.05±3.26a 78.97
T8T5+ Foliar spray with  P. fluorescens 20.35±2.67b 71.56
T9T6+ Foliar spray with  ABM + Streptocycline 22.16±0.96b 69.03
T10control 71.55±4.98f 0.00

Note: All the figures shown in the table are average of four replications (n=16) and data bearing same alphabets are not significantly
different in 5%probability level based on DMRT.
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4 [Sanitation + male annihilation technique (15 traps/
ha) + Neem oil 1% (1.0 ml per litre) + spinosad spray].
Maximum yield was recorded from module 2
compared to untreated check. The net profit and
benefit cost ratio (BCR) were also higher in module 2
than the module 4. BCR ranked in the order of
superiority as BIPM module (1: 3.11) > farmer practice
(1: 2.42).

Feeding Efficiency of two Native Coccinellids,
Propylea dissecta and Harmonia sedecimnotata

The coccinellid species, life stages and the
interaction were having statistically significant effects
on the total consumption, per-day consumption and
percent consumption of A. gossypii by coccinellid
predatory beetles.

Total consumption
The differences between coccinellid species (F =

8237.26; df = 2; P < 0.000), life stages (F = 8237.26;
df = 2; P < 0.000) and the interaction (F = 8237.26; df
= 2; P < 0.000) were statistically significant. Total
consumption for different stages of P. dissecta and H.
sedecimnotata on prey (A. gossypii) is statistically
significant (Fig 22). The feeding efficiency of P.
dissecta and H. sedecimnotata increased with as
advancement in each developmental stage.

NB: Data in interaction analysed with Least Squares Means and
means separated with standard error of the mean at P<0.01.

Percent consumption
The differences between coccinellid species (F =

8237.26; df = 2; P < 0.000), life stages (F = 8237.26;
df = 2; P < 0.000) and the interaction (F = 8237.26; df
= 2; P < 0.000) were statistically significant (Fig 23).
The percent consumption ranged from 31.83 to
60.86% for H. sedecimnotata and 36.50 to 84.90 %
for P. dissecta, being higher in P. dissecta and lower
in H. sedecimnotata.

FISHERIES

Evaluation of growth of genetically improved
farmed Tilapia

The growth performance of genetically improved
farmed tilapia (GIFT) was evaluated in the earthen
pond of ICAR fishery farm (Fig 24). The survival rate
of approximately 85% was observed during
transportation of the seed. The spawn were then
stocked in six separate hapas of 2×1×1 m size each at
a high stocking density of 354/hapa for nursery rearing.
The initial size of the fish was observed to be 21.61
mm in length and 0.0989 g in weight (Table 15). The
fish were fed @ 5% of the biomass body weight using
conventional rice bran and mustard oil cake mixture
at 1:1 ratio. The feeding rate was reduced subsequently
to 3% of the biomass body weight and the growth rate
was monitored by sampling at regular interval. The
growth performance was found to be high in the pond
indicating the suitability of the species in the local
condition. High stocking density maintained during
the nursery rearing resulted in reduced growth rate.

Table 15. Growth performance of GIFT during
nursery rearing in hapa

Days Length (mm) Weight (g)

Initial size 21.61 0.098
Month 1 36.23 1.530
Month 2 67.68 10.030
Month 3 92.61 21.270

Fig 22. Total number (±SE) of prey (Aphis gossypii)
consumed by (a) larval instar and (b) adult beetles of

two native coccinellids, Propylea dissecta and
Harmonia sedecimnotata.

Fig 23. Percent consumption (Mean±SE) of prey
(Aphis gossypii) by (a) larval instar and (b) adult

beetles of two native coccinellids, Propylea dissecta
and Harmonia sedecimnotata

Fig 24. Sampling of GIFT during nursery rearing and
GIFT fry
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Fish diversity assessment from different rivers of
Mizoram

The diversity of fish in two major rivers, Tlawng
and Tuipuirivers of Mizoram were assessed. Sampling
locations were selected considering the physical
habitat differences existing in the river and sampling
was carried out with the help of local fisherman (Fig
25). Fishes were collected using cast net and other
available fishing gears including fishing trap and hook.
The collected fishes were fixed in 10% formalin which
was later preserved in 70% alcohol for further
examination. A total of 29 fish species belonging to
12 families were recorded from Tlawng river with 6
species identified to have a potential for culture while
14 species possessed high ornamental values (Table
16). Out of the 29 fish species collected, Botia rostrata
is listed as “Vulnerable” while three species including
Tor tor, Poropuntius clavatus and Glyptothorax

striatus falls in “Near Threatened” category as per
International Union for Conservation of Natural
(IUCN) resources red list indicating the need for
conservation of the indigenous fishes (Fig 26). Fishes
belonging to cyprinidae family was found to be
dominating whereas, Olyra species was marginal in
the river. Two species of catfish was also observed
which however could not be identified.

In Tuipui river, twenty two (22) fish species
belonging to 9 families were recorded out of which 4
species were identified to have potential for culture
while 13 species were found to possess high
ornamental value (Fig 27 and Table 17).

Table 16. Fish diversity in Tlawng river, Mizoram

S/ Fish species Family Con.
N status

1 Channa orientalis Channidae NE
2 Channa gachua Channidae LC
3 Channa striatus Channidae LC
4 Badis badis Badidae LC
5 Danio dangila Cyprinidae LC
6 Danio rerio Cyprinidae LC
7 Devario aequipinnatus Cyprinidae LC
8 Poropuntius clavatus Cyprinidae NT
9 Garra natusa Cyprinidae LC
10 Puntius ticto Cyprinidae LC
11 Barilius tileo Cyprinidae LC
12 Barilius shacra Cyprinidae LC
13 Neolissocheilus hexagonolepis Cyprinidae LC
14 Tor tor Cyprinidae NT
15 Labeo dyocheilus Cyprinidae LC
16 Esomus danricus Cyprinidae LC
17 Chagunius chagunio Cyprinidae LC
18 Olyralongi caudata Bagridae NE
19 Mystus cavasius Bagridae LC
20 Amblyce psmongois Amblycipitidae LC
21 Colisafasciatus Osphronemidae LC
22 Pshilorhynhus balitora Psilorhynchidae LC
23 Lepidocephalichthys guntea Cobitidae LC
24 Glyptothorax striatus Sisoridae NT
25 Glyptothorax botius Sisoridae LC
25 Schitura sp. Nemacheilidae
27 Mastacembalus armatus Mastacembelidae LC
28 Botia dario Botidae LC
29 Botia rostrata Botidae VU
30 Unidentified catfish

Note: Con.= Conservaion; LC=Least concern; NT=Near
Threatened; VU=Vulnerable; NE=Not Evaluated

Fig 25. Collection of fish from river with fish trap

Fig 26. Labeo dyocheilus and Barilius tileo from
Tlawng river
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Fishes belonging to cyprinidae family was observed
to dominate followed by fishes of sisoridae family.
The fish, Schistura reticulata belongs to “Endangered”
category indicating the need for immediate
conservative measure. Further Tor tor and
Glyptothorax striatus which falls under “Near
Threatened” category IUCN red list was also recorded
from the river.

Table 17. Fish diversity in Tuipuiriver, Champhai,
Mizoram

S/ Fish species Family Con.
N status

1 Barilius barna Cyprinidae LC
2 Garra natusa Cyprinidae LC
3 Puntius ticto Cyprinidae LC
4 Tor tor Cyprinidae NT
5 Barilius shacra Cyprinidae LC
6 Garralis sorhynchus Cyprinidae LC
7 Puntius sophore Cyprinidae LC
8 Danio dangila Cyprinidae LC
9 Barilius tileo Cyprinidae LC
10 Neolissocheilus hexagonolepis Cyprinidae LC
11 Esomus danrichus Cyprinidae LC
12 Crossocheilu sburmanicus Cyprinidae LC
13 Xenontedon cancila Belonidae LC
14 Glyptothorax striatus Sisoridae NT
15 Glyptothorax cavia Sisoridae LC
16 Mastacembalus armatus Mastacembelidae LC
17 Channa striatus Channidae LC
18 Lepidocephalychthys berdmorei Cobitidae LC
19 Schisturareti culata Nemacheilidae EN
20 Psilorhynchus sucatio Psilorhynchidae LC
21 Badis badis Badidae LC
22 Trichogaster fasciata Osphronemidae LC

Note: Con.= Conservaion; LC=Least concern; NT=Near
Threatened; VU=Vulnerable; NE=Not Evaluated

Analysis of morphometric parameters of important
fishes in Mizoram

Morphometric and meristic assessment has been
undertaken which is not only vital for precise
identification of species but also helps in stock
assessment and growth studies. Twenty three
morphometric parameters and 9 meristic characters
were recorded from prioritized fishes for identification

and growth studies. The length and weight relationship
of Devario aequipinnatus was also established from
a sample size of 87 individuals. The analysis revealed
that a slope (b) of 3.12 was observed with an R2 of
0.97 indicating an isometric growth of the fish in
Tlawng river with a high co-efficient of determination
(Fig 28). The analysis revealed that the body weight
of fish increases linearly with the length. However,
further analysis is required with additional
morphometric data and the length weight relationship
for other prioritized species.

PIG

Growth rate of hampshire cross breed in Mizoram
condition

The main objective is to study the growth rate of
piglets from birth to weaning age i.e., 6th week under
agro-climatic condition of Mizoram (Fig 29). Male
and female piglets were selected randomly from each
unit. Creep feeding is started at 16 days of age onwards
using starter feed. Scientific feeding was initially
started with concentrate feed along with locally
available leaves such as Khupnal (Hibiscus sp.),
Ankasa (Spilanthus sp.), Vawkpuithal (Bidenspilosa),
Japanhlo (Mikenias canden), Buar (Conyza
auriculata), Dawl (Colocasia esculentum), Kawlbahra
(Ipomea batata), Annghateril (Jussiaea ruffruticosal),
Lenhling (Amaranthus viride) as well as kitchen waste
product and root and leaves crops (tapioca, sweet
potato and tubers). The present trend indicates that
body weight traits in different ages of Hampshire
crossed bred pig showed high potential in influencing
the carcass yielding under agro-climatic condition of
Mizoram (Table 18). The study also shows that
efficiency of feed utilization need to be involved in
genetic improvement programs to make the pigs more
profitable. The most common diseases encountered
in pigs were maggotted wound and sacroptic mange.
The maggotted wounds were promptly treated with
antiseptic solution and Himax. In case of sarcoptic

Fig 27. Schistura reticulata and Garra natusa collected
from Tuipui river

Fig 28. Scatter plot depicting the length weight
relationship of Devario aequipinnatus
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mange the infected animals were treated with Amitraz
solution topically along with supportive therapy such

Table 18. Performance of Hampshire crossbred at ICAR piggery farm

Average body weight recorded at different stages of life (Kg)

Sex At birth 2nd week 4th week 2nd month 3rd month 4th month 5th month

Male 1.00 2.13 3.44 7.68 16.21 22.23 28.46
Female 0.79 1.65 2.99 6.38 14.57 20.61 26.32

Fig 29. Sow with piglets at ICAR piggery farm

as mineral mixture and multivitamin (Vimeral).
Routine deworming is done at three months interval
using Panacur (Fenbendazole).

Meeting/Training/Seminar/Kisan Mela Organized
Conducted 16 training programmes under TSP,

NICRA, AICRP Mushroom at ICAR Research
Complex for NEH region, Mizoram centre, Kolasib
and other parts of Mizoram. Around 812 farmers were
benefited from these training programmes.

Fig 30. Glimpse of Training Activities
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NAGALAND

WEATHER REPORT
During January-December, 2017 monthly

maximum and minimum air temperature ranged from
25.0°C to 32.0°C and 8.7°C to 24.7°C, respectively.
Extreme maximum temperature recorded for a single
day was 35.5°C on 9th June,2017; whereas, the extreme
minimum temperature for a single day was 5.4°C
recorded on 24th January, 2017. Monthly relative
humidity ranged from 42% to 96%. maximum monthly
relative humidity was recorded during the month of
November, which was 96% and the minimum monthly
relative humidity was recorded during the month of
April (90%). Total rainfall received during the period
was 2137.9 mm which was distributed throughout the
year. Total rainy days were 106 days (considering
precipitation of more than 2.5 mm).  Maximum rainfall
was received during the month of August (492.5 mm)
followed by July (485.6 mm). Highest amount of
rainfall in a single day was recorded on 26th June (117.0
mm). Cloud cover was observed both during the
morning and evening. Mean monthly wind speed
ranged from 0.614 kmph during the month of
December to 1.894 kmph in the month of April.
Highest mean wind speed of 6.058 kmph in a single
day was recorded on 26th April, 2017. Maximum total
monthly evaporation was recorded in the month of
April (114.1 mm) and lowest in the month of January
(58.9 mm).

Under Gramin Krishi Mausam Seva (GKMS), all
total 102 biweekly Integrated Agro Advisory Bulletin
has been issued for the farmers of all the eleven
districts of Nagaland benefitting 12991 registered
farmers through SMS based agro-advisory in local
language “Nagamese”. In 2017, 5857 farmers have

been registered for the Kisan Mobile Advisory Service
(KMAS).

FARMING SYSTEM

Comparative evaluation of integrated farming
system models suitable for small and marginal
farmers of Nagaland

A total of 04 no. of IFS models were developed
and each model has a minimum area of 0.4 ha. Model
1: Horticulture + Piggery + Fisheries, Model 2:
Agriculture + Horticulture + Duckery + Fishery,
Model 3: Agriculture + Horticulture + Piggery +
Fishery, Model 4: Agriculture + Horticulture + Poultry
+ Fishery + Azolla + Mushroom. Vermicompost unit
was included in all the models. Among the four models
compared, the maximum profit was generated from
model 3 with net annual income of Rs. 200663
followed by model no 4 with net income of Rs. 34130.

JHUM IMPROVEMENT

Development of low cost, low volume and eco-
friendly nutrient management practices for Jhum
farming

Field experiments were conducted at Wokha and
Longleng districts of Nagaland for development of low
cost, low volume and eco-friendly nutrient
management practices for jhum farming during kharif
season 2017 at 850-1000 msl in a  sandy loam soil
with pH 5.0 - 5.2, nitrogen 230- 350kg/ha, phosphorus
10.22 -21.23 kg/ha and potassium 206-472 kg/ha. The
treatment consisted of two cropping systems viz.,
traditional jhum cultivation practices (Mix cropping
systems) and improved jhum cultivation practices
(Strip cropping with line sowing system). The sub plot
treatments consisted of four crops, rice, maize,
soybean and groundnut.

Fig 1. Month wise total rainfall and evaporation

Fig 2. Month wise mean maximum and minimum
temperature
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Table 1. Economics of different farming system
models

Models Components Gross Cost of Net
income cultivation income
(Rs) (Rs) (Rs)

Model 1 Horticulture 1350 996 354
Vermicompost 400 166 234
Fishery - - -
Piggery 22500 12450 10050
Total 24250 13612 10638

Model 2 Agriculture 44530 14380 30150
Horticulture 2300 820 1480
Fishery - - -
Duckery 2000 900 1100
Vermicompost 2300 900 1400
Total 51130 17000 34130

Model 3 Horticulture 17663 11000 6663
Fishery 4925 600 4325
Agriculture 2000 400
Piggery 261000 83375 177625
Vermicompost 18050 7600 12050
Total 303638 102975 200663

Model 4 Agriculture 12550 3620 8930
Horticulture 50219 15880 34339
Fishery - -
Poultry 3400 2100 1300
Mushroom - -
Azolla 2000 150 1850
Vermicompost 1348 300 1048
Total 69517 22050 47467

In both traditional and improved jhum cultivation
practices, crops receiving of organic manures (2.5t/
ha) + Spraying of 2% DAP + biofertilizers
(Azospirilium 500g/ha +Rhizobium 500g/ha) recorded
the highest yield of rice (2230 and 2520 kg/ha), maize
(1780 and 2225 kg/ha) and soybean (1342 and 1577
kg/ha); which was closely followed by the application
of  organic manures (2.5t/ha) + micro-dosing of NPK
(17-17-17) @ 20kg/ha + biofertilizers (Azospirilium
500g/ha +Rhizobium 500g/ha) with an yield of rice
(2140 and 2420 kg/ha), maize (1763 and 2203 kg/ha)
and soybean (1322 and 1512 kg/ha). However, the
highest yield of ground nut in both traditional and
improved jhum cultivation practices (1196 and 1286
kg/ha, respectively) were recorded with lime (250kg/
ha) + biofertilizers (Azospirilium 500g/ha +Rhizobium
500g/ha). The effect of improved jhum management
practices were found to be influenced positively on
the yield of soybean (10-25%), groundnut (10-20%),
maize (13-19%) and rice (10-27%) irrespective of
nutrient management practices.

AICRP ON POTENTIAL CROPS

Study for development of package and practices
on pigeon pea

Field experiment was conducted on pigeon pea
(UPAS-120) for development of package and practices
through nutrient management in a sandy loam soil of
pH=5.4, available organic carbon 0.69 %, nitrogen 188
kg/ha, phosphorous 20 kg/ha and potassium 48kg/ha
reveals that the crop receiving poultry manure (2.5t/
ha) along with application of RDF (20-40-20 N-P2O5
and K2O kg/ha) recorded the highest yield of
pigeonpea.

Evaluation of rice bean cultivars for their yield
performance in Nagaland

A total no of 26 cultivars of rice bean were
evaluated to study the yield performance in foothills
of Nagaland. Among the varieties, V18-Gen-23
(Charkuna) collected from Piphema recorded the

T1= Control (Farmers practices), T2= Lime (250 kg/ha), T3= T2  +
Biofertilizers (Azospirilium, 500g/ha + Rhizobium 500g/ha), T4 = T3
+ Micro-dosing of NPK (17-17-17)  20 kg/ha, T5= Organic manure
(2.5t/ha)  + Micro-dosing of NPK (17-17-17) 20kg/ha + Biofertilizers
(Azospirilium, 500g/ha + Rhizobium 500g/ha) and T6 = Organic
manure (2.5t/ha) + Spraying of 2% DAP + Biofertilizers
(Azospirilium, 500g/ha + Rhizobium 500g/ha)

Fig 3. Performance of diversified crop in Jhum
cultivation practices during, 2017

Fig 4. Yield of pigeon pea under different nutrient
management
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highest seed yield (750 kg/ha) followed by 600kg/ha
in V19-Gen-27(Khasi Laken Grayish Black Medium).

Effect of organic and inorganic sources of nutrients
on Job’s tear

To promote Job’s tear, one of the most important
potential crops in Nagaland, the experiment was
undertaken to study the yield performance of the crop
in organic and inorganic cultivation practices. Crop
receiving a lower dose of NPK (20-10-10 kg/ha)
recorded the higher yield (1830kg/ha). Application of
FYM(5t/ha) and Vermicompost (2.5t/ha) recorded the
yield of 1250.50 and 1370 kg/ha, respectively.

OILSEEDS

AICRP on Oilseed
Varietal evaluation trials of Sesame:Among the

six sesame varieties evaluated for their yield
performance in Nagaland condition, TRC-T12 1-8
recorded the highest yield (1500kg/ha) which was
statistically at par with Savitri (1483kg/ha) (Fig 5).

Varietal evaluation trials on Sunflower:Among
the six varieties of sunflowers evaluated for their yield
performance in Nagaland condition, KBSH-44
recorded the highest yield (1467 kg/ha) over the other
varieties (Fig 6).

PLANT PATHOLOGY

MUSHROOM

All India Coordinated Research Project on
Mushroom, Nagaland Centre

Collection, identification and conservation of
wild edible mushrooms: During the period, around
37 naturally growing seasonal edible/non-edible
mushrooms were collected and documented from
Nagaland (Fig 8).  The passport data on each
mushroom were documented and cultures were
submitted to the DMR, Solan for preservation. In
addition, six cultures were deposited in culture
collection bank and accession number (DMRO-999
to -1004) has been issued for the 6 culturable
mushrooms.

HORTICULTURE

CITRUS

Management of Citrus Rhizosphere using
multifaceted microbial consortium against Citrus
Decline in Acidic Soils of NEH Region

Under this project, total 12 nos. of citrus orchards
have been surveyed in varying altitudes from (141 to
1442 msl) around different districts of Nagaland. Insect
pest attacks were mostly observed in the Khasi
mandarin plants with yellow leaves. Leaf miners and
leaf curl were also observed. Some plants even show
multi nutrient deficient mottling of leaves. Soil pH in
these orchards ranges from 4.10 to 6.12 and available
NPK ranges from 228.93 to 432.77 kg/ha, 2.66 to 39.76
kg/ha and 122.36 to 661.36 kg/ha respectively. Soil
organic carbon in these orchards was from 0.60% to
2.25%. Soil water holding capacity of these orchards
ranges from 28.08% to 73.85%. Total plant analysis

Fig 5. Yield of different sesame varieties

Fig 6. Yield of different sunflower varieties

Fig 7. Experimental plot of sunflower
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(leaf samples) shows that total nitrogen (N),
phosphorus (P) and potassium (K) content in citrus

leaf samples ranges from 0.16% to 0.38%, 0.005% to
0.015% and 0.39% to 2.16%, respectively.

NL-17/1 NL-17/2 NL-17/3 NL-17/4 NL-17/5

NL-17/11 NL-17/12 NL-17/13 NL-17/14 NL-17/15 NL-17/16

NL-17/6 NL-17/7 NL-17/8 NL-17/9 NL-17/10

NL-17/17 NL-17/18 NL-17/19 NL-17/20 NL-17/21

NL-17/22 NL-17/23 NL-17/24 NL-17/25 NL-17/26 NL-17/27

NL-17/28 NL-17/29 NL-17/30 NL-17/31 NL-17/32

NL-17/33 NL-17/34 NL-17/35 NL-17/36 NL-17/37

Fig 8. Wild edible/non-edible mushroom collected from Nagaland
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ANIMAL SCIENCE

POULTRY

Effect of feeding linseed oil on fertility of pig and
poultry under sub-tropical condition of Nagaland
and Umaim

A feeding trial of cold pressed linseed oil was
conducted in Vanaraja poultry birds during the summer
season (July to September 2017). Maximum fertility
(92.25±1.65%), hatchability on total egg set
(74.75±2.88%) and hatchability on fertile egg set
(81.86±3.06%) was recorded with feeding of 2.5%
linseed oil. However, minimum dead embryo was
recorded with feeding of 10% linseed oil (Table 2).
Feeding with 2.5% linseed oil also registered

maximum hen day egg production recorded from first
to ninth week (Table 3).Feeding of linseed oil did not
show any definite trend on albumen index recorded
over a period of ten weeks (Table 4). Feeding with
5% linseed oil showed maximum albumen index in
1st, 4th, 5th, 8th and 9th weeks, whereas, feeding with
10% linseed oil registered maximum albumen index
in 2nd, 6th, 7th and 10th weeks. In terms of yolk index
and Hough unit score, feeding with 10% linseed oil
showed most promising results over a period of ten
weeks (Tables 5 and 6).

