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Preface
ICAR Research Complex for NEH Region is a pioneer institute committed 
to invent, develop and refine relevant technologies in agriculture and allied 
sector; demonstrate them, develop skills, build capacities, and disseminate to 
farmers of northeastern region through a network of six State centres and 20 
KVKs along with headquarter at Umiam (Meghalaya). In addition, the institute 
regularly backstops the State Governments technically on Centre and State 
sector projects and schemes on farming, livelihood and nutritional security, 
natural resource management, skill building and rural developments.

During the reporting period this institute developed many significant agro-
technologies which have potential to leave a mark over the region. Overall, 
during the period, a total of 115 novel technologies/ methodologies/ products 
were developed. For seamless dissemination of knowledge to various stake 
holders more than 3600 trainings/ demonstrations were conducted including 
more than 600 on farm trials, and more than 450 front line demonstrations 
in addition to approximately 850 training and capacity building programmes. 
More than 100,000 beneficiaries received supports from the institute and its 
KVK network under various schemes. 

A total of 606 numbers of different physical assets viz.,  low cost poly houses, 
low cost poultry sheds, low cost pig sheds, low  cost mushroom units, jalkunds, 
vermi beds, duckery units, processing units, hatchery units, etc. were created/ 
distributed to  different stakeholders. Various inputs were also distributed 
through the KVK network and a large number of social capital and physical 
assets were created which benefitted farmers of the northeastern hill region. 
The institute successfully, handled 52 externally funded projects including 12 
AICRPs. Moreover, the  budget utilization efficiency of more than 98% was 
achieved.

I take this opportunity to thank and show my gratitude to everyone in team 
ICAR-NEH from Joint Directors, Heads, Scientists, Technicals, Administration 
and Finance staff to Contractual staff for passionately contributing to the 
achievements in one of the most challenging environment. I acknowledge 
the support and guidance of the senior officials of ICAR, New Delhi. Finally, 
I congratulate the editorial team for their sincere efforts to systematically 
compiling the information.

(Dr Basant K. Kandpal)
Director
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o”kZ 2019-20 dh ,d [kkl fo’ks”krk ;g jgh fd 
Hkk—vuqi mÙkj iwohZ ioZrh; —f”k vuqla/kku ifjlj 
us rhljs fefyfu;e ds nwljs n’kd dks lQyrkiwoZd 

iw.kZ fd;kA bl vof/k ¼2019-20½ ds nkSjku izkIr miyfC/k;ka 
dkQh mYys[kuh; gSa] ftldk Js; laLFkku ds lHkh deZpkfj;ksa 
}kjk ,d Vhe dh rjg fd, x, iz;klksa dks tkrk gSA

mÙkj iwohZ ioZrh; {ks= ds ekSle dks tuojh ls fnlacj] 
2019 ds nkSjku Hkk—vuqi mÙkj iwohZ ioZrh; —f”k  
vuqla/kku ifjlj dh fofHkUu —f”k-ekSlefoKku izs{k.k’kkykvksa 
¼clj] v:.kkpy izns’k( xaxVksd] flfDde( >jukikuh] 
ukxkySaM( mfe;e] es?kky;( bEQky] ef.kiqj ,oa dksykflc] 
fetksje½ esa ntZ fd;k x;k] ftlesa iwoksZÙkj {ks= esa ekSle 
pjksa dh LFkkfud fofo/krk ikbZ xbZA xaxVksd esa dqy okf”kZd 
o”kkZ lokZf/kd (3322.2 fe- eh-) gqbZ] ftlds ckn dksykflc 
(3080.5 fe- eh-), clj (2769.8 fe- eh-), mfe;e (2255.0 
fe- eh-), >jukikuh (1587.7 fe- eh-) vkSj bEQky (1137.1 
fe- eh-) esa gqbZA o”kkZ ds LFkkfud forj.k esa Li”V :i ls 
ik;k x;k fd mu LFkkuksa] tks ekWulwu gokvksa ds ekxZ esa 
lh/ks vkrs gSa] esa vf/kd o”kkZ gqbZ tcfd  vU; LFkkuksa esa de 
o”kkZ gqbZ D;ksafd os ,d rks ekWulwu gokvksa ds lh/ks ekxZ esa 
ugha vkrs Fks vkSj nwljk os ioZrksa ls Hkh f?kjs gq, Fks ¼tSls fd 
bEQky vkSj >jukikuh½A bEQky dks NksM+dj] tgka o”kkZ de 
gqbZ (-23.1%), dqy o”kkZ lkekU; jsat  (nh?kZdkfyd vkSlr 
dh ±19%) esa FkhA lHkh ekSleksa esa ls] ekWulwu ds nkSjku 
gqbZ o”kkZ lokZf/kd Fkh] tks fd >jukikuh esa 58% ls ysdj 
clj esa 72% ds chp FkhA bEQky esa de o”kkZ ¼ekWulwu-iwoZ% 
-50.3%, ekWulwu: -16.8%) vkSj clj esa vR;f/kd o”kkZ 
¼ekWulwu: 30.4%) dks NksM+dj] ekWulwu-iwoZ vkSj ekWulwu ds 
eghuksa ds nkSjku lkekU; o”kkZ gqbZA rFkkfi] ekWulwu-iwoZ vkSj 
ekWulwu ekSle ds nkSjku bEQky ¼ekpZ ls vxLr rd lHkh 
eghus½] >jukikuh ¼vizSy] twu ls flracj½] mfe;e ¼ebZ ls 
vxLr½ vkSj xaxVksd ¼flracj ls vDrwcj½ esa o”kkZ de gqbZA 
gkykafd] dqy feykdj] bEQky esa o”kkZ de gqbZ] ysfdu 
{ks= esa gqbZ o”kkZ ds eq[; ekSleksa ds nkSjku varj-ekfld 
fopyu Hkh ik, x,A >jukikuh esa vkSlr okf”kZd vf/kdre 
rkieku (29.7°C) lcls vf/kd ntZ fd;k x;k] ftlds ckn 
dksykflc (27.2°C), bEQky (26.8°C), mfe;e (25.5°C), 
clj (25.1°C) vkSj xaxVksd (24.0°C) esa ntZ fd;k x;kA 

;|fi >jukikuh vkSj dksykflc esa vkSlr okf”kZd U;wure 
rkieku yxHkXk 18°C Fkk] ysfdu vU; LFkkuksa ij ;g yxHkx 
15°C FkkA dksykflc dks NksM+dj] lHkh LFkkuksa esa vkSlr 
vf/kdre rkieku pkjksa ekSleksa ds nkSjku 2019 ds lkekU; 
rkieku dh rqyuk esa mPp Fkk] tks ;g n’kkZrk gS fd {ks= 
esa xje fnuksa dh la[;k esa o`f) gqbZA bEQky] xaxVksd vkSj 
mfe;e esa vkSlr ekSlexr U;wure rkieku lkekU; ls vf/kd 
Fkk] tcfd ;g dksykflc ,oa >jukikuh esa lkekU; rkieku 
dh rqyuk esa de FkkA vkSlr ‘khr ekSle U;wure rkieku 
bEQky (6.2°C) esa rFkk mlds ckn clj (7.1°C)] xaxVksd 
,oa mfe;e (7.8°C), >jukikuh (9.1°C) vkSj dksykflc 
(13.5°C) esa U;wure FkkA nSfud U;wure rkieku bEQky 
(2.3°C) esa rFkk mlds ckn mfe;e (2.5°C), clj (2.9°C), 
xaxVksd (3.9°C), >jukikuh (6.3°C) vkSj dksykflc (9.0°C) 
esa ntZ fd;k x;kA 

izfrosfnr vof/k ds nkSjku laLFkku ds /kku iztuu dk;ZØe 
vusd dk;Zdykiksa ij dsafnzr Fks] ftuesa ubZ fdLeksa dh igpku 
vkSj mudk vkdyu djuk] vk’kktud oa’kØeksa ,oa tuunzO; 
dh [kkst ,oa vkdyu djuk] iwoksZÙkj {ks= ds fy, mi;qDr 
ubZ fdLeksa ds fodkl] iztud chtksa ds mRiknu vkSj fdlkuksa  
}kjk vaxhdj.k ds fy, ewY;kadu ds i’pkr fodflr fdLeksa 
dk foekspu ‘kkfey gSA es?kky; izknsf’kd dsanz esa vk’kktud 
Åijh Hkwfe /kku oa’kØeksa ij fd, x, ijh{k.kksa esa ftu oa’kØeksa 
dh igpku dh xbZ] muesa  RCPL1-413 (3.6 Vu izfr 
gSDVs-), RCPL 1-514 (3.6 Vu izfr gSDVs-), RCPL1-129 
(3.4 Vu izfr gSDVs-), vkSj RCPL1-131 (3.4 Vu izfr gSDVs-) 
Fks] tcfd fupyh Hkwfe ds laca/k esa RCPL-300 (3.8 fDo- 
izfr gSDVs-) vkSj RCPL1-145 (3.6 fDo- izfr gSDVs-) oa’kØeksa 
dks vk’kktud ik;k x;kA blds vykok] /kku dh foeksfpr 
fdLeksa] vFkkZr ‘kkglkjax (10 fDo-), es?kk SA 2 (3 fDo-), 
Hkkyqe 3 (5 fDo-) vkSj Hkkyqe 5 (3 fDo-) dks mRikfnr fd;k 
x;kA Åijh f’kykax QkeZ esa] ‘khr lfg”.kq /kku fdLeksa] vFkkZr 
,ubZ,p es?kk /kku 2 (3.5 fDo-) vkSj ,ubZ,p es?kk /kku 3 
(3.0 fDo-) ds chtksa dk mRiknu fd;k x;kA blh izdkj 
ls] ef.kiqj esa cYkSd jkbl ds 5 vk’kktud oa’kØeksa dks 
fodflr fd;k x;kA ok;qthoh ijh{k.kksa ¼,jksfcd Vªk;Yl½ esa 
fdLe IET 26178 / TRC 2015-5 dks vusd tksu@{ks=kssa 
ds fy, foeksfpr fd;k x;k % III (>kj[kaM), V (NÙkhlx<+) 
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vkSj VII (dukZVd)A 2019 ds nkSjku STRASA izkstsDV dks 
iwjk fd;k x;k] ftlds varxZr mYys[kuh; miyfC/k izkIr dh 
xbZ] tSls fd N% fdLeksa dks foeksfpr fd;k x;k vkSj ikap 
fdLeksa dks Qly ekudksa ds fy, lh,l,l }kjk vf/klwfpr 
fd;k x;kA fuØk ds varxZr] fuØk ok;qthoh /kku/ TRC 
2015-5/ IET 26178 dk mit izn’kZu dukZVd] >kj[kaM 
vkSj NÙkhlx<+ esa vU; [ksrh;ksX; fdLeksa dh rqyuk esa Js”B 
ik;k x;kA fetksje esa] 14 Åijh Hkwfe /kku tuunzO; dh 
mit laHkkO;rk ij e/; {ks= esa fd, x, ijh{k.k esa MZ UP 
/kku 24 esa mPp nkuk (4.02 Vu izfr gSDVs-) ,oa Hkwlh mit 
(8.67 Vu izfr gSDVs-) izkIr dh xbZ] ftlds ckn MZ UP  
/kku 6 (3.84 Vu izfr gSDVs- nkuk mit ,oa 8.61 Vu izfr 
gSDVs- Hkwlh mit) esa izkIr dh xbZA es?kky; ikfjfLFkfrdh ds 
rgr fofHkUu /kku tuunzO;ksa ds ewY;kadu esa ;g ik;k x;k 
fd mit l{kerk ds vk/kkj ij] RCPL 1-132, RCM-15, 
Vksify;k] dsckax ¼Topelea, Kebang½ ,oa eksVk /kku Js”B 
oa’kØe ik, x,A iz/oal izfrjks/k ds fy, /kku tuunzO; 
(169) dh tkap dh xbZ ftlesa ,l,lvkj ekdZjksa] vFkkZr 
AP4007, Pibdom, RM208, AP5659-5, NBS2-Pi9, 
YL155/ YL87 ,oa YL153/ YL154 dk iz;ksx fd;k x;k 
vkSj mu thuksa] vFkkZr Pi2, Pib, Pi9 ,oa Pita dh igpku 
dh xbZ ftuls iz/oal ds fo:) izfrjks/k dh iqf”V gqbZA buesa 
ls] izfrjks/kh thuiz:iksa] vFkkZr bZVkuxj] cfxEx] tycwanh] 
uylkFkh] fedqnsi ¼Buggimg, Jalbudi, Nalsathi, 
Mikudep½, RCPL-1-120, ldqjk] ekxqjh] uksycksjk]  
fla/kqjh lkyh, RCPL-1-422, RCPL -1-121, vEcs, RCPL 
-1-185, VqMksax] lqgkxe.kh vkSj  RCPL -1-178 dh igpku 
dh xbZA ‘khr lfg”.kq oa’kØeksa esa ls] Dullo dks iz/oal jksx 
ls izfrjks/kh ik;k x;kA nwljh vksj] ukxkySaM dsanz esa fd, 
x, v/;;uksa esa ;g ik;k x;k fd /kku iz/oal jksx ds fo:) 
ewY;kafdr 183 Åijh Hkwfe /kku tuunzO;ksa esa] 10 bE;wu] 60  
izfrjks/kh, 106 ekewyh :i ls laosnu’khy, 6 laosnu’khy vkSj 
,d mPp laosnu’khy tuunzO; FkkA Hkwjk /kCck jksx ds fo:) 
ewY;kafdr 139 Åijh Hkwfe /kku tuunzO;ksa esa ls] 2 bE;wu, 
73 laosnu’khy] vkSj 39 mPp laosnu’khy FksA nygu lq/kkj 
dk;ZØe esa] LGG 450 x IPM 02, LGG 460 x IPM 409-
4 ds ØkWlksa dh mUur larfr;ksa ls rFkk IPM 02-19 x EC 
496841 ds ,dy ikni oa’kØeksa ls dqy 453 vk’kktud 
,dy ikni oa’kØe mRikfnr fd, x,A ew¡x] mM+n] elwj] gjh 
eVj ¼QhYM ih½ vkSj dkcqyh puk dh dqy 164 oa’kkofy;ksa dk 
ewY;kadu iqujko`Ùkh; ijh{k.kksa esa fd;k x;k vkSj ,vkbZlhvkjih 

eqykiZ dks MkVk fjiksVZ fd;k x;kA f=iqjk ds fy, vk’kktud 
oa’kkofy;ksa dh igpku dh xbZA 

fupyh Hkwfe ?kkVh ikfjfLFkfrdh esa ,d ,dh—r tSfod —f”k 
iz.kkyh ¼IOFS½ ekWMy dks vaxh—r fd;k x;kA bl ekWMy 
ds rgr fofHkUu m|eksa] tSls fd Qlyksa ¼/kku] eDdk] elwj] 
gjh eVj] lks;kchu] rksfj;k] lfCt;ka½] Qyksa] Ms;jh ;wfuV 
¼,d nq/kk: xk; $ cNM+k½] pkjk Qlyksa] dsanzh; QkeZ ds 
rkykc] QkeZ;kMZ [kkn xM~Ms ,oa oehZ dEiksfLVax ;wfuV ds 
varxZr 0.43 gSDVs- {ks=Qy ls izfr o”kZ #- 62,531/- dk 
‘kq) ykHk izkIr fd;k x;kA ekWMy LFkkfir djus ds fy,] 
#- 55,839/- dh okf”kZd ykxr [kpZ dh xbZA fofHkUu m|eksa 
esa ls] Qly ?kVd dk ;ksxnku (61%) vf/kdre Fkk ftlds 
ckn Ms;jh (25%) vkSj ekfRL;dh (20%) dk FkkA vkWu 
QkeZ iks”kdrRo iqupZØ.k esa 63.6 fd- xzk- ukbVªkstu, 19.6 
fd- xzk- P2O5 vkSj 55.0 fd- xzk- K2O iks”kdrRoksa dks mRikfnr 
fd;k x;kA lw{e tylaHkj —f”k ds rgr Ms;jh vk/kkfjr Hkwfe 
mi;ksx (FSW-1), fefJr ou (FSW-2), flYoh-ikLVksjy 
Hkwfe mi;ksx (FSW-3), —f”k-ikLVksjy iz.kkyh (FSW-4), 
—f”k-ckxokuh-flYoh-ikLVksjy (FSW-5), flYoh-ckxokuh 
iz.kkyh (FSW-6), izk—frd ou CykWd (FSW-7) vkSj fVECj-
vk/kkfjr —f”k iz.kkyh (FSW-8) dk ewY;kadu fd;k x;kA 
—f”k iz.kkyh FS-W1 ls #- 1,11,179/,  FS-W3 ls #- 
36,709 vkSj FS-W5 ls #- 2,19,114/- dh ‘kq) okf”kZd 
vk; izkIr dh xbZA  

tSfod ,oa vtSfod ncko lfg”.kqrk ds tSo-jklk;fud ,oa 
vk.kfod igyw ij rFkk egRoiw.kZ Qlyksa dh mit ds laca/k 
esa fd, x, v/;;uksa ds vk/kkj ij] pkj mPp ,Y;wfefu;e-
fo”kkDr lfg”.kq thuiz:iksa ¼eksVk/kku] fo;ruke-1, Yimyu,  
N-861½ vkSj pkj lkekU; ,Y;wfefu;e fo”kkDrk laonsu’khy 
/kku oa’kØeksa (Lespah, RCPL-13,  VL-31329, UPR 
2919-141-138) dh igpku dh xbZA blds vfrfjDr] 
vk.kfod fo’ys”k.k esa ;g ik;k x;k fd lkbVksLdsVy 
xfrfd;ksa] esVkckWfyTe ls lac) thuksa rFkk vkW;u VªkaliksVZj  
/kku dh [ksrh esa ,Y;wfefu;e ls vuqdwyu vkSj@;k lfg”.kqrk 
esa cM+h Hkwfedk fuHkk ldrs gSaA blds vfrfjDr] pkyhl (40) 
isfjyk ¼isfjyk ÝqVhlsUl ,y-½ thuiz:iksa dks ,uchihthvkj] 
ubZ fnYyh }kjk bl izfrosfnr o”kZ ds nkSjku foeksfpr fd;k 
x;k gSA p[kkvksa ¼Chakhao½ oa’kØeksa ls laHkkfor mPp mit 
okys thuksa dh [kkst djus ds fy,] pkj yksdfiz; p[kkvksa 
oa’kØeksa ¼p[kkvks iks;jhVu] p[kkvks ,E;wch] p[kkvks] p[kkvks 
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,axkSckyksax½ ij v/;;u fd, x, ftls GS3, GW5, GW2, 
GW8, DEP1, GS7,Gn1a, IPA1 ,oa SD1 thuksa lfgr 
vusd xzsu lkbt lac) thuksa dh igpku dh xbZA GS3, 
GS7, IPA1 ,oa DEP1 thuksa ds ykHkdkjh ,yhy p[kkvksa 
iks;jhVu esa ik, x,] tcfd IPA1 ,oa Gn1a thuksa dks 
p[kkvks ,E;wch esa ik;k x;kA bu thuksa dk Hkfo”; esa ubZ 
fdLesa fodflr djus ds fy, mi;ksx fd;k tk ldrk gSA   

es?kky; dh vEyh; e`nkvksa esa eDdk-Qyh varjQly dh 
mit ij iks”kdrRo izca/ku fof/k;ksa ds izHkko dk v/;;u 
fd;k x;k vkSj ifj.kkeksa esa ;g ik;k x;k fd ,dy eDdk 
ds rgr c<+rh ikni lef”V ds dkj.k Qyh varjQly ds 
lkFk ,dy eDdk Qly ds rgr vf/kdre eDdk nkuk mit 
fjdkWMZ dh xbZA rFkkfi] eDdk esa mit ykHk rc ik;k x;k] 
tc Qfy;ksa dh [ksrh varjQlyksa ds :i esa dh xbZ vkSj mPp 
eDdk lerqY; mit ¼MEY½ izkIr dh xbZA varjQlyksa esa] 
vU; Qyhnkj varjQlyksa dh rqyuk esa vf/kdre mit (18-
31%) eDdk-ewaxQyh esa fjdkWMZ dh xbZA blh izdkj ls] vU; 
Qyhnkj varjQlyksa dh rqyuk esa ,Qch esa  ,ebZokbZ yxHkx 
1.9 ls 2.3 xquk vf/kd FkhA vU; mipkjksa dh rqyuk esa] ykbe 
ds lkFk vkj,eih dk iz;ksx fd, tkus ls eDdk dh mit esa 
4 ls 39% dh o`f) gqbZA varjQly ijh{k.k esa e`nk vEyh;rk 
izkpyksa ¼iSjkehVlZ½ ds fo’ys”k.k esa ;g ik;k x;k fd eDdk-
Qyh varjQly dk fofHkUu iks”kdrRo izca/ku fof/k;ksa ds rgr 
e`nk vEyh;rk ij dkQh izHkko iM+kA varjQly ds :i esa] 
Qyhnkj Qlyksa dh [ksrh djus ls ,dy eDdk Qly ¼Hkys 
gh dksbZ Hkh iks”kdrRo izca/ku fof/k;ksa dk iz;ksx fd;k x;k 
Fkk½ dh rqyuk esa e`nk vEyh;rk ekewyh :i ls ?kV x;k FkkA 
es?kky; dh vEyh; e`nkvksa esa e`nk tSfod dkcZu iwYl vkSj 
CO2 ,¶yDl ij varjQly ,oa iks”kdrRo izca/ku fof/k;ksa ds 
izHkko ds fo’ys”k.k esa ;g Hkh ik;k x;k fd vU; varjQly 
iz.kkfy;ksa dh rqyuk esa eDdk $ Ýsap chu (3.04%) esa dqy 
tSfod dkcZu ¼TOC½ lokZf/kd FkkA varjQly ijh{k.kksa esa 
dkcZu izca/ku lwpdkad ¼CMI½ ds ekiu esa ;g ik;k x;k fd 
varjQly esa :i esa lks;kchu vkSj Ýsap chu dh [ksrh fd, 
tkus ls e`nk dh xq.koÙkk esa lq/kkj vk;k D;ksafd nksuksa Qlyksa 
dk lh,evkbZ eku Øe’k% 187 ,oa 186 fjdkWMZ fd;k x;kA 
blh izdkj ls] ,QokbZ,e] ykbe ,oa jkWd QkLQsV dk iz;ksx 
fd, tkus ls lh,evkbZ eku c<+dj 194 gks x;k Fkk] tks e`nk 
xq.koÙkk esa lq/kkj dk lwpd gSA eDdk-Qyh varjQly ds 
rgr e`nk ls CO2 ,¶yDl ds vkdyu esa ;g ik;k x;k fd 
eDdk $ ewaxQyh varjQly esa vU; varjQly iz.kkfy;ksa 

dh rqyuk esa 120 fnuksa dh vof/k ds nkSjku 5.02 g CO2 
m-2 hr-1 dk lokZf/kd lafpr CO2 ,¶yDl FkkA fetksje esa 
e`nk tSfod dkcZu ,oa dkcZu HkaMkj ij fofHkUu Hkwfe mi;ksx 
iz.kkfy;ksa ds izHkko ij v/;;uksa esa ;g ik;k x;k fd vkSlru 
:i ls e`nk dkcZu rRo dksykflc ftys ¼tgka tyok;q dkjd 
,d egRoiw.kZ Hkwfedk fuHkk ldrs gSa½ dh rqyuk esa pEQbZ ftys 
esa vf/kd FkkA es?kky; dh tsafr;k fgYl dh dks;yk [kku 
izHkkfor e`nkvksa esa Hkkjh /kkrq dh c<+ksÙkjh] lanw”k.k] iznw”k.k Hkkj 
vkSj ikfjfLFkfrdh; tksf[ke ij fd, x, v/;;u esa ;g ik;k 
x;k fd lanw”k.k dkjd ekuksa ds vuqlkj ifjR;Dr dks;yk 
[knkuksa esa e`nk esa lexz lanw”k.k Lrjksa Fe, Mn, Pb dk ekewyh 
lanw”k.k Fkk] tcfd Cu, Zn, Cr, Ni dk lanw”k.k vf/kd Fkk vkSj 
As ,oa Hg dk lanw”k.k vR;f/kd FkkA

iks”kdrRoksa dk ekudhdj.k dj fdaxfpyh dh mit ,oa 
xq.koÙkk ds b”Vrehdj.k ds fy, v/;;u fd;k x;k] ftlda 
ifj.kkeksa esa ;g ik;k x;k fd N: P2O5: K2O ds 150:65:65 
fd- xzk- izfr gSDVs- dh nj ls iks”kdrRo la;kstuksa ds lkFk 
fd, x, mipkjksa esa 50% iq”i.k ds nkSjku izfr ikni Qyksa 
(72.4), vkSlr Qy otu 9.5 xzk] Qy dh pkSM+kbZ 3.3 ls- 
eh-] dqy DyksjkfQy (4.7 fe- xzk- izfr xzk-) vkSj dSjksfVukWbM 
rRo (124.7 µg/g)  vkSj dSIlsbflu rRo (4.2%)  
lokZf/kd FkkA

,dh—r cht vk/kkfjr —f”k iz.kkyh ¼ISFS½ vkSj l?ku  
,dh—r —f”k iz.kkyh ¼IIFS½ ds rqyukRed v/;;u esa ;g 
ik;k x;k fd f=iqjk ikfjfLFkfrdh ds rgr ykHk vf/kd FkkA 
‘kwU;-tqrkbZ ¼NT½ ds rgr Qly mRiknu] jch eDdk vkSj 
elwj Qly esa lalk/ku laj{k.k izkS|ksfxfd;ksa dk iz;ksx fd, 
tkus ls ikjaifjd tqrkbZ] U;wure tqrkbZ vkSj LFkk;h pkSM+h 
D;kjh ,oa Qjks ¼[kw¡M½ dh rqyuk esa cht mit vf/kd izkIr dh 
xbZA oehZdEiksLV $ ykbe $ jkWd-QkLQsV dk ,dh—r :i 
ls iz;ksx fd, tkus ls tSfod [ksrh ds rgr vU; iks”kdrRo 
lzksrksa vkSj Qly iz.kkfy;ksa dh rqyuk esa fHkaMh-VekVj-yksfc;k 
iz.kkyh ds rgr lokZf/kd mRikndrk izkIr dh xbZA nwljh 
vksj] CySd jkbl chtksRiknu ds fy, tSfod iks”kdrRo izca/ku 
ij v/;;uksa dk ekudhdj.k fd;k x;k vkSj eDdk (HQPM-
5) ds fy, moZjd lek;kstu lehdj.k fodflr fd, x,A 
blds vykok] Vªh chu ds bu foVªks iknidksa esa fQuksfyDl ds 
vojks/ku rFkk esVkcksykbV dks c<+kus ds fy, izksVksdkWy dk 
ekudhdj.k fd;k x;kA flfDde dasnz esa] eDdk-igyks nky-
dqV~Vq (cdOghV) Qly iz.kkyh dks rFkk ‘kwU;-tqrkbZ lCth 
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eVj ds ek/;e ls pkoy-ijrh Hkwfe esa izn’kZu vk;ksftr dj 
vkSj [ksrh ds rgr {ks=Qy dks vkSj vf/kd c<+kdj yksdfiz; 
cuk;k x;kA

izfrosfnr vof/k ds nkSjku] —f”kokfudh ij fd, x, dk;Z 
esa vle] v:.kkpy izns’k vkSj es?kky; ls pkSchl oU; eqlk 
oa’kkofy;ksa dk laxzg.k fd;k x;kA ofxZdhfoKku fn’kkfunsZ’kksa 
ds vuqlkj oa’kkofy;ksa ds izys[khdj.k esa nks ubZ oa’kkofy;ksa 
¼,e- flfDdesfUll ls lac)½ dk mYys[k ik;k x;k gS] ftUgsa 
vkt rd fjiksVZ ugha fd;k x;k FkkA i’kqvksa ds fy, vkgkj 
ds :i esa dsyk vif’k”V ds vkuqoaf’kd lalk/ku vkdyu] 
LoLFkkus vkWu-QkeZ laj{k.k vkSj izHkko v/;;u esa ;g ik;k 
x;k fd i’kq/ku ds vkgkj esa eDdk dks dsyk L;wMks LVse 
ls vkaf’kd :i ls izfrLFkkfir fd;k tk ldrk gSA ikbul 
dsfl;k ds N% fHkUu mn~xe LFkyksa esa jsftu mRikndrk ij 
fd, x, v/;;uksa esa ;g ik;k x;k fd jsftu dh mit 
(45.19 ls 167.25 xzk- izfr o`{k) esa fopyu FkkA v:.kkpy 
izns’k ds e/; igkM+h {ks=ksa esa 53 cgqiz;kstuh; o`{k iztkfr;ksa 
ds ewY;kadu esa ;g ik;k x;k fd ikni dh vk/kkjh; ifjf/k( 
ikni dh ÅapkbZ vkSj dSuksih QSyko ds lanHkZ esa] ikbul 
dsfl;k] fepsfy;k vkWCVqflQksfy;k] dSLVksuksfIll bafMdk] 
Vjfeusfy;k ekbfj;ksdkikZ] vdsfl;k eSaxqbe] xzsosfy;k jkscLVk] 
eSaxyhf’k;k buflfXul] ,Y;wjkbV~l eksUVsuk] ,fy;ksdkiZl 
LQkbfjdl] dkscksykDlks gkbdks ,oa fyVlh ysDVk dqN ,slh 
vk’kktud o`{k iztkfr;ka gSa] tks vf/kdre varj-iafDr izdk’k 
rhozrk miyC/k djkrs gSaA ,eihVh iztkfr;ksa vkSj fxuh ?kkl 
ds 28 la;kstuksa esa ls] VfeZusfy;k ekbfj;ksdkikZ $ fxuh esa  
lokZf/kd fxuh ?kkl (30.8 fd- xzk- izfr iafDr) fjdkWMZ dh xbZ] 
ftlds ckn dkscksysDlks $ fxuh (24.7 fd- xzk- izfr iafDr) 
esa fjdkWMZ dh xbZA  

laLFkku ds eq[; izkFkfedrk okys vuqla/kku dk;ksZa esa ckxokuh 
Qlyksa ij fo’ks”k /;ku fn;k x;kA laLFkku ds eq[;ky; vkSj 
laLFkku ds izknsf’kd dsanzksa esa dh xbZ vusd igyksa ls fiNys o”kZ 
ds nkSjku mYys[kuh; miyfC/k;ka izkIr dh xbZ FkhaA ckxokuh 
Qlyksa ds 22 LFkkuh; oa’kØeksa ds fy, ,uchihthvkj] ubZ 
fnYyh ls vkbZlh uacj izkIr fd, x,A uhacw vkSj dVgy 
ds fy, Mh;w,l fn’kkfunsZ’kksa dks vafre :i fn;k x;kA 
dan Qlyksa ij ,vkbZlhvkjih us Hkk—vuqi-lhVhlhvkjvkbZ] 
fr#ouariqje] dsjy esa viuh 19oha okf”kZd dk;Z’kkyk ds 
nkSjku dksyksdsfl;k ykbu es?kk Vkjks-2 dks foeksfpr djus 
dh laLrqfr dhA es?kky; ds [kklh ,oa tSafr;k fgYl esa 

60 [kklh eUMsfju cxhpksa ds MkVklsV ls fo’ysf”kr DRIS 
ekunaMksa ls ;g irk pyk fd lw{e iks”kd rRoksa ds fy, 50 
ls 95 fd- xzk- izfr o`{k mit fu/kkZfjr djus ds laca/k esa 
b”Vre iÙkh iks”kdrRo bl izdkj gSa % N (2.24-2.84 %), 
P (1.97-2.12 %), K (0.07-0.12 %), Ca (2.00-2.28 
%) vkSj Mg (0.35-0.48 %), tcfd lw{e iks”kdrRoksa ds 
laca/k esa bl izdkj gSa % Fe (136.94-163.24 fe- xzk- izfr 
fd- xzk-), Mn (60.60-76.44 fe- xzk- izfr fd- xzk-), Cu 
(0.96-2.83 fe- xzk- izfr fd- xzk-) vkSj Zn (17.04-20.60 
fe- xzk- izfr fd- xzk-)A czksDdksyh eas] FYM (10 Vu izfr gSDVs-) 
+ NPK moZjdksa (120:80:60 fd- xzk- izfr gSDVs-) dh laLrqr 
[kqjkd ds la;kstu esa ck;kspj (5 Vu izfr gSDVs-) ds iz;ksx 
dks Js”B mipkj ik;k x;k ftlesa daVªksy dh rqyuk esa mit 
esa 74.0% (28.26 Vu izfr gSDVs-) dh o`f) flafpr fLFkfr 
esa rFkk 47.05% (24.1 Vu izfr gSDVs-)  dh o`f) ckjkuh 
fLFkfr ds rgr izkIr dh xbZA bykgkckn lQsnk ds izn’kZu dks 
vkjlhvkjVh esa mPp L/ku jksi.k iz.kkyh ds rgr  L-49 dh 
rqyuk esa csgrj ik;k x;kA vle uhacw Qly] ftldh [ksrh 
gky gh esa ‘kq# dh xbZ Fkh vkSj clj dh fLFkfr;ksa ds rgr 
vk’kktud ifj.kke izkIr fd, x,A ef.kiqj dsanz esa] VekVj dh 
‘ksYQ-ykbQ vkSj QwM oSY;w esa lq/kkj ykus ds fy, esykVksfuu 
ds ckº; vuqiz;ksx ds ek/;e ls izkS|ksfxdh fodflr dh xbZA 
ikyhxksue lSfxVsVe ,oa tqaflb;k jsiUl esa Øe’k% mPp ,aVh-
gkbijXyklsfed ,oa ,aVh-dSalj xfrfof/k ikbZ xbZA ef.kiqj ds 
?kjsyw ikniksa esa vk’kktud lw{etho-jks/kh xfrfof/k Hkh fjdkWMZ 
dh xbZA xkflZfu;k tsaFkkstkbel Qy is; ds ,aVh-bUQysesaVªh 
xq.k/keksZa dh [kkst dh xbZA vYi mi;ksx dh tk jgh Qlyksa 
ds fy, ikap izlaLdj.k izkS|ksfxfd;ksa dk okf.kT;dj.k fd;k 
x;kA pkyhl vke tUunzO;ksa dks fetksje ds fofHkUu Hkkxksa 
ls laxzfgr fd;k x;k vkSj Qy otu 10.39 ls 314 xzk- ds 
chp ik;k x;kA vf/kdre Qy otu] Qy yackbZ] Qy dh 
ifjf/k fetksje ds MqYVs {ks= ls fjdkWMZ dh xbZA tjcsjk ij 
vkjlhvkjVh ijh{k.k ds rgr RCGH-114 esa vf/kdre Qy 
Mk;ehVj (10.04 ls- eh-), fMLd Mk;ehVj (3.1 ls- eh-), iq”i 
MaBy yackbZ (39.78 ls- eh-) vkSj iq”i MaBy Mk;ehVj (3.82 
fe- eh-) fjdkWMZ fd;k x;k] tcfd RCGH-22 esa izfr ikni 
izfr o”kZ vf/kdre la[;k eas Qy (18 la-) fjdkMZ fd, x,A 
gYnh fdLe RCT-1 ds tSfod mRiknu ij fd, x, v/;;uksa 
esa ;g ik;k x;k fd 28.29 Vu izfr gSDVs- dh mit ds lkFk 
fdLe T2 (100% tSfod vkSj gYnh dh 75% N vko’;drk 
ds lerqY;) esa vf/kdre mit fjdkMZ dh xbZ ftlds ckn 



ANNUAL REPORT 2019

xiiiICAR RC NEH

27.42 Vu izfr gSDVs- mit ds lkFk T1 (100% tSfod 
vkSj gYnh dh 100% N vko’;drk) esa ntZ dh xbZA vnjd 
ds tSfod mRiknu ij fd, x, ewY;kadu esa 12.99 Vu izfr 
gSDVs- dh mit ds lkFk fdLe T7 (,l,;w }kjk laLrqr iSdst( 
vnjd-NPK100:90:90 fd- xzk- izfr gSDVs-) esa rFkk mlds 
ckn 12.66 Vu izfr gSDVs- dh mit ds lkFk fdLe T1 
(100% tSfod [kkn tks vknjd dh 100% N vko’;drk 
ds lerqY; Fkh) esa vf/kdre mit fjdkWMZ dh xbZA cksYM vkSj 
lCth vnjd ds izn’kZu ij fd, x, ijh{k.kksa esa 24.60 Vu 
izfr gSDVs- dh vf/kdre mit Bhaise esa rFkk mlds ckn 
19.35 Vu izfr gDVS- dh xq#cFkkuh esa izkIr dh xbZA f=iqjk 
esa Åijh Hkwfe fLFkfr;ksa ds fy, eYVh-LVksjh lCth [ksrh ekWMy 
fMtkbu fd;k x;k ftlesa fofHkUu yksdfiz; lCth Qlyksa dks 
‘kkfey fd;k x;kA bu okbu Qlyksa ds rgr] gjh eVj] Ýsap 
chu] cSaxu vkSj /kfu;k dk izn’kZu jch ekSle ds nkSjku vPNk 
ik;k x;k] tcfd [kjhQ ekSle esa fHkaMh] yksfc;k] LVksyu 
Vkbi dksyksdsfl;k ,oa jsM vejsUFkl yhQ dk ik;k x;kA 
AICRP ¼dan Qlysa½ ds rgr LFkkuh; dpkyw thuiz:i 
f=iqjk dksyksdsfl;k 3 ds fy, rFkk LFkkuh; LoSEi Vkjks dh 
ikap iztkfr;ksa ds fy, NBPGR] ubZ fnYyh ls vkbZlh uacj 
IC No. IC-0629418 izkIr fd;k x;kA AINRP¼I;kt ,oa 
vnjd½ ds rgr] esfrjke 55% a.i. + ikbjkDyksLVªksfcu  5 
% a.i. (2 xzk- izfr yh-) + lkbuVªsfufyizksy (0.9 fe- yh- izfr 
yh-) ds Øfed fNM+dko dks iiZy CykWp] LVseQkbye CykbV 
vkSj ,aFkzsDuksl jksxksa rFkk fFkzIl ,oa xzhu gksij uk’khthoksa ds 
laØe.k dks fu;af=r djus esa dkQh izHkkodkjh ik;k x;kA 
yksdy byk;ph yseu ds fy, bu-foVªks laj{k.k izksVksdky dk 
ekudhdj.k fd;k x;kA FYM $ oehZdEiksLV $ dqDdqV [kkn 
$ VAM ds mi;qDr vuqikrksa ds lkFk rFkk 3 ekg ds varjky 
ij vtSfod NPK moZjd dh de [kqjkd ds lkFk ,dh—r 
iks”kdrRo izca/k ls ikni okuLikfrd ,oa iqu#Riknd fodkl 
esa lq/kkj vk;k vkSj izfr ikni vf/kd la[;k esa Qy izkIr fd, 
x,A ukxk fdaxfpyh esa ,dh—r iks”kdrRo izca/ku ijh{k.kksa 
esa dqDdqV [kkn  (2.5 Vu izfr gSDVs-) + RDF (25%) dk 
izn’kZu csgrj ik;k x;kA 

ns’k ds iwoksZÙkj Hkkx esa —f”k fodkl djuk rc rd laHko 
ugha gS tc rd Qly laj{k.k ij dksbZ l’kDr dk;ZØe 
ugha pyk;k tkrkA bldh otg] mldh m”.kdfVca/kh; ,oa 
‘khrks”.k tyok;q gSA iwoksZÙkj esa mPp vknzZrk rFkk Hkkjh cjlkr 
gksrh gS] tks dbZ ikni jksxksa vkSj dhVksa dh mRifÙk vkSj 
thfork dks c<+kok nsrh gSaA ikni jksxksa vkSj dhVksa ds izca/ku 

djus gsrq] laLFkku }kjk tksf[ke dks de djus ds fy, fd, 
x, iz;klksa ls vusd mRlkgo/kZd ifj.kke gkfly gq, gSaA 15 
ls vf/kd eDdk oa’kØeksa dh igpku dh xbZ] tks VflZde 
i.kZ vaxekjh jksx ds fo:) izfrjks/kh gSa vkSj muesa jksx 
Ldksj Hkh de gSaA cSaxu iztkfr;ksa dh [ksrh;ksX; Qlyksa dh 
rqyuk esa] oU; o taxyh iztkfr (WR) ds thuiz:iksa] vFkkZr 
lksysue lkbflEczkbQksfy;e] ,l- budsue] ,l- bulsue] 
,l- ,fFk;ksdkiksZu] ,l- vaMsjsVe (EC 790349) vkSj ,l- 
Vksjoe us [ksrh;ksX; Qlyksa dh rqyuk esa mPp Lrj dh 
izfrjks/kh {kerk dk izn’kZu fd;kA nf{k.k vesfjdh VekVj 
iÙkh lqjaaxd ¼yhQ ekbuj½ dhV] V~;wVk ,ClksY;wVk dh igpku 
igyh ckj dh xbZ gS tks flfDde] ef.kiqj vkSj v:.kkkpy 
izns’k esa VekVj Qlyksa dks laØfer djrk gSA ehyhcx dhV] 
QksfeZdksdksdl ikWihLisjl] tks cgqr gh vkØked vkSj Hkwfe 
ds vanj Nqik jgrk gS] us vius fBdkus dk foLrkj dj fn;k 
gS vkSj vc rks ;g Hkh fjiksVZ izkIr dh tkus yxh gS fd ;g 
{ks= esa dksyksdsfl;k ;kuh vjch ds danksa dks Hkh uqdlku 
igqapk jgk gSA nwljh vksj flfDde esa fd, x, ijh{k.kksa esa 
;g ik;k x;k gS fd jkVks edbZ] igsuyks edbZ] csxquh edbZ 
,oa dkyks edbZ us tSfod fLFkfr esa VflZde i.kZ vaxekjh jksx 
ls mPpre izfrjks/k iznf’kZr fd;k (Ldksj < 2); tcfd lsrh 
edbZ] lsfr;k ,oa RCM1-1 us ekewyh izfrjks/k (Ldksj <3) 
iznf’kZr fd;k rFkk foosd ladqy 31, foosd ladqy 35, foosd 
ladqy 37, RCM 76, vkSj RCM1-1 us laosnu’khyrk (Ldksj 
>3) iznf’kZr dhA Qy efD[;ksa dk lokZf/kd laØe.k [khjs 
dh Qly esa twu ekg ds e/; esa (64.29% Qy uqdlku) 
ik;k x;kA ykSdh ds laca/k esa] Qy eD[kh }kjk fd;k x;k 
uqdlku 14.28 ls 77.78% ds chp Fkk vkSj vxLr ekg ds 
rhljs lIrkg esa pje laØe.k dky ds nkSjku Qy uqdlku 
77.78% FkkA v:.kkpy izns’k esa] vknª foxyu jksx dk 
izdksi mu Hkw[kaMksa esa vf/kdre (24.62%) fjdkWMZ fd;k 
x;k] tgka vnjd jkbtkse dks vU; mipkj-la;ktuksa ,oa 
daVªksy (72.54%) dh rqyuk esa 30 feuVksa rd 47°C ij 
xje ikuh $ dkWij vkWDlhDyksjkbM 0.3% ls mipkfjr fd;k 
x;k FkkA pkj tSo dhVuk’kdksa esa ls] isVªksfy;e rsy vk/kkfjr 
,xzksLizs @ 10 fe- yh- izfr yh- vkSj uhe rsy 1500 ppm 
@ 4 fe- yh- izfr yh- dks ,sfQM dh lef”V dks fu;af=r 
(daVªksy dh rqyuk esa ,sfQM dh lef”V esa 65.26-70.42% 
fxjkoV) djus esa  izHkkodkjh ik;k x;kA flfDde esa] ;g 
ik;k x;k fd esVkjkbft,e ,sfulksIyh @ 5 fd- xzk- izfr 
gSDVs- ds e`nk esa iz;ksx dks Vh ekWLD;wVks cx ,oa fFkzIl dhVksa 
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dh lef”V ds fo:) cgqr gh izHkkodkjh ik;k x;k] tcfd 
Bt var k dks cM+h byk;ph dh [ksrh esa gs;jh dSVjfiyj 
uk’khtho ds fo:) izHkkodkjh ik;k x;kA vesfjdh Qky 
vkehZokWeZ ¼FAW½] LiksMksIVsjk ÝqfxZiMkZ dh Hkh [kkst dh xbZ] 
tks iwoksZÙkj jkT;ksa esa eDdk ,oa vU; ijiks”kh Qlyksa dks 
laØfer djrk gS vkSj Hkkjh ek=k esa uqdlku igqapkrk gSA 
FAW ds laØe.k (40-45 %) dks igyh ckj uefQax] nf{k.k 
flfDde esa LFkkuh; eDdk tuunzO; ¼lsrh edbZ½ esa fjiksVZ 
fd;k x;k FkkA iNsrh ekSle esa bls Hkk—vuqi vuqla/kku QkeZ] 
VkMksax esa Hkh ik;k x;kA rFkkfi] bl uk’khtho ds fo:) 
yxHkXk 26 izk—frd dhV ifjHk{kdksa ¼,fueht+½ dh [kkst dh 
xbZ tks es?kky; esa vesfjdu Qky vkehZoWeZ dks uSlfxZd ,oa 
tSfod :i ls fu;af=r j[krs gSA vesfjdu Qky vkehZoeZ dh 
vkSlr izk—frd e`R;qnj es?kky; ds fofHkUu LFkkuksa ij 56.58 
ls 73.08% ds chp ikbZ xbZA fefjM cx] usflfM;ksdksfjl 
Vsuqbl dks es?kky; esa vkØked VekVj iÙkh lqjaxd dhVksa 
ds vfr izHkkodkjh ifjHk{kd ds :i esa ik;k x;kA fepZ dks 
laØfer djus okys fo”kk.kqvksa dk y{k.ko.kZu fd;k x;k vkSj 
funku fodflr fd, x,A flVªl fVªLVhtk fo”kk.kq dh [kkst 
ds fy, ,d vkblksFkeZy vkjih, ,sLls fodflr fd;k x;kA 
iwoksZÙkj Hkkjr ds flVªl {ks=ksa ls ,p,ych-lac) Candidatus 
fycsjhcsDVj ,f’k;kfVdl dk eYVh-thuksfed-ykWlh vk/kkfjr 
y{k.koZu fd;k x;k vkSj ,d ljyh—r RPA ,sLls fodflr 
fd;k x;kA iwokZsÙkj Hkkjr ds LFkkuh; dsyk {ks=ksa ls vartkZr 
,oa ,filksey dsyk LVªhd fo”kk.kqvksa dk y{k.ko.kZu fd;k 
x;k vkSj “Pisang Klutuk Wulung PKW” (BB) dsyk ds 
iw.kZ thukse jsQjsal vuqØeksa dk y{k.ko.kZu dj buflfydks 
fo’ys”k.k fd;k x;kA es?kky; esa vks;LVj e’k:e iztkfr;ksa]  
PL-19-04 (96.3% BE) vkSj PL-19-02 ds ewY;kadu esa 
lokZf/kd mit izkIr dh xbZA fetksje esa] lcLVªsV ds :i esa 
/kku Hkwlh ij mPp mit okyh vks;LVj e’k:e ¼Iy;wjksVl 
iztk-½ iztkfr;ksa ds ewY;kadu esa ;g ik;k x;k fd iztkfr] 
PL-18-07 esa vf/kdre mit (18.69 fd- xzk- izfr 100 
fd- xzk- lcLVªsV) esa rFkk mlds ckn iztkfr PL-18-01 
(15.79 fd- xzk- izfr 100 fd- xzk- lcLVªsV) vkSj PL-18-10 
(15.56 fd- xzk- izfr 100 fd- xzk- lcLVªsV) esa izkIr dh xbZA 
blds vykok] ysfDV¶yl iztk-] #lqyk iztk-] LdkbtksQkbye 
dkWE;wu] vkSj V~;wcj iztk- lfgr izk—frd :i ls mxus okys 
[kk| ;k xSj-[kk| e’k:eksa@[kqEcksa dh iSalB iztkfr;ksa dks 
fetksje ds fofHkUu Hkkxksa ls laxzfgr dj mudk izys[khdj.k 
fd;k x;kA 

QkeZ vkStkjksa vkSj vk/kqfud —f”k ;a=ksa esa lq/kkj vkSj fodkl 
ds fy, iz;kl fd, x, vkSj ikoj ohMj dk la’kks/ku ,oa 
mUu;u fd;k x;k ftlls mls 72.3% [kjirokj fudkyus 
dh n{krk ds lkFk ioZrh; {ks= ds fy, mi;qDr cuk;k x;kA 
blds vfrfjDr] ,ylhMh fMLiys ds lkFk xzsfoVh fMªi flapkbZ 
iz.kkyh ds fy, ,d ekbØksdaVªksyj vk/kkfjr vkVksesfVd 
daVªksy iz.kkyh fodflr dh xbZ vkSj mls xzsfoVh QsM fMªi 
flapkbZ iz.kkyh ds lkFk Vsjsl ij mxkbZ xbZ LVªkcsjh esa mi;ksx 
fd;k x;kA IykfLVdYpj bathfu;fjax vkSj izkS|ksfxdh ¼ihbZVh½ 
ij ,vkbZlhvkjih ds rgr] Hkkjh cjlkr okys {ks= ds fy, 
mi;qDr vnjd ,oa gYnh dh [ksrh gsrq ,d ekbØksdaVªksyj 
vk/kkfjr lksyj Vuy Mªk;j ¼100 fd- xzk- {kerk½ fodflr 
dh xbZA QkeZ vkStkj vkSj e’khujh ifj;kstuk ij AICRP 
ds rgr] vkSlr 53 vukukl@?kaVk gkosZfLVax {kerk ds lkFk 
vukukl gkosZLVj dks fMt+kbu fd;k x;kA ty mi;ksx 
n{krk dks c<+kus gsrq] IykfLVd ykbu okys tydqaM ij dk;Z 
tkjh j[kk x;k ftlls Ýsap chu] fepZ ,oa gYnh dh [ksrh esa 
mRlkgo/kZd ifj.kke izkIr fd, x,A bu Qlyksa dh [skrh 
esa ty mi;ksx n{krk,a Øe’k 15.76,12.19 vkSj 15.34 
fd- xzk- izfr gSDVs--fe-eh- FkhA iwokZsÙkj Hkkjr ¼clj] xaxVksd] 
>jukikuh] mfe;e] bEQky] dksykflc ,oa ysecqpsjk½ ds lkr 
jkT;ksa ls tyok;q MkVk ij fd, x, v/;;uksa esa ;g Li”V 
:i ls ik;k x;k fd iwoksZÙkj {ks= esa tyok;q esa fHkUurk Fkh] 
D;ksafd vf/kdrj LFkkuksa ij vkSlr ekfld ,oa ekSlexr  
vf/kdre rkieku esa dkQh o`f) gqbZ FkhA rkieku esa ifjorZu 
dh nj] oSf’od vkSlr dh rqyuk esa dkQh vf/kd Fkh] tks 
iwoksZÙkj {ks= dh tyok;q Hks|uh;rk dk lwpd gSA thds,e,l 
ds rgr nh xbZ lsok esa] e/;kof/k iwokZuqeku jsat ds lkFk 
—f”k-,Mokbtjh lsok,a ¼,,,l½ cqysfVu rS;kj fd, x, vkSj 
mi;qDr bysDVªksfud pSuyksa ds ek/;e ls mudk izlkj fd;k 
x;kA blds vfrfjDr] ^^ioZrh; —f”k ds fy, QkeZ vkStkj 
,oa e’khujh dk okf.kT;dj.k^^ ij fjokWYofoax QaM Ldhe ds 
rgr QkeZ vkSTkkjksa ,oa ;a=ksa ¼848 la-½ ds fofHkUu izksVksVkbiksa 
dks QSczhdsV fd;k x;k vkSj vkStkjksa dh vkiwfrZ ljdkjh] 
xSj-ljdkjh laxBuksa] —f”k foKku dsanzksa rFkk iwoksZÙkj jkT;ksa ds 
O;fDxr fdlkuksa dh xbZA  

i’kq/ku mRiknu esa fd, x, vuqla/kku iz;klksa ls vusd u, 
,oa egRoiw.kZ dk;Zdykiksa dh ‘kq#vkr dh xbZA cM+s vkdkj 
dh nslh cdjh uLy] ;kuh fljksgh ,oa t[kjkuk ds ikyu 
,oa muds izn’kZu dk ewY;kadu fd;k x;k ftlesa ;g ik;k 
x;k fd es?kky; dh —f”k-tyok;q fLFkfr;ksa ds rgr cdjh 
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mRikndrk dks c<+kus ds fy, fljksgh uLy dks miq;Dr ik;k 
x;kA nwljh vksj] yqElfu;kax ‘kwdj dh uLy dk foekspu 
fd;k x;k vkSj mlds izn’kZu ds ewY;kadu esa ;g ik;k x;k 
fd 6 ekg dh vk;q ij mlds ‘kkjhfjd otu esa mldh rhu 
ihf<+;ksa dh rqyuk esa 0.442 fd- xzk- dh lokZf/kd vkuqoaf’kd 
o`f) gqbZ gSA c<+okj okys lwvjksa ds fy, vkgkj ijh{k.k esa 
;g ik;k x;k fd dsyk L;wMks-LVse ds lkFk 10-20% eDdk 
dks vR;ar ykHkizn fodYi ds :i esa ik;k x;k vkSj mlds 
lqvjksa ds ‘kkjhfjd izn’kZu ij dksbZ le>kSrk fd, fcuk 
vkgkj lwph esa ‘kkfey fd;k x;kA f=iqjk dh xje —f”k-
tyok;q fLFkfr;ksa ds rgr] ekyh x gSEi’kk;j ladj ‘kwdjksa dks 
ek¡l mRiknu ,oa fiXysV dh fcØh ds vk/kkj ij vkthfodk  
lq/kkj ds fy, cgqr vPNk ik;k x;kA dqDdqV esa] nslh cÙk[k 
dh moZjrk ,oa vaMksRifÙk ij ekSleksa ds izHkko ij fd, x, 
v/;;u esa ;g ik;k x;k fd xzh”e (63.54%) dh rqyuk 
esa ‘khrdky (51.10%) ds nkSjku mldh vaMksRifÙk de FkhA 
oujktk iSr`d ys;jksa ds lexz iztuu izn’kZu dks 40osa ls 84osa 
mRiknu vof/k ds nkSjku Jhfuf/k iSr`d ys;jksa dh rqyuk esa 
Js”B ik;k x;kA flfDde ds dqN {ks=ksa esa] oujktk cSd;kMZ 
dqDdqV ikyu esa U;wure fuos’k ds lkFk dqDdqV ikydksa dks 
mPp ykHk (B:C vuqikr 2.55 ls 4.91) izkIr gqvkA isu esfVax 
iz.kkfy;ksa ds rgr es?kky; dh —f”k-tyok;q fLFkfr esa VdhZ ds 
fy, 1:5 ds izHkkodkjh esfVax vuqikr dk b”Vrehdj.k fd;k 
x;kA blds vfrfjDr] czkW;yj ds ek¡l esa dkWysLVªksy Lrj 
dks de djus ds fy, LFkkuh; gcZy lkefxz;ksa dk iz;ksx dj 
,d vkgkj la:i.k dk ekudhdj.k fd;k x;kA f=iqjk dh 
—f”k-tyok;q fLFkfr;ksa ds rgr] uo fodflr f}xqf.kr Vkbi 
ch,uMh ladj dqDdqV uLy dks fdlkuksa us ilan fd;k vkSj 
mls ikyu ds fy, vaxh—r fd;kA blds vfrfjDr] c<+okj 
okys pwtksa ds vkgkj esa djh iÙkk (3%) ds vuqiwj.k dks 
c<+okj okys if{k;ksa esa rki ncko dks de djus esa ykHkdkjh 
ik;k x;kA Ms;jh esa] nslh uLy Fkkjijdj xk; ds izn’kZu dk 
ewY;kadu fd;k x;k ftleas vkSlr nw/k mRiknu 6.20±1.05 
ik;k x;kA flfDde ds mPp rqaxrk okys {ks=ksa esa] cdfj;ksa dk 
esykVksfuu ds lkFk mipkj fd, tkus ls cdfj;ksa dh fla?ksjh 
uLy esa dkeksUekn vkSj C;kar njksa esa o`f) gqbZA

Ik’kq/ku dh vPNh mRikndrk dh lqfuf’prrk gsrq vkSj LFkk;h 
i’kq ,oa ekuo LokLF; esa ;ksxnku nsus gsrq] i’kq LokLF; 
vuqla/kku ds rgr vusd egRoiw.kZ miyfC/k;ka izkIr dh xbZaA 
tsaFkkstkbye vesZVe vdZ ds lkFk uSuks-bEy’ku rS;kj fd;k 
x;k] ftlesa laHkkfor dhVuk’kd ,oa lw{ethojsk/kh xq.k/keZ 

ik, x,A rhu [kk| tfur vkSj ,d fo”kk.kq jksxtud ds fy, 
Isothermal PCR vk/kkfjr uohu uSnkfud izkS|ksfxfd;ka 
fodflr dh xbZaA i’kq [kk| tfur [kk| lqj{kk tksf[ke 
vkdyu esa vU; [kk| tfur jksxtudksa dh rqyuk esa rFkk 
ikjaifjd fof/k;ksa ds foijhr dSEikbykscsDVj tstquh@ dksykb 
dkWEiysDl ds dkj.k thok.kfod tksf[ke Li”V :i ls ik;k 
x;kA jksx MkVk dh eSfiax vkSj fo’ys”k.k esa es?kky; esa FMD 
vkSj CSF dk mPp vkiru ik;k x;kA ‘kwdjksa ds fØfIVd 
jksxtud - bfjflisyksfFkzDl #fl;ksisfFk;k dh lhjks-fuxjkuh 
esa 5% dk vkiru ik;k x;k] tks fd vHkh rd Kkr ugha 
FkkA laLFkku esa fodflr Inhouse Indirect CSF Elisa dks 
nwljh ckj ds oS|hdj.k ds fy, lHkh iwoksZÙkj jkT;ksa dks forfjr 
fd;k x;kA jkbfilsQkyl ekbØksIyl fVDl ds bE;wukstsfud 
izksVhuksa] tks dbZ i’kq/ku jksxksa ds okgd gSa] ds lsfyojh XySaM 
,aVhtu dk y{k.ko.kZu fd;k x;k rkfd bE;wuksizksQkbysfDl 
fodflr fd;k tk ldsA ek¡l ls flfLVlsjl iztk- dh Rofjr 
[kkst ds fy, ,d ihlhvkj izksVksdkWy dk b”Vrehdj.k 
fd;k x;k rkfd ‘kwdj ls lacaf/kr [kk| lqj{kk lqfuf’pr 
dh tk ldsA [kk| tfur vkSj i’kq jksxtud lkyeksusyk 
VkbfQeqfj;e ds ck;ksfQYe lac) izksVhuksa (bap) ij fd, x, 
v/;;u esa uSnkfud laHkkouk ds lkFk bE;wukstsfud izksVhuksa 
dh igpku dh xbZA i’kqikyu ls lac) O;kolkf;d [krjksa 
ds fo’ys”k.k esa ;g ik;k x;k fd fofHkUu i’kq/ku izca/ku dk;©a 
ds nkSjku fdlkuksa }kjk crkbZ xbZ lcls vf/kd leL;kvksa 
¼‘kkjhfjd Je½ esa dej nnZ (62.9 %), dykbZ esa nnZ  
(48.5 %), vaxqyh esa gYdk nnZ (82.5 %) tSlh xaHkhj 
fnDdrs Fkha] tcfd da/kksa dk nnZ (34.13%), gFksyh esa nnZ 
(42.86%) vkSj ?kqVus esa nnZ (45.71%) dh leL;k,a T;knk 
xaHkhj ugha FkhaA lqjf{kr vkSj LoLFk iksdZ ds mRiknu ds fy, 
‘kwdjksa ds LokLF; ij fd, x, vuqla/kku ds ykHkksa dks fdlkuksa 
rd igqapkus ds fy,] DBT-fdlku IysVQkWeZ ds rgr i’kq 
LokLF; izHkkx }kjk fiXysV DyLVj ,oa ‘kwdj ikyu ewY; 
J`a[kyk ds lkFk ,d mRÑ”V dk;ZØe izkjaHk fd;k x;kA  

laLFkku ds eq[;ky; vkSj mlds izknsf’kd dsanzksa esa ekfRL;dh 
ij fd, x, vuqla/kku ls fofHkUu izdkj dh miyfC/k;ka izkIr 
gqbZaA ekfRL;dh fofo/krk ds izys[khdj.k esa eq[; [kkstksa esa 
35 oa’kksa ls lacaf/kr 48 iztkfr;ka] es?kky; ds fdjMsedqybZ 
tylaHkj ls 7 iztkfr;ksa ls 19 ifjokj] f=iqjk dh :nzklkxj 
>hy ls 54 eNyh iztkfr;ka ¼39 oa’kksa] 21 ifjokjksa rFkk 8 
iztkfr;ksa ls lacaf/kr½] ukxkySaM esa pkFks (Chathe) unh ls 12 
oa’kksa ls lacaf/kr 13 eNyh iztkfr;ka vkSj fetksje dh ikap 
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eq[; ufn;ksa ¼yoax unh] Vqbpax unh] Vqbdqe unh ,oa ojºok 
unh½ ls 15 ls 35 eNyh iztkfr;ka ‘kkfey FkhaA varjk”Vªh; 
izkÑfrd lalk/ku laj{k.k la?k ¼IUCN½ dh jsM fyLV esa Vksj 
iqfVVksjk dks ^^foyqIr gks jgh^^ ds :i esa cksfV;k jksLVsªVk dks 
^^Hks|uh;^^ ds :i esa vkSj N% iztkfr;ksa dks ̂ ^foyqIr gksus okyh^^ 
Js.kh ds :i esa vf/klwfpr fd;k x;k FkkA bl jsM fyLV ls 
;g ladsr feyrk gS fd ?kjsyw eNfy;ksa dk laj{k.k fd, tkus 
dh vko’;drk gSA blh izdkj ls] v:.kkpy izns’k] es?kky; 
vkSj f=iqjk ls ehBkty ckbokYo] ysfefyMsUl ekftZusfyl dh 
lef”V ij fd, x, v/;;u esa vkuqoaf’kd fofo/krk ikbZ xbZA 
bl v/;;u ls ,d ,slh i)fr dks fodflr djus esa Hkh 
lgk;rk feyh ftlds vk/kkj ij cgq iztkfr;ksa ls uohu thu 
vuqØeksa ds y{k.koZu ds fy, fu;j ;wfuloZy] ukWu-fMtujsV 
izkbejksa dks fMtkbu fd;k tk ldrk gSA QwV-fgy {ks= esa  
/kku ,oa eNyh ikyu iz.kkyh ds rgr ysfc;ks dkycklq ds 
‘kkjhfjd izn’kZu ds vkdyu esa ;g ik;k x;k fd ;g eNyh 
dYpj flLVe esa lh- e`xy dk ,d csgrj fodYi gSA rsjg 
vkSj eNyh iztkfr;ksa ds izn’kZu dk vkdyu fd;k x;kA pkj 
;fur dod iztkfr;ksa ¼,Lijfxyl QfexsV~l] ,- ¶ysol] 
dSafMMk vfYcdUl ,oa ¶;wlsfj;e lksysuh½ ds fo:) dryk 
dryk] fljfgul e`xy] Dysfj;l cVªkdl ,oa gsVsjksIU;wLVsl 
QkWflYl ds baVsxqesaVjh vdZ dh dod-jks/kh xfrfof/k;ksa ij 
fd, x, v/;;u esa ;g ik;k x;k fd lh- e`xy] lh- cVªkdl 
,oa ,p- QkWflYl ds ,DlVªsDV esa dod-jks/kh xfrfof/k dh 
laHkkouk gSA blh izdkj ls] ukS ykbfVd cSDVhfj;ksQsftt 
us ,aVh-,sjkseksul ,tsaV ¼;kuh egRoiw.kZ eNyh jksxtud½ 
dh laHkkouk iznf’kZr dhA blds vfrfjDr] 12 U;wu-ykxr 
ds tSo dhVuk’kdksa] vFkkZr eksfjaxk vksfyQsjk ¼MªefLVd½ dh 
ifÙk;ka ,oa fNyds] dSfefy;k lkbusfUll ¼pk;½ dh ifÙk;ka] 
eSXyksfy;k paikdk ¼paid½ ds fNyds vkSj esfy;k vtsMsjSdVk 
¼fpukcsjh½ ds Qyksa vkfn dks muds fojpu ds nkSjku ulZjh 
rkykc ls ijHk{kh ,oa [kjirokj [kkus okyh eNyh dks lekIr 
djus esa izHkkodkjh ik;k x;kA LFkkuh; eNqvkjk leqnk;ksa ds 
fgr esa HkkÑvuqi-lhvkbZ,QvkjvkbZ ds lg;ksx ls es?kky; 
dh mfe;e >hy esa dst dYpj dh ‘kq#vkr igyh ckj dh 
xbZA blh izdkj ls] dst dYpj dks f=iqjk dh ck<+xzLr 
Hkwfe;ksa esa iznf’kZr fd;k x;kA nksuksa jkT;ksa esa] dkWeu dkiZ 
dh vusd iztkfr;ksa ds lkFk dst dYpj ‘kq# djuk ,d  
mRlkgo/kZd ifj.kke feykA

Ñf”k fodkl ds ek/;e ls tutkrh; fdlkuksa dh vkthfodk 
esa lq/kkj ykuk lkekftd-vkfFkZd dkjdksa ls izR;{k :i ls 

lac) gSA bl fn’kk esa] laLFkku esa fiNys o”kZ ds nkSjku iz;kl 
fd, x,A mÙkj iwoZ ioZrh; {ks= esa fofHkUu Ñf”k iz.kkfy;ksa ds 
cgqvk;keh izn’kZu ij fd, x, ewY;kadu ds v/;;u esa] ;g 
ik;k x;k fd i’kq/ku vk/kkfjr Ñf”k iz.kkyh esa ykxr ykHk 
vuqikr ¼BCR½ 1.96 Fkk] tcfd baVjuy jsV vkWQ fjVuZ 
¼IRR½ 19.25% vkSj is-cSd vof/k 4 o”kZ FkhA nwljh vksj] 
i’kq/ku-eNyh-vk/kkfjr Ñf”k iz.kkyh eas BCR 2.7 Fkk vkSj 
IRR 22.5% rFkk is-cSd vof/k 3.5 o”kZ FkhA vr%] Qlyksa] 
lfCt;ksa vkSj i’kq/ku ds lkFk tytho ikyu dk ,dhdj.k 
fd, tkus ls izkÑfrd lalk/kuksa dk mfpr :i ls mi;ksx 
gksxk] fdlkuksa dk tksf[ke de gksxk vkSj o”kZHkj jkstxkj ,oa 
vk; l`ftr gksxhA es?kky; esa dUotsZaV ,DlVsa’ku ekWMy dh 
izHkkodkfjrk dks c<+kus ds fy, mi;qDr j.kuhfr;ksa dh igpku 
djus gsrq] es?kky; esa foLrkj vf/kdkfj;ksa dks ‘kkfey dj fd, 
x, ,d v/;;u ds ifj.kkeksa esa ;g ik;k x;k fd izHkkodkjh 
laxBukRed lapkj ds fy, lacaf/kr izkf/kdkjh }kjk mi;qDr 
dne mBk, tkus dh vko’;drk gS, rkfd fofHkUu fgr/kkjdksa 
dh lgHkkfxrk lqfuf’pr dj muds chp rkyesy ¼dUotsZal½ dh 
izHkkodkfjrk dks c<+k;k tk ldsA blds vfrfjDr] es?kky; esa 
ATMA-vk/kkfjr dUotsZaV ,DlVsa’ku ekWMy dh izHkkodkfjrk 
esa lq/kkj ykus gsrq lHkh ftyk ,oa CykWd Lrjh; foLrkj  
inkf/kdkfj;ksa ds chp tkx#drk l`ftr djus dh vko’;drk 
gS] ftlds fy, Li”V fn’kkfunsZ’k cuk, tkus] izR;sd fgr/kkjd 
dh ftEesnkjh dks ifjHkkf”kr djus rFkk varj-foHkkxh; lapkj 
dks c<+kus dh Hkh vko’;drk gSA

NICRA ¼jk”Vªh; tyok;q vuqdwy Ñf”k uoksUes”k½ ds rgr] 
izfrosfnr vof/k ds nkSjku fofHkUu xfrfof/k;ka pykbZ xbZaA 
nh?kZ dky (LP: 1901-2015) ds fy, ekSlexr o”kkZ caVu 
dh LFkkfud-dkfyd fofo/krk eas ;g ik;k x;k fd Hkkjr 
ds iwoksZÙkj {ks= esa okf”kZd :i ¼,vkj½ ls 1530-1677 fe- 
eh- o”kkZ gqbZA o”kkZ ds caVu esa fofo/krk ¼fopyu dk xq.kkad½ 
xr le; esa 14.7% (1901-1930) ls c<+dj 27.8% 
(1991-2015) gks xbZA dqy okf”kZd o”kkZ eas ekWulwu o”kkZ 
dk ;ksxnku 66-68% Fkk] ysfdu o”kkZ fnolksa dh la[;k 
(nSfud o”kkZ > 2.5 fe- eh-) esa fxjkoV dh izo`fÙk ns[kh xbZ 
(44 ls 40 okf”kZd :i ls)A {ks= esa vR;f/kd mPp l?ku o”kkZ 
fnolksa (,d-fnu esa vf/kdre >75 fe- eh-) dh la[;k esa Hkh 
c<+rh izo`fÙk ns[kh xbZ vkSj fujarj ‘kq”d fnolksa dh la[;k esa 
Hkh o`f) ns[kh xbZA xr n’kdksa (1951-1990) esa vf/kdre 
rkieku dh izo`fÙk esa o`f) gqbZ gS (@ 0.04° C) vkSj o`f) 
dh nj gky gh ds n’kd (1991-2015) esa c<+dj nksxquk 
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gqbZ gS (@0.04° C)A nwljh vksj U;wure rkieku esa gky gh 
ds n’kdksa (1951-1990) esa fxjkoV (@0.01° C) vkbZ gS] 
ysfdu gky gh ds le; es blesa o`f) (@ 0.01°C) gqbZ gSA 
vof/k (2080) ds fy, iwokZuqekfur o”kkZ esa o`f) (>20%) gks 
ldrh gS] blfy, {ks= esa fofHkUu ,dhÑr Ñf”k iz.kkfy;ks esa 
vuqekfur e`nk gkfu (>10%) Hkh gks ldrh gSA

 uohu fdLe dks dukZVd dh ,d lw[kk lfg”.kq LFkkuh; >we 
¼ifjorhZ [ksrh½ fdLe ds lkFk ØkWl djds NICRA ok;qthoh 
/kku 1 fdLe fodflr dh xbZ] tks ,d e?;kof/k vxsrh 
ifjiDork okyh vkSj Åijh Hkwfe esa lw[kk ncko lfg”.kq /kku 
dh fdLe gSA bls HkkÑvuqi-,uvkjvkjvkbZ] dVd esa fnukad 
30 ebZ-2 twu 2019 ds nkSjku vk;ksftr 54osa ,vkjth,e esa 
foeksfpr fd;k x;k FkkA Qly fodkl ds izkjafHkd pj.k ij 
rFkk iq”i.k pj.k ij lsfylkbfyd vEy (50 ppm) dk Qyksa 
dh ckº; lrg ij iz;ksx fd, tkus ls VekVj dh lw[kk 
laosnu’khy fdLeksa dh thfork 86.7% rd c<+ xbZ] tcfd 
daVªksy esa ¼,fDVosVj ds fcuk½ ;g 40% FkhA

czkW;yj pwtksa dh 6 lIrkg dh vk;q rd vnjd (0.5-
1.0%) vkSj gYnh (0.5-1.0%) ikmMjksa dk rki ncko 
(37±1°C) fLFkfr ds nkSjku vkgkjh; vuqiwj.k fn, tkus ls 
muds ‘kkjhfjd otu] ,Qlhvkj] Mªsflax ,oa vkarfjd vaxksa 
dh ‘kfDr c<+hA f=iqjk dh ?kjsyw eNyh iztkfr;ksa dh rki  
lfg”.kq {kerk,a rc c<+ xbZa tc mUgsa 25-300C ij vuqdwyu’khy 
cuk;k x;kA ikap iztkfr;ksa esa ls] vks- ckbekdqysVl lcls 
vf/kd rki lfg”.kq (rkieku HkkxQy-Q10 1.08) Fkh, ftlds 
ckn ,- eksyk (1.13) dk LFkku Fkk] tcfd ,u- uksVksIVsjl 
(1.22). ,y- jksfgrk (1.25) vkSj ,y- ckVk  (1.28) dks xehZ 
esa mPp laosnu’khy ik;k x;kA 

tutkrh; mi;kstuk ¼Vh,lih½ ds varxZr vk;ksftr fofHkUu 
vkthfodk dk;ZØeksa ds QyLo:i] 2019 ds nkSjku lkr iwoksZÙkj 
jkT;ksa ds 10,631 ls vf/kd tutkrh; fdlku ykHkkfUor 
gq,A dqy 606 ifjlaifÙk;ka l`ftr dj fofHkUu fgr/kkjdksa 
dks forfjr dh xbZ] ftuesa U;wu ykxr ds ikWyh gkml] U;wu 
ykxr ds dqDdqV ‘ksM] U;wu ykxr ds ‘kwdj ‘ksM] U;wu ykxr 
dh e’k:e bdkb;ka] tydqaM] oehZ D;kfj;ka] cÙk[k bdkb;ka] 
izlaLdj.k bdkb;ka] gSpjh bdkb;ka] vkfn ‘kkfey FkhaA blds 
vfrfjDr] —f”k lkefxz;ka] tSls fd jksi.k lkefxz;ka] moZjd] 
tSo-moZjd] [kkn] iks”k.krRo feJ.k] ‘kkduk’kh] dhVuk’kd] 

tSo-dhVuk’kkd vkfn dks 2019 ds nkSjku tutkrh; fdlkuksa 
ds chp forfjr fd;k x;kA fofHkUu lfCt;ksa] vFkkZr fHkaMh] 
yksfc;k] dqyFkh chu] [khjk] djsyk] eVj] Ýkl chu] QwyxksHkh] 
cSaxu] jktek] ewyh] xkaBxksHkh ;kuh uksy-[kksy] canxksHkh] 
xktkj] vkfn ds cht (1228 fd- xzk-), vukt Qlyksa] vFkkZr 
pkoy] eDdk] edbZ] dqV~Vq vkfn (2000 fd- xzk-) ds cht 
fdlkuksa dks forfjr fd, x,A blds vykok] tutkrh; 
fdlkuksa dh vkthfodk esa lq/kkj ykus ds fy, mUgsa 5,320 
la- dh jksi.k lkefxz;ka ¼MªSxu Qy] lqikjh] iihrk] canxksHkh 
vkfn½ dk Hkh forj.k fd;k x;kA mudh vkthfodk ds ,d 
lzksr ds :i esa rFkk e’k:e dh [ksrh dks yksdfiz; cukus 
ds fy, e’k:e vaMksa ds 100 iSdsV Hkh forfjr fd, x,A 
moZjd@tSo-moZjd@[kkn@e`nk iqu:)kj lkexzh] tSls fd 
,QokbZ,e] oehZdEiksLV] ykbe (11,100 fd- xzk-) vkSj tSo-
moZjd (20 iSdsV) Hkh iwoksZÙkj ds tutkrh; fdlkuksa dks 
forfjr dh xbZaA blds vfrfjDr] mUur uLy ds 94 fiXysV] 
92,666 dqDdqV pwts] 400 Mdfyax] 41,800 fQaxjfyax] 
500 fd- xzk- vkgkj vuqiwj.k ¼i’kq/ku] dqDdqV vkgkj] [kfut 
feJ.k] foVkfeu vkfn½ dk tutkrh; fdlkuksa dh vkthfodk 
lq/kkj ds fy, forj.k fd;k x;kA fofHkUu i’kq jksxksa ds izca/k 
ds fy, nokb;ka] tSls fd foVkfeu laiwj.k ¼130 iSdsV½ dk 
Hkh forj.k fd;k x;kA blds vykok] NksVs —f”k vkStkj ,oa 
;a=] tSls fd gSafMy ds lkFk LisM] Lizs;j (215 la-), e/kqeD[kh 
ikyu fMCcs ,oa mlds dqy-iwtsZ (144 la-) dk Hkh tutkrh; 
fdlkuksa ds chp forj.k fd;k x;kA —f”k ds fofHkUu {ks=ksa esa 
tutkrh; fdlkuksa ds {kerk fuekZ.k ds fy,] Qly mRiknu] 
i’kq mRiknu vkSj izca/ku] [kqEc dh [ksrh] ckxokuh Qlyksa dk 
mRiknu ,oa izca/ku] vkfn ds laca/k esa vxziafDr izn’kZu ,oa 
tkx#drk dk;ZØe (57 la.) pyk, x,A

{ks= esa —f”k fodkl dks xfr iznku djus ds fy,] laLFkku ds 
izkbejh izkS|ksfxdh izlkj pSuy lHkh iwoksZÙkj jkT;ksa esa fLFkr 
chl —f”k foKku dsanzksa dk ,d csgrj :i ls fodflr usVodZ 
gSA fiNys o”kZ ds nkSjku yxHkx 850 izf’k{k.k ,oa {kerk 
fuekZ.k dk;ZØeksa ds vykok] 600 ls vf/kd QkeZ ijh{k.k vkSj 
450 ls vf/kd vxziafDr izn’kZu vk;ksftr fd, ax,A —f”k 
foKku dsanzksa ds usVodZ ds ek/;e ls vusd lkefxz;ka vkSj 
dkQh la[;k esa lkekftd iw¡th ,oa HkkSfrd ifjlaifÙk;ksa dks 
l`ftr fd;k x;k, ftuls iwokZsÙkj ioZrh; {ks= ds 51,000 ls 
vf/kd fdlku ykHkkfUor gq,A
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The year 2019-20 marked the end of 
second decade of the third millennium for 
ICAR Research Complex for NEH Region. 

Achievements during the period (2019-20) were 
substantial and were a sum of team effort by everyone 
in the Institute.

The weather of north east hill region during the 
period of January to December, 2019 was recorded at 
different agro-meteorological observatories (Basar, 
Arunachal Pradesh; Gangtok, Sikkim; Jharnapani, 
Nagaland; Umiam, Meghalaya; Imphal, Manipur and 
Kolasib, Mizoram) of ICAR Research Complex for NEH 
Region indicated the marked spatial variability of 
weather variables over the NEH region. Total annual 
rainfall was highest over Gangtok (3322.2 mm) 
followed by Kolasib (3080.5 mm), Basar (2769.8 mm), 
Umiam (2255.0), Jharnapani (1587.7 mm) and Imphal 
(1137.1 mm). The spatial distribution clearly indicate 
that those places which are directly in the path of the 
monsoon winds receives higher rainfall compared to 
the places which are away especially surrounded by 
the hills (like Imphal and Jharnapani). The total rainfall 
was within the normal range (±19% of Long Period 
Average) for all places except Imphal which received 
deficit rainfall (-23.1%). Among the seasons, monsoon 
contributed the highest rainfall varying from 58% in 
Jharnapani to as high as 72% in Basar. Normal rainfall 
was received during pre-monsoon and monsoon 
months over the places except deficit in Imphal (Pre-
monsoon: -50.3%, Monsoon: -16.8%) and excess 
in Basar (Monsoon: 30.4%). However, continuous 
deficit rainfall months during pre-monsoon and 
monsoon season was observed in Imphal (all months 
from March to August), Jharnapani (April, June to 
September), Umiam (May to August) and Gangtok 
(September to October). Though deficit rainfall 
was only received over Imphal, there were inter-
monthly variations during the major rainfall receiving 
seasons of the region. The mean annual maximum 
temperature was highest at Jharnapani (29.7°C) 
followed by Kolasib (27.2°C), Imphal (26.8°C), Umiam 
(25.5°C), Basar (25.1°C) and Gangtok (24.0°C). While 
the mean annual minimum temperature was about 
18°C in Jharnapani and Kolasib but it was about 15°C 
in other places. For all the places except Kolasib, the 
mean maximum temperature was higher than normal 

during 2019 over all the four seasons indicating an 
increase in the warm days over the region. The mean 
seasonal minimum temperature was higher than 
normal in Imphal, Gangtok and Umiam while it was 
lower than normal in Kolasib and Jharnapani. The 
mean winter seasonal minimum temperature was 
lowest at Imphal (6.2°C) followed by Basar (7.1°C), 
Gangtok and Umiam (7.8°C), Jharnapani (9.1°C) 
and Kolasib (13.5°C). The lowest daily minimum 
temperature occurred in Imphal (2.3°C) followed 
by Umiam (2.5°C), Basar (2.9°C), Gangtok (3.9°C), 
Jharnapani (6.3°C) and Kolasib (9.0°C). 

Rice breeding programmes of the Institute during the 
period revolved around identification and assessment 
of novel varieties, search and assessment of promising 
lines and germplasm, development of new varieties 
suitable for the NE region, production of breeder 
seeds and release of developed varieties following 
evaluation for adoption by farmers. In Meghalaya 
following promising upland lines were identified 
RCPL1-413 (3.6 t/ha), RCPL 1-514 (3.6 t/ha), RCPL1-
129 (3.4 t/ha), and RCPL1-131 (3.4 t/ha) while in 
lowland, only RCPL-300 (3.8 q/ha) and RCPL1-145 
(3.6 q/ha) were found promising in station trials. Also 
breeder seeds of released varieties of rice namely, 
Shahsarang (10 q), Megha SA 2 (3 q), Bhalum 3 (5 q) 
and Bhalum 5 (3 q) were produced. In Upper Shillong 
farm, seeds of cold tolerant rice varieties namely, NEH 
Megha Rice 2 (3.5 q) and NEH Megha Rice 3 (3.0 q) 
were produced. Similarly, in Manipur 5 promising 
lines of black rice were also developed. IET 26178 / 
TRC 2015-5 in Aerobic trials was released for Zones: 
III (Jharkhand), V (Chhattisgarh) and VII (Karnataka). 
STRASA project was concluded during 2019 with 
significant achievement such as six varieties were 
released from the STRASA material and five varieties 
were notified by CSC for Crop Standards etc. Under 
NICRA, NICRA Aerobic Dhan/ TRC 2015-5/ IET 26178 
has shown yield superiority over other qualified 
varieties in Karnataka, Jharkhand and Chhattisgarh. 
In Mizoram, center trial on the yield potential of 14 
upland rice germplasm resulted in significantly higher 
grain (4.02 t/ha) and straw (8.67 t/ha) yield of MZ UP 
Rice 24 followed by MZ UP Rice 6 (3.84 t/ha grain yield 
and 8.61 t/ ha straw yield). Evaluation of various rice 
germplasm under Meghalaya condition revealed that 

EXECUTIVE SUMMARY
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RCPL 1-132, RCM-15, Topelea, Kebang and Mota Dhan 
were the superior lines in yielding ability. Screening 
of rice germplasm (169) for Blast resistance was 
undertaken using SSRs markers namely, AP4007, 
Pibdom, RM208, AP5659-5, NBS2-Pi9, YL155/ YL87 
and YL153/ YL154 identifying the genes viz. Pi2, 
Pib, Pi9 and Pita conferring resistance against blast. 
Among these, resistant genotypes namely, Itanagar, 
Buggimg, Jalbudi, Nalsathi, Mikudep, RCPL-1-120, 
Sakura, Maguri, Nolbora, Sindhuri Sali, RCPL-1-422, 
RCPL -1-121, Ambe, RCPL -1-185, Tudong, Suhagmani 
and  RCPL -1-178 were identified. Among the cold 
tolerant lines, Dullo was found to be resistant to 
blast. On the other hand, studies at Nagaland center 
indicated that among 183 upland rice germplasm 
evaluated against the rice blast, 10 were immune, 60 
were resistant, 106 were moderately susceptible, 6 
were susceptible and one was highly susceptible. Of 
the 139 upland rice germplasms evaluated against 
brown spot, 2 were immune, 73 were susceptible, 
and 39 were highly susceptible. In Pulse improvement 
total 453 promising single plant selections were 
made from advanced progenies of the crosses of LGG 
450 x IPM 02, LGG 460 x IPM 409-4 and single plant 
selections from IPM 02-19 x EC 496841. Total 164 
entries of mungbean, urdbean, lentil fieldpea and 
chickpea were evaluated in replicated trials and data 
reported to AICRP MULLaRP. Promising entries were 
identified for Tripura. 

An Integrated Organic Farming System (IOFS) model 
was adopted in lowland valley ecosystem comprising 
different enterprises such as crops (rice, maize, lentil, 
pea, soybean, rapeseed, vegetables), fruits, dairy 
unit (a milch cow + calf), fodder crops, central farm 
pond, farmyard manure pits and vermicomposting 
uni produced a net return of Rs. 62,531/- per year  
from an area of 0.43 ha. For establishing the model, an 
annual cost of Rs. 55,839/- was incurred.  Among the 
different enterprises, crop component contributed 
the maximum (61%) followed by dairy (25%) and 
fishery (20%), respectively. On farm nutrient recycling 
produced 63.6 kg N, 19.6 kg P2O5 and 55.0 kg K2O of 
nutrients. Micro watersheds comprising dairy based 
land use (FSW-1), Mixed forest (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) were being evaluated. 
The net annual income of Rs. 1, 11,179/ from FS-W1, 
Rs 36,709 from FS-W3 and Rs. 2, 19,114/- from FS-W5 

was obtained. 

Studies on biochemical and molecular aspect of abiotic 
and biotic stress tolerance and yield of important 
crops led to identification four high aluminum-toxicity 
tolerant genotype (Motodhan, Vietnam-1, Yimyu,  
N-861)   and four considerably aluminum toxicity 
sensitive rice lines (Lespah, RCPL-13,  VL-31329, UPR 
2919-141-138). Further molecular analysis suggested 
that genes associated with cytoskeletal dynamics, 
metabolism, and ion transporter could play major 
roles in aluminum adaptation and/or tolerance in 
rice. Further accession numbers for forty (40) Perilla 
(Perilla frutescens L.) genotypes have been issued by 
NBPGR, New Delhi in the reporting year. In order to 
mine potential high yield related genes from Chakhao 
landraces, study on four popular Chakhao landraces 
(Chakhao poireiton, Chakhao amubi, Chakhao, 
Chakhao angoubaalong) identified several grain size 
related genes including GS3, GW5, GW2, GW8, DEP1, 
GS7,Gn1a, IPA1and SD1. The favorable alleles of GS3, 
GS7, IPA1 and DEP1 genes were observed in Chakhao 
poireiton whereas IPA1 and Gn1a genes were observed 
in Chakhao amubi. These genes could be harnessed in 
future for developing new varieties.   

Effect of nutrient management practices on yield 
of maize-legume intercropping in acid soils of 
Meghalaya was studied and the results revealed 
that the maximum maize grain yield was recorded 
under sole maize than with legume intercropping 
due to increased plant population under sole maize. 
However, yield advantage of maize was observed 
when legumes were introduced as the intercrops 
which were reflected through higher maize equivalent 
yield (MEY). Amongst the intercrops, the maximum 
maize yield (18-31%) was recorded under groundnut 
compared to other leguminous intercrops. Similarly, 
the MEY was about 1.9 to 2.3 times higher in FB 
compared to other leguminous intercrops. Application 
of RMP along with lime increased the maize yield 4 to 
39% compared to other treatments. Analysis of soil 
acidity parameters in the intercropping experiment 
indicated that maize-legume intercropping had 
significant impact on soil pH under various nutrient 
management practices. Cultivation of legume crops 
as an intercrop slightly decreased the soil pH in 
comparison to the sole maize crop irrespective of 
the nutrient management practices. Further analysis 
of effect of intercropping and nutrient management 
practices on soil organic carbon pools and CO2 efflux 
in acid soils of Meghalaya revealed that total organic 
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carbon (TOC) was maximum in maize + French 
bean (3.04%) than other intercropping systems. 
Measurement of carbon management index (CMI) in 
the intercropping experiments highlighted that both 
soybean and French bean introduction as intercrop, 
improved the soil quality as the CMI value of both 
crops recorded as 187 and 186, respectively. Similarly, 
application of FYM, lime and rock phosphate increased 
the CMI value up to 194 indicating the soil quality 
enhancement. Assessment of CO2 efflux from soil 
under the maize-legume intercropping indicated that 
maize + groundnut intercropping accounted highest 
cumulative CO2 efflux of 5.02 g CO2 m-2 hr-1 over a 
period of 120 days compared to other intercropping 
systems. Studies on the effect of different land use 
systems on soil organic carbon and carbon stock in 
Mizoram revealed that on an average the soil carbon 
content was higher in Champhai district compared 
to Kolasib district where climatic factors may play 
an important role. Study on heavy metal enrichment, 
contamination, pollution Load and ecological risk in 
coal mine affected soils of Jaintia Hills, Meghalaya 
revealed that overall contamination level in the soil in 
abandoned coal stockpiles as per the Contamination 
Factor values indicated that they were moderately 
contaminated with Fe, Mn, Pb and considerably 
contaminated with Cu, Zn, Cr, Ni and very highly 
contaminated with As and Hg.

Study for optimization of yield and quality of King Chilli 
through nutrient standardization was undertaken 
and results revealed that treatment comprising of 
nutrient combinations, 150:65:65 kg/ha of N: P2O5: 
K2O recorded statistically the highest number of fruits 
per plant (72.4) with average fruit weight of 9.5 g, 
fruit breadth of 3.3 cm, total chlorophyll (4.7 mg/g) 
and carotenoid content (124.7 µg/g) during 50% 
flowering stage and capsaicin content (4.2%). 

Comparative study of Integrated Seed based Farming 
System (ISFS) and Intensive Integrated Farming System 
(IIFS) indicated greater profitability under Tripura 
Condition. Resource conservation technologies in 
crop production, rabi maize and lentil under no-till 
(NT) produced more seed yield than conventional 
tillage, minimum tillage and permanent broad bed & 
furrow. Under organic farming, integrated application 
of vermicompost + lime + rock-phosphate gave highest 
system productivity of okra-tomato-cowpea system 
than other nutrient sources and cropping systems.  
On the other hand, studies on organic nutrient 
management for black rice seed production was 

standardized and fertilizer adjustment equations was 
developed for maize (HQPM-5). Moreover, protocol 
for inhibition of phenolics and enhancing metabolites 
in in vitro plantlets of tree bean was standardized. 
In Sikkim center maize-pahenlo dal-buckwheat 
cropping system, and intensification of rice-fallow 
through no-till vegetable pea were popularized 
through demonstration and increasing the area under 
cultivation

During the period, work on agroforestry resulted 
in collection of twenty-four wild Musa accessions 
from Assam, Arunachal Pradesh and Meghalaya. 
Documentation of the accessions as per the taxonomic 
guidelines revealed two new varieties (allied to M. 
sikkimensis) hitherto unreported. Study on genetic 
resource assessment, in situ on-farm conservation and 
impact of banana waste as a feed for animals indicated 
that banana pseudo stem is a potential component for 
partial replacement of maize as a feed for livestock. 
Resin productivity studies in six different provenances 
of Pinus kesiya revealed varying resin yield (45.19 to 
167.25 g per tree). Evaluation of 53 multipurpose trees 
species in the mid-hills of Arunachal Pradesh showed 
that Pinus kesia, Michelia obtusifolia,  Castonopsis 
indica, Terminalia myriocarpa, Acacia mangium, 
Gravelia robusta, Manglietia insignis, Aleurites 
montana, Eleocarpus sphaericus, Kobolakso, Hiko 
and  Litsea lacta are some promising tree species in 
respect of basal girth, plant height and canopy spread 
providing maximum inter row light intensity. Among 
28 combinations of MPT species and Guinea grass, 
the combination of Terminalia myriocarpa + Guinea 
recorded the highest guinea grass yield (30.8 kg / row) 
followed by Kobolaxo + Guinea (24.7 kg / row). 

Horticultural crops were one of the major focus 
area of research of this institute. Various initiatives 
taken at the headquarter and its regional centers 
led to considerable achievements during last year. IC 
numbers were obtained from NBPGR, New Delhi for 
22 nos. local landraces of horticultural crops. DUS 
guidelines for Lemon and Jackfruit were developed. 
Colocasia line Megha Taro-2 was recommended for 
release by AICRP on Tuber Crops during its 19th Annual 
Workshop held at ICAR-CTCRI, Thiruvananthpuram, 
Kerala. The DRIS norms analysed from the data 
set of 60 Khasi mandarin orchards across Khasi & 
Jaintia Hills, Meghalaya suggested optimum leaf 
nutrients in relation to fixing yield 50 to 95 kg/tree 
for macronutrients are N (2.24-2.84 %), P (1.97-2.12 
%), K (0.07-0.12 %), Ca (2.00-2.28 %) and Mg (0.35-
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0.48 %) while that for micronutrients are Fe (136.94-
163.24 mg/kg), Mn (60.60-76.44 mg/kg), Cu (0.96-
2.83 mg/kg) and Zn (17.04-20.60 mg/kg). In broccoli, 
application of biochar (5t/ha) in combination of FYM 
(10 t/ha) + recommended dose of fertilizers NPK 
(120:80:60 kg/ha), was found superior and improved 
the yield by 74.0% (28.26 t/ha) under irrigated and 
47.05% (24.1 t/ha) under rainfed condition over the 
control. 

The performance of Allahabad Safeda was found 
better in comparison to L-49 in high density planting 
in RCRT. The newly introduced Assam lemon crop is 
showing promising result in Basar conditions. In the 
Manipur centre, technology for improving shelf life and 
food value of tomato thorough exogenous application 
of melatonin was developed. High anti-hyperglycemic 
and anti-cancer activity was found in Polygonum 
saggitatum and Jussiaea repens, respectively. Promising 
anti-bacterial activity was also recorded in indigenous 
plants of Manipur. Anti-inflammatory properties of 
Garcinia xanthochymus fruit beverage was unleashed. 
Five processing technologies of underutilized crops 
were commercialized. Fourty mango germplasms were 
collected from different parts of Mizoram and the fruit 
weight ranged from 10.39 to 314 g with the maximum 
fruit weight, fruit length, fruit width recorded from 
Dulte area of Mizoram. Under RCRT trial on Gerbera, 
the RCGH-114 recorded maximum flower diameter 
(10.04 cm), disk diameter (3.1 cm), flower stalk length 
(39.78cm) and flower stalk diameter (3.82 mm) while 
RCGH-22 recorded maximum number/plant/year (18 
nos.). Studies on organic production of turmeric var. 
RCT-1 revealed that the maximum yield was recorded 
for T2 (100% organic manure equivalent to 75% N 
requirement of turmeric), with a yield of 28.29 t/ha, 
followed by T1 (100% organic manure equivalent 
to 100% N requirement of turmeric) with a yield of 
27.42 t/ha. Evaluation on organic production of ginger 
showed the maximum yield for T7 (recommended 
package by SAU; Ginger-NPK100:90:90 kg/ha), with 
a yield of 12.99 t/ha, followed by T1 (100% organic 
manure equivalent to 100% N requirement of ginger) 
with a yield of 12.66 t/ha. Trial on the performance 
of bold and vegetable ginger resulted in a maximum 
yield of 24.60 t/ha for Bhaise, followed by Gurubathani 
with a yield of 19.35 t/ha. In Tripura multi-storey 
vegetable cultivation model for upland conditions has 
been designed with various popular vegetable crops. 
Under these vine crops, performance of green peas, 
French bean, brinjal and coriander was found to be 

good during Rabi season while in Kharif season, Okra, 
cowpeas, Stolon type Colocasia and Red Amarenthun 
leaf were good performer. Under AICRP (Tuber 
Crops), IC No. IC-0629418 was obtained from NBPGR, 
New Delhi for local taro genotype Tripura Colocasia 
3 and five types of local Swamp taro. Under AINRP 
(Onion & Garlic), sequential spray of Metiram 55% a.i. 
+ Pyraclostrobin 5 % a.i. (2g/lit) + Cyantraniliprole 
(0.9 ml/lit) were significantly effective in managing 
purple blotch, Stemphylium blight and anthracnose 
diseases and thrips and green lopper infestation. In-
vitro conservation protocol was standardized for local 
Elaichi lemon. Integrated nutrient management with 
FYM + Vermicompost+ poultry manure + VAM  in 
appropriate proportions along with reduced dose of 
inorganic NPK fertilizer at 3 months interval improved 
plant vegetative and reproductive growth with 
better fruit numbers per plant. Integrated nutrient 
management trials in Naga King chilli revealed better 
performance with treatment of poultry manure (2.5t/
ha) + RDF (25%).

Agricultural development in the northeastern part of 
the country is not possible without a strong programme 
on crop protection due to its tropical to temperate 
climate along with high humidity and rainfall which 
favour growth and survival of many pests. To manage 
crop pest risks research efforts of the institute yielded 
many interesting results. More than 15 lines of maize 
with  resistant reaction against turcicum leaf blight 
with low disease scores were identified. Compared to 
cultivated crops of brinjal species, wild relative (WR) 
genotypes such as Solanum sisymbriifolium, S. incanum, 
S. insanum, S. atheiocarpon, S. underatum (EC 790349) 
and S. torvum, revealed high level of resistance 
compared to cultivated crops. South American tomato 
leaf miner, Tuta absoluta has been detected for the 
first time feeding on tomato crops in Sikkim, Manipur 
and Arunachal Pradesh. Invasive hypogeic mealybug, 
Formicococcus popysperes was found expanding 
their host range and now it has reported damaging 
colocasia tubers in the region. Experiments in Sikkim, 
on the other hand, revealed that Rato Makkai, Pahenlo 
Makkai, Baiguney makai and Kalo Makkai exhibited 
highest resistance (score< 2); while Seti makkai, 
Satheya and RCM1-1 showed moderately resistance 
(score <3) while Vivek Sankul 31, Vivek Sankul 35, 
Vivek Sankul 37, RCM 76, and RCM1-1 expressed 
susceptibility (score >3) towards turcicum blight in 
organic condition. Highest fruit flies infestation was 
observed during mid of June (64.29% fruit damage) 
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in cucumber. In case of bottle gourd, the fruit fly 
damage ranged from 14.28 to 77.78% with a peak 
infestation during 3rd week of August with 77.78% 
fruit damage. In Arunachal Pradesh the incidence of 
soft rot disease was recorded minimum (24.62%) 
in the plot where ginger rhizome was treated in Hot 
Water in 470 C for 30 minutes+ Copper oxychloride 
0.3% compared to other combinations and control 
(72.54%) and recorded maximum yield. Among four 
biopesticides petroleum oil based agrospray @ 10 ml/
litre and neem oil 1500 ppm @ 4 ml/litre were found 
effective for controlling of aphid population (65.26-
70.42% reduction of aphid population over control). 
In Sikkim, it was observed that soil application of 
Metarhizium anisopliae @ 5 kg/ha was very effective 
against tea mosquito bug and thrips population 
whereas foliar spray of Bt var k was found effective 
against hairy caterpillar in large cardamom. American 
Fall armyworm, Spodoptera frugiperda has also been 
detected infesting maize and other host crops in north 
eastern states causing considerable damage. FAW 
infestation (40-45 %) was first reported in Namphing, 
South Sikkim on local maize germplasm (Seti Makkai). 
In late season, it was also reported at ICAR Research 
Farm, Tadong. However, about 26 natural enemies 
were detected causing fortuitous biological control of 
American Fall armyworm in Meghalaya. The average 
natural mortality of American Fall armyworm was 
found to be 56.58 to 73.08% at different locations 
in Meghalaya. The mirid bug, Nesidiocoris tenuis was 
found to be the most efficient predator of invasive 
tomato leaf miners in Meghalaya. Characterization of 
viruses infecting chilli was done and diagnostics was 
developed. An isothermal RPA assay was developed 
for detection of citrus tristeza virus. Multi-genomic-
loci based characterization of HLB-associated 
Candidatus Liberibacter asiaticus from citrus groves 
of NE India was done and a simplified RPA assay was 
developed. Endogenous and episomal banana streak 
viruses from local banana mats of NE India was 
characterized and in silico analysis of whole genome 
reference sequences of “Pisang Klutuk Wulung PKW” 
(BB) banana was accomplished. In a trial related to 
evaluation of oyster mushroom strains in Meghlaya, 
PL-19-04 (96.3% BE) and PL-19-02 gave highest 
yield. In Mizoram, evaluation of high yielding strains 
of Oyster Mushroom (Pleurotus spp) on paddy straw 
as substrates showed that the strain, PL-18-07 gave 
the maximum yield (18.69kg/100kg of substrate), 
followed by strain PL-18-01 (15.79 kg/100kg 

of substrate) and PL-18-10 (15.5 6kg/100kg of 
substrate). Further sixty five naturally growing edible 
or non-edible mushrooms including Lactifluus spp., 
Russula spp., Schizophyllum commune, and Tuber spp. 
were collected and documented from different parts 
of Mizoram.

Efforts on improvisation and development of farm 
tools and modern agricultural implements led to 
modification and upgradation of power weeder to 
make it suitable for hilly region with 72.3% weeding 
efficiency. Further, a microcontroller based automatic 
control system for gravity drip irrigation system 
with LCD display was developed and deployed in 
a strawberry growing terrace with gravity fed drip 
irrigation system. Under AICRP on Plasticulture 
Engineering and Technology (PET), a microcontroller 
based solar tunnel drier (100 kg capacity) for ginger 
and turmeric suitable for heavy rainfall region has 
been developed. Under AICRP on Farm Implements 
and Machinery project, pineapple harvester was 
designed with average 53 pineapple/hour harvesting 
capacity. To enhance water use efficiency, work 
on plastic lined jalkund continued which showed 
encouraging results for French bean, chilli and 
turmeric with water use efficiencies (WUE) of 
15.76,12.19 and 15.34 kg/ha-mm and economic WUE 
of Rs. 630.4,731.43 and 383.6 per ha-mm, respectively. 
Studies on climate data from seven different states of 
northeast India (Basar, Gangtok, Jharnapani, Umiam, 
Imphal, Kolasib and Lembucherra) clearly indicated 
that there has been change in the climate over the 
region with significant increase in mean monthly as 
well as seasonal maximum temperature over most 
of the places. The rate of change is considerably 
higher as compared to the global average indicating 
the climate vulnerability of the northeast region. 
As a service under GKMS, agro-advisory services 
(AAS) bulletin with medium range forecasts were 
prepared disseminated through suitable electronic 
channels. Further, various prototypes of farm tools 
and equipment (848 numbers) were fabricated 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.

Research efforts in livestock production saw several 
new initiatives and significant findings. Introduction 
and performance evaluation of large size indigenous 
goat breed viz., Sirohi and Jakhrana indicated Sirohi as 
suitable breed for enhancing goat productivity under 
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agro-climatic conditions of Meghalaya. On the other 
hand, performance evaluation of released Lumsniang 
pig variety revealed that body weight at 6 months 
of age had the highest genetic gain of 0.442 kg over 
three generations. In feeding experiment in growing 
pigs it was observed that that 10-20% dietary 
substitution of maize with banana pseudo-stem was 
a viable option for including in the ration without 
compromising the growth performance. Under 
warmer agro-climatic conditions of Tripura, Mali x 
Hampshire cross pigs were found to be very good for 
livelihood improvement through meat production and 
piglet sale. In poultry, study on effect of seasons on 
the fertility and hatchability of indigenous duck eggs 
indicated lower hatchability during winter (51.10%) 
compared to summer (63.54%). Overall reproductive 
performance of Vanaraja parent layers was found to be 
better compared to Srinidhi parent layers during the 
period of 40th to 84th weeks of production. In certain 
areas of Sikkim, farmers are able to get higher return 
(B:C ratio of 2.55 to 4.91) with minimum investment 
through Vanaraja backyard poultry farming. Effective 
mating ratio of 1:5 was optimized for turkey in the 
agro-climatic condition of Meghalaya under pen 
mating systems. Further, one feed formulation was 
standardized using local herbs for lowering the 
cholesterol level in broiler meat. Under agro-climatic 
conditions of Tripura, newly developed dual type BND 
Cross poultry breed was found to be well adapted 
and accepted by farmers. Moreover, supplementation 
of Curry leaf (3%) in diet of growing chicken was 
beneficial to ameliorate the heat stress in growing 
birds. In dairy, performance of indigenous breed 
Tharparkar was evaluated with average milk yield 
6.20±1.05. In the higher altitudes of Sikkim, melatonin 
treatment of goats yielded higher estrus induction and 
kidding rates in Singharey breed of goats. 

To ensure healthy productivity of livestock and to 
contribute towards sustainable animal and human 
health a number of important achievements were 
realized under animal health research. Nano-
emulsion was prepared with Zanthoxyllum armatum 
extract which showed potential insecticidal and 
antibacterial properties. Isothermal polymerase 
spiral reaction based novel diagnostic technologies 
were developed for three foodborne and a viral 
pathogen. Food safety risk assessment of food of 
animal origin showed clear risk of microbial hazards 
due to  Campylobacter jejuni/coli complex  than 
other foodborne pathogens contrary to conventional 

notions. Disease data mapping and analysis revealed 
greater incidence of FMD and CSF in Meghalaya. 
Sero-surveillance of the cryptic pathogen of pigs - 
Erysipelothrix rhusiopathiae  indicated 5.1% incidence 
which was hitherto unknown. The in-house indirect 
CSF ELISA developed at the institute was distributed 
to all the eight northeastern states for secondary 
validation. Immunogenic proteins of Rhipicephalus 
microplus ticks which are vectors for many livestock 
diseases were characterized from salivary gland 
antigen with an aim to develop immunoprophylaxis. 
A PCR protocol for rapid detection of Cysticercus spp. 
from meat was optimized to aid in assuring pork food 
safety. Study on biofilm associated proteins (bap) 
of the foodborne and animal pathogen Salmonella 
typhimurium identified immunogenic proteins with 
diagnostic potential. Analysis of occupational hazards 
associated with livestock farming revealed that, most 
common physical discomfort reported by farmers 
during different livestock management operations 
was severe pain in lower back (62.9 %), pain in the 
wrist (48.5 %), moderate pain in the finger (82.5 %) 
whereas pain of shoulder (34.13%), palm (42.86%) 
and knee (45.71%) was reported minimum. To 
extend the benefits of health research to farmers 
for production of safe and healthy pork, a unique 
programme of piglet cluster and piggery value chain 
creation was initiated by Animal Health Division 
under DBT-KISAN platform.

Fisheries research in the institute headquarter and 
its regional centers contributed significantly in 
various fronts. Major findings on documentation 
of ichthyofaunal diversity included recording of 48 
species belonging to 35 genera, 19 families and 7 
orders from Kyrdemkulai reservoir of Meghalaya, 54 
fish species (belonging to 39 genera, 21 families and 
8 orders) from Rudrasagar lake of Tripura, 13 fish 
species belonging to 12 genera from Chathe river in 
Nagaland and 15 to 35 fish species from five major 
rivers (Tlawng river, Tuichang river, Tuikum river and 
Varhva river) of Mizoram. Among the latter group, Tor 
putitora is listed as “Endangered” and Botia rostrata 
is listed as “Vulnerable” while six species falls under 
“Near Threatened” category under International 
Union for Conservation of Natural (IUCN) resources 
red list indicating the need for conservation of the 
indigenous fishes. Similarly, population study of 
freshwater bivalve, Lamellidens marginalis from 
Arunachal Pradesh, Meghalaya and Tripura revealed 
genetic variability. This study also led to development 
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of a methodology for designing near universal, non-
degenerate primers for characterization of novel gene 
sequences from multiple related species. Assessment 
of growth performance of Labeo calbasu under paddy 
cum fish farming system in foot-hill region was found 
to be a better alternative for C. mrigala in the culture 
system. Study on antifungal activities of integumentary 
extract of Catla catla, Cirrhinus mrigala, Clarias 
batrachus and Heteropneustes fossilis against the 
four selected fungal species (Aspergillus fumigatus, A. 
flavus, Candida albicans and Fusarium solani) revealed 
that potential antifungal activity of the extracts of C. 
mrigala, C. batrachus and H. fossilis. Similarly, nine lytic 
bacteriophages exhibited potential as anti-Aeromonas 
agent, an important fish pathogen. Further, 12 low-
cost bio-piscicides namely leaves and barks of Moringa 
oleifera (Drumstick), leaves of Camellia sinensis (Tea), 
barks of Magnolia champaka (Champak) and fruits of 
Melia azedarach (Chinaberry) etc were found effective 
to decimate predatory and weed fish from the nursery 
pond during their preparation. Cage culture in Umiam 
lake, Meghalaya was introduced for the first time in 
collaboration with the ICAR-CIFRI for the benefit of 
local tribal fisherfolks. On the same line, cage culture 
was demonstrated in the flooded lands of Tripura. In 
both states cage culture with varieties of common 
carp species showed are encouraging results.

Improvement of tribal farmers’ livelihood through 
agricultural development is intimately linked to socio-
economic factors. On this line, institute undertook 
efforts during the preceding year.  In a study on 
multidimensional performance evaluation of different 
integrated farming system in North Eastern Hill 
Region it was observed that in livestock-based farming 
system, the benefit cost ratio (BCR) was found out to 
be 1.96 with Internal Rate of Return (IRR) 19.25% 
and pay-back period was 4 years. On the other hand, 
for livestock-fish-based farming system BCR was 
2.7 with IRR 22.5% and pay-back period was 3.5 
years. Thus integration of aquaculture with crops, 
vegetables, fruits and livestock and aquaculture 
would efficiently utilize natural resources, reduce 
farmers risk and generate year-round employment 
and income. In order to identify the suitable strategies 
for improving the effectiveness of convergent 
extension model in Meghalaya, results from a study 
involving extension officials in Meghalaya suggested 
that appropriate measures for effective inter-
organizational communication need to be taken by 
concerned authority for ensuring participation of 

different stakeholders to improve the effectiveness of 
convergence among them. Moreover, to improve the 
effectiveness of ATMA-led convergent extension model 
in Meghalaya, there is the need to create awareness 
among all the district and block level extension 
functionaries along with clear-cut guidelines, 
delineation of responsibility to each stakeholders and 
increased inter-departmental communication.

Under NICRA (National Innovations in Climate 
Resilient Agriculture) various activities were 
undertaken during the year under report. The 
spatio-temporal variability of seasonal rainfall 
distribution for long period (LP: 1901-2015) revealed 
that Northeastern Region of India received an 
annual rainfall (AR) amount of 1530-1677 mm. The 
variability (coefficient of variation) in distribution of 
rainfall had been increased from 14.7% (1901-1930) 
to 27.8% in the recent past (1991-2015). Monsoon 
rainfall contribution was 66-68% of total AR but the 
number of rainy days (daily rainfall>2.5 mm) were at 
decreasing trend (44 to 40 annually). Extreme high 
intensity rainfall events (1-day max>75 mm) were at 
increasing trend and the consecutive dry-spells were 
also increasing over the region. Trend in maximum 
temperature in the past decades (1951-1990) was 
increasing (@0.04° C) and the rate of increase became 
doubled (@0.04° C) in the recent past (1991-2015).  
Minimum temperature on the other hand decreased 
(@0.01° C) in the past decades (1951-1990) but 
increased in the recent past (@ 0.01° C). Projected 
rainfall for the period (2080) is going to increase 
(>20%) and so, the estimated soil loss (>10%) in 
different integrated farming systems over the region. 

NICRA Aerobic Dhan 1, a medium early duration and 
moderate drought stress tolerant upland rice variety 
was developed by crossing Naveen with a drought 
tolerant local jhum (shifting cultivation) variety – 
Kataktara.  It was released in the 54th ARGM held 
during 30 May-2 June 2019 at ICAR-NRRI, Cuttack.  
Exogenous application of Salicylic acid (50 ppm) 
increased survival of drought susceptible varieties 
of tomatoes by 86.7% compared to 40% in control 
plots (without activator), particularly at initial and 
flowering stages of growth. 

Dietary supplementation of Ginger (0.5-1.0%) and 
White turmeric (0.5-1.0%) powders up to 6 wk age of 
broiler chicks under heat stressed (37±1 0C) condition 
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increased body weight, FCR, dressing and eviscerated 
yields. Thermal tolerance limits of native fish species 
of Tripura increased on acclimatizing them at 25-300C. 
Among the five species, O. bimaculatus was most-
thermal tolerant (temperature quotient- Q10 was 1.08) 
followed by A. mola (1.13) while N. notopterus (1.22). 
L. rohita (1.25) and L. bata (1.28) were found highly 
sensitive to warming.

More than 10,631 tribal farmers from seven North 
Eastern states were benefitted during 2019 by various 
livelihood programmes conducted under Tribal 
Sub Plan (TSP).  A total of 606 numbers of different 
physical assets viz.,  low cost poly houses, low cost 
poultry sheds, low cost pig sheds, low  cost mushroom 
units, jalkunds, vermi beds, duckery units, processing 
units, hatchery units, etc. were created/ distributed to  
different stakeholders. In addition, agricultural inputs 
like seeds, planting materials, fertilizer, bio-fertilizer, 
manure, nutrient solutions, herbicides, pesticides, 
bio-pesticides etc. were distributed among tribal 
farmers during 2019. Vegetable seeds (1228 kg) viz., 
okra, cowpea, dolichos bean, cucumber, bitter gourd, 
pea, french bean,  cauliflower, brinjal, rajmesh, radish, 
knol-khol, cabbage, carrot, etc., seed of cereal crops 
viz. rice, maize, oat, buckwheat etc. (2000 kg) were 
distributed. Besides these 5,320 numbers of planting 
material (dragonfruit, areca nut, papaya, cabbage etc.) 
were also distributed among the tribal farmers for 
their livelihood improvement. Mushroom spawn 100 
packets were distributed for popularizing mushroom 
cultivation as a source of livelihood. Fertilizer /
bio-fertilizer/ manure/ soil amendment viz. FYM, 

vermicompost, lime (11,100 kg), and bio fertilizers 
(20 packets) were also distributed among the tribal 
farmers of North East. Further, a total of 94 nos. of 
improved breed of piglets, 92,666 nos. of poultry chicks, 
400 nos. of duckling, 41,800 nos. of fish fingerlings, 
500 kg of feed supplements (livestock/ poultry feed, 
mineral mixture, vitamin etc.) were distributed for 
livelihood improvement. Medicines viz., vitamin 
supplements (130 packets) were also distributed for 
management of various animal diseases. Moreover, 
small agricultural implements and tools viz., spade 
with handle, sprayer (215 nos.), honey bee box and 
its accessories (144 nos.) were distributed among the 
tribal farmers. For capacity building of tribal farmers 
in various field of agriculture, various trainings, front 
line demonstrations and awareness programmes (57 
nos.)  on crop production, animal production and 
management, mushroom cultivation, production and 
management of horticultural crops, etc. were also 
organized.

For catalyzing agricultural development in the region, 
the primary technology dissemination channel of the 
institute is a well developed network of twenty KVKs 
with presence in all NEH states. During the preceding 
year more than 600 on farm trials, and more than 450 
front line demonstrations were conducted in addition 
to approximately 850 training and capacity building 
programmes. Various inputs were also distributed 
through the KVK network and a large number of 
social capital and physical assets were created 
which benefitted more than 51,000 farmers of the 
northeastern hill region.
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ICAR Research Complex for NEH Region continues 
to be the Ace agricultural research Institute 
in the Northeaster Hill Region of the country 

since its inception in 1975. With headquarters in 
Umiam, Meghalaya and regional centers in six states 
(Arunachal Pradesh, Manipur, Mizoram, Nagaland, 
Sikkim and Tripura) it is one of the largest institute of 
Indian Council of Agricultural Research in the entire 
country. Armed with diverse yet specialized human 
resources, the institute has been engaged in providing 
solutions for hill agriculture through development of 
location specific technologies which are sustainable, 
climate resilient and culturally in sync with the tribal 
cultures of the region. Dissemination of developed 
technologies are aided by a strong network of 20 
Krishi Vigyan Kendras located in all states of the hilly 
northeast region. The institute  also play a major role in 
augmenting tribal livelihood through various schemes 
and provides customized livelihood options in 
agriculture and allied fields through capacity building 
and creation of rural social capital. Human resources 
development is another active area of action for the 
institute and the institute is involved in teaching and 
research of post-graduate and doctoral research of 
student in agricultural and allied sciences engaging 
universities from throughout the country including 
northeastern region. Being the hub of agricultural 
research in the northeastern hill region, the institute 
operates many competitive national and international 
projects funded by funding agencies including UKRI, 
DBT, DST, SERB, NICRA, NHB, NASF, NMSHE, FFP and 
TSP, etc. in the frontier areas of agriculture. Besides 
externally funded projects, several interdisciplinary 
in-house research projects of strategic and adaptive 
interest are also pursued by the institute to cater to the 
needs of the hill agriculture in the northeast 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 testing 
kits, diagnostic kits for animal diseases, diseases and 
critical inputs. The Institute has been developing and 
nurturing linkages with various other ICAR Institutes 
and Universities, International organizations like 
IRRI, ICRISAT, CIMMYT, University of Cambridge, 
University of Liverpool, etc. and National institutes 
like TISS,  NABARD, MANAGE, NABARD, NERCOMP, 
MRDS, etc. For various outreach programme institute 
also collaborates with NGOs, farmers bodies and co-
operative societies from the region.

MANDATE
•	 Develop and improve sustainable farming 

systems for different agro-climatic and socio-
economic conditions of NEH region, including 
organic agriculture.

•	 Improve crops, horticulture, livestock and 
fishery and to impart training for development 
of local competence for efficient management of 
resources.

•	 Collaborate  with  State  Departments  for  
testing  and promotion of improved farming 
technologies.

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 
transboundary diseases.

LABORATORIES AND WORKSHOPS
A number of well equiped laboratories are among the 
strengths of the institute for pursuing cutting edge 
research.  The headquarters of Institute at Umiam is well 
equipped with laboratory facilities in all the divisions. 
Apart from laboratories in the various divisions and 
regional centers, there is Central Laboratory at the 
Headquarter at Umiam, with advanced facilities such 
as atomic absorption spectrophotometer (AAS), 
high performance liquid chromatograph (HPLC), gas 
chromatograph, flow cytometer, 24 capillary Sanger 
sequencer, computational biology unit with server 
and terminals, etc. for conducting research on diverse 
manadates of the institute. For research on climate 
resilient agriculture, advanced facilities such as  FATE, 
CTGC, Biochar, TOC equipment are also available. For 
value addition and increasing farmers income a post-
harvest processing unit is available. An advanced 
workshop at Division of Agricultural Engineering is 
engaged in research and development of new tools 
and implements and also for fabrication and designs 
of prototypes. For research in animal pathogens 
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biocontainment facilities are in place alongwith state 
of art laboratories. Regional centers of the institute 
also have advanced laboratories for conducting 
research in basic, applied and strategic research in the 
domain of hill agriculture and allied subjects.
HUMAN RESOURCES
The institute thrives on the shoulders of a diverse 
and energetic human resources numbering 706 (as 
on 31.12.2019) comprising of scientific, technical, 
administrative and supporting staffs. The deatils of 
staffing are as below (Table 1).
Table 1 Staff Position of ICAR NEH

Category Sanctioned 
post

Filled 
post

Vacant 
post

Scientific 180 139 41
Technical 250 196 54
Administrative 129 73 56
Supporting 114 109 05
Total 673 517 156
PC / Head 20 8 12
T-6 120 81 39
T-4 60 42 18
T-1 40 27 13
Adminstrative 40 22 18
Supporting 40 31 9

Total 320 211 109

Grand total 993 728 265
PC - Programme coordinator; T - Technical

LIBRARY

The institute subscribes to a number of scientific 
journals and magazines. Moreover, the library has an 
impressive collection of more than 30000 books and 
reports  for the benefit of the scientists and others. 
Current inventory of the library are as below (Table 2).

Table 2. Books, journals and other documents 
available at library

Nature of Publication No. of copies available
Books & Reports 31614
Back Volumes of Journals 12715
Foreign Journals -
Indian Journals 45
News Papers 14
Hindi Books 4478
Magazines 06

BUDGET

During the year 2019-20, the institute had a budget 
outlay of Rs. 116.47 crore with an expenditure of Rs 
114.41 crore (98.23%). Details of the expenditure are 
in Table 3). 

Table 3. Actual budget expenditure for 2019-
20 (in Rs. Lakhs)

Head
Plan

RE Expenditure

A. Recurring
Establishment 
charges 5194.07 5194.14

Wages 1212.09 1212.09
Travelling 
allowance 100.00 100.00

Recurring 
contingencies 2086.15 2083.02

Other items (HRD) 13.84 13.84
Repair / 
maintenance 141.40 141.34

Pension 1392.00 1230.68

Total A 10139.55 9975.11

B. Non-recurring

Works 315.04 315.05

Equipments 204.69 204.69
Information 
technology 18.63 18.63

Furniture and 
fixture 17.04 17.04

Books - -

Livestock - -

Other 99.63 99.55

Total B 655.03 654.96
C. Loans and 
advances 100.00 58.70

D. TSP 652.51 652.30

E. SCSP 100.00 100.00
Grand total 
(A+B+C+D) 11647.09 11441.07
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INFORMATION TECHNOLOGY FACILITIES

To support the application of information technology 
in agriculture and allied sciences for the benefit of 
farming communities of northeast hill region, the 
institute mainatains a number of IT facilities including 
a computer lab with various statistical softwares such 
as SAS, SPSS, and STATISTICA. In addion, various GIS 
software such as Arc GIS and QGIS (Open Source) 
are also available. There are a number of scientists 
available who are adept at handling these softwares. 
As a hub for various online examinations conducted 
by Agricultural Scientists Recruitment Board (ASRB) a 
computerized examination hall equipped with server, 
desktops and power backups has been operating in the 
institute catering to the HRD needs of the northeast 

region. Besides the institute website, a dedicated 
farmer friendly web platform - KIRAN (Knowledge 
Innovation Repository in Agriculture in Northeast) 
is being maintained with up-to-date information 
for all stakeholders.  Further, agro-advisory services 
such as Gramin Krishi Mausam Seva (GKMS) is being 
provided to farmers of the region in collaboration 
with the Indian Meteorological Department. The 
institute has a dedicated internet feeder line from 
National Knowledge Network which supplies internet 
connections to more than 200 computers for staff 
in the headquarter. In addtion, all regional centers 
are also equipped with sufficient computers and 
accessories connected to internet for easing office and 
research work of the institute.
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IMPORTANT EVENTS
XXIVth Regional Committee Meeting (Zone III)
The two days XXIVth Regional Committee Meeting 
(Zone III) was held in the Presence of Shri, Kailash 
Choudhary, Hon’ble Union Minister of Agriculture 
and Farmers Welfare, Govt. of India during 23rd to 
24th November, 2019 at Assam Administrative Staff 
College, Assam. Shri Atul Bora, Hon’ble Minister of 
Agriculture Horticulture and Food Processing graced 
the occasion as the Guest of Honour. Dr Trilochan 
Mohapatra, Secretary, DARE and Director General, 
ICAR also graced the meeting. The Regional Committee 
(Zone III) comprised of the eight states in the North 
East Arunachal Pradesh, Assam, Meghalaya, Manipur, 
Mizoram, Nagaland, Sikkim & Tripura. The purpose 
of the Regional Committee is to provide a forum to 
researchers and the State Government functionaries 
to examine the major gaps in the current research and 
training efforts in farming sector; identify priorities 
and decide agenda of research and extension 
education for the coming two years. 
Addressing the gathering Shri Kailash Choudhury 
Hon’ble Union Minister of Agriculture and Farmers’ 
Welfare said that research should be focused to fully 
prepare the farmers with needed technologies for 
organic agriculture. He further added that Hon’ble 
Prime Minister of India Shri Narendra Modi has set 
the target for doubling farmers’ income by 2022 and 
the farming sector will have to play a very important 
role in building the $5 trillion economy by 2024. Shri 
Atul Bora, Hon’ble Minister of Agriculture Horticulture 
and Food Processing speaking on the occasion said 
the government has focused on “Act East Policy” and 
he stressed on the fact that the focus should be on the 
agricultural development of the region and maximum 
utilization of the resources available. He appreciated 
the works and efforts made by KVKs of Assam. Dr. T. 
Mohapatra, Secretary, DARE and DG, ICAR speaking 
on the occasion he said that research should not only 
be production oriented but post harvest management 
processing and marketing should be an integral part 
of the research activity. He urged the participants to 
also emphasize on the strengths in agricultural sector 
and to utilize the resources of the region for maximum 
benefits. The other dignitaries present for the occasion 
were Dr. R.C. Agrawal, DDG Education, ICAR and Nodal 
Officer RCM, Shri B. Pradhan Additional Secretary & 
Financial Advisor DARE ICAR, and Dr. B.K Kandpal, 
Director, ICAR, Umiam. A series of publications were 
also released in the presence of the dignitaries. More 

than 150 delegates from the region, including the 
Principal Secretaries/ Secretaries of the concerned 
States participated in the meeting with the vision to 
make agricultural research reach the farmers and 
to ensure food, nutrition and livelihood security in 
the North Eastern hill region. The two days meeting 
witnessed a series of presentations and agenda 
settings by the State Governments. 

Fig. 1. Lighting of lamp by Shri Kailash 
Choudhary, Hon’ble MoS, MoAFW, Govt. of India 

during 24th RCM at Guwahati, Assam

Fig. 2. Release of book entitled Package and 
Practices of Organic Production of Important 

crops in NEH released at XXIVth RCM

Fig. 3. XXIVth Regional Committee Meeting 
(Zone III) in progress
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Fig. 4. Interface Meeting between ICAR Research 
Complex for NEH Region, Umiam, Meghalaya and 

Government of Meghalaya

Fig. 5. Release of books during the Interface 
Meeting between ICAR Research Complex for 

NEH Region, Umiam, Meghalaya and Government 
of Meghalaya

Fig. 6. Interactive session during the Interface 
Meeting between ICAR Research Complex for 

NEH Region, Umiam, Meghalaya and Government 
of Meghalaya

Interface Meeting between ICAR Research 
Complex for NEH Region, Umiam, Meghalaya and 
Government of Meghalaya 

With the aim to double the farmers’ income, an 
Interface Meeting with Government of Meghalaya was 
organized by ICAR Research Complex for NEH Region, 
Umiam, Meghalaya on 12th June, 2019 at ICAR Umiam, 
Meghalaya. The main objective of the interface 
meeting was to strengthen   the   linkages    between   
the   various   state government   departments   of 
Meghalaya. The meeting mainly focused on the 
technological   backstopping   and capacity building 
of stake holders. In the inaugural session Dr. N. 
Prakash Director, ICAR Research Complex for NEH 
Region welcomed the dignitaries. He said that the 
interface meet is a step towards the aim of doubling 
the farmers income of the region. Addressing the 
gathering Shri P. Sampath Kumar, IAS Commissioner 
& Secretary Agriculture Dept highlighted the various 
missions of the department and emphasised on the 
fact that that initiatives should be taken at the district 
level. The state is 65% deficit in pork production and 
hence farming can be encouraged for the youth in the 
region to generate employment. Shri C Manjunatha, 
IFS Secretary, Animal Health & Veterinary Deptt 
said that apart from organic farming organic milk 
production can increase the income of the farmers. 
He further discussed a success story about a village 
Mawmarang in South West Khasi hills which produces 
“organic milk” with the use of cattle ranche technique 
and there is immense scope in the sector to increase 
milk production of the state. The brainstorming and 
technical sessions were an integral part of the day 
long programme discussions were held on how to 

facilitate and support the infrastructure of the state.  
The program was attended by Dr. B.C.Deka Director, 
ATAR Zone-III, Dr. N. B. Singh Dean, CPGS, Dr. U.K. 
Behera Dean, College of Agriculture along with 
scientists, professors, researchers and academicians 
from the respective institutes.

National Agri- business Entrepreneurship 
Conclave (NABEC) and Krishi Unnati Mela 2019 at 
Umiam, Meghalaya

The National Agri- business Entrepreneurship 
Conclave (NABEC) for Building Agri- Business Start-
Up Ecosystem was organized by the ICAR Research 
Complex for NEH Region, Umiam, Meghalaya during 
9th to 11th February, 2019. About 500 participants and 
with more than 80 stalls and 33 Agri Business experts 
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from all over India took part in the   National Agri- 
business Entrepreneurship Conclave. Entrepreneurs, 
Innovative Farmers, Financial institutions, 
Consultants, Buyers, Scientists, Agri & Management 
Students, incubators, extension personals, Public 
representatives, policy makers and industrial partners 
were a part of the conclave. The congress concluded 
with the Krishi Unnati Mela on the 11th of February. 

Dr Mangala Rai, Former Secretary, DARE & DG, 
ICAR, New Delhi was the Guest of Honour for the 
occasion. Other dignitaries included Shri Kyrmen 
Shylla, Hon’ble Cabinet Minister, Government 
of Meghalaya, Shri Allentry F. Dkhar Political 
Advisor and Secretary to Chief Minister, Govt. of 
Meghalaya, Dr K. M Bujarbaruah, Vice Chancellor, 
Assam Agricultural University, Jorhat, Professor M. 
Premjit Singh, Vice Chancellor, Central Agricultural 

University, Imphal, Padmashree Uddhab Bharali, 
an innovator with more than 150 patents, Dr K.R. 
Dhiman, Former Vice Chancellor, Parmar University of 
Horticulture and Forestry, Solan, Himachal Pradesh, 
Dr Sanjeev Saxena, Assistant Director General, ICAR, 
New Delhi, Dr. A. Arunachalam, Assistant Director 
General, International Relations, ICAR, New Delhi. 
Several books and souvenirs were released during 
the occasion including souvenir on “Agri- business 
Incubation Modal”, “Patent Landscape Analysis” and “A 
guide to vermin-compositor Production Process and 
Socio- Economic Aspects”. The institute awards were 
also presented on the occasion.  Various technical 
sessions were conducted throughout the day.  The 
three days conclave continued with many sessions 
and displays concluded with the Krishi Unnati Mela 
on 11th February, 2019.

Fig. 7. Lighting of lamp and release of Souvenir by the dignitaries during commencement of  National 
Agri- business Entrepreneurship Conclave (NABEC) and Krishi Unnati Mela 2019 at Umiam, Meghalaya

Fig. 8. Shri Kyrmen Shylla, Hon’ble Cabinet 
Minister, Government of Meghalaya addressing 

the gathering

Fig. 9. Dignitaries visiting the stalls at the 
National Agri- business Entrepreneurship 

Conclave (NABEC) and Krishi Unnati Mela 2019 
at Umiam, Meghalaya
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Field Visit of Shri Kailash Choudhary, Hon’ble 
Minister of State for Agriculture and Farmers’ 
Welfare, Govt. of India to Farmers FIRST villages 
under ICAR Research Complex for NEH Region, 
Umiam, Meghalaya

Shri Kailash Choudhary, Hon’ble Minister of State for 
Agriculture and Farmers’ Welfare, Govt. of India along 
with Dr. V. P. Chahal, ADG (Agril. Extension), ICAR, 

New Delhi, Dr. B. C. Deka, Director, ICAR-ATARI, Zone 
VII, Umiam and other dignitaries visited the villages 
of Farmers’ FIRST Programme under ICAR Research 
Complex for NEH Region, Umiam on 24th November, 
2019. Hon’ble Minister interacted with the farmers 
and visited the Integrated Farming System model 
developed under the Project at Nalapara village. Shri 
Choudhary also distributed input to tribal farmers 
and addressed the gathering.

Fig. 10. Shri Kailash Choudhary, Hon’ble Minister of State for Agriculture and Farmers’ Welfare, Govt. 
of India interacting with the farmers and distributing inputs

Fig. 11. Shri Kailash Choudhary, Hon’ble Minister of State for Agriculture and Farmers’ Welfare, Govt. 
of India visiting IFS models and addressing the farmers

National Seminar on “Strengthening of Seed 
Systems in the North Eastern and Unreached 
Regions- Problems, Prospects and Policies” at 
ICAR Research Complex for NEH Region, Manipur 
Centre, Imphal, Manipur

National Seminar on “Strengthening of Seed Systems 
in the North Eastern and Unreached Regions - 
Problems, Prospects and Policies” was organized at 
ICAR Research Complex for NEH Region, Manipur 
Centre, Imphal, Manipur during 3-5 February, 2019. 
The inaugural programme was graced by Shri Y. 
Joykumar Singh, Hon’ble Deputy Chief Minister, 

Manipur as the Chief Guest, Dr. Trilochan Mohapatra, 
Secretary DARE and Director General, ICAR as the 
President, Dr. R.S. Paroda, Chairman, TAAS, New 
Delhi as Special Guest and Shri Ashwani Kumar, Joint 
Secretary (Seeds), DAC, Govt. of India, as Guest of 
Honour. Dignitaries, eminent personalities in the field 
of seed science and technology, scientist, breeders, 
professors, academician, researchers and students 
from various parts of the country participated in 
the seminar. Various aspects, challenges and the 
way forward to strengthen the seed system in North 
Eastern and unreached regions were thoroughly 
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discussed through panel discussion, technical session 
and technical poster presentation during the 3 days’ 
seminar. The valedictory programme was attended by 
Shri V. Hangkhanlian, Hon’ble Minister Agriculture, 
Veterinary & Animal Husbandry Govt. of Manipur 
as the Chief Guest and Prof. M. Premjit Singh, Vice 
Chancellor, CAU as the President respectively.

Fig. 12. Shri Y. Joykumar Singh, Hon’ble Deputy 
Chief Minister of Manipur and Dr. T. Mohapatra, 
Secretary, DARE & Director General, ICAR with 
other distinguished dignitaries inaugurating 

the  National Seminar on “Strengthening of Seed 
Systems in the North Eastern and Unreached 

Regions- Problems, Prospects and Policies

Fig. 13. Dignitaries releasing Souvenir and Book 
of Abstracts during the National Symposium on 

Enhancing Farm Income through Sustainable 
Plant Health Management

National Symposium on Enhancing Farm Income 
through Sustainable Plant Health Management at 
ICAR Research Complex for NEH Region, Umiam, 
Meghalaya

The three days National Symposium on “Enhancing 
Farm Income through Sustainable Plant Health 
Management” was held during 6th - 8th November, 
2019 at ICAR Research Complex for NEH Region 
organized jointly by ICAR and Association of Plant 
Pathologists. The inaugural session began with the 
lighting of the lamp by the Chief Guest Dr. B.K Kandpal, 
Director ICAR Research Complex for NEH Region. 
Participant from all over India took part in the National 
Symposium. Addressing the august gathering he said 
that the Institute has been harnessing science and 
developing technologies for sustainable development 
of the region since 1975. The President of the Indian 
Phytopathological Society Dr. M.P Thakur addressing 
the gathering said that the society provides a platform 
for budding scientist and students to showcase their 
innovative talents and bring pioneering results in the 
field of agriculture. A Souvenir and book of abstracts 
was also released during the occasion. The three days 

long symposium witnessed a series of presentations 
and brain storming sessions to develop ways and 
means to double the farmers’ income to achieve the 
vision of the Prime Minister.

National workshop on “Fall armyworm 
management in maize production” at ICAR 
Research Complex for NEH Region, Umiam, 
Meghalaya

To address the farmer’s requirement for management 
of Fall Armyworm and to give practical training 
and know-how to stakeholders, a one day National 
Workshop on “Management of Fall Armyworm in the 
Maize Production” was organized jointly by ICAR-RC-
NEH Region, Meghalaya and ICAR-Indian Institute 
of Maize Research (IIMR), Ludhiana, Punjab on 28th  
May, 2019 at Umiam. The event was graced by Shri 
Aiban Swer, Director, Meghalaya Basin Development 
Authority, Govt. of Meghalaya, Dr. Narendra Prakash, 
Director ICAR RC for NEH Region, Dr. N. Chaudhary, 
Deputy Director, Directorate of Plant Protection, 
Quarantine & Storage, Faridabad, Dr. S. L. Jat, 
Coordinator IIMR-NEH Maize programme along with 
other dignitaries and scientists of the institute. In 
addition, around 300 farmers from different districts, 
55state officials from line departments of Meghalaya 
and 40 Scientists and Subject Matter Specialist of ICAR 
and KVK participated in the workshop. A technical 
bulletin on maize production technology in Meghalaya 
was also released during the workshop. Organic 
inputs including neem based pesticide formulation 
and organic manures were distributed to the farmers 
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Fig. 14. Dignitaries, scientists and trainees at the workshop and in field during National workshop 
on “Fall armyworm management in maize production” at ICAR Research Complex for NEH Region, 

Umiam, Meghalaya

during this programme. For practical exposure, field 
visit was also held at the ICAR research farm and key 
aspect of symptomatology, pest identification, scouting, 

targeted application of the biopesticides/sand/bio-
agent and recording of the secondary infestation for 
effective management strategy were discussed. 

National Training Programme on Extension 
Management Approaches for Promotion of 
Production and Value Addition of High Value Crops 
in Hilly and Challenging Regions

A five days National Training Programme on 
“Extension Management Approaches for Promotion of 
Production and Value Addition of High Value Crops in 
Hilly and Challenging Regions” was organized by ICAR 
Research Complex for NEH Region, Manipur Centre 
during 15th - 19th October, 2019. The programme 
was sponsored by National Institute of Agricultural 
Extension Management (MANAGE), Hyderabad, 
Telangana. The training programme was attended by 
24 officials from three states viz. Arunachal Pradesh, 
Meghalaya and Manipur. The main objective of the 
training programme was to enrich the participants 
with the latest knowledge and development in 
farming in hilly and challenging regions with a focus 
on production and   processing of high value crops. 
The programme was inaugurated by Dr. S. Basanta 
Singh, Director Instruction, CAU, Imphal as the Chief 
Guest, Dr. Shalendra, Deputy Director, MANAGE, 
Hyderabad as the Guest of Honour and Dr. N. Prakash, 
Joint Director, ICAR RC for NEH Region, Manipur 
Centre as the president. The valedictory programme 
was attended by Smt Kh. Sayakiran Devi, Director, 
Department of Horticulture and Soil Conservation, 
Govt. of Manipur, Prof. Ch. Ibohal Meitei, Director, 
Manipur Institute of Management Studies, Manipur 

University and Dr. I. Meghachandra Singh, Principal 
Scientist, ICAR Manipur Centre. Various resource 
persons and experts from ICAR, CAU, Manipur 
Institute of Management Studies- Manipur University, 
successful entrepreneurs and official from state line 
departments delivered lectures and interacted with 
the participants.

Fig. 15. Participants at the National Training 
Programme Extension Management Approaches 
for Promotion of Production and Value Addition 

of High Value Crops in Hilly and Challenging 
Regions

National Workshop on Scientific Management of 
Fall Armyworm in Maize Production

Two days National Workshop on Scientific 
Management of Fall Armyworm in Maize Production 
was organized at ICAR Research Complex for NEH 
Region, Manipur Centre during 17th - 18th May, 2019. 



ANNUAL REPORT 2019

10 ICAR RC NEH

Fig. 16. Release of Souvenir by the Dignitaries 
in the National Workshop on Scientific 
Management of Fall Aryworm in Maize 

Production organized in ICAR Research Complex 
for NEH Region, Menipur Centre, Imphal, 

Manipur

Inauguration of Quality Analysis Laboratory of 
ICAR Research Complex for NEH Region, Manipur 
Centre, Imphal, Manipur

The Quality Analysis Laboratory of ICAR Research 
Complex for NEH Region, Manipur Centre, Imphal, 
Manipur was inaugurated by Shri Th. Shyamkumar, 
Hon’ble Minister for Horticulture & Soil Conservation, 
Forest & Environment and MAHUD & Town Planning, 

Fig. 17. Inauguration of Quality Analysis 
Laboratory of ICAR Research Complex for NEH 

Region, Manipur Centre by Shri Th. Shyamkumar, 
Minister for Horticulture & Soil Conservation, 

Forest & Environment and MAHUD & Town 
Planning, Government of Manipur

Celebration of World Soil Day 2019 at ICAR 
Research Complex for NEH Region Manipur centre

World Soil Day was organized at ICAR Research 
Complex for NEH Region Manipur centre organized 
the on 5th December 2019. The event was organized 
in collaboration with KVK, Imphal West under the 
aegis of AICRP on Soil Test Crop Response. Shri M. 
Harekrishna Singh, IAS, Commissioner, Horticulture 
and Soil Conservation Government of Manipur graced 
the function as Chief Guest. In the programme, 80 Soil 
Health Cards were distributed to the farmers under 
the AICRP on STCR. Thirteen soil chemical parameters 
viz. pH, EC, Organic Carbon, N, P, K, S, Ca, Fe, Mn, Cu, 
Zn and B were considered for the issue of Soil Health 
Card. In the card, the fertilizer recommendations were 
given for rice and maize based on the soil test report. 