Table 4. Effect of feeding linseed oil on albumen
index during summer in Vanaraja birds

Week Albumen Index

0% linseed 2.5% linseed 5% linseed 10% linseed
oil oil oil oil

1st week 0.80±0.02a 0.75±0.01b 0.82±0.01a 0.76±0.03b

2nd week 0.76±0.01b 0.78±0.02b 0.77±0.01b 0.84±0.02a

3rd week 0.85±0.04a 0.75±0.01b 0.77±0.01b 0.82±0.02a

4th week 0.81±0.01a 0.76±0.02a 0.81±0.01a 0.77±0.02a

5th week 0.79±0.01ab 0.75±0.02b 0.83±0.02a 0.77±0.02ab

6th week 0.76±0.03b 0.75±0.02b 0.80±0.02a 0.81±0.02a
7th week 0.81±0.02a 0.80±0.02a 0.74±0.02b 0.81±0.02a

8th week 0.78±0.01ab 0.75±0.01b 0.83±0.02a 0.77±0.02ab

9th week 0.78±0.01a 0.76±0.02a 0.79±0.02a 0.77±0.02a

10th week 0.79±0.02a 0.79±0.02a 0.79±0.03a 0.81±0.03a

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

Table 5. Effect of feeding linseed oil on Yolk index
during summer in Vanaraja birds

Week Yolk Index

0% linseed 2.5% linseed 5% linseed 10% linseed
oil oil oil oil

1st week 0.40±0.009ab 0.38±0.007b 0.40±0.008ab 0.42±0.005a

2nd week 0.42±0.01a 0.39±0.004a 0.41±0.009a 0.40±0.007a

3rd week 0.43±0.008a 0.42±0.008a 0.41±0.007a 0.43±0.005a

4th week 0.38±0.007a 0.40±0.006a 0.39±0.005a 0.40±0.01a

5th week 0.32±0.01b 0.34±0.01ab 0.35±0.005a 0.36±0.009a

6th week 0.35±0.004a 0.33±0.005a 0.34±0.007a 0.33±0.01a

7th week 0.38±0.02a 0.40±0.007a 0.28±0.007b 0.29±0.005b

8th week 0.40±0.008a 0.41±0.07a 0.42±0.01a 0.42±0.004a

9th week 0.39±0.01a 0.41±0.003a 0.40±0.007a 0.41±0.006a

10th week 0.33±0.007a 0.33±0.008a 0.33±0.007a 0.33±0.006a

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

Table 2. Effect of feeding linseed oil on fertility,
hatchability on total egg set (HTES), hatchability
on fertile egg set (HFES) and dead Embryo during
summer in Vanaraja birds

Groups Fertility HTES HFES Dead
Embryo

0% linseed 85.44 70.12 79.57 18.22
oil(N= 60) ±3.44b ±2.76ab ±1.85a ±2.74a

2.5% linseed 92.25 74.75 81.86 14.77
oil(N= 60) ±1.65a ±2.88a ±3.06a ±2.24b

5% linseed 88.82 68.66 77.43 13.55
oil(N= 60) ±1.84ab ±2.54b ±2.87a ±2.37b

10% linseed 87.15 68.28 78.77 10.66
oil(N= 60) ±3.20ab ±2.61b ±2.97a ±1.13b

Means bearing different superscript in a column differ
significantly (P<0.05)

Table 3. Effect of feeding linseed oil on hen day
egg production during summer in Vanaraja birds

Week Hen day egg production

0% linseed 2.5% linseed 5% linseed 10% linseed
oil oil oil oil

1st week 62.69±3.02b 77.61±3.68a 64.76±4.87b 38.09±3.15c

2nd week 52.41±2.49b 79.72±3.03a 53.80±7.60b 44.06±6.11c

3rd week 60.81±2.69b 83.66±4.91a 42.37±5.47c 43.83±2.22c

4th week 54.28±3.84b 74.99±3.21a 47.61±4.75b 50.73±5.67b

5th week 65.71±1.76a 59.69±9.84ab 52.85±3.80b 58.28±3.54ab

6th week 62.85±3.68b 71.42±2.91a 63.80±2.85b 60.98±3.67b

7th week 63.67±3.92a 63.26±1.50a 59.04±4.03a 58.61±3.36a

8th week 59.58±2.18b 67.34±2.12a 64.28±3.38ab 54.67±4.60b

9th week 59.42±2.09b 73.828±4.01a 56.66±3.65b 56.54±4.16b

Means bearing different superscript in a row differ significantly
(P<0.05)
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Table 6. Effect of feeding linseed oil on Hough Unit
Score during summer in Vanaraja birds

Week Hough Unit Score

0% linseed 2.5% linseed 5% linseed 10% linseed
oil oil oil oil

1st week 71.44±2.0ab 66.43±2.00c 70.78±3.03b 74.20±0.80a

2nd week 70.51±2.56a 65.40±1.94b 72.58±1.47a 73.52±2.19a

3rd week 78.01±1.45a 72.78±2.66bc 70.93±1.86c 75.17±1.96ab

4th week 69.04±1.78a 65.50±3.44ab 64.57±2.15b 67.82±1.66ab

5th week 60.57±2.49a 64.09±1.85a 64.84±2.19a 63.48±2.95a

6th week 56.95±2.21a 56.33±3.80a 65.63±2.20a 56.76±2.42a

7th week 66.05±3.16a 57.11±2.70b 57.11±2.70b 61.51±2.93a

8th week 73.20±2.26a 73.01±2.65a 73.01±2.65a 74.55±1.53a

9th week 78.97±2.07a 84.46±3.89a 74.61±3.06b 72.81±2.54b

10th week 59.54±2.92a 62.23±2.60a 62.44±2.52a 62.36±2.49a

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

Poultry Seed Project
During 2017, all total of 138077 chicks of Vanaraja

and Srinidhi were hatched and seven training were
conducted under the project. Parent stock of Vanaraja
and Srinidhi are being successfully maintained at
poultry seed unit.

PIGGERY

Mega Seed Project on Pig
Parent stock (70 pigs,4M : 66F) of Ghungroo and

crosses of Ghungroo and Hampshire breeds of pigs
were maintained under the project. A total of 895
piglets were farrowed, of which 645 piglets were
distributed to the beneficiaries, NGOs, KVKs, and
GOI sponsored programs in all the districts of
Nagaland and neighboring districts of Assam,
Arunachal Pradesh and Manipur. Total revenue of Rs.
23,61,760.00 was generated during January-
December 2017.

The supply of liquid boar semen tripled as
compared 2016 which is an indication of increased
preference for AI. An evaluation of the performance
of AI at farm and field level gave encouraging figures.
At the farm level the conception rate and average litter
size were 59.24% and 9.62 piglets respectively
following double insemination. At the farmers’ level,
the conception rate was 93.73% with an average litter
size of 9.19 piglets. The highly reduced conception
rate and average litter size in the farm can be attributed
to many factors including the transfer of the most
productive animals to temporary kuccha constructions
with extremely unfavorable conditions (with almost
zero exposure to direct sunlight for half of the herd)
which resulted in not just drop of productivity but even
stress related mortality, abortions and repeat breeding.

It was also seen that almost 38% of sows were
above the age of 5 years and the younger replacers
were not yet in prime period of productivity. However,
the younger sows have performed well, with
respectable liter sizes. Natural servicing has been
phased out in the farm and no disadvantage has been
felt in replacing it with AI. Improved performance at
field level is a result of distributing improved
germplasm to the farmers along with imparting
training in AI technique and improved pig husbandry
methods.

Several capacity building programs were
undertaken to popularize the improved pig breed for
establishment of pig breeding unit and to popularize
artificial insemination technique in Nagaland.In many
villages of Nagaland, especially in southern Angami
areas of Kohima and in Phek district, Artificial
insemination has been initiated for the first time with
successful results and hundreds of farmers are availing
this technology through MSP-Pig, ICAR Nagaland
Centre Medziphema.

Table 7. Production performance of different parent stock of poultry during the year 2017.

Breed Egg Total Egg Fertile egg Chicks Fertility Hatchability Hatchability
produced set set hatched % on TES % on FES %

Srinidhi (Batch III) 9573 9753 8965 7499 91.76 76.61 83.26
Srinidhi (Batch Iv) 41461 38714 34092 25751 87.75 67.51 76.80
Vanaraja (Batch VII) 1206 1757 1456 1110 81.90 63.36 77.44
Vanaraja (Batch VIII) 40507 40408 36681 30047 90.60 74.34 81.92
Vanaraja (Batch IX) 77174 76042 69205 58410 89.33 72.57 80.96
Vanaraja (Batch X) 31468 21035 18813 13572 87.73 64.59 73.54
Vanaraja (Batch XI) 10331 2638 2167 1688 66.64 49.20 72.40
TOTAL 211720 190347 171379 138077 85.10 66.88 78.04
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NATIONAL MISSION FOR SUSTAINING THE
HIMALAYAN ECOSYSTEM (NMSHE-TF6)

Under jhum Improvement through integrated /agro-
forestry farming system, large cardamom orchard (6.39
ha); fruit blocks (0.885 ha); IFS model (2.5 ha) were
developed and intervention on maize production,
scientific production of ginger and demonstration on
protected cultivation of flowers and vegetables were
undertaken. Under the theme soil and water
conservation, soil nutrient profiling (225 soil samples)
of different land use system was done and crop
modelling and simulations for soil nutrient in two rice
varieties (Ranjit and RCM-P) were evaluated. Under
animal science and poultry, a total of 605 nos. chicks
of improved breeds of poultry birds (Vanaraja and
Srinidhi) were introduced. Besides, on farm

demonstration on soybean cultivation was undertaken
which revealed 8.67 q/ha yield with  B:C ratio of 2.19.

OUTREACH ACTIVITES
During 2017, all total 10 trainings under TSP (272

participants), 4 trainings under AICRP-Mushroom
(205 participants), 1 training under NICRA (30
participants), 7 trainings under PSP (224 participants),
1 training under MSP (34 participants) and 4 training
under NMSHE (118 participants) were organized.
Besides, 3 more trainings covering 83 participants and
one 6 months RAWE training for 22 students of Mewar
University, Rajasthan were also conducted. In addition,
4 demonstrations on mushroom covering 156 farmers
and 1 demonstration on litchi covering 56 farmers were
organized. Under GKMS, 4 awareness programmes

Table 8. Performance of AI conducted at farm and field level

Location of AI adopted No. of No. of animals Conception Service per Litter size
inseminations conceived rate (%) conception average

MSP Pig Farm 157 93 59.24 1.69 9.62 (3-17)
Medziphema Area 153 149 97.39 1.02 10.18 (3-15)
Kohima Area 56 50 89.29 1.12 9.18 (1-14)
Dimapur Area 143 137 95.8 1.04 10.45 (1-15)
Jalukie 17 15 88.24 1.13 9.75 (7-13)
Phek 14 8 57.14 1.75 6.4 (2-9)
Total in field condition 383 359 93.73 1.07 9.192 (1-15)

Fig 9. Veterinarians from
Nagaland State department
of Animal Husbandry and

Veterinary Services trained
in AI

Fig. 10. Interactions
between scientists and

Nagaland state
department Veterinary

doctors

Fig 11. Boar training
demonstration to trainee

farmers

Fig 12. Demonstrating
semen processing in the

laboratory

Fig 13. Rearing of chicks (Vanaraja&Srinidhi)

Fig 14. Seminar cum method demonstration on
mushroom cultivation in Sangtamtilla village on 20th

May, 2017

Fig 15. Training and demonstration on mushroom
cultivation at Bamunpukhari village on 9th June, 2017
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were organized benefitting 171 farmers. All total 8
visits to Meteorological Observatory at ICAR,
Nagaland Centre were organized for 193 students, 2
assistant professor and 5 farmers.

Field day cum farmer-scientist interaction
programme on pulse cultivation

ICAR Research Complex for NEH Region,
Nagaland Centre organized a “Field day cum farmer-
scientist interaction programme on pulse cultivation
and promotion” on June 8, 2017 for popularizing the
scientific pulse cultivation in Nagaland. Shri Zhaleo
Rio, Hon’ble MLA, Ghaspani-II, graced the occasion
as chief guest and inaugurated the event in the presence
of Professor R. C. Gupta, Dean, NU-SASRD; Dr.
Lallan Ram, Director, CIH; Captain G. Dhananjaya
Rao, Dean, Veterinary College, CAU; Shri Hemant
Kumar, Commandant BSF, 93 Battalion, Kohima; Dr.
D. J. Rajkhowa, Joint
Director, ICAR Nagaland
Centre and other
dignitaries from different
line departments and
institutions. More than
253 farmers from
different region of the
state attended the
programme and various
critical farm inputs were
also distributed to the
farmers.

Laying of Foundation Stone of KVK, Kiphire,
Nagaland

The foundation stone of the 11th KVK (KVK
Kiphire) of Nagaland was laid on September 7, 2017
by Shri T. Torechu, Hon’ble MLA, Kiphire-Pungro
constituency in the presence of Dr. S. V. Ngachan,
Former Director, ICAR Research Complex NEH
Region, Meghalaya; Dr. V. P. Chahal, ADG
(Agricultural Extension). ICAR, New Delhi; Dr. B.
C. Deka, Director, ICAR-ATARI (Zone-VII),
Meghalaya; Shri Imkong Lemba, APC and
Commissioner and Secretary Agricultural, Govt. of
Nagaland; Shri M. K. Mero, Commissioner and
Secretary, Veterinary and Animal Husbandry, Govt.
of Nagaland; Shri Sedevikho Khro, Deputy
Commissioner, Kiphire; Dr. D. J. Rajkhowa, Joint
Director, ICAR Nagaland Centre; Scientists of ICAR
Nagaland centre and Officials from different line
departments graced the occasion. to commemorate the
event, various critical farm inputs were also distributed
to the farmers. The event was attended by more than
500 farmers.

State Level Coordination Committee Meeting for
Doubling the Farmers’ Income by 2022

ICAR Research Complex for NEH Region,
Nagaland Centre hosted the State level Coordination
Committee Meeting for Doubling the Farmers’ Income
by 2022 on April 26, 2017. The meeting was chaired
by Prof. M. Premjit Singh, Hon’ble Vice Chancellor,
CAU, Imphal. The meeting was attended by Dr. S. V.
Ngachan, Former Director, ICAR Research Complex
for NEH region, Meghalaya; Dr. B. C. Deka, Director,
ICAR-ATARI (Zone VII), Meghalaya; Dr. Abhijit
Mitra, Director, ICAR-NRC on Mithun; Dr. D. J.
Rajkhowa, Joint Director, ICAR Nagaland centre; Dr.
Lallan Ram, Director CIH; Prof. R. C. Gupta, Dean,
NU-SASARD; Mr. Helie Rupreo, Director,

Fig 16. GKMS Awereness
Programme at Hukpang
Village, Longleng district

Fig 17. GKMS Awereness
Programme at Lotovi

village, Dimapur district

Fig 18. GKMS Awereness
Programme at Nihokhu
village, Dimapur district

Fig 19. GKMS Awereness
Programme at Jotsoma
Village, Kohima district

Fig 20. Input distribution
by Shri Zhaleo Rio,

Hon’ble MLA in Field day
cum farmer-scientist

interaction programme on
pulse cultivation

Fig 21. Laying of Foundation Stone of KVK, Kiphire,
Nagaland on 7 September, 2017
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Department of Agriculture, Govt. of Nagaland; Dr.
Moa Walling, Deputy Director, Department of
Horticulture, Govt. of Nagaland and Dr. K. D. Seema,
Joint Director, Department of Vety. and AH,  Govt. of
Nagaland. Scientists of ICAR Nagaland Centre,
representatives of KVKs (Dimapur, Phek, Peren,
Tuensang, Kohima, Longleng, Zunheboto and Wokha)
also participated in the meeting.

Pineapple Festival 2017
ICAR Research Complex for NEH Region,

Nagaland Centre jointly organized the Pineapple Fest
2017 with the theme “Naga Pineapple- Subsistence to
Enterprise” on August 8-9, 2017. The event was
inaugurated by the Hon’ble Governor of Nagaland and
Arunachal Pradesh Shri P.B. Acharya. All the scientists
of ICAR Nagaland Centre participated in the
programme.

Fig 22. State Level Coordination Committee Meeting
for Doubling the Farmers’ Income by 2022 on 26

April, 2017

Fig 23. Hon’ble Governor of Nagaland and Arunachal
Pradesh Shri P. B. Acharya in Pineapple Fest 2017

IMPORTANT VISITORS

Fig 24. Dr. M. Premjit Singh, Vice Chancellor, CAU,
Imphal, April 26, 2017

Fig 25. Mr. Zhaleo Rio, Hon’ble MLA,
Ghaspani-II, June 8, 2017

Fig 26. Dr. Vishal Nath, Director, ICAR-NRC on
Litchi,  August 3-5 , 2017

Fig 27. Dr. V. P. Chahal, ADG (Agril. Extension,
ICAR, Sept 7, 2017
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SIKKIM

WEATHER REPORT
The total rainfall received during January 2017 to

December 2017 was 1699.9 mm; maximum rainfall
was recorded in the month of July (487.3 mm) whereas
no rainfall was recorded in the month of December
2017 (Fig 1). The maximum average temperature
(29.69° C) was observed in June and the minimum
(7.06° C) in January. The maximum relative humidity
of 90.42% was observed during July and the minimum
was observed in January (34.25%).

AGRONOMY

Effect of cropping system on productivity of rice
Rice is second most important cereal crop after

maize in the Sikkim. The productivity is very low due
to improper organic nutrition to the rice crop. Hence,
diversification of rice through inclusion of leguminous
crops was undertaken in a fixed plot field in
Completely Randomized Block Design (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
l e a f ) - c o w p e a
(vegetable), rice-
fenugreek (leafy
vege tab le ) -baby
corn and rice-
buckwheat (Fig 2).

The results of the study revealed that inclusion of
legumes in the rice based cropping system significantly
increased the yield attributing characters and yield of
rice under organic management conditions of Sikkim
Himalayas. Among the different cropping systems,
significantly higher grain yield of rice (4.84 t/ha) was
recorded with rice-fenugreek (leafy vegetable)-baby
corn followed by rice-broccoli-Sesbania (4.61 t/ha)
cropping system. Adoption of rice-fenugreek (leafy
vegetable)-baby corn cropping leads to 23.9% higher
rice grain yield as compared with existing rice-maize
systems in irrigated ecosystems of Sikkim Himalaya.

Effect of biochar on crop productivity
Biochar impact on crop productivity of maize was

assessed in factorial randomized block design,
assigning three levels of biochar viz., control, 1.0 t/ha
and 2.0 t/ha as factor A and five levels of FYM
{control, 100% recommended dose of N (RDN), 75%
RDN, 50% RDN and 25% RDN} as factor B. Results
of the study revealed that among the different treatment
combinations application of biochar @ 2.0 t/ha along
with 100% RDN through FYM recorded higher grain
yield of maize (3.44 t/ha).

Diversification of maize-based cropping system
through in-situ moisture conservation practices for
improving water and crop productivity

The cropping intensity is very low (118%) in the
state due to low soil moisture during winter season,
since very scanty or no rainfall is received, hence,
farmers do not grow second crop after late harvest of
maize. Hence, in-situ moisture conservation practices
during winter season through residue retention can play
vital role for improving the crop productivity and
enhancing the cropping intensity in the state. Keeping
these in view, an attempt was made to diversify the
maize-based cropping system by incorporating the
legumes and in-situ moisture conservation practices.
The results of the study revealed that among the
cropping sequences, maize + cowpea - vegetable pea
recorded the maximum values of maize equivalent
yield (17.0 t/ha) followed by maize + cowpea-rajmash
(9.8 t/ha). Similarly, net return was also higher in the
same treatment with B:C ratio of 3.02 compared to
control (farmers practice) 1.42. With respect to the
moisture conservation practices, in-situ retention of
maize stalks + weeds biomass proved its superiority
over other practices and recorded  23.7% and 6.7%
higher maize equivalent yield as compared to control
(without mulch) and maize stover mulch, respectively.

Fig 1. Weather data (January 2017-December 2017)

Fig 2. Rabi season crops after rice
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Resource conservation techniques for improving
productivity and resource-use efficiency of maize-
pea cropping system

Organic conservation agriculture practices not only
enhance the productivity but also overcome the
problem of declining factor productivity especially in
the hilly terrain. It is also assumed that the adoption of
zero-till practice will also help in timely seeding of
either of the crops in system mode and protect the soil
surface from intense rainfall during rainy season and
hence, lead to increase in productivity of maize-based
cropping system. The experiment consisted of three
tillage practices viz., conventional, reduced and zero-
till and four organic sources of nutrients viz., farmers’
practice, 100% RDN through organic sources, 75% of
RDN through organic source+maize stalk/pea stover,
50% RDN through organic sources + maize stalk/pea
stover and replicated thrice. The result showed that
zero-till (ZT) recorded significantly higher system
production efficiency (35.7 kg/ha/day) over
conventional tillage (CT) (31.1 kg/ha/day) but
remained at par with reduced tillage (RT) (34.9 kg/ha/
day). The organic sources of nutrients also showed
significant effect on system production efficiency
(SPE) and the 100% RDN through organic sources
recorded the maximum value (38 kg/ha/day) followed
by 75% of RDN through organic source+pea stover
(36.7 kg/ha/day) and the lowest value was with
farmers’ practice (28.2 kg/ha/day) (Fig 3).

Effect of tillage practices on productivity of maize
varieties under maize-based cropping system

Maize varieties were evaluated under different
tillage practices at Research Farm during 2017. The
grain yield was significantly influenced by different
tillage practices and varieties (Fig 4). Amongst the
varieties, RCM 1-76 recorded significantly higher grain

yield (3.39 t/ha) over DA 61A (3.01 t/ha) and RCM 1-
2 (2.75 t/ha) but remained at par with RCM 1-75 (3.29
t/ha). Tillage practices had no significant effect on grain
yield but higher grain yield wasrecorded in zero-till
(ZT) (3.19 t/ha) over reduced tillage (RT) (3.05 t/ha)
and conventional tillage (CT) (3.09 t/ha).

Development of climate resilient maize-based
cropping system for mountain ecosystem under
organic management

Mono cropping of maize is prevalent in the state
due to non-availability of irrigation water during
rabiseason, hence, cropping intensity is very low
(118%) in Sikkim as compared to the national average
of about 140%. To increase the cropping intensity up
to 300% in rainfed ecosystem through intensification
of maize-based cropping sequences with inclusion of
leguminous crop an attempt has been made at ICAR-
NOFRI, formerly ICAR Research Complex for North
Eastern Hill Region, Sikkim Centre. Three cropping
sequences viz., CS1-maize-fallow (FP), CS-2-maize-urd
bean (pahenlo dal)-buck wheat and CS3-maize-urd
bean (pahenlo dal)-toria were kept in main plot and
four organic sources of nutrients viz., control (farmers’
practices,) 50% FYM + 25% VC + 25% mixed
compost MC + biofertilizers, 50% MC + 25% FYM +
25% VC + biofertilizers and 25% FYM + 25% MC +
25%VC + 25% poultry manure PM + biofertilizers in
subplots with three replications were taken. The results
revealed that among the organic sources of nutrients
application of 25% FYM + 25% MC + 25% VC +
25% PM + biofertilizers recorded the higher grain yield
(3.53 t/ha) of maize over the other sources on
nutrients.The grain yield of maize was significantly
higher in CS3 (3.44 t/ha) followed by CS2 (3.39 t/ha).
Similarly, maize responded to the mulching applied in

Fig 3. Effect of tillage practices and organic N sources
on SPE

Fig 4. Effect of varieties and tillage practices on grain
yield of maize
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rabi season crops and recorded significantly higher
grain yield (3.34 t/ha) over without mulching (3.20 t/
ha) (Fig 5).

Effect of planting methods on yield of different rice
varieties (Oryza sativa L.) in mid hills of Sikkim
Himalayas

Farmers in Sikkim have grown improved scented
varieties by their own traditional methods which
resulted in low productivity at higher input cost. In
order to evaluate the effect of improved scented
varieties on productivity of rice under different
methods of planting in Sikkim, an experiment was laid
out in split plot design, assigning two methods of rice
production viz., system of rice intensification (SRI)
and conventional planting (CP) in main plots and three
local cultivars viz., Pusa Sugandha 5, Pusa Sugandha
6 and Krishna bhog allocated in sub plots. The results
revealed that SRI recorded 21.3% higher grain yield
over the CP. Among the varieties Pusa Sugandha 5
(3.82 t/ha) recorded significantly higher grain yield
over Pusa Sugandha 6 (3.46 t/ha) and Krishna bhog
(2.76 t/ha).

Effect of tillage practices on productivity of black
gram and rajmash under maize-based cropping
system in mid hills of Sikkim

Generally, farmers grew black gram (Pahenlo dal)
and rajmash during kharif season after harvesting
maize without considering the moisture status in the
field. Moreover, tillage operations for sowing of black
gram may not be feasible for early sowing after harvest
of maize. Hence, no-till and/or reduce tillage
technology makes cultivation of pulses more farmer
friendly and saves time and input as well as produces
healthy crops.  An experiment was conducted at ICAR-
NOFRI Research Farm in which rajmash and black
gram (Pahenlo dal) was grown under different tillage
practices viz. conventional tillage (CT), zero tillage

(ZT) and reduce tillage (RT) in FRBD with three
replications. The results showed that rajmash and black
gram recorded higher grain yield in the RT (1.16 t/ha)
over ZT (0.91 t/ha) and CT (0.64 t/ha).

Screening of sunflower varieties under organic
management condition in mid hills of Sikkim

The deficit in oilseeds (~64%) in Sikkim can be
met by growing alternative oilseed crop. The potential
crops in the state may be sunflower and sesame. Hence,
experiment was conducted at Research Farm of ICAR-
NOFRI during rabi season of 2016-17. Six sunflower
varieties were evaluated under organic management
conditions in mid-hills of Sikkim. Among all the
varieties, maximum plant height was recorded in
KBSH 41 (174.6 cm) and the lowest in KBSH 53
(132.4 cm).  The early maturing varieties were KBSH
44 and DRSF 113 (133 days). The maximum head
diameter was observed in LSFH 171 (19.4 cm) and
minimum in DRSF 113 (9.7 cm). Significantly higher
seed yield was observed in KBSH 41 (2.25 t/ha)
followed by DRSH 1 (1.97 t/ha). The oil content was
highest in DRSH 1 (36.0%) followed by DRSF 113
(35.5%) and KBSH 41 (34.8%).

Screening of sesame varieties under organic
management condition in mid hills of Sikkim

Six sesamum varieties were evaluated under organic
management condition in mid hills of Sikkim at ICAR-
NOFRI Research Farm in kharif season, 2017. The
growth and yield parameters were observed i.e. plant
height, days to 50% flowering, days to maturity,
number of pods/plant and seed yield. Among the
varieties the maximum plant height was recorded in
GT 10 (95.57 cm) and the lowest in TRC-Til (74.80
cm).  The early maturing varieties were GT 10 and
Prachi (149days). The maximum number of pods/plant
was observed in Sabatri (54.6) and minimum in TKG
308 (16.0). Significantly higher seed yield was
observed in GT 10 (7.6 q/ha) followed by TKG 308
(6.5 q/ha).