Government of Manipur in presence of Shri J. C. 
Ramthanga, IAS, Principal Secretary, Horticulture 
and Soil Conservation, Manipur; Shri K. Kipgen, 
Director, Department of Horticulture and Soil 
Conservation, Manipur, Dr. N. Prakash, Director, ICAR 
Research Complex for NEH Region, Meghalaya and 
Dr. I. Meghachandra Singh, Joint Director i/c, ICAR 
Research Complex for NEH Region, Manipur Centre on 
30th July, 2019. A total of 180 participants registered 
their participation in the event. This state-of-the-art 
facility, a first of its kind laboratory in the entire North 
East India, is a unique joint venture of ICAR-Manipur 
Centre and Govt. of Manipur and funded under MIDH. 
In addition to research and training activities, the 
laboratory is providing service to line departments, 
food processing industries, agri-preneurs and farmers 
of different NE states for quality analysis of fresh and 
processed horticultural produces.

The workshop was inaugurated by Shri Sumant Singh, 
IAS, Agriculture Commissioner, Govt. of Manipur; 
Ms. Laltanpuii Vanchhong, Director, Department 
of Agriculture, Govt. of Manipur; Prof. K. Mamocha 
Singh, Registrar, CAU, Imphal; Dr. J. C. Sekhar, Principal 
Scientist & WNC i/c, ICAR-Indian Institute of Maize 
Research, Hyderabad), Dr. N. Sathyanarayana, Joint 
Director, Directorate of Plant protection, Quarantine 
& Storage, Faridabad; Dr. Narendra Prakash, Director, 
ICAR Research Complex for NEH Region, Meghalaya, 
Dr. I. Meghachandra Singh, Joint Director i/c, ICAR 
Research Complex for NEH Region, Manipur Centre 
and Dr. S. L. Jat, Coordinator IIMR-NEH Maize 
Programme. Detailed technical sessions and Farmers’ 
Scientists’ interaction were also organized with 
emphasis on management of Fall Armyworm menace 
in the State and ways to protect crops from it. The 
session highlighted the threat posed by this invasive 
pest and called for designing effective strategies to 
manage it so that farmers could realize high economic 
returns from cultivation of crops. Importance of use 
of bio-pesticides and natural enemies in the control of 
fall armyworm was emphasized. Around 170 farmers, 
140 invitees from all over the State and 60 Scientists 
and subject matter specialists of ICAR participated in 
the workshop.
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Farmers from various districts were trained for the 
procedure of soil sample collection from the field and 
scientific techniques for soil health management.

Fig. 18. Observation of World Soil Day at ICAR 
Research Complex for NEH Region Manipur 

centre

State Level Workshop on “Scientific Management 
of Fall Armyworm in Maize Production” at ICAR 
Research Complex for NEH Region Arunachal 
Pradesh centre, Basar, Arunachal Pradesh
State level workshop on “Scientific Management of 
Fall Armyworm (FAW) in Maize Production” on 23rd 
August, 2019 at  ICAR Research Complex for NEH 
Region Arunachal Pradesh centre, Basar, Arunachal 
Pradesh. About 30 participants including officials 
of State Agriculture and Allied Department from 
Leparada, West Siang and Upper Siang Districts and 
progressive farmers participated in the programme. 
In the technical session, Dr. G. T. Behere delivered 
his presentation on “Occurrence of Invasive Pest and 
their Potential for damaging crops in NEH Region” 
and showed the prime symptoms of FAW infestation 
viz. papery windows in leave and leave defoliation 
through constant monitoring in his presentation. 

Fig. 19. State level workshop on Scientific 
Management of Fall Army Worm in Maize 

Production at at ICAR Research Complex for 
NEH Region Arunachal Pradesh centre, Basar, 

Arunachal Pradesh

Fig. 20. Shri Y. Joykumar Singh, Deputy Chief 
Minister of Manipur releasing Souvenir of the 
State Level Farmers Fair 2019 on Bridging Lab 

to Land Gap for Doubling the Farmers’ Income in 
Imphal, Manipur

State Level Farmers’ Fair on Bridging the Lab to 
Land Gap for Doubling the Farmers’ Income

A 3 days long  State Level Farmers Fair 2019 on the 
theme “Bridging lab to land gap for doubling the 
farmers’ income” was organized by ICAR Research 
Complex for NEH Region, Manipur Centre in 
collaboration with KVK Imphal West, Tamenglong, 
Chandel, Churachadpur and Ukhrul during 20-23 
December, 2019 at Imphal, Manipur. The event was 
sponsored by ICAR-VPKAS, Almora; NABARD, Manipur 
RO, Imphal and AICRP on STCR, Manipur Centre. The 
Fair was inaugurated by Shri Y. Joykumar Singh, Deputy 
Chief Minister of Manipur in presence of Prof. M. 
Premjit Singh, Vice Chancellor of Central Agriculture 
University, Imphal; Shri M. Harekrishna, IAS, 
Commissioner, Horticulture and Soil conservation; Dr. 
B. C. Deka, Director, ICAR-ATARI (Zone VII), Meghalaya; 
Dr. K. J. S. Satyasai, General Manager, NABARD, 
Manipur RO, Imphal and Dr. N. Prakash, Joint Director, 
ICAR Manipur Centre. Different organizations like 
ICAR, CAU, Line Departments, KVKs, ABI, NGOs and 
Agripreneurs displayed their products, technologies, 
machineries and achievements covering 30 exhibition 
stalls. Farmer scientist Interaction programmes was 
also organized every day covering more than 1000 
farmers from different districts of Manipur.

Krishi Unnati Mela on Rural livelihood 
Improvement Options for the Tribal Farmers in 
Mizoram

Krishi Unnati Mela on Rural livelihood Improvement 
Options for the Tribal Farmers in Mizoram was 
organized by ICAR Research Complex for NEH 
Region, Mizoram Centre on 28th - 29th January, 2019 
at Kolasib, Mizoram. The focus of the event was to 
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explore options for improving the livelihood of tribal 
farmers of Mizoram through interventions from 
agricultural and allied sector. The event was graced 
by many dignitaries including the Director, ICAR 
Research Complex for NEH Region and many other 
state government officilas. A large number of farmers, 
agri-preneurs from Kolasib and adjoining areas of 
Mizoram participated in the event. 

Fig. 21. Inaugural ceremony of Krishi Unnati 
Mela 2019 at ICAR Research Complex for NEH 

Region, Mizoram Centre, Kolasib, Mizoram Fig. 22. Release of book during National 
workshop on Scientific Maize cultivation in 

North East India at ICAR Research Complex for 
NEH Region, Mizoram Centre

National workshop on Scientific Maize cultivation 
in North East India at ICAR Research Complex for 
NEH Region, Mizoram Centre

A ‘National workshop on Scientific Maize cultivation 
in North East India’ was jointly organized by ICAR 

Research Complex for NEH Region, Mizoram Centre 
and ICAR-Indian Institute of Maize Research on 5th 
March, 2019 at Aizawl, Mizoram. The event was aimed 
at dissemination of scientific knowledge for scientific 
maize cultivation in northeast India for boosting 
productivity throughout the region. Scientists from 
ICAR institute, officials from state agricultural 
departments and experts from ICAR-IIMR, Ludhiana 
participated and interacted during the discussion.
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Shri Kailash Choudhary, Hon’ble Union Minster 
of State, Ministry of Agriculture and Farmers’ 
Welfare, Govt. of India visited ICAR Research 
Complex for NEH Region, Umiam, Meghalaya

Shri Kailash Choudhary, Hon’ble Union Minster of 
State, Ministry of Agriculture and Farmers’ Welfare 
visited ICAR Research Complex for NEH Region, 
Umiam, Meghalaya on 24th November, 2019. He visited 
various farms and facilities of ICAR Research Complex 
including Dairy Farm, Integrated Farming Systems, 
Agri-Business Incubation Centre, Food Processing 
Unit, Poultry farm, Rabbit and Goat Farms, besides 
Organic Farming and Horticulture Farms. Hon’ble 

Minister interacted with scientists, farmers, agri-
entrepreneurs and incubatees, other stakeholders and 
lauded the efforts of ICAR Research Complex for overall 
development of agricuture in the northastern region. 
During his interaction with scientists, famers, Krishi 
Vigyan Kendra staffs, Shri Choudhary emphasized the 
role of Farmers’ Producers Organization in augmenting 
the agricultural development in the region. He further 
commented that the growth of the countries economy 
can only be realized if farmers’ incomes are doubled 
as envisioned by Prime Minister of the country. The 
Minster also proposed to scale up efforts in Organic 
Farming to boost farmers income. 

Fig. 1. Shri Kailash Choudhary, Hon’ble Union Minster of State, Ministry of Agriculture and Farmers’ 
Welfare during field visit and farmer-scientist interaction

Shri Giriraj Singh, Hon’ble Union Minister for 
Animal Husbandry, Dairying and Fisheries, Govt. 
of India visited ICAR Research Complex for NEH 
Region, Nagaland centre, Jharnapani, Nagaland

Shri Giriraj Singh, Hon’ble Union Minister for Animal 
Husbandry, Dairying and Fisheries, Govt. of India 
visited ICAR Research Complex for NEH Region, 
Nagaland centre, Jharnapani, Nagaland on 9th 
November, 2019. He visited the farms and laboratories 
of the institute and reviewd the works done by the 
scientists. He also interacted with the scientists and 
expressed his satisfaction on the research efforts by 
ICAR Nagaland centre for the farmers.

Fig. 2. Shri Giriraj Singh, Hon’ble Union Minister 
for Animal Husbandry, Dairying and Fisheries, 

Govt. of India interacting with the scientists 
of ICAR Research Complex for NEH Region, 

Nagaland centre, Jharnapani, Nagaland

His Excellency Shri Tathagata Roy, Hon’ble 
Governor of Meghalaya visited ICAR Research 
Complex for NEH Region, Umiam, Meghalaya

His Excellency Shri Tathagata Roy, Hon’ble Governor 
of Meghalaya visited ICAR Research Complex for NEH 
Region, Umiam, Meghalaya during Pradhan Mantri 
Kisan Samman Nidhi Scheme launching programme 

on 24th February, 2019. Speaking on the occasion the 
Governor of Meghalaya Shri Tathagata Roy said that 
the motto of the present government is “Sabka Saath – 
Sabka Vikas” and it has reaffirmed its commitment by 
launching the mega scheme of Pradhan Mantri Kisan 
Samman Nidhi scheme. He further appreciated the 
effort of ICAR Research Complex for NEH Region in 
initiating the programme. 
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Fig. 3. His Excellency Shri Tathagata Roy, Hon’ble Governor of Meghalaya addressing farmers and 
scientists during launching of Pradhan Mantri Kisan Samman Nidhi Scheme

His Excellency Shri Ganga Prasad, Hon’ble 
Governor of Sikkim visited ICAR Research Complex 
for NEH Region, Sikkim centre, Tadong, Gangtok, 
Sikkim

His Excellency Shri Ganga Prasad, Hon’ble Governor of 
Sikkim visited ICAR Research Complex for NEH Region, 
Tadong, Gangtok, Sikkim on the occasion of launching 
of Pradhan Mantri Kisan Samman Nidhi (PM-KISAN) 
Scheme on 24th February, 2019. His Excellency, Shri 
Ganga Prasad addressed the gathering of farmers and 
scientists and elaborated the benefits of PM-KISAN 
scheme which was a historic programme entailing 
an annual expenditure of Rs 75,000 crore. Under 
this programme, vulnerable landholding farmer 
families, having cultivable land upto 2 hectares, will be 
provided direct income support at the rate of Rs 6000 
per year to ensure their investment and other needs. 

Fig. 4. His Excellency Shri Ganga Prasad, 
Hon’ble Governor of Sikkim addressing the 

gathering at ICAR Research Complex for NEH 
Region, Tadong, Gangtok, Sikkim

Fig. 5. Hon’ble Chief Minister, Shri Pawan Kumar 
Chamling and Hon’ble Agriculture Minister, Shri 
Somnath Poudyal visiting the ICAR RC NEH stall 

during Sikkim Organic Day Celebration 

Shri Pawan Kumar Chamling, Hon’ble Chief 
Minister, Sikkim and Shri Somnath Poudyal, 
Hon’ble Agriculture Minister, Sikkim visited ICAR 
Research Complex for NEH Region stall

Shri Pawan Kumar Chamling, Hon’ble Chief Minister, 
Sikkim visited ICAR Research Complex for NEH Region 
stall hosted by Sikkim centre on 18th January, 2019 
during the Celebration of Sikkim Organic Day held at 
Manan Bhawan. The Chief Minister was accompanied 
by and Shri Somnath Poudyal, Hon’ble Agriculture 
Minister, Sikkim during his visit.

International delegation of Bhutan Agriculture 
Officers visited ICAR Research Complex for NEH 
Region, Sikkim center, Tadong, Sikkim

An international delegation of agriculture officers of 
Government of Bhutan visited research farms of  ICAR 
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Research Complex for NEH Region, Sikkim center, 
Tadong, Sikkim on 4th December, 2019. The delegation 
interacted with the scientists and the Joint Director 
of ICAR Research Complex, Sikkim center explained 
various activities of the centre including randomized 
controlled trials for organic farming practices.

Fig. 6. International delegation of Bhutan 
Agriculture Officers at the research farm of ICAR 
Research Complex for NEH Region, Sikkim center, 

Tadong, Sikkim

Fig. 7. Members of ICAR Quinquennial Review 
Team interacting with scientists of ICAR 

Research Complex for NEH Region, Sikkim centre 

Quinquennial Review Team (QRT)  visited ICAR 
Research Complex for NEH Region, Sikkim centre, 
Tadong, Sikkim
ICAR Quinquennial Review Team (QRT)  visited ICAR 
Research Complex for NEH Region, Sikkim centre, 
Tadong, Sikkim on 20th June, 2019. The QRT reviewed 
various activities of the centre and interacted with 
the scientists and expressed their satisfaction at the 
achievements of the center.
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MEGHALAYA
SUMMARY 
Umiam received 2255.0 mm of annual rainfall (2019) with 122 rainy days. The mean temperatures (Tmax 
and Tmin) varied between 29.6°C and 6.6°C with a slow but persistent increase in Tmax over the place. The 
average wind speed was lower than normal by 21% to 58% for different months during the year 2019. 
Under rice breeding programme, promising upland lines (RCPL1-413, RCPL 1-514, RCPL1-129, RCPL1-131) 
and lowland lines (RCPL-300 and RCPL1-145) were identified, in addition to a cold tolerant and blast resistant 
line, Dullo. Further, four highly tolerant aluminum-toxicity tolerant genotypes (Motodhan, Vietnam-1, Yimyu,  
N-861) were also identified and 40 accession numbers of Perilla genotypes were obtained from NBPGR, New 
Delhi. Under natural resources management maize-legume intercropping studies revealed that ground-
nut as intercrop was considerably more beneficial in improving system productivity. Study of 21 different 
abandoned coal stockpile sites of Jaintia Hills, revealed that Hg, Ni, Cr, and Cu were moderately enriched 
likely due to  anthropogenic influences. Under horticulture research, IC numbers were obtained for 22 local 
landraces of horticultural crops and colocasia line Megha Taro-2 was recommended for release by AICRP on 
Tuber Crops. Further, DUS guidelines were developed for lemon and jackfruit. Research on crop protection 
revealed that invasive hypogeic mealybug, Formicococcus popysperes was emerging by expanding their host 
range. American Fall armyworm, Spodoptera frugiperda was damaging to maize and other host crops in north 
eastern states. To identify potential biocontrol measures, about 26 natural enemies of FAW were detected. 
In agricultural engineering, a microcontroller based automatic control system for gravity drip irrigation 
system was designed and developed and several prototypes of farm tools and equipments were fabricated 
and supplied to various agencies of NEH region. Evaluation of goat breeds revealed Sirohi was best suited 
for the agro-climatic conditions of NE. Dietary substitution of maize (10-20%) with banana pseudo-stem 
was observed to be a viable option. Studies on poultry birds identified Vanaraja parent layers as notably 
better than Srinidhi parent layers while evaluation of indigenous dairy cattle revealed Tharparkar breed 
was satisfactory for NE region. Under animal health research, analysis of 14 years data clearly depicted that 
Foot-and-Mouth disease and Classical Swine Fever were two most pressing livestock diseases in Meghalaya. 
A novel  isothermal Polymerase spiral reaction assay was developed to detect Salmonella in pork and 
Pork products. Further, several piglet cluster and piggery value chains were created. Significant antifungal 
activities in integumentary extracts of Cirrhinus mrigala, Clarias batrachus and Heteropneustes fossilis were 
observed for development of potential products. Moreover, cage culture was introduced for the first time 
in Umiam lake (open water) benefitting the fish farmers of the Meghalaya. Economic analyses of different 
integrated farming systems, revealed that livestock-fish-based farming system was most profitable. On the 
other hand, studies to identify suitable strategies for improving the effectiveness of convergent extension 
models, underscored the need for sustained awareness programmes with clear guidelines and enhanced 
inter-departmental communication.
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Weather Report

Weather data of Umiam, Meghalaya for the period of 
January to December, 2019 was recorded at the agro-
meteorological observatory of the institute.  Umiam 
received 2255.0 mm of annual rainfall (2019) with 
66% contribution from the monsoon months (June 
to September). There were a total of 122 rainy days 
out of which 74 rainy days (61% of annual) occurred 
during the monsoon months. The rainfall received 
in February, March and November was considerably 
lower than the long period average (LPA). In the month 
of August, the rainfall was deficient by over 21%, 
but September received higher than normal rainfall 
(19%). During the whole year, the total rainfall was 
about 8% lower than normal and monsoon rain was 
also lower by about 65 mm. The monthly and annual 
pattern of rainfall is depicted in Fig. 1. The total annual 
pan evaporation was 870.6 mm. The rainfall was more 
than the pan evaporation from April to October, but 
the reverse happened during rest of the months.

Fig. 1. Monthly and annual rainfall pattern at 
Umiam, Meghalaya

Fig. 2. Monthly values of mean maximum and 
minimum temperature during 2019

Fig. 3. Monthly values of mean relative humid-
ity (morning and evening) during 2019

The mean monthly maximum (Mean Tmax) and 
minimum temperature (Mean Tmin) showed a similar 
pattern of change throughout the year (Fig. 2). The 
mean Tmax varied between 25.1°C to 29.6°C for all the 
months except during November to February when it 
varied from 24.2°C to 21.2°C. It is clear from the figure 
that for almost all the months the Tmax was either similar 
or more than its LPA value. This phenomenon of higher 
than normal Tmax was also seen in the last few years, 
indicating towards a slow but persistent increase in 
Tmax over the place. The mean 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 6.6°C. It is clearly 

seen that the mean monthly minimum temperature 
increased after January to reach the maximum during 
August and thereafter decreased again. The mean 
monthly Tmin value was either similar or lower than 
its LPA values like previous years for almost all the 
months, indicating towards the decrease in the Tmin 
over the years.

The variation in the morning relative humidity 
(RHmorning) was much less as compared to the evening 
relative humidity (RHevening) (Fig. 3). The RHmorning 
varied from 77.7 % to 92.7% in March and September, 
respectively and RHevening varied between 45.6% and 
86.3% in January and September respectively. Due to 
heavy rainfall in the month of September, the relative 
humidity also became high. The RHevening was much 
lower than its LPA value throughout many months 
of the year which was mainly due to increase in Tmax 
of the place. The average wind speed was lower than 
normal by 21% to 58% for different months during the 
year 2019. It has been observed that the wind speed 
decreased persistently over the years in the place.

RESEARCH ACHIEVEMENTS
MEGHALAYA
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CROP SCIENCES
ORGANIC FARMING
Integrated Organic Farming System Model for 
Livelihood and Nutritional Security

The Integrated Organic Farming System (IOFS) model 
in lowland valley ecosystem comprising of different 
enterprises such as cereals (rice and maize), pulses 
(lentil, pea), oilseeds (soybean, rapeseed), vegetable 
crops, fruits, dairy unit (a milch cow + calf), fodder 
crops, central farm pond, farmyard manure pits and 
vermicomposting unit (Fig. 1). For establishing the 
model in an area of 0.43 ha, annual cost of Rs. 55,839/- 
was incurred while it generated a total net return of 
Rs. 62,531/- per year (only income of > Rs. 5000/- 
from 0.43 ha). Among the different enterprises, crop 
component contributed the maximum (61%) followed 
by dairy (25%) and fishery (20%), respectively. On 
farm nutrient recycling in IFOS produced 63.6 kg 

Fig. 1. Ecological pathway of the IOFS model

N, 19.6 kg P2O5 and 55.0 kg K2O. Hence, 92 % of the 
total N, 82% of the total P2O5 and 98% of total K2O 
requirement were met from the system itself (Table 1) 
while the remaining nutrient requirements were met 
from the external sources to sustain the model.

Table 1. On-farm nutrient supply balance sheet under IOFS model (area=0.43 ha)

Components Nutrient requirement 
(kg)

On-farm nutrient 
recycled (kg)

Nutrient Balance 
(kg)

N P2O5 K2O N P2O5 K2O N P2O5 K2O

Cereals (Rice, Maize) 21.1 7.5 17.5 6.6 2.3 12.2 -14.5 -5.3 -5.3

Horticultural crops 
(Vegetables, Fruits) 31.4 11.2 26.2 11.8 2.6 9.0 -19.6 -8.6 -17.2

Dairy 0.0 0.0 0.0 13.1 4.9 6.6 13.1 4.9 6.6

Others (Oilseeds, Pulses, 
Green manuring crop, fodder) 12.2 4.4 10.1 28.2 9.1 24.1 16.0 4.8 14.0

Total 64.7 23.1 53.8 59.7 18.9 51.9 -4.9 -4.2 -1.9

Varietal screening of crops under organic farming 
for productivity and performance against major 
insect pests

In order to identify suitable lines of major crops for 
mid hills of Meghalaya, a total of 11 varieties/lines of 
Maize (8 composites, 1 hybrid and 2 local lines) and 
10 varieties/lines of French bean (8 HYV and 2 Local) 
were evaluated under organic nutrient management 
practices. French bean was sown in furrows between 
two rows of maize fallow under no till conditions. 
Variety RCM 1-61 (DA-61-A) recoded maximum 
yield (3.7 t/ha) followed by RCM-75 (3.60 t/ha). 
Despite occurrence of Fall Armyworm (Spodoptera 
frugiperda) infestation at early vegetative stage, but 
none of the plants produced dead hearts. The percent 

of plants infested by fall worm varied from 20.56% (in 
RCM 1-1) to 35.45% (in Vijay composite).  Among the 
varieties, RCM 1-61, RCM-75, RCM 1-1 and RCM 1-2, 
recorded relatively less dead heart ranging from 8.32 
to 17.04%. Among the different varieties of French 
been screened, highest yield in terms of green pod 
was recorded in Naga local (8.57 t/ha) followed by 
RCM-FB-18 (7.95 t/ha). 

Comparative evaluation of organic, inorganic 
and integrated management practices on crop 
productivity, soil health and produce quality 

In order to compare the efficiency of different 
management practices, four cropping systems namely 
Broccoli-carrot (CS1), Broccoli -potato (CS2), Broccoli –
French bean (CS3) and Broccoli –tomato (CS4) on raised 
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beds were evaluated under four management practices 
viz., 100% organic (NS1), 100% inorganic(NS2), 
integrated management with 50 % inorganic + 50 % 
organic (NS3) and 75 % organic + 10 % vermiwash 
and 10 % cow urine spray (NS4). The broccoli based 
cropping system recorded maximum rice equivalent 
yield (REY) under 100% organic nutrient management 
followed by integrated nutrient management and 
75% organic. Tomato under 75% organic manure + 
2 sprays of cow urine and vermiwash recorded equal 
yield with 100% organic package of practices.  Specific 
gravity (1.28 g/ml), average fruit diameter (53.24 

mm), TSS (4.85%), ascorbic acid (30.15 mg/100g), 
reducing sugar (2.67%), lycopene (17.96 mg/100g) 
of tomato were recorded highest under 100% organic 
nutrient management followed by integrated nutrient 
management practices. Under raised bed condition, 
100% organic treatment recorded maximum SOC 
at both depths 0-15 cm and 15-30 cm, respectively 
(Table 2). Maximum available N and SMBC were found 
under 100% organic (262.60 kg/ha and 178.31 µg/g 
dry soil, respectively) whereas, maximum P and K 
were found under integrated management (22.91 and 
275.60 kg/ha, respectively).

Table 2. Soil properties (0-15 cm depth) as influenced by management practices in raised beds.

Management 
practices

WHC
 (%)

pH SOC (%) Available 
N

(kg/ha)

Available P
(kg/ha)

Available K
(kg/ha)

SMBC 
(µg/g dry 

soil)
75 % Organic 55.05 5.27 3.21 241.13 19.48 266.14 148.69

100% Organic 64.19 5.31 3.37 262.60 20.11 270.71 178.31

Integrated 62.79 5.25 3.34 246.94 22.91 275.60 163.99

Inorganic 56.96 5.24 2.81 235.96 16.95 260.21 144.30

Initial value 49.3 5.14 2.42 220.7 14.4 253.2 148.4

CD (p=0.05) 6.40 0.11 0.08 12.28 0.7753 6.63 7.74

Evaluation of different millets under organic 
management practices 

An experiment was undertaken with 14 varieties/
lines of Finger millet, Foxtail millet, Little millet, 
Brown top millet and Barnyard millet for identifying 
their suitability under organic production system in 
Meghalaya. Among the millets, finger millet (Sikkim-1) 
recorded the highest dry matter accumulation at 
harvest. Highest panicle length was recorded in little 
millet (OLM-203) followed by Proso millet (TNAV-
145). Among the millets, Brown top millet recorded 
more no. of effective tillers m-1 row followed by 
Proso millet (TNAV-145). Finger millet (Nagaland 2) 
recorded higher grain yield followed by Finger millet 
(Sikkim 2). Study also revealed that gundhi bug was 
found infesting on Barnyard millets (UL-207 and VL-
172) with average 2-5 bugs/panicle whereas maize 
weevil was found on Finger millets (Madina-324, 
347, 172 and Nagaland-2) with average 1-3 weevils/
panicle.

Production and quality assessment of 
vermicomposting from various weed biomasses 
and their impact on soil and crop productivity

The vermicompost was applied in maize (RCM 1- 76) - 
French bean (Naga local) cropping system. Cob weight 
ranged from 181.1 g/cob in alligator vermicompost 
treated plants to 195.9 g/cob in lantana vermicompost 
treated plants. Kernel yield of maize ranges from 2.9 
t/ha in control to 3.5 t/ha in goat weed vermicompost 
treated plants and beggar tick vermicompost treated 
plants. In case of French bean, seed yield ranged from 
1.8 t/ha in control to 2.5 t/ha in plants treated with 
fern vermicompost.

Fig. 2. Phosphorus solubilization capacity of 
root exudates
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Assessing root exudation potential of rabi pulses 
for improving soil health and acidity tolerance 

Phosphorus (P) solubilizing capacity assessed in 
pulses revealed that Lathyrus (DPL 61), chickpea cv 
D-30 and French bean cv Sel-9 had significantly higher 
P solubilization compared to other pulses (Fig.3). 
Root to shoot ratio was recorded higher in French 
bean, green gram and lentil. However total dry matter 
recorded was higher in chickpea, pea and French 
bean. Significantly higher quantities of root citrate 
were measured in chickpea, French bean and lathyrus. 
Positive correlation was observed between root 
citrate, rhizhospheric soil P and tissue phosphorus 
accumulation among selected pulses. Tolerant pulses 
like chickpea cv D-30 and cv. D-11, French bean cv. sel-
9 and lathyrus emerged as better performing in terms 
of increased root exudation potential in the acid soils 
of Meghalaya. 

Agro-climatic suitability and stress tolerance of 
chickpea at mid altitudes of Meghalaya

Results revealed that among the different chickpea 
genotypes (30 Nos.), maximum and minimum total 
chlorophyll content was noticed in D-7 (2.68 mg/g) 
and D-2 (1.17 mg/g), respectively. The root weight 
was recorded higher in 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) was recorded maximum in D-2. 
The highest seed yield of 829.5 kg/ha was recorded in 
D-12 chickpea and lowest seed yield (205 kg/ha) was 
recorded in D-11. Higher harvest index was observed 
in D-20 (45.7%) followed by D-22 (40.9%) and lower 
harvest index was recorded in D-2 (13.30%). 

Farming System Research Project

Micro watersheds comprising 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) are being evaluated 
on long term basis since, 1984 at ICAR Research 
Complex for NEH Region, Umiam, Meghalaya. In 
Dairy based farming system, three numbers of milch 
cows along with their calves are maintained. The net 
annual income from the system was calculated as  
Rs. 1,11,179/-. In Silvi-pastoral system, twenty-seven 
goats (7 males, 30 females) were maintained. The 
system was not generating profit and hence, poultry 
(500 no. broilers) birds were also integrated in 4-5 
cycles above the fish pond of 500 m2 of area as a 
subsidiary source of income. In totality, the system 

generated a net income of Rs 36,709/- annually. In 
Agro-pastoral system, the crop planning was done 
in such a way that the top portion of watershed was 
utilized with single crop, middle portion double 
cropping and bottom portion with triple cropping. 
Vertical farming was also included in this watershed 
for proper utilization of the land and to maximize 
the yield and income from the same piece of land. An 
integrated approach with crops and livestock showed 
that maximum income was obtained from cow milk 
(Rs. 2, 19,114/-) annually. The gross and net income 
of Rs. 3, 14,354/- and Rs. 1, 16,627/- was obtained, 
respectively giving an input–output ratio 1.86. The 
area of Agri-horti-silvi-pastoral system was developed 
in 1.58 ha for jhum improvement in NEH Region. In this 
system, 0.10 ha of foothills was used for agricultural 
use, 0.25 ha for horticulture use and 0.45 ha for silvi-
pastoral crops. A total net income of Rs. 76,354/- was 
obtained from the system annually.

AICRP-Integrated Farming System 

One-hectare area was earmarked for accommodating 
different components of Integrated Farming System 
(IFS) in which 7000 sq m area was allotted to Agri/
Vegetable based cropping system, 2000 sq m was 
to horticulture and 500 sq m was under water 
harvesting pond with culturing fishes. The 500 sq 
m area was kept for livestock sector, vermi-compost 
unit, threshing floor and for miscellaneous uses.  In 
livestock component, 500 broiler chicks were reared 
in 5 rotations of 100 birds each for a cycle of 35-40 
days with a net profit of Rs. 13,893. Besides, 83 layer 
birds of Vanaraja of poultry were maintained on the 
farm for the egg production generating a net return of 
Rs. 4,450/-. The third livestock component of farming 
system was pig based system, generated a net return 
of Rs. 13,613/- from 3 no. pigs.  Approximately 500 
nos. of fingerlings were reared in the fish pond with 
a net income was Rs. 8,112/-annum. In totality, the 
Integrated Farming System recorded gross return of 
Rs 5,01,841/- while the cost of production/rearing 
was Rs 3,15,722/-and a net return of Rs 1,86,118/- 
ha/annum was estimated from one hectare area, 
besides providing year round employment to the farm 
family members.

Extension programme
Organic food production through integrated 
farming system- cluster approach under NPOF-TSP

Organic production technology standardized by ICAR 
Research Complex for NEH Region, Umiam, Meghalaya 
has been disseminated to three villages viz., Mynsain, 
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Pynthor and Umden Umbathiang of Ri-Bhoi district 
of Meghalaya through cluster approach covering 
280 farm families and an area of about 110 ha area 
through a model village concept under Network 
Project on Organic Farming (NPOF). Several small 
rain water harvesting structures called Jalkunds with 
carrying capacity of 30,000 liters of water each were 
made for live saving irrigation in vegetables and for 
rearing of animals such as pig and poultry. The various 
enterprises integrated were crops (rice, maize), 
vegetables (tomato, French bean, potato, lettuce, and 
carrot), livestock (dairy/ piggery) and micro water 
harvesting structure (jalkund) (Fig.4).

The IOFS model has been adopted by Mr. Arjun Chettri 
of Pynthor village, Ri Bhoi district, Meghalaya covering 
an area of 0.52 ha area with total cost of cultivation 
of Rs. 1, 42,800/- per year. The net return generated 
per year from the farm is Rs. 1, 60,690/- . Mrs. Trias 
Makhroh incurred total cost of Rs. 26,205/- during 
cultivation and obtained a net return of Rs. 29,236/- 
in her 0.15 ha land. 

Improved organic rice production technology 
particularly for Shahsarang-1 was demonstrated 
in 18 farmer’s fields and recently a MoU has been 
signed for rice seed production between farmers 
of Mynsain Village and ICAR Research Complex for 

NEH Region, Umiam. Due to adoption of improved 
organic production technology, the yield of maize, 
French bean, ginger, tomato, carrot and chilly had 
been enhanced by about 22, 40, 33, 45, 37 and 27 
%, respectively over their traditional practices. For 
PGS organic certification of the farmers of the three 
adopted village, several groups have been created. The 
certification is being carried out by Prakriti Organics 
Farm Fresh India Pvt. Ltd, Kolkata, West Bengal. 

SOIL SCIENCE SECTION
Effect of nutrient management practices on yield 
of maize-legume intercropping in acid soils of 
Meghalaya 

A second year field experiment was conducted in the 
soil science experimental farm and the leguminous 
intercrops were soybean (SB), groundnut (GN), 
French bean (FB) and rice bean (RB). The maize 
RCM 1-76 was selected as the main crop (Fig.1). 
The management practices were recommended 
management practice (N, P, K and FYM) (T1), RMP 
(N,P, K and FYM) with liming (T2), RMP (Replacing 
SSP with RP) without liming (T3), RMP (Replacing SSP 
with RP) with liming (T4) and RMP with liming and 
mulching (T5). Mulching was recommended for the 
second crop (mustard). Lime was applied @ 500 kg/
ha in furrows and FYM was applied @ 10 t/ha. 

Fig. 1. Different cropping systems (maize- intercropped with legumes) studied

The study revealed that the maximum maize grain 
yield was recorded under sole maize than with 
legume intercropping (Table 1) due to increased 
plant population under sole maize. However, yield 
advantage of maize was observed when legumes were 
introduced as the intercrops which were reflected 
through higher maize equivalent yield (MEY). 
Amongst the intercrops, the maximum maize yield 
(18-31%) was recorded under groundnut compared 

to other leguminous intercrops. Similarly, the MEY was 
about 1.9 to 2.3 times higher in FB compared to other 
leguminous intercrops. With respect to the nutrient 
management practices, T2 treatment recorded the 
maximum maize and legume yield irrespective of the 
intercrops (Table 1). Application of RMP along with 
lime increased the maize yield 4 to 39% compared to 
other treatments. 
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Table 1. Effect of nutrient management practices on grain and maize equivalent yield (kg/ha) of maize 
and legumes under maize-legume intercropping in Meghalaya.

Treat. Maize 
Sole

Maize + Soybean (SB) Maize + Groundnut (GN) Maize + Frenchbean (FB)

M SB MEY M GN MEY M FB (pod) MEY

T1 3247 1428 928 3384 1867 1099 4184 1222 3872 7822

T2 3484 1772 1022 3926 2364 1187 4866 2089 3992 8894

T3 2511 1656 876 3502 1653 952 3660 1361 3604 7504

T4 3347 1278 892 3158 2433 978 4495 1922 3680 8195

T5 2936 1650 906 3560 1911 1002 4023 2100 3725 8449

Mean 3105 1557 925 3506 2046 1044 4246 1739 3775 8173

Effect of maize-legume intercropping and nutrient 
management practices on soil acidity parameters 
in Meghalaya

Amongst the intercrops, the detrimental soil acidity 
parameters viz. exchangeable acidity, exchangeable 
H+, total potential acidity and exchangeable Al3+ were 
relatively lower under maize + French bean than 
other intercropping systems. Groundnut recorded 
the highest exchangeable Al3+, H+ and exchangeable 
acidity than other intercropping systems (Table 2). 
With respect to the nutrient management practices, 

application of lime along with the recommended 
management practices including farmyard manure 
(FYM) significantly reduced these destructive 
parameters than other nutrient management 
practices. The importance of rock phosphate 
application along with FYM and lime was seen through 
the decreased values of the soil acidity parameters, 
exchangeable acidity and Al3+ in particular, since it 
supplies Ca and Mg which play a vital role in reducing 
soil acidity. Amongst the intercrops, soybean showed 
a lower decrease in soil pH compared to groundnut 
and French bean. 

Table 2. Effect of intercropping and nutrient management practices on soil acidity parameters in 
Meghalaya.

Treatment Exch. 
Acidity

Exch. H+ Total potential 
acidity

Exch. Al3+ pH dependent 
Acidity

Intercropping
M 1.63 0.37 15.87 1.25 14.24
M+SB 1.67 0.38 17.60 1.28 15.93
M+GN 1.70 0.38 14.53 1.32 12.84
M+FB 1.60 0.37 15.60 1.23 14.00
M+RB 1.67 0.37 15.07 1.30 13.39

Nutrient management practices
RMP 1.66 0.37 17.87 1.28 16.21
RMP+Lime 1.49 0.38 16.27 1.11 14.78
RMP+RP 1.65 0.39 16.40 1.26 14.75
RMP+RP+Lime 1.68 0.36 14.00 1.22 12.32
RMP+Mulching 1.79 0.37 14.13 1.42 12.34

Effect of intercropping and nutrient management 
practices on soil organic carbon pools and CO2 
efflux in acid soils of Meghalaya

Soil organic carbon fractions such as very labile, labile, 
less labile, non-labile and total organic carbon (TOC) 

were estimated under the maize-legume intercropping 
with various nutrient management practices. The 
TOC content was maximum in maize + French bean 
(3.04%) than other intercropping systems. The 
percent contribution of very labile and non-labile 
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carbon was highest (36.4 and 31.4, respectively) 
under maize + French bean while the labile (34.2%) 
and less labile (12.4%) per cent contribution to the 
TOC was maximum in maize + Rice bean and maize 
+ groundnut, respectively (Fig. 2). On an average, the 
very labile, labile, less labile and non-labile C shared 
33.4, 28.4, 9.6 and 28.6% of the TOC in the maize-

Fig. 2. Effect of maize-legume intercropping on 
SOC fractions in Meghalaya

Fig. 4 Effect of maize-legume intercropping (a) and nutrient management practices (b) on carbon 
management index (CMI) in acid soils

legume intercropping systems. Of the TOC, active pool 
and passive pool C accounted 62 and 38%, respectively 
in the intercropping systems. Introduction of legumes 
in maize cultivation increased the concentration of 
active C pool by converting the non-labile C to the 
labile C.  With respect to the nutrient management 
practices, adoption of RMP along with rock phosphate 
application recorded highest values of labile (32.3%) 
and non-labile C (47.1%) while RMP with mulching 
showed the higher content of very labile C (43.7%) 
than other practices (Fig. 4). Overall, with respect to 
the management practices active C pool and passive C 
pool shared 62.5 and 37.5 % of the TOC, respectively. 
The carbon management index (CMI) was also 
estimated to assess the capacity of the management 
practices and intercropping to improve the soil 
quality. Both soybean and Frenchbean introduction as 
intercrops, improved the soil quality as the CMI value 
of both crops recorded as 187 and 186, respectively 
(Fig. 4a). Similarly, application of FYM, lime and 
rock phosphate increased the CMI value up to 194 
indicating the soil quality enhancement (Fig. 4b). 
Further, we quantified the CO2 efflux from soil under 
the maize-legume intercropping over a period of 120 
days (Fig. 5). The CO2 efflux from soil ranged from 0.6 
to 1.06 and 0.52 to 1.14 g CO2 m-2 hr-1 in maize-legume 
intercropping and nutrient management practices, 
respectively. Maize + groundnut intercropping 
accounted highest cumulative CO2 efflux of 5.02 g CO2 
m-2 hr-1 over a period of 120 days compared to other 
intercropping systems. On the other hand, adoption of 
various nutrient management practices recorded the 
cumulative CO2 efflux ranged from 4.39 (T3) to 5.71 
(T5) g CO2 m-2 hr-1 in soil. Fig. 3. Nutrient Management Practices
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Heavy Metal Enrichment, Contamination, 
Pollution Load and Ecological Risk in Coal Mine 
Affected Soils of Jaintia Hills, Meghalaya

Topsoil samples randomly collected from 21 different 
abandoned coal stockpiles from 3 extensively mined 
areas of the Jaintia Hills District revealed that 
Enrichment Factors (EF) of metals were in the order 
as Zn (-1.73 to 3.61) > Hg (0.18 to 4.06) > Cu (-0.71 to 
2.93) > Cr (-0.1.12 to 2.47) > Mn (-1.53 to 1.16) > Ni 
(0.64 to 1.93) > Pb (-0.15 to 0.63) > As (-0.01 to 0.76) 
> Fe (-0.53 to 0.20) (Fig 6a). Categorization of average 
EF values showed Hg, Ni, Cr, and Cu are moderately 
enriched (EF values between 2 and 5) in the surface 
soils which indicate anthropogenic origin (EF value 
> 2). Whereas rest of the metals have enrichment 
factors values< 2, which indicated that they may have 
crustal origin. 

Overall contamination level in the soil in abandoned 
coal stockpiles as per the Contamination Factor values 
indicated that they were moderately contaminated 
with Fe, Mn, Pb and considerably contaminated with 
Cu, Zn, Cr, Ni and very highly contaminated with As 
and Hg (Fig. 6b). Two sites (SP1 and SP8) from Sutnga 
area showed considerable degree of contamination 
(Cdeg) while the rest of the sites showed very high 
Cdeg. Except one site in Khliehriat (SP10), the others 
showed very high Cdeg. Likewise three sites from 
Bapung (SP17, SP18, and SP20) evidenced high Cdeg. 
All of the sites in Bapung showed moderate to high 
Cdeg. One site at Sutnga (SP7) and 3 sites in Khliehriat 
(SP11, SP12 and SP13) evidenced high degree of 
contamination. 
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Fig. 6 (a). Enrichment Factor of Heavy Metals

Fig. 6 (c). Pollution Load Index

Fig. 6(b). Contamination Factor of Heavy Metals

Fig. 6 (d). Ecological Risk of Heavy metals

Fig. 5. Effect of maize-legume intercropping and nutrient management practices on 
soil CO2 efflux in acid soils
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Analysis of Pollution Load Index (PLI) indicated 
moderate pollution load over the entire sample sites 
with average PLI value 2.65 (Fig.6c). Sample sites 
having highest PLI values are SP7 (PLI=3.59) and 
SP9 (PLI = 3.04) in Sutnga; SP11 (PLI = 3.70), SP12 
(PLI = 3.27), SP13 (PLI=3.46) and SP14 (PLI=3.00) 
indicated deteriorated soil (pollution overload). All the 
ecological risk (Er) of the 9 individual elements varied 
significantly among elements. The average values 
decreased in the order of Hg > Cu > As > Ni > Pb > Cr > 
Zn > Mn > Fe. Average Er values of all metals fall in the 
low ecological risk group (Er = 40) except for Hg (Av. 
Er =319.8) (Fig.6d). 

Micronutrient management for horticultural crops

Under the project on Management of Zinc, Boron and 
Molybdenum for vegetable and citrus cultivation in 
acid soil of the North Eastern Region, more than 250 
geo-coordinated soil and plant (tomato, cauliflower 
and citrus) samples collected from Meghalaya and 
Mizoram. In soils of Mizoram, it was found that zinc 
content in soil varied from 0.018-5.17 ppm, Iron 
content varied from 20.23 to 134.45 ppm, Mn content 
varied from 5.31 to 88.63 ppm, and Cu content varied 
from 0.14 to 3.78 ppm. In soils of Meghalaya, the Fe 
content varied from 5.85-180 ppm, Mn content varied 
from 0.21-55.47 ppm, Cu content varied from 0.205-
2.16 ppm, Zn content varied from 0.031-7.298 and 
Boron content varied from 0.42-0.87 ppm. 

Optimizing yield and quality of King Chilli through 
nutrient standardization

Twenty-seven nutrient combinations of N, P and K 
were administered in potted soil (along with one 
control) with three replications following factorial CRD 
for the evaluation of standard nutrient requirement 
for optimizing the yield and quality of King Chilli (ML-
5). The experiment was conducted in soil with pH of 
4.91, 351.23 kg/ha N, 21.12 kg/ha P, 580 kg/ha K and 
2.24% SOC (Figs.8). Treatment comprising of nutrient 
combinations, 150:65:65 kg/ha of N: P2O5: K2O (T15) 
recorded statistically the highest number of fruits per 
plant (72.4) with average fruit weight of 9.5 g. The 
lowest number of fruits per plant and average fruit 
weight were recorded in control in tune of 48.0 and 4.7 
g, respectively. The highest fruit length was recorded 
in T5(120:65:65) (6.18 cm), while fruit breadth in T15 
(150:65:65) (3.3 cm). Total chlorophyll (4.7 mg/g) and 
carotenoid content (124.7 µg/g) during 50% flowering 
stage were recorded highest in T15 (150:65:65). 
The capsaicin content was recorded maximum in  
T15 (150:65:65) (4.2%) followed by T7 (120:65:400) (3.8%).

Fig. 8. King chili plants (ML-5) treated with T15 
at fruiting stage

PLANT BREEDING
Rice
Promising upland lines identified were RCPL1-413 
(3.6 t/ha), RCPL 1-514 (3.6 t/ha), RCPL1-129 (3.4 
t/ha), and RCPL1-131 (3.4 t/ha) while in lowlands, 
only RCPL-300 (3.8 q/ha) and RCPL1-145 (3.6 q/
ha) were found promising. Also breeder seeds of 
released varieties of rice namely, Shahsarang (10 q), 
Megha SA 2 (3 q), Bhalum 3 (5 q) and Bhalum 5 (3 q) 
were produced. In Upper Shillong farm, seeds of cold 
tolerant rice varieties namely, NEH Megha Rice 2 (3.5 
q) and NEH Megha Rice 3 (3.0 q) were produced. 

Fig . 1. Which won where biplot of rice 
germplasm for yield per plant
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Evaluation of rice germplasm 

A set of ninety rice genotypes were screened for 
yield stability in three consecutive years (2017-
2019) in augmented design with five blocks and four 
checks. The checks used were Shahsarang, Lampnah, 
Megha SA 2 and RCPL 1-145. Based on three years 
data, Principal Component analysis was done and 
genotypes were positioned on a graph based on PC 
using GGE biplot (Fig.1). Results revelaed that RCPL 
1-132, RCM-15, Topelea, Kebang and Mota Dhan were 
the superior line in yielding ability. The grouping 
differentiated the genotypes into two major groups. 
The Group I was further divided into three subgroups. 
The genotypes which were distantly related were 
placed in the different clusters and can be used as 
parental lines for rice improvement programme.  

Screening of rice germplasm for Blast resistance

One hundred and sixty nine genotypes of rice were 
screened for presence of blast resistant gene (s) 
using SSR markers namely, AP4007, Pibdom, RM208, 
AP5659-5, NBS2-Pi9, YL155/ YL87 and YL153/ 
YL154 conferring resistance to the genes Pi2, Pib, Pi9 
and Pita, respectively. The marker AP4007 identified 
89 genotypes from the Germplasm collections and 
25 genotypes from the Upper Shillong collections 
showing the presence of the gene Pi2. Pibdom could 
identify 106 genotypes showing the presence of the 
gene Pib, RM208 could identify 63 genotypes from 
the Germplasm collections and 4 genotypes from the 
Upper Shillong collections showing the presence of 
the gene Pi2. AP5659-5 could identify 54 genotypes 
from the Germplasm collections and 12 genotypes 
from the Upper Shillong collections showing the 
presence of the gene Pi9. YL155/ YL87 could identify 

57 genotypes from the Germplasm collections 
showing the presence of the gene Pita whereas 
gene Pita is absent in the Upper Shillong collections.  
YL153/ YL154 could identify 118 genotypes from the 
Germplasm collections and 35 genotypes from the 
Upper Shillong collections showing the presence of 
the gene Pita and RM 208 could identify 87 genotypes 
from the Germplasm collections and 36 genotypes 
from the Upper Shillong collections showing the 
presence of the gene Pib, respectively.

Among these, resistant genotypes namely, Itanagar, 
Buggimg, Jalbudi, Nalsathi, Mikudep, RCPL-1-120, 
Sakura, Maguri, Nolbora, Sindhuri Sali, RCPL-1-422, 
RCPL -1-121, Ambe, RCPL -1-185, Tudong, Suhagmani 
and  RCPL -1-178 were identified. Among the cold 
tolerant lines, Dullo was found to be resistant to blast.

Maize
Composite varieties namely, RCM 1-1, RCM 1-2 (pop 
corn), RCM 1-61, RCM 1-75 and RCM 1-76, developed 
by the Institute were compared with checks (Vijay 
composite and Hemant). Performance of composites 
was better (>4.3 t/ha) and average superiority over 
the checks were found to be >15%. 

Evaluation of Maize germplam for yield and 
stability

A set of 115 local genotypes were screened in 
Augmented Design with 3 checks and 7 blocks to 
ensure sufficient degree of freedom to assess the 
genetic variability and diversity. A large variation was 
observed among the genotypes. Dry cob wt. ranged 
from 85.83g to 170.22g whereas test weight ranged 
from 119.12g to 256.52g. 

Table 1. Estimates of genetic variability components

Parameters 50% 
Tasseling

50% 
Silking

Plant 
Height

Ear 
length

Ear 
diameter

Ear no. 
of rows

Seeds 
per row

Dry cob wt. 
in gms

100 seed 
wt. (gm)

Min 60.00 63.00 202.73 13.43 12.40 10.78 35.67 85.83 119.12

Max 71.33 74.67 318.06 26.88 27.93 14.56 128.56 170.22 256.52

Mean 64.94 67.85 250.17 16.31 14.23 12.73 83.50 127.74 179.19

Median 64.67 67.33 247.81 16.13 14.07 12.78 82.78 127.44 177.54

Skewness 0.32 0.33 0.29 3.72 6.37 -0.16 -0.01 0.02 0.48

Stand. dev 2.60 2.66 20.95 1.75 1.66 0.78 13.33 17.13 21.29

CV 4.01 3.92 8.37 10.76 11.63 6.11 15.97 13.41 11.88
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A principal component analysis was also performed. 

A principal component analysis was also performed. 
The first five principal components cumulatively 
contributed 80 percent of the total variation. Days to 
50% tasseling (0.54) and days to 50% silking (0.54) 

Table 2. Principal components analysis (PCA)

PC 1 PC 2 PC 3 PC 4 PC 5
50% Flowering 0.54 -0.36 -0.01 0.00 -0.12
50% Tasseling 0.55 -0.36 -0.02 0.00 -0.13
Plant Height 0.37 -0.02 -0.03 0.01 -0.02
Ear length 0.20 0.14 -0.11 -0.66 0.55
Ear diameter 0.19 0.06 0.12 0.62 0.72
Ear no. of rows 0.18 0.38 -0.21 0.39 -0.31
Seeds per row 0.26 0.52 -0.17 -0.13 -0.16
Dry cob wt. in gms 0.30 0.54 0.28 -0.05 -0.02
100 seed wt. (gm) 0.03 0.02 0.91 -0.08 -0.13
Eigen value 2.34 1.77 1.11 1.04 0.90
Percentage variance 26.01 19.65 12.38 11.53 10.05

contributed more toward PC 1, whereas seeds per row 
(0.52) and dry cob wt. (0.54) contributed more toward 
PC 2. Clustering pattern revealed that the genotypes 
were clustered into two major clusters each with two 
sub clusters. 

Fig. 3. Clustering of maize germplasm based on 
agro-morphological traits

Soybean

Performance of advanced breeding line namely, RCS 
1-10 (2.6 t/ha) was compared with the released 
variety, Umiam Soybean 1 (2.4 t/ha) for plant yield. 
Ninety two crosses in F3 generation were grown in 
upland farm and further subjected to individual plant 
selection based on yield and its component traits. The 
F4 seeds of selected plants were harvested individually 
and will be sown in Kharif  2020. 

Job’s Tear

A set of twenty five genotypes of jobs tear were 
screened in augmented design with seven blocks 
and three checks for comparison of agronomic 
performances. IC-416829 had higher panicle length, 
panicle weight, no. of internodes, grain yield, no. of 

tiller, plant height and leaf length but shorter days to 
flowering and maturity, hence IC-416829 was found 
to the best. Genotype by trait biplot revealed that 
grain yield was highly correlated with panicle length, 
panicle weight, no. of internodes, no. of tiller, Plant 
height and leaf length. Panicle length was positively 
correlated with date of flowering and maturity.

Fig. 4. A trait by genotype biplot of Job’s tear 
germplasm

Principal component analysis revealed that first five 
components cumulatively explained 84.18% of total 
variation. The first two components themselves 
explained more than 50% of variability. Plant 
height and leaf length was contributing the highest 
towards variability in PC1 while panicle length and 
panicle weight was contributing the highest towards 
variability in PC2. 
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Table 3.  Principal component analysis in Job’s tears germplasm

PC 1 PC 2 PC 3 PC 4 PC 5

Days to flowering -0.381 0.493 -0.012 0.002 0.035

Days to maturity -0.378 0.502 0.001 0.007 0.062

Plant height 0.416 0.070 -0.152 0.368 0.024

No of Tiller 0.220 0.091 -0.159 -0.610 0.617

Panicle length 0.081 0.466 -0.530 0.225 0.033

Leaf length 0.430 0.085 -0.272 -0.105 -0.351

No of internodes 0.397 0.244 -0.062 -0.113 0.094

Panicle weight 0.244 0.370 0.389 -0.105 -0.474

100 Seeds Weight (g) 0.185 0.248 0.547 -0.249 0.047

Grain Yield (Kg) 0.218 0.097 0.376 0.587 0.503

Eigenvalue 3.623 1.744 1.135 1.078 0.838

% variance 36.226 17.441 11.354 10.780 8.381

Cumulative variance 36.226 53.667 65.021 75.801 84.182

Rice bean

Four hundred and thirty five (435) numbers of Rice 
bean (Vigna umbellata) genotypes were sown with 
four (4) checks in an Augmented Block Design (ABD). 
The lines collected from NBPGR Shimla were found 
to have early flowering compared to the other lines 
of rice bean with 50% flowering occurred between 
90 to 120 days. Some of earliest flowering lines 
were EC016136, EC18184, EC18260, IC018553 and 
IC185653. The plant vigour of the genotypes were 
recorded at 25 days and 60 days after the germination 
of the plant and it was observed that, out of 435, about 
50 lines showed a very good vegetative growth. 

Fig. 5. Experimental plot of Rice bean 
germplasm

HORTICULTURE
FRUIT CROPS:
          Germplasm collection and documentation:  
On the basis of pomological traits nineteen (19 nos.) 
fruit crops germplasm were collected. The IC numbers 
were obtained from NBPGR, New Delhi for plum (02 
nos. IC: 0632362-63); peach (04 nos., IC: 0632364-
67); Pyrus pashia (02 nos. IC: 0632368-69); lemon (08 
nos., IC: 0632370-77); acid lime (01 no., IC: 0632378) 
and gerbera (05 nos. IC: 0633067-71) germplasm. In 
cashew, two Baramasi type early bearing genotypes 
viz., RC Cashew-1 and RC Cashew-2 were collected. 

Fig. 1. RC Cashew-1

Fig. 2. RC Cashew-2
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Citrus:
Development of DRIS based leaf nutrient optimum 
requirement of Khasi mandarin

The DRIS norms analysed from the data set of 60 
Khasi mandarin orchards across Khasi & Jaintia 
Hills, Meghalaya suggested optimum leaf nutrients 
in relation to fixing yield 50 to 95 kg/tree for 
macronutrients are N (2.24-2.84 %), P (1.97-2.12 
%), K (0.07-0.12 %), Ca (2.00-2.28 %) and Mg (0.35-
0.48 %) (Fig 1). Further, optimum leaf micronutrient 
is Fe (136.94-163.24 mg/kg), Mn (60.60-76.44 mg/
kg), Cu (0.96-2.83 mg/kg) and Zn (17.04-20.60 mg/
kg).  It is also observed that lower yield was obtained 
with higher values of nutrient balance index (NBI) 
and higher yield was noted with lower NBI (Fig 
2). Therefore, it can be concluded that high yield 
is obtained with balanced nutrition of the crop. 
Propagation of Citrus indica 

A propagation protocol was attempted for Memang 
narang (Citrus indica), an endangered species. From 
the initial studies wedge grafting was found to produce 
higher sprouting (2.17-4.33 nos. per grafted plant) 
over cutting (1.90-3.43 nos. per cutting). Similarly, 
higher number of leaves was observed in wedge 

Fig. 3. DRIS based leaf nutrient optimum 
requirement of Khasi mandarin

grafting (6.84-22.67 per grafted plant) as compared 
to cutting (5.26-18.53 per cutting).

Evaluation of different rootstocks of Khasi 
Mandarin in different altitudes: Saplings of Khasi 
mandarin grafted upon C. jambhiri, C. taiwanica, 
C. latipes, C. karna, C. trifoliate, C. limonia and C. 
volkameriana were transplanted to the main field 
of experimental plots at Wahkhen village (653 M - 
altitude), East Khasi Hills district, Horticulture field of 
ICAR Research Complex for NEH Region, Umiam (950 
M - altitude), Ri Bhoi district and Wahiajer Village 
(1350 M - altitude), West Jaintia Hills district following 
randomized block design. Growth performance of 
Khasi mandarin plants grafted upon different rootstock 
was recorded 6 months after planting. The rootstock 
diameter was highest in C. limonia + Khasi mandarin 
at Wahkhen (17.49 mm) and Wahiajer (16.63 mm) 
whereas at Umiam, highest rootstock diameter (17.67 
mm) was observed in C. jambhiri + Khasi mandarin; 
Scion diameter was found highest in C. limonia + Khasi 
mandarin in all three altitudes at Wahkhen (13.32 
mm), Umiam (13.24 mm) and Wahiajer (13.12 mm). 
Plant height was found highest in C. jambhiri + Khasi 
in all three altitudes at Wahkhen (97.25 cm), Umiam 
(97.23 cm) and Wahiajer (85.06 cm). 

Fig. 4. Relationship of Yield with
 Nutrient Balance 

DUS characters of lemon (Citrus limon) 

The morpho-physiological traits were assessed 
for developing distinct, uniform and stable (DUS) 
characters for lemon varieties viz., Assam lemon, 
Jaintia lemon and Elaichi lemon grown in the north 
eastern region of India (Table 1).
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Table 1. DUS characters of lemons grown in north eastern region of India

Sl. No. Character Assam lemon Elaichi lemon Jaintia lemon

1 Tree growth habit Drooping Spreading Spreading

2 Young leaf: Intensity of 
anthocyanin  colouration Medium   Strong Weak

3 Leaf blade (L/W) ratio Large (>2) Large (>2) Medium (1-2)
4 Leaf margin Dentate Dentate Dentate

6 Flower bud: Intensity of 
anthocyanin High High Low

7 Fruit length (mm) Very long  (>90) Long (>70-90) Medium (50-70)
8 Fruit weight (g) Large (100-150) Very Large (>150) Medium (50-100)
9 Shape of fruit Ellipsoid Ellipsoid Spheroid

10 Fruit base shape Concave collard Convex Truncate
11 Pulp colour Yellow green Cream yellow Cream yellow
12 Juiciness (%) Low (< 30) Low (< 30) Low (< 30)
13 Total Soluble Solids (0B) Low (<7) Low (<7) Low (<7)
14 Titrable acidity (% ) Medium (>4-7) Medium (>4-7) Medium (>4-7)
15 Seediness  (no. of seeds/ fruit) None (0) High (>20) Low (1-10)

Survey and identification of Jackfruit in Northeast 
India for DUS guidelines:

Survey was conducted in Meghalaya, Manipur, Assam, 
Nagaland and Tripura for identification and collection 
of jackfruit (Artocarpus heterophyllus) for the 
development of DUS guidelines. Wide variations were 
observed for leaf, flower, fruit and seed characteristics 

(Fig. 1). In quantitative characteristics, variations were 
observed in leaf blade width (43 to 93.7 mm), fruit rind 
thickness (6 to 32 mm), fruit core diameter (low~<50 
mm to high~>50 mm), individual flake width (21 to 
73 mm), flake thickness (2.4 to 89 mm) and flake to 
fruit ratio (low~<30 mm, medium~0.31-0.50 mm to 
high~>0.51 mm).

Fig. 5. Variability of jackfruit germplasm in seed shape and colour.

Peach

Two low chilling peach cultivars viz., Partap and 
Flordaprince were evaluated with different training 
system and densities viz., espalier (3.0 m x 2.0 m); Y 
shape (2.0 m x 5.0 m); central leader (3.0 m x 3.0 m) 
and open centre (3.5m x 3.5m). Peaches trained on 
Y shape trellis recorded highest plant height (2.58 
m), canopy volume (8.54 m3), trunk cross section 
area (4.93 cm2) and average fruit weight (64.88 g) 
over espalier, open centre and central leader system. 
Significantly highest fruit yield was recorded in Partap 
on Y shape (12.9 kg/plant) followed by Flordaprince 
on Y Shape (11.2 kg/plant), while yield efficiency was 
recorded highest in Flordaprince on Central leader 
(0.71 kg/ cm2 TCSA) system.

Cashew

In AICRP on Cashew, eight cashew genotypes viz., 
Dhana, VRI (CW) H-1, Bhaskara, BBP-8, VRI-3, H-303, 
V-4 and NRCC Sel-2 were tested at ICAR-KVK, West 
Garo Hills, Tura. Among genotypes, plant height was 
recorded highest in Bhaskara (4.13 m) followed by 
VRI (CW) H-1(3.68 m) and Dhana (3.67 m), while 
plant spread was recorded highest in Dhana (4.51m 
x 5.03 m). Highest nut yield was observed in Dhana 
(1.80 kg) followed by Bhaskara (1.41 kg). The nut 
weight and shelling per cent was recorded maximum 
in Bhaskara (7.48g and 28.7 %) followed by Dhana 
(6.75g and 28.2 %). 
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Guava
Protocol for DNA extraction and molecular 
characterization of improved guava cultivars: 

Protocol for extraction of DNA was standardized 
using CTAB method with modifications. The apical 
growing buds along with two leaves were collected 
for DNA extraction in the month of July, 2019. The 
β- mercaptoethenol (2%) and polyvinyl pyrrolidone 
(PVP) 1% was added in warm CTAB buffer just before 
adding powdered sample. It was incubated in water 
bath for 1.0 hr at 66 0C with intermittent mixing and 
further for 30 minutes on rotary shaker at 60 rpm 
followed by centrifuging, precipitation, purification 
and quantification.  

Molecular characterization was carried out for 18 
accessions including improved cultivars Megha 
Supreme, Megha Magenta, Megha Seedless and Megha 
Wonder by using of 56 microsatellite markers. Total 
213 alleles were generated with 2 - 9 alleles per marker 
(mean = 3.80). The maximum number of alleles (9) 
was observed from marker mPgCIR19. Improved 
cultivar was differentiated by pair of markers Megha 
Magenta by mPGCIR-184 and mPGCIR-194 (Fig.), 
Megha Supreme by two set of marker mPGCIR-108 
and mPGCIR-243, mPGCIR-182 and mPGCIR-220, 
Megha Seedless by mPGCIR-206 and mPGCIR-325 and 
Megha Wonder by mPGCIR-16 mPGCIR-19.

 

a 

 

b 

Fig. 6. Molecular profile of guava genotypes, 
differentiating RCGH-4 (Megha Magenta) by 
marker mPGCIR-184220bp (fig a) and MPGCIR-194150 

& 180bp (fig b). Where lanes are denoted as M: ladder, 
1. RCG-4,  2. RCG-3, 3. RCG-2, 4. RCGH-10, 5. RCGH-7, 
6. L-49, 7. Allahabad Safeda, 8.  Sangam, 9. RCGH-1, 
10. Apple Colour, 11. RCGH-4, 12. RCG-11, 13. Mizo 
Purple, 14. RCG-1, 15. Lalit, 16. Allahabad Surkha, 
17. Local Pink, 18. Psidium guineense Sw.

UNDERUTILIZED FRUITS
Antioxidants properties of underutilized fruit 
crops

The present study was carried out to estimate the 
antioxidant activity of 09 important underutilized 
fruit crops of the region. Antioxidants properties of 
these fruits showed significant variations (p ≈ 0.05, 
Fig 5). Maximum total phenolic content 15.71±0.26 
mg GAE g-1 was in Myrica esculenta and total flavonoid 
4.06±0.03 mg QE g-1 in Haematocarpus validus. 
DPPH free radical scavenging capacity ranged from 
0.18±0.01 to 0.53±0.02, IC50 and FRAP reducing 
power from 3.59±0.02 mg AAE g-1 (Docynia indica) to 
13.82±012 mg AAE g-1 in Baccaurea sapida. 

Fig. 7. Antioxidants of underutilized fruit crops

VEGETABLE CROPS:
Germplasm conservation and evaluation: 

Total 47 accessions of teasel gourd were conserved 
in field gene bank and evaluated. Wide variation was 
observed for growth and yield attributes. Fruit wt. 
ranged from 21.0-100 g, fruit length 5.5 - 10.4 cm, fruit 
diameter 3.0-5.2 cm and yield per plant 0.35 - 3.8 kg. 
Similarly, in chilli total 125 accessions of hot pepper 
was maintained and wide variation was observed for 
fruit length (1.47-16.5 cm), fruit diameter (0.63-1.53 
cm), fruit weight (1.67-6.33 g) and yield per plant (54-
834g). Further in French bean, out of 135 accessions, 
highest yield was recorded from MZFBC-2 (1.5 kg) 
followed by RCFB-43 (1.43kg), MNFB-13 (1.24 kg) 
and MZFB-47 (1.20 kg). Similarly in Dolichos bean, 
total 135 accessions were evaluated and the highest 
yield per plant was recorded from ASDBC-1(2.88 kg) 
followed by MZDBC-22 (2.84 kg), MNDBC-3 (2.73 
kg) and MZDBC-19 (2.68 kg). Among the bush types, 
highest yield was recorded from Selection-1 (326g) 
over check Konkan Bhusahan (262 g). Likewise in 
broad bean, total 10 accessions were evaluated and 
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pod length ranged from 7.43 to 4.97cm, pod weight 
6.97 – 10.66 g, plant height 58.00-77.66 cm and yield 
per plant 108 - 333.9 g. A high yielding accession from 
Manipur, RCBC-3 (333.9 g/plant) was identified. 

King-chilli performance under low-cost polyhouse 
and open condition: 

King chilli (Capsicum chinense Jacq.) line ML-5 was 
evaluated for comparative performance of the crop 
under low cost polyhouse and in open field conditions. 
Early flowering (55.06 days) was observed under low 
cost polyhouse cultivation. Fruit length (5.77 cm), fruit 
breadth (2.76 cm) and average fruit weight (6.84 g) 
were also recorded highest under low cost polyhouse 
conditions. Higher total number of marketable fruits 
per plant (70.34) and marketable fruit yield per plant 
(481.12 g) were recorded under low cost polyhouse 
condition. From the present study, it was observed that 
the percentage increase in no. of marketable fruits per 
plant and yield per plant under low cost polyhouse 
condition are 18.55% and 36.06%, respectively over 
open field conditions.  

Effect of lime and biochar on yield and quality of 
broccoli: 

Under this experiment, significant effect of wood 
biochar alone as well as in combination with lime was 
recorded on yield of broccoli. Among the treatments, 
application of biochar (5 t/ ha) in combination of FYM 
(10 t/ha) + recommended dose of fertilizers NPK 
(120:80:60 kg/ha), was found superior and improved 
the yield by 74.0% (28.26 t/ha) under irrigated and 
47.05% (24.1 t/ha) under rainfed condition over the 
control. The effect of treatment was non-significant 
on quality parameters such as vitamin C and protein 
content however, low chlorophyll and higher 
β-carotene content was recorded in rainfed condition 
over the irrigated condition. 

All India Coordinated Research Project on 
Vegetable Crops:

Brinjal:  Total nine experiments were conducted 
during March - August, 2019. The high yielding 
accessions under AVT-II were identified as 2016/
BRLVAR-1 (444.0 q/ha) under brinjal long, 2016/
BRRVAR-2 (54.40 t/ha) under brinjal round and 2016/
BRBW-1 (45.60 t/ha) under bacterial wilt resistant 
trials. However, amongst the resistant accessions the 
highest yield (3.35 kg) and lowest wilting (0.00%) 
was recorded from 2016/BRBW-1 and 2016/BRBW-
3. However, the lowest yielding (1.10 kg/plant) and 
maximum wilting (23.0%) was recorded from 2016/
BRBW-4.

Tomato: Total 6 experiment were conducted during 
January –May, 2019, under AVT-II trials, the high 
yielding accessions were identified as 2016/TODVAR-2 
(43.5 t/ha) followed by 2016/TODVAR-1(42.2 t/ha) 
in determinate group and 2016/TOCVAR-5 (55.8 t/
ha) and 2016/TOCVAR-1 (53.5 t/ha) in cherry tomato.

Lettuce: Total five accessions of lettuce under IET-I 
were evaluated for yield and related traits. Among 
the accessions, the highest yield per plant (256.7 g) 
as well as per ha (12.77 t) was recorded from 2018/
LETVAR-1 followed by 2018/LETVAR-3.

Mustard Green: Total five accessions of Laipatta 
under IET-I were evaluated for yield and related 
traits. Among the accessions, the highest yield per 
plant (324.0 g) as well as per ha (31.5 t) was recorded 
from 2018 /MGVAR-4 followed by 2018 /MGVAR-5. 
Similarly, leaf size was maximum in 2018/MGVAR-4 
and 2018/MGVAR-5.

Cabbage and Cauliflower: In cabbage, among the 
accessions the highest marketable head weight 
(928.33 g) and yield (61.27 t/ha) was recorded from 
2018/CABVAR-3 followed by 2018/CABVAR-7 and 
2018/CABVAR-2. Similarly, in mid-maturity group 
cauliflower, the high yielding accession was identified 
as 2018/CAUMHYB-6 with highest marketable curd 
weight (353.3 g) and yield (23.30 t/ha).