Performance of pigeonpea varieties and plant
spacing under organic management condition in
mid hills of Sikkim

Pigeon pea varieties at different plant spacing were
evaluated at Research Farm of ICAR-NOFRI during
kharif season, 2017. Three varieties viz. Pant Arhar
291, Pant Arhar 3 and UPAS 120 were tested at three
plant spacing viz. 60 cm × 30 cm, 75 cm × 30 cm and
90 cm × 30 cm in split plot design with three

Fig 5. Effect of different cropping system and organic
sources on maize grain yield
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replications. Significant effect of varieties and plant
spacing was observed on grain yield of pigeon pea.
Among the different varieties Pant Arhar 3 recorded
significantly higher grain yield (0.95 t/ha) over Pant
Arhar 291 (0.64 t/ha) and UPAS 120 (0.75 t/ha).
Similarly, plant spacing also showed significant effect
and recorded higher grain yield at 60 cm × 30 cm (0.88
t/ha) over other spacings.

SOIL SCIENCE

Soil organic carbon dynamics and fertility in
response to organic nutrient sources under maize
based cropping system

Field experiment was conducted on clay loam soil
for four consecutive years 2014-17 (pre-kharif) to
evaluate soil organic carbon (SOC) dynamics and
fertility status in maize based cropping system. Five
treatments, viz. control (T1); 75% N through FYM +
green manure (T2); 50% N through FYM  + 25% VC
+ GM (T3); 33% N FYM +  33% N VC +  GM (T4);
25% N FYM + 25 % N VC + 25% N poultry manure +
GM (T5) were laid out in FRBD design and replicated
thrice. The four years pooled analyses showed that T4
resulted in highest grain yield for RCM 1-76 (4.19 t/
ha) and RCM 1-3 (3.91 t/ha). Application of different
sources of organic nutrients reflected significantly
(P<0.05) higher SOC. Maximum improvement was
recorded in the T4 treatment which registered
significantly higher available N, P and K content in
soil as compared to other treatments. *(100% FYM =
10 t/ha, 100% vermicompost = 2 t/ha, 100% poultry
manure = 1 t/ha).

Effect of biochar on soil health and productivity of
maize-pea cropping system in acidic soil of Sikkim

Effect of biochar on soil health and crop
productivity was assessed in maize-pea cropping
system under three levels of biochar viz., control, 1 t/
ha and 2 t/ha as factor A and five levels of FYM viz.
control, 100% RDN, 75% RDN, 50% RDN and 25%
RDN as factor B. Four years pooled analysis showed
that application of 2 t/ha biochar along with 100% RDN
through FYM recorded higher grain yield of maize
(3.89 t/ha). But maximum yield of vegetable pea (5.28
t/ha) was recorded with the application of 1 t/ha biochar
and 100% RDN through FYM. This may be due to the
fact that at higher application rate of biochar (2 t/ha)
the activity of nitrogen fixing microbes in pea may be
hampered. But higher rate of biochar increased root
nodule biomass and also increased SPAD value.

Application of 2 t/ha biochar and 100% RDN
significantly increased the soil organic carbon (initial
1.8% to final 2.03%). Thus, biochar incorporation may
be considered as a major soil carbon sequestration
technology under climate change. Soil moisture
investigation at 0-15 cm and 15-30 cm depth showed
higher soil moisture content (SMC) under biochar
applied @ 2 t/ha as compared to biochar @ 1 t/ha and
no biochar application in both the layers. Microbial
biomass carbon (MBC) increased significantly with
increase in the rate of application of biochar upto 1 t/
ha but decreased at 2t/ha with respect to control. Net
N mineralisation values increased upto 1 t/ha but
decreased at 2 t/ha with respect to control.

Growth parameters, yield and nodulation of
soybean as affected by organic sources of nutrients

Field experiments were conducted during kharif
season for three consecutive years 2014-17 to evaluate
the performance of soybean variety RCS1-10 under
different sources of organic nutrients on growth
parameters, nodules, yield, nutrient availability and soil
health. The experiment was laid out in RBD having 5
treatments viz. control (T1), 100% FYM + biofertilizer
BF (T2), 75% FYM  + 25% PM  + BF (T3), 50% FYM
+ 50 % PM  + BF (T4),75% PM  + 25% FYM  + BF
(T5). The pooled analysis showed that T5 recorded
highest seed yield (1.83t/ha) of soybean. T5 resulted
in significant increase in soil organic carbon content
compared to other treatment (initial 0.86% to final
0.93%). Three years data showed that plant height,
nodules/plant, root density, dry weight, seeds/plant and
pods/plant were significantly higher in T5 treatment
as compared to other treatments (Table 1). Treatment
T5 also significantly improved soil chemical properties.

Effect of organic sources of nutrients on yield and
yield attributes of sarson

Field experiments were conducted during rabi
season for three consecutive years 2014-17 to evaluate
the performance of mustard (variety Sikkim Sarson)
under different sources of organic nutrients on yield
and yield attributes along with nutrient availability and
soil health. The study consisted of RBD having 5
treatments viz. FYM 2.5 t/ha + bio-sulphur (T1), FYM
5 t/ha + bio-sulphur (T2), GM 2.5 t/ha + bio-sulphur
(T3), GM 5 t/ha + bio-sulphur (T4), control (T5). The
pooled analysis showed that T4 recorded highest seed
yield (13.07 q/ha) of mustard followed by T2 (12.61 q/
ha), T3 (12.34 q/ha), T1 (12.03 q/ha) and least T5 (8.38
q/ha). T4 resulted in significant increase in soil organic
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carbon content compared to other treatments (initial
0.94% to final 1.01%)(Table 2).*(FYM=farm yard
manure, GM=goat manure and sulphur @ 45 kg/ha)

HORTICULTURE

Flagship Program on Temperate Fruits

KIWIFRUIT
Organic package of practices standardized for

maximization of ‘A’ grade kiwifruit production along
with partial protection (PP) of kiwifruit vines with 50%
agro-shade net. Studies undertaken on hand pollination
(HP) and its effect on the percent fruit-set, average
fruit weight, days taken to fruit set, fruit yield, macro
and micro nutrient contents and fruit quality under
partial protection along with control (C). Results
revealed that the time of hand pollination (HP) and
partial protection of kiwifruit significantly increased
the fruit set per cent which varied from 73.3% to 100%,
average fruit weight varied from 68.4 g to 114.4 g and
yield varied from 18.38 kg/plant to 35.2 kg/plant. Hand
pollination and partial protection also influenced the
number of days taken to fruit set (5 to 8 days) and fruit
maturity (176.3 to 184.7 days) of kiwi fruit (Fig 6 and
7). The ICP-MS analysis of kiwifruit samples of
different treatments showed significant variations in
macro nutrients (N, P, K, Ca, Mg and S) and micro
nutrients (Zn, Cu, B, Fe, Ni and Mn) contents (Fig 8
and 9). The time of hand pollination and partial

protection of kiwifruit also significantly influenced the
various quality parameters viz., TSS, vitamin C and
total acidity (Fig 10).

Table 1. Growth and yield parameters of soybean as affected by organic nutrients

Treatment Plant height Nodules Dry weight Root density SPAD Pods Seeds Seed yield
(cm) /plant /plant (g) (mg/cc) value /plant /plant (kg)

T1 71.20 22.30 40.10 0.49 30.10 51.00 155.00 1309.00
T2 95.30 34.20 55.30 0.72 55.40 72.00 215.00 1714.00
T3 97.60 39.60 60.40 0.87 59.60 79.00 235.00 1752.00
T4 100.40 44.70 63.70 1.01 61.50 81.00 244.00 1791.00
T5 105.10 49.40 69.20 1.13 65.20 85.00 253.00 1837.00
SEM± 2.37 2.13 1.32 0.61 1.69 1.36 2.92 2.03

*(100% FYM= 10t/ha, 100% poultry manure= 5t/ha, BF=biofertilizers @ 25 kg/ha)

Table 2. Yield and yield attributes of mustard as affected by organic nutrients

Treatment Siliqua Siliqua Seeds 1000-seeds SPAD Root density Seed yield Harvest
/ plant length (cm) / siliqua weight value (mg/cc) (q/ha) index (%)

T1 148.09 5.17 11.04 4.91 35.84 3.09 12.03 24.71
T2 154.87 6.18 13.61 5.53 41.37 3.75 12.61 25.01
T3 151.05 5.83 12.36 5.21 38.56 3.27 12.34 24.89
T4 179.14 7.75 15.13 6.09 46.70 3.91 13.07 25.34
T5 130.21 4.83 9.37 3.98 29.59 2.79 8.38 24.12
SEM± 2.57 0.17 0.32 0.15 0.81 0.45 0.34 0.03
LSD (P=0.05) 7.59 0.57 1.04 0.47 2.16 1.13 1.09 NS

Fig 6. Effect of HP and PP on percent fruit set and
fruit maturity of kiwifruit

Fig 7. Effect of HP and PP on days to fruit set,
average fruit weight and yield of kiwifruit
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PLUM AND POMEGRANATE
Four year evaluation studies after planting showed

significant variations for vegetative growth parameters
in plum and pomegranate. Among plums, maximum
plant height (3.32 m), plant canopy (5.0 m2) and trunk
diameter (5.91 cm) was observed in var. Satluj Purple,
however, minimum plant height (1.23 m), plant canopy
(1.11 m2) and trunk diameter (1.97 cm) was recorded
in var. Maricoza. Satluj Purple and Santa Rosa plum

yielded 12.40 kg/plant and 10.80 kg/plant, respectively
under uniform cultural practices. The TSS content was
noted as 11.21°Brix in Satluj Purple and 8.36°Brix in
Santa Rosa (Fig 11). Among pomegranates, maximum
plant height (145.3 cm) was observed in var. Bhagwa,
however, lowest was noted in Mridula (103.6 cm).
Highest plant canopy (119.5 cm2) was recorded in
Bhagwa and lowest (48.4 cm2) was found in Mridula.
Maximum trunk diameter (33.2 mm) was observed in
var. Bhagwa and minimum was observed in var.
Mridula (13.1 mm) (Fig 12). So far none of the
pomegranate cultivars entered in to reproductive phase.

PEAR

Evaluation of pear germplasm suitable for
cultivation under Sikkim conditions

Evaluation of 11 pear cultivars (Asian pear: Punjab
Nectar, Punjab Gold, Punjab Beauty, Patharnakh;
Japanese pear: Kosui, Hosui, Sojuru; European pear:
Bartlett, Starkrimson, Williams, Quince C) after five
years of planting under uniform management practices
showed significant variations for vegetative growth

Fig 8. Effect of HP and PP on macro nutrients of kiwi
fruit

Fig 9. Effect of HP and PP on micro nutrients of kiwi
fruit

Fig 10. Effect of HP and PP on quality parameters of
kiwi fruit

Fig 11. Comparative evaluations of plum Cultivarsfor
vegetative and yield parameters

Fig 12. Comparative evaluations of pomegranate
cultivars for vegetative growth parameters
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parameters viz., plant height, trunk diameter, number
of leaves per ft. branch, number of branches per plant,
plant canopy measurements, no. of spurs per ft branch
and spur length. Patharnakh attained maximum plant
height (3.96 m) followed by Punjab Nectar (3.75 m),
however, Hosui and Quince C grows slowly and
attained minimum plant height (2.1 m) followed by
Punjab Gold  (2.07 m). Plant canopy was maximum in
Punjab Beauty (2.35 m2) followed by Patharnakh (2.02
sq m) and the minimum plant canopy was observed in
Sojuro (0.75 m2). The maximum trunk diameter was
observed in Patharnakh (74.6 mm) followed by Punjab
Beauty and Punjab Nectar (61.7 mm) and minimum
trunk diameter was observed in Punjab Gold (11.2
mm). Highest number of branch/plant was observed
in Punjab Beauty (15.7 followed by Hosui (14) and
lowest number of branch/plant were in Kosui and
Starkrimson (6.3). The maximum number of leaf per
ft. branch was found in Punjab Beauty (22) followed
by Punjab Gold (20) and minimum was in William
(7). So far only Patharnakh cultivar has come in to
fruiting and spurs formation have started in all other
cultivars. The maximum number of spurs was noted
in Patharnakh (11.7) followed by Punjab Beauty (8.1),
however, minimum number of spurs was noted in
Quince C (1.2). Standardization of organic nutrient
management and scheduling of biopesticide and
biofungicide spray has also been carried out.
Application of well-decomposed and dried cattle
manure @ 20 t/ha in two split doses (i.e. dormant stage
in December and active vegetative growth stage in
July), neem cake @ 2 t/ha, dolomite @ 2 t/ha, and
vermicompost @ 2 kg/plant showed better growth
response in all the pear varieties. Spray of petroleum-
oil based spray mixed with neem oil in equal
concentration @ 5 ml/l during April-May and July-
August is effective for control of aphids, leaf miner
etc.and spray of copper oxychloride @ 0.25% during
April-May and July-August at 15 days interval is
effective for the management of blight disease.
Spinosad (45 EC) when applied @ 0.3 ml/ l at 15 days
interval also found very effective in control of nettle
grubs, Bihar hairy caterpillars, aphids and other insects
in all the pear cultivars.

GUAVA

Regional trial on advance breeding lines of
horticultural crops – Guava

Seven guava varieties viz. RCGH 1 (Sour type ×
Red fleshed local), RCGH 4 (Red fleshed × Allahabad

Safeda), RCGH 7 (Lucknow49 × Pear shaped), RCGH
11, Allahabad Safeda, Lucknow49 (Sardar) and Lalit
has been planted in ultra-high density system of
planting at 2 m × 1.5 m spacing during 2014-15. During
third year all the guava varieties entered in to
reproductive phase and observations on plant height,
plant canopy, trunk diameter, number of branches/
plant, number of fruits/plant, average fruit weight and
yield/plant was recorded. The maximum plant height
was observed in RCGH 1 (199.5 cm) and followed by
RCGH 4 (192.6 cm) and the minimum plant height
was recorded in RCGH 11 (112.2 cm).The maximum
plant canopy was recorded in RCGH 7 (187.4 cm2)
and the minimum was recorded in RCGH 11 (112.1
cm2), respectively. The maximum trunk diameter was
recorded in RCGH 1 (22.6 cm) and the minimum was
in RCGH 11 (11.9 cm). Number of branch/plant was
highest in RCGH 4 (11 nos.) and the minimum number
of branch were found in RCGH 11 (6.3 nos.). The total
number of fruits/ plant was maximum (131 no.) in
RCGH 7 followed by Allahabad Safeda (89.0 no.) and
minimum (37.0) was recorded in RCGH 11. The
average fruit weight (168.6 g) was highest in RCGH 1
followed by Lalit (150 g) and minimum (110 g) was
recorded in Allahabad Safeda. The yield (15.8 kg/plant)
was highest in RCGH 7 followed by RCGH 1 (10.9
kg/plant) (Fig 13). Standardization of organic nutrient
management and scheduling of biopesticide and
biofungicide spray has been done. Application of well
decomposed and dried cowdung manure @ 20 t/ha in
two split doses (December and June), neemcake @ 2
t/ha, dolomite @ 2 t/ha, and vermicompost @ 2 kg/
plant showed better growth response in all the guava
varieties. Spray of petroleum-oil based spray mixed
with neem oil in equal concentration @ 5 ml/l during
April-May and July-August is effective for control of
aphids and spray of copper oxychloride @ 0.25%
during April-May and July-August at 15 days interval

Fig13. Comparative evaluations of guava varieties for
vegetative and yield attributes
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is effective for the management of anthracnose disease.
Spinosad (45 EC) when applied @ 0.3 ml/l at 15 days
interval also found very effective in control of nettle
grubs, bihar hairy caterpillars, aphids and other insects
in all the guava cultivars.

FRENCH BEAN

Evaluations of VPKAS Almora French bean lines
for yield attributes

A total number of 10 varieties of French bean were
provided by ICAR-VPKAS, Almora, Uttarakhand
during 2017 for evaluation during kharif (July-
September). The crop was sown in low cost plastic
shelter along with open conditions as control during
last week of July under uniform cultural practices. Data
was recorded for 50% flowering, days to first green
pod harvest, number of pods/plant and total number
of pods in 500 g weight. Among the lines, earliest
flowering (50% flowering) was observed in VLFB 1
(after 32 days of sowing) and late flowering was
observed in VLFB 10 (after 42 days of sowing). VLFB
8 was recorded as early maturing (55 days) type and
VLFB 6 (58 days) was observed as late type. During
the first harvest highest number of pods/ plant was
recorded in VLFB 2 (29.5 nos.) and lowest number of
pods/plant was recorded in VLFB 1 (22.7 no.). The
highest total number of pods in 500 g weight was
recorded in VLFB 5 (75.7 nos.) followed by VLFB 2
(73.7 nos.) and the lowest number of pods was
observed in VLFB 6 (64 nos.).

AGRO FORESTRY

Carbon sequestration potential and bio-economic
appraisal of large cardamom based agroforestry
systems in mountain region

An experiment was conducted in large cardamom
based agroforestry system (AFS) during 2017 at ICAR-
NOFRI. Large cardamom cultivar Sawney was planted
in combination with multipurpose tree species as well
as mixed forest system. Growth performance of four
year old plant of large cardamom recorded higher
average plant height and more number of bearing
tillers/clump under Alnus nepalensis based AFS
followed by mixed forest system and minimum average
plant height and bearing tillers/clump was recorded
under Ficus hookerii (Table 3). Dry weight of capsules/
clump was higher in combination with Alnus
nepalensis based AFS followed by mixed forest system
and Leuceana leucocephela and minimum under Ficus
hookerii based AFS.

Sikkim mandarin based AFS
A field experiment was conducted to assess the

growth performance of mandarin and yield of
intercrops. Intercrops namely soybean, Pahenlo dal,
maize and French bean were sown in kharif season,
whereas mustard and buckwheat was sown in
rabiseason in association with mandarin. The average
yield of buck wheat, Pahenlo dal, maize, mustard,
soybean and French bean in intercropping system with
fruit tree was 5.67,7.73, 23.73, 5.99, 8.10 and 2.57q/
ha respectively. The sole yield (without tree) was 6.49,
19.77, 27.88, 8.96, 15.27 and 4.77 q/ha respectively.

Table 3. Growth performance of large cardamom with different multipurpose tree species

Growth parameters of Schima Alnus Terminalia Ficus Leauceana Mixed
large cardamom wallichii nepalensis myriocarpa hookerii leucocephala Forest

Plant  height (cm) 140.60±9.84 149.20±9.80 143.87±1135 132.80±13.15 142.00±13.32 147.50 ±16.60
Sucker diameter (mm) 7.90±0.67 8.19±0.5 8.19±0.50 10.15±1.09 10.43±0.47 10.63±0.28
Immature tillers/ 5.47±0.66 4.53±0.35 6.47±0.64 4.20±0.87 6.73±1.01 4.60±0.23
clump (nos.)
Mature tillers/ 8.60±1.55 9.20±0.31 7.33±0.90 7.00±1.86 9.0±0.19 6.87±0.07
clump (nos.)
Bearing tillers/ 9.47±0.87 10.00±0.53 6.93±1.16 5.00±2.10 6.47±1.57 7.67±1.64
clump (nos.)
Avg. no. of spikes 4.67±0.37 6.33±0.18 3.47±0.13 3.13±0.18 5.53±0.29 5.47±027
/clump
Avg. no. of capsules 6.60±0.61 8.47±0.24 7.00±0.35 6.47±0.57 7.80±0.12 7.87±0.29
/spike
Fresh weight of 77.26±7.18 103.2±2.21 57.06±8.71 35.67±5.36 88.68±2.46 90.34±3.14
capsule (g)/clump
Dry wt. of capsules 15.45±1.43 20.64±0.44 11.41±1.74 7.13±1.07 17.73±0.49 18.06±0.90
(g)/clump
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The average height of mandarin was 3.78 m, girth 29.0
cm and spread of canopy 1.65 m with intercrop and in
control (without intercrop) height 4.25, girth 30.67cm
and canopy spread of 1.79 m was observed (Table 4).

Table 4. Inter cropping with Sikkim mandarin

Crop Yield Sole Reduction Avg. fruit
of crop in yield yield of
intercrop yield over sole Sikkim
(q/ha) (q/ha) cropping mandarin

(%) (kg/tree)

Buckwheat 5.67 6.49 12.60 30.10
Mustard 5.99 8.96 33.10 24.87
Soybean 8.10 15.27 47.00 26.25
Maize 23.73 27.88 14.90 20.92
Pahenlo dal 7.73 12.77 39.47 35.77
French bean 2.57 4.77 46.10 31.87
LSD (P=0.05) 0.91 2.20 0.93

Assam lemon based AFS
Field experiment was initiated to assess the growth

performance of Assam lemon and yield of intercrop. As
intercrops soybean, Pahenlo dal and maize were sown
in kharif season, whereas buckwheat was sown in rabi
season in association with Assam lemon. The average
yield of intercrop buckwheat, soybean, Pahenlo dal and
maize was recorded 4.77, 8.82, 8.2 and 18.8 q/ha
respectively. The sole yield buckwheat, Soybean, Pahenlo
dal and maize was 6.54, 12.87, 12.8 and 25.8 q/ha
respectively. The average height of Assam lemon was
1.18 m and diameter 11.10 cm in intercropping system
and in control (without intercrop) height of 1.25 m and
diameter 13.67 cm was observed (Table 5).

Table 5. Inter cropping with Assam lemon

Crop Yield Sole Reduction Avg. fruit
of crop in yield yield of
intercrop yield over sole Sikkim
(q/ha) (q/ha) cropping mandarin

(%) (kg/tree)

Buckwheat 4.77 6.54 27.06 10.02
Soybean 8.82 12.87 31.46 11.12
Maize 18.80 25.80 27.13 8.17
Pahenlo dal 8.20 12.80 35.94 13.19
LSD (P=0.05) 0.91 2.08 2.07

AGRICULTURAL ENTOMOLOGY

Study on occurrence of pests and beneficial insects
in organic farming

Survey was initiated in the large cardamom
plantations at ICAR- NOFRI, research farm, Tadong

to determine the pest occurrence of the previously
recorded as well as any new pest. From the survey, it
was observed that the infestation of different hairy
caterpillar was more during the month of Nov-Dec.
During the monitoring period, different hairy
caterpillars, red hopper and mealy bug were collected
for further identification. Some of the observed pests
are not yet reported in the region as per the existing
and accessible records. The activity of various insects
reported in the flowering period of buckwheat and toria
crop at ICAR- NOFRI, Research Farm. Various
pollinators and natural enemies were seen over the both
crops. It was also evident that syrphid flies were more
frequent visitors of buckwheat and it attracts a great
diversity of beneficial predators. Therefore, it could
be used as cover crop to support biological control in
various cropping systems. Beneficial insects like bees,
syrphid flies, ladybird beetles and other insects were
observed over the blooming toria crop. The work
regarding insect sampling and relative abundance and
periodic activities is under progress.

Evaluation of some new biopesticides and
organically permitted insecticides against insect
pests of large cardamom

The experiment was conducted to evaluate the
efficacy of biopesticides viz., neem oil (1500 ppm) @
4 ml/l, Beauveria bassiana @ 7 g/l, Metarhizium
anisopliae @ 5 ml/l, petroleum oil based spray @ 10
ml/l, petroleum oil based horticultural spray @ 10 ml/
l, Bacillus thuringiensis @ 2 g/l and spinosad 45 SC
@ 0.3 ml/l against insect pests of large cardamom viz.
stem borer, shoot fly, leaf eating caterpillar and tea
mosquito bug. All the treatments showed effective
results in controlling insect pests over the control.
However, spinosad 45 SC @ 0.3 ml/l was found to be
the most effective to control all the pests (69.91 to
81.32% reduction of infestation over control) followed
by neem oil (1500 ppm) @ 4 ml/l (61.32 to 67.64%
reduction of infestation over control) and petroleum
oil based agrospray @ 10 ml/l (52.22 to 59.47%
reduction of infestation over control).

PLANT PATHOLOGY
Screening of local rice cultivars for leaf blast under
organic conditions against natural population of M.
oryzae

Experiment was conducted to evaluate 19 local rice
germplasm of Sikkim against natural population of
blast pathogen during kharif season to know the
differential resistance within them. The disease was



139ICAR RC NEH ANNUAL REPORT 2017

scored at 1-9 scale as per the protocol of IRRI (2002)
and analyzed as follows: Scale 1- resistant; scale 2
and 3- moderately resistant; scale 4 and 5- moderately
susceptible; scale 6 and 7- susceptible and scale 8 and
9- highly susceptible. Six varieties (Rimskee, Khimtae,
Jornali, Nepal Dhan, Champey, Marsee) were observed
as resistant, nine varieties (Japani, Champey, Kataka,
Takmaru, Kisanbhog, Chini Dhan, Taberey, Kalami
and Chirakey) were found moderately resistant and
others were considered as susceptible to natural
population of blast pathogen (Table 6). This experiment
has major implications in protection of rice cultivation
in organic conditions of Sikkim.