Radish: Under IET trials, total 7 entries of radish was 
evaluated during September to December, 2019 and 
highest yield was recorded from 2018/RADVAR-7 with 
total yield of 195 q/ha followed by 2018/RADVAR-2 
(162q/ha) and 2018/RADVAR-6 (159q/ha). 

Cucurbits: Total four experiments were conducted 
in bottle gourd and bitter gourd (2 each). The high 
yielding accessions were identified as 2018/BIGVAR-6 
(13.3 t/ha) in bitter gourd IET and 2016/DOBGAR-7 
(26.0 t/ha) in bottle gourd AVT-II.

Okra: In resistance trials, 8 accessions of okra were 
evaluated against YVMV under natural condition. 
The incidence of virus ranged from 10.87 to 57.14%. 
Moreover, high yield (512 g/ plant) with low incidence 
of YVMV (13.79%) was recorded from IET 2018/
OKYVRES-5, followed by IET 2018/OKYVRES-3.

TUBER CROPS:
All India Coordinated Research Project  on Tuber 
Crops

Sweet potato:  Six sweet potato entries were 
evaluated for the yield and quality parameters. 
TSp12-7 recorded the highest marketable yield of 
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(5.22 t/ha) as well as the highest total yield (7.43 t/
ha).  Dry matter content was found highest in TSp12-9 
(30.93 %) whereas starch and sugar were maximum 
in Sree Bhadra (19.33% and 3.89%, respectively). 
Under germplasm evaluation out of 32 accessions, 
highest yield was recorded from Collection 3 (24.47 t/
ha) while Mizo Collection-2 showed maximum tuber 
length (16.18 cm). 

Colocasia/ Taro: Eight entries of Colocasia (Bunda 
type) were evaluated for yield as well as quality 
parameters and it was observed that TBd17-2 recorded 
highest corm weight (383.33g) and total yield (15.33 
t/ha) whereas lowest calcium oxalate (0.18%) content 
was recorded in TBd 17-8. Likewise, six entries of Arvi 
(Taro) were evaluated under multi location trial for 
yield and quality parameters and Muktakeshi recorded 
maximum number of cormels (24.00) whereas Megha 
Taro-1 recorded highest yield (28.67 t/ha) with 
lowest calcium oxalate (0.11%).   Under germplasm 
evaluation out of 33 accessions, Khweng-1 recorded 
maximum number of side shoots per plant (5), number 
of cormels / plant (52), total cormel yield (17.74 t/ha) 
as well as total yield (30.07 t/ha).

SPICES
Germplasm collection, characterization, 
evaluation and conservation: 

Turmeric: Thirty two (32) turmeric genotypes 
(IC-586749 to IC-586780) were maintained and 
evaluated. IC-586773 recorded maximum yield with 
57.22 t/ha followed by IC-586764 (48.11 t/ha) and 
IC-586753 (39.34 t/ha). The dry recovery percentage 
was highest in IC-586777 (22.61%) followed by IC-
586771 (21.24%) and IC-586766 (21.21%).

Ginger: Forty three (43) ginger genotypes (IC-584322 
to IC-584364) were maintained and evaluated. It was 
found that, IC-584362 recorded the highest yield with 
17.00 t/ha followed by IC-584357 (16.55 t/ha) and 
IC-584350 (16.05 t/ha). Highest dry matter content of 
25.38 % was recorded in IC-584353 followed by IC-
584357 (23.21%) and IC-584360 (22.32%).

All India Coordinated Research Project  on Spices:

Organic production of turmeric: Megha Turmeric-1 
was evaluated under eight (8) treatment combinations. 
Maximum yield of 22.00 t/ha was recorded in T3 (100% 
organic manures equivalent to 100% N requirement 
of turmeric + micronutrients Power Mix-T @5g/lit) 
followed by 18.20 t/ha in T5 (75% organic manure 
equivalent to 75% N requirement of turmeric + 

micronutrient Power Mix-T @5g/lit). Highest dry 
recovery percentage (21.74%) was recorded in T6 (75% 
organic manure equivalent to 75% N requirement of 
turmeric + vermiwash 10%).

Organic production of turmeric: Three (3) genotypes 
of turmeric viz. Megha Turmeric-1, Rajendra Sonia 
and Prathiba were evaluated for study. T1: (Organic 
package developed by IISR- GRB-35 @ 1 capsule/100 
litre + FYM @30 t/ha + Vermicompost @ 2 t/ha + IISR 
Power Mix.-T @ 5 g/l) produced higher yield of 29.89 
t/ha and 27.23 t/ha in Megha Turmeric-1 and Prathiba, 
respectively. The dry recovery percentage were also 
higher in T1 (Organic package developed by IISR) in 
all the three varieties (22.31% in Megha Turmeric-1; 
15.81% in Rajendra Sonia and 19.12% in Pratibha).

FLORICULTURE 
Evaluation and maintenance of Orchid germplasm 

Thirty three species of orchids were evaluated and 
characterized for growth and flowering attributes. 
Maximum plant height was observed in Phaius 
tankervilleae (149.21 cm), plant spread in Phaius 
tankervilleae (112.06 cm), pseudo bulb size (length, 
27.76 cm in Dendrobium nobile and width, 2.34 
cm in Dendrobium densiforum), leaf size in Phaius 
tankervilleae (length, 113.45 cm  and width, 15.87 
cm) and number of leaves in Coelogyne flaccid 
(95.46 leaves/ plant). On the other hand, maximum 
inflorescence length was recorded in Cymbidium 
aloifolium (44.12 cm), flowers number in Aerides 
multiflorum (95.25/ inflorescence), flower diameter 
in Cymbidium hybrids (9.24 cm), while Pleione pracox 
produced least flower dimension (diameter, 0.59 cm 
and length, 0.60 cm). 

Effect of organic supplement on growth and 
flowering of orchids 

Result in cv. Cymbydium revealed that leaf length 
(42.74 cm) and number of leaves (12.833) and highest 
number of spike per plant (2.36) and flower per spike 
(9.08). was obtained with  application of  basal dose of 
FYM 100g per pot + decomposed coir compost 100g/
pot+ Bio-fertilizer (VAM + Azospirillum +PSB) 2g/pot 
each at 6 months interval + Trichoderma 20g/ pot + 
Neem cake @20g/pot. 

Effect of biofertilizers on growth and flowering of 
orchids

Results revealed that  application of Vermicompost 
@500g/pot + Azospirillium @2g/pot + VAM @2g/
pot + PSB @2g/pot  recorded maximum plant height 
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(57.94 cm), leaf length (43.64 cm), leaf breadth (1.82 
cm) and no of leaves per plant (16.38), spike (2.43 
nos. / plant) and flowers (9.24 nos./ spike) in cv. 
Cymbydium.

Evaluation of gerbera germplasm under open 
conditions

Evaluation of gerbera germplasm (33 nos.) was carried 
out under open field conditions for vegetative and 
reproduction traits. Maximum leaves number (125.64 
per plant) and leaf length (28.64) was recorded in 
RCGH-23, while RCGH-7 showed maximum plant 
spread (1722 cm2) and sucker in RCGH-97 (17.64 nos. 
per plant per year). RCGH-32 took maximum days to 
bud burst (19.21 days after bud emergence) while 
maximum days to first flower opening was recorded 
in RCGH-172 (28.12 days after bud emergence). 
RCGH-33 had maximum flower stalk length (43.12 
cm) and flower stalk diameter (6.20 mm) and number 
of flowers in RCGH-3 (26.36 per plant per year). 

Evaluation of promising gerbera hybrids under 
open field conditions 

Gerbera hybrids, RCGH- 12, RCGH-22, RCGH-114 and 
RCGH-117 developed by Division of Horticulture were 
evaluated. Flowers of RCGH-12 are strong red coloured 
(53C as per Royal Horticultural Society colour chart), 
RCGH-22 are vivid reddish orange coloured (32 A), 
RCGH-114 are vivid reddish orange (40A) and RCGH-
117 are strong orange (24 A). Maximum flower stalk 
length (52.35, RCGH-114), stalk diameter (5.38 mm, 
RCGH-117), flower diameter (10.92 cm, RCGH-117), 
number of ray floret/ head (171.32, RCGH-117), 
number of flowers (26.66 per plant per year, RCGH-
22) and suckers production (22.37 number per plant 
per year, RCGH-22).

TRANSFER OF TECHNOLOGY:
Demonstrations:

Demonstration on management of soft-rot in 
ginger: Severe incidence (30-70%) of sot rot was 
observed in farmers’ field.  To control the diseases, 
demonstration was conducted in  Mawblang and 
Mawhati villages of Ri-Bhoi District, Meghalaya for 
seed rhizome treatment with Dithan M-45 (2.0g/ L 
water for 30 minutes) and further drenching, leading  
to reduction in disease incidence to 5-10% .  

Exhibition cum Awareness programme on Tuber 
Crops: Future smart crops

A one day Exhibition cum Awareness programme on 
“Tuber Crops: Future Smart Crops” was conducted on 

the 31st January 2019 at Mairang, West Khasi Hills in 
collaboration with Krishi Vigyan Kendra, West Khasi 
Hills with objective of exposing farmers to varieties of 
tuber crops to learn from one another and to interact 
with experts on various issues related to tuber crop 
production. About 100 farmers from Mawkamoit, 
Lumsohkhlur, Nongrmai, Umthied Bynther, 
Pyndenumiong, Nonglipud, Pyrda Thymmai, Mairang 
Mission and Mawthohbeh villages of West Khasi Hills 
districts of Meghalaya participated in the programme 
and prizes were distributed to the farmers with the 
best exhibits. 

Fig. 1. Exhibition cum awareness programme on 
Tuber Crops at KVK, West Khasi Hills

2. Awareness programme on Litchi Production for 
Livelihood Improvement of Farmers  

A one day Awareness programme on “Litchi 
Production for Livelihood Improvement of Farmers” 
was conducted on the 23rd July, 2019 to expose the 
farmers to improve production techniques of litchi. 
About 120 farmers from Tura, West Garo Hills; 
Kalibari and Wahkhen of East Khasi Hills; Umeit, 
Marngar, Umdiker, Kyrdemkulai, Nongkya, Umsning, 
Nongjri, Mawdiangum of Ri Bhoi; Barato, Sohkha, 
Iooksi of West Jaintia Hills and Lama, East Jaintia Hills 
participated in the programme. About 2000 litchi 
saplings supplied by ICAR-National Research Centre 
on Litchi, Muzaffarpur, Bihar were distributed to the 
farmers.

3. Demonstration on Scientific management of 
Khasi mandarin orchard: 

Khasi mandarin orchards were poorly maintained 
by the citrus growers. Training and pruning, soil and 
water conservation measures, weed management 
and manure application was not adopted by the 
farmers resulting in low productivity. Therefore, 
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demonstration on training and pruning, manure 
application, liming and pest and disease management 
in Khasi mandarin was conducted at Mawdiangum 
village, Ri Bhoi and Wahiajer village, West Jaintia 
Hills wherein around 30 farmers participated with an 
objective to help the farmers understand and practice 
proper management of Khasi mandarin orchard for 
getting better yield of good quality products.

CROP PROTECTION
Evaluation of Maize lines against Turcicum leaf 
blight 

Seven trials viz. Trail no. 613-AVT-1 Normal Maize, 611 
(OPV), 605 (Sweet corn), 617 (Popcorn), 603 (QPM), 
615 (AVT-1) and 609 (Baby corn) were conducted at 
Umiam for evaluation of the maize lines for Turcicum 
leaf blight (Exserohilum turcicum). These lines were 
provided by DMR, Ludhiana under AICRP on Maize. 
Few lines exhibited resistant reaction with low disease 
scores viz. In case of Trial- 613-AVT-1 Normal Maize: 
Lines 16007 (2.2), 16002 (2.4), 16055 (2.7), 16051 
(2.2). Trial- 605 (Sweet corn) viz.  13001 (2.1), 13002 
(2.1), 13061 (2.2), 13062 (2.5), 13055 (2.3), 13051 
(2.3). In trial 615 (AVT-1) 9 lines showed resistant 
reaction, in trial 617 (Popcorn) no lines exhibited 
resistant reaction. In case of trial 609 (Baby corn), 15 
lines showed resistant reaction.

Bottle Gourd
Identification and detection of Fusarium striatum 
causing wilt disease to Bottle gourd (Lagenaria 
siceraria) in Northeastern India

The high incidence of wilt disease was recorded in 
range of 79.23% to 83.45 % in the bottle gourd at 
Umiam, Meghalaya, India during Kharif 2019. The 
pathogen was isolated from symptomatic crown 
region to study the morphological characters and 
found similarity with pathogen, Fusarium spp. (Fig. 
1). Pathogenicity test was conducted following stem 
detached method and Fusarium spp. produced lesions 
length of 5.23 to 7.23 cm after 5 days of inoculation 
and pathogen was re-isolated from the diseased stem, 
fulfilling Koch’s postulates. To further confirm the 
identity, genomic DNA was extracted from an isolate 
(BGW-1) and amplified the internal transcribed spacer 
(ITS) region of the ribosomal DNA by using universal 
ITS4 and ITS6 primers showed 93.88% homology 
with of F. striatum. 

Fig. 1. Photographs of diseased bottle gourd 
plants (a-b). a) stem rot at crown region; b) 
stem discolouration and water soaked lesion; c) 
top view of a typical, Fusarium striatum colony 
growing on potato dextrose agar and d) stem 
rot on a stem inoculated with BGW-I isolate (F. 
striatum) after 5-dai

Brinjal 
Identification of R-gene (s) for against the Fusarium 
oxysporum f. sp. melongenae in cultivated brinjal 
and its wild relatives 

An isolate viz. Fusarium oxysporum f. sp. melongenae 
(Fom Megh-1) isolated from Umiam, Meghalaya 
was used for evaluation of resistant genotypes 
in Meghalaya conditions. Forty-seven genotypes 
were used for evaluation the resistant genotypes 
against the wilt pathogen, FomMegh-1 under net 
house conditions during Kharif 2019. Among the all 
brinjal and wild relative (WR) genotypes tested in 
experiment, high level of resistance was detected in 
WR crops than cultivated crops. Wild relative crops 
of brinjal like Solanum sisymbriifolium, S. incanum, S. 
insanum, S. atheiocarpon, S. underatum (EC 790349) 
and S. torvum showed high level of resistance (R) 
with the least (10.8%) wilt disease index to Samtrok, 
MZSAM-3 (29.00% DI).  All cultivated varieties of 
brinjal like Pusa Bhairav, Pusa Shyamla, Pusa Uphar, 
Pusa Ankur were highly susceptible to Fom Megh-1 
recorded the maximum disease index (DI) up to 100% 
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at fourth week after inoculation (WAI). Resistance 
gene (R-genes) and their analogues present in the 
wild relative (WR) crops will be identified by adopting 
molecular approaches for utilization in wilt complex 
disease management.

Isolation and identification of soil borne fungal 
pathogens inciting various types of symptoms in 
vegetable crops

Survey was conducted in and around Umium area, 
Meghalaya showed that cabbage and brinjal crop was 
affected by damping off disease upto 10% and 5%, 
respectively during the month of September under 
greenhouse nursery. The damping off pathogen was 
isolated and identified as Rhizoctonia solani.  Cabbage 
crop was further affected by white mold disease 
upto 2% in the fields after 20 days of transplanting. 
The symptoms were typical to white mold and the 
fungus after isolation was identified to be Sclerotinia 
sclerotiorum. Soil microbial count of the site showed 
the total bacterial count to be higher than the total 
fungal count.

Evaluation ofhighyielding strains/varieties of 
Oyster Mushroom 

Seven strains viz. Pl-19-01 to 07 were evaluated in 
Mushroom house at ICAR, Umiam in the year 2019. 
The strains were supplied by DMR, Solan under 
AICRP on Mushroom. Substrate used was chopped 
paddy straw. Strain PL-19-04 (96.3% BE) gave highest 
yield and PL-19-02 was statistically on par (Table 
1). Lowest yield was recorded in case of PL-19-07 
(62.7%). In case of strain Pl-19-03 spawn run period 
was shortest (16 days). 
Table 1. Evaluation of high yielding strains/
varieties of Oyster Mushroom (Pleurotus spp.) 

Strains 
of Oyster 

Mushroom

Biological 
efficiency (%)

Days to spawn 
run

PL-19-01 84.7 17.0

PL-19-02 86.3 19.3

PL-19-03 75.3 16.0

PL-19-04 96.3 17.3

PL-19-05 83.4 17.7

PL-19-06 79.5 18.3

PL-19-07 62.7 17.0

CD (0.05) 11.3 0.9

Monitoring, detection and management of invasive 
and potentially dangerous pests in northeast India

Four invasive/ potentially destructive pests were 
detected for the first time in region viz Madeira 
mealybug, Root aphid on colocasia, chafer beetle on 
ginger, poplar wooly aphid etc. Besides Meghalaya, 
the South American tomato leaf miner, Tuta absoluta 
has been detected for the first time feeding on 
tomato crops in Sikkim, Manipur and Arunachal 
Pradesh. Invasive hypogeic mealybug, Formicococcus 
popysperes was found expanding their host range 
and now it has reported damaging colocasia tubers 
in the region. American Fall armyworm, Spodoptera 
frugiperda has also been detected infesting maize and 
other host crops in north eastern states. As a result 
of constant monitoring system, an outbreak of Paddy 
armyworm, Mythimna separata has been predicted 
and timely advisories were issued to the farmers and 
state government offices through institute website 
and different advisory services. 

Bio-ecology of invasive fall armyworm in 
Meghalaya

Fall armyworm which invaded into the NE India was 
found belonging to ‘C’ (corn) strain and preliminary 
studies indicated high level of genetic homogeneity 
among FAW populations in different NE states. 
About 26 natural enemies were detected causing 
fortuitous biological control of FAW in Meghalaya. 
The average natural mortality of FAW was found to be 
56.58 to 73.08% at different locations in Meghalaya. 
Biodiversity indices of predators of FAW were also 
studied in different districts of Meghalaya.  Location 
specific variability was observed in values (0.23 to 
0.31) of Menhinick’s species richness index (DMn); 
whereas Shannon-Wiener index (H) and Simpson 
Index (D) indicated a very high diversity of predators 
in maize fields. The entomopathogens, M. rileyi (RC-
MR-SF-1) and SfMNPV were most dominant bio-
agents throughout the season and collectively killed 
>50% of FAW larvae.

Eco-friendly management of tomato leaf miners in 
Meghalaya

Different management practices were integrated 
to identify the most effective management module 
against invasive tomato leaf miners under field 
conditions. Amongst, the module consisting of “mass 
trapping of leaf miners by using pheromone placed 
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sticky traps @ 40 traps per ha and two foliar sprays of 
neem oil based formulation of Azadirachtin 1% EC@ 
2 ml/litre” was found reducing 56.67% leaf miners in 
tomato compared to untreated control. The mirid bug, 
Nesidiocoris tenuis was found to be the most efficient 
predator of invasive tomato leaf miners in Meghalaya.

Development of eco-friendly management 
practices against biotic stresses in cucumber and 
bottle gourd

Eight modules were evaluated for eco-friendly 
management of major biotic stresses in cucumber 
(Variety: Malini) and bottle gourd (Variety: Mahy 
Warad) during kharif season 2019 under field 
condition. Among the bio-pesticide modules 
tested, combination of neem oil and Trichoderma 
/Pseudomonas based modules were effective for 
reducing biotic stresses in both crops. Trichoderma 
(Seed treatment+Foliar spray+soil drenching) + neem 
oil + fruit fly trap (Module-I) showed less red pumpkin 
beetle infestation with 0.64 and 1.57 beetle/plant in 
cucumber and bottle gourd, respectively. Fruit damage 
was also minimum in module -1 with 14.24% and 
19.34% in cucumber and bottle gourd, respectively. 
The minimum wilt incidence (10.25%), minimum 
leaf spot severity (9.07%) and maximum disease 
control (80.23%), was also recorded in Module-1 and 
found effective for management of wilt (Fusarium 
striatum) and leaf spot diseases (Stagonosporopsis 
cucurbitacearum) of bottle gourd. In case of powdery 
mildew (Podosphaera xanthii) of cucumber, the 
minimum severity (18.02%) was recorded in 
Module-5 i.e. combined treatment of Pseudomonas + 
Ampelomyces (Foliar spray) + Beauveria bassiana + 
fruit fly trap.

Seasonal incidence of red pumpkin beetle in 
cucumber and bottle gourd in Meghalaya 

Seasonal incidence of red pumpkin beetle was recorded 
in cucumber (Variety: Malini) and bottle gourd (Variety: 
Mahy Warad) during April to June, 2019. Observations 
of red pumpkin beetle on both crops were recorded at 
weekly intervals from randomly selected five plants/
plot. It was observed that population of red pumpkin 
beetle were ranged from 0.67 to 2.83 beetles/plant at 
different observations with a peak population of 2.83 
red pumpkin beetles/plant during 3rd week of May in 

cucumber whereas in bottle gourd it was ranged from 
1.67 to 4.83 red pumpkin beetles/plant at different 
observation period with a peak population of 4.83 red 
pumpkin beetles/plant during second week of May.

Intensity of fruit flies infestation in cucumber and 
bottle gourd in Meghalaya

Fruit flies infestation was recorded in cucumber 
(Variety: Malini) during April-June and bottle gourd 
(Mahy Warad) during June-September at each harvest 
to study the damage intensity of fruit flies in both the 
crops during kharif season, 2019. Study revealed that 
fruit flies damaged in cucumber varied from 11.11 to 
64.29% during different observations. The highest 
fruit flies infestation was observed during mid of June 
(64.29% fruit damage) in cucumber. In case of bottle 
gourd, the fruit flied damaged was ranged from 14.28 
to 77.78% with a peak infestation during 3rd week of 
August with 77.78% fruit damage.

Extension activities under AICRP on Mushroom

Twelve trainings on mushroom cultivation were 
conducted under AICRP on Mushroom during 
2019. Three field days were also conducted for 
popularisation of mushroom cultivation in Meghalaya. 
Total number of beneficiaries was 264. Commercial 
and mother mushroom spawn was also supplied to 
the farmers.

AGRICULTURAL ENGINEERING

Evaluation and development of power weeder 
suitable for hilly region

During the period under report, six different weeding 
treatments i.e. power weeder, cycle tire wheel hoe, 
wheel hoe with one sweep blade, wheel hoe with 
three sweep blades, spade and manual weeding were 
evaluated. All the treatments were carried out in three 
replications of plot having an average size of 3.5×3.6 
m2. Power weeder/mini-tiller used in the evaluation 
is petrol engine operated having 2.2 hp with 6500 
rpm and it’s a powerTec made machine. Weeding 
operations were carried out by using different 
equipments in maize crop plots twice in a season 
i.e. at 25 days after sowing (DAS) and 45 days after 
sowing. The detail observations were presented in the 
Table 1 and 2.
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Table 1. Performance of different weeding operations at 25 DAS in Maize plots

Treatment Time Taken Manual weeding 
in intra rows 

(man-days/ha)

Total Time taken 
for Weeding 

(man-days/ha)

Weeding 
Efficiency (%)

h/ha man-days/ha

Manual Weeding 291 36.4 0 36.4 100.0

Spade 285 35.6 0 35.6 100.0

Wheel Hoe with one 
sweep blade 146 18.3 3.5 21.8 89.2

Wheel Hoe with three 
sweep blade 134 16.8 3.6 20.4 88.7

Cycle tyre wheel hoe 129 16.1 3.4 19.5 88.9

Power weeder 34 4.3 3.6 7.9 72.3

Table 2. Performance of different weeding operations at 45 DAS in Maize plots

Treatment Time taken Manual weeding 
in intra rows 

(man-days/ha)

Total Time taken 
for Weeding 

(man-days/ha)

Weeding 
Efficiency (%)

h/ha man-days/ha

Manual Weeding 146 18.3 0 18.3 100.0

Spade 138 17.3 0 17.3 100.0

Wheel Hoe with one 
sweep blade 82 10.3 2.1 12.4 92.5

Wheel Hoe with three 
sweep blades 76 9.5 2.3 11.8 93.1

Cycle tyre wheel hoe 71 8.9 1.9 10.8 92.7

Power weeder 18 2.3 1.8 4.1 73.8

From the above observations, it was found that weeding 
time required in 25 DAS was more than at 45 DAS. In 
both, 25 DAS and 45 DAS, man-power requirement 
was found to be highest in manual weeding followed 

Fig. 1. Weeding with cycle tire wheel hoe Fig. 2. weeding with power weeder

by spade weeding, wheel hoe with one sweep blade, 
wheel hoe with three sweep blade, cycle tire wheel hoe 
(Fig. 4) and power weeder (Fig. 5) respectively. Similar 
was the trend for weeding efficiency.
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The power weeder which was procured from the 
market has fixed handle height of 80 cm. As per 
available anthropometric data of tribal farmer of 
Meghalaya, mean elbow height is 101.4 cm and 
96.0 cm for men and women respectively. So, the 
handle height of the power weeder was modified by 
providing provision to change height from 80 cm to 
100 cm at each 5 cm interval. During operation by 
male workers, most comfortable height was found to 
be at 90 cm. A comparison of performance of power 
weeder at 80 cm and 90 cm handle height were made. 
There was no difference in weeding efficiency but 
for 90 cm handle height, field capacity was found to 
be 0.032 ha/h against 0.029 ha/h of 80 cm handle 
height. The improvement in field capacity may be 
due to improvement in the posture of the worker 
during operation which also helped in increasing the 
duration between two consecutive rest.

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. Calibration of soil moisture sensor was 
carried out by using soil samples with different 
moisture content. The calibration curve of soil 
moisture sensor is given in the following Fig. 6. 

Fig. 3. Calibration curve of soil moisture sensor 
up to 35 % moisture content

The available water to the plant in the soils of the 
experimental plots were in the range of 15% to 34%. 
The algorithm for operating automatic control system 
was developed by using calibrated curve of the soil 
moisture sensor. It was developed in such a way that 
the system maintains the soil moisture content in the 
range of 25% to 31%. At first, the laboratory testing 
of the whole system was done by using soil sample 
at different moisture content. The system was then 

installed in a strawberry field at terrace of length 35 m 
with 1.5 meter of width with gravity fed drip irrigation 
system. When the moisture content in the field was 
less than 25%, the normally controlled solenoid valve 
opens and irrigates the field up to the moisture content 
of 31% and  solenoid valves automatically closes the 
irrigation. Thereby always automatically maintaining 
a suitable range of soil moisture content of the field. 
Detail field observation is going on.

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

Under this study the climate data of seven different 
places of north east India (Basar, Gangtok, Jharnapani, 
Umiam, Imphal, Kolasib and Lembucherra) were 
analyzed. Mean monthly as well as seasonal maximum 
temperature has significantly increased over most 
of the places whereas the trends in mean minimum 
temperature depicted changes in both directions. 
Similarly there has been a tremendous increase in the 
extreme indices of maximum temperatures over the 
region. On the other hand the changes in mean rainfall 
were not significant in most of the places though there 
were a clear sign of decrease in rainfall during the 
winter months over the region. The extreme rainfall 
indices have also shown a spatially dissimilar pattern 
over the northeastern region. 

The weather forecast provided by the IMD for 
different places over the northeastern region (Umiam, 
Jharnapani, Imphal and Kolasib) were evaluated with 
the weather observed at the agro-met observatories 
of this institute. We used the standard weather 
forecast evaluation criteria specified by IMD. The 
study evaluated the weather forecast from 2014 – 
2018 for daily data and compiled them in seasonal 
scale for presentation and interpretation. The results 
of rainfall forecast are shown in the Fig. 7 and 8. It can 
be seen that the sum of H & Z (H: No. of times both 
rainfall predicted and observed, Z: No. of times both 
rainfall not predicted and not observed) covered 
between 70-90% while the sum of F & M (F: No. of 
times rainfall predicted but not observed, M: No. 
of times rainfall not predicted but observed) was 
less than 30% in all the cases over the four different 
places. These showed that qualitatively (i.e. whether 
there will be rainfall or not/ vice-versa) the forecast 
for the rainfall events were mostly correct. On the 
other hand, in case of quantitative analysis the sum 
of correct & usable contains more than 80% during  
winter & post-monsoon. But during pre-monsoon, it 
ranged between 40% - 50% and about 10% - 15% 
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during monsoon season. It means that when rainfall 
amount is more, then the error in quantity is also 
more. The root mean square error (RMSE) values also 
support this observation. The results suggest that the 
occurrence of rainfall events may well be forecasted 
but the quantity of rainfall still remains a matter of 
challenge.

Fig. 4. Qualitative evaluation of the daily rainfall 
forecast aggregated at seasonal scale

Fig. 5. Quantitative evaluation of the daily 
rainfall forecast aggregated at seasonal scale

Understanding the rainfall anomalies and its 
impacts on agriculture of north eastern India

To understand the anomalies in rainfall events over the 
region, the study analyzed long term rainfall datasets 
over homogenous rainfall regions of India (IMD, 1871-
2016) as well as from different agromet-observatories 
of this institute covering the north-eastern states. The 
result of 146 years of data analysis show that during 
the monsoon season (June-September) there were 
20 excess years (EY) and 27 deficit years (DY) for 
all India while there were 19 excess and 31 deficit 
years in case of northeastern region of India. It clearly 
shows that northeastern region has faced more deficit 
rainfall years as compared to all India i.e. there is a 
difference in the pattern of rainfall anomalies in this 
region compared to the whole country. Moreover, 
the region is also facing a strong negative trend in 
monsoon seasonal rainfall (- 3.97 mm/year, p<0.05) 
during the last three decades (1981-2016). Within 
the northeastern region, the rate of decrease in 
monsoon rainfall was found to be highest for Sub-
Himalayan West Bengal and Sikkim subdivision 

(SHWBS) (- 8.49 mm/year, p<0.1) followed by Assam 
and Meghalaya subdivision (A&M) (- 5.95 mm/year, 
p<0.1) and Nagaland, Manipur, Mizoram and Tripura 
subdivision (NMMT) (- 1.71 mm /year, p=NS). The 
Assam and Meghalaya subdivision faced maximum 
number of 31 DYs. The tendency of deficit rainfall 
years have increased tremendously over the whole 
northeastern region but the NMMT subdivision was 
the worst hit followed by A&M and SHWBS. These 
results clearly depict the existence of intra-regional 
variation in the rainfall anomalies. Similarly we have 
calculated the anomalies for different station of this 
institute like Gangtok (Total year=35, EY=6, DY=7), 
Jharnapani (Total year=20, EY=3, DY=2), Umiam 
(Total year=36, EY=5, DY=7), Imphal (Total year=40, 
EY=10, DY=5), Kolasib (Total year=38, EY=10, DY=4) 
and Lembucherra (Total year=26, EY=5, DY=4) which 
also depict regional variability. Further this study has 
also found out the broad tele-connection between the 
monsoon rainfall anomalies with the El-Nino. Out of 
the 147 years of data analysis, there were 30 El-Nino 
years from which 14 coincided with deficit monsoon 
rainfall years for all India condition but only in 9 cases 
it coincided with the deficit monsoon rainfall years of 
northeastern India. Moreover in case of northeastern 
India, La-Nina years have been found to be associated 
with the DYs and some El-Nino years with the EYs. 

Development and management of integrated 
water resources in different agro-ecological 
regions of India under Agri-consortia Research 
Platform on Water

During the year 2019, one runoff water harvesting 
pond and one plastic lined jalkund was renovated 
in Umroiwah watershed. Runoff water from the 
watershed area was collected in the pond located 
at the outlet of the watershed. The collected water 
was pumped to the polyline ponds (jalkund) located 
at the higher elevation of the watershed by using 
solar power water pump. Mild slope terrace were 
maintained on the sloppy surfaces and raised bed for 
plantation of crops were made. French bean, Chilli and 
turmeric were grown on terraces having area of 647, 
440 and 240 m2 respectively under crop components 
of Integrated farming system (IFS) . Productivity of 
French bean, chilli and turmeric were 9.456, 12.8 
and 25.778 t/ha with water use efficiencies (WUE) of 
15.76, 12.19 and 15.34 kg/ha-mm and economic WUE 
of Rs. 630.4, 731.43 and 383.6 per ha-mm. Under live 
stock components of IFS, fish (IMC) and pig rearing 
were undertaken in 936 m2 pond and 320 m2 pig shed. 
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376 kg fish were produced with WUE of 2.68 kg/ha-
mm and 460 kg body weight pigs and piglets were 
produced with WUE of 299.01 kg/ha-cum. Economic 
WUE were Rs.642.74/ha-mm and Rs.376.09/ha-cum 
for fish and pigs respectively.  Farmers with 2583 
m2 of land can earn Rs. 3,36,971/-per annum with 
IFS approach by using solar powered drip irrigation 
system.

Forecasting agricultural output through space 
agro-meteorology and land based observations 
(FASAL)

Under the FASAL project this centre covers two major 
crops i.e. rice and maize. Field experiments on maize 
(cv. RCM 76) and upland rice (cv. Bhalum 1) were 
conducted during 2019. Maize was sown in 3rd week 
of April, while direct seeded rice was sown during 
the 2nd week of June. Rainfall during 2019 maize 
growing period (April-July) was 1161.3 mm against 
water requirement of 750 mm with 61 nos. of rainy 
days, whereas, during rice growing period (June-
October), amount of rainfall was 1756.5 mm against 
requirement of 1000 mm with 85 nos. of rainy days. 
The crops did not suffer from any water stress during 
its growth periods. Maize and rice took 103 and 121 
days to attain physiological maturity, respectively. 
DSSAT (Ceres-Maize) simulated maize yield was 2555 
kg ha-1 against observed yield of 2053 kg ha-1with over 
estimation of 24.4%. In case of rice, simulated yield 
was 2335 kg ha-1 against observed yield of 2285 kg 
ha-1 with over estimation of 2.1%. 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 2019 may be 
47.1 and 148.4 thousand tonnes, in the same order.

Gramin Krishi Mausam Sewa (GKMS)

Agro-advisory service started from May 1996 at 
Agro-Meteorological Field Unit (AMFU), Umiam with 
the objectives of preparing agro-advisory services 
(AAS) bulletin based on value added weather forecast 
received from IMD, Guwahati/Shillong (medium 
range of 5 days) on every Tuesday and Friday after 
consultation with the expert committee consisting of 
subject matter specialist scientists. Apart from that, 
taking feedback from farmers, analyzing the accuracy 
of the weather forecast for improvement of AAS and 
communicating daily recorded meteorological data 
to Regional Meteorological Centre (RMC), Guwahati 
are some of the essential works of the AMFU. Agro-
met advisories for 11 districts of Meghalaya are 

prepared by expert group (Scientists of ICAR, 
Umiam) based on the weather forecast received 
from Regional Meteorological Centre, Guwahati and 
Meteorological Centre, Shillong along with using 
modern tools & techniques like remote sensing 
derived Normalized Difference Vegetation Index 
(NDVI) & widely used Standardized Precipitation 
Index (SPI) received from Agro-met Division of IMD, 
Pune. Agro-advisories are disseminated to media like 
AIR, DDK, Local newspapers, etc. through e-mail, SMS, 
Fax and Telephonic conversation. The agro-advisory 
bulletins prepared are also uploaded in IMD Agromet 
website (www.imd.agrimet.gov.in), Farmers’ Portal 
(www.farmer.gov.in), KIRAN website (www.kiran.nic.
in). Apart from that from this year we have started 
uploading of custom advisory in newly developed 
Agro-Advisory website (agromet.imd.gov.in) for 
dissemination. This AMFU is sending the advisory 
bulletins as well as SMS to all the KVKs of the state, 
State Agril/Horti officers for forwarding the SMS to 
beneficiary farmers. During the period under report, 
1144 numbers of AAS bulletins were prepared and 
disseminated to the farmers. A special agro-advisory 
bulletin was sent on 3rdMay, 2019 in connection with 
the “Fani” cyclone for creating awareness among 
the farming communities of Meghalaya. In addition, 
92,002 numbers of SMS were sent to the farmers 
through mkisan portal (www.mkisan.gov.in) of 
Ministry of Agriculture, Government of India.

AICRP on Plasticulture Engineering and 
Technology (PET)
Sub-project 1: Assessment of gravity-fed drip 
irrigation system for mid-hills of Meghalaya 

Two sites, one at the experimental field of Division of 
Agricultural Engineering and another at a farmer’s 
field located at Umktieh Village, Ri-Bhoi District, 
were selected and the detailed topographical surveys 
were undertaken (Fig. 12 and 13). In case of the field 
of Division of Agril Engg., Umiam, the total area was 
about 220 m2 in three terraces (dimensions- width: 
1.5 m – 2.0 m, length: 32m - 38.5m) and 712.6 m2 

area in the farmer’s field. Solar pump (0.5 hp DC) has 
been installed for uplifting the water from a water 
storage pond/well to overhead water tank from which 
water is supplied to the crop through gravity fed drip 
irrigation system. The high value strawberry crop has 
been taken as the test crop for the system. Seedlings 
of winter-dawn variety of strawberry were planted 
in two rows with spacing of 30 cm x 30 cm in raised 
beds. Further for conservation of soil moisture and 
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reduce weed growth, black polythene mulch (width 
of plastic 1.2 m, thickness of plastic 0.08–0.013 mm) 
was also used. Planting of strawberry saplings were 
done on 17th October, 2019 in the experimental field 
at ICAR RC NEH, Umiam and on 3rd October, 2019 the 
planting in the farmer’s field (Fig. 12 and Fig. 13). 
Gravity fed drip irrigation system was tested properly 
for the discharge of each emitter. The average emitter 
discharge recorded in the fields of ICAR RC NEH, 
Umiam was 17.3 ml/min and 25.4 ml/min in the 
farmer’s field. Soil moisture was regularly monitored 
and required amount of irrigation was provided based 

Fig. 6. Straw berry plant at farmer field Fig. 7. Straw berry plant at farmer field

Table 3. Observations taken on the strawberry fields.

ICAR RC NEH, Umiam

Date of Observation Total No of Plants No of Plants with Flowers No of Plants with Fruits

17th December, 2019 483 112 18

28th December, 2019 483 350 137

Umktieh Village, RiBhoi District

Date of Observation Total No of Plants No of Plants with Flowers No of Plants with Fruits

23rd December, 2019 3975 2046 657

31st December, 2019 3975 2225 1513

on the soil moisture status. During the months of 
October and early November very little growth in the 
strawberry plants were observed. The plants started 
growing during late November to early December 
and flowering started in few plants by second half of 
December and thereafter small fruits started coming 
out in the next fortnight on some strawberry plants in 
both the fields. The growth and yield of the strawberry 
crop is monitored regularly and the following table 3 
shows the date of observation along with number of 
plants with flowers and fruits:

Sub project 2: Development and assessment of 
microcontroller based solar tunnel drier suitable 
for heavy rainfall region of northeast India

Under this part of the project, a solar smart tunnel 
drier of dimension 6 x 5 m was designed with elliptical 
roof of height of 1.8 m at side and 2.8 m at the middle 
using MS pipes.  The tunnel dryer is covered with UV 
treated 200 µ thick diffused polythene plastic. There 
are 12 trays inside the dryer each having dimension 
of 1.5 m × 1.5 m, made up of aluminum sheet and 

aluminum wire mesh. It has capacity to hold 8.33 Kg 
of sliced turmeric/ginger in a tray. The tunnel dryer is 
designed to have a capacity of drying 100 kg raw sliced 
turmeric/ginger in 12 trays. The trays are supported 
by a stand having capacity to hold 2 numbers of trays. 
Therefore, a tunnel dryer has 6 numbers of stands. The 
tunnel dryer is having microcontroller Arduino Mega 
2560 as computing unit along with DHT 22 sensors, 
12 V DC Fans, Nema 23 stepper motor, etc. Humid and 
heated inside air is exhausted by 5 numbers of DC fans 
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and fresh air is allowed to the dryer through an air 
inlet system having cross section area of 0.3 m × 0.05 
m. The air inlet system is having a sliding flap which is 
controlled by a nema 23 stepper motor and a chamber 
of charcoal to reduce moisture content of air entering 
into the tunnel dryer. Alpha numeric LCD display of 
20×4 is used to display the temperature, humidity, 
moisture ratio and number of active fans, etc.  SD card 
module is also provided to record all the activities 
including temperature and humidity of inside and 
outside of the drier. A load cell having capacity of 10 
kg is also interfaced with the microcontroller. The 
load cell is provided with a tray of 0.5 m × 0.4 m. The 
load cell is provided for continuously recording the 
drying behavior inside the tunnel dryer. DS1307 is 
also interfaced with the microcontroller to provide 
real time to the SD card while recording data. The 
complete diagram of the electronic system is depicted 
in the Fig. 14.

Fig. 8. Block diagram of the complete electronic 
system of the tunnel dryer

Fig. 9. Dried ginger inside the tunnel 
dryer on 3rd day

After designing and construction of the solar tunnel 
drier, at first it was tested with half load (i.e. 50 kg) 
during 12th to 14th October 2019. The sunshine 
intensity at the project site was also recorded. 50 
kg of ginger was washed thoroughly and sliced with 
the slicing machine into thickness of 1 mm to 3 mm. 
The sliced ginger was kept in tunnel dryer for drying. 
During drying inside the tunnel dryer, weight of the 
sample kept on the load cell tray was recorded for 
every minute. The maximum outside temperature in 
each day during the drying period was found to be 
around 30°C but the maximum temperature inside 
the drier on first day, second day and third day was 
found to be 46°C, 50.5°C and 53.8°C respectively. 
The minimum outside humidity on first, second and 
third day were found to be 69.3 %, 56.7 % and 72.7 % 
respectively while minimum inside humidity on first, 
second and third day were found to be 55.3%, 41.3% 
and 37.2 % respectively. On the first day, ginger dried 
from 88.09% moisture content to 50.49 % moisture 
content till 3 pm. After 3:00 pm, it absorbed moisture 
from the air inside and reached moisture content of 
63.03 %. On second day of drying, the moisture content 
decreased from 63.03% to 11.78% till around 3:30 
pm. After 3:30 pm, it again absorbed moisture and 
reached moisture content of 47.71%. On the third day, 
moisture content decreased from 47.71% to less than 
1% moisture content (Fig. 15). So, 50 kg fresh ginger 
having initial 88.09% moisture content was dried to 
less than 1% moisture content in 63 hr (cumulative 
time) by using the developed microcontroller based 
smart solar tunnel dryer. Further the whole system 
has to be tested with full load (100 kg) for drawing a 
holistic conclusion.

AICRP on Farm Implements and Machinery
Sub project 1: Development of complete 
mechanization package for pineapple cultivation 
in north eastern hill region

Weeding of Pineapple

In order to reduce the labour requirement during 
weeding-I operation, a trial of conventional brush 
cutter for weeding operation in pineapple field 
was tested. During the operation, it was found that 
about 15% to 20% of intercrop was damaged during 
operations with brush cutter. The effective field 
capacity of operation was found to be 0.0396 ha/h i.e. 
3.15 man-days/ ha. 
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Pineapple Harvesting

During field testing of the CAU (Central Agricultural 
Univeristy, Manipur) model, the average number of 
fruit pluck per hours was found to be 32 whereas for 
the KAU (Kerala Agricultural University, Thrissur) 
design, it was found to be 28 (Fig. 17 and 18). The 
reason for decrease in number of fruits pluck per 
hours may due to difficulties of holding fruits as 
most of the ripen fruit are not in straight position 
rather in lodging condition. During the testing of 
both models, an additional person is required to pick-
up the cut pineapple from the field. So, it was found 
that there was no benefit of providing holder unit in 
the harvester. The pineapple harvester was tested by 
removing holder unit. It was found that on an average 
53 pineapples/hour could be harvested (Fig. 19). 

Fig. 10. CAU model pineapple harvester

Fig. 11. KAU model pineapple harvester

Fig. 12. Pineapple harvester without 
holding unit

Fig. 13. Manual pineapple harvester

A manual harvesting tools was developed in division 
of agricultural engineering, ICAR RC for NEH Region, 
Umiam, Meghalaya (Fig. 20). The tool comprise of a 
holding unit and a cutting unit. The holding unit is 
made up of 0.1 m internal diameter PVC pipe with 
a Caliper Holder having provision to operate from 
inside the pipe. The cutting unit is of 0.08 m width 
cutting blade with PVC pipe handle. Weight of holding 
unit as well as cutting unit is 1.495 kg and 0.316 kg, 
respectively. During testing of this manually harvesting 
tool, it was found that on an average 48 fruits/hours 
can be plucked and kept on the basket. 

Frontline Demonstration of Farm Tools and 
Machinery

Front line demonstrations self-propel vertical 
conveyor reaper (VCR), power paddy thresher cum 
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cleaner, hand operated winnower and posthole digger 
were conducted in the farmers field (Fig. 21). 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 by Division of Agricultural 
Engineering, ICAR-RC-NEH Region, Umiam were also 
demonstrated for threshing & cleaning paddy in the 
farmers field for popularization. In 2019, 4 numbers of 
villages were covered under front line demonstration. 

Fig. 14. Frontline demonstration of farm tools and machinery

Prototype Manufacturing of Farm Tools and 
Equipments

Prototypes of farm tools and equipment (848 numbers) 
were fabricated during January to December, 2019 
under AICRP on FIM and 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. 

Table 4. Prototypes of farm tools and equipments manufactured and supplied during 2019

Prototypes Fabricated and 
Supplied Quantity/No. Prototypes Fabricated and 

Supplied Quantity/No.

Maize sheller 221 Manual Trolley 18

Manual weeder 402 SRI row marker 06

Adjustable Row Marker 134 Quadrat of size 1 m x 1 m 40
Motorized paddy thresher cum 
blower 06 Mounted maize sheller 28

SOCIAL SCIENCES
Multidimensional performance evaluation of 
different Integrated Farming System in North 
Eastern Hill Region

Data have been collected from the farmers’ field of 
Nongthymmai village, Ri Bhoi district, Meghalaya. 
Economic performance evaluation of two farming 
system models i.e Livestock based integrated farming 
system and pond based integrated farming system 
models were carried out. For the estimation of 
economic viability, Net Present Value (NPV), pay-back 
period, Internal Rate of Return (IRR) and Benefit–
Cost Ratio (BCR) were worked out. In livestock-based 
farming system, farmers kept the pig and poultry. 

Manures were recycled to field after composting at 
site. The area of the farmer was around 500 m2and 
NPV of the system was found Rs. 1.72 lakhs. The 
benefit cost ratio was found out to be 1.96 and cost 
of cultivation includes construction of poultry and pig 
shed. The Internal Rate of Return was worked out to 
be 19.25% and pay-back period was 4 years. 

Fish culture forms an integral part of the people in 
the Ri-Bhoi district of Meghalaya and is one of the 
important sources of income for the farmers. Most of 
the farmers are having small size pond (500 to 600 
m2) where fish is reared by conventional method. 
Farmers construct low cost pig/goat houses near the 
pond dykes and duck sheds over the water bodies 
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using locally available materials like bamboo, wooden 
logs, thatch grass, GI sheet etc. Vegetables like bottle 
gourd, lablab bean, laipatta etc were cultivated in the 
pond dyke, whereas crops like tomato, cole crops were 
cultivated in nearby areas. The NPV of the pond or 
aquaculture-based farming system was found Rs.1.44 
lakhs. Internal rate of return was also found very high 
i.e. 22.5%. Benefit–Cost Ratio (BCR) of the system was 
worked out to be 2.7 and pay-back period was found 
3.5 years. It was found that integration of aquaculture 
with crops, vegetables, fruits and livestock would 
efficiently utilize natural resources, reduce farmers 
risk and generate year-round employment and 
income.

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

To identify the suitable strategies for improving 
the effectiveness of convergent extension model in 
Meghalaya, there is need to assess the existing nature 
and extent of convergence among the extension 
service providers along with factors which facilitate 
or inhibit the convergence. For this purpose, 120 
extension officials were selected across the five 
districts of Meghalaya from different organizations 
that are engaged in delivering extension services to 
the farmers which include district and block level line 
department officials, subject matter specialist from 
KVK, staff from NGOs and input agencies. Data has 
been collected through the semi-structured interview 
schedules developed specifically for this purpose 
and it was analysed using appropriate descriptive 
statistical tools.

The result of study indicates that more than three 
fourth of extension officials are aware about the 
different line departments of state governments, ICAR 
institutes and KVKs but they have limited interaction 
(either occasional or never) with them with respect 
to delivery of extension services. Result also revealed 
that 42% of extension officials have reported that 
their organization is working in convergence mode 
with other organizations like ATMA, Dept. of Animal 
Husbandry & Veterinary, Community & Rural 
Development Dept. and Soil & Water Conservation 
Dept. with very less involvement of grass root level 
organizations like NGO, SHGs etc. To identify the 
factors which limit the convergence with other 
organization, Garret ranking technique was used. The 
result of the ranking technique revealed that, lack of 
inter-departmental communication rank first while 

overburden with non-mandated task, fear of hijacking 
the success and fear of loss of authoritative power has 
been ranked second, third and fourth respectively. 

To assess the effectiveness of ATMA-led convergent 
extension model in Meghalaya which is being 
implemented throughout India, the result shows that 
70% of the extension officials are unaware about the 
operational mechanism of ATMA and more than four 
fifth of the extension officials have not yet participated 
in the ATMA activities because of this nearly 60% 
extension officials have perceive that effectiveness 
and impact of ATMA need to be improved. When they 
were asked to rank the major constraints experienced 
while working in the ATMA-led convergent extension 
model, they have given first rank to the lack of clear-cut 
guidelines and delineation of responsibility followed 
by insufficient funds, lack of involvement of local 
officials in the programme planning and formulations 
and lack of adequate staff as second, third and fourth 
major constraints.

Based on the result obtained from the study, it can 
be suggested that appropriate measures for effective 
inter-organizational communication should be taken 
by concerned authority for ensuring participation of 
different stakeholders to improve the effectiveness 
of convergence among them. To improve the 
effectiveness of ATMA-led convergent extension 
model in Meghalaya, there is need to create awareness 
among all the district and block level extension 
functionaries through sensitization workshop in 
which they should emphasize the working mechanism 
of ATMA along with clear-cut guidelines and 
delineation of responsibility to each stakeholders for 
working in convergence mode. Apart from this, they 
should also take necessary measure to increase the 
inter-departmental communication.

ANIMAL SCIENCES
LIVESTOCK PRODUCTION
Performance evaluation of Sirohi and Jakhrana 
indigenous Goat breed in agro-climatic condition 
of Meghalaya under Semi-intensive system 

Goat breeds in this region are small to medium sized 
breed and it will reach the maximum body weight 
of 12-15 kg at market age (10 months). Large sized 
indigenous goat breeds like Sirohi and Jakhrana was 
introduced in the agro-climatic condition of Meghalaya 
and their adaptability and performance was evaluated. 
The productive and reproductive performances of 
these breeds were compared with Assam Hill goat. 
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The growth rate of goat at different ages was assessed 
using digital electronic balance and the reproductive 
parameters were obtained from the record.  The study 
Table 1. Productive performance of Sirohi, Jakhrana and Assam Hill goats

Table 2. Reproductive performance of Sirohi, Jakhrana and Assam Hill goats

Body weight (kg) Sirohi Jakhrana Assam hill
 Birth 2.53±0.03 2.31±0.07 1.82±0.31
3 months 10.15±0.42 9.23±0.35 6.78±0.28
6 months 15.35±0.14 13.49±1.14 9.85±0.43
9 months 18.23±0.42 17.52±0.66 12.61±0.62
12 months 22.65±0.25 21.89±0.87 15.85±0.23

Reproductive traits Sirohi Jakhrana Assam hill 
1. Age at first kidding (days) 684.61±0.75 568.25±0.03 417.00±0.03
2. Kidding interval (days) 370.61±0.38 311.16±0.15 267.00±0.61

3. Type of birth 

Single 71.42% 45.45% 19.25%
Twin 28.58 % 36.36% 55.00%

Triplet - 18.19% 23.75%
Quadruplet - - 2.00%

Sirohi and Jakhrana attained the body weight of 9-12 
kg at 3 months of age while Assam Hill goat attained 
6-7 kg. Similarly, the mean body weight at 12 months 
was 22.65 kg in Sirohi,   21.89 kg in Jakhrana and 
15.85 kg in Assam Hill. Both Sirohi and Jakhrana 
breeds maintained significantly higher body weight 
gain and growth as compared to the local Assam Hill. 
However, the reproductive performance of Sirohi and 
Jakhrana were poorer than Assam Hill goat (Table 2). 
For instance, Assam Hill goat attained early sexual 
maturity and age at first kidding was 400-450 days, 

shows that the growth rates of Sirohi and Jakhrana 
were significantly higher as compared to Assam Hill 
goat (Table 1). 

which is significantly lower than Sirohi and Jakhrana.  
Similarly, the kidding interval is shorter in Assam hill 
as compared to Sirohi and Jakhrana (Table 2). The 
key parameters for fecundity are twining and triplet 
percentage in goat. The study found that Assam Hill 
goat had significantly higher twinning (55%) and 
triplet (23%) percentage as compared to Sirohi and 
Jakhrana. Regarding milk production, Sirohi and 
Jakhrana provided higher milk yield than Assam Hill 
goat during the lactation period.

The average milk yield recorded in Sirohi was 880.2 
ml/day and in Jakhrana was 1200 ml/day, while Assam 
Hill goat recorded only 280.2 ml/day.  Regarding to 
carcass traits, Sirohi, Jakhrana and Assam Hill goat 
was recoded dressing percentage of 53.45, 48.24 and 
46.12, respectively (Table 3). The Sirohi and Jakhrana 

goats had superior carcass traits as compared to 
Assam Hill goat.  The incidence of different diseases 
conditions were also studied in these breeds and it 
was found that Assam Hill goats are more resilient. 
Incidence of diseases like enteritis and pneumonia 
were higher in Sirohi and Jakhrana.

Table 3. Carcass traits of Sirohi, Jakhrana and Assam Hill goats

Traits Sirohi Jakhrana Assam Hill
Slaughter weight at 12 month (kg) 23.54±2.01 25.67±2.25 15.45±1.76
Hot carcass weight (kg) 15.27±0.67 13.68±0.17 12.10±0.12
Dressing percentage 53.45±0.11 48.24±1.56 46.12±0.13
Fore Quarter (%) 56.34±0.67 55.23±0.23 35.87±0.25
Hind Quarter (%) 43.55±0.21 44.54±0.05 34.54±1.67
Breast fat (cm) 3.05±0.61 2.64±0.21 2.12±0.92
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Limb fracture cases were also found to be common 
in these large breeds of Sirohi and Jakhrana due to 
their long extremities whereas it was hardly found in 
Assam Hill goat. Total of six Sirohi goats was provided 
to Farmers in the Garo Hills of Meghalaya and the 
performance in small holder production system was 
recorded (Fig.1). The Sirohi Goat obtained the mean 
body weight of 20.05 kg at 12 months. Based on the 
performance, diseases incidences and carcass traits in 
the study, Sirohi as a large sized goat breed suitable 
in agro-climatic condition of Meghalaya for enhancing 
goat productivity.

Performance of dairy cattle and buffalo in the 
agro-climatic condition of Meghalaya

The productive and reproductive performance of 
HF Cross, Tharparkar cattle and Murrah buffalo was 
evaluated. Animals were fed with green grass, dry 
fodder and concentrated feed as per the standard 
recommendation. The productive performance 
(milk yield, lactation length and lactation yield), 
reproductive performance (services per conception, 

Fig. 1. Performance of Sirohi Goat in Tura

service period and calving interval), disease incidence 
and adaptability were evaluated. The average 
daily milk yield (In liters) of buffalo, HF cross and 
Tharparkar cattle was 8.73±0.32, 15.20±1.12 and 
6.20±1.05, respectively (Table 4).

Table 4. Species wise productive and reproductive performance of dairy animals

Parameters Murrah buffalo HF cross Tharparkar cattle

Birth wt. of calf (kg) 34.66±0.02 45.50±0.15 23.50±0.35

Milk yield/day (In liters) 8.73±0.32 15.20±1.12 6.20±1.05

Lactation length (In days) 282.56±5.34 281.38±9.45 270.02±13.33

Avg. Lactation milk yield (In liters) 2465.83±117.31 4276.97±330.51 1674.23±15.42

Fat % 7.73±0.73 3.10±0.73 4.4±0.73

SNF 8.8±0.23 7.8±0.22 8.2±0.12

Dry period (d) 80.45 ± 5.23 90.45 ± 5.23 75.45 ± 5.23

Services per conception (In Nos.) 2.13 ±0.63 2.40±0.76 2.24±0.57

Service period (In days) 130.43±11.26 103.30±10.32 90.14±12.38

Calving interval (In days) 425.12±8.2 392.98±19.43 395.55±24.15

The milk quality was also evaluated with an automatic 
milk analyzer and found to have 7.73±0.73, 3.10±0.73, 
and 4.4±0.73 fat percentage in Buffalo, HF cross 
and Tharparkar cattle, respectively (Table 4). The 
reproductive parameters such as calving interval 
(days) of buffalo, HF cross and indigenous cattle 
were 425.12±8.20, 392.98±19.43 and 395.55±24.15, 
respectively. Shorter calving interval is the key for 
the profitable dairy enterprise. Similarly, services 
per conception of buffalo, HF cross, and indigenous 
cattle were 2.13±0.63, 2.40±0.76 and 2.24±0.57, 
respectively (Table 4). This is one of the vital factors 
in the reproductive performances of dairy animals. 

Lesser number of services per conception better 
the reproductive performance of dairy animals 
and vice-versa. The study concludes that the 
productive performance including milk yield per 
day and lactation yield was incomparable with the 
performance of other parts of India. The average inter-
calving length was lower than other parts of India 
due to better adaptability and there is no report of 
summer anoestrus/ silent estrus in the agro-climatic 
condition of Meghalaya. Therefore, the agro-climatic 
condition of Meghalaya is found to be favorable for the 
reproductive condition of the dairy cattle and buffalo. 



ANNUAL REPORT 2019

49ICAR RC NEH

Table 5. Semen parameters of HF crossbred bull

Parameters (Mean±SE)

Volume (ml) 5.34±2.13 

Per Cent Live Spermatozoa 84.73±0.11

Mass motility (score) 3.84±0.23

Individual motility (%) 82.42 ± 0.06

Sperm Abnormality (%) 6.83±0.11

Concentration (million/ml) 1268.70±15.02 

Acrosomal integrity (%) 87.40±.02

Hypo-osmotic swelling (HOS) reacted spermatozoa 80.45±0.71 

Breeding Soundness, Semen Collection and 
evaluation of HF cross bred bull in Meghalaya  

The main objective of these examinations was to 
eliminate infertile bulls and improve the genetic 
base for fertility within breeds. Three healthy HF 
crossbred bulls of 2-2.5 years of age maintained 
at dairy farm utilized for the collection of semen. 
These bulls will be kept under identical feeding and 
management conditions during the entire course of 
the investigation.  The bull were subjected to various 
breeding soundness examinations such as duration of 
first licking preputial area (6.2± 0.89), reaction time 
(1.7±0.38 minutes), penile prortusion (0.23±0.04 
seconds), flehmen response time (2.1± 0.43 seconds), 
libido score (3.61±0.32), and scrotal circumference 
(32.51±1.33). All the bull showed penile protrusion 
following the exposure to the dummy. The reaction 
time was found to be less than one minute. Semen 
from HF crossbred bulls was collected using AV once in 
a month. Semen parameters were evaluated based on 
gross and microscopic appearance. The mean values of 
neat semen characteristics in HF crossbred bulls were 
recorded such as pH of semen (6.64±0.21), volume 
(5.34±2.13 ml), mass activity (3.84±0.23) and 
sperm concentration (1268.70±15.02 millions/
ml). The extended semen was further investigated 
and the mean values for different seminal attributes 

were: individual motility (82.42±0.06 %), Sperm 
Abnormality (6.83±0.11%), Acrosomal integrity 
(87.40±.02 %), and (HOS) reacted spermatozoa 
(80.45±0.71) (Table 5) were recorded. It can be 
concluded that the volume, pH, mass motility and 
sperm concentration of HF crossbred bull semen were 
well comparable with other breeds of dairy cattle, 
however higher individual motility, live sperm count, 
acrosomal integrity and lower abnormal sperm count 
were recorded in the HF crossbred bull semen in the 
agro-climatic condition of Meghalaya.

Effect of season on milk composition traits of dairy 
cattle in the agro-climatic condition of Meghalaya  

A total of 30 cows were selected and 8-10 ml of milk 
samples was collected for analysis of milk constituents. 
The milk samples were collected in winter (December, 
January, February), summer (April, May) and rainy 
(June, July, August) seasons. The highest mean for 
milk yield of dairy cows was recorded in the summer 
season (15.20±1.12b) followed by rainy season 
(13.20±1.56c), and lowest milk yield was found in 
the winter season (12.20±0.51a). The effect of season 
on milk fat percentage of dairy cattle in the summer 
(3.71± 0.16b) and rainy (4.12± 0.23a) season were 
non-significant, whereas it significantly differed in the 
winter season (4.94± 0.24a). 

Table 6.  Effect of season on milk parameters of dairy cattle

Parameters     Winter    Summer     Rainy
Milk yield 12.20±0.51a 15.20±1.12b 13.20±1.56c

Milk Fat % 4.94± 0.24a 3.71± 0.16b 4.12± 0.23a

Milk protein % 2.71±0.22a 3.84± 0.10b 3.46± 0.029b

Milk Lactose % 4.49± 0.13 4.26± 0.15 4.33± 0.22
Milk SNF% 8.21± 0.14a 8.53 ±0.02a 7.81 ±0.08b

Total solids (%) 13.15±0.38 12.24±0.18 11.93±0.31
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Generation wise performance of Lumsniang pig 
variety and their genetic gain

In order to improve the pig productivity in the region, 
ICAR RC for NEH, Umiam has successfully developed 
the crossbred pig variety called “Lumsniang” for better 
adaptability and performance in hill ecosystem of the 
north eastern region of India. Improvement in different 
productive and reproductive traits due to selection, 
i.e., generation wise performance of Lumsniang was 
evaluated for 3 generations (Table 7). The litter size 
at birth and weaning showed an improvement of less 

than 1 kg during the three generations. However, the 
average litter weight at weaning was found to have 
improved by more than 2 kg in the 3rd generation. Body 
weight at all ages showed significant improvement in 
the 3rd generation. At 3 months of age, body weight 
increased from 12.95 kg in the 1st generation to 14.28 
kg in the 3rd generation. Similar improvement was 
observed for body weight at 6 and 8 months of age. 
The body weight at 10 months of age also showed an 
increase of almost 5kg in the 3rd generation.

Table 7. Generation wise performance for Lumsniang pig variety

Traits 1st generation 2nd  generation 3rd   generation
Litter size at birth (kg) 8.11±1.04 8.52±1.21 9.02±0.55
Litter size at weaning (kg) 7.41±1.25 8.09±0.21 8.12±0.81
Av. individual weight at birth(kg) 0.74±0.26 0.81±1.46 0.85±0.16
Av. individual weight at weaning (kg) 8.87±1.48 9.21±2.07 9.46±1.14
Av. litter weight at birth (kg) 7.42±0.84 8.17±1.05 8.56±1.39
Av. litter weight at weaning (kg) 73.29±1.05 74.55±1.38 75.73±1.23
Body weight (kg)
   3 month 12.95±1.81 13.84±1.11 14.28±0.52
   6 month 39.92±0.23 42.62±0.93 44.13±0.24
   8 month 64.43±0.11 66.34±0.28 67.11±0.08
  10 month 80.75±1.35 83.23±0.87 85.68±1.19

Reproductive traits due to their low heritability have 
lower genetic gain as compared to productive traits. 
The litter size at birth was found to have a genetic gain 
of 0.054 kg whereas litter size at weaning was 0.081 kg. 
Average individual weight at birth and weaning were 
found to have lower genetic gain. The body weight 
at different ages was found to have higher genetic 
gain. Body weight at 6 months of age had the highest 
genetic gain of 0.442 kg due to genetic improvement 
after selection.

Effect of mating ratios on the fertility and 
hatchability of turkey eggs

Studies on the effect of mating ratios on the fertility 
of turkey eggs were conducted. Total of 45 numbers 
turkey hens and 9 numbers of turkey toms of 32nd 
week old were allotted to three groups in the three 
different male to female ratios of 1:4 (T1), 1:5 (T2) and 
1:6 (T3) under pen mating system during the periods 
of November 2018 to June 2019 under standard 
intensive rearing system. Total of 570 numbers of eggs, 
consisting 190 eggs from each group in three different 

batches of incubation were examined for fertility at 
9th day of standard artificial incubation conditions by 
candling. It was observed that the average fertility per 
cent of T2 group eggs were highest (79.23%) followed 
by T1 (69.75%) and T3 (68.34%) groups. Moreover, 
the overall hatchability per cent of eggs were found 
to be low (23.45%). The result indicated that the 
mating ratio of 1:5 would be more effective for turkey 
in the agro-climatic condition of Meghalaya under 
pen mating systems compared to 1:4 and 1:6 mating 
ratios.                                    

Reproductive performance of Vanaraja and 
Srinidhi parents under intensive system of rearing 

The reproductive performance of Vanaraja and 
Srinidhi parent layers has been studied in terms of 
egg production, egg weight, fertility and hatchability 
from 40th to 84th weeks of production under intensive 
system of rearing. The highest average hen day egg 
production was recorded during 40th week, both for 
Vanaraja (65.14%) and Srinidhi (52.75%) parent 
layers and the lowest average hen day egg production 



ANNUAL REPORT 2019

51ICAR RC NEH

was recorded during 56th week for Vanaraja (24.45%) 
and 76th week for Srinidhi (15.58%). The overall hen 
day egg production was found to be higher in Vanaraja 
(36.60%) compared to Srinidhi (29.47%) parent 
layers. However, the overall egg weight during the 
period was higher in Srinidhi (59.77 g) compared to 
Vanaraja (58.10 g). The fertility and hatchability rates 
during the period were found to be higher in Vanaraja 
(82.63% and 64.94%) compared to Srinidhi (80.19% 
and 60.00%) eggs. Thus, the overall reproductive 
performance of Vanaraja parent layers was found to 

be better compared to Srinidhi parent layers during 
the period of 40th to 84th weeks of production. 

OTHER ACTIVITIES

Total of six numbers of farmers training programmes 
were organized under the STC component of Poultry 
Seed Project. A total of 357 numbers of tribal farmers 
from different districts of Meghalaya were imparted 
training and provided inputs in the form of improved 
chicken germplasm (Vanaraja, Gramapriya, Srinidhi), 
equipments, feed, medicines etc.

Fig. 2. Farmers training and input distribution

Fig. 3. Vanaraja and Srinidhi birds at farmer’s farm

ANIMAL HEALTH
Molecular platform for epidemiology, disease 
mapping and development of diagnostics for 
economically important diseases of ducks (DBT)

Disease surveillance has been initiated randomly 
to check the presence of bacterial diseases viz. 
Pasteurella spp., E. coli, Salmonella, Clostridium spp. 
We have screened a total of 214 samples (feacal, 
tissues, blood/serum) from Manipur (n=165, 35 feacal 
samples and 130 serum samples) and Meghalaya 
(n=49, 26 feacal samples and 23 serum samples). All 
the 61 feacal samples from Meghalaya and Manipur 
were screened for E. coli, Salmonella, Clostridium 
spp. Out of which a total of 35 E. coli, 3 Salmonella, 
32 Clostridium isolates were recovered. Besides, an 

outbreak of disease in ducks reared in farms was also 
investigated. The outbreak samples were positive 
for Salmonella by molecular technique. For 61  fecal 
samples were screened for Circo-virus, Duck hepatitis 
and it was negative, 26 samples from Meghalaya 
were screened for New Castle disease virus, out of 
which one sample was positive for NDV by PCR and 
sequencing also, rest all were negative.  Further, 50 
cDNA and 50 DNA samples were also send to NIAH, 
Hyderabad for detection of duck viruses viz. (Duck 
plaque virus, Duck viral hepatitis, Duck reovirus, Duck 
parvovirus, Duck Tembusu virus, Newcastle disease 
virus), of which 7 were positive for Dhav-1, 7 for DPV, 
12 for MPDV, 8 for DTMUV, 12 for ARV and 39 for NDV. 
Our results are forwarded to NESAC for mapping and 
weather parameters correlations.
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Risk assessment of chemical, microbial and 
parasitic hazard associated with food of animal 
and aquatic origin in Meghalaya (Institute-ICAR; 
IXX13959)

Study of microbial risk and parasitic hazards in food 
of animal origin in Meghalaya revealed clear risk of 
microbial hazards in pork in East Khasi Hills area 
compared to other two districts (Ri Bhoi and Jaintia 
Hills) and greater risk of microbial hazards in chicken 
and beef from Jaintia Hills compared to Ri Bhoi and East 
Khasi Hills. On the other hand, Campylobacter jejuni /
coli complex presented a greater threat to consumers 
compared to Staphylococcus aureus  and Escherichia 
coli (Fig. 3). This finding indicated allocation of greater 
research resources for Campylobacter spp. Further 
from our experimental data and meta-analysis of 
published data we calculated the total predicted 
illness per year for the state of Meghalaya. Results 
indicated that despite higher prevalence of E. coli  and 
S. aureus, more illnesses due to C. jejuni/coli complex 
(67620 p.a. for C. jejuni/coli, 7078 p.a. for E. coli and 
6762 p.a. for S. aureus) are expected in the population 
of Meghalaya. This data also highlighted need of 
greater attention for control of C. jejuni/coli complex. 

Fig. 1. Risk ranking of important foodborne 
microbial hazards

Fig. 3. Important animal diseases in Meghalaya 
(2004 - 18)

Whole genome sequencing of Mycobacteriodes 
chelonae M77 isolate

The bioinformatics analysis of Mycobacteriodes 
chelonae M77 revealed that the isolate belong to the 

Fig. 2. MAUVE analysis of M77, MOTT36w
and 47445

Erysipelothrix rhusiopathiae infection in the state 
of Meghalaya, India 

At present we have tried to carry out a systematic 
sero-survey covering whole Meghalaya for erysipelas 
in pigs. Altogether, 515 random serum samples were 
collected from 27 epidemiological units stretching 
across Meghalaya during 2018-19 and were screened 
for E. rhusiopathiae with reputed commercial indirect 
ELISA kits. A sero-prevalence of 0.97% (5/515) 
was seen for E. rhusiopathiae. The presence of this 
zoonotic pathogen warrants attention from not 
only the veterinary department in term of disease 
reporting, control and prevention but also from the 
medical fraternity to look into the  human zoonotic 
cases of E. rhusiopathiae from the state.

same M.cheloane. The analysis showed that the genome 
of M77 is tight genome with not much variation in 
relation to previous complete genomes reported 
(software- MAUVE analysis) and is non-pathogenic 
(Software-PathogenFinder 1.1) and sensitive to most 
of the antibiotics (ResFinder3.1) (Fig. 4)

All India coordinated research project on Animal 
disease monitoring and surveillance (AICRP on 
ADMAS)- We analyzed the last 14 years disease data of 
Meghalaya (2004-2018) for Bovine FMD, Hemorrhagic 
septicemia, Black quarter and Classical swine fever. 
The cases of bovine FMD were always dominated 
and were highest in 2009-10. The sero-prevalence 
was carried for pig diseases of Meghalaya for the 
year 2019 and analyzed by ELISA which came out to 
porcine Brucellosis 1.17% (7/515),   Classical swine 
fever is 18.26% (86/471) and Porcine respiratory and 
reproductive syndrome is 17.38% (85/489) (Fig. 5).
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Fig. 4. Limit of detection in artificially contam-
inated pork. (A) Conventional PCR detection 

limit, (B) Row 1: PSR products detection limit- 
Lane M- 100bp plus ladder, Lane 1-9: 4X106 - 

0.04 CFU/g, Lane 10 NTC - No template control; 
Row 2: Visual detection of PSR product by ad-
dition of SYBR Green I (Tube 1-9: 4X106 - 0.04 
CFU/g, Tube 10-NTC (C) Amplification curve of 
different dilutions of contaminated meat show-

ing amplification till 40 CFU/ml.

The polymerase spiral reaction (PSR), a novel 
isothermal method for targeted DNA amplification, 
was effectively applied to detect Salmonella in 
artificially spiked pork. The specificity of the developed 
PSR was tested using 16 Salmonella and 15 non-
Salmonella strains. The PSR assay was 10-fold more 

sensitive than conventional end-point PCR, having 
a sensitivity comparable to real-time PCR. The limit 
of detection of the developed assay was 4 × 103 per 
gram of pork without enrichment and 4 CFU per 
gram after a 6 h enrichment. The detection of 4 CFU 
per gram of pork was achieved within 8 h. The PSR 
assay was successful, and accurate in comparison to 
microbiological methods, in detecting Salmonella in 
11 of 76 commercial pork samples (Fig. 6). Therefore 
the positive predictive value, negative predictive value 
and accuracy rate of the developed assay were 100%. 
Considering its rapidity, user-friendliness, simplicity, 
cost-effectiveness and equipment-free nature, this 
PSR assay is a promising tool for the food industry 
for the detection of Salmonella and prevention of 
Salmonella outbreaks and recalls.

Work under the AdMaC platform (en-mass 
screening of manure samples for antimicrobial 
resistance genes)

A total of 45 livestock manure including Bovine 
(15), porcine (15) and poultry (15) samples were 
randomly collected from organized farms of Ri-
Bhoi district in Meghalaya. The pattern observed by 
conventional disc diffusion method showed 100% 
resistance to antibiotics belonging to each class. But 
the genotypic data obtained 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 manure (Fig. 8). 
Poultry manure harbored the highest conc. of AMR 
genes & MGEs compared to swine & Bovine manure. 
Not much significant difference observed between 
organized and un-organized farms in terms of genes 
conc. Beta lactam group of antibiotic were detected 
most in all manure samples.

Fig. 5. No. of antibiotic class present in manure 
samples

Development of a novel and rapid polymerase 
spiral reaction (PSR) assay to detect Salmonella in 
pork and pork products
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Prevalence and drivers of select zoonotic 
pathogens and use of antimicrobials in livestock 
farms in North-East region: A mixed methods 
study (ICMR)

Sample collection and processing of samples for ICMR 
was taken up since February 2019 according to the 
sampling plan. From the two joint-sampling conducted, 
a total of 284 samples were collected which were 
transported in cold-chain and processed immediately 
for bacterial isolation. Culture growths were subjected 
to conventional screening followed by molecular 
confirmation. Isolates were then screened for AMR 
genes in PCR and phenotypically by antimicrobial 
susceptibility test through disk diffusion method. 
It may be noted that a significant number (38.92%) 
of Staphylococcus isolates were recovered from the 
two samplings comprising five different species (S. 
aureus, S. chromogenes, S. sciuri, S. simulans and S. 

haemolyticus) identified through species-specific 
PCR. Majority of Staphylococcus, Klebsiella and E. coli 
isolates belonged to cattle (40%) and caprine origin 
(42.16%), while no E. coli was recovered from swine, 
and no Klebsiella isolates were isolated from Chicken 
and ovine samples (Table 1). The E. coli isolates were 
most sensitive to Trimethoprim-sulfamethoxazole 
with 60 (89.55%) isolates and highest resistance to 
cefotaxime with 28 (41.79%) isolates was observed. 
Majority of  the Klebsiella isolates (93.48%)were 
resistant to Ampicillin, which belongs to the class of 
beta-lactams, and most of the isolates were sensitive 
to most of the drugs tested, and no resistant strains 
were observed for amoxicillin-clavulanic acid, 
ceftriaxone, imipenem, amikacin, enrofloxacin and 
chloramphenicol. The Staphylococcus isolates showed 
a marked resistance to Penicillin of the beta-lactam 
group and high sensitivity to linezolid. All the isolates 
were fairly sensitive to the drugs tested.

Table 1. Host-wise distribution of the isolate details till-date

Host Staphylococcus E. coli Klebsiella Total
Bovine 28 (38.89%) 29 (43.28%) 17 (36.96%) 74 (40%)
Swine 3 (4.17%) 0 4 (8.70%) 7 (3.78%)
Caprine 28 (38.89%) 29 (43.28%) 21 (45.65%) 78 (42.16%)
Chicken 2 (2.78%) 3 (4.48%) 0 5 (2.70%)
Duck 8 (11.11%) 5 (7.46%) 4 (8.70%) 17 (9.19%)
Ovine 3 (4.17%) 1 (1.49%) 0 4 (2.16%)
Total 72 67 46 185

Veterinary Parasitology

Studies on Drug sensitivity and Genetic diversity of 
Eimeria isolates from Meghalaya  Overall prevalence 
of gastrointestinal (G.I.) parasitic infections in poultry 
was 37.28%. Eight species of G.I. parasites identified 

viz. Eimeria sp. (29.66%), Heterakis gallinarum 
(14.48%), Ascaridia galli (18.62%), Choanotaenia 
infundibulum (2.07%), Strongyloides avium (11.72%), 
Capillaria sp. (7.59%), Raillietina tetragona (12.41%) 
and Syngamus trachea larvae (3.45%). Identified 
eight species of Eimeria viz. E. mitis, E. brunetti, E. 
praecox, E. tenella, E. necatrix, E. maxima, E. mivati and 
E. acervulina in poultry of Umiam, Meghalaya using 
COCCIMORPH software (Fig. 9).

Parasitic infections in buffaloes of north eastern 
region of India and its management

A total of 187 numbers of faecal samples of 
buffaloes were collected from Meghalaya, Manipur 
and Tripura states. Out of these overall 39.57% 
buffaloes were found infected with gastrointestinal 
Parasites (Meghalaya-43.66%, Manipur-42.00% and 
Tripura-33.33%).Eggs of Amphistomes (8.02%), 
Strongyle (9.62%), Strongyloides (5.34%), Ascaris 
(2.67%), Balantidium coli (6.41%) and oocysts of 

E. mitis

E. tenella

E. brunetti

E. necatrix

E. praecox

E. maxima

E. mivati

E. acervulina

Fig. 6.  Different species of Eimeria in poultry
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Eimeria spp. (16.57%) were identified from these 
faecal samples of buffaloes (Fig. 10). A total of 14 
numbers of blood samples were screened and all were 
found negative for haemoprotozoan infections.

Fig. 7. Mixed infection with Eimeria spp. and 
Ascaris spp.

Establishment of Biotech- KISAN (Krishi 
Innovation Science Application Network) Hub at 
ICAR Research Complex for NEH Region, Umiam, 
Meghalaya (DBT)

Eight villages were adopted under the project and the 
villages were divided into four clusters (Two village 
in one Cluster) i.e. Cluster-1 (Mawlein & Mawkhan) 
Cluster-2 (Nonglakhiat & Lumshyiap) Cluster-3 
(Thadnongiaw & Mawbri), Cluster-4 (Umshorshor & 

Lummynri). A total of 120 farmer beneficiaries (15 
beneficiaries per village) were selected under the 
Project, out of the 15 beneficiaries per village, nine are 
piglet beneficiaries, one Mahila Biotech-KISAN fellow, 
two for Value added product training, two for Artificial 
Insemination (AI) & Para- Vet training and one for pig 
housing. Following are the activities covered under 
the project (Fig. 11).

Hygienic pig rearing with low cost housing and feeding 
inputs leading to safe pork: For smooth implementation 
of the Project 72 piglet beneficiaries were provided 
with 144 piglets (two piglets per beneficiaries) along 
with 48 packets of Pig feed (50kg/Packet) @33 kg per 
beneficiary. Monitoring the growth, health condition of 
piglets was done from time to time and pigs are reared 
in a hygienic condition under constant supervision, 
body weights of the pigs were recorded after every 
one month interval. Three rounds of deworming 
were completed to all 144 piglets and a Cluster wise 
Vaccination programme against classical swine fever 
in piglets was successfully completed in all four 
clusters and a total of 141 piglets were successfully 
vaccinated against the disease. Low cost pig house 
has been successfully constructed in four villages 
(Mawlein, Mawkhan, Nonglakhiat & Lumshyiap) and 
four are under progress.

Genetic improvement through supply of improved 
germplasm and artificial insemination: One hundred 
nos. of good germplasm were distributed to farmers 
for breeding purpose 

Fig. 8. Activities under Establishment of Biotech- KISAN Hub
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Maintenance of farm stock density to ensure supply 
of safe pork for development of value added products: 
Farm stock density is being maintained by scientific 
rearing of 141 nos of piglets.

Creation of income avenues and nurturing of 
entrepreneurship through marketing of piglets, 
fattened pigs and value added products: Pigs are in 
growing stage and not attained marketable age and 
thus we are in progress to fulfill these activities.

Trainings: Seven days training programmes on 
“Training on Value Addition of pork and pork products 
for beneficiaries and “Training on Diseases and 
management of piggery for AI & Paravet beneficiaries” 
was organised from 05th – 12th November 2019 
for Value addition and AI & Paravet beneficiaries. 
Moreover, two training programmes benefitting 100 
pig farmers were conducted in collaboration with 
KVK, Ri Bhoi and two training programmes were 
organized in partnership with ICAR- NRC on Pig, Rani, 
Guwahati.

Publicity, awareness, and sensitization of farmer for 
cluster formation and last mile marketing channel 
establishment (KVK Ri Bhoi): Awareness and 
sensitization on pig farming from 14th - 16th May, 2019 
and Supply of elite breeder population (Boar and sows) 
& development of innovative value added products 
(ICAR- NRC on Pig): Twenty five piglets (Yorkshire 
breed) were distributed to 24 beneficiaries.

Novel technologies developed

RT PSR (reverse transciptase polymerase spiral 
reaction):  RT-PSR based isothermal genomic detection 
tool for RNA viruses was developed and optimized for 
rapid detection of RNA viruses of animals.

Diagnostic for Cysticercosis: 

Under the project ‘ Risk assessment of chemical, 
microbial and parasitic hazard associated with food of 
animal and aquatic origin in Meghalaya’ (IXX13959), 
a PCR based diagnostic assay (Fig. 12) was optimized 
for rapid detection Cysticercus spp. from meat (pork 
and beef) to aid in the detection of cysticercosis, a 

prominent parasitic hazard associated with pork and 
beef. The assay was able to identify spiked samples 
with ease. Evaluation of the assay for sensitivity and 
specificity is underway.

Polymerase spiral reaction (PSR) assay to detect 
Salmonella in meat (pork)

Under the DST funded project (OXX04649) a novel 
visual based point-of-care (POC) diagnostic PSR assay 
was developed (Fig. 13). The PSR assay was 10-fold 
more sensitive than conventional end-point PCR, 
having sensitivity comparable to real-time PCR and 
were highly specific. The limit of detection (LoD) of the 
developed assay was 4 × 103 per gram of pork without 
enrichment and 4 CFU per gram after 6 h enrichment. 
The detection of 4 CFU per gram of pork was achieved 
within 8 h. 

Diagnostic PSR assay for detection of Staphylococcus 
aureus in meat

A diagnostic PSR assay was developed and evaluated 
for detection of S. aureus in the meat (pork) under 
the DST funded project (OXX04649). Evaluation of 
the assay indicated that the specificity, sensitivity, 
negative predictive value, positive predictive value 
and accuracy rate of the developed PSR assays were 
100%.  The PSR assay was 100- and 10-fold more 
sensitive than conventional end-point PCR and real-
time PCR, respectively. The detection of 19.9 CFU/g of 
pork was attained within 8 h (Fig. 13). 

Fig. 9. PCR detection of cysticercosis from pork 

Fig. 10. Polymerase spiral assays for Salmonella spp., S. aureus and C. perfringens
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Detection of Clostridium perfringens in meat by novel 
PSR assay

An ASSURED (affordable, sensitive, specific, user-
friendly, robust and rapid, equipment-free, and 
deliverable) compliant PSR assay was developed for 
visual and point-of-care (POC) diagnostic technology 
for C. perfringens (Fig. 13). The assay was 100-fold 
more sensitive than conventional end-point PCR with 
an analytical sensitivity of 80 fg. The LoD of the PSR 
and PCR assay was 980 CFU/g and 9.8 X 104 CFU/g of 
pork, respectively. The detection of 980 CFU/g of pork 
was attained within 90 min. The work was carried out 
under a DST funded project (OXX04649).

Training and outreach programmes 

Training cum demonstration of in-house kits under 
DBT ADMaC platform: A training programme was 
held on 10th and 11th June, 2019 involving the disease 
investigation officers of all the seven north eastern 
states. Officers from the regional disease diagnostic 
laboratory alos participated in the programme. In 
this programme a total of 13 disease diagnostic 
technologies were given as part of the “in-house” 
validation activity under the DBT-AdMaC project.

Animal Health Camp organized under Farmers’ 
FIRST programme: Animal Health Camp was 
organized for farmers at Sarikushi and Lalumpam 
village, Ri Bhoi, Meghalaya under Farmer’s FIRST 
Project. Farmers from different villages (Lalumpam, 
Borgang, Nongagang, Nalapara, Mawphrew, Umtham, 
Sarikhushi, Purangang, Borkhatsari, Madanleh) 
participated in the programme. Pigs (452nos.), 
poultry (1587nos.), goats (54nos.), cattle (23nos.), 
dogs (28nos.), cat (1 nos.) and rabbits (38nos.) were 
treated under programme.

Joint programme by ICAR-NDRI, ERS and ICAR RC 
NEH: Under NE component of TSP two outreach 
programmes on “Livelihood Improvement through 
Livestock Interventions” was organized by Division of 
Animal Health, ICAR RC NEH, Umiam and ICAR-NDRI, 
ERS, Kalyani at Umshorshor   and Lumnyri  villages 
Meghalaya.

Joint programme by ICAR-IVRI, ERS and ICAR RC NEH: 
Under ICAR IVRI NE programme, Kisan Gosthi-cum-
Awareness and Animal Health Programme was jointly 

organized by Division of Animal Health, ICAR NEH, 
Umiam, KVK, Ri Bhoi and ICAR-IVRI ERS, Belgachia 
on 28th February, 2019 for improvement of livelihood 
through piggery.

Awards 

The abstract titled “Instant Messenger – An Useful 
Tool for Delivering Health Services to Pig Farmers 
in Hilly Region of Meghalaya under Biotech-KISAN 
Programme published by scientists of the Division 
was awarded First Prize during ISEE National Seminar 
on Socio- Digital approaches for transforming Indian 
Agriculture. 

FISHERIES
Effect of temperature on hatching time and 
percentage of Amur common carp eggs

Common carp variety Amur normally breeds towards 
the end of February and breeding season continues 
till the April at mid hill.  The eggs of Amur common 
carp were placed in triplicates under the wet lab and 
poly house conditions. The temperature in wet lab 

Fig. 1. Air and water temperature in wet lab and 
poly house

was relatively lower than that of poly house (Fig 1). 
The water temperature in wet lab varied between 
19.25 to 20.75 °C while the water temperature ranged 
between 28.75 to 31.25 °C in poly house tanks.  The 
hatching or incubation time of eggs in polyhouse 
was observed to be 48 hrs. with an average hatching 
percentage of 74.06 % while under wet lab condition 
the eggs required 96 hrs. for hatching which resulted 
an average  61.79 percentage of hatching (Fig. 2-3).
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Fig. 2. Amur common carp eggs hatching under 
wet lab condition 

Fig. 3. Amur common carp eggs hatching under-
polyhouse condition 

Ichthyofaunal Diversity and limnology of 
kyrdemkulai Reservoir 

Kyrdemkulai reservoir was established in the year 1979 
at Ri-Bhoi district of Meghalaya. The Ichthyofaunal 
diversity and water quality of Kyrdemkulai Reservoirs 
have been recorded and documented since January 
2018 till date. It is an elongated reservoir which 
occupies an area of 80 ha with 10 major and minor 
bays. The water level in the reservoir fluctuates from 
2232.17 ft to 2208.2 ft during monsoon and post 
monsoon seasons. Mean water temperature ranges 
from 19.7 to 25.9 ºC. The mean pH, dissolved oxygen, 
total hardness, free carbon dioxide, total dissolved 
solids and transparency were observed to be 7.36, 7.45 
ppm, 23.46 ppm, 1.33 ppm, 26.87 ppm and 244.67 

cm, respectively. A total of 48 species belonging to 35 
genera, 19 families and 7 orders were collected. Most 
common fishing gears used in this reservoir is the gill 
net. In addition hook and lines and various locally 
made traps are also being used by the local people. 
Common carp is observed to be the most dominant 
species comprising about 75% of the catch. The catch 
per unit effort (CPUE) of gill net was estimated to be 
0.9 kg/gill net/ hr. The average density of planktonic 
composition is observed as 11,156 nos. per liter. A total 
of with 19 nos. of species or group of planktons have 
been identified. The diversity indices i.e. Simpson’s 
Index of Diversity (1-D) and Shannon Index showed a 
value of 0.88 and 2.44, respectively, which signifies a 
diversity of plankton in the reservoir (Figs 4-7).

Fig. 4. Reservoir at Full storage level

Fig. 6. Endangered Pillaia indica (Hillstream 
spineless eel)

Fig. 5. Plankton specimen

Fig. 7. Fish collected with local made bamboo 
traps & nets
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Antifungal effect of integumentary extract of 
cultivable fish species against fungal strains

Studies on antifungal activity of integumentary 
extract (Fig 8) of Catla catla, Cirrhinus mrigala, 
Clarias batrachus and Heteropneustes fossilis against 

four selected fungal species (Fig 9) viz., Aspergillus 
fumigatus, Aspergillus flavus, Candida albicans and 
Fusarium solani were conducted. The disc diffusion 
method was employed to assess the diameter of the 
inhibition zone (mm). The data revealed that there was 
significant variation among the fungal strains on the 
performance of their antifungal activity. Heteropneutes 
fossilis integumentary extract achieved the highest 
(16±0.71 mm) antifungal activity against Aspergillus 
fumigatus as compared to other fish species. Results 
also showed that integumentary extracts of all the 
fish species showed better inhibitory effect against 
Aspergillus fumigatus as compared to other fungal 
species. Catla catla antifungal activity was found to 
be lesser than the positive control Ketoconazole, 
however, the antifungal activities of Cirrhinus mrigala, 
Clarias batrachus and Heteropneustes fossilis showed 
better results than the positive control.

Fig. 8. Antifungal activity of integumentary 
extract of different fish species

Fig. 9. Different fungal species

Aspergillus fumigatus Aspergillus flavus Candida albicans Fusarium solani

Tribal Sub plan
Stakeholder consultation-cum-training 
programme on cage culture in Umiam reservoir

A stakeholder consultation-cum-training programme 
on ‘Cage culture in Umiam reservoir, Meghalaya was 
organized by the Fisheries Division of ICAR Research 
Complex for NEH Region in collaboration with ICAR-
CIFRI, Regional Centre, Guwahati Umiam at Umniuh 
Khwan village of Umiam, Meghalaya on 24.09.19 (Fig 
10). Along with officials of organizing institutes, Mr. 
Paul Tariang, Superintendent of Fisheries, Ri-Bhoi 
district, Govt. of Meghalaya was also attended the 
programme. Scientists and technical personnel of the 
two Institutes were acted as resource persons and 
programme was attended by 50 fishers farmers. 

Fig. 10. Consultation-cum-training programme 
on cage culture in Umiam reservoir, at Umniuh 

Khwan village
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Demonstration on Cage culture at Umniuh Khwan 
village of Umiam, Meghalaya 

The cage culture demonstration in umiam lake were 
undertaken jointly in collaboration with ICAR-CIFRI, 
Regional centre, Guwahati to support a livelihood 
programme of a fishing community in the village 
Umniew Khwan  in Ri bhoi district.  A battery of 6 
nos. of cages (Fig 11) were installed on a pilot scale to 

assess the growth performance and survival of three 
important cultivable fish species i.e. amur common 
carp, local common carp ( Cyprinus carpio) and Labeo 
gonius. The fishes are fed with pellet feed specially 
prepared by the ICAR-CIFRI, Barrackpore, West 
Bengal for cage culture. The demonstration is being 
undertaken with participation of local fisher group of 
the village. 

Fig. 11. Cage culture demonstration in Umiam Lake at Umniew Khwan village, Meghalaya

Hands on training on entrepreneurship 
development in fisheries

Organized a month hands on training on 
“Entrepreneurship development in Fisheries” under 
the Agri-Business Incubation (ABI) Programme of the 

institute from 1st July to 31st July, 2019 (Fig 12) to train 
three unemployed youths from Meghalaya, Assam and 
Manipur to develop entrepreneurship in aquaculture, 
fish seed production technology, ornamental fish 
culture and fish feed preparation. 

Fig. 12. Glimpse of hands on training on fishiries under ABI

Student internship programme 

Division has conducted a 15-day long internship 
programme in July, 2019 for two post graduate 
students of the Royal Global University, Guwahati on 

various aspects of aquaculture. Students were exposed 
to both theoretical and practical training on water 
quality management, fish culture, induced breeding, 
feed preparation and ornamental fish keeping etc. 
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Long distance transport of fish seeds

To popularize fish production at seasonal ponds 
in other parts of the country, an effort was made to 
transport a consignment of 12000 nos. of indigenous 
minor carp i.e. Labeo gonius seeds (fry) to ICAR 

Research Complex for Eastern Region, Patna (Fig 14). 
The consignment took approximately 17 hours to 
reach at ICAR Complex for Eastern Region, Patna by 
road and air. The seeds which were properly packed 
with oxygen resulted in 100 % survival during the 
transportation.

Fig. 14. Long distance transport of  L.Gonius seeds to Patna

Exposure visits and demonstration:

During the year 2019 altogether a total of 436 nos. of 
farmers, entrepreneurs, officials and students from 
various organizations such as state departments, 
KVKs, ATMA, NGOs, Schools,Cooleges and Universities 
visited the farm complex and interacted with the 

scientists and technical personnel of the Fisheries 
division. They were exposed to various ongoing 
activities at the fish farm complex as well as at the 
laboratory and educated them on good farm practices, 
cultivable fish species, seeds, feed, and integrated fish 
based farming etc..
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ARUNACHAL PRADESH
SUMMARY
A total of 2593 mm rainfall received during the year which was 9 per cent above normal rainfall. Mean maximum 
temperature was recorded above normal and mean minimum temperature recorded below normal. Guava cv. 
Allahabad Safeda was found superior over Lucknow-49 in high density planting. Y shape training system was found 
promising for peaches. Nagpur mandarin budded on Citrus volkamariana recorded highest number of fruits/plant 
(335 nos.) followed by Sikkim mandarin on Tanyum rootstock (240 nos). In sesame varieties viz., Savithri, VRI-
3 and DSS-9 showed better performance. Mushroom viz., Pleurotus flabellatus and P. florida recorded biological 
efficacy of 85% and 100%, respectively on paddy straw. The multipurpose trees species viz., Pinus kesia, Michelia 
obtusifolia,Castonopsis indica, Terminalia myriocarpa, Acacia mangium, Gravelia robusta, Manglietia insignis, 
Aleurites Montana, Eleocarpus sphaericus, Kobolakso, Hiko and  Litsea lacta were perform better for growth 
attributes. Guinea grass recorded highest grass yield (30.8 kg / row) under Terminalia myriocarpa followed by 
Kobolaxo (24.7 kg / row). Ghamari obtained highest plant height (19.9 m) at 2m x 3m spacing. In bamboo the 
maximum clump circumference was recorded in Bambusa cacharensis (16.8 m) at 5m x 5m spacing. Eight species 
viz., Macaranga denticulate, Dendrocalamus giganteus, Ficus hirta, Musa paradisiasa, Ficus auriculata Lour, Ficus 
racemosa, Ficus hispida L.f.  and  Ficus semicordata Buch.-Ham. ex Sm. were reported at Mithun foraged grazing 
sites. Hot water treatment at 470 C for 30 minutes + copper oxychloride 0.3% recorded minimum incidence of soft 
rot (24.62%) in ginger. Petroleum oil based agrospray @ 10 ml/litre and neem oil 1500 ppm @ 4 ml/litre were 
found effective for controlling of aphid (65.26-70.42%). Two invasive pests, Fall Armyworm, Spodoptera frugiperda 
(Smith) and tomato leaf miner, Tuta absoluta (Meyrick) were recorded in AP. The physical discomfort reported by 
farmers during livestock management were severe lower back pain (62.9 %), wrist pain (48.5 %), moderate pain 
finger (82.5 %), whereas shoulder (34.13%), palm (42.86%) and knee pain (45.71%) was reported minimum. 
Under different substrate of DLH system of pigs the average overall body weight of middle Yorkshire CB pigs (12 
months old) recorded highest in rice husk 70.5 ± 0.77 kg. Training cum distribution programme was organized for 
plantation of Kiwi (50 ha), Walnut (20 ha), Apple (15 ha), Orange (50 ha) and Pineapple (6 ha) covering districts 
viz., Lower Subansiri, Upper Siang, West Siang, Longding, Namsai and Anjaw. Under TSP, low cost polyhouse (80 
nos), Vermibed (33 nos.) and Jalkund 28 (nos.) were distributed. At farmers’ field low cost pig house (10 nos.), low 
cost poultry house (10 nos.) and mushroom unit (02 nos.) were also established. Organized animal health camps 
where 70 mithun, 15 cattles and 750  birds 3-5 days old were vaccinated for FMD and RD disease. Weather based 
agromet advisories are provided to 20 districts of Arunachal Pradesh on Tuesday and Friday benefiting two lakhs 
and twenty thousand beneficiaries via mobile SMS, whatsapp and bulletins. The 14 training/workshop were also 
organized and display ICAR technologies through exhibition stall. The Centre has published 6 research papers and 
achieved best stall award in CAU, Agri Fair.
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Weather Report

The total annual rainfall received during the year 
was 2593 mm which was 9 per cent above normal. 
Distribution of rainfall was erractic mostly during 
winter and pre-monsoon seasons. The excessive 
unprecedented rain received during July (873 mm) 
leading to flood. Very low rainfall (-85.4% below 
normal) during August lead to mid-season drought 
in several area across the state. The numeber of 
rainy days was 125 days which was 18 days below 
normal (143 days). More rain in less days lead to high 
intensity rainfall consequently leading to extreme 
weather events like flush flood and drought. The 
monthly distribution of rainfall compared to normal 
is depicted in Fig 1. 

The average maximum temperature mostly remains 
above normal during the year (Fig 2). However, the 

Fig. 1. Average monthly rainfall compared to 
normal

Fig. 2. Average monthly maximum 
temperature compared to normal

Fig. 3. Monthly average minimum 
temperature compared to normal

HORTICULTURE
Mandari
Mandarin varieties viz., Khasi mandarin; Sikkim 
mandarin; Nagpur mandarin and Hill mandarin  were 
evaluated on different rootstocks viz., Tanyum; C. 
volckamariana; C. latipes + Hill mandarin; P. trifoliate 
and Rough lemon (Table 1). The maximum plant height 
was observed in C. volckamariana + Nagpur mandarin 
(4.1 m) followed by Rough lemon + Sikkim mandarin 
(3.4 m). The maximum number of branches per plant 
was recorded in C. volckamariana + Nagpur mandarin 
(30 nos.) followed by Tanyum + Nagpur mandarin (24 
nos.). The number of fruits/plant was recorded highest 
in C. volckamariana + Nagpur mandarin (335 nos.) 
followed by Tanyum + Sikkim mandarin (240 nos.).

Fig. 4. Budded mandarin Block

monthly average minimum temperature during the 
entire year remained below normal (Fig 3). The cold 
waves in the month of December adversely affected 
the agricultural and allied sector.

ARUNACHAL PRADESH
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SOIL SCIENCE
Assessment of spatial variability of Soil quality 
using GIS techniques in the jhum field 

The soil samples and GPS data of locations were 

collected from different jhum lands of two districts 
viz., West Siang and Leparada. The data (Table 2) 
revealed lots of variation in different jhum area owing 
to their jhum cycle, altitudinal position as well as their 
inherent location. 

Table 2. Different parameters of soil sample collected from different jhum sites

Jhum Sites
Soil Parameters GPS Data 

pH SOC K2O BD Jhum Cycle Latitude Longitude Altitude (m)
Gori 5.6 1.54 305 1.03 2nd year 27.14 93.61 663
Bam 5.45 1.56 412 1.03 1st year 27.17 93.44 574
Sago 5.31 1.89 405 0.95 1st Year 27.54 93.41 992
Lipu Namchi 5.32 1.54 421 1.05 1st year 27.32 93.42
Basar 5.41 1.52 342 1.10 2nd year 27.98 94.67 668
Aalo 5.65 1.42 367 1.01 After 6 year 28.17 94.81 604
Tirbin 5.2 1.35 315 1.12 2nd year 27.96 94.65 564
Liomboa 5.20 1.96 422 0.95 1st Year 28.07 27.96 854
SE(±) 0.06 0.08 17.03 0.022

AGROFORESTRY
Evaluation of multipurpose trees species (MPTs)

 Out of 53 MPTs raised, the 44 species are 
established. In the year 1997, the block plantations 

Pinus kesia Eleocarpus sphaericus Manglietia insignis

Fig. 5. Promising multipurpose tree species

of 16 tree species were raised. Among them (Fig 5), 
Pinus kesia attained maximum basal girth (143.6 
cm) followed by Michelia obtusifolia (133.3 cm). 
The highest plant height was recorded in Michelia 

Treatments Plant 
height (m)

No. of 
branches/plant

Canopy spread 
(cm)

NS x EW

Stem diameter 
(cm)

No. of 
fruits/
plantStock Scion

Tanyum + Khasi mandarin 2.75 14.5 265 x 235 30.5 28.6 82
C. volckamariana + Khasi mandarin 2.97 16.5 275 x 260 36.5 37.0 118
Tanyum + Sikkim mandarin 3.22 18.0 245 x 242 37.5 38.5 240
Tanyum + Nagpur mandarin 3.26 24.0 325 x 322 46.0 44.0 177
Tanyum + Hill mandarin 2.65 15.5 225 x 210 31.0 30.0 74
C. latipes + Hill mandarin 2.07 14.0 160 x 170 27.0 24.5 46
C. volckamariana + Nagpur mandarin 4.10 30.0 425 x 370 56 53 335
P. trifoliate + Khasi mandarin 2.45 15.5 220 x 205 31 28 56
Rough lemon + Sikkim  mandarin 3.40 14.0 250 x 230 46 45 120

Table 1.   Growth and yield attributes of mandarin varieties on different rootstocks
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obtusifolia (18.9 m) followed by Castonopsis indica 
(18.3 m). Highest light intensity in inter-rows was 
recorded in Terminalia myriocarpa (651.23 lux) 
followed by Gmelina arborea (564.7 lux). Canopy 
spread was recorded highest (8.8m x 8.96 m) in Pinus 
kesia followed by Cuppressus torulosa (7.90m x 7.41m) 
after twenty two years of planting.

Among 20 tree species planted in the year 1998, 
Acacia mangium recorded the highest Basal girth 
(151.6 cm) followed by Pinus wallichiana (123.5 cm). 
Acacia mangium attained maximum height (26.8 m) 
followed by Pinus wallichiana (19.08 m). Highest 
interspacing light intensity was recorded in Gravelia 
robusta (853.7 lux) followed by Alnus nepalensis 
(591.6 lux). The canopy spread was found highest in 
Acacia mangium (10.4 m x 9.9 m) followed by Pinus 
wallichiana (9.7 m x 8.7 m). The 06 tree species 
planted in the year 1999 in which Manglietia insignis 
recorded the highest basal girth (109.4 cm) followed 
by Aleurites montana (95.7 cm). Manglietia insignis 
attained highest plant height (17.6 m) followed by 
Parkia roxburghii (16.0 m). Aleurites montana showed 
the highest inter spacing light intensity (834.7 lux) 
followed by Emblica officinalis (711.3 lux). Aleurites 
montana recorded the highest canopy spread (7.09 m 
x 6.8 m) followed by Manglietia insignis (6.1 m x 6.0 
m). Among 05 tree species planted in the year 2000, 
Eleocarpus sphaericus recorded the highest basal 

Table 3. Frequency per cent of different forage found in Mithun preferred sites

Sl Scientific  name Vernacular 
name

Parts 
consumed

Life 
form

Lura
(%)

Village
(%)

1 Macaranga denticulata Ripum Leaves Tree 0.53 1.2

2 Dendrocalamus giganteus Munro Hurung Leaves & tender 
culms Tree 18.7 19.1

3 Ficus hirta Taksin Leaves & tender 
culms Tree 7.2 6.2

4 Musa paradisiasa Kolu Fruits Tree 10.3 9.1

5 Ficus auriculata Lour (Takuk) Leaves Tree 6.3 6.4

6 Ficus hispida L.f.  Takshin Leaves  Tree 7.2 7.8

7 Ficus racemosa L.  Kobu acho Leaves Tree  8.3 12.5

8 Ficus semicordata Buch.- Ham. ex Sm. Takuk (kugri 
kugma) Leafy shoot Tree 3.3 4.6

girth (124.7 cm) followed by Kobolakso (54.2 cm).  
The plant height was recorded highest in Eleocarpus 
sphaericus (23.0 m) followed by Kobolakso (11.1 m). 
The inter row light intensity was recorded highest 
under Kobolakso (511.5 lux) followed by Chukrasia 
tabularis (358.5 lux). Eleocarpus sphaericus also 
recorded the highest canopy spread (8.9 m x 8.6 m) 
followed by Kobolakso (5.87 m x 5.64 m). The 04 
tree species planted in the year 2001 in which, Hiko 
recorded the highest basal growth (64.4 cm) followed 
by Litsea lacta (56.3 cm).  Hiko recorded the highest 
plant height (9.0m) followed by Litsea lacta (8.75m). 
The inter-spacing light intensity was recorded highest 
in Litsea lacta (131.3 lux) followed by Hiko (91.3 lux). 
The canopy spread was recorded highest (5.6 m x 5.9 
m) in Lithocarpus sperma followed by Hiko (5.3 m x 
5.1 m). 

ANIMAL SCIENCE
Dynamics of Mithun (Bos  frontalis) population 
and intervention for sustainable production 

Study on forages consumed by Mithun at two different 
location (Figs 6 & 7)  showed that the 08 species 
(Table 3)  viz., Macaranga denticulate, Dendrocalamus 
giganteus, Ficus hirta, Musa paradisiasa, Ficus 
auriculata Lour, Ficus racemosa, Ficus hispida L.f.  and 
Ficus semicordata Buch.-Ham. ex Sm. were commonly 
found in Lura and village site with similar frequency 
per cent.
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ENTOMOLOGY
Evaluation of biopesticides against mustard aphid  

Experiment was conducted to evaluate the efficacy of 
four different biopesticides viz., neem oil 1500 ppm @ 
4 ml/litre; petroleum oil based agrospray @ 10 ml/
litre; Bacillus thuringiensis @ 2 ml/litre and spinosad 
45 SC @ 0.4 ml/litre with a check dimethoate 30 EC 
@ 1.5 ml/litre and control against mustard aphid 
(Lipaphis erysimi Kalt.). Treatments applied at 25% 
flowering stage and 15 days after 1st application. 
Among the treatments dimethoate 30 EC @ 1.5 ml/
litre reduced maximum aphid population (85.62 % 
reduction over control). Among four biopesticides 
petroleum oil based agrospray @ 10 ml/litre and 
neem oil 1500 ppm @ 4 ml/litre were found effective 
for controlling of aphid population (65.26-70.42% 
reduction over control).

NICRA
Production behavior of pigs and nutrient content 
of substrates under Deep Litter Housing (DLH)

Under different substrate of DLH system of pigs the 
average overall body weight of middle Yorkshire CB 
pigs at 12 months old was recorded highest in rice 
husk 70.5 ± 0.77 kg followed by saw dust (68.4 ± 0.33 
kg), concrete (63.7 ± 0.23 kg) and koyom leaves (60.5 ± 
0.87 kg). The overall bodyweight gain and feed intake 
of pigs was reduced especially June to September 
(Fig. 8) due to thermal stress viz., high temperature 
and humidity with THI (76 -77). In terms  of posture 
and behaviors  of pigs which was done for 2hr/day 
(morning; afternoon and evening) for 30 minutes 
duration during (June-Aug) and (Oct-Dec) manually 
and activity was recorded using inbuilt webcam 
recorder (magnum elite). Pigs spent most of the time 
in Sleeping/lying (73-78 minutes). During summer 
months time spent in rooting and pen interaction 
was 20.98±1.79 and 11.08±1.04 minutes which was 
higher compared to winter (17.8±2.1) and 10.4±2.31 
minutes in all the three substrate used (Fig. 9).

Fig. 7. Collection of forages from different  sites

Fig. 6. Frequency per cent of forages under different location
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Fig. 8.  Average feed intake with respect  to THI Fig. 9. Behaviours of pigs under in DLH 

board of community halls of 5 such nearby villages. 
Around 1986 new farmers and other stake holders 
get registered in this system. Meteorological unit at 
Basar is providing weather information and data on 
request to various department including Disaster 
Management, National Highway Authority, PHE, PWD 
and universities etc. AMFU Basar has conducted 2 
farmers’ awareness programme and awareness on 
Meghdoot app.
Tribal Sub Plan (TSP)
Integrated farming system models developed by 
ICAR Research Complex for NEH Region and other 
agricultural universities and institutions were 
demonstrated in Lipu Namchi and Dali village in 
West Siang District and Dapo Rijo in Upper Subansiri 
district. The project was proposed in consideration 
of the horizontal expansion of these successfully 
implemented and tested models to farmers of 
different villages of Basar area comprising different 
villages viz., Nygam, Daring, Rilu, Gori and Sago etc. 
The farmers were provided hands on training and 
inputs like low cost polyhouse (80 nos.), Vermibed (33 
nos.) and Jalkund (28 nos.) were distributed. Low cost 
pig house (10 nos.), low cost poultry house (10 nos.) 
and mushroom unit (02 nos.) were also established 
at farmers’ field. Two animal health camps were 
organized and 70 mithuns, 15 cattles and 750 birds 
3-5 days old were vaccinated for FMD and RD disease 
and medicines were distributed to the livestock and 
poultry farmers. 
Awards/Achievements
ICAR AP Centre Basar bags 1st prize for Best 
exhibition stall among other Central ,State Govt, 
NGOs organization during CAU Agri fair 2019 which 
was held from 13- 15th of November 2019 .The stall 
demonstrating the suitable agricultural technologies, 
live samples, local germplasm of rice and other crops, 
posters of technologies etc was installed by ICAR AP 
Centre, Basar in coordination with KVK-West Siang, 
KVK-Namsai and KVK-Longding. 

AINCP on temperate fruits
Two variety of peach viz., Floridaprince and Pratap 
were evaluated in different training system (Y 
trellis, espalier, open centre and central leader) in 
which maximum plant survival was recorded in 
Floridaprince in Y trellis (80 %) followed by Pratap 
in espalier (75 %). The maximum plant height was 
observed in Floridaprince in Y trellis (260 cm) 
followed by espalier (259.60 cm). 
National Mission for Sustaining the Himalayan 
Ecosystem (NMSHE)
In order to generate more income and employment by 
combining different enterprises viz., field crop, multi-
storeyed cropping, fruit crop, floriculture, fishery, 
poultry by recycling product and by products. Input 
such as seeds, saplings, fingerlings, Jalkund, polyhouse 
were provided to farmers. Integrated Farming System 
was introduced at Jumdo Riram, Lipu Namchi village 
of West Siang. His main components were cereal 
(rice & maize), vegetables (brinjal, okra, tomato and 
king chilli), fruit crops (banana, khasi mandarin) and 
animal unit (poultry and piggery). The annual income 
was enhanced to Rs. 59,000/ha against his original 
income of Rs 23000/ha after intervention.
Gramin Krishi Mausam Sewa (GKMS)
AMFU Basar is regularly providing weather based 
agromet advisories to 20 districts of Arunachal 
Pradesh and 8 blocks of West Siang District on every 
Tuesday and Friday. Till date there are above two 
lakhs and twenty thousand beneficiaries across the 
state getting advisory mainly through mobile SMS, 
whatsapp and bulletins.  Moreover it is providing 
customized district level advisory bulletins to 14 
Krishi Vigyan Kendras (KVK) of the state and also to 
other state line departments. During the year 2019, 
2744 district level and 784 block level agromet 
advisory bulletins were prepared, published and 
uploaded. To reach the farmers of remote villages 
having no network, hard copy of bulletins were sent 
through village men to be displayed in the notice 
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MANIPUR
SUMMARY
For development of high yielding crop varieties, 3 rice, 7 perilla, 4 winged bean and 2 jobstear entries were identified. 
Besides, 5 promising line of black rice were also developed. All total 1647.55 q of seed of major crops was produced. 
Organic nutrient management for black rice seed production was standardized. Fertilizer adjustment equations 
was developed for maize (HQPM-5). Maize-pulse cropping systems was also standardized in hill of Manipur with 
enhanced productivity and resource use efficiency. Protocol for inhibition of phenolics and enhancing metabolites 
in in vitro plantlets of tree bean was standardized. Technology for improving shelf life and food value of tomato 
thorough exogenous application of melatonin was developed. High anti-hyperglycemic and anti-cancer activity 
was found in Polygonum saggitatum and Jussiaea repens, respectively. Promising anti-bacterial activity was also 
recorded in indigenous plants of Manipur. Anti-inflammatory properties of Garcinia xanthochymus fruit beverage 
was unleashed. Five processing technologies of underutilized crops were commercialized. Three promising oyster 
mushroom strains were also identified.
Characterization of viruses infecting chilli was done and diagnostics was developed. Cloning and structural 
characterization of β-glucosidase enzyme from chow chow was successfully accomplished. An isothermal RPA assay 
was developed for detection of citrus tristeza virus. Multi-genomic-loci based characterization of HLB-associated 
Candidatus Liberibacter asiaticus from citrus groves of NE India was done and a simplified RPA assay was developed. 
Endogenous and episomal banana streak viruses from local banana mats of NE India was characterized and in silico 
analysis of whole genome reference sequences of “Pisang Klutuk Wulung PKW” (BB) banana was accomplished. 
Four different rapid modified QuEChERS methods in RP-HPLC was developed for detection of insecticides in tomato. 
Dissipation behavior of new-chemistry insecticides in tomato and cabbage was also studied. 
E. coli pathotypes from clinical samples and animal food origin as well as Salmonella Typhimurium isolated from 
diverse sources was characterized. Resistant genes and enterotoxin genes in Staphyloccus aureus isolates from 
milk samples were screened. Biofilm Associated Protein of Salmonella Typhimurium for its immunogenic and 
diagnostic potential was also evaluated. One feed formulation was standardized using local herbs for lowering 
the cholesterol level in broiler meat. All total 38709 number of poultry chicks were produced and supplied under 
poultry seed project. Early stocking was found effective in to grow carp seeds (catla, rohu and pengba) during 
winter. Two studies on farm-income diversification and loan utilization by KCC beneficiaries were acomplished.
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Weather Report
During the period January to December 2019, the 
monthly average maximum temperature ranged from 
22.5oC (December) to 30.7oC (June and August) as 
compared to normal maximum temperature range 
of 21.8oC (January) to 29.4oC (August); whereas, the 
monthly average minimum temperature ranged from 
4.6oC (January) to 22.5oC (August) against normal 
minimum temperature range of 4.4oC (January) to 
21.8oC (July). The highest maximum temperature of 
35.0oC was recorded on 18th July, 2019 and lowest 
minimum temperature of 2.3oC on 1st Jan, 2019. 
An annual rainfall of 1137.10 mm was recorded 
during 2019 against the normal rain of 1454.20 mm. 
Maximum rainfall of 78 mm in a day was recorded 
on 27th October, 2019. However, month with highest 
rainfall was September with 253.7 mm (against 
highest normal monthly rainfall of 262.6 mm in June) 
and lowest in January with 3.4 mm (against least 
normal of monthly rainfall of 12.8 mm in January). 
Due to deficit in rainfall, Government of Manipur 
declared drought in some districts in 2019. The 
monthly average maximum relative humidity was 
recorded in the range from 81.2% in May to 93.8 % 
in October (against normal range of 71.5% in March 
to 86.5% in July); while monthly average minimum 
relative humidity was 37% in January to 71% in July 
as compared to normal range of 51.4% in March to 
77.9 % in August (Fig. 1).

Fig. 1. Monthly average maximum and minimum 
temperatures (oC), relative humidity (%) for 

morning and afternoon, rainfall (mm) and bright 
sunshine hours during 2019 in Imphal area

Fig. 2. DNA barcode of some rice samples for 
matK locus. Respective sample IDs have been 

stated on the left of each code

FIELD CROPS
RICE
DNA fingerprinting and barcoding of rice varieties 
for varietal identification and assessment of 
genetic diversity among landraces of Manipur
Barcoding of 202 Rice germplasm samples was done 
using two different primer sets. DNA was amplified by 

Fig. 3. Phylogenetic analysis of the matK locus 
amplified products of all the rice germplasms

Preliminary yield trials of rice 
Two preliminary station yield trials, PYT-I and PYT-II 
were conducted during Kharif 2019. In PYT-I, 6 lines 
namely, MC-45-5-1-15, MC-48-1-1-3, MC-48-2-1-
14, MC-49-1-3-43, MC-49-1-5-16 and MC-49-1-5-34 
outperformed all the three checks viz. KD 2-6-3, RC 
Maniphou 13 and RC Maniphou 7 with more than 6.3 
t/ha. In the PYT-II, three entries, MC-59-1-3-7, MC-66-
1-1-17 and MC-70-6-5-11 significantly outperformed 
all the three checks with yield more than 6.4 t/ha. 
Standardization of organic seed production 
technology for black rice
The experiment was carried out at Farmer’s 
field  in Khurkhul, Imphal West district with  four 
treatments viz. control; 125 kg Neem cake + 1250 kg 
Vermicompost + 10 kg Azospirillium + 10 kg PSB + 10 

PCR using published primers specific for Mat K gene 
and separate barcode were generated for all the 202 
rice germplasm (Fig. 2). Phylogenetic analysis of matK 
locus was done and it divides the cultivars into nine 
major groups (Fig. 3). The structural organization of 
chloroplast genome is highly conserved, which make 
it advantageous for phylogenetic studies. Phylogenetic 
analysis shows that the cultivars could be grouped into 
only five major groups. Barcodes based on chloroplast 
(cp) DNA sequencing data were prepared for rice 
samples already analyzed for matK locus. Sequences 
for matK gene of two rice germplasm (Chingphou and 
Kunta mah) were submitted at NCBI and accession 
numbers (MN917693 and MT024237) were allotted 
for the sequence submitted.

MANIPUR
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kg KSB per ha; 125 kg Neem cake +10 tonnes FYM/
Compost per ha + 10 kg PSB per ha and Urea -130kg/
ha, SSP- 250 kg/ha and MOP-50 kg/ha combined with 
three priming treatments viz. control (No priming),  
seed priming with Trichoderma harzianum (1.5%) 
and seed priming with 20% liquid Pseudomonas 
fluorescence. Field emergence was found to be highest 
(158.9%) in seed priming with T. harzianum (1.5%). 
Maximum seed yield per plant (22.2 gm) and seed 
yield per ha (1.7 t/ha ) was recorded with Urea -130 
kg/ha, SSP- 250 kg/ha and MOP-50 kg/ha; followed by 
125 kg Neem cake +10 tonnes FYM/Compost per ha + 
10 kg PSB per ha (20.14 kg).

MAIZE
Soil test based fertilizer recommendation for 
targeted yield of maize
Fertilizer adjustment equations were developed 
for high quality protein maize using the basic data 
under rainfed upland condition of Manipur. Based on 
these equations, fertilizer recommendations were 
prescribed in the form of ready reckoner for desired 
targeted yield of 4 and 5 t/ha of Maize with different 
combination of NPK. The targeted yield equations for 
rainfed Maize (HQPM-5) in Manipur is given in Table 1.

Table 1. Basic data and fertilizer adjustment equations for targeted yield

Basic data N P K

Nutrient requirement         (kg/q) 2.91 0.46 2.42

Soil efficiency (%) 26.42 61.09 22.08

Fertilizer efficiency (%) 47.25 23.42 81.27

Fertilizer adjustment equations 
FN = 6.16T – 0.56SN SN, SP and SK, soil available nitrogen, phosphorus and potassium (kg/ha); 

FN, FP and FK, fertilizer nitrogen, phosphorus and potassium required (kg/ha)
FP = 1.95T – 2.61SP
FK = 2.98T – 0.27SK

Enhancing productivity and resource use 
efficiency of Maize-pulse cropping systems in hill 
of Manipur
Ten maize based cropping systems were evaluated 
under four land use management system. We observed 
the maximum system productivity (maize equivalent 
yield, MEY) under Conventional tillage (CT)-
Conventional tillage (CT) (LM2) with residue retention 
(7.95 t/ha) followed by CT-Zero tillage with residue 
retention (LM4) (7.54 t/ha). Among the cropping 
system, significantly maximum system productivity 
was recorded under Vegetable cowpea-Maize + 
Rice bean (CS5) (10.40 t/ha) followed by Vegetable 
cowpea-Maize + Cowpea (CS7) (10.41 t/ha) over other 
cropping system. The Maize equivalent yield was highly 
correlated with total root length in land management 
practices (r=0.81) and cropping system (r=0.88). 
The resource use efficiency (nutrient use efficiency, 
water productivity and water extraction pattern) and 
soil quality (enzymatic activities and nutrients) was 
highest in LM2 and CS5 over other treatment. 
Promoting improved technology of maize 
production in NEH Region 
Intensification of maize based cropping system in 
Manipur: The maximum system productivity (maize 
equivalent yield) was recorded in maize-sweet corn- 
veg. broadbean (23.59 t/ha) than other cropping 
system. The soil quality in terms of enzymatic activities 

(Dehydrogenase, acid and alkaline phosphatase, Beta 
glucosidase) and available and total nutrients were 
higher under maize-sweet corn- veg. broadbean 
followed by other pulses included cropping system, 
while minimum was recorded under sole maize 
cropping.
Participatory demonstration: Supportive 
technology demonstration was conducted over 515 
ha area with 1050 farmer beneficiaries (Table 2). 
The front line demonstrations (FLDs) emphasized on 
quality protein maize production, crop diversification 
with sweet corn and cropping intensification with 
maize i.e. intercropping (with groundnut, pea, rice 
bean, frenchbean, vegetables etc.) along with scientific 
management practices (row planting, crop rotation, 
soil liming and integrated nutrient/water management 
etc) against the farmers’ practice (FP). The yield gap 
varied from 27.7 % (at Sikkim) to as high as 303.4% 
(at Tripura), with an average yield gap of 57.4% in 
NEH region. The result indicated the substantial 
possibility for the maize production enhancement 
with available crop production technologies across 
the least explored North East Indian hills.
Capacity building activities: Under the above 
mentioned project, 32 numbers of trainings was 
organized in collaboration with respective line 
department officials and ICAR- KVKs for the NEH 
maize growers in North East India (Table 2). The 
theme of the training programmes were concentrated 
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Table 2. Details of the participatory demonstration and capacity building activities organized in various 
North East Indian states during 2019

Locations 

Capacity building programme Participatory demonstration

Training 
(No.)

Total training
(Days)

Farmers 
benefited 

(No.)

Participatory 
demonstration (ha)

Farmers 
benefited (No.)

Arunachal Pradesh 3 3 120 42.50 24
Manipur 10 19 585 223.60 456
Meghalaya 1 1 38 40.33 203
Mizoram 11 11 314 50.20 69
Nagaland 2 4 70 65.80 97
Sikkim 4 4 287 45.80 90
Tripura 1 1 140 46.72 111
Total 32 43 1554 514.95 1050

Study on biology of Fall Armyworm Spodoptera 
frugiperda under Manipur condition

The larvae of FAW were reared on natural host, maize 
during April to August, 2019 and the entire study 
was done under controlled temperature of 25±3°C, 
75 to 80% RH and photoperiod of L12:D12 (Fig. 4). 
Adult female lays approximately 180-200 eggs/mass. 
The first instar larva is gregarious in nature. Larvae 

undergo 6 stages of instars. Sixth instar larvae are 
around 50 mm in length. Full grown larvae have the 
distinguishing character of inverted Y-shaped in light 
yellowish colour on the front of the head and four 
black spots arranged in a square on the terminal 
segment of the abdomen. The pupa is dark reddish 
brown in colour, measures about 13 mm in length and 
about 4.2 mm in width.

 

Inverted Y-shaped on head

Four black spots arranged 
in a square in terminal 
abdomen

Fig. 4. Life stages of S. frugiperda (egg to adult)

POTENTIAL CROPS
All India Coordinated Network Project on Potential 
Crop

Evaluation of perilla under IVT trial (9 entries) : RC 
Thoiding 8 (44.5 g/plant) recorded the highest seed 

yield per plant followed by RC Thoiding 21 (42.8 g/
plant) under long maturity duration (>170 days) and 
RC Thoiding 15 recorded highest yield (40.3 g/plant) 
under medium maturity duration (130-150 days).

on the scientific maize cultivation technologies for 
increasing profitability and resource use efficiency 
like integrated nutrient and water management, 
liming for  amelioration of soil acidity, adaptation of 
high yielding varieties (including sweet corn and baby 
corn cultivation), pest management techniques and 

post-harvest management under upland condition. 
Fodder maize cultivation potential was one of the 
prime aspects for improving livestock production 
for improving livelihood and nutrition security of 
marginal and small farmers in North East India. 
Altogether, 1554 beneficiaries were benefited. 
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Evaluation of perilla germplasm (24 entries) : RC 
Thoiding 6 (43.5 g/plant) recorded the highest seed 
yield per plant under long maturity duration (>170 
days) and RC Thoiding 23 recorded highest yield (46.4 
g/plant) followed by RC Thoiding 24 (44.8 g/plant) 
and RC Thoiding 22 (43.8 g/plant) under medium 
maturity duration (130-150 days) as compared to 
local check.
Evaluation of winged bean germplasm (30 entries) 
: RWBGP-14 (543.5 g/plant) recorded the highest 
fresh green pod yield/plant followed by RWBGP-6 
(489.5 g/plant). While, genotype RWBGP-13 (53.4 
g/plant) was recorded the highest dried seed yield/
plant followed by genotype RWBGP-17 (45.6 g/plant).
Evaluation of Jobstear Germplasm (47 entries) : 
B-3 IC-521338 (250.7 g/plant) recorded the highest 
grain yield/plant followed by RJTGP-15 (181.3 g/
plant). 

SEED PRODUCTION
Maintenance Breeding of Locally Released 
Varieties of Rice and other Recommended Crop 
varieties 

Rice varieties released from Manipur Centre are being 
maintained through panicle row selection and breeder 
seeds are being produced (Fig. 5). RC Maniphou-4, -5 
and -12 are the pre kharif rice varieties and main kharif 
varieties RC Maniphou-6, -7, -10 and -13 are used for 
maintenance breeding and seed production. In other 
crops, maize composite variety Pusa Composite-3 and 
RCM-1-76 have been maintained (Fig. 6) with time 
isolation by sowing during rabi and 3.10 q of basic 
seed was produced. In millet, 2.20 q was produced 
as breeder seeds. In oilseeds, soybean variety JS -335 
(0.20 q) and groundnut variety ICGS-76 (1.00 q) were 
also produced.

Table 3. Seed Production during 2019

Crop 
Quantity (in quintals)

Total (q)
Breeder seed Foundation seed Certified seed TFL seed

Rice 30.90 43.50 1430.65 -- 1505.05
Maize 3.10 2.50 -- 2.50 8.10
Pearl Millet -- 1.00 -- -- 1.00
Foxtail Millet -- 1.20 -- -- 1.20
Soybean 0.20 4.50 -- -- 4.70
Groundnut 1.00 65.00 -- -- 66.00
Rapeseed 0.60 -- -- -- 0.60
Arhar -- -- -- 4.20 4.20
Black Gram -- -- -- 4.20 4.20
Green gram -- -- -- 5.40 5.40
Lentil -- -- -- 18.60 18.60
Fieldpea -- -- -- 24.00 24.00
Chickpea -- -- -- 4.50 4.50
TOTAL 35.80 137.5 1430.65 63.4 1647.55

Fig. 5. Certified seed production of rice var. RC 
Maniphou-12

Fig 6. Visit of monitoring team at rice seed field
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HORTICULTURAl CROPS
TARO
DNA bar coding of promising lines of taro 
(Colocasia esculenta)

Twenty promising genotypes of taro (Colocasia 
esculenta) were barcoded as recommended by the 
Consortium for the Barcode of Life (CBOL) plant 
working group using five primers viz., rbcL, matK, Kim 
matK, ITS and ycf1. Our result indicate that single-
locus in combination with plastid regions showed 
better discrimination among the genotypes with 
distinctive bar coding gaps. 

TREE BEAN
Inhibition of phenolics in Parkia roxburghii 
cultures using Adenine sulphate 

Protocol for inhibition of phenolics and enhancing 
metabolites in in vitro plantlets of Parkia roxburghii 
was standardized. Results obtained suggested that 
ADS could be used for in vitro cultures of Parkia spp. 
not only for regeneration but also for increasing 
the metabolite activities and lowering the phenolic 
content which is a major constraint in plant tissue 
culture in tree species (Fig. 7).

Fig. 7. ADS (0.5 mg/L) induces low disintegration 
of plasma membrane 

and cell death, and lower level of lipid 
peroxidation

CHILLI 
Characterization of viruses infecting chilli and 
development of diagnostics

An isolate of chilli veinal mottle virus (ChiVMV) from 
Sirarakhong area of Ukhrul district was characterized 
at biological and genetic level. Upon mechanical 
transmission the ChiVMV from Sirarakhong (ChiVMV-
Manipur) produced dark green bands, mottling, 
severe mosaic and deformation of leaves (Fig. 8a). 
Full genome sequence of this isolate of ChIVMV was 

9723 bp long. For full genome sequence of coding 
region, ChiVMV-Manipur isolate shared an identity of 
86.25 to 86.81% with ChiVMV isolates from China and 
segregated in distinct phylogenetic cluster indicating 
its genetic distinctness (Fig. 8b). 

Fig. 8. (A ) Symptoms of dark green bands, 
mottling, severe mosaic and deformation of 
leaves exhibited by  ChIVMV-Manipur isolate 
upon mechanical inoculation, (B) Phylogenetic 
relationship of ChiVMV-Manipur with other 
ChIVMV isolates based on the nt sequences of 
coding region of viral genome

Fig. 9.  Multiplex RT-PCR assay for simultaneous 
detection of PMMoV, CMV, LCCV, ChiVMV and 
CaCV in chilli samples. Lanes 1-6: different 
concentrations of the template, lane 7: healthy 
sample

A simplified crude sap extracted in NaOH:EDTA 
(1:1) pH 8.0 was used for robust detection of chilli 
veinal mottle virus. The recombinase polymerase 
amplification (RPA) targeting partial coat protein 
region could detect the virus in crude sap to a dilution 
of 10-9.  A multiplex-PCR assay was developed and 
validated for the simultaneous detection of five 
chilli viruses in a single tube; pepper mild mottle 
virus (PMMoV), cucumber mosaic virus (CMV), large 
cardamom chirke virus (LCCV), chilli veinal mottle 
virus (ChIVMV) and capsicum chlorosis virus (CaCV) 
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yielding the specific amplicons of 634 bp, 572 bp, 350 
bp, 250 bp and 150 bp, respectively (Fig. 9).

TOMATO
Application of exogenous Melatonin for improving 
shelf life and post-harvest quality of Tomato

The effect of exogenous melatonin application (50, 
100, 250 and 500 µmol/L) at fruit setting and color 
break stage was studied on tomato. Maximum shelf 
life (at ambient condition) up to 29 days was achieved 
with exogenous application of melatonin @ 250 to 
500 µmol/L; as compared to 15 days under control 
(Fig. 10). Minimum physiological loss in weight (Fig. 
11) was recorded with melatonin @ 100 µmol/L 
(15.34%); followed by 500 µmol/L (16.48%) and 250 
µmol/L (17.94%); as compared to control (42.39%). 
The result suggests that melatonin is a potential option 
for enhancing food value and shelf life in tomato. 

Fig 10. Effect of exogenous melatonin on shelf 
life of tomato during storage

Fig. 12. Chromatograms of standards of (a) 
imidacloprid, carbofuran, chlorantraniliprole, 

fipronil, malathion, chloropyriphos 
and cypermethrin (b) monocrotophos 
and deltamethrin (c) phosphamidon 

and dichlorovos and (d) thiamethoxam, 
flubendiamide and α-endosulphan and β- 

endosulphan

Fig. 11. Effect of exogenous melatonin on 
physiological loss in weight of tomato during 

storage

Development of four different rapid modified 
QuEChERS methods in reverse phase high 
performance chromatograph (RP-HPLC) for 
detection of various insecticides in tomato 

Four different rapid modified QuEChERS methods 
were developed in RP-HPLC for simultaneous detection 

of various insecticides in tomato. The methods 
are as follows: (i) the detection of imidacloprid, 
carbofuran, chlorantraniliprole, fipronil, malathion, 
chloropyriphos and cypermethrin and found peaks in 
chromatograms at retention times of 2.67, 3.27, 3.50, 
4.00, 4.20, 8.60 and 9.97 mins respectively (ii) the 
determination of monocrotophos and deltamethrin 
observed at 0.79 and 3.00 mins respectively (iii) 
the detection of phosphamidon and dichlorovos 
was separated at 1.13 and 1.40 mins respectively 
and (iv) the simultaneous detection of residues of 
thiamethoxam, flubendiamide and endosulphan was 
observed at retention times at 1.90, 2.35, 3.35 and 
3.80 mins respectively (Fig. 12). Constant recoveries 
of the above methods were found 80 % for all the 
insecticides when tomato samples were spiked at 
different levels of 0.05, 0.10, 0.25, 0.50 and 1.00 mg 
kg-1 levels.

Dissipation behavior of new chemistry insecticides 
on tomato

Dissipation behaviour of chlorantraniliprole, 
flubendiamide, thiamethoxam and deltamethrin 
was studied on tomato crop. Insecticides viz. 
chlorantraniliprole18.5% SC (Coragen) @ 30 g a.i./ha, 
flubendiamide 39.35 M/M SC (Fame) @ 48 g a.i./ha, 
thiamethoxam 25% WG (Actara) @ 50 g a.i./ha and 
deltamethrin 2.8% EC (Decis 100) @ 12.5 g a.i./ha 
were sprayed twice at an interval of 10 days on tomato 
crop. The treatments were applied individually in 
different plots of 5m2 with a gap of 0.70 m between the 
plots. The samples were taken before spray and after 
1 hour of spray. Before spray, all the samples were 
found to be below detectable limit (BDL). After 1 hr 
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Fig . 13. Three dimensional docking structure of homology modelled (SeBG) protein, 
(A) highlighted with Ligplot analysis of SeBG-pNPG complex,

 (B) highlighted with Ligplot analysis of SeBG-Laminarin complex

of spray, the residue of chlorantraniliprole was found 
to be 0.67 mg/kg and dissipated to 0.09 mg/kg at 5 
days.  The residues of flubendiamide, thiamethoxam 
and deltamethrin were 0.31, 0.17 and 0.41 mg/kg, 
respectively at 1 hr after 2nd sprays. All the insecticides 
dissipated completely after 5 days and found to be 
BDL at 7th day.

CUCURBITS
Cloning and structural characterization of 
β-glucosidase enzyme from Sechium edule

Full length β-glucosidase nucleotide gene (1.2 kb) 
was sequenced from the Sechium edule. Homology 
analysis of the deduced amino acid sequence with 
BLASTp against non-redundant amino acid sequence 
databases revealed 84- 86.59 % homology on 100% 
query coverage with the deduced amino acid sequence 
of β glucosidase from Cucurbita moschata (Acc. no. 
XP_022960706) etc. Domain search on the deduced 
amino acid sequence identified the putative sequence 
with “Glycosyl hydrolase 18” family of proteins.

The 3D structure SeBG was generated by homology 
modelling using Modeller 9.10 with rice β-glucosidase 
(PDB ID: 3PTK) from Oryza sativa (59% similarity) 
as the template (Fig. 13). Comparative analysis of 
the model by PROCHECK, Z-score and RMSD values 
between the target protein and template clearly 
revealed the reliability of the model. This is the first 
report on the in silico homology model generation of 
β glucosidase from Sechium edule. In silico structural 
binding studies of the putative β-glucosidase protein 
revealed a good interaction with the substrates 
p-Nitrophenyl-β-D-glucopyranoside, Laminarin, 
Chitotriose, N-acetylglucosamine and N-acetyl 
muramic acid suggesting its possible role in broad 
spectrum antifungal and antimicrobial activity. 
Molecular docking studies clearly identified Glu 
P’102 and Glu P’317 within the “TFNEP” and “ITENG” 
motif as the residue specific as active site nucleophile 
required for enzymatic hydrolysis. MD simulation 
analysis showed very little variation in the stability of 
the protein with respect to its backbone. 

CITRUS
Development of isothermal recombinase 
polymerase amplification (RPA) assay for 
detection of citrus tristeza virus virus

Simplified isothermal recombinase polymerase 
amplification RPA assay developed could successfully 

detect the citrus tristeza virus (CTV) in the crude sap 
up a dilution of 10-8 as against the bench mark RT-PCR 
which did not detect the virus when crude sap was 
used as template (Fig. 14). Out of the 234 symptomatic 
and 59 asymptomatic citrus samples tested using 
the developed RPA assay, 87.60% and 27.11 of the 
respective samples were CTV positive. 

Fig. 14. Detection of CTV using crude sap as template in RPA. (A) RPA using the crude sap extracted in 
different buffers

Lane 1 to 9-: 1: CTAB 10%, 2: GEB (Bioreba, Switzerland), 3: NaOH:EDTA (1:1), 4: NaOH:EDTA (1:2), 5: NaOH:EDTA (1:3), 6: 2x 
lysis buffer, 7: Phosphate buffer, 8: CTAB extraction buffer, 9: sterile distilled water. (B) Sensitivity limit of RPA in detection of 

CTV in crude sap, lanes 1: undiluted sap, 2-10: 10-folds dilution of sap, 11: sap from healthy sample. 
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Multi-genomic-loci based characterization 
of huanglongbing-associated Candidatus 
Liberibacter asiaticus from citrus groves of North 
East India and development of simplified RPA 
assay

All total 53 isolates of Candidatus Liberibacter asiaticus 
(CLas) associated with huanglongbing disease of 
citrus sampled from the entire North East India were 
characterized based on the basis of conserved 16S 
rDNA sequences. CLas isolates from NE India had 
genetic divergence up to 2.3% among them, up to 
3.4% compared to CLas isolates from other parts of 
India and up to 9.8% with the CLas isolates from other 
parts of the world. All the CLas isolates segregated to 
14 phylogenetic groups for 16S rDNA sequences, out 
of which NE Indian CLas isolates were in 13 groups. 
41 CLas isolates were further characterized for outer 

membrane protein (omp) gene sequences, which 
showed genetic divergence up to 7.1% among them. 

Primers targeting outer membrane protein (omp) 
gene and ribosomal protein (rp) gene of CLas genome 
were used to develop recombinase polymerase 
amplification (RPA) assay for detection of CLas 
using crude sap. Primers targeting omp and rp gene 
fragment could detect the CLas in the infected crude 
sap dilution up to 10-9 to 10-10 respectively (Fig. 15). 
The developed RPA was validated using field samples 
infected with HLB disease. Out of the 156 symptomatic 
and 90 asymptomatic samples tested, 96.2% and 
15.6% in RPA assay and 94.2%, 11.1% in PCR were 
tested positive respectively. The study conclusively 
proved that RPA is equally or more sensitive than 
conventional PCR in indexing of huanglongbing-
associated CLas.

Fig. 15.  Comparison of sensitivity of RPA based detection of CLas using omp and rp gene based prim-
ers using crude sap extracted in phosphate extraction buffer, M: 100 bp ladder, (a) using primers 
targeting omp gene, (b) using primers targeting rp gene. Crude sap was diluted in 10-fold dilution 
series.

BANANA
Characterization of endogenous and episomal 
banana streak viruses from local banana mats of 
North East India

A total of 190 banana germplasm collected from the 
entire NE India were characterized for endogenous 
banana streak virus sequence (eBSV) using allele 
specific primers. Allelic landscape and sequencing of 
the eBSVs specific fragments indicated that banana 
genotypes of NE India harbours diverse eBSV alleles 
having similarity to endogenous banana streak OL 
virus (eBSOLV), banana streak IM virus (eBSIMV), 
banana streak GF virus (eBSGFV) and Musa balbisaina 
PKW type activable alleles. 45.31% of the triploid M. 
acuminata x M. balbisiana (ABB) and 42.86% of diploid 
hybrids (A x B) had distinct allelic integrants of eBSOLV. 