Table 6. Screening of local rice cultivars for leaf
blast under organic conditions against natural
population of M. oryzae

Cultivar Total Average Sum of Disease
name plants Severity all intensity

observed (nos.) Numerical /index
ratings

Attey 287 6.42 1562 60.47
Japani 239 3.02 755 35.10
Sijali 152 6.04 916 66.96
SannoAttey 177 4.72 827 51.91
Champey 291 2.64 772 29.48
Champey 79 1.54 123 17.30
Kataka 285 2.24 648 25.26
Rimskee 47 1.00 49 11.58
Khimtae 36 1.10 40 12.35
Takmaru 32 1.90 50 17.36
PD 10 35 4.60 147 46.67
Jornali 24 1.30 34 15.74
Kisanbhog 42 1.70 72 19.05
Nepal Dhan 52 1.17 62 13.25
ChiniDhan 93 2.92 241 28.79
Taberey 42 2.86 120 31.75
Marsee 35 1.00 35 11.11
Kalami 297 3.08 915 34.23
Chirakey 192 1.96 374 21.64

Evaluation of ginger cultivars to natural
populations of soft rot pathogen under organic
conditions

Soft rot disease is the major challenge in ginger
cultivation throughout Sikkim and it is absolute
necessary to find resistant genotype to the complex
causal agent. The experiment was planned to evaluate
seven ginger germplasm against natural population of
the pathogen during kharif season to know the
differential resistance within them. The varieties were
scored as per the disease incidence scale. Out of seven
varieties, Suruchi showed complete resistant reaction

and Suprabha and Surubhi exhibited moderately
resistant reaction to the natural populations of soft rot
pathogen (Fig14). This experiment has major
implications in protection of ginger cultivation in
organic conditions of Sikkim.

Evaluation of maize germplasm against Turcicum
leaf blight

An experiment was conducted to evaluate the
performance of 12 lines of commonly cultivated maize
against the turcicum leaf blight during March-June,
2017. Among the 12 lines the local cultivars showed
greater resistance as compared to Vivek Sankul series.
Of the tested lines, Rato Makai was the most resistant
line with only 3.8% disease incidence followed by
Baiguney and Kalo Makai. The Vivek Sankul series is
highly susceptible to the incidence of Turcicum leaf
blight under Sikkim conditions with almost 100%
disease incidence in all of its series (Fig15).

ANIMAL SCIENCES

Productive and reproductive performance of
Singharey Goats in organized and conventional
farms of Sikkim

Experiment I: Effect of melatonin on the
reproductive performance of Singharey goat

The present study was aimed to increase the
reproductive performance of Singharey goats using

Fig 14. Evaluation of ginger cultivars to natural
populations of soft rot pathogen

Fig 15. Evaluation of maize germplasm against
Turcicum leaf blight
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melatonin and buck exposure treatment. Singharey
goats that had kidded at least once at ICAR-NOFRI
goat farm were selected and included in the experiment.
Effect of melatonin on reproductive performance has
been studied using three different dose rates i.e. Control
(Group I: no melatonin), 10 mg (Group II), 20 mg
(Group III) and 40 mg (Group IV). It was found that
kidding percentage could be increased with melatonin
treatment with more twins and triplets births. However,
neonatal mortality was higher in the kids of melatonin
group (16%) than the buck exposed group (0%).

Experiment II: Effect of buck exposure on induction
of estrus in Singharey goat

Effect of buck exposure on induction of estrus in
Singharey goat was studied during October, 2016 and
August, 2017.  Daily exposure to the breeding does
was given with the help of an adult healthy appronised
buck with strong libido. The breedable does were
divided in to two groups’ viz. buck exposed group and
control (un-exposed group).Buck exposed does
showed higher estrus induction rate (94.11%) than the
non-exposed control does (66.67%) during October,
2016.  The buck exposed does showed higher estrus
induction rate (24/25, 96.00%) in comparison to
unexposed does (04/7; 57.14%) during August-
September, 2017. The kidding of the goats occurred
in the month of December, 2017-January, 2018. The
birth weight of kids of buck exposed group (1.98±0.10
kg) was significantly (P<0.05) higher than the kids of
melatonin treated group (1.58±0.07 kg). It is concluded
that both melatonin and buck exposure treatment is
effective in inducing estrus in Singharey goats in
Sikkim. Melatonin treatment yielded higher estrus
induction and kidding rates in Singharey goats,

whereas birth weight of kids was recorded to be
significantly higher in buck exposed group.

Reproductive disorders of dairy cattle in relation
to mineral deficiency in different agro-climatic zone
of Sikkim

Follicular development
Follicular wave dynamics has been studied in

crossbred cattle of Sikkim. In majority of the animals
(60%) two wave of follicular development were
observed and rest (40%) animals shown three wave
follicular development. Size of ovulatory follicle and
maximum area of corpus luteum are 12.98±0.2 mm
and 316.15±15.30 mm2, respectively in crossbred
animals (Table 7).

Follicular dynamics in anoestrus heifers
A total of eight delayed pubertal heifers were

subjected for daily scanning for aperiod of 21 days
i.e. one cycle length. The follicular wave characteristics
were recorded in heifers. The proportion of two wave
dynamics in delayed pubertal heifers wassignificantly
lower (P<0.05) than the proportion (72.7%) observed
in cyclic heifers. On theo ther hand, the proportion of
three wave dynamics was significantly higher (P<0.05)
in delayed pubertal heifers than the cyclic (18.2%)
counterpart.

Nutritive composition of fodder plant
Nutritive composition (proximate value) of

important fodder of Sikkim namely Nevaro, Gagun,
Khaniv and Amlisho has been estimated. The crude
protein content was highest in Khaniv (15.9%) and
lowest in Amliso (11.39%) (Table 8).

Table 7. Follicular development in two wave follicle

Parameters Follicular characteristics Significance

1
st
- wave 2

nd
- wave

Wave on set (day) 1.69±0.25 10.54±0.45
No. of follicle at wave  emergence 7.75±0.48 7.40±0.56 NS
Wave length (days)/duration 9.91±0.39 7.08±0.49 P<0. 01
Dominant follicle

i. Maximum diameter (mm) 9.98±0.32 13.21±0.28 P<0.05
ii. Growth rate (mm/day) 1.00±0.05 1.20±0.07 NS

Day of divergence /deviation 5.58±0.45 16.08±0.69
Diameter of large follicle LF (mm) at  divergence 8.30±0.18 8.42±0.14 NS
(selection/deviation)
Inter-estrus period 20.45±0.34
Inter ovulatory period 20.76±0.38
No. of surface follicles at estrus 8.13 ± 0.39
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NETWORK PROJECT ON ORGANIC
FARMING (NPOF)

Evaluation of maize composite under organic
management condition

An experiment was conducted to evaluate maize
varieties under organic management condition. The
experiment was laid out in RBD with 3 replication
having 12 entries viz., Setimakkai, Pahenlomakkai,
Ratomakkai, Baigunimakkai, Kalomakkai, Satheya,
RCM 1-1, RCM 1-3, RCM 75, Vivek Sankul 31, Vivek
Sankul 37, Vivek Sankul 35. Results revealed that the
maximum yield was recorded for variety Vivek Sankul-
31 (27.28 q/ha) and the lowest yield was recorded for
Satheya (13.61 q/ha).

Disease studies on 12 entries of maize composite
The 12 maize entries used in the study were

screened against the natural infection of Turcicum leaf
blight disease. Of these 12 entries, the local
germplasms of Sikkim out performed the lines
introduced from outside. The lowest disease incidence
was observed in Rato Makai (3.94%) followed by
RCM-75 (12.73%), Kalo Makai (12.97%) and Seti
Makai (23.87%) whereas the introduced Vivek Sankul
35 (61.07%) lines recorded severe incidence of disease.
The study can be conducted for more duration to
examine the behaviour and mechanism of resistance
in local germplasms of the maize lines. During the
varietal screening of maize, the lowest percent leaf
feeding of army worm was observed in Pahenlo
Makkai (10.00%) followed by RCM 1-3 (12.20%) and
RCM 1-1 (14.00%). The leaf feeding rating for Pahenlo
Makkai, RCM 1-3 and RCM 1-1 was 1, 1.2 and 1.2
respectively. Also the lowest per cent plant infestation
by stem borer was observed in Pahenlo Makkai
(8.53%) followed by RCM 1-3 (26.07 %) and RCM
1-1 (32.20%). The per cent dead hearts due to stem
borer infestation for Pahenlo Makkai, RCM 1-3 and
RCM 1-1 was 0.70, 3.0 and 3.07, respectively.

Evaluation of buckwheat composite under organic
management condition

Experiment was conducted to evaluate buckwheat
varieties under organic management condition. The

experiment was laid out in RBD with 3 replication
having 12 treatments viz., Local Meethey; Local
Teethey; IC 109728 from NPBGR, HP; IC 26600 from
NPBGR, HP; IC 109729 from NPBGR, HP; IC 15393
from NPBGR, HP; IC 109433 from NPBGR, HP; IC
49671 from NPBGR, HP; EC 2018742 from NPBGR,
HP; PRB 1; VL Ugal 7; Sangla B-1. Results revealed
that the maximum yield was recorded on IC 49671
(27.78 q/ha) which was followed by IC 109433
(24.44q/ha) and lowest yield was recorded on VL Ugal
7 (6.67 q/ha).

National Mission for Sustaining Himalayan
Ecosystem (NMSHE)

Under the programme two sites have been included
for the project:
1. Timpyem and Thanka –Martam, East Sikkim (Mid

altitude)
2.  Lachen, North Sikkim (High altitude)

The interventions made in 2017 in the pilot site are
as follows:

Intervention made at Timpyem village, East Sikkim:
• Survey was done for the collection of data regarding

various inputs distributed in the previous year and
their incomes generated by each farmer.

• Inspection of Jalkunds was done at the piloted site
for their proper functioning and its maintenance.

• During the month of July, transplanting of rice was
done in various farmers field from the nursery site.

• After a month of rice transplant (August), bunds
were cleaned for sowing of soybean seed in order
to utilize the bunds to generate extra income.
Soybean being a leguminous crop helps to restore
soil fertility as well as suppresses the weed growth.

• Timely monitoring of crops was done to check the
incidence of pests and disease, thinning, weed
management, etc.

• Various cropping systems under different land use
have been implemented in farmers field such as
rice-vegetable pea, maize-Pahenlo dal-buckwheat,
large cardamom-turmeric, large cardamom-ginger,
maize-soybean, mandarin-vegetable, Alnus
nepalensis-turmeric, guava-cowpea. This has been

Table 8. Nutritive composition (proximate value) of important fodder of Sikkim (on % dry weight basis)

Name of the grass Dry matter Crude protein Crude fiber Ether extract Nitrogen free Ash
(DM) (CP) (CF) (EE) extract (NFE)

Amliso (Thysanolaena maxima) 29.16 11.39 36.16 1.92 38.87 11.66
Nevaro/Ficus (Ficus roxburgii) 28.90 12.60 17.80 1.83 57.91 9.86
Gagun (Sauvaria nepalensis) 25.40 13.48 17.12 2.76 57.38 9.26
Khaniv (Ficus semicordata) 35.42 15.90 16.89 1.80 54.50 10.91
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monitored at regular intervals to check its proper
growth and development and also to combat against
disease and pest through proper management
practices.

• Integrated farming system was emphasized upon
to generate higher income and self employment.

• The programme also stressed on the importance of
poultry manure in organic agriculture and
advantages of rural poultry farming with Vanaraja
birds, scientific housing, brooding management of
chicks and treatment of poultry diseases.

Studies on offseason organic root vegetables
production in low cost plastic tunnels and open
conditions under Mission for Integrated
Development of Horticulture

Root vegetables are important crops for Sikkim and
commercially cultivated in almost all the districts
during rabi season. However, due to heavy rainfall and
hails their cultivation is not possible under open
conditions from April to September. Therefore, studies
were undertaken for offseason organic cultivation of
three major root vegetables viz. radish (Raphanus
sativus), carrot (Daucus carota) and beetroot (Beta
vulgaris) under two different conditions viz., low cost
plastic tunnels and open conditions under uniform
cultural practices at ICAR-NOFRI, Tadong, Gangtok,
Sikkim. The results revealed that all the root vegetables
can be off-seasonally cultivated under low cost plastic
tunnels during April to September months.

During offseason cultivation, carrot yield (6.1 kg/
m2) was significantly higher than beetroot (5.5 kg/m2)
and radish (5.2 kg/m2) under low cost plastic tunnels,
however, the yield under open conditions for carrot
was 3.6 kg/m2 followed by radish (1.9 kg/m2) and
beetroot (1.8 kg/m2) (Fig 16). In general, the root crops
yield was significantly higher under low cost plastic

tunnels in comparison to open conditions. The radish was
the earliest maturing crop (57 days) followed by beetroot
(91 days) and carrot (108 days), however, under open
conditions radish was harvested in 65 days, beetroot in
101 days and carrot was harvested in 115 days. The yield
gap and per cent yield difference between low cost plastic
tunnels and open conditions was recorded for radish (2.13
kg/m2 and 38.10%), carrot (3.38 kg/m2 and 49.85%) and
beetroot (1.68 kg/m2 and 27.41%) respectively. The water
use efficiency between low cost plastic tunnels and open
conditions during winter months was recorded highest
in carrot (1.29 and 0.61 kg/ha/mm) followed by beetroot
(1.35 and 0.91 kg/ha/mm) and radish (2.0 and 1.10 kg/
ha/mm) respectively. Significant differences in average
fruit weight, root length and root width was also recorded.

Studies on organic cucurbitaceous vegetable
production in low cost plastic rain shelters and open
conditions under MIDH

Cucurbitaceous vegetables being highly cross
pollinated in nature are difficult to grow under greenhouse
conditions, therefore, studies were undertaken for
growing of three cucurbitaceous vegetables under two
different conditions viz., low cost plastic rain shelters
and open conditions under uniform cultural practices
at ICAR-NOFRI, Tadong, Gangtok, Sikkim. The
results revealed that all the three cucurbitaceous
vegetables can be successfully cultivated under low
cost plastic rain shelters during summer, rainy and early
winter season till December. The bottle gourd yield
(15.4 kg/m2) was significantly higher than sponge
gourd (10.56 kg/m2) and bitter gourd (8.25 kg/m2)
under low cost plastic rain shelters, however, the yield
under open conditions for sponge gourd (2.67 kg/m2)
was highest followed by bottle gourd (2.3 kg/m2) and
bitter gourd (1.25 kg/m2) (Fig 17).

Fig 16. Comparative offseason organic root vegetables
production in low cost plastic tunnels and open

conditions

Fig 17. Comparative organic cucurbitaceous
vegetable production in low cost plastic rain shelters

and open conditions
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In general, the cucurbitaceous vegetables yield was
significantly higher under low cost plastic rain shelters
in comparison to open conditions. No significant
difference in crop duration was observed under low
cost plastic rain shelters and open conditions. The yield
gap and per cent yield difference between low cost
plastic rain shelters and open conditions was recorded
for bottle gourd (13.1 kg/m2 and 85.06%), sponge
gourd (7.89 kg/m2 and 74.72%) and bitter gourd (7.0
kg/m2 and 84.85%) respectively. The water use
efficiency under low cost plastic rain shelters and open
conditions during October to December was highest
in bottle gourd (2.56 and 0.38 kg/ha/mm) followed by
sponge gourd (1.68 and 0.39 kg/ha/mm) and bitter
gourd (1.30 and 0.20 kg/ha/mm) respectively.
Significant difference in number of days taken from
flowering to fruit set was also observed between both
conditions.

All India Network Research Project on Onion and
Garlic (AINRPOG-Garlic Trials)

All India Network Research Project on Onion and
Garlic (Garlic Trials) was allotted to ICAR-NOFRI
Tadong, Gangtok, Sikkim with the objectives to
evaluate, characterize and maintain garlic germplasm
supplied by Direcorate of Onion and Garlic Research
(DOGR), Pune. As per recommendations, available
germplasm were evaluated at our Institute for various
traits during the rabi season. A total 22 lines were
evaluated during rabi, 2017 with Sikkim Garlic (SG
01) as local check for both AVT-II and IET trials. Under
AVT-II trials, the 11 entries along with Local Check
SG 01 were evaluated and the highest total yield was
recorded in SG 01 (123.8 q/ha) along with maximum
marketable yield (116.6 q/ha). SG 01 also exhibited
second highest values for average bulb weight (30.8
g). The second highest total yield was observed in GN
14-01 (122.7 q/ha) with marketable yield (112.6 q/ha)
and average bulb weight of 28.4 g. There was no
marketable yield observed in GN 14-11 and GN 14-
19. Under IET trials, highest yield was noted in
genotype GN 15-55 (128.1 q/ha) followed by SG-01
(123.9 q/ha) and GN 15-52 (123.1 q/ha). Highest
marketable yield was recorded in GN 15-52 (116.9 q/
ha) followed by SG 01 (116.6 q/ha) and lowest
marketable yield was in GN 15-71 (54.4 q/ha).
However, GN 15-75, GN 15-78, GN 15-85 has no
marketable cloves. Significantly higher average bulb
weight was reported in GN 15-68 (28.4 g) followed
by GN 15-52 and GN 15-62 (27.8 g) and lowest was
found in GN 15-78 (15.5 g). The per cent weight loss

in AVT-II lines was evaluated at 30 days interval after
storage during 2017 with local check SG 01. The
maximum per cent weight loss after 180 days of storage
was recorded in GN 14-23 (35.3%) followed by GN
14-11 (30.9%) and lowest storage loss was recorded
in SG-01 (15.1%) followed by GN 14-15 (16.5%). The
per cent weight loss in IET lines was also evaluated at
30 days interval after storage during 2017 with local
check SG-01. The maximum percent weight loss after
180 days of storage was recorded in GN 15-71 (23.5%)
followed by GN 15-85 (23.1%) and lowest storage loss
was recorded in SG 01 (15.1%) followed by GN 15-
78 and GN 17-68 (19.5%).

Effect of sulphur on yield and quality of garlic
under mid hill of Sikkim

A study was conducted to study the effect of sulphur
on yield and quality of garlic at ICAR-NOFRI, Tadong,
Gangtok. Recommended dose of organic manure FYM
@ 15t/ha along with Trichoderma viride@ 5kg/ha
mixed with Azotobacter @ 10 kg/ha was applied as
basal dose for all treatments. The experiment
comprised with six sulphur level viz.No sulphur (T1),
15 kg S/ha (T2), 30 kg S/ha (T3), 45 kg S/ha (T4), 60 kg
S/ha (T5), 75 kg S/ha (T6). Initial composite soil sample
was collected and analyzed for different soil properties.
Marketable bulb yield and total bulb yield was
significantly higher in T5 compared with others. Total
storage Loss and pyruvic acid content was also
significantly higher in T5 treatment. But nutrient uptake
in terms of N, P, K and S was significantly higher in
T4 treatment.

Poultry Seed Project
The ICAR-NOFRI, Tadong, Gangtok has been

distributing Vanaraja day old chicks to the farmers of
Sikkim under poultry seed project funded by ICAR-
Directorate of Poultry Research, Hyderabad. The
chicks are being distributed to the tribal farmers free
of cost at the rate of 25 chicks to each family. During
2017 (January to December), a total of 82718 numbers
of Vanaraja day old chicks were distributed to 3147
farmers covering 806 villages of Sikkim. Out of this,
a total of 77988 chicks have been distributed free of
cost under tribal sub plan (TSP) to the 3081 tribal
farmers covering 740 villages of Sikkim (Fig 18).

A total of 1,49,452 numbers of eggs were produced
from Vanaraja parent layers maintained at ICAR-
NOFRI Farm during 2017 with the highest production
of eggs in the month of November (22043 nos.). During
the period, the distribution of birds reached a record
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scale with a unit of 50 to 300 birds. Some entrepreneur
could earn Rupees 1.0 lakh by rearing 1 batch of
Vanaraja birds (300 nos.) for 4 months for chicken
meat production and their yearly income increased to
Rupees 3.0 lakh with three batches.

Table 9. Performance of the Vanaraja Parent birds in Sikkim Centre (2017)

Parameter ICAR Farm, Tadong Farmers Field

Age at first egg production (8th Parent) 138th  day (20th  week) 157-172 days (25th week)
Peak egg production (% / day) 76.47% / 216th  day 65.00% / 260th day
Peak egg production period (week) 29-43 32-44
Egg Production (peak period) (%) 61.00-76.47% 42.05-65.00%
Fertility (%) 85-91% NA
Hatchability (%) 80.00-88.87% NA
Chicks weight (1 week) in g

Male 92.75 75 -88
Female 76.75

Grower Birds (16 weeks) weight (kg)
Male *2.46 2.00-3.5
Female *1.70 1.5-2.5

Adult body weight (kg)
Male *3.0- 4.75 4.0-6.0
Female *2.50-3.5 2.5-4.5

Rate of eggs (Rs.) 10.0 10.0-20.0
Rate of Vanaraja Live bird (per kg) 200 250-350
Mortality (%) Up to 6 weeks 1.15 3.00 - 30.00

7 to 20 weeks 5.79 2.00-20.00
21-40 weeks 3.36 2.00-10.00

*Feeding at ICAR Farm: Restricted feeding schedule; Farmers field: Adlibitum feeding

peak in the month of November, 2017 with the supply
of 14185 numbers of chicks in the month. During the
year, three batches of Vanaraja parent stock birds were
reared, out of which one batch has been introduced to
the farm in the month of December, 2017. The hatchery
unit was standardized to get higher hatchability during
the period. A peak hatchability of 88.87% was achieved
in the month of November, 2017, which was consistent
with the previous year.

Regular trainings have been conducted on the day
of chicks’ distribution to the farmers at ICAR-NOFRI
hatchery at Tadong regarding the feeding, housing and
therapeutic management of chicks to reduce early
mortality.The rural farmers have been able to improve
nutritional and livelihood security through the Vanaraja
backyard poultry farming by selling eggs @ Rs. 10-
20/- and live chicken @ Rs. 250/- to Rs. 350/- at
different places in Sikkim. The egg production
performance of Vanaraja birds varied from 50 to 70%
and Vanaraja adult bird weight ranged from 2.25 to
4.0 kg in females and 3.0 to 6.0 kg in males (Table 9).
The birds have been performing well in three Districts
viz., East, South and West District. From a small unit
of 50 birds strength managed in backyard condition, a
farmer could earn about Rs. 30,000-50,000/- from
selling of surplus males, eggs and culled layers at the
end of production (72 weeks). The birds are also being
raised by youth and women entrepreneur in medium

Fig 18. Poultry Seed Project activities at farmer’s
field
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Performance of pigs rearing in different types of
housing at different altitudes of Sikkim Himalaya
with special reference to climate change

Low cost house is constructed with locally available
materials like bamboo and wood and sows bred and
housed in pucca and low cost deep litter housing system
(Fig 19) for recording data in different phases of
reproduction,40 units of pigs at farmer’s field have
been created with the input support from ICAR-NOFRI
under TSP.

TECHNOLOGY TRANSFER

Maize-pahenlo dal-buckwheat a climate resilient
cropping system

Climate change is recognized as one of the most
serious threats for present and future perspectives.
Man-made anthropogenic activities are known to be a
direct threat to food and water supplies as well as
indirect threat to world food and nutritional security.
Similarly, rainfall pattern in Sikkim has become quite
erratic in last few years compared with long period
average (LPA). Keeping these in view, the ICAR-
NOFRI, Tadong worked on development of climate
resilient maize-based cropping system for rainfed
ecosystem and identified maize-pahenlo dal-
buckwheat cropping system and demonstrated through
Krishi Vigyan Kendra (ICAR), East Sikkim to the
progressive farmers of the East District of Sikkim. The
technology has been demonstrated as front line
demonstration to the 210 nos. progressive farmers
covering an area of 35.0 ha in Bhasme, Loosing,
Tshlamthang, Sirwani, Ralap, Thanka-Martam and
Amba village of East Sikkim and Mangle and Sripatam
in South Sikkim.

Front Line Demonstration of oilseeds in East
Sikkim

Low production and productivity of rapeseed-
mustard in Sikkim is due to non-availability of
improved HYV and lack of proper oilseed production
technology. Among the pulses, farmers are generally
growing Pahenlo dal (black gram) during kharif

season. During winter season no major pulses are
grown by the farmers in the state. Hence, the cropping
intensity and productivity is very low in the state. The
basic reasons behind the lower productivity of crops
are use of traditional crop cultivars, improper nutrient
management and lack of sound scientific methodology
of organic crop production. Hence, ICAR-NOFRI,
Tadong and Krishi Vigyan Kendra (ICAR), East
Sikkim demonstrated complete package of practices
of black gram (var. SKPD 3) on 51.5 ha land to the
176 numbers of tribal farmers in Sikkim to the
progressive farmers of the East District of Sikkim.
Overall, the grain yield of black gram was 24.6 per
cent higher than farmers practice. Similarly, soybean
varieties PS 1225 and PS 1347 were also promoted
with complete organic package of practices in 20 ha
area. The yield enhancement was 38% higher over
setobhatmas (local cultivar of soybean).