The diploid M. balbisiana (BB) of NE India showed 
distinct allelic distribution of eBSIMV as evident 
from the amplification of internal allelic markers in 
37.12% of analyzed samples. The tripoid interspecific 
hybrids (AAB and ABB) were having distinct allelic 
landscape of eBSGFV (77.73% and 87.50% of the 
analyzed samples respectively). Interestingly, out the 
25 M. acuminata genotypes (AAA) none was tested 
positive for activable eBSV alleles. The sequencing of 
RCA restricted fragments indicated the prevalence of 
banana streak MY virus (BSMYV), banana streak VN 
virus (BSVNV), banana streak IM virus (BSIMV), and 
a new species of banana streak virus (genetic variant 
of BSMYV) in the banana mats of NE. Phylogenetically 
the characterized episomal BSV in the present study 
segregated to four distinct clusters (Fig. 16). 
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Fig. 16. (A) Symptomatic expression of banana streak viruses on different banana genotypes, (B) 
Neighbour joining phylogenetic inference of episomal banana streak viruses from NE India based on 

conserved RT/RNase H genomic region (580 bp)

Fig. 17. Identification of target eBSV sequence for CRISPR was using CCTOP & CRISPRdirect 

None of the field collected BB banana genotype tested 
positive for episomal BSV. The triploid interspecific 
hybrid genotypes have infection of diverse episomal 
BSVs (BSMYV, BSOLV, BSIMV and BSVNV). The specific 
association of BSV species with banana genotypes: 
BSMYV (AAA, ABB, AAB), BSIMV (triploid hybrids), 
BSMHV (ABB) was identified. Mixed infection of 
episomal BSMYV and BSIMV was detected for the first 
time.

In silico analysis of whole genome reference 
sequences of “Pisang Klutuk Wulung PKW” (BB) 
banana to identify the structure of integrated 
badna viral sequences in Musa B genome 

For identification of endogenous banana streak virus 
(BSV) sequences for targeting through gene editing 
techniques, two strategies were followed. In the first 
strategy, common eBSV integrant were identified 

in order to design CRISPR resources to edit it. Two 
different guide RNA were designed in order to knock-
out these common eBSV integrants.  Alignment of 
BSOLV, BSIMV, BSGFV and BSMYV with the reference 
Musa PKW-BB genome indicated high similarity with 
sequence conservation in the RT/RNase H region. 
This stretch of sequence was selected as a target for 
CRISPR based editing/knock-out. In silico analysis 
in banana genome hub showed that in case of PKW, 
71-99% homological sequence of partial RT/RNase 
H region was located in chromosomes 1,3,5,7,8,6,9 
and 11. The target sequence for CRISPR was analyzed 
using CCTOP & CRISPRdirect (CRISPR tool) and highly 
specific target sequence was obtained and the oligo 
primers were designed. The common highly specific 
guide RNAs as predicted by CCTOP and CRISPRdirect 
having high GC content were further checked manually 
and selected (Fig. 17).
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In in second strategy, individual BLAST of episomal 
BSV sequence against the reference banana genomes 
was performed for identification of common region 
integrated in different chromosomes, followed by 
designing of two guide RNA per integrant in order 
to knock-out, wherein a similarity of >70% were 
observed with the various episomal banana streak 
viruses. Nine common integrated regions in different 
chromosomes of PKW (w.r.t. Viral genome) were 
identified and to knock them out, two high efficiency 
guide RNA per integrant were designed as per the 
CRISPR direct and CCTOP.

INDIGENOUS VEGETABLES
Standardization of organic nutrient management 
package for important indigenous vegetables of 
Manipur

Eleven treatments comprising organic sources 
(vermicompost and FYM) alone and in combination 
with biofertilizer and control (RDF) were evaluated 
on two crops Alocasia indica and Allium odorum 
for growth and yield. The initial soil status before 
planting was soil pH-5.4, Organic carbon content 
was -1.3%, available nitrogen- 405 kg/ha, available 
phosphorus - 12 kg/ha and available potassium- 
439 kg/ha. Application of 50% N through FYM + 
50% N through Vermicompost + Azospirillum + PSB 
+ AM recorded maximum number of petiole (6.22), 
length of girth (21.1 cm) and number of leaves per 
plant (6.22); whereas application of 50% N through 
Vermicompost + Azospirillum + PSB + AM recorded 
maximum yield per plot (2.56 kg) and projected yield 
per hectare (11.37 t/ha) in A. indica. In A. odorum, 
application of 50% N through FYM + 50% N through 
Vermicompost + Azospirillum + PSB + AM recorded 
maximum plant height (32.44 cm), yield per plant 

(1.59 kg) and projected yield per hectare (7.06 t/ha); 
whereas maximum number of leaves per plant (24.67) 
was recorded with the application of 50% N through 
Vermicompost + Azospirillum + PSB + AM. 

BIOPROSPECTING
High anti-hyperglycemic activity found in 
Polygonum saggitatum 

The anti-hyperglycemic property of the methanolic 
extract of Polygonum saggitatum (Arrowleaf 
tearthumb) was assessed using α-amylase and 
α-glucosidase inhibition assay taking Acarbose as 
positive control. Result of both assays suggested 
potential antidiabetic property of the plants. Moreover, 
the plant extract was found to be more effective in 
inhibiting α-glucosidase enzyme (EC50 value 3.29 µg), 
as compared to α-amylase (EC50 value 29.0 µg). The 
result clearly suggests that P. saggitatum is a potential 
candidate for development of anti-diabetic drug.

Wild edible herb Jussiaea repens shows high free 
radical scavenging activity 

Jussiaea repens (Floating primrose-willow), a wild 
edible herbs in Manipur has been screened for free 
radical scavenging activity using DPPH, ABTS and 
FRAP assay, taking L-Ascorbic acid as positive control 
(Fig. 19 and 20). The methanolic extract of the plants 
showed promising antioxidant potential in all three 
assays viz. DPPH assay (EC50 value 21.97 µg), ABTS 
assay (EC50 value 10.91 µg) and FRAP assay (2474 
mM). Further, the result was validated in DNA nicking 
assay to test the capacity of plant extract in protecting 
DNA damage by free radicals with Trolox as positive 
control. Jussiaea repens showed increase in DNA 
protection capacity with increasing concentration 
(Fig. 18-20). 

Fig. 18. Antioxidant activity of 
Jussiaea repens  in DPPH and 

ABTS Assay

Fig. 19. Antioxidant activity of 
Jussiaea repens in FRAP Assay

Fig. 20. DNA Protection Ability 
of Jussiaea repens in DNA Nick-

ing Assay
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Anti-cancer activity of indigenous plants of 
Manipur

Methanolic extracts of four indigenous plants of 
Manipur (Jussiaea repens, Rhus semialata, Catharanthus 
roseaus and Alpinia galanga) were screened for their 
inhibitory activity against five cancer cell lines namely 
SKOV3 (ovarian cancer), HeLa (cervical cancer), MDA-
MB-231 (breast cancer), Panc-1 (pancreatic cancer) 
and PC-3 (prostate cancer) using Sulforhodamine 
B colorimetric (SRB) assay, taking Doxorubicin as 
positive control (Fig. 21). Among the plant extracts, 
C. roseaus and A. galanga have shown inhibition 
against all five cell lines; whereas J. repens has shown 
inhibitory effect on all cell lines except PC-3. Rhus 
semialata was found to be potential in inhibiting HeLa 

Fig. 21. Anti-cancer activity of indigenous 
plants of Manipur in SRB assay

cell line. Maximum inhibition of SKOV3 and MDA-
MB-231 cell lines was recorded with A. galanga (IC50 
value of 33.4 ± 6.01 µg/mL) and J. repens (IC50 value 
of 46.13 ± 1.94 µg/mL), respectively. Catharanthus 
roseaus was found to be most promising against HeLa 
(IC50 value of 43.98 ± 6.51 µg/mL), Panc-1 (IC50 value 
of 47.44 ± 2.8 µg/mL) and PC-3 (IC50 value of 46.29 
± 2.68 µg/mL) cell lines. This is the first report on 
potential anti-cancer activity of J. repens from India, 
which shows a good promise for discovery of new 
anti-cancer drug from this plant.

MUSHROOM
All India Coordinated Research Project on 
Mushroom

Under AICRP-Mushroom, seven strains of oyster 
mushroom (Pleurotus sp.) were evaluated under 
advance varietal trial-1 at temperature of <20oC 
(winter trial), wherein strain PL-19-05, PL-19-02 and 
PL-19-01 gave the highest biological efficiency (BE) 
of 77.46%, 75.78% and 74.24%, respectively based 
on two harvests (Fig. 22). In addition, to popularize 
mushroom cultivation among farmers of Manipur, 
quality spawn of different Pleurotus species (P. 
ostreatus, P. eous, P. sapidus, P. flabellatus, P. sajorcaju, 
P. florida and P. eryngii), button mushroom (Agaricus 
bisporus) and shiitake (Lentinula edodes) were 
produced and supplied to different stakeholders.

Fig. 22. High yielding strains of Pleurotus; (a) PL-19-01, (b) PL-19-05, and (c) PL-19-06

ANIMAL AND POULTRY SCIENCE
Characterization of Escherichia coli Pathotypes and 
Extended Spectrum Beta-Lactamase producing 
E. coli isolated from clinical samples and foods of 
animal origin

A total of 985 E. coli isolates from clinical samples 
(n=631) and dairy milk (n= 354) were characterized 

for their pathotypes groups. Among the isolates tested 
ibeA (44%) was found to be the most predominant 
irrespective of their sources followed by eae (10%), 
eagg (6.7%), papC (2.5%), stx1 (1.2%) and stx2 
(0.6%) representing the known E. coli pathotype 
virulence genes, viz.,  EMEC, EPEC, EAEC, UPEC, EHEC 
and eHEC respectively. A total of 212 E. coli isolated 
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from Chicken meat (n=68), Beef (n=80) and Pork 
(n=64) were characterized for blaESBL genes. Out of 
blaESBL genes tested, CTX-M (n=54). TEM (n=19) and 
SHV (n=3) were positive. Out of CTX-M group, CTX-M 
Gr, 1 (n=24) is predominant followed by CTX-M Gr. 9 
(n=13). 

Evaluation of biofilm associated protein of 
Salmonella typhimurium for its immunogenic and 
diagnostic potential

Oligonucleotide primers targeting biofilm associated 
protein (BapA: BapAFI, BapAFII and BapAFIII, BapB, 
BapD) and serotype-specific “typh” gene (Designated 
as STM) were targeted for their diagnostic potential 
and tested on 207 Salmonella typhimurium isolates. It 
was found that all the biofilm associated protein (Bap) 
primers amplify all the S. typhimurium and other 
Salmonella spp. tested, hence they can be used for 
genus-specific detection of Salmonella spp. Serotype 
specific STM primers amplify only S. typhimurium 
and is absent in other Salmonella spp., and other 
organisms tested and, hence can be used for serotype-
specific detection of S. typhimurium.

Evaluation of performance and lipid profile of 
broiler chicken through nutritional manipulation

The experiment was conducted in one hundred (100) 
day old broiler chicks of mixed sexes for 42 days. Feed 
formulation of five different dietary treatments was 
done using T1 (control) : soya based broiler ration 
recommended by National Research Council, 1994; T2 
: 10% Flaxseed; T3 : 1% Cinnamomum cassia + 10% 
flaxseed; T4 : 1% Hibiscus sabdariffa + 10% Flaxseed 
and T5 : 1% C. cassia + 1% H. sabdariffa + 10% 
flaxseed. Reduction percentage of meat cholesterol 
in thigh meat of 4.71%, 6.62%, 9.65% and 14.02% in 
T2, T3, T4 and T5 as compared to control (111.2mg/
dl). Reduction percentage of 4.29%, 4.51%, 8.44% 

and 11.85% meat cholesterol in breast meat in T2, T3, 
T4 and T5 as compared to control group (106.36mg/
dl). Significantly highest serum triglyceride reduction 
in T5 group (11.25%), total serum cholesterol in T4 
group (9.28%), significantly highest HDL cholesterol 
in T4 (10.1%) and T5 (10.%), lowest LDL cholesterol in 
T4 group (23.59%) and lowest VLDL cholesterol in T4 
(10.2%) and T5 (11.25%). Thus better performance, 
carcass traits, better meat quality and lipid profile 
of birds were observed with feeding of 1% herb and 
spice along with 10% flaxseed in broiler birds.

ICAR-Poultry Seed Project

The total number of parent stock of Gramapriya, 
Vanaraja and Srinidhi poultry birds maintained in 
the poultry farm was 1402 birds (including poultry 
chicks). During the reporting year, 38,709 numbers 
of day old chicks was produced and were supplied 
to the beneficiaries in various districts of Manipur. 
Altogether, 710 numbers of farmer’s were benefitted 
under TSP component of this project. 

FISHERIES
Study on growth and survival rate of stunted fish 
fingerling production for selected carps during 
winter months in Manipur 

Pond size having 0.05-0.25 ha were selected in five 
different locations of Imphal valley. Fish fries viz 
Osteobrama belangeri, Catla catla and Labeo rohita 
having 0.8 g body weight were stocked @ 2 lakh/ha 
in the last week of August 2019 (Fig. 23). Pond depth 
was 1.0-1.5m. Catla catla and rohu fries were obtained 
from ICAR-CIFA. Osteobrama belangeri fries were 
used from fish hatchery unit ICAR Manipur Centre. A 
mixture of raw cow dung 5000 kg/ha and 50kg of SSP 
was applied. Feeding was done using a commercial 
feed (NSF feed Aqua dust) having 30% protein @ 3% 
body weight per day. 

Fig. 23. Sampling of fishes in different locations 1. Labeo rohita (Jayanti rohu), Wangoi; 2. Catla catla, 
Sagoltongba village and 3. Osteobrama belangeri at ICAR Lamphelpat
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Fries of rohu, catla and O. belangeri thrive well in 
winter months. Similar weight gain were observed 
in all the locations. Slow growth rate were observed 
during December to January and first half of 
February, however, survival rate were not affected 
by temperature and observed high survival rate in 
all the fishes tested in all the locations. The water 

temperature recorded was 0.5°C to 28°C, Dissolved 
oxygen 5.2-7.8ppm, pH7.0-7.5, total alkalinity 78-110 
ppm; Carbon dioxide nil-2.0 ppm, NH3 0–0.5 ppm and 
NO2 0–1.0 ppm respectively. Hence, the result shows 
that carp seeds viz, catla, rohu and pengba can be 
grown during winter months for early stocking for 
farming (Table 4).  

Table 4. Growth and survival rate of Labeo rohita, Catla catla and Osteobrma belangeri in winter months 
(150 days)

Mean Labeo rohita (Jayanti rohu) Catla catla Osteobrama belangeri

Initial weight (g) 0.80±0.2 1.01±0.20 0.4±0.1

Final weight (g) 44.6±1.2 66.5±2.2 12.5±1.2

Weight gain (g) 43.87 ±1.24 65.55±168 12.1±0.2

Daily weight gain (g) 0.29±1.1 0.433±1.2 0.08 ±0.2

Survival Rate (%) 65 70 90

SOCIAL SCIENCE 
Loan utilization and cropping pattern of Kisan 
Credit Card beneficiaries of Sangaithel village in 
Manipur

Primary data were collected from 25 beneficiaries of 
Kisan Credit Card (KCC) in Sangaithel village of Imphal 
West district, Manipur. The average cultivated area was 
1.045 ha per farmer. The average age of the farmers 
was 44 years and an average of 23 years of experience 
in farming and crop cultivation. Beneficiary farmers 
obtain KCC loan from Manipur Rural Bank, Lamphel 
Branch with an average loan amount of Rs. 40,200 
ranging from a minimum of Rs. 30,000 and maximum 
of Rs.1 lakh. The loan amount has to be repaid in a 
period of one year and rate of interest was 7% per 
annum. The average cost incurred in getting KCC loan 
including expenses for documentation, travel and 
visit is Rs. 638 per farmer. Of the total 25 loanees, 6 of 
them have started repaying loan amount ranging from 
a minimum of Rs. 2000 to a maximum of Rs.60,000. 
The average loan outstanding amount was Rs.35,720. 
More than 60 per cent of the total loan amount are 
used in land preparation and hiring of farm labour. 

NATIONAL MISSION FOR SUSTAINING THE 
HIMALAYAN ECOSYSTEM

The experiment was conducted under factorial RBD 
with fertilizer management practices (control, farmers 
practice and recommended dose of fertilizers) with 
three genotypes of rice (Thoibi, RC Maniphou-7 and 
RC Maniphou-13). Significantly higher grain yield 
was recorded RCManiphou-13 (4.82 t/ha) followed 
by RC Maniphou-7 (4.6 t/ha), while minimum yield 
was recorded in Thoibi (3.78 t/ha). Similarly, RDF 
gave significantly higher grain yield (5.12 t/ha) as 
compared to farmer practice (4.62 t/ha) and control 
(3.46 t/ha). The relationship between total root length 
and genotypes (r=0.98) and fertilizer management 
(r=0.877) were highly correlated. We have analyzed 
nutrient partitioning (total N, P, K and micronutrients) 
in leaf, shoot and root at various growth stages 
of mentioned genotypes under various fertilizer 
management practices. Among genotypes, maximum 
P content was found in RC Maniphou-13 in various 
rice plant parts (leaf, root and shoot), while higher 
p partitioning was recorded in RDF in various plant 
parts at different stages under fertilizer management 
practices.
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 Table 5. Salient Achievements of Pilot study under NMSHE Project

S.N. Technological Intervention Outcome
1. A.   Integrated nutrient 

management in maize 
50%RDF + 25% Vermicompost and 25% Compost applied 
in maize and enhanced 49% yield with 38% net returns over 
farmers practice. 

B. Intercropping of Maize + 
Ricebean (Additive series) 

6.45 t/ha maize equivalent yield (MEY) recorded in intercropping 
over 3.8 t/ha in sole cropping (Var. HQPM-1). 

2. A. Introduction of Lentil under 
Minimum till in Rice-fallow 

0.85 t/ha lentil was produced under Minimum tillage after rice 
harvesting. 

3. A. Construction of Jalkund and 
Rain water harvesting structures 

Farmer stored 45000 to 120000 liters of rain water in Jalkund. 

4. A. Introduction of Rice (RC 
Maniphou-9, RC Maniphou-13

Farmer harvested 5.6 and 5.9 tonne/ha rice grain from RC 
Maniphou-9 and RC Maniphou-13 respectively, which is twofold 
higher than local cultivars. 

B. Introduction of ICGS-76 Farmers harvested 2.2 to 2.7 tonne/ha yield from ICGS-76. 
C. Introduction of HUL-57 Farmers harvested 0.75 to 0.90 t/ha grain yield. 

5. A. Introduction of SRI cultivation Farmer harvested 7.8 t/ha paddy under SRI, which was 85% 
higher than farmers practice. 

B. Introduction of Broad Bed and 
Furrow method for groundnut in 
Riverbed areas 

Farmers produced 2.6 tonne under BBF than 2.2 tonne/ha under 
Flat bed. 

6. A. Introduction of organic 
production in Turmeric 

Yield 37.58 t/ha was recorded with Vermicompost + 
Pseudomonas + Frateuria with 6.5% curcumin. 

7. A. Introduction of IPM/IDM 
modules for pest and disease 
management 

IDM/IPM was found most effective tools for insect and disease 
management. 

8. A. Introduction of low cost 
housing for piggery and poultry 

Four unit of Low cost house for livestock established 

B. Introduction of cross bred 
Hampshire (Hampshire x 
Ghungroo cross) and Rani of pig 

35 to 43% meat production and 24% piglets increased over 
farmers’ adoption. 

C. Introduction of Vanaraja and 
Srinidhi 

9. Popularization of Agri-Horti-
Livestock-Fishery-Secondary 
agriculture based IFS
 

The cropping intensity was increased up to 250% compared 
to 120% in traditional farming system. The farming intensity 
has also been increased up to 500%, as compared to 200% in 
traditional farming system. On an average, 409 days employment 
was generated as compared to 110 days in earlier. The net return 
of farming systems was increased to the tune of Rs. 4.30 lakh 
over the traditional farming system.  

10. Validation of ITKs for crop, soil 
and pest management in Manipur

15 numbers of ITKs from 13 villages on seedling (1), soil (1), 
pest management (12) and backyard poultry (1) in Manipur 
identified and validated by triangulation method.
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Monitoring indicator on soil health, plant and 
animal health

•	 Soil health indicators (organic carbon, enzymatic 
activities and nutrients) decreased in most of the 
land use systems (10) from year to year and depth 
to depth.

•	 In the year 2019, outbreak of Black Quarter in 
Cattles was reported form Bishnupur District 
of Manipur. Survey was done in Chandonpokpi 
Village in Chandel district of Manipur for incidence 
of Black Quarter. However, no incidence of BQ was 
found. The important parasitic disease reported 
was Ascariasis in pigs. The important poultry 
diseases reported were respiratory disease and 
bacillary white diarrhoea.

TECHNOLOGY COMMERCIALIZATION

ICAR Research Complex for NEH Region signed 
memorandum of understanding (MoU) with M/s 
Green Biotech Eco-solutions Pvt. Ltd., Imphal, 
Manipur on 18.05.2019 for popularization and 
commercialization of five processing technologies 
of underutilized fruits and vegetables viz., Chocolate 
with King Chilli and Kachai Lemon Flavour, Weaning 
Mix with Tree bean and Prunus flavour, Prunus Fruit 
Roll, Tree bean Cookies, and King Chilli Canning 
developed by Horticulture section at Manipur Centre 
in collaboration with PJTSAU, Hyderabad. Processing 
of underutilized crops would add value to the food 
supply chain management in this region (Fig. 24).

Fig. 24. Ceremonial Signing of MoU between 
ICAR Research Complex for NEH Region and 
M/s Green Biotech Eco-solutions Pvt. Ltd. for 

Technology Commercialization

AGRI-BUSINESS INCUBATION CENTRE (ABI)

During the period, Agri-business Incubation Centre 
at Manipur Centre has provided incubation support 
to more than 43 agripreneurs. Of these, 18 incubates 
are newly registered members during 2019 and 4 

incubates graduated successfully and started their 
own business venture. ABI organized one “Progressive 
Mushroom Growers and Agriprenerus Meet” on 29 
May, 2019; one training programme on “Piggery 
based Entrepreneurship Development” during 11-13 
December, 2019 and co-sponsored the “State Level 
Mushroom Exhibition” on 23rd December, 2019. ABI 
has also participated in the International Buyer Seller 
Meet organized by APEDA during 19-20 June, 2019; 
National Indigenous Seed Festival-2019 organized by 
AMTMAPPC, Manipur during 12-14 October, 2019 and 
State Level Farmers Fair organized by ICAR, Manipur 
Centre during 20-23 December, 2019 in Imphal, 
Manipur. Besides, 24 ABI entrepreneurs participated 
in the National Agri-Business Entrepreneurship 
Conclave 2019 in Umiam, Meghalaya; 2 ABI 
entrepreneurs participated in the Exhibition during 
91st ICAR Foundation Day 2019 in New Delhi; four ABI 
members were sent to ICAR-National Research Centre 
for Banana, Trichy for undergoing training on banana 
fiber extraction and banana fiber based handicrafts 
making and 1 entrepreneur was nominated for 
participation in the Buyer-Seller Meet cum Exhibition 
organized by Central Institute of Horticulture, 
Nagaland. During the period, ABI Centre has received 
‘Best Stall Award’ in the State Level Farmer’s Fair 
organized by ICAR, Manipur Centre during 20-
23 December, 2019. In addition, all total 8 ABI 
entrepreneurs bagged 11 awards at state as well as 
national level. Dr. Subhra Saikat Roy, Senior Scientist 
and In-charge, ABI at Manipur Centre also received 
prestigious National Entrepreneurship Award 2019 
(Ecosystem Builder Track – Mentor) conferred by 
Ministry of Skill Development and Entrepreneurship, 
Govt. of India on 9th November (Fig. 25).

Fig. 25. Dr. Subhra Saikat Roy, In-charge, 
ABI (Manipur Centre) receiving National 

Entrepreneurship Award 2019 (Ecosystem 
Builder Track – Mentor) from Dr. Mahendra Nath 

Pandey, Hon’ble Minister of Skill Development 
and Entrepreneurship, Govt. of India on 9th 

November, 2019
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MIZORAM
SUMMARY
Trials on 22 lowland rice showed the highest grain yield from Gomati (3.5 t/ha) and highest biological yield 
in NLR9 (15.58 t/ha). Out of the 14 upland rice germplasms evaluated, MZ UP Rice 24 recorded highest grain 
(4.02 t/ha) and straw (8.67 t/ha) yield and screening of Perilla showed highest seed yield in IC-0615393 (0.9 
t/ha).The Soil Organic Carbon (SOC) and Carbon Stock (CS) were highest in secondary forest and lowest for 
lowland rice and pine forest from Kolasib and Champhai district of Mizoram. Mango germplasms collected 
across Mizoram showed maximum fruit weight, fruit length, and fruit width from Dulte area. Application of 
NPK (25-75-75 g/plant), FYM (2 kg/plant) and vermicompost (1 kg/plant) improved the growth, flowering 
and number of dragon fruit. Gerbera var. RCGH-114 recorded maximum flower diameter (10.04 cm), disk 
diameter (3.1 cm), flower stalk length (39.78cm) and flower stalk diameter (3.82 mm). Organic production 
of turmeric var. RCT-1gave maximum yield of 28.29 t/ha in T2 (100% organic manure equivalent to 75% N 
requirement of turmeric) while maximum organic ginger yield of 12.99 t/ha in T7 (SAU; Ginger-NPK100:90:90 
kg/ha). The yield of bold/vegetable ginger, Bhaise was found to be highest at 24.60 t/ha. PL-18-07 Oyster 
Mushroom (Pleurotus spp.) yielded 18.7 kg/100kg of substrate using paddy straw substrates. Serum samples 
screening revealed positive for Porcine reproductive and respiratory syndrome virus (10), Classical swine 
fever virus (53), Porcine circovirus type 2 (81) and Porcine parvovirus (30), respectively. The fish diversity 
assessment in major rivers of Mizoram revealed 35, 27, 16 and 15 fish species were available in the rivers 
respectively with Tor putitora listed as “Endanger”; Botiaro strata as “Vulnerable”, while six (6) species falls 
under “Near Threatened” category under IUCN resources red list. In addition, the ICAR Mizoram Centre 
conducted 18 trainings under TSP, ISP, NICRA, AICRP Mushroom etc. benefitting 640 farmers from different 
districts of Mizoram.
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Weather Report

The daily weather observations were recorded at the 
agro-meteorological observatory of ICAR Research 
Complex for NEH region, Mizoram Centre during 
January-December’ 2019 (Fig. 1). Kolasib received 
3080.5 mm rainfall during the study period with 137 
rainy days (> 2.5 mm rain per day) and 3 extreme 
rainy days (> 100 mm rain per day). The highest 
rainfall received on 23rd May 2019 (172.1 mm). T Max 
varied from 32.5°C to 18.6°C; while mean T Min varied 
between 9.0°C to 25.1°C. The variation RH-morning 
was much less than the RH-evening and varied from 
73.23% (during March) to 96.07% (during November) 
while the RH-evening varied between 56.22% (during 
January) to 83.97% (during August), respectively. The 
average annual Bright Sunshine Hours varied between 
3.52 to 7.66 hrs.

Rice
Performance evaluation of different varieties of 
rice under lowland conditions of Mizoram

An experiment was conducted during Kharif 2019 
to determine the yield and production potential 
of 22 rice varieties under lowland conditions in 

Fig. 1. Mean monthly weather condition, ICAR RC 
NEH, Mizoram January-December (2019)

Fig. 2. Different rice varieties at Mizoram Centre

Fig. 3. Variation in panicle of different rice varieties

Mizoram (Fig. 2,3). The tallest plant was observed in 
local variety (185.3 cm) with longest crop duration 
(158 days). Maximum number of tillers per hill was 
recorded in Gomati (16.0) whereas, the highest no. of 
grains per panicle was observed in Tripura Hakuchuk 
(157.9). Highest and lowest grain yield was recorded 
in Gomati (3.5 t/ha) and PB1121 (0.75 t/ha), 
respectively. The highest biological yield and harvest 
index was recorded in NLR9 (15 t/ha) and PNR 546 
(0.32), respectively.

MIZORAM
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RCRT trial on selected upland rice germplasm

The yield potential of 14 upland rice germplasms was 
evaluated against IURON 514. MZ UP Rice 24 recorded 
significantly higher grain (4.02 t/ha) and straw (8.67 
t/ha) yield followed by MZ UP Rice 6 (3.84 t/ha grain 
yield, 8.61 t/ ha straw yield). The lowest grain yield 
was recorded for MZ UP Rice 8 (2.14 t/ha) followed by 
MZ UP Rice 13 (2.28 t/ha) and MZ UP Rice 1 (2.58 t/

MZ UP Rice 5

MZ UP Rice 24

MZ UP Rice 6

MZ UP Rice 04

Fig. 4. Selected upland rice germplasm under RCRT trial

Fig. 5. Performance of perilla germplasms at Mizoram centre

ha) (Fig. 4). MZ UP Rice 4, MZ UP Rice 24, MZ UP Rice 
23, MZ UP Rice 25, MZ UP Rice 27, IURON 514 attained 
harvesting maturity within 125 days after sowing 
(DAS). MZ UP Rice 1 and MZ UP Rice 2 have longest 
duration for attaining harvesting maturity (210 days). 
Rice neck blast (Magnaporthe grisea) and rice sheath 
blight (Rhizoctonia solani) were observed in majority 
of the selections. 

Perilla
Genotype screening trial on Perilla

Eight (8) perilla genotypes with Thoiding (local) as 
check were evaluated for IVT during kharif, 2019 (Fig. 
5). The maximum height was observed in IC-0615377 
(194.9 cm) followed by IC-0615393 (163.7cm). IC-
0615389 (171 days) showed maximum crop duration 
followed by Thoiding (170 days) whereas, IC-0615376 

(128 days) recorded shortest crop duration. The total 
number of inflorescence per plant was maximum in 
IC-0615377 (95) followed by IC-0615382 (78) and 
lowest in Thoiding (23). The highest seed yield was 
recorded in IC-0615393 (927 kg/ha) followed by 
IC-0615382 (915 kg/ha), IC-0615369 (497 kg/ha). 
Highest biological yield was recorded in IC-0615377 
(29109 kg/ha) and lowest in Thoiding (7240 kg/ha). 



ANNUAL REPORT 2019

87ICAR RC NEH

ICAR seed project (ISP)

Under the ISP project, certified rice cv Gomati seed 
production (Fig. 6) was carried out during kharif, 2019 
in villages viz., Phaisen, Buhchang and Bukvannei. The 
seed production quantity was 68 q and 2.5 q from 
farmers field and ICAR farm, respectively. Millets 
viz., pearl millet, proso millet and finger millet were 
distributed to farmers for seed production. 

Fig. 6. Rice cv Gomati at farmers field

Fig. 7. Pearl millet at ICAR farm

Natural Resources Management
Effect of land use systems on soil organic carbon 
and carbon stock

Different land use were selected from Chemphai, 
Kolasib district representing foothills (< 300 m amsl) 
and Champhai district representing above 1300 
m amsl. In both the areas land use were selected to 
cover from lowland rice area to forest and important 
plantation up to 45 cm soil depth. Soil OC being 
considered most important indicator for soil quality, 
was highest in forest which was also similar for soil 
carbon stock. While, the soil carbon was lowest for 
lowland rice in Kolasib district, pine soils have the 
lowest content for Champhai district. On an average 
the soil carbon content was higher in Champhai 

compared to Kolasib district. The percent contribution 
of active carbon pools to the total organic carbon on 
an average was about 60 % and passive carbon pools 
to the total organic carbon were 40 % (Fig. 8).

Fig. 8. Effect of land uses on soil carbon content 
in two locations of Mizoram

Mango 
Physico-chemical characterization of mango 
germplasm 

Forty mango germplasms were collected from 
different parts of Mizoram based on fruit shape, size 
and colour. The fruit weight ranged from 10.39 to 314 
g. The maximum fruit weight, fruit length, fruit width 
was recorded from Dulte area of Mizoram. The fruit 
TSS ranged from 7.3 to 16.330 Brix with a maximum 
fruit TSS (17.3 Brix) recorded from Dulte area of 
Khazawl district. The acidity content ranged from 
0.20 to 3.65% and ascorbic acid ranged from 3.0 to 15 
mg/100g of pulp. The total carotenoids ranged from 
0.0034 to 0.030mg/100 gram of mango pulp (Fig. 9).

MZM-Dulte

MZM-Saiha (Theiva)

MZM- New Serchhip

MZM-Lunglei

MZM-Khawzal

MZM- Champhai

Fig. 9. Mango germplasm diversity in Mizoram
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Dragon fruit
Package and practices of dragon fruit under 
Mizoram condition

The growth, flowering and number of fruit per of 
dragon fruit were observed at different nutrient 
treatments viz. T1: Control, T2: NPK fertilizer @ 25, 
75, 75g/pole, T3: NPK @ 25, 75, 75g/pole + FYM 2 
kg/pole, T4: NPK @ 25, 75, 75g/pole + Vermicompost 
1 kg/pole , T5: NPK @ 25, 75, 75g/pole + FYM 2 kg/ 

Fig. 10. Dragon fruit at Kolasib

Gerbera
Performance of gerbera hybrids under open field 

Five promising hybrids of gerbera RCGH-1, RCGH-14, 
RCGH-22, RCGH-114 and RCGH -117 was evaluated  
for flower diameter, flower disk diameter,  flower 

plant + Vermicompost 1 kg/pole. The maximum 
number of flower bud/pole (20.0), number of flower 
(19.0), no of fruit/pole (19.0), yield per plant (6.66 
kg) and average fruit weight (350.50g). 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, flowering and 
number of fruit per plant compared to other treatment 
combinations (Fig 10). 

stalk length,  flower stalk diameter and  number of 
flower per plant (Fig. 11). The RCGH-114 recorded 
maximum flower diameter (10.04 cm), disk diameter 
(3.1 cm), flower stalk length (39.78 cm) and flower 
stalk diameter (3.82 mm) while RCGH-22 recorded 
maximum number/plant/year (18 nos.) (Fig. 11).

RCGH-1 RCGH-14 RCGH-22 RCGH-114 RCGH -117

Fig. 11. Different varieties of Gerberra
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Turmeric 
Organic production of turmeric var. RCT-1 

Maximum plant population was found in T6 and T8 
(44.00) followed by T5 (43.75) and T2 (43.25). Highest 
number of tillers per plant was found in T1 (2.33) 
followed by T2, T3 and T5 (2.00). Plant height was 
highest in T8 (69.88 cm) followed by T2 (69.33 cm) 
and T3 (68.30 cm). The maximum yield was recorded 
for T2 (100% organic manure equivalent to 75% N 
requirement of turmeric), with a yield of 28.29 t/
ha, followed by T1 (100% organic manure equivalent 
to 100% N requirement of turmeric) with a yield of 
27.42 t/ha and T6 (75% N requirement of turmeric 
+ micronutrients) with a yield of 26.39 t/ha. Dry 
matter content was found to be highest in T1 (100% 
organic manure equivalent to 100% N requirement 
of turmeric); dry recovery 18.95 % followed by T4 
(100% organic manure + (Vermiwash 10%); dry 
recovery 18.43 %, and T3 (100% organic manure + 
micronutrients); dry recovery 18.37 %.

Ginger
Organic production of ginger var. Mahima

The growth parameters, i.e. plant population, plant 
height, number of tillers were taken after 120 days of 
planting. Maximum plant population was found in T1 
(37.35) followed by T3 (36.93) and T8 (36.88). Highest 
number of tillers per plant was found in T1 (5.61) 
followed by T3 (5.35) and T6 (5.28). Plant height was 
highest in T1 (36.03 cm) followed by T2 (34.63 cm) 

and T3 (34.46 cm). The maximum yield was recorded 
for T7 (Recommended package by SAU; Ginger-
NPK100:90:90 kg/ha), with a yield of 12.99 t/ha, 
followed by T1 (100% organic manure equivalent to 
100% N requirement of ginger) with a yield of 12.66 
t/ha, T3 (100% organic manure + micronutrients) 
with a yield of 12.23 t/ha, T8 (Farmers practice) with 
a yield of 11.54 t/ha. The maximum fresh weight of 
clump was recorded for T7 (107.60 g/plant), followed 
by T6 (103.82 g/plant) and T2 (102.03 g/plant). 

Performance of bold and vegetable ginger

Seven (7) genotypes of vegetable/ bold type of ginger 
were evaluated after 120 days of planting. Maximum 
plant population was found in Bold Nadia (32.25) 
followed by Bhaise (31.75) and Gurubathani (31.25) 
(Fig. 12). Highest number of tillers per plant was 
found in Bhaise (5.86) followed by PGS-95 (4.25) 
and Gurubathani (4.01). Plant height was highest in 
Bhaise (54.55 cm) followed by PGS-102 (47.09 cm) 
and Gurubathani (47.05 cm). The maximum fresh 
weight of clump was recorded for Bhaise (236.50 g/
plant), followed by Gurubathani (190.38g/plant) and 
Bold Nadia (162.50g/plant). The maximum yield 
was recorded for Bhaise, with a yield of 24.60 t/ha, 
followed by Gurubathani with a yield of 19.35 t/ha. 
Dry matter content was found to be highest in PGS-
102; dry recovery 20.87 % followed by Bold Nadia; 
dry recovery 20.86 %, and PGS-121 (dry recovery 
20.66%). 

PGS-95

Johans Ginger

PGS-121

Bhaise Bold Nadia

PGS-102 Gorubathani

Fig. 12. Performance of vegetable type of ginger at ICAR Kolasib
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Mushroom
Evaluation of high yielding strain of Oyster 
mushroom

PL-18-07 strain gave maximum yield (18.69kg/100kg 
of substrate), followed by PL-18-01 (15.79 kg/100kg 
of substrate) and PL-18-10 (15.56kg/100kg of 
substrate). PL-18-03 and PL-18-09 took maximum 
time of 28 days for first harvest. 

Collection, identification and conservation of wild 
edible mushrooms

Survey of mushroom was conducted in the different 
habitats such as soil, jhum field, forest, decaying 
wood, rotting plant parts etc. and local markets of 
Mizoram. Sixty five naturally growing edible or non-
edible mushrooms including Lactifluus spp., Russula 
spp., Schizophyllum commune, and Tuber spp. were 
collected and documented. 

MZ 19/01  

MZ 19/06 MZ 19/07 MZ 19/08 MZ 19/09 MZ 19/10

MZ 19/02 MZ 19/03 MZ 19/04 MZ 19/05

Fig. 13. Wild edible/non-edible mushroom of Mizoram

Animal Health
Monitoring and surveillance of important viral 
and bacterial diseases of pigs in Mizoram

Viral diseases of pigs

Serum and clinical tissue samples were analyzed 
by commercially available enzyme-linked 
immunosorbent assays (ELISA) and PCR, respectively. 
The results indicated a mean positivity of 8.77% 
(10/114), 46.49% (53/114), 71.05% (81/114) and 
26.32% (30/114), respectively. Mixed infections was 
observed, 23.68% (27/114) showed the presence 
of CSFV and PCV2; 9.65% (11/114) showed the 
presence of PCV2 and PPV; 9.65% (11/114) showed 

the presence of CSFV, PCV2 and PPV; 4.39% (5/114) 
showed the presence of PRRSV, CSFV and PCV2; 
1.75% (2/114) showed the presence of PRRSV, CSFV 
and PPV. 

Bacterial diseases in pigs

A total number of 142 serum samples from Champhai 
and Kolasib district were screened for Brucellosis 
by Rose Bengal Plate test. Only 1 (one) sample was 
positive for Brucellosis. 95 nos. of rectal swabs 
were collected from Serchhip and Kolasib district of 
Mizoram. E. coli, Salmonella spp. and Staphylococcus 
were isolated from 54, 55 and 103 nos. of samples, 
respectively (Fig.14). 

Table 1. Detection of important viral diseases of pigs by ELISA

Place Source Sample no. PRRSV CSFV PCV2 PPV

Champhai Serum 38 8 18 25 13

Kolasib Serum 76 2 35 56 17

Total 114 10 53 81 30
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Fig. 14. Antibiotic sensitivity of E. coli, Salmonella, and Staphylococcus aureus

Performance of Parent stock of Vanaraja birds at 
Mizoram 

The parent bird attains maturity at 5 months and 
15 days. Eggs weight at first laying was 43g with an 
average body weight of 2.050 Kg (female birds at first 
laying). There was a substantial increase in the size of 
eggs from 1st laying to one month of laying i.e. 7g. The 
overall average size of eggs at 7 months of laying was 
51g with an average weight of 2.60 Kg of female birds.

Fisheries
Demonstration of integrated pig cum fish farming 
technology

The technology of pig cum fish farming has been 
demonstrated to 15 farmers from Buhchangphai, 
Bukvannei and Tuichhuahen villages of Kolasib 
district under the financial aid from NABARD. Critical 
inputs including fish seed, piglets, fish feed, pig ration 
etc. were distributed to the selected beneficiaries (Fig. 
15-16). 

Fish diversity assessment from different rivers of 
Mizoram

The fish diversity in four major rivers of Mizoram 
viz. Tlawng river, Tuichang river, Tuikum river and 
Varhva river were assessed. A total of thirty five (35) 

fish species belonging to twelve (12) families were 
recorded from Tlawng river, whereas twenty seven 
(27) fish species belonging to twelve (12) families 
were recorded from Tuichang river. In Tuikum river, 
sixteen (16) fish species belonging to six (6) families 
were recorded while fifteen (15) species of fishes 
belonging to five (5) families were recorded from 
Varhva river. Fish species belonging to Cyprinidae 
family dominated highly in all the studied rivers. 
Fishes of bagridae family were found to be least 
abundant in Tlawng river while fishes of Gobiidae and 
Chacidae families were least dominant in Tuichang 
river. In Tuikum river, fishes belonging to Anguillidae & 
Channidae were found to be least available while fishes 
belonging to Anguillidae family were least abundant 
in Varhva river. Out of the fish species collected, Tor 
putitora is listed as “Endanger” and Botia rostrata is 
listed as “Vulnerable” while six (6) species including 
Tor tor, Neolissocheilus hexagonolepis, Poropuntius 
clavatus, Bagarius bagarius, Anguilla bengalensis and 
Glyptothorax striatus falls under “Near Threatened” 
category under International Union for Conservation 
of Natural (IUCN) resources red list indicating the 
need for conservation of the indigenous fishes.Fig. 15. Distribution of fish seed to farmers

Fig. 16. Training cum demonstration of pig cum 
fish farming
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Hydrological parameters of rivers

Four major rivers of Mizoram viz. Tlawng, Tuichang, 
Tuikum and Varhva were surveyed during the year 
for examination of hydrological parameters. The 

Tlawng river

Tuichang river

Tuikum river

Varhva river

parameters including temperature, pH, total hardness, 
iron, nitrate, DO, total alkalinity, phosphate, nitrite 
and CO2 were examined and the results are presented 
in table. The physico-chemical parameters are found 
to be in acceptable ranges for fishes.

Table 2. Physico-chemical parameters of major rivers of Mizoram

Parameters Tlawng Tuichang Tuikum Varhva
Temperature (°C) 18 18 19
pH 7.02 6.2 5.9 5.85
Total Hardness (mg/l) 45 45 60 45
Nitrate (mg/l) 0.2 0.2 0.3 0.2
DO (mg/l) 8.8 8.8 7.2 8.8
Total Alkalinity (mg/l) 50 50 75.0 75.0
Phosphate (mg/l) 0.27 0.30 0.35 0.26
Nitrite (mg/l) 0.10 0.1 0.1 0.1
CO2 (mg/l) 8.0 12 8.0 8.0
Total dissolve solids (TDS) 61 47.2 37.4 34.6
Electrical conductivity 120 87.7 70.3 65

Fig. 17. Diversity of fish families in four rivers of Mizoram
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NAGALAND
SUMMARY
The total rainfall received during 2019 was 1578.7 mm with 96 rainy days. It was observed that 2019 
received 0.06% more rainfall than the normal (1554.8 mm). Under AICRP on oilseed, nine variety of 
sunflower were evaluated, of which variety KBSH-71 recorded highest yield (2802 kg per ha) followed 
by COH-3 (2635 kg per ha). Similarly in sesame, Prachi recorded the highest yield (1861 kg per ha) 
followed by TKG-308 (1496 kg/ha). Under organic nutrient management practices of upland rice, 
Bhalum-3 (3.5t/ha) recorded the highest yield followed by SARS-8 (2.40t/ha). Grain quality, yield 
and yield attribute traits of 176 upland rice germplasm were evaluated using Bhalum- 3 as check 
variety. Among these, Aongsho, Semmeki, Goyo Tsük, Shuphok, Moya Tsuk showed high potential yield 
compared to Bhalum-3 in upland condition.  Under PPV&FRA, 3 rice entries were evaluated and found 
distinct from reference varieties namely RCM-9, Pusa Sughandha and Shashrang (IET16313). Among 
183 upland rice germplasm evaluated against the rice blast, 10 were immune, 60 were resistant, 106 
were moderately susceptible, 6 were susceptible and one was highly susceptible. Of the 139 upland rice 
germplasms evaluated against brown spot, 2 were immune, 73 were susceptible, and 39 were highly 
susceptible. Among the ten strains of oyster mushroom evaluated at Nagaland, PL-18-06 strains reported 
maximum yield of 72.31 kg per 100 kg dry weight substrate of paddy straw. Growth performance of 
Labeo calbasu under paddy cum fish farming system in foot-hill region was found better and could be 
a better alternative for C. mrigala in the culture system. Thirteen more fish species belonging to 12 
genera were documented from River Chathe in Nagaland.  

Integrated nutrient management trials in Naga King chilli revealed better performance with treatment 
of poultry manure (2.5t/ha) + RDF (25%). During the reporting period, 86168 chicks were produced 
(PSP); 482 piglets were farrowed (MSP on pig) and 32 trainings were conducted. 
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Weather Report
The mean monthly maximum and minimum air 
temperature varied from 23.7°C to 34.7°C and 8.1°C 
to 24.9°C, respectively (Fig. 1). The highest maximum 
temperature for a single day was 37.7°C recorded 
on 13th August, 2019 and the lowest was was 21.5°C 
recorded on 5th January. The highest minimum 
temperature for a single day was 26.5°C recorded on 
13th July whereas the lowest was 6.1°C recorded on 
2nd January. During 2019, monthly relative humidity 
ranged from 46% to 97% (Fig. 2). The highest 
monthly maximum relative humidity was recorded 
during the month of January which was 97% and the 
lowest was recorded during the month of July which 
was 92%. Total rainfall received during the year 2019 
was 1578.7 mm, except January there was rainfall 
throughout all the months (Fig. 3). There were a 
total of 96 days rainy days which was more than the 
normal. Monthly rainfall was maximum during August 
(274.5 mm) followed by July (271.3 mm). The highest 
amount of rainfall in a single day was 129.0 mm and 
recorded on 4th June which was followed by 63.6 mm 
on 28th June. Mean monthly wind speed ranged from 
0.745 km/h during the month of December to 2.787 
km/h in the month of May. The highest mean wind 
speed of 3.092 km/h in a single day was recorded on 
2nd May. Soil temperature was recorded both in the 
morning and evening at 5 cm, 10 cm, 15 cm and 20 
cm depth (Fig. 4). Average soil temperature showed a 
decreasing trend along with the depth. Highest total 
monthly evaporation was recorded in the month 
of August (122.0 mm) and lowest in the month of 
December (51.7 mm).

Fig. 1. Variation in monthly mean maximum and 
minimum temperature during 2019

Fig. 2. Variation in monthly mean maximum and 
minimum relative humidity during 2019

AGRONOMY 
Development of low cost, low volume and 
ecofriendly nutrient management practices for 
Jhum farming

The experiment comprised of four crops viz., maize 
(RCM-76), upland rice (Bhalum-3), soybean (JS-
9650) and groundnut (ICGS-76), grown in strips of 
cereals alternating with legumes as maize/soybean/
rice/groundnut. Each crop received six nutrient 
management practices viz., T1= Control (traditional  
jhum practices), T2= Lime (250 kg/ha), T3= Lime (250 
kg/ha) + Bio-fertilizer (500g/ha: Azospirillum for 
cereals and Rhizobium for legumes), T4= Lime (250 
kg/ha) + Bio-fertilizer (500g/ha) + Micro-dosing 
of NPK (17-17-17) (20 kg/ha), T5= Organic manure 
(FYM 2.5 t/ha) + Bio-fertilizer (500 g/ha) + Micro-
dosing of NPK (17-17-17) (20 kg/ha), T6= Organic 
manure (2.5t/ha) + Spraying of 2% DAP + Micro-
dosing of NPK(17-17-17) (20 kg/ha). The treatments 
were laid out in a randomized block design (RBD) 
with three replications. The T4 treatment resulted in 
the tallest plant height for maize (196.40 cm) and rice 
(131.50 cm). Plant heights were significantly taller for 
soybean crop (44.13 cm) receiving T4 treatment and 
for groundnut (100.53 cm) receiving T5 treatment.  
Application of Lime + Bio-fertilizer + Micro-dosing of 
NPK (T4) recorded significantly higher crop and straw 
yield for upland rice, stover yield for maize, soybean 
and groundnut as compared to the control (traditional 
jhum practices). Maximum yield must be the resultant 
of various yield attributable characteristics like higher 
no. of cobs (1.5) for maize (3.350 t/ha); longer length 
of panicle (30.10 cm) and higher total no. of grains/

NAGALAND
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Fig. 3. Experiments involving different crops under jhum fields

Varietal evaluation trials on Sunflower
Nine varieties of sunflowers were evaluated for their 
yield performance (Table 1). Among all the varieties 

the sunflower variety KBSH-71 recorded highest yield 
(2.802 t/ha) followed by COH-3 (2.635 t/ha).

panicle (206.00) for upland rice (3.150 t/ha); higher 
no. of pods/plant (43.8, 32.27) and no. of seeds/pod 
(3.00, 2.47) for both soybean and groundnut (2.370 t/
ha, 1.790 t/ha, respectively).

Application of Organic manure + Bio-fertilizer + 
Micro-dosing (T5) of NPK exhibited significantly 
higher available soil potassium over the traditional 
jhum practices for all the crops i.e., maize (134.25–
283.35 kg K/ha), upland rice (135.65–244.20 kg K/
ha), soybean (138.50–278.55kg K/ha) and groundnut 
(124.14–280.30 kg K/ha). Lime + Bio-fertilizer + Micro-
dosing of NPK (T4) and Organic manure + Spraying of 
2% DAP + Bio-fertilizer (T6) recorded significantly 
similar amount of available soil potassium as that of 
the former nutrient combination i.e., maize (213.45, 
267.65 kg K/ha), upland rice (233.00, 215.40 kg K/
ha), soybean (273.20, 240.85 kg K/ha) and groundnut 
(250.60, 238.75 kg K/ha). The study also recorded 
an added increase in available soil potassium with 

nutrient management practices when compared to 
the traditional jhum practices. The highest increase 
was recorded with Organic manure + Bio-fertilizer + 
Micro-dosing of NPK for all the crops i.e., maize (149.1 
kg K/ha), upland rice (108.55 kg K/ha), soybean 
(140.05 kg K/ha), groundnut (156.16 kg K/ha) and 
Lime application recorded the least added increase 
over control for all the crops under the study i.e., maize 
(43.15 kg K/ha), upland rice (2.70 kg K/ha), soybean 
(11.15 kg K/ha) and groundnut (37.51 kg K/ha). The 
highest net return (Rs. 41,317.50/ha, Rs. 40,120/ha, 
Rs. 59,351/ha and Rs.  58,101/ha) and gross return 
(Rs. 59,097.50/ha, Rs. 58,550/ha, Rs. 82,031.30/ha 
and Rs. 88,631/ha) was achieved, respectively for 
maize, upland rice, soybean and groundnut with the 
applied nutrient management practice of Lime + Bio-
fertilizer + Micro-dosing of NPK (T4) despite the fact 
that cost of cultivation incurred was maximum against 
the said treatment for all the crops.

Table 1. Performance of the sunflower varieties for different agronomic traits

Treatment Plant 
height
(cm)

Head 
Length

(cm)

Head 
width
(cm)

Seed/Cob Head 
Weight 

(Kg)

Effective 
seed

Yield
t/ha)

Stover 
yield

(t/ha)

KBSH - 71 178.24 14.48 14.54 598.33 0.12 559.40 2.8 7.4
CO2- - HYBRID 194.87 10.86 10.96 502.67 0.06 461.63 1.5 6.4
PSH - T2 159.22 13.12 13.46 582.80 0.08 457.63 2.3 7.2
KOSH - 74 145.74 13.32 13.18 563.40 0.09 489.20 2.5 7.6
COSFV - 5 158.49 10.90 10.68 493.20 0.05 547.90 1.5 8.4
COH- 3 144.56 13.86 13.96 580.33 0.10 483.53 2.6 9.9
KBSH - 78 109.42 12.96 12.02 512.93 0.06 448.27 1.9 9.9
IIOSH - 14-2 173.35 11.13 11.34 408.40 0.04 411.20 1.3 8.3
RSFH - 1887 169.92 12.14 12.95 583.933 0.06 507.07 1.4 10.1
SE(m) 0.85 0.90 1.21 64.71 0.03 55.47 0.54 109
C.D (0.05%) 2.59 2.74 3.67 197.4 N/A 169.2 1.64 331.3
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Fig. 4. Varietal Evaluation trials on Sunflower

Varietal evaluation trials on Sesame 
Seven varieties of Sesame were evaluated for their 
yield performance (Table 2). Among the varieties 

Prachi recorded the highest yield (1.861 t/ha) 
followed by TKG-308 (1.496 t/ha).

Table 2. Performance of the sesame varieties for different agronomic traits

Treatment Plant 
Height

No of branches 
/ plant

No of pods 
/ plant

No of seed 
/ pod

No of leaves/
pod

Yield
(t/ha)

Stover yield
(t/ha)

TRE-TIL 96.5 85.400 2.700 46.200 34.450 0.67 1.3

GT - 10 97.2 56.400 3.100 37.600 36.700 0.91 1.4

CUMS - 17 86.7 60.200 2.500 19.400 34.136 1.46 1.7

SAVITRI 94.2 66.800 2.500 19.900 32.400 1.47 1.7

PRACHI 45.6 82.100 3.100 29.300 44.891 1.86 2.1

TKG - 308 100.6 81.600 2.800 26.500 33.282 1.49 1.75

AMRIT 92.15 32.300 3.000 21.100 39.670 1.36 1.6

SE(m) 9.60 4.526 0.12 2.1 1.8 90 62

C.D. 33.6 15.968 0.43 7.3 6.4 316 217

Evaluation of Rice varieties under organically 
managed nutrient management practices

Ten varieties of upland varieties of Rice, SARS-1, 
SARS-2, SARS-3, SARS-5, SARS-7, SARS-8, SARS-
9, SARS-10 and Bhalum-3 were evaluated under 
organic nutrient management practices. Among all 
the varieties, the paddy variety, Bhalum-3 (3.5 t/ha) 

recorded the highest yield followed by SARS-8 (2.40 t/
ha). However, application of 5 t/ha of organic manure 
recorded highest yield irrespective of all varieties 
under the study.

Organically managed integrated farming system 
model have been developed with different 
components
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Table 3. Brief description about different organic integrated farming systems.

Fig. 5. Different components of the organically managed integrated farming system model

Component Area (sq. m) Yield (kg) Total Income 

Agricultural Components

Cereals+Oilseeds+Pulses
(Rice-Toria-Maize-Soyabean-Groundnut) 1282 654 kg 35120

Horticultural components 635 

Fruits
(Papaya-Banana-Assam lemon) 279 191.3 5739

Vegetables
(Okra-Frenchbean-cabbage etc) 500 323.8 6205

Goatery 144 12 kids 21600

Vermi compost 50 sqft 800 16000

Rain harvesting 1 unit 750 sq.m Goatery, irrigation

Farmers participatory seed production

The centre has taken up initiatives for promoting 
quality seed production through farmers’ participatory 
seed production under ICAR Seed Project. The centre 
is promoting location specific improved varieties of 

rice, toria, soybean, green gram, black gram, linseed, 
groundnut and sesame to minimize yield gap. The 
centre is striving hard for farming community to have 
timely access to quality seed at an affordable price for 
improving crop productivity and farm profitability.
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Table 4. Truthfully levelled Seed produced through farmer’s participatory approach

Sl. No. Crop/variety Seed  to be produced (q)
(2019-20)

1 Rice  (RCM-9 & RCM-13) 200

2. Toria (TS-38) 50

3. Soybean (JS-335) 7

4. Linseed (Sharda, RLC-92, Ruchi) 5

5. Black gram (PU-31) -

6. Greengram (Pratap) 10

7. Rajmash -

8. Assam lemon 6000

9. Black pepper 3000

10. Maize (RCM-75, RCM-76) 8.0

11. Sesame 1.0

SOIL SCIENCE
Soil Analysis in Soil Science Laboratory

Total 340 nos. of samples have been analysed during 
the current year from different parts of Nagaland viz. 
Mon, Kiphire, Dimapur, Zubza, Kohima, Wokha and 
Molvom. Out of these 20 nos. were plant samples, 94 
nos. of soil samples were for the distribution of Soil 
Health Cards, and the rest was research related soil 
samples as well as from the Ph.D. scholars of different 
universities.

Soil micronutrient status of IFS models

Soil samples have been collected from the 5 types of 
IFS models (IFS Md) located in ICAR Nagaland centre 
farm at 2 different depths. The soil micronutrient (Zn 
and Cu) status is given in the following Fig. 8.

PLANT BREEDING AND GENETICS
Morphological and molecular characterization 
and diversity analysis for grain quality, yield and 
yield attributes in rice of NEH region 

A total of 180 upland rice germplasm were evaluated 
for grain quality, yield and yield attribute traits using 
Bhalum-3 as check variety. Among 180 rice landraces 
Aongsho, Semmeki, Goyo Tsuk, Shuphok and Moya Tsuk 
out yielded Bhalum-3 under upland condition. Among 
five promising high yielding landraces Aongsho, Goyo 
Tsuk, Shuphok, Moya Tsuk have low amylose content 
(11-17%). Amylose content in Nagaland upland rice 
varied from 2-17 %. Asai and Juchok rice genotypes 
showed soft gel consistency as well as intermediate 
gelatinization temperature. Koyapvu Tsuk and Mapok 
Chi genotypes have very long panicle length of 30.8 
cm and 30.6 cm, respectively. The ‘Yunghah Hakla’ 
genotype showed very early maturity duration of 97 
days. Among 180 genotypes 61 genotypes showed 
early maturity (101-120 days) duration, few of them 
are Aongsho, Malanken, Rukhatang, Semmeki, Goyo 

Fig. 6. Status of Zn and Cu at five different IFS 
models
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Tsuk, Moya Maso, Moya Tsuk. Among all the landraces, 
Yunghah, Goyo Tsuk, Rukhatang and Vepvu Tsuk 
were found to be strongly aromatic. The ‘Mehouru’ 
genotype showed shortest plant height of 65 cm. 
These 180 upland rice were screened for brown spot 
disease resistance. Among them ‘Nyari’ landrace 
showed resistance reaction against brown spot 
disease. Genotyping of 180 rice genotypes is initiated 
using SSR markers. 

Fig. 7. Evaluation of upland rice gramplasm

Fig. 8. DUS testing of farmers’ rice varieties

DUS testing and grow out test (GOT) of farmers’ 
rice varieties under PPV & FRA and collection of 
farmers variety for registration under PPV & FRA

A total of 3 entries received from PPV&FRA, New 
Delhi along with three check varieties RCM-9, Pusa 
Sughandha and Shashrang (IET16313) were evaluated 
for DUS characteristics under lowland ecology in 
Kharif season of 2019. Observations were recorded 
for 62 DUS characters on 10 randomly selected plants. 
All the three entries were found to be distinct from 
check varieties. A total of 90 rice landraces and 10 

frenchbean landraces were collected from Kohima, 
Phek, Zunheboto, Mokokchung, Tuensang and wokha 
districts of Nagaland. A total of 30 farmers varieties 
from Nagaland were submitted to the PPV &FRA, 
Guwahati for registration under PPV & FRA in 2020 
year. 

Identification of major QTLs for grain yield under 
drought stress in rice of North East region for use 
in marker assisted breeding

A total of 504 rice lines selected from 990 lowland 
rice lines along with national drought tolerant check 
Sahbagi Dhan were evaluated under moisture stress in 
temporary rain shelter and irrigated conditions. The 
observations were recorded on plant height, days to 
50% flowering, days to maturity, numbers of panicles, 
length of panicle, tiller numbers, effective tillers, 
spikelet fertility and grain yield. Drought tolerance 
traits such as leaf rolling score and drought recovery 
rate were recorded at 60 days after withdrawal of 
life-saving irrigation when the soil moisture content 
was around 6-8% (W/V) using Standard Evaluation 
System for Rice (SES). Soil moisture content was 
determined at three days interval by the gravimetric 
method.

PLANT PATHOLOGY 
Evaluation of rice germplasms (upland) against 
rice blast

183 upland rice germplasm were evaluated against 
rice blast under field condition in 2019. Among the 
germplasm, 10 were immune, 60 were resistant, 106 
were moderately susceptible, 6 were susceptible and 
one was highly susceptible. 

Screening of rice germplasms (upland) against 
brown spot of rice

139 upland rice germplasms were evaluated against 
brown spot under field condition in 2019. Among the 
germplasm, 2 were immune, 73 were susceptible and 
39 were highly susceptible.

AICRP on Mushroom

Collection, identification and conservation of wild 
edible mushrooms 

The naturally growing edible mushroom NL-19/01 
was collected from Medziphema village, Dimapur 
district. This caped mushroom raised from soil singly 
and white in color. The absence of ring, volva and veli 
was observed. The culture was submitted to DMR, 
Solan.
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Fig. 9.  Picture of NL-19/01

Table 5. Documentation of Wild edible/non-edible mushrooms

Sl. No. Sample No DMR Accession Number Habitat Identification Year

1. NL-18-08 DMRO-1150 Wood Auricularia 2019

2. NL-18-28 DMRO-1151 Soil - 2019

3. NL-18-30 DMRO-1152 Wood - 2019

Yield trials for identification of Pleurotus species 
suitable for Nagaland

10 strains of oyster mushroom were evaluated at 
Nagaland. PL-18-06 strains reported maximum yield 
of 72.31 kg per 100 kg of dry weight substrate of paddy 

straw. The duration required for harvest, average fruit 
body weight were evaluated and observed that, the 
least duration of 19 days and maximum average fruit 
body weight of 78.60 g was recorded in PL18-06 and 
PL-18-05, respectively.

Table 6. Attributes of different strains of oyster mushroom

Strains Yield (kg/100kg dry substrate) First harvest (days) Average fruit body wt (g)

PL-18-01 40.13 29 28.36

PL-18-02 41.68 22 30.61

PL-18-03 44.15 24 21.96

PL-18-04 60.59 28 26.87

PL-18-05 48.75 31 78.60

PL-18-06 72.31 19 49.82

PL-18-07 53.42 28 25.35

PL-18-08 46.95 31 27.82

PL-18-09 41.40 30 25.40

PL-18-10 35.30 25 22.53

CD (0.05) 5.23 0.499 15.24
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Fig. 10. Pictures of different strains of oyster mushroom

Fig. 11. Mobile app on mushroom cultivation
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Evaluation of bajra for occurrence of diseases 
under field condition

Bajra was evaluated for disease development under 
field condition during Rabi season. Severe blast and 
grain mound was observed. The initiation of the 
disease started during seedling stage in the month of 
September, 2019 right after 30 days of sowing. Initially 

the lesions were observed in lower leaves followed by 
younger leaves at the time of maturity. The severity 
of disease was >60% under field condition. The grain 
mould pathogens of Fusarium and Curvularia were 
recorded from the infracted grains. The occurrence of 
>90% grain mould disease was reported at the time 
of harvest.

Fig. 12. Pictures depicting blast of bajra Fig. 13. Picture depicting grain 
mould of bajra

Molecular identification of Fusarium and bacterial 
endophytic isolates of Naga King Chilli

The amplified PCR products of Fusarium isolates 
were sequenced and isolates were used to perform 
the rDNA homology BLAST program searches 
through the internet server at the National Center 
for Biotechnology Information, USA. Based on the 

homology of sequence, isolates were identified at 
species level and submitted to the nucleotide Genbank, 
NCBI. Isolate NKCFu1 and NKCFu2 were identified as 
Fusarium oxysporum bearing the accession number 
MN784482 and MN784484 respectively (Table 1). 
The bacterial endophytic sequences were subjected 
into BLAST program and identified as Pseudomonas 
putida based on the matching index (Table 2).

Table 7. Species identification of Fusarium isolatesof king chilli based on 18S rDNA homology sequence

Sl. No. Isolates Matching organism in NCBI blast 
search

Max. identity 
(%)

Published sequence 
accession in NCBI 

1. NKCFu1 Fusarium oxysporum 96.52 MN784482
2. NKCFu2 Fusarium oxysporum 98.98 MN784484

Table 8. Species identification of King chilli endophytic Pseudomonas isolates based on 16S rDNA 
homology

Sl. No. Isolates
Matching organism in NCBI blast 

search
Max. identity 

(%)
Published sequence 

accession in NCBI
1. KEB5 Pseudomonas putida 97.14 MN784918.1
2. KEB7 Pseudomonas putida 98.09 MN793999.1
3. KEB15 Pseudomonas fluorescens 87.20 MN793998.1

HORTICULTURE

Production and value addition of Naga mircha by 
modern horticulture technology 

Under DBT funded project entitled ‘Demonstration 
and capacity building programmes for production of 
Naga chillies by modern Horticulture Technology at 

farmers field in Nagaland’, a modern nursery facility 
was created for mass multiplication of Naga king 
chilli. Traditionally the farmers grow naga mircha in 
the jhum fields alongwith other crops, preferably in 
burned bamboo groves, where they directly sow the 
seeds. The farmers were trained on the cultivation 
aspects with respect to healthy nursery raising (in 
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pro-trays with soil-less media), organic management 
practices and value addition. An assessment of 
the trainings conducted and demonstrations have 

revealed an increase in the yield from 350g/plant 
(existing traditional practice) to 800 g/plant on an 
average (use of modern technique). 

Fig. 14. Pictures of Naga king chilli in the pro-tray nursery and under jhum field condition

Out of season Naga king chilli cultivation under 
suitable protective structures 

The performance of Naga king chilli was evaluated 
under different sowing time during September to 
October. It was found that September 15 sowing 
was most ideal for a productive out of season crop. 
The crop was transplanted in different protective 
structures such as polyhouse, shade-net and open field 
condition. During this period, the mean performance 
under polyhouse condition with respect to the growth 
and yield parameters were higher than the open field 
and shade-net condition. On an average, mean fresh 
yield (0.9 – 1.2 kg) of the crop have been obtained 
from a plant grown during out of season under 
polyhouse condition. Under open field condition, 

some infestation of insect pests like aphids and white-
flies were observed while mealy bugs under shade-net 
condition and negligible population of aphids under 
polyhouse condition were also observed.

Fig. 15. Naga king chilli under polyhouse 
condition

Fig. 16. Naga king chilli under open field  
condition

Integrated nutrient management in Naga King 
chilli

Integrated nutrient management studies were 
undertaken during the conventional growing period 
(April planting) under open field condition with 
different doses of organic nutrient sources viz. 
vermicompost, FYM and poultry manure. Treatments 
comprised of RDF (120:50:50 NPK kg/ha), 
Vermicompost   (2 t/ha) + RDF (50%), Vermicompost   
(3 t/ha) + RDF (25%) , FYM (10 t/ha) + RDF (50%) 
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,  FYM (15 t/ha) + RDF (25%), Poultry manure (1.5 
t/ha) + RDF (50%), Poultry manure (2.5 t/ha) + RDF 
(25%) and control. Among the various treatment 
combination, a mean of 92 fruits/ plant, 7.7 cm fruit 
length, 30.68 cm fruit diameter, 12.94 gm fresh fruit 
weight with an average fresh yield of 0.98 kg/ plant 
were obtained with the treatment of poultry manure 
(2.5t/ha) + RDF (25%). 

ANIMAL SCIENCE
Effect of feeding linseed oil on fertility of pig and 
poultry under sub-tropical condition of Nagaland 
and Umiam

The present experiment was conducted to study the 
effect of feeding omega-3 fatty acid supplementation 
on reproductive efficiency of boar in summer season. 
Boars (Group-I) were fed breeder’s ration with 
supplementation of 90 ml of linseed oil containing 53% 
omega-3 fatty acid for 16 weeks from May to August 
month. Control animals (Group-II) were fed with same 
diet except canola oil in place of linseed oil for making 
the diet isocaloric. Semen was collected twice a week 
by glove hand technique. During the current year, 
hormonal and biomarkers of antioxidant status were 

evaluated in serum as well as seminal plasma through 
ELISA kit method. Serum testosterone concentration 
was significantly (p<0.05) elevated in treatment group 
compared to the control group. Total antioxidant 
capacity, lipid peroxidation level, glutathione 
peroxidase, catalase and nitric oxide levels in blood 
serum and seminal plasma were also evaluated. The 
gross results of these parameters showed difference 
between control and treatment groups.

ICAR-Poultry Seed Project

The Parent stock of Vanaraja and Srinidhi variety (two 
batches of each variety) of chicken were maintained 
in this project at ICAR, Nagaland Centre. During the 
year 2019, a total of 1,58,116 numbers of eggs were 
produced and out of which 1,51,563 numbers of eggs 
were incubated in setter. Average fertility was 77.59%. 
Hatchability on total egg set and hatchability on fertile 
egg set were 55.45% and 70.77%, respectively. A total 
of 86,168 numbers of chicks were hatched and 83,484 
numbers of chicks were supplied to 1,418 numbers of 
beneficiaries belonging to various parts of Nagaland 
state as well as Arunachal Pradesh, Meghalaya and 
Assam. 

Table 9. Production performance of different parent stock

Breed Egg 
produced

Total Egg 
set

Fertile 
Egg set

Fertility 
%

Hatchability 
on TES %

Hatchability 
on FES %

Chicks 
Hatched

Vanaraja 
(Batch XI) 933 841 646 74.04% 60.76% 79.10% 511

Vanaraja 
(Batch XII) 108900 106165 91540 80.19% 56.23% 69.88% 63102

Srinidhi
(Batch V) 9098 10641 8649 81.32% 58.07% 71.73% 6403

Srinidhi 
(Batch VI) 39185 33916 27049 74.80% 46.72% 62.36% 16152

Total 158116 151563 127884 77.59% 55.45% 70.77% 86168

Fig. 17. Growth performance of parent stock 
Srinidhi-V batch

Fig. 18. Growth performance of parent stock 
Vanaraja- XI batch
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ICAR-Mega Seed Project on Pig

Parent stock of Ghungroo and crosses of Ghungroo and 
Hampshire breeds of pigs were maintained under the 
project. A total of 482 piglets were farrowed, of which 
260 piglets were distributed to the beneficiaries, 
NGOs, KVKs, and GOI sponsored programs in all the 
districts of Nagaland and neighboring districts of 
Assam. The coverage area for artificial insemination 
(AI) was also expanded. Total revenue for the year, 
January- December 2019 was Rs. 12,71,300. 

The excellent result of AI at field level was maintained 
in the reporting year. An evaluation of the performance 
of AI at farm however showed decreased figures. At 
the farm level the farrowing rate and average litter 
size were 44% and 8.76 piglets, respectively following 

double insemination. At the farmers’ level, the 
conception rate was 81.14% with an average litter size 
of 8.92 piglets. Only AI was followed in the farm. Eight 
new boars were trained for semen collection and the 
method has been standardized. Better 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.  In many villages, artificial insemination 
was initiated for the first time with successful results. 
Classical swine fever vaccine was given to farmers in 
Dimapur, Kohima, Phek, Kiphire, wokha, Tuensang, 
Mon and Peren districts for vaccinating their animals 
and 2193 animals were reported to have been 
vaccinated from these areas. 

Fig. 19. Training of Women 
farmers on AI in pig

Fig. 20. Hands-on AI training Fig. 21. Good litter size from AI

FISHERIES
Breeding and larval rearing of selected indigenous 
ornamental fishes of Nagaland

Three species, Botia, Schistura and Garra were 
collected and acclimatized in aquarium and FRP tank 
to see their survivality and adaptability in captive 
condition prior to undertaking breeding trial.  Botia 
and Garra species responded well to captive condition.

Growth Performance trial of Labeo calbasu under 
paddy cum fish culture system 

Suitability and growth performance of Labeo calbasu 

under paddy cum fish culture system in foot hill region 
of Dimapur district was studied. The experimental 
trial was conducted in an area of 0.13 ha. A pond of 
225 sq m with a depth of 0.8 m along with a lateral 
trench of 20 m length was made. Paddy variety ranjit 
was transplanted in the plot. Fingerlings of Cirrhinus 
mrigala and Labeo calbasu in 1 : 1 ratio was stocked 
@ 6000 nos/ha. The fish were harvested after 90 
days of rearing. The study revealed that Labeo calbasu 
showed a better growth performance with average 
gain in length (118.4mm ± 20.8) and weight (128 g 
± 25.10) compared to C. mrigala (length: 89.5 ± 15.1 
and weight 69.85 g ± 17.19).

Fig. 22.. Paddy-cum-fish culture of Labeo calbasu
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Study on the Ichthyo-diversity of River Chathe

Documentation of the ichthyo-diversity of River Chathe 
was continued and 13 more species belonging to 12 

genera viz. Amblyceps (1), Psilorhynchus (1), Schistura 
(2), Garra (1), Glyptothorax (1), Lepidocephalichthys 
(1), Exostoma (1), Pterocryptis (1), Olyra (1), Danio (1), 
Esomus (1) and Chagunious (1) has been documented.

Amblyceps mangois

Glyptothorax sp

Exostoma sp

Amblyceps mangois

Olyra longicaudata

Esomus danricus

Psilorhynchus homaloptera

Garra lissorhynchus

Schistura sp

Pterocryptis sp

Danio sp

Schistura sp

Chagunius chagunio
Fig. 23. Documentation of the ichthyo-diversity of River Chathe
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GRAMIN KRISHI MAUSAM SEWA (GKMS)

ICAR Research Complex for NEH Region, Nagaland 
Centre has a well maintained Agromet Observatory, 
Automatic Weather Station and an Agro-Automatic 
Weather Station where observations are being 
recorded daily at 06:13, 08:30, 13:13 and 17:30 
hrs for different weather parameters viz rainfall, 
temperature, dry bulb, wet bulb, relative humidity, 
cloud cover, wind speed, wind direction, vapour 
pressure, evaporation, sunshine hrs, soil temperature 
and water temperature. 101 biweekly Integrated 
Agro Advisory Bulletin (AAB) and 59 block level 
advisories (Dhansiripar, Kuhuboto, Medziphema and 
Niuland) has been issued to the farmers of all the 
eleven districts of Nagaland using Agro-DSS Portal 
based on the medium range weather forecast to 
plan agricultural operation so as to take advantage 
of the favorable weather and mitigate the effects 
of adverse weather. 27,868 registered farmers are 
benefiting through SMSs service which are provided 
twice a week in local language “Nagamese” covering 
all aspect on crops and livestock, fisheries etc which 
is a life saver for farmers in remote location. During 

the year 2019, 8,728 farmers have been registered 
for the service and SMSs have been disseminated 91 
times during the said year. Farmers are encouraged 
to utilize the service for contingency planning 
and improvement of their farming. Newspaper is 
another mass medium communication of agricultural 
information dissemination to the farmers. Monthly 
weather based integrated agro advisory have been 
published 11 times in the local dailies “The Morung 
Express” in addition to articles on agriculture and 
allied topics. Whatsapp service (8787754803) has 
been started too. Farmer Awareness Programme had 
been conducted under GKMS in different villages 
of Dimapur, Kohima and Peren district where 117 
farmers have been benefitted through the programme. 
Farmers were also apprised about the importance of 
Agromet Advisory services during different training 
programmes organised by ICAR Nagaland Centre and 
KVK, Dimapur at ICAR Complex, Medziphema. Two 
five days training programme was also conducted for 
the newly recruited SMS and Observer (Agromet) of 
KVK Mokokchung and KVK-Kiphire at ICAR Nagaland 
Centre, Medziphema.



ANNUAL REPORT 2019

108 ICAR RC NEH

SIKKIM
SUMMARY
Maize - urd bean-buckwheat recorded significantly higher system productivity (9.83 t/ha) and production efficiency 
(26.9 kg/ha/day) while the application of 25% FYM + 25 % MC + 25% VC + 25% PM + biofertilizers recorded 
higher system productivity (8.25 t/ha) and PE (22.6 kg/ha/day). Application of FYM @ 5 t/ha + VC @ 1.5 t/ha + 
PG + BF recorded significantly higher maize green cob yield (9.67 t/ha) and net return (201 × 103 Rs/ha). The soil 
organic carbon pool (39.36 Mg/ha) was significantly higher in maize-soybean system. Among maize hybrids, VMH-
21 recorded highest grain yield (13458.30 kg/ha) followed by VMH-5 (12374.0 kg/ha) and VMH-39 (12041.70 kg/
ha). Among OPVs of maize, MS 8-1 recorded highest grain yield (9216.80 kg/ha) followed by C-6 (9185.45 kg/ha) 
and C-15 (9111.15 kg/ha). FAW infestation (40-45 %) was first reported in Namphing, South Sikkim on local maize 
germplasm (Seti Makkai). In late season, it was also reported at ICAR Research Farm, Tadong. Rato Makkai, Pahenlo 
Makkai, Baiguney makai and Kalo Makkai exhibited highest resistance (score< 2); while Seti makkai, Satheya and 
RCM1-1 showed moderately resistance (score <3) while Vivek Sankul 31, Vivek Sankul 35, Vivek Sankul 37, RCM 
76, and RCM1-1 expressed susceptibility (score >3) towards turcicum blight in organic condition. Application of 
Artemisia vulgaris @ 10 t/ha produced 57.3% higher rice grain yield compared to weedy check. Sesame variety 
GT-10 (8.88 q/ha) recorded higher seed yield compared to others.  Soil application of Metarhizium anisopliae @ 
5 kg/ha was very effective against tea mosquito bug and thrips population whereas foliar spray of Bt var k was 
found effective against hairy caterpillar in large cardamom. The highest total garlic yield was recorded in GN 17-
12 (176.73 q/ha) followed by SG-01 (170.0 q/ha). The maximum marketable yield was recorded in SG-01 (107.67 
q/ha) followed by GN17-12 (93.77 q/ha). Variation in flower and fruit drop was recorded for Sikkim mandarin. 
For the age group of 0-5 years, post-anthesis drop was 38.40 %, while pre-harvest drop was 87.17%. Melatonin 
treatment yielded higher estrus induction and kidding rates in Singharey goats. The average birth weight of the 
kids borne to melatonin treated does was less (1.58 kg)  as compared to the kids borne to buck exposed does (1.98 
kg). Farmers are able to get higher return (B: C ratio of 2.55 to 4.91) with minimum investment through Vanaraja 
backyard poultry farming. A total of 1,46,963 numbers of eggs were produced from Vanaraja parent. Maize-pahenlo 
dal-buckwheat cropping system was demonstration to 210 nos. of progressive farmers covering an area of 56 ha 
in different villages of Sikkim. Intensification of rice-fallow through no-till vegetable pea was demonstrated at 120 
nos. farmers covering 45 ha area in East Sikkim. His Excellency Governor of Sikkim, Shri Ganga Prasad attended 
PM-KISAN Yojna programme at ICAR-NOFRI on February 24, 2019. A delegation of Bhutan Agriculture Officers 
visited Research Farm, ICAR-NOFRI on December 04, 2019. A total of 52 nos. of training programme on organic 
production systems were organised for 1323 nos. of stakeholders.
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MAIZE
Development of climate resilient maize-based 
cropping system for mountain ecosystem under 
organic management

Farmers of the state practiced the mono cropping of 
maize due to which, the cropping intensity of Sikkim is 
very low (118%) as compared to the national average 
of about 140%. The experiment was executed in 
split plot design assigning three cropping sequences 
viz.,CS1- maize-fallow (FP), CS2- maize- urd bean 
(Pahenlo Dal)-buckwheat and CS3- maize- urd bean 
(Pahenlo Dal)-mustard in main plot and four organic 
sources of nutrients viz.,Control (farmers’ practice); 
50% FYM + 25% VC + 25% MC + biofertilizers; 50% 
MC + 25% FYM + 25% VC + biofertilizers and 25% 
FYM + 25% MC + 25% VC + 25% PM+ biofertilizers in 
subplots with three replication. The results revealed 
that among the cropping systems, CS2 - maize - urd 
bean (Pahenlo Dal) - buckwheat recorded significantly 
higher system productivity (9.83 t/ha) and production 
efficiency (26.9 kg/ha/day) as compared to other 
systems. Among the organic sources of nutrients, 
application of 25% FYM + 25 % MC + 25% VC + 25% 
PM + biofertilizers recorded significantly higher 
system productivity  (8.25 t/ha) and PE (22.6 kg/ha/
day) over the other sources on nutrients. Similarly, 
mulching had also shown significant effect on system 
producivity and PE. Higher SP (8.15 t/ha) and PE 
(22.34 kg/ha/day) was recorded with the application 
of mulches compared to no-mulch (7.03 t/ha) and 
(19.25 kg/ha/day).

Effect of organic nutrient management practices 
on productivity and profitability of maize

The experiment was conducted during pre-kharif 
season of 2019 at Research Farm of ICAR-NOFRI, 

Tadong, Sikkim. The experiment was comprised of 
six treatments viz., T1 - FYM @ 5 t/ha, T2- FYM @10 
t/ha, T3- VC @ 1.5 t/ha, T4- VC @ 3 t/ha, T5- FYM @ 
5 t/ha + VC @ 1.5 t/ha + PG + BF, T6- FYM @ 7.5 t/ha 
+ VC @ 3 t/ha + PG + BF and laid out in randomized 
complete block design with three replications. The 
results revealed that the application of FYM @ 5 t/ha + 
VC @ 1.5 t/ha + PG + BF recorded significantly higher 
green cob yield (9.67 t/ha), gross return (221 x 103 
Rs/ha) and net return (201 x 103 Rs/ha) than FYM @ 
5 t/ha but it remained statistically at par with other 
treatments.

Effect of tillage practices and maize varieties on 
productivity and soil carbon of under maize-based 
cropping system

Maize varieties under different tillage practices were 
evaluated at Research Farm during 2017-20. The grain 
yield of maize was significantly influenced by different 
tillage practices and varieties. Amongst the varieties, 
RCM 1-76 recorded significantly higher grain yield 
(4.21 t/ha) over DA 61-A (3.36 t/ha) and RCM 1-2 
(2.92 t/ha) but remained at par with RCM 1-75 (4.13 
t/ha). Tillage practices were not significant in respect 
of grain yield but RT recorded 8.6% and 6.2% higher 
yield over zero till and CT, respectively. With regards 
to the soil quality, after three cropping cycle no-till 
had the maximum enhancement in SOC (4.92% higher 
over the initial content), available N, P and K besides 
reducing the soil bulk density. Similarly, among the 
varieties, RCM 1-76 had relatively enhances the 
soil pH, and reduces the soil bulk density. RCM 1-76 

Weather Report 

The total rainfall received during January 2019 to 
December 2019 was 3250.7mm; maximum rainfall 
was recorded in the month of July (762.1mm) whereas 
least rainfall was recorded in the month of December 
2019 (Fig. 1). The maximum average temperature 
(28.98°C) was observed in August and the minimum 
(6.43°C) in January. The maximum relative humidity 
of 92.10% was observed during September and the 
minimum was observed in January (40.16%).

Fig. 1. Weather data 
(January 2019-December 2019)

SIKKIM
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recorded 4.6%, 4.1% and 3.4% higher SOC compared 
to RCM 1-75, DA 61-A and RCM 1-2, respectively.

Effect of tillage practices on productivity of black 
gram and rajmash under maize-based cropping 
system in mid hills of Sikkim 

Black gram (Pahenlo dal) and rajmash are being grown 
by the fermers 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 RT (1.12 t/ha) over ZT (0.95 t/ha) and 
conventional tillage (0.69 t/ha).

Effect of organic nutrient management practices 
on carbon sequestration and soil carbon pools in 
different cropping systems in Sikkim

Two year pooled data showed that the bulk density 
varied from 1.24 to 1.26 Mg/m3 in 0-20 cm soil under 
different nutrient management practices and the 
same increased with the increase in depth of soil. Soil 
organic carbon content varies significantly among 
different cropping systems in 0-20cm soil. It ranged 
from 12.25 to 15.79g/kg under different cropping 
systems in 0-20cm soil depth and decreased with 
the increase in depth of soil. The SOC was higher 
in 0-20cm soil depth with organic management of 
maize-soybean (CS3) systems as compared to other 
systems and management practices. The labile 
carbon pool ranged from 2335.7 to 2576.5mg/kg in 
0-20 cm soil depth under different cropping systems 
and it decreased with the increase of soil depth. 
The labile carbon pool was higher maize-rice (CS2) 
systems in 0-20 cm soil depth as compared to other 
systems and management practices. The soil organic 
carbon pool (39.36 Mg/ha) was significantly higher 
in maize-soybean (CS3) systems when compared 
to other systems and management practices which 
resulted in both higher carbon sequestration (14.66 
Mg/ha) and carbon sequestration rate (2.94 Mg/ha/
year) in the same system. The carbon sequestration 
rate was CS3>CS4>CS1>CS2>CS6>CS5. The carbon 

sequestration rate of maize-soybean (CS3) was almost 
at par with maize-mustard (CS4). Therefore, either 
maize-soybean (CS3) or maize-mustard (CS4) cropping 
system with different organic management is better 
for sequestering higher C in the soil than the maize-
black gram (CS1), maize-rice (CS2), maize-vegetable 
pea (CS6) and maize-buckwheat (CS5). 

Influence of low cost biochar on seed germination 
and early growth of seedling in maize and black 
gram

An experiment was conducted during the year 2019 in 
order to study the effect of different levels of biochar 
obtained from different biomass on seed germination, 
shoot growth, root growth, total DW, root length, 
coleoptiles and coleoptiles length of maize and black 
gram. In this study, four different types of biochar 
(maize, Lantana camara, pine needle and black 
gram) at four different rates (0, 5.0, 7.5 and 10.0 t/
ha) were used. Both soil-less petri dish germination 
and soil-based polyhouse bioassay study was carried 
out. We determined the effect of biochar type and 
rate on germination and early growth of maize and 
black gram. Both, the biochar type and application 
rate significantly influenced maize and black gram 
seed germination and seedling growth. Amendment 
type, application rate, and their interaction had 
significant effects (p<0.05) on seed germination and 
seedling growth. As a seed coating material the effect 
of biochar on seed germination was more in black 
gram than maize seed. This may be due to maize seeds 
being coarser than black gram seeds. 

Development of productive and genetically broad 
based inbred lines from local maize germplasm of 
North Eastern India for evolving superior hybrids

A total of three trials were conducted under the 
project:

a. Maize varietal trial 1

Total of 25 maize entries including OPVs and 
hybrids were tested for performance under organic 
conditions. 12 entries yielded higher than the check 
Vijay (8117.20 kg/ha) (OPV). Among hybrids VMH-
21 yielded highest with grain yield of 13458.30 kg/ha 
followed by VMH-5 and VMH-39 with yield of 12374.0 
kg/ha and 12041.70 kg/ha, respectively. Among OPVs 
MS 8-1 yielded highest with grain yield of 9216.80 
kg/ha followed by C-6 (9185.45 kg/ha) and C-15 
(9111.15 kg/ha).
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Character Entries identified No. of entries

Earliness

Very early
HPMC 22, HPMC-54, HPMC-64, HPMC-58, HPMC-53, 
HPMC-56, HPMC-57, HPMC-52, HPMC-59, HPMC-20, 
HPMC-63, HPMC-55, HPMC-60, HPMC-12, HPMC-61, KG-2

15

Early HPMC-14, HPMC-24, HPMC-25, HPMC-20, HPMC-47, 
HPMC-18 06

Prolificacy Murali Makkai (5 cobs/plant) 01

Reaction to Turcicum leaf blight 
(Exserohilum turcicum)(total 
germplasm 240)

Resistant 146

Moderately resistant 69

Susceptible 25

High grain yield RCGPM-51, NEM-9, RCGPM-91, Ma-14, RCGPM-85 05

Table 1. Maize germplasm identified for various traits

AICRP-OPV-Maize (2018)

The trial was conducted during spring season of 
2019 with 08 entries in three replications. The 

data has been presented in Table 2. Entries yielded 
numerically higher than the best check Hemant were 
L315 (51.79%), MS 8-1 (36.95%), RCM1-76 (30.53%), 
RCM1-61 (29.91%) and L300 (8.59%).

Table 2. AICRP-OPV-Maize 2018

Entry Plant 
height 
(cm)

Days 
to 50% 
pollen 
shed

Days 
to 50% 
silking

Days 
to 75% 

dry 
husk

Ear 
height 
(cm)

Initial 
plant 
stand 

(no./plot)

No. of 
plants/

plot

No. of 
cobs/
plot

Moisture 
(%)

Shelling 
(%)

Yield (kg/
ha)

L315 209.00 84.33 85.67 124.67 113.40 38.00 36.67 36.33 18.33 80.33 10437.92

MS4-1 219.67 84.33 84.67 123.00 137.33 18.00 16.33 16.00 19.00 82.00 4742.96

RCM1-76 217.33 79.00 82.00 123.33 136.00 29.00 27.33 27.67 17.67 78.33 8975.93

Vijay(C) 239.67 85.33 86.67 122.00 147.33 19.33 17.67 18.33 17.00 78.67 6459.95

L300 192.00 77.00 80.67 114.33 119.00 41.67 41.33 39.33 17.33 79.67 7462.94

Hemant (C) 235.67 81.33 82.67 121.00 143.67 32.67 31.00 27.67 17.33 79.00 6876.44

MS8-1 243.33 86.67 88.00 123.33 140.33 25.33 23.67 28.33 17.67 80.33 9417.92

RCM1-61 243.33 85.00 87.67 124.67 149.00 32.67 30.33 31.67 16.67 78.00 8933.43

Mean 225.00 82.88 84.75 122.04 135.76 29.58 28.04 28.17 17.63 79.54 7913.44

LSD (5%) 16.44 2.14 2.42 2.13 12.03 9.42 8.73 8.03 3.3 2.84 2288.9

b. Maize varietal trial 2 

A total of 15 entries which included 8 OPVs and 7 
hybrids were planted for crossing program for inbred 
line development. First generation selfs (S1) through 
standard selfing technique were obtained in improved 
OPVs viz., Bajaura Makka, C-4, Vijay and SMC-6 (Fig.1).

c. Maize local germplasm trial

A total of 184 local maize germplasm collected from 
ICAR Umiam, Himachal Pradesh and local collections 
of Sikkim were evaluated for desirable traits. Maize 
germplasm identified for various traits has been 
shown in Table 1. A rare popcorn landrace Sikkim 
Primitive (Murli Makkai) was characterized based on 
31 DUS characters.
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Symptoms of FAW infestations

Training cum awareness programme 
on FAW management

Symptoms of FAW infestations

Survey of FAW in farmer’ field

FAW larvae

Survey of FAW in farmer’ field 
with Sikkim Govt. official

Fig. 2. Glimpse of Associated work related to FAW

Evaluation of maize germplasm of hilly areas 
against natural population of turcicum leaf blight 
pathogen

An experiment was conducted to evaluate the 
performance of 12 lines of commonly cultivated 
maize varieties of hills against the turcicum leaf blight 
pathogen during March-July 2019 (Table 3). A disease 
score of 1.0 was considered as highly resistant, 2.0- 
resistant, 3.0-moderately resistant and the scores 
4.0 and 5.0 are considered as susceptible and highly 
susceptible, respectively. Percent Disease Index (PDI) 
was calculated with following formula:

Among the 12 lines, Rato Makai, Pahenlo Makai, 
Baiguney makai and Kalo Makai exhibited highest 
resistance reaction while (score-< 2); Seti makai, 
Satheya and RCM1-1 showed moderately resistance 
(score-<3) reaction and Vivek Sankul 31, Vivek Sankul 
35, Vivek Sankul 37, RCM 76, RCM1-1 and expressed 
susceptible (score- >3) reaction towards turcicum 
blight pathogen in organic condition of Sikkim.

Prioritized work: Survey and surveillance of fall 
army worm infestation in maize growing areas in 
Sikkim

The first report of FAW infestation (40-45 %) in Sikkim 
was from Namphing, South Sikkim on local maize 

germplasm Seti Makai (Fig. 2). The FAW sample was 
confirmed at ICAR RC NEHR, Umiam. The most of the 
maize growing areas of Sikkim below 800 m altitude 
was infested with FAW. In late season, it was also 
reported at ICAR Research Farm, Tadong (~1300 m). 
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Table 3. Performance of Hill varieties of maize against turcicum blight pathogen in Sikkim

Lines Mean of Disease Severity (DS) Percent Disease Index (PDI) Remarks
RCM 76 3.69 53.00 MR
Seti makai 2.0 38.00 R
Satheya makai 2.2 39.48 R
RCM1-1 2.6 41.30 R
RCM 1-3 3.4 51.23 R
Rato Makai 1.58 19.00 R
Pahenlo makai 1.8 24.76 R
Baiguney makai 1.99 32.51 R
Kalo makai 1.4 17.10 R
Vivek Sankul 31 3.90 79.43 S
Vivek Sankul 35 4.4 98.31 S
Vivek Sankul 37 4.0 79.99 S

RICE
Effect of different weed biomass mulches on 
performance of basmati rice under organic 
management condition

Weed management under organic farming is very 
difficult especially for rice crop. Hence, different 
weed biomass mulches were used for managing the 
weeds under organically grown rice crop. Keeping 
this in view, an experiment was conducted during 
kharif season of 2019 to study the effect of different 
weed biomass mulches on performance of organically 
grown basmati rice crop at Research Farm of ICAR-
NOFRI, Tadong, Sikkim. The experiment comprised of 
10 treatments viz., T1 -Ageratum conyzoides biomass 
mulch @ 5 t/ha, T2-Ageratum conyzoides biomass 
mulch @ 10 t/ha, T3- Eupatorium odoratum biomass 
mulch @ 5 t/ha, T4- Eupatorium odoratum biomass 
mulch @ 10 t/ha, T5- Artemisia vulgaris biomass mulch 
@ 5 t/ha, T6- Artemisia vulgaris biomass mulch @ 10 
t/ha, T7- Mix weed biomass mulch @ 5 t/ha, T8- Mix 
weed biomass mulch @ 10 t/ha, T9- Weed free check, 
T10- Weedy check and laid out in randomized complete 
block design with three replications. The results 
revealed that the application of Artemisia vulgaris @ 
10 t/ha produced significant improvement of grain and 
biological yield and recorded 57.3% and 48.7% higher 
yield as compared to weedy check but it remained 
statistically at par with Eupatorium odoratum @ 10 
t/ha and weed free check. Application of Artemisia @ 
10 t/ha was registered lowest fresh and dry weight of 
weeds (103.2 and 46.3 g/m2) followed by Eupatorium 
@ 10 t/ha (110.3 and 48.1 g/m2). However, lowest F: 

D ratio was recorded under weed free check (2.10) 
which was statistically at par with Artemisia vulgaris 
@ 10 t/ha (2.24), Eupatorium odoratum @ 10 t/ha 
(2.31). The maximum weed control index (51.5) was 
recorded at 60 DAT with the application of Artemisia 
vulgaris @ 10 t/ha which was statistically at par with 
Eupatorium odoratum @ 5 and 10 t/ha. Maximum 
weed control efficiency (46.8) was noticed under 
Artemisia vulgaris @ 10 t/ha as compared to other 
biomass mulching. Higher weed control efficiency 
indicates better weed control when compared with 
weedy check. Significantly lower weed index (-1) was 
recorded with the application of Artemisia vulgaris 
@ 10 t/ha as compared to remaining treatments but 
it remained statistically at par with weed free check. 
Weed index value was found negative because of 
superiority of treatment than weed free check.

Effect of tillage and FYM on productivity and soil 
carbon in rice-based cropping systems

Effect of three tillage practices (conventional, 
minimum and no-till) and four nutrients (levels in t/ha) 
management practices (NM1-FYM0-0-0, NM2-FYM5-2.5-5, 
NM3- FYM10-5-10 and NM-4FYM15-7.5-15) were assessed 
in split plot design (SPD) with three replication 
under rice- vegetable pea-maize (cobs) cropping 
system at mid altitude of Sikkim. Among the tillage 
practices, no-till system reduces cost of cultivation by 
37.5% and increases energy use efficiency by 46.3%. 
Similarly among the nutrients management practices, 
NM4 registered the highest system productivity. With 
regards to the soil health, after four cropping cycle 
no-till system had the maximum increment in SOC 

S- Susceptible, R- Resistant, MR- Moderately Resistant
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(5.8% higher over the initial content), available N,P 
and K besides reducing the soil bulk density. Similarly 
under different nutrients management scenarios, 
NM4 considerably increases the soil pH, and reduces 
the soil bulk density. With regards to the soil carbon 
pool, the maximum share of active C pool (34.6%) was 
noticed under no-till and NM4 treatment.

Development of high yielding rice (Oryza sativa L.) 
varieties with biotic and abiotic stress resistance 
for organic conditions of Sikkim 

A total of 6 trials were conducted under the project 
during kharif, 2019 including AICRP-Rice.

IVT-M (H)-Irrigated-2019

23 entries were tested under the trial with two 
replications. Entry No. 2605 yielded highest with grain 
yield of 5555.56 kg/ha, followed by entry No. 2610 and 
2609 with grain yield of 5431.82 kg/ha and 5376.26 
kg/ha, respectively. 13 entries yielded significantly 
higher than local check Attey (1959.59 kg/ha).

AVT-1 M (H)-Irrigated-2019

11 entries were tested under the trial with three 
replications. Entry No. 2508 yielded highest with 
grain yield of 5506.20 kg/ha followed by entry No. 
2501 and 2506 with grain yield of 5296.30 kg/ha 
and 5138.30 kg/ha, respectively. Local check  Attey 
produced grain yield of 3898.80 kg/ha. 

AVT-2 M (H)-Irrigated-2019

10 entries were tested under the trial with three 
replications. Entry No. 2408 yielded highest with 
grain yield of 4417.20 kg/ha followed by entry No. 
2409 and 2403 with 4008.10 kg/ha and 3111.10 kg/
ha, respectively. Local check Attey yielded 1940 kg/ha.

IIRON-2019 (International Irrigated Rice 
Observational Nursery-IRRI)

A total of 72 entries were tested under the trial in two 
replications including four checks. Only two entries 
SVIN315(700.00 g/m2) and SVIN331(650.0 g/m2) out 
yielded the best check VL-81 (530.12g/m2) with yield 
superiority of 32.0% and 23.0 % over the best check.

IRTON-2019 (International Temperate Rice 
Observational Nursery-IRRI)

Total of 18 entries were tested in two replications 
including four checks. Only one entry SVIN009 (633.42 
g/m2) out yielded the best check VL82 (516.67 g/m2). 
Entries SVIN354 and SVIN008 yielded higher than the 
second best check VL-86 with grain yield of 329.17 g/ 
m2and 300.00 g/m2, respectively.

Low temperature tolerance trial

Total of 58 entries were tested for low temperature 
tolerance by evaluation under late transplanted 
conditions (August transplanting) with two 
replications. Nine entries out yielded best check 
RC-Maniphou-11 in grain yield per plant viz.,  HPU-
741(8.39g), Chirakey (8.21 g), VL-82(6.30 g), 
VL-86(5.93 g), Dharmali (5.38g), CAU-RI(5.36g), 
VL158(5.36g), Himalaya (4.73 g) and HPR 
2656(4.55g).  

Screening and characterization of resistance 
germplasm for the development of high yielding 
rice (Oryza sativa L.) varieties against blast and 
sheath rot disease in organic conditions of Sikkim

A total of six trials were conducted to evaluate rice 
germplasm from AICRP, IRRI, and Northeast area. Initial 
Varietal Trial on 23 germplasm reveled 10 resistant, 
four moderate resistances and nine susceptible to 
blast disease while nine germplasm, eight germplasm 
and six germplasm exhibited resistant, moderate 
resistance and susceptible reaction respectively to 
sheath rot pathogen. In Advance varietal trial-1, five 
germplasm found resistant, five germplasm exhibited 
moderate resistance and one germplasm showed 
susceptible reaction to Blast pathogen. Whereas, 
eight, three and zero germplasm exhibited resistant, 
moderate resistance and susceptible reactions 
respectively to sheath rot pathogen. In Advance 
varietal trial-2, total 10 rice germplasm were screened 
and found that eight are resistant, one is moderate 
resistance and one is susceptible to blast pathogen 
while all showed resistance to sheath rot pathogen. In 
58 Northeast germplasm, 51 showed resistance, four 
moderate resistances and one susceptible to blast 
pathogen whereas 37 germplasm exhibited resistance, 
15 moderate resistances and six susceptible to sheath 
rot pathogen. IRTON trial having 23 germplasm of rice 
revealed complete resistance towards blast disease 
whereas nine resistant, five moderate resistant and 
nine susceptible to sheath rot pathogen.

SESAME 
Evaluation of sesame (Sesamum indicum) varieties 
under organic management conditions in the mid 
hills of Sikkim

An experiment was conducted at Research Farm of 
ICAR-NOFRI during pre-kharif season of the year 
2019. During the experiment 14 sesame varieties were 
evaluated and growth parameters were observed i.e., 
plant height, days to 50% flowering, no. of pods per 
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Fig. 3. Effect varieties on yield attibutes and 
yield of sesame

SUNFLOWER 
Screening of sunflower (Helianthus annus) 
varieties under organic management in the mid 
hills of Sikkim 

A field study was carried out to evaluate the seed yield 
potential of nine sunflower varieties in the Research 
farm of ICAR- National Organic Farming Research 
Institute, Sikkim in the Rabi Season of 2018-19. It 
was aimed at selecting high yielding varieties for 
cultivation in the State. The varieties under study were 
IIOSH-14-2, KBSH-71, RSFH-1887, COSFY-5, PSH-
1962, COH-3, CO-2 HYBRID, KBSH-74 and KBSH-78 
(Fig. 4). The experiment was laid out in a randomized 
complete block design (RCBD) in three replications. 
The results indicated significant variation among 
the recorded parameters. Among all varieties, the 
maximum plant height was recorded in RSFH-1887 
(142 cm) and the lowest plant height in KBSH-71 (85 
cm). Similar trend was followed in other parameter 
viz., capitulum diameter (cm), capitulum weight (g), 
seeds /capitulum (Nos.), test weight (g), seed yield 

Fig. 4. Effect of varieties on yield and yiled 
attributes of sunflower

LARGE CARDAMOM
Evaluation and standardization of vertical farming 
in large cardamom under organic management 
practices

Large cardamom is an important cash crop of Sikkim. 
Generally it is grown under shade condition as a 
component crop in different agro-forestry systems 
in the state. It is noticed that heavy shade or less 
shade hinders crop growth and production. About 
50% shade is found ideal. Since it is a shade loving 
crop, vertical farming (trailing plant above the large 
cardamom) is likely to benefit the large cardamom. 
Presently the farmers’ grow it in rice field under open 
conditions. We have evaluated one such experiment 
and compared with farmers’ practice of growing in 
open paddy field. We found lower lux (14.5 to 30.8) 
in large cardamom when grown in vertical farming 
as compared to open condition (37.8 to 40.0). Among 
the trailing vegetables, chow-chow (Sechium edule) 
provided shade for longer duration almost 275-
280 days. Maximum yield of large cardamom was 
recorded in GI wire planted with bottle gourd (13.22 
t/ha) followed by cucumber (9.18 t/ha) as trailing 
vegetables.

Development of bio-intensive modules for 
management of major pests of Ginger, Colocasia 
and Large Cardamom

To study the seasonal incidence of different pests of 
large cardamom Seasonal incidence of pest complex of 
large cardamom has been undertaken during this year 
to identity by adopting modern taxonomic techniques. 

(q/ha), stover yield (q/ha), biological yield (q/ha) , 
harvest index. The high yielding cultivars like RSFH-
1887 had stable performance over the environment 
with broad adaptability.

plant and seed yield (Fig. 3). Among all varieties, the 
maximum plant height was recorded in GT-10 (154.73 
cm) and the lowest in AT-332 (108.93 cm). The early 
maturing varieties were GT-10 (149.0 days). The 
maximum number of pods per plant was observed 
in TMV SV-7 (179.67) and minimum in AT-332 (40.0) 
whereas maximum no. of seeds/pod was recorded in 
Savithri (76.00). The highest seed yield was observed 
in GT-10 (8.88 q/ha) followed by VRI SU-2 (6.40 q/
ha). Similar trend was recorded in biological yield 
and harvest index. No pest and disease was observed 
throughout the cropping period. The high yielding 
cultivars like GT-10 had stable performance over the 
environment with broad adaptability.
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Table 4. Seasonal incidence of major pests of large cardamom

Months after 
planting (MAP)

Period Insect pests observed in the field

2 MAP June Leaf caterpillars, Pseudostem borer, Hairy caterpillars, TMB, Shoot fly

3 MAP July Leaf caterpillars, Mealy bug, TMB, Thrips, Aphid

4MAP August Capsule borer, TMB, Mites, Mealy bug, Pseudostem borer, Shoot fly, Aphid

5MAP September Capsule borer, TMB

8MAP December Semi looper, TMB, Leaf caterpillars, Pseudostem borer, Hairy caterpillars

9MAP January Mealy bug, Hairy caterpillars

12MAP April Hairy caterpillars, TMB

13MAP May Aphid, Hairy caterpillars, TMB

Evaluation of different botanicals and 
entomopathogens against major pests of large 
cardamom

Different botanicals and entomopathogens were 
evaluated against major pests of large cardamom. Per 

cent reduction in pest damage over control in different 
treatments is presented in Table 5. Soil application 
of Metarhizium anisopliae @ 5 kg/ha was found 
very effective against tea mosquito bug and thrips 
population whereas foliar spray of Bt var k was found 
effective against hairy caterpillar in large cardamom.

Table 5. Effect of biopesticides on reduction in pest damage in large cardamom

Treatments Dose Method Per cent reduction in damage over control plots PIYOC
LCD 
(%)

HC (Larvae/
plant)

TMBD 
(%)

TD 
(%)

SB/SFD 
(%)

RMBI* 
(%)

CBD 
(%)

Azadirachtin 0.03 EC 5 ml/l Foliar spray 62.67 71.33 29.67 16.67 14.33 * 29.33 44.67

Bt var kurstaki 2 g/l Foliar spray 68.33 75.67 9.33 4.33 12.67 * 19.67 39.33

Beauveria bassiana 2 g/l Foliar spray 9.67 11.33 12.67 8.33 5.00 * 15.33 14.00

Metarhizium 
anisopliae 

5 kg/
ha

Soil 
application 31.33 28.67 35.00 21.67 11.67 14.33 18.33 22.67

Annonin 
(Squamosin) 1 EC 2 ml/l Foliar spray 72.67 72.33 33.67 14.33 8.00 * 30.00 41.67

Verticillium lecanii 5 kg/
ha

Soil 
application 5.33 4.67 32.33 18.67 2.33 28.67 8.33 21.00

Spinosad 45 SC 0.4 
ml/l Foliar spray 89.33 93.67 69.33 29.33 78.33 * 41.33 68.33

LCD- Leaf caterpillar damage; HC- Hairy caterpillars; TMBD- Tea mosquito bug damage; TD- Thrips damage; SB/SFD- Shoot borers/fly 
damage; RMBI- Root mealy bug incidence; CBD- Capsule borer damage; PIYOC- Per cent increase in yield over control
Note: *Treatments not considered for evaluation of root mealy bug incidence

Monitoring of organic and non-organic ecosystem 
of Sikkim and its adjoining areas for pest, disease 
and its natural enemies 

A survey was conducted in East and South Sikkim to 
address the following questions:

1. Information on natural agents instrumental in 
control of natural enemy in organic regime or 
assess the varietal contribution to resistance.

2. Analysis of structural change in disease/pest 
incidence and time trend of disease incidence/
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Citrus
•	 Lemon butterfly, Leaf miner, Black fly, Scale insect, 

Spiraling whitefly and Citrus psylla was found as 
major pest while different species of coccinellid 
beetles and predatory spiders were predominant 
natural enemies. Beauvaria bassiana on lemon 
butterfly, Isaria fumosorosea on Rugose whitefly 
were recorded as new strain.

Colocassia all locations: Mirid bug, Ernestinus sp.

Bean all locations: Chaulips spp.

AINRPOG-Garlic 
The objectives of AINRPOG-Garlic trials are to evaluate, 
characterize and maintain garlic germplasm supplied 
by DOGR, Pune. As per recommendations, available 
germplasm were evaluated at our Institute for various 
traits during the Rabi season. A total 17 lines of garlic 
were evaluated during Rabi season 2018-2019 with 
Sikkim Garlic (SG-01) as local check for both AVT-I 
and AVT-II trials. Under AVT-I, the eight entries along 
with Local Check SG-01 were evaluated, the highest 
total yield was recorded in GN 17-12 (176.73 q/
ha) followed by SG-01 (170.0 q/ha). The maximum 
marketable yield was recorded in SG-01 (107.67 q/
ha) followed by GN17-12 (93.77 q/ha). The maximum 
average clove weight was recorded in GN17-12 (11.79 
g) followed by SG-01 (11.55 g). Highest value for TSS 
was observed in SG-01 (26.8%) followed by GN 17-27 
(25.9%). Among the nine entries stored for storage 
trials, the percent total loss in weight after 6 months 
was minimum in SG-01 (13.8 %) followed by GN 17-
19 (19.6%) and the highest percentage total loss by 
weight was recorded in GN 17-25 (21.33%). Among 
the entries tested under AVT-II trials,nine genotypes 
were evaluated with Local Check SG-01.The finding 
revealed that highest total yielder genotype was GN 
15-83 (195.9 q/ha) followed by GN 15-68(183.73 q/
ha) and SG-01(170.67 q/ha). Marketable yield was 
found to be highest in SG-01 (107.67q/ha) followed 
by GN 15-83 (86.9 q/ha) and GN 15-68 (81.1 q/ha). 
Significantly, highest average bulb weight reported 
in SG-01 (24.58 g) followed by GN 15-71 (22.76 g). 
The least percentage of total loss by weight SG-01 
(16.57%) and the highest percentage of total loss by 
weight were recorded in GN 15-78 (30.92%). Highest 
value for TSS was observed in SG-01 (26.8%) followed 
by GN 15-83 (23.6%).

tolerance to organically produced crops to natural 
enemies etc).

Rice
•	 The reported pest were Leaf folder, Green leaf 

hopper, Gundhi bug, BPH, Yellow stem borer 
and Rice hispa were found with natural enemies 
like Microgastini braconid wasp, Tiger beetles, 
Beauveria bassiana, different species of Coccinellid 
beetles, predatory bug, predatory spider, Leaf 
folder Baculovirus and Mirid bug were prominent. 
The predatory pentatomid bug, Eocanthecona 
furcellata and baculovirus, CmNPV were found as 
new distribution record.

Maize 
•	 Fall Army Worm was found as major new pest 

to maize whereas Tiger beetles, Predatory bug, 
Earwigs, Tachinid fly, Wasp (two genus) and 
predatory spiders were predominant natural 
enemies.

Large cardamom
•	 Aphid, Shoot fly, Mealy bug, Leaf caterpillar, TMB 

and Tingid bug were found predominantly as pest 
while coccinellid beetles and predatory spiders 
were found as major natural enemies. EP, Isaria 
fumosorosea on scale insect, Icerya seychellarum 
was recorded for the first time.

Cucurbitaceous vegetables
•	 Lygaeid bug, Semi-looper, Aphid, Leaf beetle and 

Fruit fly were major pest to this crop. Lygaeid 
bug was found as new pest species in Sikkim. 
The Microgastini braconid wasp, EP fungus, 
Lecanicillium spp., coccinellid beetles, Mirid bug 
and Predatory spiders were predominant natural 
enemies. EP fungus, Lecanicillium spp. and, Mirid 
bug were recorded for first time.

Solanaceous vegetables (Tomato, chilli)

•	 Tomato fruit borer, Leaf caterpillar, aphid, 
Spiraling whitefly and Mirid bug (Helopeltis spp.) 
was major pest in these crop whereas Pentatomid 
bug, SlNPV, different species of coccinellid beetles 
and predatory spiders were predominant natural 
enemies. EP fungus, Lecanicillium spp, EP fungus, 
Isaria fumosorosea on Rugose whitefly were 
recorded for first time.
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GINGER
Network Project on Integrated management of 
rhizome rot complex of Ginger (Zingiber officinale)

The ginger cv. Bhaise was evaluated against soft 
rot complex of ginger under different treatments 
comprising of biocontrol agents and ethnobotanicals 
during kharif season of 2019 (Table 6). During the 
second year of the experiment it was found that 

the treatment T5 had the least disease incidence of 
38.88% followed by T7 and T9 with 41.6% disease 
incidence for both as compared to control with 
disease incidence of 98.88%. Survey was conducted 
in Pakyong and Rumtek areas of East Sikkim and 
Bermiok area of South Sikkim to collect the infected 
samples. The diseased ginger rhizomes and the collar 
regions of infected plants were also utilized to isolate 
the pathogens associated with the disease. 

Table 6. Treatment details of evaluation of organic treatments against soft rot complex of ginger and 
the disease incidence

Treatment Disease 
incidence (%)

T1 Ginger rhizome in hot water (470 for 30 minutes) + Trichoderma viride 64.72

T2 Ginger rhizome in hot water (470 for 30 minutes) + Pseudomonas fluorescens 73.05

T3 Ginger rhizome in hot water (470 for 30 minutes) + Trichoderma viride + 
Pseudomonas fluorescens 63.33

T4 Ginger rhizome in hot water (470 for 30 minutes) + Copper oxychloride @ 0.3% 48.61

T5 Ginger rhizome in hot water (470 for 30 minutes) + Schima wallichii (rhizome 
treatment with plant extract @50%) 38.88

T6 Ginger rhizome in hot water (470 for 30 minutes) + Artemisia vulgaris (rhizome 
treatment with plant extract @50%) 47.5

T7 Ginger rhizome in hot water (470 for 30 minutes) + Schima wallichii (rhizome 
treatment with plant extract) + Trichoderma viride + Pseudomonas fluorescens 41.66

T8
Ginger rhizome in hot water (470 for 30 minutes)  + Artemisia vulgaris (rhizome 
treatment with plant extract @50%) + Trichoderma viride + Pseudomonas 
fluorescens

55.5

T9
Ginger rhizome in hot water (470 for 30 minutes) + Schima wallichii (rhizome 
treatment with plant extract) + Artemisia vulgaris (rhizome treatment with plant 
extract @50%) + Trichoderma viride + Pseudomonas fluorescens

41.6

T10 Negative control 88.88

INTEGRATED ORGANIC FARMING 
SYSTEMS (IOFS)
Study of Integrated Organic Farming Systems 
(IOFS) for marginal farmer (0.6 ha) in mid hills of 
Sikkim

An IOFS model was developed in 0.6 ha area during 
2017 at Research Farm of ICAR-NOFRI, Tadong, 
Sikkim. The IOFS model maintains wide bio-diversity 

with components of fishery, dairy, poultry, large 
cardamom nursery, field crops, etc., and maize/rice-
based cropping system which is the backbone of the 
farmers economy and livelihood security in Sikkim. 
Results revealed that IOFS system has generated gross 
and net income of Rs 3.48 and 1.19 lakh, respectively. 
Among the different enterprises, vegetable based 
system contributed about 38% of the total net income 
followed by contribution of dairy component (22%).
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ORGANIC SEED PRODUCTION

Table 7. Organic Seed Production at ICAR Sikkim Centre

Crop Varieties Class of seed production Qty
(q)

At ICAR-Farm At KVK/
Farmers’ field

Maize
Composites

MS 8-1 Breeder 0.75 0.30

Vijay Certified/TLS 0.10 -

L 315 Certified/TLS 0.10 -

Bajaura Makka Certified/TLS 0.10 -

RCM 1-61 Certified/TLS 0.10 -

SMC-6 Certified/TLS 0.10 -

Rice

VL Dhan-86 Certified/TLS 0.20 -

VL Dhan -62 Certified/TLS 0.10 -

VL Dhan-65 Foundation 0.45 -

Abhishek Certified/TLS 0.15 -

RCPL-412 Foundation - 1.50

Finger millet VL Mandua -347 Foundation 0.15 -

Urdbean
SKM PD-3 Breeder 0.20 1.20

PU-31 Certified/TLS 0.20 -

Rajmash SKR 57A Breeder 0.50 1.0

FRUITS
Soil organic carbon stocks and fractions in 
different orchards of north eastern hill region of 
India 

Experiment was conducted during the year 2019 to 
estimate soil organic carbon stocks and fractions in 
different orchards at ICAR-Sikkim Centre. The two year 
(2018 and 19) pooled data has been discussed here. 
Soil properties of all the orchards were estimated and 
presented. Oxidizable organic carbon (Mg C ha-1) in soils 
(0-15 cm soil depth) of the selected fruit orchard was 
highest in peach (18.51) > kiwi (18.18) > citrus (17.76) 
> guava (17.70) > pear (17.31) > plum (17.26) and > 
mandarin (17.21). The similar trend was observed in 
all the soil layers (15-30, 30-45, and 45-60 cm). Active 
carbon pools (Mg ha-1) in soils in 0-15 cm layers of 
different fruit orchard was significantly highest in 
citrus (14.08) > kiwi (14.05) > peach (13.68) > guava 
(13.02) > mandarin (12.16) > pear (12.00) and > plum 
(11.17). Here also a similar trend in active carbon pool 
was observed in all the other layer of the soil profile. 
Passive carbon pools in soils (Mg ha-1) in 0-15 cm soil 

layer of different fruit orchard was highest in peach 
(11.38) > guava (11.20) > kiwi (11.15) > pear (10.82) 
> mandarin (9.96) > citrus (9.86) and > plum (9.66). 
After five years of the experiment the carbon pool 
index, carbon management index and carbon build 
up rate will be estimated for recognition of best fruit 
orchard production system to sequester more carbon 
in the mid hill of Sikkim.

Flower and fruit drop studies in Sikkim mandarin 
under organic management practices 

Variation in flower and fruit drop was recorded for 
Sikkim mandarin. We recorded percent of fruit drop of 
mandarin plants of four age groups viz. 0-5 years, 5-10 
years, 10-15 years and > 15 years old, respectively. 
Fruit drop was recorded in predominantly two phases 
which are post-anthesis drop (Stage S2 to S6, Feb-
March) and pre-harvest drop (Stage S9 and S10, 
Nov-Dec) in all the age groups. For the age group 
0-5 years, post-anthesis drop was 38.40 %, while 
pre-harvest drop was 87.17%. For age group 5-10 
years, post-anthesis drop was 12.80 %, while pre-
harvest drop was 91.42 %. For age group 10-15 years, 
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post-anthesis drop was 68.66 %, while pre-harvest 
drop was 93.16 %. In case of age group >15 years, 
post-anthesis drop was 61.52 %, while pre-harvest 
drop was 95.14 %. The causes for post-anthesis 
drop and pre-harvest drop were investigated.  Post-
anthesis drop was caused mainly due to infestation of 
Colletotrichum spp. and Fusarium spp. and counted the 
percentage of symptomatic flowers. For the age group 
0-5 years, 5-10 years, 10-15 years and > 15 years 
old the percentage of symptomatic flowers recorded 

was 45.02, 57.42, 48.56 and 65.32% respectievely. 
Majority of fruit drop during pre-harvest stage was 
due to fruit fly infestation followed by Fusarium spp. 
and Colletotrichum spp. infesttation. Larval count 
per fruit ranged from 9-20 nos. per fruit which was 
quite high. Therefore, to address the issue of flower 
and fruit drop, strategies for organic management of 
Colletotrichum spp., Fusarium spp. and fruit flies need 
to be devised.

Fig. 5. Reproductive stages (S1 to S10) of a Sikkim mandarin flower and fruit. S1: Green bud stage,  
S2: Green bud covered with green sepals, S3: White bud, S4: Petal opened, S5: Semi-opened flower,  
S6: Fully opened flower, S7: Petal drop stage, S8: Small marble stage, S9: Before maturity stage and 
S10: Mature and ripe stage.

Fig. 6. Flower and fruit drop in Sikkim Mandarin of different age groups (0-5 years, 5-10 years,
 10-15 years and > 15 years old) at different interval of times
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TEMPERATE FRUITS 
All India Network Challenge Program on Canopy 
Management and Plant Architectural Engineering 
in Temperate Fruits

Two kiwifruit varieties viz. Hayward and Allison along 
with respective pollinator’s viz., Tomuri and Allison 
male collected from Solan are planted in four training 
systems viz., Extended T-Bar, Pergola, Tatura Trellis 
and Traditional system with densities as suggested 
in the technical program. Further, two more training 
systems viz. Double Square Trellis and Double Circle 
Trellis were also added in the experiment. The kiwifruit 

orchard is maintained under organic management 
system. All the plants are growing well and training 
and pruning of kiwifruit vines on different training 
systems has been done. Kiwifruit plants trained on 
Extended T-Bar and Pergola systems were the first 
one to turn out in to reproductive phase and yielded 
fruits. Hand pollination has been initiated to ensure 
fruit set. Plants have been covered with 50% agro-
shade net to protect the flowers from heavy rain and 
hails. Kiwifruit plants on other training systems are 
still in vegetative growth stage. No pest and disease 
incidence has been observed so far in the planted 
orchard.

Fig. 7. Pergola System

GOAT
Productive and reproductive performance of 
Singharey Goats in organized and conventional 
farms of Sikkim

The productive and reproductive performance of 
Singharey goats with and without buck exposure or 
melatonin administration to shorten the gestation 
interval was studied. It was observed that melatonin 
treatment yielded higher estrus induction and 
kidding rates in Singharey goats. Number of twin/
triplet births was also significantly higher in melatonin 
induced estrus and subsequent pregnancy. However, 
birth weight of kids was recorded to be higher in 
buck exposed group and due to less birth weight; 
mortality rate was higher in the kids borne to the 
goats under melatonin treatment. Higher mortality 
rate in kids borne to melatonin treated goats may 
also be attributed to the higher frequency of twins/
triplets births in melatonin treated group and low 
milk production of Singharey goats leading to general 
debility in kids. Considering the cost of treatment 

and higher mortality rate in melatonin treatment, 
buck exposure is the best option to induce estrus in 
Singharey goats in Sikkim. However, melatonin can be 
used in the organized farms to synchronize estrus and 
is a better option during seasonal anoestrus in goats. 

The body weight of male and female kids borne under 
natural (buck exposure) and melatonin treatment was 
compared from birth till one year of age. The average 
birth weight of the kids borne to melatonin treated 
does was less (1.58 Kg)  as compared to the kids borne 
to buck exposed does (1.98 Kg). The reason for lesser 
birth weight may be ascribed to the more number 
of twins/triplets borne to melatonin treated does. 
However, the growth performance of both the groups 
was comparable up to twelve months of age with a 
body weight of 12.70 Kg and 11.95 Kg in melatonin 
treated and buck exposed group, respectively. 
Considering the impact of birth weight on neonatal 
mortality and mandate of organic farming in the state 
thereby focusing on prevention rather than treatment 
(restricted use of allopathic drugs), buck exposure is 
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the best option for estrous induction and shortening 
gestation interval in Singharey goats in Sikkim.

POULTRY 
Under the Tribal Sub Plan (TSP), the Centre has 
distributed 25 nos. of Vanaraja day old chicks (DOC) 
to each tribal family of Sikkim. During 2019 (January 
to December), a total of 91589 Vanaraja day old chicks 
were distributed to 3573 tribal farmers of Sikkim. A 
total of 1,46,963 numbers of eggs were produced from 
Vanaraja parent layers of 9th and 10th batch during 
2019 with the highest egg production in the month 
of April (21,441 nos.). Peak fertility (90.58%) and 
hatchability (77.92%) was achieved in the month of 
December’ 2019. 

PIG 
Performance of pigs rearing in different types of 
housing at different altitudes of Sikkim Himalaya 
with special reference to climate change

The average body weight, height at withers and body 
girth at heart were recorded up to twelve weeks of 
age. Body weight at the age of 12 weeks was found 
to be influenced by litter size, birth weight and the 
genotype of the dam and sire. Average litter size at 
birth for Hampshire (HMP), White Yorkshire (WY), 
Saddleback (SDB) and Crossbred (CB) pig was 9.05, 
8.75, 9.75 and 7.65, respectively. The corresponding 
figures for litter size at weaning were 7.7, 6.75, 7.25 
and 4.39, respectively. Hampshire pigs showed better 
growth and reproductive performance than the piglets 
from the other breeds in both pakka and deep litter 
housing system in Sikkim. 

Pigs reared in the cemented (Pakka) sheds were found 
to suffer more often with skin ailments as compared to 
the ones housed in deep-litter sheds. When the data on 
water consumption was compared across cemented 
(Pakka) and deep-litter (Kaccha) sheds, no significant 
difference could be found in water consumed per day 
per pig. 

Technology Transfer to the farmers field
Maize-pahenlo dal- buckwheat a climate resilient 
cropping system

Maize – pahenlo dal – buckwheat cropping system has 
been demonstrated as front line demonstration to the 
210 nos. progressive farmers covering an area of 56 
ha in Loosing, Bhasme, Tshlamthang, Sirwani, Ralap, 
Thanka-Martam, Thanka-Lingtam, Pacheykhani and 
Amba village of East Sikkim and Mangle and Sripatam 
in South Sikkim.

Intensification of rice-fallow through adoption of 
No-till vegetable pea 

No-till vegetable pea technology has been 
demonstrated as front line demonstration to the 120 
nos. progressive farmers covering an area of 45 ha in 
Timpyem, Nandok, Thanka-Martam, Thanka-Lingtam, 
Upper Sirwani village of East Sikkim. The grain yield 
was rice in the range of 1.98 to 2.99 t/ha with a mean 
yield of 2.67±0.30. Similarly, pea pod yield of vegetable 
pea was also in the range of 4.12-6.02 t/ha with 
mean value of 4.98±0.62. The mean rice equivalent 
yield was 7.46±0.93. The overall B:C ratio was higher 
under rice-pea system (2.77±0.22) compared to rice-
fallow (1.59±0.11). The soil organic carbon with 
adoption of no-till vegetable pea under rice-fallow 
was enhanced by 3.03 to 5.47% with a mean value of 
4.41±0.80% over initial SOC status (1.14%). The soil 
bulk density was slightly lower under no-till (1.25 Mg 
m3) demonstrated plot compared to rice-fallow (1.28 
Mg m3) after three cropping cycle at farmers field. 

Winter vegetable production through low cost 
water harvesting structure (Jalkund) 

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 per cent 
of the total rainfall is utilized for growing of crops. 
Keeping these in view, ICAR-NOFRI, Tadong, Gangtok 
in collaboration with the KVK East Sikkim started 
demonstration of Jalkund at farmer’s field. 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 2019, a total 
10 nos. of Jalkund were demonstrated at various parts 
of Sikkim.
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TRIPURA
SUMMARY
In ICAR Research Complex for NEH region, Tripura Center anumber of activities were undertaken and achievements were 
recorded. Rice varieties  IET 26178 / TRC 2015-5 in Aerobic trials was released for Zones: III (Jharkhand), V (Chhattisgarh) 
and VII (Karnataka). STRASA project was concluded with significant achievement as six varieties are released from the 
STRASA material and five varieties are Notified by CSC for Crop Standards etc. Under NICRA Drought, NICRA Aerobic 
Dhan/ TRC 2015-5/ IET 26178 showed yield superiority over other qualified varieties in Karnataka, Jharkhand and 
Chhattisgarh. Under Seed Production program total 146.2q breeder seed and 3292.5q TL seed of released varieties are 
produced under ICAR Breeder Seed Project and 936q pulses seed were produced under Pulses Seed Hub during the year 
2019-20 in participatory mode.
Work under agronomy revealed that Integrated Seed based Farming System (ISFS) was more profitable than Intensive 
Integrated Farming System (IIFS) under Tripura Condition. Resource conservation technologies in crop production, rabi 
maize and lentil under no-till (NT) produced more seed yield than conventional tillage, minimum tillage and permanent 
broad bed & furrow. Under organic farming, integrated application of vermicompost + lime + rock-phosphate gave 
highest system productivity of okra-tomato-cowpea system than other nutrient sources and cropping systems.  
Under AICRP (Tuber Crops), IC No. IC-0629418 was obtained from NBPGR, New Delhi for local taro genotype Tripura 
Colocasia 3. In-vitro conservation protocol was standardized for local Elaichi lemon was standardized. In the multi-
storeyed vegetable cultivation model for upland conditions alongwith vine crops, performance of green peas, French 
bean, brinjal and coriander found to be good during Rabi season. In Kharif season, Okra, cowpeas, Stolon type Colocasia 
and Red Amarenthun leaf were good performer. Integrated nutrient management with FYM + Vermicompost+ poultry 
manure + VAM  in appropriate proportions along with reduced dose of inorganic NPK fertilizer at 3 months interval 
improved plant vegetative and reproductive growth with better fruit numbers per plant.
Under fishery science, twelve low-cost bio-piscicides were found effective to decimate predatory and weed fish from the 
nursery pond during their preparation. Cage culture of Common carp (Cyrinus carpio) demonstrated in the flooded land 
which showed highest productivity of 2.8 kg fish/cage/3 months following 20 fingerlings/m3 stocking density. Assessment 
of Rudrasagar lake, a Ramsar site in Tripura for production and productivity revealed that gross primary productivity of 
the Lake was 481.22-831 mgC/m³/hr and net primary productivity 162.5-418.75 mgC/m³/hr. A total of 54 fish species 
were recorded from the lake with Cyprini formes group at the pinnacle. Genetic study of freshwater bivalve, Lamellidens 
marginalis led to developmentof near universal, non-degenerate primers for characterization of novel gene sequences 
from multiple related species. Sixteen lytic phages specific to A. hydrophila were isolated from Tripura water with clear 
activity against host bacterial lawn. 
Under animal science research, newly developed dual type BND cross poultry breed with 162 eggs/year laying capacity 
was found to be well adapted local agro climatic conditions and was readily accepted by farmers. For management of heat 
stress in growing birds supplementation of Curry leaf (3%) in diet of growing chicken was found beneficial. Performances 
of Mali (local pig of Tripura), Hampshire and Mali x Hampshire Cross pigs were found to be very good in Agro-climatic 
condition of Tripura and piglets.
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Weather Report

During the year 2019-20, an annual rainfall of 
2055.2 mm from 82 numbers of rainy days was 
received at Lembucherra, of which pan evaporation 
losses accounted for 1036.8 mm (Fig.1). Seasonal 
distribution revealed that monsoon months (June-
September) received 7% less while post-monsoon 
months (October-December) received 24% more rain 
than the corresponding long period average (LPA: 
1992-2017) distribution.  However, summer rain 
(Apr to May) recorded 33% deficit over normal. Rain-
extreme (single day) analysis reflected that June 10, 
2019 was the fourth highest single day rain (216 mm) 
recorded in last 28 years. There were 9 extreme event 
of rainfall (>60 mm in a day) during 2019-20 compare 
to 8 normal event. 

Fig. 1. Monthly variation in Evaporation, Rain 
and Rainy Days during 2019-20

Fig. 2. Monthly variation of Temperature (Max & 
Min) during 2019-2020

Fig. 3. Monthly variations in Soil Temp at different 
depths during 2019-20

This erratic distribution delayed sowing of summer 
vegetable, Jhum rice, aman rice and other kharif crops 
in many places across the state. However, higher 
rainfall during post-monsoon periods helped timely 
sowing of winter vegetables.   Available bright sunshine 
hour during entire year was 12% less than normal. 
During monsoon months, available bright sunshine 
was Normal (96 percent over LPA) but lesser during 
winter (less than 80 percent of LPA).  January was the 
coldest month (maximum and minimum temperatures 
were 260 and 130 , respectively) while August 

was the hottest month (maximum and minimum 
temperatures were 350  and 130 , respectively) (Fig. 2). 
Similarly, wide monthly variation in soil temperatures 
at different depths was also recorded. Surface soils 
(-05 cm depth) were warmer with moderate degree 
of variation (>420  in March to >300  in January) while 
sub-soils (5-20 cm depth) were relatively cooler with 
low-intensity variation (Fig. 3).  

Wind direction was mostly South or South Easterly 
(about 52 percent) and more than half of them (53%) 
were 0-2 km per hour in speed. High speed winds 
(average speed of > 6 km per hour) were mostly in 
Southerly direction (Figs. 4-5). 

TRIPURA
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Fig. 4. Monthly variations of Wind Speed (kmph), 
Bright Sunshine hrs & Rel Hum (%) during 2019-20

Fig. 5. Variation of Wind Direction during 2019-20

AGRONOMY
Resilient farming systems for efficient factor 
productivity and livelihood security in Tripura

To enhance income, promote efficient recycling of 
resources and enhance soil properties, two resilient 
farming system comprising Integrated seed based 
farming system (ISFS, 0.80 ha) and Integrated intensive 
farming system (IIFS, 0.90 ha) were established during 
2017-18 at ICAR Tripura Centre. Results indicated 
that over a span of two years (207-18 to 2019-20), soil 
quality parameters for 0-40 cm depth under the both 
the systems improved substantially: soil bulk density 
decreased from 1.48-1.50 Mg/m3 to 1.36-1.42 Mg/m3  
in ISFS and 1.43-1.46 Mg/m3  to 1.40-1.44 Mg/m3  in  
IIFS, respectively.  Similarly, soil organic carbon (SOC) 
content in surface soil (0-10 cm) increased from 4.02 
to 5.95 g/kg and 3.80 to 4.95 g/kg, respectively under 
IIFS and ISFS. With increase in SOC, macro-nutrient 

(N, P, and K) availability in 0-40 cm soil depth also 
increased from 247.2 to 353.3 kg/ha, 13.69 to 16.07 
kg/ha and 420.4 to 537.9 kg/ha under ISFS while the 
corresponding increase under IIFS was 258.3 to 275.6 
kg/ha, 3.85 to 6.58 kg/ha, and 151.9 to 234.8 kg/ha, 
respectively.   In terms of economics, the ISFS was 
more profitable than IIFS. The ISFS gave a net profit 
of Rs 1,49,781 which was ~70% higher than IIFS (Rs 
88,131).

Integrated Resource Conservation Technologies 
for Improving Crop Productivity and Soil Health 
under Sub-tropical Hill Ecosystem

The practice of rice mono cropping through excessive 
tillage followed by absence of proper soil and water 
conservation techniques leading to untenable crop 
production implied by deterioration of soil health.  To 
cope up with this situation, conservation agriculture 
based experiment was up taken by ICAR Tripura 
centre following four (04) tillage systems comprising 
no-till (NT), minimum Tillage (MT), conventional 
tillage (CT) and permanent broad bed and furrow 
system (PBBF) (Fig.6). Four cropping systems 
consisting of rice-fallow, vegetable cowpea-rice-
maize, vegetable cowpea –rice-mustard and vegetable 
cowpea- rice-lentil were evaluated under different 
tillage practices. During the harvesting of each crop, 
one third of residue was subdued and retained on 
the surface in case of NT, MT and PBBF whereas crop 
residues was incorporated under CT treatment. Result 
relieved that maize and lentil under NT produced 
more seed yield (2.28 Mg/ha and 0.70 Mg/ha) than 
CT (1.75 Mg/ha and 0.67 Mg/ha), MT (1.73 Mg/ha 
and 0.63 Mg/ha) and PBBF (1.47 Mg/ha and 0.55 
Mg/ha), respectively. In contrast to maize and lentil, 
mustard seed yield followed reverse trend: CT (1.32 
Mg/ha) > NT (1.15 Mg/ha)>MT (1.12 Mg/ha)>PBBF 
(0.67 Mg/ha).  Vegetable cowpea grown during April 
to June, 2019 yielded maximum under NT (3.4 Mg/ha) 
followed by PBBF (2.4 Mg/ha) and MT (2.0 Mg/ha) 
and CT (1.8 Mg/ha), respectively.  After cowpea was 
harvested, rice grown under all the treatments gave 
biomass yields in the order of CT (12.1 Mg/ha) >NT 
(11.5 Mg/ha)>MT (10.2 Mg/ha) > PBBF (9.6 Mg/ha). 
After two cropping cycles, SOC content in surface soils 
(0-10 cm) was higher under NT (6.94 g/kg) followed 
by PBBF (5.83 g/kg), MT (5.24 g/kg) than CT (4.61 g/
kg). Similar was the trend for 10-20 cm depth under 
all treatments.
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Monitoring of soil organic carbon pool under 
different land use system of Tripura (Under 
NMSHE, TF 6)

The SOC was significantly influenced by 40 years of 
jackfruit plantation over the soils under barren land. 
It was observed that all the SOC fractions were higher 
in case of soils under jackfruit orchard with  distinct 
vertical distribution trend ( top 1 m depth). Jackfruit 
orchard had the highest amount of SOC content in 
0-15 cm depth with the dominance of  very labile C 
(3%), labile carbon (2%) and less -labile carbon (4.6 
%) fractions . Soils under barren land had the lowest 
percentage of SOC and total carbon fractions. Surface 
soils (0-15 cm) from rubber plantation of different 
durations (5, 15, 25, and above 30 years old)  had 
higher SOC contents with wide spatial variability 
(4.45 to 9.82 g/kg) across three districts of Tripura 
and decreased along the depth. Soils from forests of 
>50 years old sequestered more carbon (>9.8 g/kg) 
than rubber garden (4.45 to 9.82 g/kg) and degraded   
land (4.29 to 7.48 g/kg). .

Nutrient management for Organic production of 
vegetables in Tripura (Under NPOF)

Three Cropping systems namely Okra- Tomato- 
Cowpea, Okra- Carrot-Cowpea and Okra- Cauliflower-
Cowpea were evaluated under different organic 
nutrient management systems (ONMS). Okra variety 
of VNR 999 was sown in rainy season under different 
organic nutrient sources like Control, Vermicompost 
(VC), VC + agriculture lime (AL), VC + AL + rock 
phosphate (RP). Results revealed that combined 
application of VC + AL +RP gave the highest fruit yield 

of okra (2.31 t/ha) followed by VC + AL. During winter, 
tomato, carrot and cauliflower were sown in sequences 
after okra. Tomato variety of Arka Rakshak yielded 
the highest under VC+AL+RP (12.43 t/ha) followed 
by VC+AL (8.81 t/ha), VC (8.0 t/ha) and control (5.2 
t/ha). The yield of carrot was also maximum under 
VC+AL+RP (9.38 t/ha) followed by VC+AL (7.29 t/
ha) followed by VC (7.03 t/ha). The lowest was under 
control (6.25 t/ha). Cauliflower {Snow queen (CFL-
6337)} also recorded highest tomato equivalent yield 
under ONMS (VC+AL+RP:14.76 kg/ha).  In summer 
season, similar response of yield under summer crop 
cowpea (Kashi kanchan) was recorded: VC+AL+RP 
(10.56 t/ha) > VC+AL (9.17 t/ha)> VC (9.08 t/ha)> 
Control (8.43 t/ha).