No-till vegetable pea in rice fallow
Most of the farmers in the state follow mono-

cropping system; hence, the cropping intensity of the
state is low (118%). Instead of growing any second
crop after harvest of  kharif rice, the farmers of the
state leave their rice field fallow during rabi season.
Two major reasons have been identified i) late
harvesting of the rice as mostly local cultivars
predominate for its taste and aroma and livestock
fodder ii) low soil moisture during post rainy season
as very scanty rainfall occurs in winter. Therefore, in
order to enhance the cropping intensity of the state by
exploring the best possible resource conserving
technologies like zero tillage by retaining some part
of rice stubble (30-40%) and utilizing the residual soil
moisture of kharif rice; ICAR-NOFRI, Tadong,
Gangtok introduced zero tillage vegetable pea
technology in puddled rice-fallows that has been
demonstrated through Krishi Vigyan Kendra (ICAR),
East Sikkim to the progressive farmers of the East
District of Sikkim. The technology has been
demonstrated as front line demonstration to the 55 nos.
progressive farmers covering an area of 16.5 ha in
Timpyem, Nandok, Thanka, Upper Sirwani village of
East Sikkim.

Low cost water harvesting structure (Jalkund)
Rainfall pattern has changed over the years across

the world. Similarly, in Sikkim rainfall pattern has
shifted and commences in February and ends in mid
October with an average ranges from 2000-3500 mm
but merely 1.0% of the total rainfall is utilized for

Fig 19. Creep area constructed with low cost wood
inside deep litter house, which could protect the

piglets from being crushed by mother
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growing of crops. Non-availability of moisture during
winter season reduces the chances of growing of
vegetable by the farmers in Sikkim. Keeping these in
view, ICAR-NOFRI, Tadong, Gangtok in collaboration
with the KVK East Sikkim started demonstration of
Jalkund at farmer’s field (Fig20). Harvested water in

Jalkund can be used as supplemental irrigation
especially for winter vegetables (0.15-0.20 ha). The
harvested water is utilised by the farmers for other
purposes also. In the current year 2017, a total of 28
numbers of Jalkund were demonstrated at various parts
of Sikkim.

Livelihood and Nutritional Security of Tribal
Farmers in Sikkim through Backyard Poultry
Farming with Vanaraja Chicken under TSP

Under this TSP project, a total of 62,500 Vanaraja
day old chicks amounting to Rs. 25.0 lakh have been
distributed to the tribal farmers of all four districts of
Sikkim during April to December, 2017.

Trainings/Meetings/Workshops/Field Day/FLDs/Farmers Fair/Animal Health Camps Organized By
ICAR-NOFRI

Sl. Training Programs/Field day/ Farmers Fair, Frontline Year Duration No. of
No. Demonstration Programs etc. Beneficiaries

1. Technology Demonstration to the Progressive Tribal Farmers of West Siang, 2017 05 January 32
District of Arunachal Pradesh at ICAR Tadong.

2. ‘Training cum Awareness’ Program on Organic Crop Production for Tribal 2017 5-6 January 78
Farmers of Sikkim under Tribal Sub Plan at Namphok, South Sikkim.

3. ‘Training cum Awareness’ program on Organic Crop Production for Tribal 2017 23-25 January 80
Farmers of Sikkim under Tribal Sub Plan (TSP) at Pelling and Heemartam,
West Sikkim.

4. Inter-Institutional Collaborative program on ‘Sustainable Yak Husbandry 2017 6-7February 08
in Sikkim through Agri-Horti Technology under TSP for the Dokpas of
Muguthang Valley, North Sikkim

5. Training cum Technology Demonstration Program on Organic Crop 2017 8-9February 10
Production for the progressive tribal farmers of Mathabhanga-II,
Block, West Bengal at ICAR Tadong.

6. ‘Training cum Awareness’ program on Organic Crop Production for 2017 27February 44
Tribal Farmers of Lossing, East Sikkim under Tribal Sub Plan (TSP)
at ICAR-NOFRI, Tadong, Gangtok

7. Two-Day Training on Organic Crop Production for VLWs and HDOs 2017 3-4March 31
under MIDH Project at ICAR-NOFRI, Tadong, Gangtok, Sikkim

8. Livelihood Security of Tribal Farmers through Offseason Cultivation 2017 06 March 38
of Crops under TSP at Thanka-Martam and Khamdong, East Sikkim.

9. Two-Day Training on ‘Livelihood Security of Tribal Farmers through 2017 7-8March 61
Offseason Cultivation of Crops under TSP at upper Pabong, South Sikkim.

10 Field day cum training program organized on yellow sarson cultivation 2017 14 March 50
through Resource Conservation Technologies for Rabicrops

11. Women Empowerment through Vanaraja Poultry Farming under TSP 2017 14-16March 22
Poultry Seed Project at ICAR-NOFRI, Tadong, Gangtok, Sikkim

12. Field Day on Sunflower and Farmer Scientist Interaction at 2017 17March 124
ICAR-NOFRI, Gangtok, Sikkim

13. Training cum Demonstration on Organic Ginger Production Technology 2017 18March 40
for Tribal Farmers of East Sikkim at ICAR-NOFRI, Gangtok, Sikkim

14. Animal Health Camp and Training on Vaccination of Vanaraja Poultry- 2017 18March >100
Cum-Chicks Distribution, Program at Ralep, South Sikkim and Nandok,
East Sikkim

15. Livelihood Improvement of Rural Tribals through Crop Diversification 2017 20March 62
and Intensification in Mid Hills of Sikkim at ICAR-NOFRI, k, Sikkim

Fig 20. Low cost water harvesting Jalkund in Thanka
village
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Sl. Training Programs/Field day/ Farmers Fair, Frontline Year Duration No. of
No. Demonstration Programs etc. Beneficiaries

16. Two-Day Training cum Awareness Program on Organic Crop 2017 21-22March 53
Production for Tribal Farmers of Khamdong BAC, East Sikkim at
ICAR-NOFRI, Tadong, Gangtok, Sikkim

17. Two-Day Training Program on Organic Crop Production for Tribal 2017 24-25March 133
Farmers of Lingchom, Tikjek, West Sikkim

18. Advance Training on Ultrasonography for Diagnosis and Managemnt 2017 23-29March 15
of Infertility in Farm Animals for the Veterinary Officers of State
Govt., KVK, Zoobiologist at ICAR-NOFRI, Tadong, Sikkim

19. Skill Development through Technological Demonstration at 2017 31 March 17
ICAR-NOFRI, Tadong, Sikkim.

20. ‘Training cum Awareness Program on Organic Horticultural Crop 2017 04May 27
Production’ for the tribal farmers under MIDH and TSP project at
Timpyem village, East Sikkim with special emphasis on Lilium production.

21. Three-day Practical Training Program on High Altitude Animal 2017 8-10May 48
Husbandry cum Agri-Horti Production System for the tribal farmers of
North Sikkim covering Chungthang, Rabom, Lachen and Thangu
villages under TSP, MIDH and NMSHE.

22. 15-day Training Program on ‘Organic Production of Horticultural Crops 2017 23 May to 08
in Sikkim’ for the Village Level Workers of Horticulture and Cash Crop 06 June
Development Department, Govt. of Sikkim organized by ICAR-National
Organic Farming Research Institute, Tadong, Gangtok, Sikkim.

23 Farmer’s meeting-cum-input distribution program was organized by 2017 08 June 25
ICAR-NOFRI, Sikkim and ICAR-Krishi Vigyan Kendra, Ranipool at
Bakhim, Kewzing under Tribal Sub Plan project.

24 Maize Day Program was organized for the progressive farmers of 2017 20 July 100
Sikkim at ICAR-NOFRI, Tadong, Sikkim.

25. ‘Sankalp Se Siddhi’ program organized by KVK East Sikkim, Ranipool 2017 30  August 75
at ICAR-National Organic Farming Research Institute, Gangtok, Sikkim

26. ‘Training Program on Organic Crop Production’ for progressive 2017 15 November 16
women farmers of Leh-Ladakh jointly organized by .ICAR-National
Organic Farming Research Institute, Tadong, Gangtok, Sikkim and
Sikkim RLMDD, Govt. of Sikkim.

27. 07-day Training Program for the Graduate Student of Department of 2017 20-27 25
Horticulture, Sikkim University, Gangtok, Sikkim under Institutional November
Attachment at ICAR-National Organic Farming Research Institute,
Tadong, Gangtok.

28. World Soil Health Day Program 2017 at ICAR-National Organic 2017 05 December 133
Farming Research Institute, Tadong, Gangtok, Sikkim.

29. Three Day Hands-on Training Program on “Organic Oyster Mushroom 2017 5-7 December 25
Cultivation for Livelihood Improvement and Skill Development of Rural
Farmers and Youth of Sikkim” was organized duringat ICAR-National
Organic Farming Research Institute, Tadong, Gangtok.

30. Field Training for Livestock Farmers of Lohit District, Arunachal 2017 13 December 22
Pradesh at ICAR-National Organic Farming Research Institute,
Tadong, Gangtok, Sikkim.

31. Field Demonstration Program on ‘Crop Production and Management 2017 18December 9
Practices under Different Agri-Horti System in Sikkim’ for the Block
Technology Managers (BTMs) of Madhya Pradesh jointly organized by
ICAR-National Organic Farming Research Institute, Tadong, Gangtok
and ATMA, Sehore, Madhya Pradesh.

32. Five-day Inter State Training on Organic Farming for Maharashtra 2017 18-22 18
Farmers’ being jointly organized by ICAR-National Organic Farming December
Research Institute, Tadong, Gangtok and ATMA, Pune, Maharashtra.

33. Field Day -Cum- Demonstration on  “Techniques for Vanaraja 2017 29 December
Backyard Poultry Farming” was organised under Poultry Seed Project
at ICAR-NOFRI.
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TRIPURA

WEATHER REPORT
The year 2017 was an excess monsoon year with a

total amount of precipitation of 3349.6 mm (normal
2385.9 mm) in 108 days (normal 95 days). Distribution
of rainfall was almost positively skewed with 16.8% pre-
monsoon (March-May), 80.0% monsoon (June-October)
and just 3.2% post-monsoon precipitation (Fig 1). In
comparison, the total annual evo-transpiration losswas
1181.8 mm only. As a result, sufficient surplus moisture
was available to meet the crop water requirement at least
for 10 months of the year. Excess rain during June-August
resulted flooding and inundations of low lying areas, and
caused delayed sowing, poor crop establishment. Heavy
down pour caused lodging of maturing crops and incurred
losses to farmers at several pockets. In August 11, more
than 200 mm rainfall was recorded in a single day, which
was highest rainfall in a single day during August and 6th

highest in a year during last 25 years. There were 15
extreme events of rainfall (>60 mm in a day) during 2017
compared to 9 normal events. Unprecedented rains during
second fortnight of October damaged heavily the standing
crops. Total 105.7 mm rainfall was received during
December which was highest rainfall ever recorded at
Lembucherra during the month over last 25 years. These
winter rainfalls facilitated field preparation and
transplanting of boro rice. Due to high rainfall and rainy
days, available bright sunshine hour during the entire year
was 15% less than normal.

Throughout the year, the monthly mean temperature
ranged from 18.1°C (January) to 29.6°C (September)
and the mean monthly maximum temperature of

26.7°C (January) to 34.9°C (September) with absolute
maximum value of 40°C on September 18, 2017. The
overall temperature across the year remained
favourable for production of crops, livestock and
fisheries, however, occasional high temperatures in
conjunction with high relative humidity (>80%) caused
discomfort and uneasiness to livestock.

CROP IMPROVEMENT

RICE

a. AICRIP (Hills)
During the year, 1766 promising single plant

selections from 34 crosses were evaluatedfor yield and
other attributes, 221 entries were evaluated in station
trials and 14 entries were under evaluation in All India
Coordinated Rice Improvement Project Hill
trials.Under AICRIP (H) field evaluation was done for
entriesTRC 2013-11/ IET 24195 and TRC 2014-8/ IET
24197 in AVT2 E (H); entries: TRC 2016-2 / IET 25826
and TRC 2016-9 / IET 25818 in AVT1 E(H) and
entries: TRC 2016-3 / IET 25836 and TRC 2016-4 /
IET 25833 in AVT1 M(H) trials. Four out of nine
nominations to AICRIP (H) were accepted for AVT1
trials, while TRC 2017-9 / IET 26564 and TRC 2017-
1/ IET 26573 were promoted to AVT1 E(H), TRC
2017-4 / IET 26585 to AVT1 M(H) and TRC 2017-3 /
IET  26602 to AVT1 U(H). In addition, entry TRC
2014-8/ IET 24197 with 21% yield advantage over best
check variety qualified for CVRC VIC proposal and
TRC 2013-11 was recommended promising for
Himachal Pradesh.

b. AICRP (All India)
Seventeen entries were evaluated across the country

under AICRIP trials.Promotions were made for entries:
TRC 2015-7/IET 25355 to AVT2 IM; TRC 2015-12/
IET 25662 to AVT2 (Aerobic); TRC 2015-15/IET
25636 to AVT2 (Aerobic) and TRC 2015-5/IET 26178
to AVT1 (Aerobic). Performance of the promoted
entries in AICRIP trials is presented in Table 1.

c. AICRP (Boro)
Five entries were nominated to AICRIP IVT boro

2016-17 and trials were conducted in Asom and West
Bengal. Overall, entry TRC 2015-21 produced 47.3%
higher yield and  entry TRC 2015-25 34.4% than the
best check var. IR 64 in Asom, while entry TRC 2015-
24 produced 48.4% higher yield and entry TRC 2015-
23 by 17.0% than best check var. Gautam in West
Bengal under Boro conditions (Table 2).

Fig 1. Mean monthly meteorological data recorded at
Lembucherra observatory during 2017
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Table 2. Performance of entries in Initial Variety
Trial Boro (IVT-BORO) 2015-16

Entry IET No. Designation Assam West
No. Bengal

3 25679 TRC 2015-23 4847 4862
9 25684 TRC 2015-22 4932 3511
12 25686 TRC 2015-25 5280 4560
17 25690 TRC 2015-21 5787 4056
23 25694 TRC 2015-24 4592 6168
20 Gautam (Check) 3748 4155
26 IR64 (Check) 3930 3749

d. Special AICRIP (LS-E)
Special AICRIP (Late Sown – Early: LS-E) trial

was initiated to identify early duration varieties under
late sown condition for delayed monsoon scenario.
Variety: Tripura KharaDhan 1 produced 21.5% higher
yield than the best check var. MTU 1010 in zone VII-
Southern (Table 3).

e. Yield Maximization (7 + t/ha) studies
A special AICRIP trial was constituted with entries

yielding more than 7 t/ha in advance variety trials.
Entry TRC 2015-7 / IET 25355 recorded the highest
yield (8.04 t/ha) in the yield maximization trial (Table
4).

Table 4. Overall performance of entries in yield
potential trial-Medium duration

Entry IET No/Designation/ Rank Yield FD50%
no Cross combination (t/ha) flowering

4602 25355 / TRC-2015-7 1 8.04 91
4609 Local check 2 7.62
4601 25351/ CR 3962-4 3 7.00 85

Stress Tolerant Rice for Africa and South Asia
(STRASA)

During the period 532 entries were evaluated in 12
trialsto identify promising entries against drought stress
(Table 5). Produced 2.9 tones seeds of 5 stress tolerant
varieties released by the centre.

Table1 . Performance of the promoted entries in AICRIP in across India trials

Entry IET Trial / Entry Mean performance over Zones Overall Days to Plant Panicles
No. No. Designation Mean 50% Height /sq m

Zone Zone Zone Zone Zone Zone Flowering (cm)
II III IV V VI VII

AVT-1 IM
1603 25355 TRC 2015-7 5038 5488 — 6891 5429 6602 5846 102 109 312
1612 NC NDR 359 5036 5727 — 6200 5632 6725 5862 100 107 282
AVT1 -Aerobic
3305 25662 TRC 2015-12 3920 6308 3729 6136 4922 86 104 230
3321 25636 TRC 2015-15 3455 5281 4465 3788 3846 87 91 260
3311 NC CR Dhan 201 3270 4817 3126 6061 4056 85 100 246
IVT- Aerobic
3428 26178 TRC 2015-5 3778 5785 3333 4602 4696 85 102 244
3421 NC CR Dhan 201 4107 5408 3620 5341 4825 83 102 269

Table 3. Grain yield (t/ha) of entries in MLT-E Kharif 2016

Entry IET no/Designation SOUTHERN Zone VII Days to 50% Plant height Panicles/m2

no flowering (cm)

AP TEL MEAN ADV
4420 Tripura Khara Dhan-1 3849 7617 5105 21% 77 104 254
4413 MTU 1010 (check) 3540 5525 4202 73 93 281
4416 IR 64 3400 5650 4150 72 93 264
4422 Sahbhagidhan 3704 4200 3869 68 101 252

Fig 2.View of STRASA trials
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Seed production
In total 30.1 tonnes of breeder seed of released

varieties under ICAR Breeder Seed Project, 466.29
tonnes of TL seed under ICAR Seed Project, 105.5
tons of TL seeds under Pulse Seed Hub was produced
during the year (Table 6 & 7).

Table 6. Quality seed production during 2017- 18
under ICAR seed project (ISP/BSP) in
participatory mode in farmers’ field (in quintals)

Crop Breeder seed TL seed

Target Produc- Target Produc-
(t) tion (t) (t) tion (t)

Gomatidhan 8.0 10.40 300.0 340.00
Tripura Khara 1 0.2 0.23 0.5 0.62
Tripura Khara 2 0.2 0.14 0.3 0.12
Tripura Jala 1 0.2 0.18 0.5 0.54
Tripura ChikanDhan 4.0 7.24 20.0 38.00
Tripura Sarat 0.1 0.12 0.3 0.52
Tripura Nirog 5.0 7.46 50.0 58.00
Tripura Hakuchuk 1 0.1 0.12 0.2 0.42
Tripura Hakuchuk 2 0.2 0.23 0.6 0.81
Tripura Aush 0.2 0.32 0.2 0.44
Tripura Maskolai 1 2.0 2.40 3.0 3.42
Tripura Mung 1 1.0 1.32 2.0 1.46
Fieldpea TRCP 8 2.0 2.20 0.0 0.00
Tripura Lentil Sel 1 4.0 4.60
Tripura Rajmash 1 20.0 23.40

 TRC Toria 15.0 1.80
Summary of total 21.2 30.16 401.6 466.29
seed produced in
2017-18

Front Line Demonstration on Rice under NFSM
During 2017-18, FLDs on rice under NFSM were

conducted in clusters in Khowai district of Tripura,
implemented by KVK, Khowai, in our collaboration
covering 3 clusters, 69 farmers and 40 ha area. FLDs

Table 5. Trials conducted under BMGF-STRASA and the most promising entries, wet season 2017

Sl. Trial No. of Design Highest yielding entry Yield Yield % over
No Entries (t/ha) of best best

check check
(t/ha)

1 AYT 100-120 (Control) 30  + 5 SC Alpha Lattice (5x7). IR 97030-7-2-2-2 8.49 4.47 91.00
2 AYT 100-120 (REPST) 30  + 5 SC Alpha Lattice (5x7). IRRI 123 7.63 5.79 31.91
3 Anjali + Vandana NILs 10 + 2 SC Alpha Lattice (2x6) IR 84984-83-15-481-B 3.32 2.86 16.02

drought
4 OYT (Control) 182 + 7 SC + 1 LC Augmented TRC-2017-48 7.74 6.99 10.72
5 OYT (REPST) 182 + 7 SC + 1 LC Augmented TRC-2017-49 7.64 6.99 9.29
6 IR64 MAS (Control): 9  + 3 SC Alpha Lattice (2x6) IR 99784-226-237-1-5-1-1 6.59 5.49 20.00
7 Donor (VEGST) 8  + 3 SC + 1 LC Alpha Lattice (2x6) Da 29 (Sr 26 B) 7.69 5.19 48.07
8 Donor (REPST) 8  + 3 SC + 1 LC Alpha Lattice (2x6) Da 29 (Sr 26 B) 5.24 4.89 7.15
9 TDK-BPT 5204 13 + 3 SC Alpha Lattice (2x8) IR 102777-18-128-2-1-4 5.70 4.79 19.05

MRQ 74 - MAS
10 HP MET1-Transplanted 10 + 4 SC + 1 LC RCBD. IR 95133:1-B-16-14-10- 6.90 5.35 28.99

GBS-P5-1-3
11 HP MET2-Transplanted 16 + 4 SC + 1 LC RCBD IR 82475-110-2-2-1-2 5.71 7.36 -22.43
12 Head to  Head Trial 12 + 1 LC RCBD IET 25640 6.11 5.76 6.03

View of Tripura Hakuchuk 2 Breeder seed plot

View of Tripura Mung 1 Breeder seed plot

Fig 3. Seed production plots
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were also conducted in Mirza in Gomati district,
covering an area of 18.9 ha and 63 farmers and
Khaerpur in West district, covering an area of 16.2 ha
and 22 farmers. The yield advantage, net return and
B:C ratio of the FLD technologies over the traditional
practice is presented in Table 8.

Association of shoot and root traits with yield of
rice genotypes under irrigated and reproductive
drought stress conditions

The signs of climate change are becoming more
realistic in the North-Eastern region of the country,

and the intensity and frequency of droughts are
predicted to increase further in rainfed rice-growing
areas. Efforts are underway to breed/develop drought-
tolerant cultivars, but screening of desired drought
tolerant ideotype is complex and time consuming.
However, understanding of physiological mechanisms

Table 7.  Seed production under pulses Seed Hub during 2017-18

Season Crop Target for seed Variety Seed production Class  of seed Surplus or
production (t) Achieved / produced (F/S, deficit

Expected (t) C/S, or T/L  (t)

Kharif Mungbea 25 Tripura Mung 1 28 TL +3.0
Urdbean 34 Tripura Maskolai 38 TL +4.0

Rabi Fieldpea 5 TRCP 8 3.5 TL -1.5
Lentil 10 Tripura Lentil Sel 1 12 TL +2.0
Rajmash 20 Tripura Rajmash 1 24 TL +4.0

Table 8. FLD technologies vs farmers practice in rice

Technology Location No. of Area Yield (t/ha) Net return B:C ratio
Farmers (ha)  (Rs/ha)

FP IP FP IP FP IP FP IP

MTU Tripura Nirog Bidyahazari Para, Khowai 29 15.44 5.1 7.80 15200 42600 1.33 1.83
7029 + + SRI
Traditional Tripura Nirog Laxminarayan Para, Khowai 25 16.40 4.9 7.40 12800 37800 1.27 1.74
practice + SRI

Tripura Nirog Magrui Sardar Para, Khowai 15 8.16 4.7 7.10 10400 34200 1.22 1.67
+ SRI
Gomati + ICM Mirza, Gomati 63 18.90 5.54 6.84 17496 29600 1.41 1.74
Tripura Khaeirpur, West Tripura 22 16.20 5.47 6.32 16050 26850 1.36 1.69
Chikan Dhan
+ ICM

of drought tolerance in genotypes could accelerate the
breeding programmes. This work aims to study the
physiological mechanisms conferring drought
tolerance in rice.

Forty rice genotypes including three checks viz.,
(Nagina 22, Sukhadhanand Vandana) were planted in

FLD cluster at North Pulinpur TTADC area FLD on Tripura Nirog at North Pulinpur TTADC
Fig 4. FLD on Rice
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PVC pipes (1 m height and 20 cm diameter) in two
sets - stress free (control) and drought stressed at the
reproductive stage (booting stage). Significant
differences were observed between the genotypes and
treatments for shoot biomass (SB), spikelet fertility
(SF), tiller productivity (TP), grain yield (GY) and root
to shoot (R:S) values (Table 9). Cluster analysis of
forty genotypes revealed 3 cluster groups (Fig 5). The
genotypes representing each cluster with the mean

values and range for RRS, RSF, RGY, RTP and RSB
is presented in Table 10.

This finding indicated the importance of optimal
root distribution as one of the drought adaptation
features necessary for maintaining spikelet fertility and
grain yield. However, poor correlation between RGY
and RRS was observed in Kataktara, Bhalum 3, Anjali,
TRC 2013-14, DRR Dhan 46, Sahbagi Dhan and TRC
2017-7, and thereby indicating involvement of other

Table 9. Shoot biomass, spikelet fertility, tiller productivity, grain yield/plant and root to shoot biomass
of fourty genotypes under control and drought stressed condition

Genotype Shoot biomass Spikelet fertility Tiller productivity Grain yield/plant Root: shoot
(g) (%) (%) (g)

C T RSB C T RSF C T RTP C T RGY C T RRS

TRC 2015-15 6.7 0.9 13.0 89 12 13 87 75 86 62 12 19 2.9 32.9 1145
TRC 2015-6 3.0 0.6 19.4 90 62 68 100 73 73 51 29 56 3.2 23.3 733
DRR 44 3.9 0.7 17.6 85 55 64 90 68 76 30 15 49 3.2 31.9 989
IRRI 123 8.6 0.6 6.72 86 56 64 100 65 65 59 18 30 2.0 24.4 1206
TRC 2015-17 2.2 0.4 17.3 81 79 96 89 87 98 36 35 97 3.6 38.7 1083
Vandana 2.6 0.4 14.2 92 90 97 83 80 96 38 35 92 2.6 57.4 2229
Swarna 5.5 0.6 10.3 91 68 74 100 76 75 67 38 57 2.7 31.5 1148
TRC 2015-12 11.7 1.2 10.1 86 64 74 100 78 78 58 25 44 1.9 8.0 425
Tripura Jala Dhan 4.2 0.7 15.7 80 46 57 85 72 85 44 14 32 4.1 30.9 749
Dudh Kundur 4.0 1.9 46.8 89 17 19 100 81 81 82 12 14 5.3 11.8 222
Sathi 3.4 0.6 19.2 87 46 52 96 81 84 53 23 44 5.4 31.5 586
IR 64 2.3 0.2 10.3 73 43 58 81 75 92 39 29 74 4.7 39.5 835
Swarna Sub 1 9.0 0.4 4.02 90 88 98 80 65 81 35 31 88 1.7 24.9 1428
Nagina 22 6.5 0.8 13.1 85 61 72 81 81 99 61 60 97 2.2 47.3 2183
TDK 1 10.4 1.07 10.3 94 90 95 92 91 98 59 17 28 3.5 10.4 297
TRC 2015-10 7.3 0.9 3.9 76 60 79 100 90 90 34 32 94 1.9 48.0 2563
Hakuchuk 2 10.6 1.4 13.3 93 83 89 100 76 76 81 36 44 3.8 23.6 620
Sukhadhan 10.5 0.5 5.2 85 63 74 100 70 70 36 32 87 1.9 39.6 2096
DRR Dhan 46 7.7 0.9 12.2 69 60 86 100 63 63 46 43 94 2.6 24.8 938
Tripura Chikan Dhan 1.4 0.3 22.8 74 70 94 92 86 92 32 21 66 6.8 49.4 726
Sahbagi Dhan 3.0 0.7 25.1 89 87 98 94 81 85 39 33 84 4.0 30.9 773
Anjali 6.9 1.5 22.3 82 76 92 67 44 66 38 29 77 3.4 12.5 365
Hakuchuk 1 5.6 0.8 14.3 84 53 63 94 66 70 33 15 46 3.5 23.3 668
MPS 399 6.8 0.8 12.3 65 63 98 96 95 98 94 12 13 2.0 19.6 954
Kataktara 3.0 1.1 36.9 94 83 11 100 82 82 47 38 80 4.9 28.8 587
Sambamahsuri 1.5 0.2 14.1 94 0 0 100 35 35 81 0 0 3.1 12 386
Swarna Shreya 11.2 1.4 12.2 88 45 51 80 78 86 63 33 19 2.1 32.6 566
TRC 2017-49 8.8 1.3 14.0 78 36 45 85 53 97 48 10 52 5.7 17.2 832
TRC 2017-3 4.2 1.0 22.9 85 20 23 76 70 62 46 17 20 2.8 20.6 722
Naveen 3.9 1.1 27.9 85 20 23 75 71 92 60 20 35 5.2 21.3 405
Bhalum 2 3.2 1.0 32.0 69 44 63 80 62 94 18 7 33 5.5 24 434
Bhalum 3 3.6 0.7 20.9 42 8 18 90 78 78 23 22 40 4.3 22.9 534
Bhalum 4 9.8 1.5 15.0 53 30 56 86 61 86 61 21 95 2.9 12.3 424
Bhalum-5 3.6 1.6 44.8 80 47 59 83 74 70 67 25 33 4.9 22 445
TRC 2013-14 6.8 1.1 16.4 90 45 49 75 53 89 19 16 36 3.0 9.7 319
TRC 2017-7 5.2 0.5 9.2 67 59 87 78 54 70 30 28 87 2.8 17.1 611
TRC 2017-47 1.4 0.7 48.4 62 56 90 80 56 68 22 9 93 8.2 13.9 170
TRC 2017-35 5.5 1.7 31.1 81 39 48 75 67 70 39 7 40 5.9 11.8 201
TRC 2017-31 4.1 1.2 30.5 89 0 0 88 68 88 43 0 18 4.02 7.8 193
TRC 2017-39 3.2 1.2 37.8 75 0 0 73 73 76 52 0 0 6.7 18.1 271
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drought tolerance mechanism in these genotypes. It
needs further physiological studies. In addition, higher
relative root to shoot ratio was also found positively
correlated with stress tolerance index and high relative
grain in genotypes TRC 2015-17, TRC 2015-10,
Swarna sub 1, Nagina 22, Vandana and Sukha Dhan.

Fertilizer N recommendation for rice under Tripura
condition

Recommended N dose for Aman rice cultivation
needs revalidation to realize full genetic potential of
latest high yielding varieties under changing climate
and management scenario. The nitrogen dose presently
being recommended for rice in Tripura is 80 kg/ha.  In
view of this a field experiment was conducted during
kharif 2017 to evaluate optimum N dose for Aman rice
using the var. Tripura Nirog.  The experiment was
conducted using 5 doses of N, namely, 0 (N0), 60 (N60,
farmers practice), 80 (N80, recommended level), 100
(N100), 120 (N120) kg/ha.  N was applied through urea
in 3 splits, viz. 50% as basal, 25% at tillering and
remaining 25% at panicle initiation stages.  All the
experimental plots received P2O5 @ 60 kg/ha and K2O
@ 60 kg/ha during final land preparation.  No incidence
of disease was observed in the said experiment.

In general, successive increase in nitrogen level
improved the important yield attributes, viz. tillers/hill,
panicles/hill and grains per panicle, and grain yield
and highest values were recorded at 120 kg/ha (Table
11).  There was no significant effect of applied N on

Table 10. Genotypes representing each cluster group with mean and range for relative values of shoot
biomass, spikelet fertility, grain yield/plant, tiller productivity and root to shoot biomass

Cluster Genotypes Mean Range

RSB RSF RGY RTP RRS RSB RSF RGY RTP RRS

C1 TRC 2015-15, Dudh Kundur, 32.4 32.6 30.4 85.8 431.6 13- 0- 0- 70.3- 170-
TRC 2017-3, Naveen, Bhalum 2, 48.4 90.1 95.1 100 1145.3
Bhalum 3, Bhalum 5, TRC 2017
-47, TRC 2017-35, TRC 2017-31,
TRC 2017-39

C2 TRC 2015-6, DRR 44, IRRI 123,  14.4 64.4 50.8 70.2 687.9 6.7- 20.1- 0- 35.1- 319.6-
Swarna, TRC 2015-12, Tripura Jala 22.3 92.0 94.7 85.3 1206.9
Dhan, Sathi, Hakuchuk 2, DRR
Dhan 46, Anjali, Hakuchuk 1,
TRC 2017-49, Bhalum 4, TRC
2013-14, TRC 2017-7

C3 TRC 2015-17, Vandana, IR 64, 14.49 86.7 73.6 91.1 1255 3.9- 51.1- 13.1- 70- 297.5-
Swarna Sub 1, Nagina 22, TDK 1, 36.9 113 97.2 99.3 2563.5
TRC 2015-10, Sukhadhan, Tripura
Chikan Dhan, Sahbagi Dhan,
MPS 399, Kataktara, Swarna Shreya

i

ii
Fig 5. (i) AMF spores isolated from jhum fields. A, B, C

represents different mycorrhizal morphotypes
with spore diameter  >250 ìm, 106-250 ìm and 53-
106 ìm, respectively.
(ii) View of paddy jhum field being applied with
AMF consortium biofertilizer at KarbiAnglong,
Assam

Mycorrhizal
consortium

Farmers
practice
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plant height and 100 grain weight of rice. Application
of 60 kg N/ha did not improve the tillers/hill and
panicles/hill significantly, but improved the grains/
panicle by 20.7% and grain yield by 39.5% over No
(control). Further enhancing N application to 80 kg/
ha augmented the yield attributes at least by 12.8%
and grain yield by 11.6% over application of 60 kg N/
ha. Almost similar trend was observed in successive
enhanced N levels. The data thus indicated that the
existing practice of applying 60 kg N/ha by the Tripura
farmers is too low to derive the full advantage of recent
Aman rice HYVs.  Application of 120 kg N /ha
improved the grain yield by 4.1, 11.5 and 24.5% over
100, 80 and 60 kg N/ha doses, respectively. Significant
increase in grain yield at N120 over N80 indicates
towards the need of revising the current N
recommendation for Aman rice under Tripura
condition.

Table11. Effect of N doses on rice (var. Tripura
Nirog) yield parameters

Treatments Tillers Panicle Grains Grain
(Nos/ (Nos/ (Nos/ yield
hill) hill) panicle) (kg/ha)

N0 13.2 12.3 154.3 3048
N60 14.2 13.3 186.2 4253
N80 17.1 16.3 210.2 4748
N100 18.0 17.3 226.0 5090
N120 19.6 18.6 241.2 5297

LSD (0.05) 2.4 2.5 14.2 241

Effect of consortium arbuscular mycorrhizal fungi
(AMF) biofertilizer on paddy yield in jhum

Arbuscular mycorrhizal fungi (AMF) consortium
biofertilizer prepared on vermiculite base was tested
on paddy variety Chindon (farmers, variety) at three
jhum sites of MesingTeronVillage, KarbiAnglong,
Assam during Kharif season. The active ingredient of
consortium AMF biofertilizer comprised of mycorrhiza
infected root pieces of maize, spores, sporocarp and
broken hyphae of morphotpye B thus screened from
mixed AMF strains isolated from jhum soils of
Nagaland, Assam, Mizoram (Fig 5). Seed inoculation
through mixing of AMF biofertilizer @ 50 g/kg of
paddy seed was performed. The application of AMF
biofertilizer improved the seed yield by at least 26.7%
over farmers’ practice (without AMF biofertilizer)
(Table 12).

Table 12.Effect of AMF consortium biofertilizer on
yield of paddy at jhum site of KarbiAnglong
(Assam)

Location Paddy yield (t/ha)

Framers’ practice AMF biofertilizer

1 1.25 1.62
2 1.18 1.55
3 1.31 1.66
Mean 1.25 1.61

LENTIL

Effects of foliar spray of urea and potassium
chloride on leaf relative water content and excised
leaf water loss in lentil

Lentil is an emerging pulse crop that can fit in rice
fallow-lands of Tripura but the productivity often gets
restricted due to moisture stress during reproductive
phase. Addressing this issue, a field experiment was
conducted to assess the efficacy of two agro-chemicals
(urea and potassium chloride) on the performance of
the crop. As per treatment, foliar spraying of 2%
chemical was applied at 50% flowering stage of the
crop. In general, application of both the chemicals
improved relative leaf water content (RWC) at least
by 21.8% (Fig 6) and reduced the excised leaf water
loss (ELWL) by 7.1% (Fig 7). Performance of both
the agro-chemicals was found statistically at par.

Fig 6. Effect of foliar spray of urea and potassium
chloride on leaf relative water content in lentil. The

error bars represent the standard deviation

Fig 7. Effect of foliar spray of urea and potassium
chloride on excised leaf water loss in lentil. The error

bars represent the standard deviation
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However, combined application of both chemicals (2%
urea + 2% KCl) further improved the RWC by 37%
over control, 15.9% over 2% urea and 12.5% over 2%
foliar of KCl. Similarly, ELWL was reduced by 14.3%
over control, 4% over 2% urea and 7.7% over 2% foliar
of KCl.

MAIZE

Effect of manures on AMF consortium biofertilizer
on root colonization and growth of maize

A field trial was conducted to test the efficacy of
AMF consortium biofertilizer in relation to application
of FYM, vermicompost, poultry manure. As per
treatment (Table 13), 5 t/ha manure and 12.5 kg/ha
AMF consortium was basally applied in furrows. All
the manures under study enhanced maize growth both
in solo and dual application. Shoot dry weight of maize
was highest (177 g) with FYM among all the
treatments. Dual inoculation of AMF with
vermicompost and poultry manure had relatively
reduced root colonization (47%) than FYM (60%).
Similar trend of result was also recorded with solo
manure treatments on the colonization of maize roots
by native AMF. Relatively higher phosphorus
concentration (of vermicompost/ poultry manure than
FYM) an inherent impediment to AMF proliferation
in soil and root colonization further is the plausible
cause. Hence FYM proved to be advantageous to
enhance mycorrhizal establishment and performance
in plants among all manures in the study.

Table 13.Effect of manures on AMF root
colonization in maize

Treatment Per cent Shoot No. of Shoot
Root height leaves dry
infection (m) weight

(gm)

Control 40.7 1.2d 10.3a 92.1c

FYM 43.3 2.7b 10.7a 117.3bc

Vermicompost 40.0 2.2c 10.7a 101.8bc

Poultry manure 40.0 2.7b 10.7a 100.6bc

AMF 56.7 2.8b 10.7a 119.3bc

FYM +  AMF 60.0 3.2a 11.3a 176.8a

Vermicompost + AMF 46.7 2.9ab 11.0a 138.5ab

Poultry manure + AMF 46.7 2.9ab 11.0a 134.9b

Values are given as means for triplicate samples. Within each
column, means followed by same letter(s) are not significantly
different at P d” 0.05 according to DMRT.

MUSHROOM

ALL INDIA CO-ORDINATED RESEARCH
PROJECT (AICRP) ON MUSHROOM

Evaluation of Pleurotus species of mushroom
Four entries of Pleurotus mushroom were evaluated

for their suitability to Tripura conditions in winter of
2017. The results showed that PL-17-01 was the best
yield among all the entries (354 g/bed). The mushroom
sizes of this entry though were very small yet highest
yield was attained mainly due to more number of tiny
fruiting bodies. Entries PL 17-02, PL 17-03 yielded
low number of fruiting bodies and no growth was
recorded for PL 17-04 (Table 14).

HORTICULTURE

Evaluation of vegetable crops under Tripura
condition

Under IET Brinjal (Bacterial wilt) trials Entry No.
2016/BRBW 2 produced significantly higher yield
(26.87 t/ha) than both checks (Singhnath and Bholanath
at least by 3.2% and 4.0%, respectively), However, no
entry was found superior to checks against Bacterial
wilt.

In AVT I (Long Brinjal) trials significantly higher
yield was recorded in entry No. 2015/BRLVAR 1
(27.97 t/ha) by 7.2% and entry no. 2015/BRLVAR 1
(26.85 t/ha) by 2.7% over the best check (Singhnath),
while all the entries in AVT I (Round Brinjal) were
found significantly inferior to local checks Bholanath
on both yield and bacterial with tolerance.

Further, the yield of entry No. 2014/BRLVAR-2
(27.27 t/ha)  was significantly higher by 5.0%  over
best check var. Singhnath under AVT II (Long Brinjal)
trials, but no entry was superior to check var. Singhnath
against bacterial wilt. Under AVT II (Round Brinjal)
trials entry 2014/BRRVAR 2 produced 2.3% higher
yield (26.35 t/ha) than beast check and resistant level
of all the entries was inferior to the check var.
Bholanath. Under AVT I (Tomato leaf curl virus) trails
entry 2015/TOLCVRES 5 recorded 23.2% higher yield
(33.15 t/ha) than the best check var. Megha 2, while,
entry 2015/TOLCVRES 1 produced 17.2% higher
yield than the best check. These two lines were also
found superior to best tolerant check var. 2015/H-24
against tomato leaf curl virus. In AVT II (Tomato leaf
curl virus) trails significantly 30.4% higher yield was
recorded in entry 2014/TOLCVRES 1 (35.26 t/ha) in
comparison to the nest check var. Megha 2, this was
closely followed by 27.0% higher yield in entry 2014/



156ICAR RC NEH ANNUAL REPORT 2017

TOLCVRES 3 (34.31 t/ha) over the best check. These
two entries were tolerant to tomato leaf curl virus.

All India Network Project on Onion & Garlic
(AINRP-O&G)

Under IET Onion (Rabi) trials yield of ET entries
ON 16-39 (24.0 t/ha), ON 16-54 (23.7 t/ha), ON 16-
24 (23.3 t/ha), ON 16-11 (21.7 t/ha) and ON 16-13
(21.6 t/ha), ON 16-35 (21.3 t/ha) was significantly
higher than the best local check var. Agrifound Dark
Red (18.3 t/ha). In AVT I (Onion Rabi) trailsentries
ON 15-16 (26.42 t/ha), ON 15-23 (24.6 t/ha), ON 15-
18 (22.4 t/ha), ON 15-45 (22.1 t/ha) and ON 15-13
(21.9 t/ha), ON15-06 (21.0 t/ha) gave comparatively
higher yield in comparison to other lines and local
check Agrifound Dark Red (18.3 t/ha). Result of trails
under AVT II (Onion Rabi) showed thatentries ON 14-
11 (26.8 t/ha), ON 14-17 (26.5 t/ha), ON 14-06 (25.6
t/ha) and ON 14-27 (24.6 t/ha) gave higher total yield
than best check Agrifound Dark Red (18.3 t/ha).

Storage studied revealed that after 4 months total
loss due to rotting, weight loss and sprouting was in
the range of 96.5% (ON 14-15) to 99.8% (ON 14-04)
which was significantly higher than the best check var.
Agrifound Dark Red (46.4%).

 Incidence of disease and Thrips: Incidence of
purple blotch was in the range of 13.3% (ON 14-06)
to 48.2% (ON 14-04), whereas in check var. Agrifound
Dark Red it was 16.6%. Incidence of stem phylium
blight was in the range of 9.4% (ON 14-17) to 32.3%
(ON 14-15) and in check variety Agrifound Dark Red
the incidence was 20.0%. Different planting dates
revealed that thrips started to emerge from last week
of December and population was higher during January
to first week of March and then declined. Weather
parameters during the growing period indicate that
absence of rainfall with RH range  67.9%- 73.3% and
temperature in the range of 9.9-30.30C was  favorable
on onion  varieties during the growing period
December 2016 to February 2017. Similarly, there was

a negative relationship of rainfall with thrips
population dynamics as thrips population/plant was
maximum during December, 2016 to mid-March when
rainfall was nil.

All India Coordinated Research Project on Tuber
Crops

IET Colocasia
None of the 14 colcocasia entries evaluated under

IET colocasia trials was found significantly superior
to check var. Tripura Colocasia 3. However, TTr 17-
12, TTr 17-13 and TTr- 7-14 produced significantly
higher yield over local check var. Muktakeshi at least
by 23.9%.

Farming system studies in Tripura
Considering the farming situation of Tripura, two

farming system models were demonstrated at farmers’
farm house. The improved farming system model at
Kalabagan, West Tripura enhanced the benefit cost
ratio to 4.25 as compared to the benefit cost ratio of
2.41 in traditional system. Similarly, the improved
farming system at South Tripura enhanced a benefit
cost ratio to 4.18 as compared to the benefit cost ratio
of 2.26 in traditional system (Table 15).

Developing Marketing Strategy for horticulture
crops in Tripura

Survey was conducted to assess major constraints
in promotion and production of horticultural crops
including fruits (pineapple and banana), vegetables
(brinjal and potato) and spices (ginger). Total 810
farmers were surveyed in three districts (West,
Unaukoti and Sepahijala) during the year 2017. Major
constraints causing less acreage under the crops
included low density plantation, poor management and
degraded soil fertility, lack of post- harvest processing,
absence of export facility, price fluctuation and poor
market network for pineapple cultivation. Lack of
technical know- how on quality banana production,

Table 14.Yield performances of four entries of oyster mushrooms during winter (October-December,
2017) in Tripura

Race Days required No. of fruiting Wt. of fruiting Length of pileus Breadth Biological
for  First Flush bodies per bed bodies per bed (g) (base to tip) (cm) (cm) Efficiency (%)

PL-17-01 26.8 146.7 354.4 3.5 5.2 35.4
PL-17-02 27.3 30.6 30.8 2.3 3.2 3.1
PL-17-03 26.5 46 41.7 2.3 3.1 4.2
PL-17-04 NG* NG NG NG NG NG

*NG=No growth
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poor irrigation infrastructure, high biotic stress,
improper bunch filling, smaller size of fruits, low
awareness on harvesting and post- harvest techniques
besides poor transportation, ripening and storage
facilities are the major constraints for banana
cultivation. Lack of quality planting materials, poor
irrigation facilities, high incidence of biotic and abiotic
stresses, high labour and input cost, lack of
mechanization in harvesting and grading are major

constraints apart from insufficient cold storage
facilities for potato cultivation. Lack of superior
varieties and planting materials, smaller rhizome size
and low productivity are major reasons for less area
coverage under ginger cultivation.  In addition, post-
harvest loss estimated was about 24.55% in pineapple,
26.05% in banana, 15.0% in brinjal, 27.9% in potato
and 23.0% in ginger.

Improvement of cucurbits
A set of 35 female genotypes/ entries of spine gourd

/Kakrol collected from different districts of Tripura
were evaluated to identify the best performing
genotypes.Plants quantitative characters e.g. vine
length (m), number of primary branches per plant, days
to flowering, fruit length (cm), fruit width (cm), fruit
weight (g), number of fruits per plant, fruit yield (kg/
plant) etc. and quality parameters were evaluated. Wide
range of variability was recorded for almost all the
characters. The yield range was from 2.23-4.24 kg/
plant. The genotype TSG 29 with maximum yield per
plant considered as a promising line for yield followed
by TSG 28, whereas TSG 35 recorded lowest yield as
compared to all the other genotypes.

Table 15.  Assessment of Cost benefit of the two farming systems

Items Farmer 1(Shri Samarendra Debbarma, Farmer 2 (Sikha Debbarma, Manughat,
Kalabagan, West Tripura) South Tripura)

Farm size 1.0 ha 1.5ha
Family size 04 nos (3 work force) 05 nos (3 work force)
Traditional model Local rice variety  (0.32 ha) + Local vegetables (0.02 ha) Local rice variety  (0.48 ha) + Local vegetables (0.02 ha)

+ Tuber crops (0.01 ha) + Plantation crops viz., banana + Tuber crops (0.01 ha) + Plantation crops viz., banana
and coconut (0.03 ha) +  Fishery local carp (0.35 ha) and coconut (0.01 ha) +  Fishery local carp (0.32 ha),

Backyard poultry (5 local birds)
Total cost of Rs. 29000/- Rs. 15800/-
production
Gross return Rs. 57125/- Rs. 37875/-
Net income Rs. 28125/- Rs. 22075/-
Benefit cost ratio 2.41 2.26
Improved IFS Rice var Gomati + maize (0.32 ha) + High yielding Rice var Gomati + maize (0.52ha) + High yielding
model Vegetables  Okra var Arka Anamika, Chilli var Spicy Vegetables  Potato var. Kufri Jyoti, Okra var Arka

20, Brinjal var Singhnath (0.056 ha) + Tuber crops: Anamika, Tomato var. TO1485 (0.15 ha) + Tuber crops:
Colocasia var Muktakeshi, Elephant foot yam (0.056 ha) Colocasia var Muktakeshi, Elephant foot yam, Tapioca,
+ Fruit crops: Banana varSabri, Scented lemon, Swamp Taro (0.02 ha) + Fruit crops: Banana var Sabri,
Pineapple var. Queen and Papaya var. Honey dew Scented lemon (0.35 ha) + Fishery: (Composite carp
(0.15 ha) + Fishery: (Composite carp culture) 0.35 ha, culture) 0.32 ha, Backyard poultry (Dual breeds 125 nos)
Piggery: Improved Mali (0.01 ha)

Total cost of Rs. 86500/- Rs. 78000/-
production
Gross return Rs. 505875/- Rs. 394625/-
Net income Rs. 419375/- Rs. 318125/-
Benefit cost ratio 4.25 4.18

Fig 8. Marketing Channel of Pineapple in Tripura
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INM of capsicum under protected condition in
Tripura

Cultivation of capsicum (Capsicum annuum L. var.
Grossum Sebdt.) is very limited in Tripura due to lack
of its proper protected production technology. Though,
climate of the state during winter is suitable for
capsicum cultivation, but open field cultivation does
not fulfill the quality standards resulting in a gap
between the supply and demand of quality capsicum.
An attempt have been undertaken to maximise the yield
and nutrient management of capsicum var. Indra with
Arbuscular mycorrhizae (AM) under naturally
ventilated polyhouse in Tripura. The treatments were
combinations of farm yard manure @10 tons/ha
(blanket application) and 3 levels of recommended
dose of fertilizer, i e 100, 75 and 50% of RDF with or
without AM. Application of 50% RDF + AM recorded
a yield of 48.26 t/ha (Table 16). Further increase in
fertilizer application upto 75% RDF enhances the yield
by 42.5%. However, there was no significant increase
in yield with increase in fertilizer dose upto 100% RDF.
Soil application of AM significantly improves the yield
by 74%. The highest fruit yield (52.63 t/ha) was
recorded with 75% RDF + AM. The result also
corresponded with the yield attributes like maximum
fruit weight (172.60 g) and soil microbial population
[2.45 MPN (AM)/g soil].The total soluble sugars
remained non-significant in all the treatments. Soil
microbial population showed a negative correlation
with increase in the recommended dose of fertilizer
application. Reduction in the application of synthetic
fertilizers improved the proliferation of microbial
population; consequently the infectivity percent of AM
had increased and improved the absorbing capacity of
roots enabling the translocation of P along with vital
micronutrients. Thus, application of 75% RDF + AM

was found the most economically profitable and
sustainable treatment.

ANIMAL SCIENCE

Image based systems for identification of
individuals, breeds and diseases of pigs and goats
(ITRA)

The image was found to be a good trait for
individual identification in pig. During the period
image of candidate traits in goats and pigs viz., Iris,
retina, nose, inside of ear and tail, snout, muzzle, facial
and body contours were recorded as per the protocol
standardized by the Govt. Engg. College, Kalyani. In
addition, a set of morphometric parameters were
collected from Black Bengal goat and Mali pig at
monthly interval and regularly transmitted to lead
centres for analysis (Table 17, 18a & 18b).

The growth and performance of of two breeds of
pig i.e. Hampshire cross and Mali (local) was studied
at the farm. In general, the litter size in both breeds
was comparable, but the total litter weight at birth in
Hampshire cross was 250% more than local mali.
Further the average individual weight at birth was also
higher in Hampshire by 361% over Mali. In addition,
the Hampshire cross required 9 days lesser for sexual
maturity.

BUFFALO
Aiming at exploring the prospects of buffalo in

Tripura, Murrah buffalo was brought from Rohtak of
Haryana to ICAR Research Complex, Tripura Centre,
Lembucherra, West Tripura in the month of April 2013

Table 16. Growth, yield and quality characters of
capsicum

Plant Fruits Yield Fruit
height /plant t/ha weight
(cm) (g)

 Control 46.05 6.93 11.81 85.27
FYM + 75% RDF 53.13 14.44 33.07 114.33
FYM + 100% RDF 51.97 15.37 42.79 113.18
 FYM + 50% RDF + AM 55.53 17.22 48.26 140.17
FYM + 75% RDF + AM 60.57 15.22 52.63 172.60
FYM + 100% RDF + AM 51.13 16.33 51.50 136.72
CD 7.81 3.03 8.37 16.21
S. Em 2.54 0.98 2.71 5.26

Fig 9. Morphometric parameters of Black Bengal goat
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to investigate the performances of Murrah buffaloes in
Tripura agro-climatic conditions. At present, there are
14 buffaloes, including 4 (2M, 2F) calves at ICAR
livestock farm, Lembucherra, West Tripura. The animals
are housed in well ventilated shed with space and feeding
manger for individual animal. The highest lactation yield
for 305 days was 1292.5 litres with the highest peak milk
production of 8 liters per day. At farm conditions,
buffaloes showed estrus throughout the year, but in many

places a seasonal pattern of ovarian activity has been
reported. The signs of estrus in buffalo were less clear
than in cattle and homosexual behaviour between females
was absent. Though silent heat feature in Murrah buffalo
was recorded at farm, bull parading detected estrus in
the buffaloes at farm.There was no incidence of diseases
in buffaloes during the year. The Buffaloes were
vaccinated against FMD, Haemorrhagic septicaemia (HS)
and dewormed periodically.

Table 17. Morphometric parameters of goat

1 wk 2 0.9 18.2 18.5 22.0 4.7 4.5 7 .0 6.0 2.7 - 4.0 2.5 - 0.7 0.8
3 m 12 2.8 28.9 29.3 30.3 6.3 7.3 7.7 7.3 9.9 3.2 7.2 6.5 0.95 1.2 2.0
4 m 12 3.8 33.7 32.0 35.0 6.6 7.8 9.4 8.0 10.4 3.4 7.9 7.0 1.50 1.6 2.3
5 m 10 5.5 34.2 35.5 42.5 6.8 7.9 9.7 9.2 10.4 3.6 8.9 7.6 2.00 1.6 2.5
6 m 9 6.7 39.6 41.5 45.5 7.1 8.5 9.7 9.2 10.6 3.6 11.0 7.6 2.70 1.8 2.9
7 m 7 7.7 40.7 41.5 45.6 8.3 9.1 10.3 9.5 11.5 3.7 12.0 7.9 3.00 1.9 2.7
8 m 7 9.2 41.5 41.8 46.5 8.9 9.2 10.3 10.0 12.2 3.8 12.2 7.8 3.50 2.1 2.7
9 m 7 9.3 42.3 42.3 46.8 8.9 10.4 10.3 10.1 12.4 4.0 12.7 8.0 3.90 2.2 3.0
10 m 7 9.5 43.7 43.3 46.6 8.9 11.3 10.9 11.0 12.4 4.0 12.6 8.1 4.10 2.2 3.5
11 m 7 11.3 45.8 46.8 49.8 9.0 11.5 10.9 12.3 12.5 4.1 12.6 8.2 4.60 2.2 3.5
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Table 18a. Morphological Parameters of Mali Pig

Type of Age Sex No of BW Body Wither Heart Tail Ear Head Muzzle Muzzle
animal group animal (kg) Length Height Girth length length length length width

(cm) (cm) (cm) (cm) (cm) (cm) (cm)  (cm)

Piglet 7 day M 4 1.05 19.5 15.00 21.75 6.37 3.87 5.25 2.62 2.25
F 6 1.13 20.0 16.67 23.50 6.33 3.58 6.50 2.17 2.07

14 day M 2 1.65 25.0 18.00 27.50 7.50 2.75 6.50 3.00 2.00
F 4 1.62 24.5 18.00 26.50 6.00 3.06 5.75 2.87 2.07

2 month M - - - - - - - -
F 5 5.06 35.4 28.00 38.60 9.60 5.80 13.30 4.40 3.60

3 month M 1 8.30 41.0 35.00 44.50 10.00 8.00 6.50 5.00 4.00
F 2 6.30 35.5 27.50 42.00 9.75 7.00 6.75 5.00 4.00

Adult 1 year M 1 45.90 98.0 63.00 96.00 27.00 12.00 26.00 7.00 5.00
F 1 35.00 92.0 56.00 94.00 25.00 10.00 19.00 7.00 5.00

Table 18b. Performance of Mali & Hampshire pigs at farm

Sl. No. Traits/Characters Mean Performance

Mali Hampshire Cross

Male Female Overall Male Female Overall

1 Average Litter size at birth (no.) 3.8 3.1 6.90 4.00 2.7 6.8
2 Average Litter weight at birth (kg) 2.3 1.9 4.20 4.60 6.4 11.0
3 Avg. Individual weight at birth (kg) 0.6 0.7 0.61 2.30 2.1 2.2
5 Age of sexual maturity (Months) - 7.2 7.20 - 6.9 6.9
6 Average Gestation period (days) 114.0 114.00 113.0 113.0
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Table 19. Performance of Murrah Buffalo under
farming condition

SN Animal  Mean
No

Total Avg. Peak G.P
yield (L) yield yield (days)
(305 days) (L) (L)

1. MU-4 1292.50 4.23 8.00 324
2. MU-8 1216.80 3.98 6.50 311

Avg. 1254.65 4.10 7.25 318

CATTLE
At present, there are 29 cattle are present in the

livestock farm in which there are 9 Sahiwal, 10 Jersey
Cross and 10 Holstein-fresian Cross including calves
are present. The animals are housed in well ventilated
shed with space and feeding manger for individual
animal. The highest lactational yield for 305 days was
1048.50 litres with the highest peak milk production
of 6.5 liters per day during 2017-18. At farm conditions,
all cattle showed estrus throughout the year, but in
many places a seasonal pattern of ovarian activity has
been reported. There was no incidence of diseases in
cattle during 2017-18. The cattle were vaccinated
against FMD, Haemorrhagic septicaemia (HS) and
dewormed periodically.

Table 20. Performance of cattle under farming
condition

SN Animal  Mean
No

Total Avg. Peak G.P
yield (L) yield yield (days)
(305 days) (L) (L)

1. SH-2037 1004.25 3.29 6.5 292
2. HF-1052 1048.50 3.44 5.2 293
3. HF-2003 913.75 3.00 5.0 293

Avg. 988.83 3.24 5.57 292.67

Molecular characterization of indigenous chicken
and duck of Tripura

Genotyping of two indigenous poultry breed of
Tripura namely Tripura Black and Tripura Brown was
performed on DNA collected from blood samples of
15 birds of each group using 15 SSR markers
recommended by the FAO-ISAG (Fig 10).

The results indicated a possibility of inbreeding in
the two populations. At the same time, the mean FST
values (0.069) and Nei’s genetic distance estimate

(0.758) point to a moderate level of genetic
differentiation between the two groups.

Table 21.  Genetic diversity parameter estimates
for Tripura Black and Tripura Brown across five
loci

Group Ne Ho He F

Tripura Black 5.448 0.312 0.782 0.577
±1.131 ±0.085 ±0.043  ±0.135

Tripura Brown 6.951 0.561 0.843 0.337
±1.002 ±0.090 ±0.024  ±0.026

Ne- Effective number of alleles; Ho- Mean Observed
Heterozygosity; He: Mean Expected Heterozygosity; F: Mean
Fixation index.

However, these results cannot be inferred
conclusively due to the small sample size involved in
the study. Moreover in the absence of systematic
pedigree information of the specimens, which usually
occurs in genetic diversity studies of free ranging birds,
the possibility of related individuals featuring in the
study cannot be completely ruled out.

The image shows the SSR locus specific primers
MCW0104 amplified from genomic DNA of 14 birds of
Tripura Black group and separated on a 12% native PAGE.
Lane M: 100bp DNA Ladder (GCC Biotech, India), Lanes
1-4: amplicons of MCW0104 primers in 14 individuals.

Fig 10. Representative gel image for locus profile for
MCW0104 in Tripura Black

The image shows the SSR locus specific primers
MCW0104 amplified from genomic DNA of 16 birds of
Tripura Black group and separated on a 12% native PAGE.
Lane M: 100bp DNA Ladder (GCC Biotech, India), Lanes
1-16: amplicons of MCW0104 primers in 16 individuals

Fig 11. Representative gel image for locus profile for
MCW0104 in Tripura Brown
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AICRP on Poultry Breeding (Rural Poultry
Production)

Performance of Dual type chicken
Dual variety chicken (BND Cross) was developed

during 2014-15 at ICAR, Tripura Centre, Lembucherra
by crossing Coloured Broiler, Tripura Black and
Dahlem Red. The mean performance of dual variety
chicken was evaluated at institute farm and at the
farmers’ fields.

The performance of dual type birds at institute farm
was better in comparison to dual type birds at farmers’
field. This is may be due to the no proper management
of birds at farmers’ field (Table 22).

Table 22. Evaluation of mean performance of dual
type chicken

Traits Institute farm Famer’s fields

Day old BW (g) 39 -
4 Wk BW (g) 236 -
8 Wk BW (g) 565 503
12 Wk BW (g) 1020 840
20 Wk BW (g) 1756 1595
40 Wk BW (g) 2220 1807
ASM (Days) 160 172
E.P. upto 40 WK 50 40
E.P. upto 52 WK 89 74
E.P. upto 72 WK 141 119
Egg wt 40 WK (g) 53 48

Fertility and Hatchability of Different Chicken
germplasms

A total of 33912 eggs of Dahlem Red, Coloured
Broiler, Tripura Black, ND Cross (50%), BN Cross
(50%) and Dual type chicken were set for hatching in
the hatchery unit by following standard protocol.In
general, 75.2% fertility was recorded in eggs (Table 24).
Among the breeds, maximum fertility was observed
in Coloured broiler - Dam line (80.1%) while it was
lowest in BN Cross (62.5%). Further, the hatchability
on total egg set (TES) was found maximum in ND
cross (63.7%) and minimum in BN Cross (50.3%).

Supply of Poultry Germplasms
During the period, a total of 17,835 chicks of

different varieties / lines of poultry were supplied to
the farmers of Tripura (Table 25).

Table 25. Details of supply of different types of rural
poultry germplasm during January – December,
2017
S. N. Name of the germplasm Nos.

1. Dual Type 7634
2. ND Cross (50%) 1479
3. Coloured Broiler(Dam) 2134
4 Coloured Broiler(Comm.) 1347
5. BN Cross (50%) 1809
6. Tripura black 2008
7 Dahlem Red 1424

Total 17835

Table 23. Mean performance of different poultry germplasms at Institute farm

Traits Tripura Black Dahlem Red Coloured Broiler BN Cross Dual Type
(Dam line) (50%) (BND Cross)

Day old BW (g) 31± 0.6 37±0.4 45±0.4 36±0.3 39.40±0.5
4 Wk BW (g) 155 ± 3.8 225±8.0 436±10.7 219±8.1 236±8.4
8 Wk BW (g) 316 ± 8.3 544±16.1 1044±32.1 550±18.6 565±15.0
12 Wk BW (g) 564 ± 16.4 1012±30.6 1750±30.4 980±23.3 1020±33.4
20 Wk BW (g) 1105±24.5 1720± 33.2 3240±60.8 1590 ± 41.5 1756±55.3

Table 24. Fertility and hatchability of different chicken germplasms

Sl. Breed/ Variety/Strain Totalno of No offertile Fertility Total no of Hatchability (%)
No. eggsset eggs (%) Chicks

hatched Fertile Eggs Total Eggs
Set (FES) Set (TES)

1 DahlemRed 2570 1981 77.0 1547 78.1 60.1
Coloured Broiler (Commercial) 2404 1882 78.3 1499 79.6 62.4

2   Coloured Broiler  (Dam line) 3899 3123 80.1 2375 76.0 60.9
3 Tripura Black 4534 3406 75.1 2692 79.0 59.4
4 NDCross(50%) 3204 2529 78.9 2042 80.7 63.7
5 BN Cross(50%) 3452 2157 62.5 1738 80.6 50.3
6 Dual type (BND Cross) 13849 10408 75.2 8383 80.5 60.5

TOTAL 33912 25492 75.2 20276 79.5 59.8



162ICAR RC NEH ANNUAL REPORT 2017

Status of hydrological parameters with a note on
fish diversity of Rudrasagar Lake, Tripura

Rudrasagar Lake, a wetland of international
importance in the Sipahijala District of Tripura,
covering an area of 240 hectares was surveyed during
the year for hydrological parameters and fish
biodiversity in post monsoon season during October
to December. Water samples were collected from four
sampling sites in 2 litres polypropylene bottles and
analysed for 12 physico-chemical parameters viz.,
water temperature, pH, secchi disk transparency,
dissolved oxygen, biochemical oxygen demand, total
alkalinity, total hardness, free carbon dioxide, chloride,
nitrite – nitrogen, nitrate – nitrogen and phosphate.
The range in characteristics is presented in Table 26.
The fish biodiversity survey of the lake is still
continuing, and so far, 33 fish species of 14 families
and 6 orders have been recorded from the lake.
Important fish species identified included Ompokbima
culatus, Clarius magur, Heteropneus tesfossilis,
Anabas testudineus, Mastacembelus armatus, Xeneton
cancilla, Channa marulius, Puntius ticto, Puntius
chola,Notopterus notopterus, and Chital chitala. In
addition, presence of illegal exotic fish Piaractus
brachypomus (Pacu) was also observed.

Majority of the physico – chemical parameters of
the lake were found to be in the acceptable range for
fish culture. The observed values of secchi disk
transparency, alkalinity and hardness were little lower
than the optimum desirable range which may be due
to siltation problem of the lake which draws serious
attention from the concerned authority.

Quantitative Morphometric Analysis in Mystus
species for resolution of taxonomic ambiguities

Possible taxonomic ambiguities causing
unexplained sexual incompatibilities were observed
in two species of Mystus (M. carcio and M. tengara).
Detailed studies revealed distinct morphometric
characteristics among the individuals of same species
and these individuals could be placed in two distinct
sub groups. The possible reason of this ambiguity could
be the use of more qualitative rather than quantitative
descriptors for taxonomic classification of Bagrid
catfishes. Thus, attempts were made to quantify major
qualifying taxonomic attributes of the fish species.
Important qualifiers studied include total length,
standard length, eye diameter, size of dorsal fins, head
length, location of fontanelle groove, distance between
the fins, and fin ray counts.The morphometric

differences that distinguish between the sub groups in
the two species have been summarised in Table 27.
Additional analyses including molecular taxonomy
would help to provide concrete and biologically
meaningful systematics for these species.

Table 26. Physico-chemical parameters of
Rudrasagar Lake

Sl. Parameter Mean Range
No

1 Depth  (m) 2.00 1.5 -2.4
2 Temperature, °C 25.00 24-26
3 pH 6.50 6.2-7.2
4 Secchi Disk Transparency (cm) 26.00 15.5-38.5
5 Dissolved Oxygen (mg/l) 8.72 6.6-9.2
6 Free carbon dioxide (mg/l) 8.36 4.49-11.98
7 Total Alkalinity (mg/l) 17.75 14.0-25.0
8 Total Hardness (mg/l) 15.00 10-14
9 Chloride (mg/l) 11.36 0.99-15.99
10 Biochemical Oxygen Demand  (mg/l) 1.52 0.8-3.0
11 Nitrite- Nitrogen (NO2 – N), (mg/l) 0.008 0.006-

0.013
12 Nitrate-Nitrogen (NO3 – N), (mg/l) 0.64 0.22-1.33
13 Phosphate (P-PO4), (mg/l) 0.47 0.23-0.72

Evaluation of effect of different sources of
carbohydrate on immunological parameters of
common carp fingerlings

A 60 day indoor experiment was conducted in glass
aquarium (18"x 12" x 12") without soil based using
three carbohydrate sources eg: rice polish (T1), sweet
potato (T2) & potato (T3) to evaluate effect of biofloc
on immunological parameters of common carp
fingerlings. Common carp fingerlings (8.2±0.1 gm) @
20 nos/m3were stocked and fed with formulated feed
(20% CP), @ 2% body weight daily (2.5 gm feed per
tank) and carbohydrate added = 1.20 gm (48 mg/l). A
control (C) was maintained without addition of
carbohydrate.

In comparison to control, the supplementary source
of carbohydrates in feed enhanced the phosphorous
content (P), floc volume (FV) and the total suspended
solids (TSS) while reduced the total ammoniacal
nitrogen (TAN) from the water. Among the sources of
carbohydrates, potato had better biofloc properties than
other. However, the protein content produced by sweet
potato assimilated better by common carp fingerlings.
In conclusion biofloc can absorb ammonia and
stimulate immunity, hence can help in purifying water
and disease management.
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Table 28. Water parameters

DO TAN PO4-P FV TSS

Mean Mean Mean Mean Mean ±
± SD ± SD ± SD ± SD SD

C 8.11 2.10 0.02 06.07 150
±1.42 ±0.12 ±0.02 ±13.42 ±2.05

T1 8.06 0.05 0.06 20.39 280
±0.93 ±0.03 ±0.04 ±4.39 ±2.05

T2 7.10 0.08 0.05 15.46 250
±1.63 ±0.04 ±0.01 ±2.51 ±2.05

T3 7.10 0.03 0.05 14.00 250
±1.03 ±0.02 ±0.01 ±2.05 ±2.05

DO= Dissolved oxygen (ppm), TAN=Total ammonia (ppm),
Phosphate (ppm), FV= Floc volume (ml/l), TSS= Total suspended
Solids (mg/l)

Interventions to control Aphanomyces invadans, the
causative agent of EUS (Epizootic ulcerative
syndrome)

Epizootic ulcerative syndrome (EUS) caused by
Aphanomyces invadans is one of the most destructive

Table 27. Quantitative morphometric descriptors for two Mystus spp. The intraspecific clusters within
each ‘species’ are reproductively isolated

Descriptor M. carcio M. tengara

I II I II

Maxillary barbell Reaches beyond spiny dorsal fin Does not extend beyond Reaches posterior of
length relative to half of adepose dorsal fin adepose dorsal fin
dorsal fin position
Genital papillae of Reach beyond base of first ray of anal fin Does not reach base of Reach beyond base of
males first ray of anal fin first ray of anal fin
Location of Distance between anterior Distance between anterior Distance between anterior Distance between anterior
fontanelle groove tip of FG to snout is half tip of FG to snout is less tip of FG to snout is half tip of FG to snout is less
(FG) of distance between than 1/3rd the distance of  distance between than 1/3rd the distance

posterior tip of FG and between posterior tip of posterior tip of FG and between posterior tip of FG
dorsal fin base FG and dorsal fin base dorsal fin base and dorsal fin base

Ratio of eye Ranges from 0.30 to 0.35 Ranges from 0.30 to 0.35 Ranges from 0.2 to 0.3 Ranges from 0.4 to 0.5
diameter to head
length
Adepose fin to Ranges from 0.2 to 0.25 Ranges from 0.2 to 0.25 Ranges from 0.9 to 1.0 Ranges from 1.4-1.5
head length ratio (posterior end of adepose (Posterior end of adepose

fin not in contact with fin in contact with base)
base)

Table 29. Immunological parameter

Treatment RBC WBC Glucose Protein Albumin Globulin SGPT SGOT
mm3 mm3 mg/dl g/dl g/dl g/dl u/dl u/ml

C ( Control) 10750 8185 95.6 8.4665 3.956 4.511 114.0 102.5
T1 (Rice Polish) 8450 8045 139.61 8.3365 3.760 4.575 93.1 97.5
T2  ( Sweet Potato) 8050 3490 69.4 11.521 5.602 5.919 92.0 138.75
T3 ( Potato) 13250 9190 71.0 8.9345 4.076 4.859 123.0 150.0

fish disease, and its effective management requires
three pronged strategy of pathogen control, habitat
manipulation and host immunity fortification. For this
three separate set of experiments were laid out at
Tripura Centre.

Experiment to elevate the immunity of host
Oyster mushroom (Pleurotus ostreatus) has lots of

medicinal value. They have many active components
like polysachharides, dietary fibres, oligosachharides,
triterpenoids, peptides  & proteins, alcohols & phenols
and mineral elements such as zinc, copper, iodine,
selenium and Iron, vitamins, amino acids etc. which
have been found to boost the immune system.

Hence the purpose of this study was to determine
the efficacy of dietary oyster mushroom as immune-
stimulant against EUS on the Indian major carp, Labeo

rohita (rohu). Three levels of oyster mushroom as feed
supplement (1%, 2% and 3%) in fish feed was fed to
rohu for a period of 30 days, thereafter the fish was
challenged with A. invadans. Data were collected at 1
day, 7 day, 15 day and 30 day post infection. In
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comparison to controlled conditions, feed supplement
of 2% oyster mushroom significantly elevated the
RBC, respiratory burst, lysozyme activity and
decreased the WBC, glucose and SGPT levels in the
fish.

Effect of environmental parameters on sporulation
Microscopic observations indicated that A.

invadansspores are negatively geotactic and
accumulate at surface indicating that control strategies
should mainly be directed to surface waters. In addition
zoospore production was significantly influenced by
water temperature, acidity and salinity (Fig 13).
Highest spore production was observed at 200C
temperature while sporulation stopped at water
temperature of 300C. Similarly, zoospore production
started at pH 5.0 and reached a peak at pH 7.0, but no
spores were produced at pH 8.0. In addition, maximum
zoospore production was observed at salinity 1 ppt,
and thereafter gradually declined and became
insignificant at salinity 4.0 ppt.

Control of A. invadans
Four compounds namely formalin, potassium

permanganate, turmeric and neem leaf were evaluated
to control  A.invadans. Aphanomyces invadans showed
significant reduction in sporulation with Formalin and
potassium permanganate at 250 ppm and at 1000 ppm
with  turmeric and neem leaf extract.

Fish seed production and distribution
This year 3 lakh fish seeds of catla, rohu, mrigal,

silver carp, grass carp, java puti and bata were produced
through experimental rearing. Maximum survival
(85%) was recorded in silver carp followed by rohu,
bata, mrigal, java puti, grass carp and catla. The average
size of the seeds after 2 months of rearing was 4.5g.
Two lakhs seeds were distributed among the farmers
under TSP, NICRA and other projects in collaboration
with KVKs, SHGs, NGOs, farmers club etc. Total
farmers covered during the period were 445.

Efficient use of pond dikes
The pond dikes which generally remain unused were

utilized for growing vegetable crops. This year, we have
demonstrated the farming of cauliflowers, cabbage,
coriander, methi, spinach, mustard, tomato, amaranthus,
eggplant, chili, bitter gourd, knoll khol on the pond dikes
through life saving irrigation form the pond. The
productions of different crops are as follow-

Cabbage 301.5 kg 5m X 11m
Cauliflower 40.11 kg 3m X 2m
Coriander 2.5 kg 2mX 2m
Methi 12.0 kg 3m X 4m
Spinach 33.5 kg 5m X 6m
Mustard leaves 15.5 kg 6m X 4m
Tomato 67.5 kg 5m X 4m
Amaranthus 8.5 kg 5m X 6m
Brinjal 4.5 kg 8m X 5m
Chilli 5.0 kg 5m X 11m
Bitter gourd 3.6 kg 4m X 6m
Knolkhol 2.5 kg 3m X 2m

Fig 12. SGPT in L. rohita fed oyster mushroom and
challenged with A. invadans Fig 14. Evaluation of control methods for A. invadans

Fig 13. Effect of salinity, temp and pH on sporulation
of A. invadans Fig 15. Utilization of pond dikes for horti crops
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TRIBAL SUB PLAN (TSP)

Sl Technology Capacity District/ Farmers Advantage
No. building Block

component Covered

1. Improved varieties FLDs with complete South Tripura, 8760kg seed of rice Farmers received 15%
of rice, mungbean package of practices West Tripura, and pulses were given more income due to these
and urdbean Khowai, North to 619 farmers interventions.

Tripura, Dhalai
2. Improved varieties FLDs with complete South Tripura, 2820 kg seed of toria Farmers received 17-20%

of Toria and package of practices West Tripura, and blackgram were economic benefit dur to the
urdbean Khowai, North given to 1026 farmers interventions. During this

Tripura, Dhalai period one power tiller was
given away to the tribal
farmers of Mirza through

Arabinda Farmers Club
3. Quality planting Training imparted to Dhalai, West 150 Skilled training on fruit

material of fruit the Tribal farmers on: Tripura, Khowai plants propagation and
plants: nursery 1. Demonstration of distribution of improved
raising grafting, cutting and fruit variety.

layering of fruit plants
2. Distribution of
grafted mango var.
Amrapali plants

4. Distribution of Demonstration on Gomati, Khowai, 15,000 Maango, 500 Farmers planted improved
quality planting planting and Dhalai, North Papaya and 500 Litchi fruit varieties
materials of fruit management of fruit Tripura materials to 150
plants plants farmers.

5. Nursery raising Training and West Tripura, 35 kg of Seeds of high Farmers raised vegetable
of vegetable crops demonstration Dhalai yielding vegetable crops nursery under protected
and seed distributed (Crops: condition and cultivated.
distribution radish, cabbage, okra,

peas, tomato, chilli,
Brinjal, French bean
etc) to 50 farmers

6. Distribution of High yielding West Tripura Distributed 3000 Farmers cultivated the high
vegetable seedlings vegetable seedlings seedlings of Tomato, yielding vegetables

Brinjaland capsicum
to 5 farmerss.

7. Protected Imparted training West Tripura Cucumber and Framers earned good
cultivation of on protected capsicum, Vegetable income.
vegetables cultivation nursery raising and

Coriander cultivation
for leaf to 2 farmers.

8. Biofertilizer Technology for Khowai and Lentil seeds (200kg), Nutrient use efficiency
 biofertilizer West Tripura Rhizobial biofertilizer improves.
application (80 kg) and AMF Bio-

fertilizer (200kg) were
distributed among 20
Tribal farmers

9. Crossbred piglets Pig farming West Tripura, 21 piglets were Income enhancement
South Tripura distributed among 21

farmers
10. Backyard poultry Poultry farming North Tripura, 6885 chicks of Income enhancement

South Tripura, improved breeds were
West Tripura, distributed among the
Khowai, Sepahijala 713 tribal farmers
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Training Program Organized

Sl Subject Duration Participants Training on
No

1 In-Plant training 27th March B. F. Sc. Aquaculture practices, Farming
-1st April Students system
2017

2 NICRA training on Adaptation strategies to 9th-15th

climate change in Tripura agriculture February 2017 Farmers Climate resilient technologies
on agriculture, horticulture and
Fisheries

3 Skill development programme on Development 15th March- Rural Youths Hands on training on Nursery
of skill of rural youth on nursery management 4th April 2017 management of horticultural
techniques of horticulture and Pisciculture for crops and piosciculture
livelihood security.

4 Training on basic Biotechnology 20th-23rd Students Hands on training on
July 2017  biotechnology.

5 Propagation techniques of Fruit crops Mar 27th- Farmers Hands on training of
29th 2017 propagation of fruit crops

6 One day workshop on ‘Prospects on Orchids 29th June Officials from Discussion on prospects of
Cultivation in Tripura’ 2017(One day) State Horti. orchid cultivation in Tripura

Dept. and
NRC Orchid

7 Establishment of new fruit orchards and their 18th January Farmers Hands on training on scientific
scientific management 2018(One day) cultivation of fruit crops
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NATIONAL INNOVATION IN
CLIMATE RESILIENT

AGRICULTURE (NICRA)

Identification of heat tolerant rice for North East
region

A core set of 150 rice genotypes was formed from
a set of 1100 genotypes representing all the states of
North East India. The core set was evaluated
extensively for tolerance to heat stress. The genotypes
were grown in both ambient and elevated temperatures
and the data was recorded for yield, yield contributing
and physiological traits.  In general, plants flowered
earlier (Fig 1) with smaller length of panicles, less
number of effective tillers and plant yield. As far as
yield per plant is concerned, Daya (28.62 g), Bhalum
3 (23.07 g), TRC 2016-301 (22.97 g), TRC 2016-624
(22.22 g), Bhalum 1 (21.42 g), TRC 2016-426 (21.11
g) and Manipur (20.74 g) high yield in elevated
temperature conditions and can be further utilized in
breeding programme.

Performance of rice genotypes for various
morphological and physiological traits under ambient
and elevated temperatures is given in Table 1. Larger
variation is present among the genotypes which can

be utilized further. The pollens from three randomly
selected plants were collected, stored and number of
fertile pollens was checked using KI solution.
MEETU-6, RCPL 1-305, Saku, RCPL 1-185 and TRC
2016-76 have shown highest pollen fertility percentage
(>95%) in elevated temperature.

Analysis of rainfall and temperature data of North
East for assessment of climate change

The average monthly maximum air temperature
significantly increased from early 1980’s (+ 0.1064°C
/ year; P < 0.05) while the minimum air temperature

Table 1. Comparison of performance of rice genotypes in ambient and elevated temperatures

Variable Ambient temperature Elevated temperature

Min Max Mean CV Std Dev Min Max Mean CV Std dev

DFF 74.00 116.00 92.84 8.86 8.22 62.00 112.00 86.02 10.82 9.31
SPADI 24.74 112.86 39.87 17.53 6.99 23.24 44.94 37.70 10.77 4.06
CTEMP (°C) 18.44 89.94 26.21 22.67 5.94 14.16 30.84 25.63 15.89 4.07
PH (cm) 55.58 295.80 108.35 28.29 30.65 38.52 170.30 95.90 29.90 28.67
PL (cm) 18.84 29.20 23.94 9.36 2.24 9.30 30.20 20.71 24.41 5.06
NET 2.20 12.60 5.67 35.49 2.01 0.60 15.00 4.68 55.65 2.60
NFG 0.00 270.40 91.48 51.31 46.94 1.40 213.00 57.14 55.50 31.71
NCG 5.60 168.20 54.53 56.35 30.73 5.20 232.80 49.32 74.20 36.59
SFP 0.00 93.32 61.41 32.98 20.25 3.38 94.57 55.10 38.61 21.27
YPP (g) 0.24 24.00 9.05 56.41 5.11 0.08 54.01 5.88 98.32 5.78
Biomass (g) 0.80 26.37 10.52 42.72 4.49 0.73 32.35 9.39 63.00 5.92
HI 0.01 0.81 0.45 36.18 0.16 0.04 0.89 0.38 45.80 0.17
FP 0.33 944.67 520.88 39.30 204.71 11.00 950.33 612.06 29.20 178.73
SP 5.33 779.33 110.72 109.59 121.33 8.33 521.67 142.38 65.83 93.73
PF 0.05 98.62 82.30 24.08 19.82 3.43 98.42 80.93 17.92 14.50

DFF=days to fifty per cent flowering, SPADI=SPAD Index, CTEMP=canopy temperature, PH=plant height, PL=panicle length,
NET=number of effective tillers per plant, NFG=number of filled grain per panicle, NCG=number of chaffy grains per panicle,
SFP=spikelet fertility percentage, YPP=yield per plant, Biomass= shoot weight per plant, HI=harvest index, FP=number of fertile
pollen per microscopic field, SP= number of sterile pollen per microscopic field, PF=pollen fertility percentage

Fig 1. Field attributes of rice under ambient and
elevated temperature
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showed a non-significant declining trend at Kolasib
Mizoram over past 37 years. While the daily extreme
event analysis confirmed significant reduction in
annual count when Tmin (daily minimum)>25ºC (Fig
4). A significant reduction in warm nights i.e.
percentage of days when Tmin>90th percentile was also
evident (Fig 4). Nights are getting much cooler at
Kolasib, with wider monthly mean difference between
Tmax and Tminvalues expressed as Diurnal Temperature
Range (Fig 4).

Nutritional management to ameliorate climate
stress in pig

a) Feed formulation (Winter feed) to mitigate cold
stress for grower pigs

Winter cold is a major climatic stress to young
growing piglets in the North East region of India.

Therefore, a feed supplement with high energy content
(here termed as Winter Feed) was formulated to
mitigate cold stress for grower piglets. The
composition of the feeds (control and winter feed) is
given in Table 2.  Sixteen 8 weeks old crossbred piglets
(Niang Megha x Hampshire) were used in the
experiment. Piglets were divided into two groups with
8 piglets in each group. Control group was fed with
normal grower ration whereas, the treated group was

Tolerant Suseptible

Fig 2. Difference in pollen viability under elevated
conditions

Fig 3. Trend analysis for air temperature at ICAR
Kolasib Research farm

(a)

(b)

(c)

Fig 4. Trend analysis for (a) Annual count when Tmin
(daily minimum)>25ºC (b) Percentage of days when
Tmin>90th percentile (c) Diurnal temperature range at
Kolasib.
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fed with winter-feed-supplemented grower ration.
Piglets fed with winter feed had significantly higher
body weight gain (294±15.90 vs. 267±14.78 g/day)
and better feed efficiency (1:4.56 vs. 1:4.83) than
control.

b)Formulation of low-cost feed with locally available
feed resources

A total of six samples of Banana pseudo-stem
(Musa spp.) were collected randomly from different
villages viz., Umroi, Mawbri, Umsninag, Umsaw,
Nongpathaw of Ribhoi district of Meghalaya as well
as from ICAR livestock Farm. The proximate analysis
of collected samples was done at Animal Nutrition
Laboratory using AOAC method (1995). Proximate
analysis was done for upper, middle and lower portion
of banana pseudo-stem (Outer and inner portion)
separately and the results of the analysis are presented
in Table 3. The average values of moisture content
(%), dry matter (% DM), crude protein  (% CP), crude
fibre  (% CF), ether extract  (% EE), nitrogen free
extract  (% NFE), ash (%) and gross energy (cal/g)
were recorded to be 93.35 ±1.03, 6.64±1.03,
4.60±1.19, 31.15±0.24, 0.99±0.24, 45.46±0.24,
21.81±5.42 and 3231±4.14, respectively.

Table 2. Formulation for winter feed

Ingredient (%) Control Winter Feed

Maize 52.00 54.00
Mustard oil - 10.00
Soybean meal 10.50 6.00
Wheat bran 23.00 20.00
Groundnut cake 12.00 8.00
Mineral Mixture 2.00 2.00
Salt 0.50 0.50

100 % 100 %
CP % 18.17 15.04
ME (KCal/kg) 3320.60 3611.20

A study was conducted to evaluate the effect of
banana pseudo-stem as a partial replacement of
concentrate feed on growth performance of crossbred
(Niang Megha x Hampshire) pigs. The present study
was conducted on (18) eighteen weaned growing pigs
maintained at ICAR, Animal Nutrition Experimental
farm, Livestock Production Division. They were
divided randomly into three groups (I, II and III) and
all the three groups were fed iso-calorie and iso-
nitrogenous diets as per NRC (1988) recommendation.

The initial average body weight of pigs in groups
I, II and III were 8.25 ± 0.36 kg, 8.25 ± 0.28 kg, 8.25
± 0.28 kg, respectively, which did not differ
significantly. Banana pseudo-stem were chopped into
small pieces (1-2 cm in length), dried under sun light
and crushed into dry powder before use. Pigs were
fed with banana pseudo-stem (20% level) + standard
concentrate mixture (80% level) and banana pseudo-
stem (40% level) + standard concentrate mixture (60%
level). For comparison, a control group was

Table 3. Proximate analysis of locally available banana pseudo-stem samples

Parameters Moisture(%) Nutrient content (%) Gross
Energy

DM CP CF EE NFE ASH (Cal/g)

Upper portion Inner 90.65 9.35 2.38 40.59 0.40 46.45 12.43 3570
Outer 93.75 6.25 3.60 23.00 1.92 55.74 33.47 3188

Middle portion Inner 89.97 10.03 2.96 34.31 0.77 38.91 10.90 3478
Outer 94.40 5.60 3.30 19.21 0.86 42.11 24.34 2944

Lower portion Inner 94.96 5.04 5.09 46.98 0.51 63.79 16.25 3184
Outer 96.40 3.60 10.31 22.83 1.49 25.78 33.47 3023

Mean ± SE 93.35 ±1.03 6.64±1.03 4.60±1.19 31.15±0.24 0.99±0.24 45.46±0.24 21.81±5.42 3231±4.14

Chopped banana pseudo-
stem

Drying banana pseudo-stem
under sunlight

Banana pseudo-stem mesh Concentrate feed + Banana
pseudo-stem

Fig 5. Formulation of low-cost feed from Banana
pseudo-stem
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maintained by feeding standard concentrate mixture
(100% level). Feeding treatment was given for 90 days.
Data pertaining to growth performance of grower pigs
under different treatments are given in Table 4. Results
of the experiment revealed that dry matter intake
decreased and dry matter feed conversion was not
improved when the feed concentrate was replaced by
banana pseudo-stem. In conclusion, pig fed with
banana pseudo-stem has no beneficial effects on the
ADFI, ADG and FCR.

Table 4. Growth performance of grower pigs fed
with Banana Pseudo stem on dry matter basis

Parameter Treatment Control

Group -I Group-II
(20%) (40%)

Average initial 8.25±0.36 8.25±0.28 8.25±0.28
body weight (kg)
body weight at 14.97±0.67 12.75±0.51 18.33±0.76
30 days (kg)
body weight at 19.86±0.68 16.65±0.26 23.07±0.67
60 days  (kg)
body weigh at 24.35±0.62 20.36±0.27 28.00±0.80
90 days (kg)
Average daily
weight gain (gm) 187.55±10.56 164.38±5.14 248.05±15.90

Effect of dietary herbal powder supplementation
on certain stress biomarker parameters in
indigenous and improved grower chicken during
winter in Meghalaya

Feeding trials were conducted to study the effect
of supplementation of Turmeric and Roselle powders
in indigenous Naked Neck, Normal Feathered and
Vanaraja grower birds during peak winter months in
Meghalaya. Basal commercial grower mash in control

and basal grower mash plus Turmeric @1per cent and
Roselle @ 0.5 per cent in treatment groups were
offered for four weeks. The experimental birds were
reared on deep litter system under standard
management condition. Total 72 numbers of grower
birds at the age of 12th week, comprising 12 birds from
each groups were selected randomly. Blood samples
were collected and estimated for serum Cortisol,
Superoxide Dismutase (SOD) and Heat Shock Protein
(HSP 20, 40, 70 and 90) levels as biomarkers of stress
in the birds. The different values of blood Cortisol,
SOD and HSP expression levels of different groups
are given in the Table 5.

Dietary supplementation of Turmeric and Roselle
powders resulted in decrease of serum Cortisol as
compared to the control group. Similarly, the serum
SOD levels in Indigenous Naked Neck, Normal
Feathered and Vanaraja were found to be higher due
to supplementation of Turmeric and Roselle powders
compared to the control groups. Moreover, the
expression of HSP20, HSP40, HSP70 and HSP90
levels were noted to be higher in the treatments groups
compared to the control groups in different varieties
of chicken. The results of the present study indicated
that the dietary supplementation of Turmeric and
Roselle powders had ameliorative effects in cold
stressed birds. Moreover, the Indigenous Naked Neck
and Normal Feathered birds were more tolerant to cold
stress compared to Vanaraja birds.

Demonstration on climate smart technologies in
farmers’ field

Demonstration on resource conservation and crop
diversification in rice and maize based cropping
system for enhancing climate resilience were
conducted in different districts of Meghalaya,
Nagaland, Sikkim and Mizoram.

Table 5. Effect of Turmeric and Roselle supplementation on blood Cortisol, Superoxide Dismutase
(SOD)and HSP levels in birds during peak winter

Parameters Naked Neck Normal Feathered Vanaraja

Control Treatment Control Treatment Control Treatment

Cortisol (μg/dl) 3.30±2.14 1.38±0.52 3.50±1.41 2.19±1.07 4.05±1.69 1.28±0.69
SOD(Units/ml) 0.030±0.003 0.033±0.003 0.030±0.004 0.037±0.003 0.029±0.005 0.034±0.005
HSP20 (ng/ml) 1.20±0.35 2.46 ± 0.87 1.48 ± 0.53 2.26±0.68 1.18±0.52 1.62±0.78
HSP40 (ng/ml) 1.27±0.12 2.03±0.28 1.4 ± 0.15 2.03±0.29 1.57 ± 0.52 1.7 ± 0.29
HSP70 (ng/ml) 17.83 ± 3.24 21.00±5.89 15.5 ± 6.17 18.67±8.84 8 ± 1.32 14.83 ±1.83
HSP90 (ng/ml) 1.63 ± 0.39 2.03 ± 0.34 1.83 ± 0.57 2.17 ± 0.13 1.17 ± 0.21 1.67 ± 0.47
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Mulching Zero tillage practices Raised and sunken bed

Fig 6. Demonstration on resource conservation in pea at Meghalaya

Fig 7. No-till vegetable pea in rice-fallow at Tympem
village, East Sikkim

Fig 8. Demonstration of tomato under polythene
mulch in Kolasib district of Mizoram

Fig 9. Demonstration of rapeseed and lentil under minimum tillage at Thoubal and Chandel district of Manipur
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TRIBAL SUB PLAN (TSP)

More than 27998 tribal farmers from seven North
Eastern states were benefitted during 2017 by various
livelihood programmes conducted under Tribal Sub Plan
(TSP). Four hundred and thirty (430) numbers of different
physical assets viz., poly-house, poly-tunnels, low cost
poultry/ pig shed, vermicompost  production unit,
Jalkund, pig breeding unit,  BB carp hatchery, farming
system models, mushroom demonstration unit,
processing plant, shed net house, solar dryer, livestock
feed mill, milking machine, community irrigation facility,
high volume community water harvesting structures,
pump set,  areca nut cup making machine, chaff cutter
and trolley loader, roof top rain water harvesting
structures, power tiller were created/distributed  in
different tribal villages of north east India.

Distribution of seeds/ planting materials
Agricultural inputs like seeds, planting materials,

fertilizer, bio-fertilizer, manure, nutrient solutions,
herbicides, pesticides, bio-pesticides etc. were distributed
among tribal farmers during 2017. Vegetable seeds (1718
kg) viz., cabbage, cauliflower, spinach, lady’s finger,
coriander, carrot, broccoli, radish,  French bean, tomato,
knoll-khol, chilli, capsicum, cucumber, spinach, pea,
black gram, lettuce, soybean, brinjal, okra, bitter gourd
etc., seed of cereal crops viz. rice, maize, oat, buckwheat
etc. (36001 kg), oil seeds like toria (1480 kg), seed of
pulses viz. rajmah, lentil, mungbean, urd bean etc. (18462
kg) were distributed. Besides these, 4,38,516 numbers
of planting materials (avocado, dragon fruit, banana, kiwi
fruit, plum, litchi, pineapple, mosambi, Khasi mandarin,
Assam lemon, sohiong, soshang, guava, papaya, large
cardamom, gerbera suckers, walnut, strawberry, mango
sapling etc.), ginger planting material (21250 kg),
turmeric planting materials (56660 kg) and potato seed
tuber (4500 kg) were also distributed among the tribal
farmers of north east for their livelihood improvement.
Mushroom spawn (1250 kg), poly bags for mushroom
cultivation (25 kg) were also distributed for popularizing
mushroom cultivation as a source of livelihood.

Fertilizer/ bio-fertilizer/ manure/soil amendment/
nutrient solution/pesticides

Fertilizer/ bio-fertilizer/ manure/soil amendment viz.
NPK, FYM, mustard oil cake, Rhizobium, VAM, vermin-
compost, neem oil cake, bio-fertilizers and lime (219
tons), bio-pesticide (10 litre), neem based bio-fertilizer
(5 litre), micronutrient liquid formulation (6 litre) were
distributed among the tribal farmers of North East.

Livestock, fish fingerlings and medicines
A total of 1543 nos. of improved breed of piglet,

1,92,771 nos. of poultry chicks, 94 nos. of goat,
1,85,500 nos. of fish fingerlings,  18163 kg of feed
supplements (livestock/poultry feed, mineral mixture,
wheat bran, maize, salt, vitamin etc), fish feed (1500
kg) were distributed for livelihood improvement.
Medicines viz. deworming, antibiotics, skin ointment
(210 packets) were also distributed for management
of various animal diseases. Besides these, 267 nos. of
artificial insemination (AI) in pigs were also carried
out in different villages of North East.

Minor agricultural tools and implements
Small agricultural implements and tools viz.,

fishing gears, pruning tools, thermometer, furrow
opener, row marker, rose can, sprayer, maize sheller,
U-blade for weeding, spade (875 nos.), honey bee box
and its accessories (175 nos.), plastic pipes for
irrigation (30 m each, 5 rolls) were distributed among
the tribal farmers. Pheromone trap (350 nos.),
pheromone lures (700 nos.) and yellow sticky trap
(1000 nos.) were also distributed for management of
insects/pest in crops.

Training and capacity building
Training, front line demonstration and awareness

programme (375 nos.) were organized for capacity
building of tribal farmers in various field of agriculture
(crop production, animal production and management,
mushroom cultivation, production and management
of horticultural crops, etc.).

Fig 10. Seeds of vegetables, cereal, pulses and oil seeds
distributed among the tribal farmers

Fig 11. Livestock and fish fingerlings distributed
among the tribal farmers
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AGRI-BUSINESS INCUBATION
(ABI) CENTRE

The Agri-Business Incubation (ABI) program is an
initiative of ICAR Research Complex for NEH
Region, Umiam, Meghalaya under XIIth Plan Scheme
of National Agricultural Innovation Fund (NAIF)
Component II in January 2016. Objective of Agri-
Business Incubation (ABI) centre is to create jobs,
increase competitiveness and promote sustainable and
inclusive growth through the acceleration of
innovative viable agri-enterprises. ABI promotes
successful agribusiness ventures in order to benefit
the farmers/entrepreneurs through new market,
products and services with mission of Improving the
well-being of the poor with new and improved
agricultural products or services through technology
commercialization and entrepreneurship development
by agri-business incubation.

ABI activities include recognizing promising
technology/potential venture, creating awareness of
technologies/ventures, business viability of the
technology, finding Potential entrepreneurs/
enterprises, appraising entrepreneurs, training, skill
development, business incubation support: technical
Support, testing and validation, facilitation for
licensing (FSSAI etc), facilitation for financial support,
facilitation for market networking and graduation of
entrepreneur.

ABI Centre has 56 entrepreneurs/enterprises as
members in different ventures like meat processing,
fruit processing, spices processing, fruit cultivation,
vegetable cultivation, honey production, mushroom

production, poultry, piggery, dairy, medicinal and
aromatic plants cultivation and processing etc. Among
the 56 members, 2 have graduated, 36 are in start-up
stage and 18 have recently joined. The graduated
members are Tynrai farms private limited, Shillong,
Meghalaya and Ngayam Foods, Ukhrul, Manipur.
Tynrai Farms signed a MOU with ICAR RC for NEH
region and taken up marketing of the processed meat
items andis directly supplying processed and packed
products to 20 retailers with an annual turnover of Rs
36 lakhs and expected to be doubled next year.  Tynrai
Farms Private Limited has employed 9 people and has
FSSAI licence with registration number CIN No.
U15549ML2018PTC013655.

Ngayam Foods in Manipur has developed 42
different processed food products like jam, candy, jelly,
pickle etc with annual turnover of Rs 8 lakhs. Ngayam
Foods has employed 6 female employees and started
marketing their processed products in Manipur and
Meghalaya.  ABI has conducted different hands on
training programmes on meat processing, fish
processing, fruit processing and value addition etc for
entrepreneurship development in the region.

Fig 12. Tynrai
Farms Pvt. Ltd

Fig 13. Training Programme on
meat processing
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Including regional stations, a total of 68 numbers
of staff had undergone various types of training
through Human Resource Development (HRD) Unit
of the Institute.  The participants were from different
categories of staff viz., scientific (26 nos), technical

HUMAN RESOURCE
DEVELOPMENT (HRD)

(36 nos) and Administration & Finance (03 nos) and
Skill Support Staff (03 nos). Competency
Enhancement Programme for Effective
Implementation of Training Functions by HRD Nodal
Officers of various institutes under ICAR was
organized at ICAR-NAARM, Hyderabad from 23 to
25 Feb., 2017.  During the financial year 2017-18, a
total of Rs 17.00 Lakhs was received by the Institute
under HRD head and out of this Rs. 16.81 Lakhs has
been expensed for the purpose.
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