Promoting improved technology of Maize 
production in NEH region (Funded by ICAR-IIMR, 
Ludhiana)

To popularize maize production under NEH 
Region, improved maize production technology 
was introduced to farmers’ field at West and South 
Tripura districts.  Improved variety / Hybrids of 
maize (DA-61A, VMH 45, Asha 3051) along with 
recommended fertilizer - NPK and agriculture lime 
was made available to 113 farmers covering all the 
districts.  Intercropping systems like maize with 
Okra, Cowpea, Bitter gourd, Groundnut and Pea etc. 
was evaluated to identify profitable systems (Fig.7).  
Yield of Maize intercropped with okra was the highest 
at south Tripura district (Birchandra Manu village). 
Farmers obtained maize equivalent yield (MEY) of 
15 to 18 t/ha from Rice- Maize + okra system, over 

Fig. 6. Mustard, lentil and maize under no-till, ICAR Tripura Centre
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Fig. 7. Maize intercropped with cowpea and 
okra

HORTICULTURE
Standardization of vegetable based intercropping 
system for upland conditions of Tripura

Standardization of multi-storeyed vegetable 
cultivation model for upland conditions was designed 
with various popular vegetable crops (Fig.8). 
To develop a highly profitable and sustainable 
multi-storeyed vegetable cropping system for 
upland conditions of Tripura, various commercial 
vegetable crops were selected as ground cover crops 

Fig. 8. Multi-storied cropping with Bottle gourd and Hyacinth bean as vine crops and peas, French 
bean and Brinjal as ground crops.

farmers practice of rice monocropping (3.3-4.7 t/ha).  
In Khowai district (North Pulinpur village), system 
productivity (MEY) was higher in maize intercropped 
with vegetable pea (6 to 8 t/ha), bitter gourd (13 to 
18 t/ha), maize with okra (18 to 24 t/ha) and cow pea 
(7 to 8 t/ha) over farmers practice (4.8 t/ha) of rice 
monocropping. 

underneath the vine crops.  During Rabi season, 
Cowpeas , Peas, French Beans, Brinjal , Chilli, Spinach 
, Carrot and Coriander were grown under Hyacinth 
bean and Bottle gourd vines. During summer, Okra, 
Chilli , Brinjal, Cowpeas, Amaranthus (Tender Shoot), 
Amaranthus (Leafy),  Colocasia spp. (for stolon 
purpose), and  Green Onion were grown under the 
Ridge gourd and Sweet gourd vines. Two years data 
reveal that under this multi-storeyed system, average 
yield of Bottle gourd, Hyacinth bean, Ridge gourd and 
Sweet gourd were 20.0 t/ha, 10.5 t/ha, 9.5 t/ha and 
10.5 t/ha, respectively. Amnong the under storeyed 
crops, performance of green peas (7.5 t/ha), french 
bean (16.5 t/ha), b brinjal var. Bholanath (25.5 t/ha) 
and coriender (5.5 t/ha) were found to be good during 
Rabi season. Duirng Kharif season, Okra (12.5 t/ha), 
cowpeas (15.5 t/ha), Stolon type Colocasia (Caudex 
yield 116.5 t/ha and stolon yield 16.5 t/ha) and Red 
Amarenthun leaf (9.5 t/ha) were good performer. 

Fig. 9. Diversity in Tuber crops
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All India Coordinated Research Project on Tuber 
Crops

Local collection Tripura Colocasia 3 Eddoe type taro 
was selected for its good quality corm in terms of 
corm weight (56.3g), corm length (7.3 cm) and corm 
diameter (4.8 cm). Total yield potential is 19.8 t/ha. IC 
No. IC-0629418 was obtained from NBPGR, New Delhi. 
URT on Colocasia trial show that TTr 12, TTr 13 and 
TTr17-8 gave significantly higher yield of  19.7, 19.6 
and 18.4 t/ha, respectively. Organoleptic score was 
impressive (6.7-8.7) with calcium oxalate contents 
varied from 12.3-21.5 mg/100g. Weed control 
efficiency was higher on Post emergence herbicide at 
30, 60 and 90 DAP with values of 76.8. Five types of 
local Swamp taro, four types of dioscorea, three types 
of tapioca, four types of elephant foot yam, four types 
of sweet potato are being maintained.

All India Coordinated Research Project on 
Vegetable Crops

Brinjal entries in AVT-II 2016/BRBW-2(345.7 q/ha) 
and 2016/BRBW-1 (344.5 q/ha) gave higher total 
yield and was significantly higher than the local checks, 
TRC Brinjal Laffa (332.5 q/ha) and Singhnath (325.3 
q/ha).  No incidence of bacterial wilt was recorded on 
improved varieties.  Mustard green entries in AVT-II 
2018/MGVAR 1 (12.8 t/ha), 2018/MGVAR 5 (11.9 t/
ha), 2018/MGVAR 2 (11.7 t/ha) and 2018/MGVAR 4 
(10.7 t/ha) gave higher yield than the local checks (7.5 
t/ha). Radish entries in AVT-II 2018/RADVAR 1 (51.4 
t/ha), 2018/RADVAR 6 (48.5 t/ha), 2018/RADVAR 
2 (48.5 t/ha) gave higher yield than the local Check 
(45.8 t/ha). Out of 30 collections, IC No of seventeen 
genotypes namely TRC Sim-1, TYRC Sim-3, TRC Sim-
6, TRC Sim-13, TRC Sim-14, TRC Sim-15, TRC Sim-16, 
TRC Sim-18, TRC Sim-20, TRC Sim-23, TRC Sim-28, 
TRC Sim-35, TRC Sim-36, TRC Sim-38, TRC Sim-39, 
TRC Sim-40, and TRC Sim-72 have been allotted by 
NBPGR.

Fig. 10. Diversity in Jackfruits

DBT NEH - Twinning project on In vitro mass 
multiplication and conservation of some 
endangered Citrus species of NEH Region of India

Shoot tips obtained from in vitro grown seedlings of 
Elaichi lemon with various concentrations of BAP 
alone and in combinations with Gibberellic acid 
(GA3) after 50 days of inoculation were used for 
multiple shoot regeneration studies. The maximum 
number of shoots/explants was recorded from the 
media supplemented with 0.5 mg/L BAP i.e., 2.58 
with highest mean shoot length of 0.82 cm. The 
combination of BAP (1.0 mg/L) + GA3 (1.0 mg/L) 
possessed the highest mean number of shoots/ 
explants (2.85). The maximum shoot length of (1.21 
cm) was recorded from the MS media supplemented 
with 2.0 mg/L BAP in combinations with 1.0 mg/L GA3 
at 50 days of subculture. 

Animal Science 
PIG:

Performances of Mali (local pig of Tripura), Hampshire 
and Mali x Hampshire Cross pigs under intensive 
rearing system were evaluated under Agro-climatic 
condition of Tripura (Table 1). 

Table 1. Comparision of growth performance of 
piglets

Age 
(Months)

Mean body weight (Kg)
Mali piglets 50 % cross (Mali X 

Hampshire) piglets

1 2.74 4.79

2 4.39 7.34

3 6.38 10.4

4 8.18 16.65

5 10.39 20.34

6 14.85 26.51

BUFFALO:
Performance of Murrah Buffalo under Tripura 
farming condition:

Performance of  Murrah buffaloes was evaluated under 
Tripura agro-climatic conditions. The animals are 
housed in well ventilated shed with space and feeding 
manger for individual animal. The Buffaloes were 
vaccinated against FMD, Haemorrhagic septicaemia 
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Table 2. Production Performance of Murrah 
Buffaloes

Sl 
No

Animal 
No

Milk yield 
(305 days) 

Average 
milk yield

Age at 
first 

Calving 

1 MU-5 1922 6.30 4 years 7 
months

2 MU-7 1891 6.20 years 10 
months

REVENUE GENERATION: 

Table 4. Total revenue generation from Ruminants

Items Sold (Quantity/
Numbers) Amount (Rs.)

Milk 16896.75 Litres 8,44,837.5

Manure 75 Truck 1,27,500.00

Goat 12 40,320.00

Pig 30 1,22,450.00

Cattle 11 1,92,800.00

Buffaloes 2 31,200.00

 Total Rs. 13,59,107.50

Fig. 11. Training and distribution on mushroom and fruit saplings

OUTREACH PROGRAMME
1. Supply of Poultry Germplasms: 

During the period 2019, a total of 36,765 chicks 
of different varieties / lines of poultry (BND cross, 
Coloured broiler -dam line and commercial, BN cross, 
Tripura black and Dahlem Red) were supplied to the 
farmers of Tripura.

2. Dissemination of improved germplasm of 
backyard poultry for better livelihood of rural 
people under Different Schemes: 

(HS) and dewormed periodically.The highest lactation 
yield for a duration of  305 days was 1922 litres 
(Table 2). 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 she buffaloes at farm. There was no incidence of 
diseases in buffaloes.

Chicks of the improved germplasm were distributed 
to beneficiary farmers of different villages of Tripura. 
During 2019 , a total 2641 nos. of chicks of BND Cross 
and 800 kg poultry feed were distributed among the 
160 tribal farmers in different villages of Tripura.

DBT NEH-Development and promotion 
of horticulture-based women friendly 
entrepreneurship for livelihood improvement 
as an alternative to subsistence farming in rural 
Tripura

Skilled oriented demonstration and hands on training 
on horticultural technologies such as mushroom 
production, multi-stories vegetable production, 
dragon fruit and Mosambi cultivation technologies 
were given to 25 tribal women from TTADC (Fig.11).
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Fig. 12. Dr. B.K. Kandpal, Joint Director, ICAR, Tripu-
ra Centre is addressing  to farmers

Fig. 13. Training on Backyard Poultry farming for 
farmers during training

REVENUE GENERATED DURING THE 
PERIOD (Jan, 2019 to Dec, 2019)

Table 5. Revenue generated from poultry section 
during 2019

Sl. 
No.

Sources Quantity Amount 
(Rs.)

1 Eggs 21813 nos 92,142

2 Birds (live wt.) 1207.1 kg 1,24,048

3 Chicks 35458 nos 8,53,495

4
Miscellaneous 
(Poultry manure, 
Gunny bags)

4,800

              Total 10,74,485

SUCCESS STORIES
Success story of a poultry farmer from Tripura

A progressive poultry farmer Shri Safarmia S/o 
Abdul Ajij from Aralia village Aralia, Loknath Ashram, 
Dugri, West Tripura was imparted training on newly 
developed variety (BND Cross) under AICRP on 
poultry breeding programme.  He was supplied with 
500 chicks to start his poultry farming with periodic 
technical guidance on feeding (supplementation 
with vitamins, minerals and calcium) and disease 
managements. The mortality in his flock was very less 
(less than 3%) during the chick and growing phases. 

The male birds/cockerels which attained body weight 
of 2000–2500 gm. at about 6-months of age were sold 
as per requirement from time to time @ Rs. 280/per kg 
live wt. giving him a handsome income of Rs 90000/- 
in six-month duration. The egg production of female 
birds was around 160-200 eggs per day during the peak 
production. During four month of laying period, he was 
getting Rs. 1000/- net profit per day by selling the eggs 
at the rate of Rs. 10-12 per egg. After 4 month of egg 
collection, he sold out his birds due to his requirements 
and earned . Thus, he made total a net profit of around 
1.50 lakhs rupees by 500 birds in 9 month of rearing 
period. With further expansion in his farm, presently 
he is earning approximately Rs. 30000 to 40000 net 
income per month through poultry farming. Every 
year he procures 4-5 lots of chicks from AICRP centre, 
Lembucherra and continuing the farming. 

A success story of a farmer from West Tripura: 
Poultry production and livelihood security:

Shri Tapan Debnath, a poultry farmer from village 
Rani Bazar, Durganagar, West Tripura suffered from 
financial crisis and struggled for survival with his 
6-member family. After coming in contact with AICRP 
on poultry breeding, Tripura centre, Agartala, he 
expressed his willingness to rear this newly developed 
variety (BND Cross). Shri Tapan Debnath was supplied 
350 chicks with periodic technical advice including 
preventive measures against major diseases. The 

HUMAN RESOURCE DEVELOPMENT (HRD) 
PROGRAMME
Dissemination of knowledge on backyard poultry 
production through Training, Meeting, etc.

ICAR Research Complex, Tripura centre, Lembucherra, 
organized 9 programmes (trainings, awareness 
programme and meeting) on backyard poultry 
farming for more than 500 rural farmers at different 
villages of Tripura. 
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Scientific 
name

Family Habit Common 
name 

Parts 
useful 

Collection site GPS 
Coordinates

Moringa 
oleifera

Moringaceae Tree Drumstick/ 
Sajna

Leaf, bark, 
root

Lembucherra, West 
Tripura 

23.90640N, 
91.31320E

Camellia 
sinensis

Theaceae Shrub Tea Seed, leaf Durgabari Tea Estate, 
Mohanpur, West Tripura 

23.8917°N, 
91.2915°E

Magnolia 
champaka

Magnoliaceae Tree Champak Seed, bark Kamalghat, West Tripura 23.9285°N, 
91.3385°E

Melia 
azedarach

Meliaceae Tree Chinaberry Seed, leaf, 
bark

Lembucherra, West 
Tripura 

23.4505°N, 
91.2146°E

Glycyrrhiza 
glabra

Fabaceae Herb Mulethi Leaf Lembucherra, West 
Tripura 

23.3023°N, 
91.2165°E

Millettia 
pachycarpa

Fabaceae Climber Bish lata Leaf Melaghar, South Tripura; 
Rupashnagar, North 
Tripura 

23.4973°N, 
91.3313°E;
23.9248°N, 
91.8465°E

Jatropha curcas Euphorbiaceae Shrub/ 
small tree 

Bherenda Seed, Leaf Lembucherra, West 
Tripura 

23.4454°N, 
91.5634°E

Hevea 
brasiliensis 

Euphorbiaceae Tree Rubber Seed kernel Santir Bazar, South 
Tripura 

23.3121°N, 
91.5620°E

Tephrosia 
purpurea

Fabaceae Herb/ 
shrub 

Bannilgach Leaf Lembucherra, West 
Tripura 

23.8566°N, 
91.3065°E

Dioscorea alata Dioscoreaceae Climber Banalu Leaf Lembucherra, West 
Tripura 

23.9082°N, 
91.3195° E

Trichosanthes 
tricuspidata 

Cucurbitaceae Climber Makal, Bitter 
Snake gourd 

Fruit Lembucherra, West 
Tripura 

23.4436°N, 
91.2132°E

Table 6. Potential piscicidal plants identified from Tripura

mortality in his flock was very less (Total 10 no) 
during the 3 months of rearing periods. The birds 
attained body weight of 900-1200 gm at 3-months of 
age were sold @ Rs. 290/per kg giving him a net profit 
of Rs 45600/- in three-months. Now he regularly 
procures chicks from AICRP centre Agartala and sells 
the birds at higher price than broiler chicken and able 
to maintain livelihood security of his family.

FISHERIES
Development of bio-piscicides for sustainable 
aquaculture  

The nursery pond systems of Tripura harbour a number 
of predatory and weed fishes such as Puti (Puntius 
sophore), Mola (Amblypharyngodon mola), Darkina 
(Esomus danricus), Prawns, Crabs, etc. They influence 
the nursery rearing of candidate fishes (IMCs, Chinese 
carps, Bata, Gonia, Pabda etc.) through predation 
and competition for food, living space and dissolved 

oxygen. The extent of loss in some farms of Tripura 
goes up to 40%. Hence, during pond preparation, they 
must be removed from the pond before stocking of 
spawns of candidate fishes. Mohua oil cake and Derris 
root powder are good as Piscicides to eradicate these 
fishes. Unfortunately, both are unavailable in Tripura. 
Therefore ICAR Research Complex for NEH Region, 
Tripura Centre identified some low-cost locally 
available alternative bio-piscicides which farmers can 
easily afford and apply with minimal processing and 
almost no negative effect on the ecosystems. These 
piscicides are leaves and barks of Moringa oleifera 
(Drumstick), leaves of Camellia sinensis (Tea), barks 
of Magnolia champaka (Champak), fruits of Melia 
azedarach (Chinaberry), leaves of Glycyrrhiza glabra 
(Mulethi), leaves of Millettia pachycarpa (Bish lata), 
seed kernel of Jatropha curcas (Bherenda) and Hevea 
brasiliensis (Rubber), leaves of Tephrosia purpurea 
(Bannilgach), leaves of Dioscorea alata (Banalu) and 
fruits of Trichosanthes tricuspidata (Makal) (Table 6). 
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Leaves and barks of Moringa 
oleifera (Drumstick)

Barks of Magnolia champaka 
(Champak)

Leaves of Glycyrrhiza

Leaves of Camellia sinensis (Tea)

Fruits of Melia azedarach 
(Chinaberry)

Leaves of Millettia pachycarpa 
(Bish-lata)

Jatropha seed kernel Leaves of Tephrosia

Fruits of Trichosanthes tricuspidata (Bitter snake gourd)

Rubber seed kernel

Dioscorea leaves

Fig. 14. Piscicidal plant identified from Tripura
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Preparation and characterization of the extracts 

For the preparation of the extract, a kilogram of 
material was mixed with 5 liters of distilled water 
and left overnight in dark condition to stimulate the 
biochemical processes in the concoction. After 18-24 
hrs, the extract was obtained by straining through a 
muslin cloth and then tested for pH, colour and acid-
neutralizing capacity. The extracts were highly acidic 
with pH varied from 3.47-4.83 (Table 7). The quantity 
of alkaline solution (NaOH) required to neutralize the 
extracts varied from 12.5-15.5 ml. The extracts were 
found light-sensitive; if stored near direct sunlight, 

it become discoloured and tainted in 48-72 hrs and 
moulds appear in it. Fruits of Trichosanthes, Jatropha 
seed and Dioscorea leaves were found causing eye 
and skin irritation; hence, proper precautions were 
suggested for their handling and processing. The odour 
was pungent in bark extracts, musky in leaf extracts, 
waxy in seed extracts and putrid in fruits’ extract of 
Trichosanthes. Volatile chemical compounds present 
in the extracts were responsible for these odours. 
To ensure the freshness and potency, extracts were 
evaluated immediately after extraction through Static 
Bioassay against Puntius sophore (a model weed fish) 
and Channa spp. (a model predatory fish) (Table 8).

Some samples of plant-parts collected locally Processing of plant-parts and preparation of extract

Puntius sophore a model 
weed fish 

Channa spp. a model 
predatory fish

Fig. 15. Preparation and characterisation of Piscicidal plant extracts

Table 7. Properties of the extracts

Sl. No. Extracts  pH Colour Alkali requirement to 
neutralize the acidity (ml)

1. Leaves of Moringa 4.830 Greenish 12.5
2. Barks of Moringa 3.930 Brownish 14.4
3. Residues of tea leaves 3.840 Tainted 14.6
4. Barks of Magnolia 3.470 Brownish 15.5
5. Fruits of Melia 4.005 Greenish-brown 13.8
6. Leaves of Glycyrrhiza 4.380 Greenish 12.8
7. Leaves of Millettia  4.134 Greenish 13.3
8. Jatropha seed kernel 3.854 White 14.5
9. Rubber seed kernel 4.033 Blackish 13.6

10. Tephrosia leaves 3.945 Greenish 14.2
11. Dioscorea leaves 4.691 Greenish 12.2
12. Fruits of Trichosanthes 4.344 Blackish 12.6
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Range-finding study 

Range-finding study was conducted to determine the 
safe and lethal limits for the extracts. The safe limit 
was 10 ml/L for leaves and barks of Moringa, Rubber 
seed kernel, and fruits of Trichosanthes, while 5 ml/L 
for residues of tea leaves, Jatropha seed kernel, and 
Tephrosia leaves, and 50 ml/L for barks of Magnolia, 
fruits of Melia, leaves of Glycyrrhiza, Millettia, and 
Dioscorea (Table 9). Lethal limit was 320 ml/L for 

leaves and barks of Moringa, 15 ml/L for tea leaves, 
300 ml/L for Magnolia and Millettia, 350 ml/L for 
Melia and Glycyrrhiza, 30 ml/L for Jatropha, 100 
ml/L for Rubber, 20 ml/L for Tephrosia, 250 ml/L 
for Dioscorea, and 50 ml/L for Trichosanthes. The 
first response fish showed with the application of 
extracts was erratic swimming followed by piping 
(air engulfing), body discolouration, excessive mucus 
secretion, loss of reflex, ataxia and then death. 

Table 8. Behavioural responses in fish following application of the extracts

Extracts Behaviours Exposure time (hr.)
1 6 12 24 48

Moringa leaves Loss of reflex - - - - +

Discoloration - - - + +

Air gulping - - + + +

Erratic swimming + + + + +

Excessive mucus - - + + +

Moringa barks Loss of reflex - - - - +

Discoloration - - + + +

Air gulping - + + + +

Erratic swimming + + + + +

Excessive mucus - - + + +

Tea leaves Loss of reflex - - - - +

Discoloration - - + + +

Air gulping - + + + +

Erratic swimming + + + + +

Excessive mucus - - + + +

Champak barks Loss of reflex - - - - +

Discoloration - - + + +

Air gulping - - + + +

Erratic swimming - + + + +

Excessive mucus - - + + +

Melia fruits Loss of reflex - - - - +

Discoloration - - + + +

Air gulping - + + + +

Erratic swimming - + + + +

Excessive mucus - - + + +
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Glycyrrhiza leaves Loss of reflex - - - - +

Discoloration - - + + +

Air gulping - + + + +

Erratic swimming + + + + +

Excessive mucus - - + + +

Millettia leaves Loss of reflex - - - - +

Discoloration - - + + +

Air gulping + + + + +

Erratic swimming + + + + +

Excessive mucus - - + + +

Jatropha

seed

Loss of reflex - - - - +

Discoloration - - + + +

Air gulping - - + + +

Erratic swimming + + + + +

Excessive mucus - - + + +

Rubber seed Loss of reflex - - - - +

Discoloration - - + + +

Air gulping - - + + +

Erratic swimming - + + + +

Excessive mucus - - + + +

Tephrosia leaves Loss of reflex - - - - +

Discoloration - - + + +

Air gulping + + + + +

Erratic swimming + + + + +

Excessive mucus - + + + +

Dioscorea leaves Loss of reflex - - - - +

Discoloration - - - + +

Air gulping - - + + +

Erratic swimming - + + + +

Excessive mucus - - + + +

Trichosanthes fruits Loss of reflex - - - - +

Discoloration - - + + +

Air gulping + + + + +

Erratic swimming + + + + +

Excessive mucus - + + + +



ANNUAL REPORT 2019

136 ICAR RC NEH

Table 9. Summary of the range-finding study on test fish

Sl. No. Extracts Concentrations (ml/L) Safe limit 
(ml/L)

Lethal limit 
(ml/L)

1. Leaves of Moringa 0, 10, 20, 40, 80, 160, 320 10 320

2. Barks of Moringa 0, 10, 20, 40, 80, 160, 320 10 320

3. Residues of tea leaves 0, 5, 7, 9, 11, 13, 15 5 15

4. Barks of Magnolia 0, 50, 100, 150, 200, 250, 300 50 300

5. Fruits of Melia 0, 50, 100, 150, 200, 250, 300, 350 50 350

6. Leaves of Glycyrrhiza 0, 50, 100, 150, 200, 250, 300, 350 50 350

7. Leaves of Millettia  0, 50, 100, 150, 200, 250, 300 50 300

8. Jatropha seed kernel 0, 5, 10, 15, 20, 25, 30 5 30

9. Rubber seed kernel 0, 5, 10, 50, 75, 100 10 100

10. Tephrosia leaves 0, 5, 7.5, 10, 15, 20 5 20

11. Dioscorea leaves 0, 50, 100, 150, 200, 250 50 250

12. Fruits of Trichosanthes 0, 10, 20, 30, 40, 50 10 50

Bio-assay and probit analysis  

From the Static Bioassay and analysis of probit 
(LC50), it was found that residue of tea leaves was 
most effective as piscicide against weed fish followed 
by Tephrosia leaves, Jatropha seed kernel, fruits of 
Trichosanthes, Rubber seed kernel, barks of Moringa, 
leaves of Moringa, Dioscorea, barks of Magnolia, leaves 
of Millettia, leaves of Glycyrrhiza, and then fruits of 
Melia (Table 10). Extracts most effective against the 
weed fish (residues of tea leaves, Tephrosia leaves, 
Jatropha seed kernel, fruits of Trichosanthes, and 
rubber seed kernel) were evaluated against the 
predatory fish (Channa spp.). Probit analysis (LC50) 
further revealed that residue of tea leaves was the 
most effective followed by Tephrosia leaves, Jatropha 
seed kernel, fruits of Trichosanthes  and then rubber 
seed kernel (Table 11). 

Table 10. Probit analysis (LC50) against the weed 
fish (P. sophore)

Extracts  Probit value (LC50)
24h 48h

Leaves of Moringa 
oleifera 152.4 ml/L 120.0 ml/L

Barks of Moringa 
oleifera 145.6 ml/L 98.2 ml/L

Residues of tea leaves 11.0 ml/L 9.2 ml/L

Barks of Magnolia 
champaka 187.0 ml/L 170.0 ml/L

Fruits of Melia 
azedarach 247.0 ml/L 202.0 ml/L

Leaves of Glycyrrhiza 231.6 ml/L 181.8 ml/L

Leaves of 
Millettia pachycarpa 198.0 ml/L 163.0 ml/L

Jatropha seed kernel 19.8 ml/L 17.0 ml/L

Rubber seed kernel 65.5 ml/L 51.5 ml/L

Tephrosia leaves 12.5 ml/L 9.6 ml/L

Dioscorea leaves 183.4 ml/L 151.6 ml/L

Fruits of 
Trichosanthes 
tricuspidata 

36.7 ml/L 30.3 ml/L

Table 11. Probit analysis (LC50) against the 
predatory fish (Channa spp.)

Materials Probit (LC50)
24h 48h

Residues of tea leaves 11.4  ml/L 9.9  ml/L

Tephrosia leaves 15.6  ml/L 10.6  ml/L

Jatropha seed kernel 20.8  ml/L 17.3  ml/L

Fruits of Trichosanthes 40.6  ml/L 30.6  ml/L

Rubber seed kernel 65.8  ml/L 57.0 ml/L
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Field evaluation of the extracts 

Residues of tea leaves and Tephrosia leaves were 
evaluated in field condition using nursery ponds. 
Before application of the extracts, water level of the 
pond was brought down to minimum level (approx. 
one foot). Doses of the extracts were calculated by 
assuming that absolute mortality (LC100) occurred in 
Predatory fish in 24 h and it was found that 19.7 ml/L 
for tea leaves and 29.0 ml/L for Tephrosia leaves. Fish 
group died first was Mola followed by Darkina, Danios, 
Puti, Gobies, Pabda, Loaches and Prawns. Murrel was 
the last fish to die. Moribund Murrels appeared after 
3 hrs of application of the extract and by 4 hrs all of 
them were died. Like tea leaves, Mola died first with 
the application of Tephrosia leaves. Darkina was the 
next group to die followed by Puti, Danios and Prawn. 
Murrels died last. Absolute mortality in Murrels was 
occurred after 4 hrs of application of the extract (Table 
12). There were no records for Gobies, Loaches, and 

Pabda; they might be absent in the pond treated with 
Tephrosia leaves. 

Analysis of water quality parameters indicated that 
there was an increase in level of water temperature 
and ammonia (till 12 hr.) and decrease in the level 
of dissolved oxygen (DO) , pH, and total alkalinity 
following application of the extracts in pond. Plankton 
level was sharply declined after application of 
extracts. Since the extracts were organic and plant-
based, a temporary depletion of DO in water is likely 
due to their biodegradation process in the medium 
(Tables 13-14). Fishes were found normally behaving 
in the treated ponds since 7 days post-application of 
the extracts. Appearance of plankton was started after 
12 days of application of Tephrosia leaves and after 14 
days of application of Tea leaves’ waste. This indicated 
the toxic effect of extracts in ponds was subsided in 
12-14 days. 

Table 12. Response hours in different fish groups in pond condition (RTL-Residues of tea leaves; TL- 
Tephrosia leaves) 

Fish groups Mortality period after application of the extract
30 min. 1 hr 2 hr 4 hr

RTL TL RTL TL RTL TL RTL TL
Puntius spp. √ √

Mola √ √

Darkina √ √  

Danios √ √

Gobies √ -

Pabda √

Loaches √

Murrels √ √

Prawns √ √

Table 13. Water quality parameters in pond following application of tea leaves

Water parameters Pre-application Post- application
1 hr 3 hr 6 hr 12 hr 24 hr 48 hr 

Temp. (0C) 30.2 30.6 30.6 30.5 30.4 30.4 30.4

DO (ppm) 7.4 4.8 4.4 4.4 4.6 4.8 4.8

pH 6.5 5.5 5.2 5.2 5.0 5.5 5.6

Total alkalinity (ppm) 85 77 75 72 72 75 78

Ammonia (ppm) 0.8 1.2 1.1 1.2 1.0 0.8 0.7

Plankton vol. (ml/50-L) 1.5 1.2 0.8 0.6 0.5 0.5 0.4



ANNUAL REPORT 2019

138 ICAR RC NEH

Economic appraisal of pond preparation using 
Piscicides 

To remove the unwanted fishes from a hectare of 
pond, total expenditure involved is Rs. 238000/- using 
Mohua oil cake (recommended dose: 3000 kg/ha-m), 
Rs. 195500/- using bleaching power (recommended 
dose: 350 kg/ha-m), and Rs. 181000/- using Tea 

leaves’ waste and Tephrosia leaves which clearly 
indicates that using of Tea/ Tephrosia leaves can 
curtail an amount of Rs. 17500-60000/ha (Table 
15). For collection, processing, and application of the 
extracts, 10 additional man-days may be required. 
Nevertheless, it is profitable when compared with 
Mohua oil cake (MOC) or Bleaching powder (BP). 

Table 15. Economics calculated on the basis of nursery fish rearing in a ha of pond

Particulars
Expenditure (in INR) 

MOC BP Tea leaves / Tephrosia leaves
A.  Total cost 

•	Labour @ Rs. 300/man-day 18000.00 18000.00 21000.00

•	Piscicide  @ Rs. 20/kg for MOC and Rs. 50/kg for BP 60000.00 17500.00 0.0

•	Kerosene @ Rs. 50/L 5000.00 5000.00 5000.00

•	Lime @ Rs. 20/kg 5000.00 5000.00 5000.00

•	Fish spawn @ Rs. 0.02/spawn 100000.00 100000.00 100000.00

•	Feed @ Rs. 20/kg 25000.00 25000.00 25000.00

•	Cattle manure @ Rs. 1/kg 10000.00 10000.00 10000.00

•	Urea @ Rs. 10/kg 2500.00 2500.00 2500.00

•	 SSP @ Rs. 15/kg 7500.00 7500.00 7500.00

•	Miscellaneous (watch and ward, prophylaxis etc) 5000.00 5000.00 5000.00

•	Total operational expenses   238000.00 195500.00 181000.00

B. Gross return  

•	Fry @ Rs. 0.25/fry 375000.00 375000.00 375000.00

C. Net return (B-A) 137000.00 179500.00 194000.00

D. Benefit cost ratio (BCR) 1.57 1.9 2.0

Table 14. Water quality parameters in pond following application of Tephrosia leaves

Water parameters Pre-application Post-application
1 hr 3 hr 6 hr 12 hr 24 hr 48 hr 

Temp. (0C) 30.1 30.5 30.7 30.7 30.6 30.4 30.5

DO (ppm) 6.4 5.8 5.4 5.4 4.8 4.8 5.2

pH 6.5 5.5 5.2 5.0 5.0 5.2 5.5

Total alkalinity (ppm) 88 76 78 72 72 70 75

Ammonia (ppm) 1.2 1.5 1.6 1.5 1.5 1.1 0.8

Plankton vol. (ml/50-L) 1.8 1.2 1.0 0.8 0.5 0.5 0.5
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Name of the event Place Date No of 
Participants

Points discussed

Climate Change 
Adaptation (Training 
under NICRA)

ICAR Research Complex 
for NEH Region, Tripura 
Centre, Lembucherra

Aug 23, 2019 50
Understanding of 

weather and use of 
weather forecast

Capacity Building of 
Tribal Farmers for 
Livelihood Improvement 
(Training & distribution 
of inputs under TSP)

Dumtibari ADC Village, 
Champaknagar, West 
Tripura

July 19, 2019 80 Efficient use of weather 
resources

Technological 
Intervention For 
Sustainable Rabi Crop 
Production (FAP)

Brahman Pushkuni Nov 15, 2019 130

Climate & its 
variability and effective 

dissemination of AAS 
Bulletin to the end users

Stakeholders meeting 
and Impact Assessment 
of GKMS

KVK Khowai Jan 22, 2020 62
Feedback collection, 

dissemination of 
bulletin

Table 16. Farmers’ Awareness Program
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District wise annual rainfall change in North East 
during 1991-2015 over the base period of 1961-
90 

The district wise annual rainfall pattern in North 
East India was analyzed and compared between two 
periods viz. 1961-90 (base period) and 1991-2015 
(recent period) using 0.25o x 0.25o gridded data of IMD 
(Fig. 1). The analysis provided a diverse picture with 
increase/decrease in rainfall in different districts of 
NE India. Of the total 77 districts, 47 districts (61%) 
exhibited reduction in annual rainfall, whereas, rest 
30 districts (39%) showed an increase in receipt of 
annual rainfall during 1991-2015. Arunachal Pradesh 
used to receive very high rainfall among all the NE 
states and interestingly 13 out of 16 districts (81%) 
recorded reduction in annual rainfall during the 
period of study. The exceptions were Kurung Kumey, 
East and West Kameng districts, which recorded 
1-4% increase in annual rainfall. The eastern districts 
of Arunachal Pradesh received less annual rainfall. 

Similarly, Manipur and Nagaland were two other states 
where the annual rainfall shows a decreasing trend 
during the recent period. Seven out of nine districts 
of Manipur and Nagaland each exhibited reduction in 
annual rainfall. In case of Assam, few districts of North 
Bank and Upper Brahmaputra Valley Zone as well as 
Hill zone exhibited reduction in rainfall but at the same 
time the Lower Brahmaputra Valley Zone exhibited an 
increasing pattern. In Meghalaya, rainfall occurrence 
increased in most of its districts barring Ri-Bhoi and 
Jaintia Hills. Two of the most climate resilient states 
of NE India were Tripura and Sikkim. But two districts 
each of these two states viz. North and West districts 
of Sikkim and Dhalai and West Districts of Tripura 
received lesser rainfall compared to other districts of 
their respective states. The most water scarce state of 
the region, Mizoram received higher annual rainfall 
during 1991-2015 compared to all other states of the 
region over 1961-90. 
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Fig. 1. District wise change in annual rainfall of NE India (1991-2015 over 1961-90)

NATIONAL INNOVATIONS IN CLIMATE RESILIENT AGRICULTURE (NICRA)
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Climate extreme events in Eastern Indian

For extreme event analysis, the daily weather data of 
36 weather stations (Fig. 2) were procured from IMD, 

Pune and analyzed the dataset for assessing the trend 
in weather extreme event occurrences across eastern 
India including North East. 

Fig. 2. The approximate topography of our study region and the location of surface stations

Fig. 3.  Relative proportion (%) of total stations experienced the significant changes in extreme 
events over our study region

The increase in annual mean maximum temperature 
was observed in majority (61.1% linear trend; 
69.4% Mann Kendall- MK trend) of the surface 
weather stations (Fig. 3). The decreasing trend in 
occurrences of cool nights was evident over 25.1% 
station, while increased over 41.7% stations. The 
cool day occurrences showed increasing trend for 
19.3% stations, decreasing trend for 55.5% stations; 
while it remained unchanged for 25% of total surface 
stations. About 30.6% stations showed increasing 
trend for warm nights, with the decreasing trend in 
33.3% stations. Warm days also increased for 75% 
of the stations and remained unchanged for 16.6% 
stations. No significant changes in TXx, TNx, TXn and 

TNn values were recorded over 33.33%, 30.56%, 
30.56% and 41.67% stations respectively. Maximum 
value of daily maxima showed increasing trend over 
55.6% of total studied stations. In contrary, maximum 
value of daily minima and minimum values of daily 
maxima experienced a strong declining trend over 
52.8% and 47.2% of the total stations. The individual 
station based trend output was further scaled up from 
the individual surface stations to six agro-ecological 
zones and then from six delineated agro-ecological 
zones to entire study region (as eastern India) using 
weighted arithmetic mean technique on annual and 
seasonal scale. 
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The increase in temperature extremes was prominent 
over the study region. The significant rise in annual 
occurrence cool days (TX10p), warm nights (TN90p) 
and warm days (TX90p) was evident over the 
eastern India region with significant decline in 
diurnal temperature range (DTR). The increase in 
warm spell duration (WSDI) progressively increased 
the occurrences of tropical nights (TR 20). Rainfall 
extreme indices showed the decline in daily intensity 
(SDII) with a significant rise in consecutive dry 
days (CDD) and consecutive wet days (CWD). The 
sharp decline in annual total wet-day precipitation 
(PRCPTOT) was accompanied by the significant 
decline in Number of heavy (R10mm) to very heavy 
precipitation days (R20 mm). The significant decline 
in Max 1-day precipitation amount (RX 1day) during 
winter months was prominent. There is significant 
rise in monthly minimum value of daily maxima (TXn) 
temperature during pre-monsoon and monsoon 
season. However, the sharp increase in monthly 
minimum value of daily minima (TNn) was evident 
during pre-monsoon months only.

Since early 1970s, increased temperature extreme 
events were more prominent over the reported rise 
in precipitation extremes across the majority of the 
stations in our study region in east India. The potential 
impact of further increase in extreme weather events 
on the agricultural production system over the 
eastern Indo Gangetic Plains (IGP-Bengal basin) is 
inevitable. The risk may increase in future if similar 
trend pattern is maintained. There are no significant 
changes in growing season length across our study 
region. Uneven distribution of precipitation extreme 
anomalies has the potential to exuberate the frequent 
short duration heavy rainfall events over the region, 
followed by the acute water scarcity/frequent drought 
events (more frequent dry and wet day’s occurrences) 
in rainfed agriculture of North East India. Therefore, 
capacity building and preventive adaptation measures 
are essential for risk minimization. 

Estimation of runoff, soil losses, & erosion potential 
of Hilly watersheds (micro) with different farming 
systems under climate change scenarios- Field & 
simulation approaches 

To study the likely effect of projected climate change 
scenarios on runoff and soil losses under different 
farming system combinations in the eight MWs at 
ICAR Research Complex for NEH Region, Umiam, 
Meghalaya, two calibrated and validated hydrological 
models – RUSLE (Revised Universal Soil Loss Equation) 
and WEPP (Water Erosion Prediction Project) were 

used to simulated climate change scenarios using 
representative concentration pathways (RCP) from 
low (RCPs 2.6/4.5) to high emission (RCPs- 6.0/8.5) 
scenarios for three periods (2020, 2050 and 2080).

The projected climate change scenarios over the 
study site (Umiam, Meghalaya) reflected an increasing 
trend in the annual rainfall across all periods of 
projection namely from base line (1983-2005), short 
(2020), medium (2050) and to long (2080) terms 
over observed long period average (LPA: 1983-2006) 
annual rainfall of 2415 mm (Fig. 4). Base line projected 
annual rainfall was nearly 450 mm higher than the 
observed annual rainfall (2415 mm) in the study 
area.  In the medium- (2050) and long (2080) term 
projections across all representative concentration 
pathways (RCP) from low (RCPs 2.6/4.5) to high 
emission (RCPs- 6.0/8.5) scenarios, projected annual 
rainfall increased consistently with the increase in 
duration of projection periods from short (2020) 
to long (2080) over base line projection. Similarly, 
annual rainfall for all the periods of projection (2020-
2080) also increased inconsistently with a shift from 
low emission scenarios (RCP 2.6) to extreme high 
emission (RCP 8.5) scenarios (Fig. 4). The rainfall 
erosivity (RE) estimated from the observed LPA 
annual rainfall was almost half (5110 Mj-mm/ha-
h-yr) to the RE estimated from the baseline (1983-
2005) simulated climate projections (10053 Mj-
mm/ha-h-yr) for the same periods. Our analysis 
shows that due to the increase in projected annual 
rainfalls, the estimated annual rainfall erosivity (RE) 
also increased substantially (12-24%) across all the 
periods of projections (2020-2050) including low and 
high emission scenarios (RCP 2.6/4.5/6.0/8.5) over 
baseline projections (Fig. 5).   

Fig. 4. Percent change in projected annual 
rainfall under four RCPs (RCP 2.6/4.5/6.0/8.5) 
from the base line projection over Umiam, 
Meghalaya (Study site).
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Fig. 5. Percent change in estimated rainfall 
erosivity (RE) under projected climate change 
scenarios (four RCPs- RCP 2.6/4.5/6.0/8.5) over 
estimated RE from the base line projection at 
Umiam, Meghalaya (Study site).

Using both the Hydrological models (RUSLE and 
WEPP), we simulated the soils losses for mid-term 
projection (2050) across all emission scenarios (RCPs- 
2.6/4.5/6.0/8.5) for all eight micro-watersheds with 

different farming system components (Fig. 6). Both 
the models revealed an increasing trend in annual 
soil losses across all eight micro-watersheds under 
both low-to- high emission scenarios. The rate of 
increase in annual soil loss over the projected climate 
change scenarios were higher (27-58%) in WEPP 
since the simulated results were compared with the 
observed soil losses (9.0-17.4 t/ha) than the RUSLE 
(% increase ranged from 6.6-33.5) since RUSLE 
projected soil losses were compared with baseline 
simulated (15-36 t/ha) soil losses. The model RUSLE 
over-estimated the soil losses over WEPP for all the 
eight systems, probably due to over-dependency on 
rainfall erosivity which was substantially higher in the 
projected climates.  However, both the models showed 
an agreement that among the four emission scenarios, 
projected climate at low emission (RCP 4.5) and high 
emission at RCP 8.5 will cause more soil erosion in 
the mid-term projection (2050) over other emission 
scenarios across the farming systems in the study 
area. Among the eight micro-watersheds, horticulture 
based IFS was relatively more resilient to climate 
change induced soil erosion and sediment losses. 

Fig. 6. Percent change in annual soil loss under projected climate change scenarios (four RCPs- RCP 
2.6/4.5/6.0/8.5) for mid-term (2050) over base line projection by (a) RUSLE and  (b) WEPP models 

over measured soil loss across eight micro-watersheds at Umiam, Meghalaya (Study site).

Impact of Biochar application on soil quality and 
carbon dynamics in rice and maize based cropping 
system

Biochar prepared from different feedstock viz.  Maize 
residue (MB), mixed weed biomass (WB) and pine 
woods bark (PB) were applied at different doses (0, 
5, 10 and 20 t/ha) to evaluate its impact on soil and 
crops (Figs. 7-9). Maize (Variety- DA-61) was grown 
in RBD with 3 replications. All the treatment plots 
received uniform does of FYM (5 t/ha) and NPK 
fertilizers (80 kg N, 60 kg P2O5 and 40 kg K2O/ha). After 

maize (cv. DA-61), French bean (cv. Selection 9) was 
grown under no-till condition in between maize rows. 
Similarly, rice (cv. IURON 514) was also grown under 
direct seeding maintaining line spacing of 30 cm apart 
under different doses of Biochar (0, 5, 10 and 20 t/ha). 
Like maize, all the treatment plots received uniform 
amount of FYM (5 t/ha) and NPK fertilizers (60 kg N, 
60 kg P2O5 and 40 kg K2O/ha). After rice, Mustard was 
grown in no-till condition in rice fallow. Yield, yield 
attributes and physiological characters were recorded 
for all the crops. 
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Fig. 7. Rice (IURON 514) followed by Mustard (TS-46)

Fig. 8. Maize (DA-61) followed by French bean (Selection 9)

Fig. 9. Biochar incorporation in soil and sowing of maize in upland Agronomy farm

Fig. 10. Maize grain yield (t/ha) as influenced 
by biochar application

Fig. 11. French bean grain yield (kg/ha) as in-
fluenced by biochar application

 On application of Biochar @ 20 t/ha, maize grain yield 
increased significantly (4.49 to 4.58 t/ha) over control 
(4.22 t/ha) (Fig. 10).  However, application of biochar 
at lower dose (5 t/ha) was non-significant on maize 
yield. For French bean, significantly higher number 
of pods (15.8) and leaf area index (LAI, 3.74) was 

recorded under weed-biochar @ 20 t/ha was applied 
(Fig. 11). Application of maize biochar @ 20 t/ha and 
pine biochar @ 20 t/ha resulted in significant higher 
test weight (1000 seeds) in French bean (423.9g)  
compared to control (416.9 g). 
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Fig. 12. Grain yield of Rice (t/ha) as influenced 
by biochar application

Fig. 13. Grain yield of Mustard (kg/ha) as 
influenced by biochar

Fig. 15. Soil moisture content (%) in French bean 
as influenced by weed biochar 

Fig. 14. Soil pH of Maize-French bean cropping 
system as influenced by biochar 

For rice crop, addition of maize biochar @ 10 t/ha 
and weed biochar @ 20 t/ha significantly increased 
the panicle weight (2.34 and 2.94 g, respectively) and 
grain yield (3.53 and 3.42 t/ha, respectively) over 
control (Fig. 12). Application of weed biochar @ 10 

t/ha and @ 20 t/ha have shown significantly higher 
number of filled grains per panicle i.e. 141.2 and 
143.8, respectively, as compared with the no-biochar 
treatment. Photosynthetic rate was the highest in 
maize and rice when treated with weed biochar 
@20t/ha (Fig. 13).

Moisture content in soil was also recorded at 15 days 
interval for French bean and mustard crops.  In all 
the stages of crop growth (15, 30, 45, 60 and 75 days 
after sowing), the soil moisture content at 0-15 cm 
soil depth was found to be significantly higher under 

application of weed biomass @ 20 t/ha as compared to 
that under no biochar treatment (Fig. 15). The soil pH 
increased due to application of biochar in acid soil (Fig. 
14). Biochar application increased the transpiration 
rate, stomatal conductance and photosynthetic rate 
(Table 1) over control treatment. 
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Table 1. Physiological parameters in maize recorded under different biochar treatments

Treatments Leaf Temperature
(°C)

Transpiration Rate 
(E)

(mmol m-2 s-1 )

Stomatal 
Conductance (GH2O)

(mmol m-2 s-1 )

Photosynthetic 
rate (A)

(µmol m-2 s-1 )
No biochar 34.8 3.5 141.0 24.7
WB 5t/ha 36.6 5.5 175.6 32.8
WB10t/ha 37.7 8.5 215.4 41.8
WB 20t/ha 39.0 13.0 248.7 56.6
MB 5t/ha 36.3 5.4 173.9 36.6
MB 10t/ha 33.9 5.8 194.3 24.8
MB 20t/ha 38.1 9.2 225.2 37.5
PB 5t/ha 38.4 10.1 251.1 57.3
PB 10t/ha 36.1 6.1 201.7 28.6
PB 20t/ha 35.0 5.8 167.6 34.1

The effect of weed biochar at higher rate of application 
was more pronounced as compared to other biochars 
tested. This is due to the facts that weed biochar has 
higher N (01.03%), surface area (BET surface area 
18.37 m2/g) and average pore radius. 

Development of Empirical Model for Carbon 
Sequestration of Pinus kesiya

Pinus kesiya is the most dominant tree species in the 
Jhum lands and other cultivated land uses located on 
the Meghalaya. It is also a principal component of the 
community forests around the villages. The tree based 
land use system has potential to sequester carbon 

both in above and below ground biomass as well as 
in soil. About 50 trees were sampled to record GBH, 
girth at mid height, size and weight of fresh logs, 
branch wood, leaves, crown size etc. on the site itself. 
Representative samples from each part were brought 
to the laboratory for further analysis. The total below 
ground biomass was taken as 26% of the above ground 
biomass as per the IPCC guidelines. Carbon in different 
parts of the trees such as main trunk, needles, branch 
wood and barks is considered as 50% for total carbon 
estimation and some of the best fit models developed 
are as below (Table 2). 

Table 2. Allometric equations for Pinus kesiya from Ri-Bhoi, Meghalaya

Y1= Total above ground biomass per tree in kg, Y2=Total carbon (both above and below ground) per tree in kg, X1=Girth at Breast Height in 
cm, X2=Total Height of the tree in m

From the above models, equation 1 & 2 are for 
prediction of total above ground biomass with the 
help of GBH and Height whereas model 3 & 4 are for 
total carbon per tree accrued both from above and 
below ground biomass. It was observed that there 
is not much difference in the adjusted R2 values 
between equation 3 & 4. Therefore, only GBH can 
be used for carbon estimation as GBH measurement 

in the field conditions is much simple, easy and cost 
effective as compared to total height of the tree. 
Height measurement has also additional sources of 
error such as lean of the trees, slope of the ground etc. 

Release of aerobic rice variety under NICRA 
project:  

NICRA Aerobic Dhan 1 was developed by crossing 
Naveen with a drought tolerant local jhum (shifting 
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cultivation) variety - Kataktara, hybridization 
followed by Single Seed Descent (SSD) (Fig. 16). The 
variety was found to perform well under moderate 
drought stress in station trials. This is a medium early 
duration, tall erect, highly vigorous, non lodging, non 
shattering and dark green in colour. The plant comes 
to flowering within 85-86 days, plants are 100 cm 
tall and it produces good biomass, long panicle, and 

have short bold grain with white kernel. Considering 
its superior performance over the checks and other 
qualifying varieties, the variety was identified for 
releases by CVRC for the Zones: III (Jharkhand), V 
(Chhattisgarh) and VII (Karnataka). It was released 
in the 54th ARGM held during  30 May-2 June 2019 at 
ICAR-NRRI, Cuttack.  

Fig. 16. NICRA Aerobic Dhan 1/TRC 2015-5 (IET 26178) field view, paddy and milled rice

Technology development for inducing stress 
tolerance in Tomato

Six drought susceptible varieties were sprayed with 
four different plant activators namely, Proline (50 ppm), 
Methyl Jasmonate (20 ppm), β-Aminobutyric acid (20 
ppm) and Salicylic acid (50 ppm). Moisture stress was 
imposed during initial growth stage, flowering stage 
and fruiting stage. The preliminary observations are 
highly encouraging. Exogenous application of Salicylic 
acid (50 ppm) resulted in survival of 86.67% plants, as 
compared to 40% in control plots (without activator) 
under moisture stress at initial growth stage and 
flowering stage, respectively at 70 days after planting. 

Under moisture stress during fruiting stage, 93.33% 
and 80% plants were survived when sprayed with 
Salicylic acid (50 ppm) and β-Aminobutyric acid (20 
ppm), respectively as compared to 39% in control plots 
(without activator). Even at 145 days after planting, 
93.33%, 73.33% and 60% plants were survived and 
beared fruits when under moisture stress at initial 
growth stage, flowering stage and fruiting stage, 
respectively due to application of Salicylic acid (50 
ppm). The preliminary observations clearly indicate 
that application of plant activators can induce stress 
tolerance in drought susceptible tomato varieties  
(Fig. 17). 

Fig. 17. Experimental set up
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Nutritional management in poultry during 
summer season

An experiment was conducted to compare the effect 
of feeding different energy levels on performance of 
Srinidhi chicks during summer season in Meghalaya. A 
total of 270 day-old Srinidhi chicks from a single hatch 
were randomly divided into three groups, viz. T1, T2 
and Control, consisting of 90 chicks in each group 
which was further subdivided into 3 replicates of 30 
chicks. The birds under T1, T2 and control groups 
were fed with Diet-1 (Containing 2700 ME Kcal/Kg 
and 18% protein); Diet-2 (Containing 2900 ME Kcal/
Kg and 18% protein) and Diet-3 (Containing 2800 ME 
Kcal/Kg and 18% protein as per recommendation) 
respectively up to 8 weeks of age under battery 
brooder maintaining uniform management practices. 
The performance traits viz. total feed consumption, 
final body weight, body weight gain, FCR and serum 
catalase level were studied. Srinidhi chicks fed rations 
with Diet-3 (Control group) and higher energy 
level of 2900 ME Kcal/Kg (T2 group) during starter 
phase showed significant (P≤0.05) higher final body 
weight, body weight gain, and improved FCR than 
chicks fed with lower energy level of 2700 ME Kcal/
Kg (T1 group). The total feed consumption per chick 
for different experimental groups was highest in T1 
group (2253.74g ± 36.22) and lowest in T2 group 
(1425.55g ± 28.74). The final body weight per chick 

was highest in T2 group (546.40g ± 16.25) followed 
by control group (541.55g ± 11.23) and T1 (480.05g ± 
16.72). The overall FCR was recorded best in T2 group 
(2.79 ± 0.51) followed by control (3.34 ± 0.47) and 
T1 (5.09 ± 0.93) group. Serum Catalase level among 
the different experimental groups did not differ 
significantly.  The study showed higher final body 
weight, body weight gain, and improved FCR up to 8 
weeks of age in Srinidhi chicks fed with diet having 
higher energy content. Thus, higher energy level may 
be incorporated in the diet of Srinidhi chicks during 
the starter phase to improve the overall performance.

Thermal tolerance of few cultivable fish species 
of Tripura

Thermal tolerance limits of five native fish species were 
studied. The fishes were Labeo rohita (Rohu), among 
the major carps; L. bata (Bata), among the medium 
carps; Amblypharyngodon mola (Mola) among the 
minor carps, Notopterus notopterus (Kanla) among 
the Notopterids and Ompok bimaculatus (Pabda) 
among the catfish. Fishes were first acclimatized at 
20, 25, 30 and 350C water using thermocal boxes and 
then, gradually exposed to an increase and decrease of 
water temperature @ 10C/hr. using thermostats until 
they lost their equilibrium in water. The end point was 
designated as critical thermal maxima (CTmax) (Table 
3) and critical thermal minima (CTmin) (Table 4). Rate 
of oxygen consumption in fish was estimated 

L. rohita (avg. weight: 3.5g)

A. mola (avg. weight: 2.1 g)

L. bata (avg. weight: 4.4g)

N. notopterus (avg. weight: 5.5g)

Fig. 18. Thermal tolerance of different cultivable species of fishes
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at CTmax and temperature quotient (Q10) was 
calculated (Table 5). From this experiment, it was 
found that CTmax and CTmin of fish were increasing with 
increased level of acclimation temperatures. Oxygen 
consumption in fish was also showed similar pattern. 
Q10 was lowest when the fishes were acclimatized at 
25-300C. From this, it was concluded that the fishes 
are more thermal-tolerant when acclimatized at 25-
300C. From Q10, it was concluded that O. bimaculatus 
is most-thermal tolerant as it had the lowest value 
(1.08) (Table 6). The next was A. mola (1.13) and N. 
notopterus (1.22). L. rohita (1.25) and L. bata (1.28) 
were found highly sensitive to warming.

Table 3. CTmax of fishes at different water 
temperatures

Fish spp. Acclimatized Temp.
200C 250C 300C 350C

Labeo rohita 38 40 41 42
Labeo bata 37 38 40 41
A. mola 32 33 34 35
N. notopterus 37 38 40 41
O. bimacultus 35 37 38 41

Table 4. CTmin of fish at different water temperatures

Fish spp. Acclimatized Temp.
200C 250C 300C 350C

Labeo rohita 12 13 14 15
Labeo bata 12 14 15 16
A. mola 12 13 14 14
N. notopterus 13 14 15 15
O. bimacultus 12 14 15 15

Table 5. O2 consumption by fish at CTmax

Fish spp. Acclimatized Temp.
200C 250C 300C 350C

Labeo rohita 48 58 65 75

Labeo bata 45 53 60 72

A. mola 28 31 33 40

N. notopterus 42 48 53 65

O. bimacultus 22 24 25 27

Table 6. Q10 value in different fish spp.

Fish spp. 20-250C 25-300C 30-350C

Labeo rohita 1.46 1.25 1.33

Labeo bata 1.38 1.28 1.44

A. mola 1.22 1.13 1.46

N. notopterus 1.30 1.22 1.50

O. bimacultus 1.19 1.08 1.16

Technology Demonstrated in farmers’ field: 

Demonstration on resource conservation and crop 
diversification (land use model, zero tillage, raised 
and sunken bed, mulching) for enhancing climate 
resilience were conducted in different districts of 
Meghalaya, Nagaland, Manipur, Mizoram, Tripura and 
Sikkim. Demonstration on deep litter housing model, 
backyard poultry rearing, mushroom cultivation, bee 
keeping was also conducted (Fig. 18). Altogether 
748 farmers were directly benefited through 
demonstration programmes.
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Fig. 19. Different resource conservation technologies demonstrated in farmers field

Effect of supplementation of herbs to ameliorate 
the heat stress in poultry 

A feeding trail was conducted to study the effect of 
dietary supplementation of Mulberry leaf, Curry 
leaf and Chinese palak on the growth performance, 
heamato-biochemical profile and immunity in growing 
chicken. One group of birds was reared in normal 
environment (22-26 0C, RH: 75-85%) while other four 
groups of birds were kept in heat stress condition 
(37±1 0C) for three hours per day for 30 days. Birds 
were fed basal diet supplemented with Mulberry leaf 
meal (5%), Curry leaf meal (3%) and Chinese palak 
(5%).  The finding suggests that supplementation 
of Curry leaf (3%) in diet of growing chicken is also 
beneficial to ameliorate the heat stress in growing 

birds among herbal supplementation (Mulberry leaf, 
Curry leaf and Chinese palak) used in the feeding trial.

A feeding trail was conducted to study the effect 
of dietary supplementation of Ginger and White 
turmeric on the growth performance, carcass traits, 
heamato-biochemical profile and immunity in broiler 
chicken (Fig.19). Five groups of birds were maintained 
in stress condition (37±10C) while other one group 
of birds was reared in normal environment (22-26 
0C, RH- 75-85%) to compare the effect of heat stress. 
Induced heat stress (37±10C) was created in brooding 
machine for 3 hr daily for 14 days in birds after 4th 
wk of age up to 6 wk of age. Birds were fed basal diet 
supplemented with ginger powder (0.5 & 1.0%) and 
white turmeric powder (0.5 & 1.0%) up to 6 wk of age.
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White Turmeric

Ginger Powder

Fig. 20. Experimental setup 

Results revealed that the body weight gain of broiler 
chicks was lowest in heat stressed group and overall 
FCR (0- 6wk) was also poorest in heat stressed group 
but both body weight gain and FCR was further 
improved when supplemented with 1.0% levels of 
ginger in diets. The dressing yield and eviscerated 
yield was highest in heat stressed group supplemented 
with 0.5% levels of white turmeric in diets. However, 
abdominal fat was lowest in heat stressed group 
supplemented with 1.0% levels of white turmeric in 

diets. The mean value of the various cut-up parts such 
as breast, thigh, neck, back, wing and drumstick did 
not differ significantly in any groups (heat stressed 
groups as well as without heat stressed group). The 
mean immune organ weight such as bursa, spleen and 
thymus as well as cellular immunity (foot web index) 
was lowest in heat stressed group but it was further 
improved when supplemented with 0.5% levels of 
ginger in diets.



ANNUAL REPORT 2019

152 ICAR RC NEH

Demonstration of cage culture in flooded water  

To cope up with these extreme weather events, the 
ICAR Research Complex for NEH Region, Tripura 
Centre developed and demonstrated “low-cost 
cage culture technology” under the NICRA (SCSP) 
component. Cage culture is nothing but growing the 
fish by holding them in floating or fixed net-cages. 
A demonstration of such cage culture (1.5m x 1.0m 
x 1.0 m) was done at Tripura. The frame of the cage 
was fabricated with the wood and for holding and 
growing the fish, net made-up of steel was used (Fig. 
21). To keep the cage afloat, empty barrels (20L each) 
was used. 4 such empty barrels were needed to keep 
a 1.5m3 cage afloat. The top penal of the cage was 
provided with door hinges for ease opening or closing 

the cage for stocking, feeding, and sampling of fish. 
To enhance the longevity of the frame, wood was 
painted with coal tar. Total 9 cages were fabricated 
and cost involvement was estimated to be Rs. 8500/
cage. The growth and survival of fish demonstrated 
in these cages was Common carp (Cyrinus carpio). 
Three stocking densities i.e., 10 fish /m3, 20 fish /m3 
and 30 fish/m3 were demonstrated by feeding the 
fish upon pellet feed having 20-22% CP at 5% of the 
total biomass. After 3 months, cage stocked with 20 
fish /m3 was found yielding maximum production 
that is 2.8 kg/cage. From this demonstration, it was 
concluded that cage culture is a viable option to cope 
up with flood-like situations and fish like Common 
carp response well in cages (Table 7). 

Table 7. Growth attributes of common carp in cages under different stocking densities   

Growth attributes of 
the fish

Performance of the fish under different stocking densities
10/m3 20/m3 30/m3

Size at stocking (g) 38.53±1.15a 37.96±1.46a 38.26±1.70a

1-month 80.96±2.81a 72.10±5.02b 53.10±1.26a

2-month 104.70±3.39a 85.33±1.61b 63.16±1.33c

3-month 121.66±1.66a 101.66±1.66b 76.66±1.66c

SGR (%/month) 38.35±1.07a 32.87±1.82a 23.21±2.16b

ADG (g/month) 27.21±0.66a 21.23±1.03b 12.80±1.09c

Survival (%) 97.77±2.22a 92.22±1.11a 74.81±1.96b

Production (kg/cage) 1.78±0.01b 2.81±0.06a 2.58±0.09a

The size of fish at harvest in 
20 fish/m3 

The size of fish at harvest in 
30 fish/m3

Fig. 21. Experimental set-up till harvesting of fishes

Fabrication and installation of low-cost cage for fish culture



ANNUAL REPORT 2019

153ICAR RC NEH

Fig. 1. Seeds of vegetables and cereals distributed 
among tribal farmers

Fig. 2. Livestock and fish fingerlings distributed among tribal farmers

More than 10,631 tribal farmers from seven North 
Eastern states were benefitted during 2019 by various 
livelihood programmes conducted under Tribal 
Sub Plan (TSP).  A total of 606 numbers of different 
physical assets viz.,  low cost poly houses, low cost 
poultry sheds, low cost pig sheds, low  cost mushroom 
units, jalkunds, vermi beds, duckery units, processing 
units, hatchery units, etc were created/ distributed to  
different stakeholders.
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 2019. 
Vegetable seeds (1228 kg) viz., okra, cowpea, 
dolichos bean, cucumber, bitter gourd, pea, french 
bean,  cauliflower, brinjal, rajmesh, radish, knol-khol, 
cabbage, carrot, etc., seed of cereal crops viz. rice, 
maize, oat, buckwheat etc. (2000 kg) were distributed. 
Besides these 5,320 numbers of planting material 
(dragonfruit, areca nut, papaya, cabbage etc.) were 
also distributed among the tribal farmers for their 
livelihood improvement. Mushroom spawn 100 
packets were 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. FYM, vermicompost, lime (11,100 kg), and bio 
fertilizers (20 packets) were also distributed among 
the tribal farmers of North East.
Livestock, fish fingerlings and medicines
A total of 94 nos. of improved breed of piglets, 92,666 
nos. of poultry chicks, 400 nos. of duckling, 41,800 
nos. of fish fingerlings, 500 kg of feed supplements 

(livestock/ poultry feed, mineral mixture, vitamin 
etc.) were distributed for livelihood improvement. 
Medicines viz., vitamin supplements (130 packets) 
were also distributed for management of various 
animal diseases.
Minor agricultural tools and implements
Small agricultural implements and tools viz., spade 
with handle, sprayer (215 nos.), honey bee box and 
its accessories (144 nos.) were distributed among the 
tribal farmers. 
Training and capacity building
Trainings, front line demonstrations and awareness 
programmes (57 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.).
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Agribusiness Incubation (ABI) Centre at ICAR Research 
complex for NEH Region has made a good stride ever 
since its establishment in year 2016 in development 
of agribusiness entrepreneurship in Northeast India. 
ABI office headquartered at ICAR RC NEH region, 
Umiam and its regional centres at Arunachal Pradesh, 
Manipur, Mizoram, Nagaland, Sikkim and Tripura 
have been catering to all fresh off and progressive 
entrepreneurs with various need-based physical and 
technical support for strengthening their agribusiness 
activities.

So far, the success of the establishment of ABI center 
at ICAR RC for NEH region can be substantiated 
by the total number of sensitized individual which 
have reached more than 3500 and the total number 
of farmers’ lives touched which reached more than 
3000. The total revenue generated by the center was 
INR 172,000 of which INR 82,000/- was through 
membership fee and INR 70,000, through custom 
hiring. There were also 4 new product launched by 
ABI incubates and 2 Memorandum of Understanding 
were signed by enterprises for sharing of technologies 
developed by ICAR RC for NEH. More than 20 members 
of ABI have received various entrepreneurship awards 
in the past year and the center itself was awarded first 
place for Best Entrepreneurial Promotional Activities 
in the Social Entrepreneurship Meet at NEHU, Tura 
Campus on 6th March 2020.

The Centre organized more than 6 Agri-business 
Development/Awareness Programmes, 15 Meeting 
for Negotiations/ Technology Discussions and hosted 
21 visitors such as Technology Seekers/ Inventors/ 
Business People/VIP/VVIP/ Foreigners in the ABI 
Center. ABI ICAR have also been a critical institute 
for imparting technical knowledge and skill for 
many entrepreneurs in the region. Various training 

programmes along with technology orientation 
programmes have been organized by ABI in the past 
year. These include training on meat processing, 
fruit processing, package and packaging, animal feed 
production and mushroom spawn production. There 
were a total of four trainings organized by the center 
during the working year and a total of 215 individuals 
benefitted from those trainings. More training were 
not being organized due to the restriction brought 
about by the pandemic.

With regard to outreach activities, which were 
directed at raising awareness on entrepreneurship 
opportunities in agriculture, finance opportunities, 
farmer orientation programmes and awareness on 
the functioning of ABI, the center organized and 
participated in more than 8 programmes across the 
north eastern region. In these outreach programmes, 
more than 3500 individuals participated and 
benefitted from the interaction with ABI.  The 
centre was also instrumental in facilitating several 
enterprises and startups during the pandemic lock 
down. Many entrepreneurs were provided with need 
based advisory services, marketing facilitation, pass 
issuance and also online interaction through calls, 
video conferencing and webinars. The details of 
the Covid 19 activities are given below.  More than 
4 webinar were hosted by ABI during the lockdown 
period. The seminars also included the National 
webinar on ‘Opportunities in Agribusiness Ventures 
in North East India’ on 6th and 7th October 2020. 
More than 200 entrepreneurs, scientific and research 
individuals attended the seminar. Other routine video 
conferences and calls were also made to members 
to provide need based agro and business advisory 
services. Regular marketing facilitation were also 
provided through calls and Whatsapp messaging. 
In total there were more than 300 individuals who 
benefitted from the capacity building through 
webinars and almost 50 marketing assistance were 
done through these ICT facilities.

Some of the notable facilitation during the lockdown 
period done by the center was the facilitation of market 
linkage of ABI member, Tinash Momin of Tinash 
Enterprise (Tura, Meghalaya) with Pran enterprise 
(Tripura) regarding 7 MT of Tamarind, with 18 MT 

Sensitization 3500+ individual orientated

Ideation 50+ Programs 

Incubation 20+ Incubatees admitted

Acceleration 9+ initiated and scaled up their business 

Graduation 5 registered members

AGRI-BUSINESS INCUBATION (ABI) CENTRE
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Fig. 1. Participated in the Social Entrepreneurship Meet at NEHU, Tura Campus on 6th March 2020 
and awarded first place for Best Entrepreneurial Promotional Activities

yet to be dispatched; the facilitation of Eastern Ri Bhoi 
Organic Farmer Producer Company (Bhoi Rymbong, 
Meghalaya) regarding transport, marketing and sale 
of vegetables in ICAR, Central Agricultural University 
and Shillong during Lockdown, through assistance 
in transport and car pass arrangement; Assistance 
in Home Delivery of processed meat products of 
Tynrai farms (Shillong Meghalaya), an ABI member 
in Shillong and ICAR, Umiam, through assistance of 
arrangement of car pass and marketing assistance.

The centre also assisted in delivery of essential good 
to the community during lockdown through working 
with member farmers Producer Organisations. For 
example the FPO Dayun (Dayun, Arunachal Pradesh) 
was assisted by ABI, ICAR Arunachal in door to 
door supply of organic, farm fresh green vegetables 
in Dayun Circle of Arunachal Pradesh, about 40 
quintals of organic vegetables are being supplied on 

daily basis. The center also helped groups of young 
and unemployed youth in supplying the fresh fishes 
in Namsai, till date they have sold out 1229.4 kg 
farm fishes into the district with an amount earned  
Rs. 3,68820/- and Chicken 1243.8kg with an amount 
of Rs. 4,61,289/-Supported by State Line Departments 
of District, ABI and technical backstopped by KVK 
Namsai. The Livestock Farmers Producer Company 
(Lekang, Arunachal Pradesh) was also assisted by ABI 
to take responsibility in supplying poultry birds and 
eggs into Lekang circle as well as Namsai town and till 
date they had sold more than 1850 eggs and 560 kg 
of meat into the market and still putting their efforts 
to fulfil the demand.  The centre was also keen in 
studying the effect of the pandemic lockdown on the 
MSMEs under it. Till date, two studies were conducted 
by ABI, to assess the impact of the lockdown on 
different states of north east India. 
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Training and Capacity Building
Employees trained 
During the reporting period (April 2019-March 
2020), a total 49 employees underwent various type 
of training and capacity building programmes, of 
which scientists, technical officers (including Subject 
Matter Specialists from KVKs) and administrative 
including finance were 22, 21 and 6, respectively (Fig. 
1). The employees were sent to various Institutes of 
Indian Council of Agricultural Research (NAARM-
Hyderabad, CIAE-Bhopal, VPKAS-Almora, NRCPB-
New Delhi, ICAR-RC for Eastern Region-Patna, IASRI-
New Delhi, NBFGR-Lucknow, NIPHM-Hyderabad), 
Central Agricultural University (Imphal, Manipur), 
Assam Agricultural University (Jorhat, Assam), Guru 
Angad Dev Veterinary and Animal Sciences University 
(Ludhiana, Punjab), National Institute of Agricultural 
Extension Management (MANAGE-Hyderabad), 
North-eastern Space Applications Centre (NESAC-
Barapani, Meghalaya) etc. 

Fig.1. Different categories of employees trained at 
National Institutes/Universities during 2019-2020.

Fig. 2. Dr. G. Kadirvel (PS, Animal Production) at-
tended IPVTM training at NAARM, Hyderabad.

Fig. 3. Dr. S. Ruth Assumi (Scientist, Horticulture)
Attended DST sponsored training. 

Scientists: The scientists were trained in various 
fields like bioinformatics tools and proteome analysis, 
next generation sequencing and its application, 
genome editing, genome-wide QTL detection and 
prediction of breeding value for precision crop 
breeding,  Pesticide application techniques, Scientific 
management of Fall worm, Biological control and 
compatible pest management modules, Exploitation 
of beneficial microbes in organic agriculture, 
Unmanned Aerial Vehicle Remote Sensing and 
GIS, Conservation agriculture for climate resilient 
farming,  Precision farming to enhance quality fruit 
production and doubling farmers income, Advanced 
molecular epidemiology in veterinary research, 

Molecular epidemiology in veterinary research, 
Recent advances in livestock fish integrated farming 
system, antimicrobial resistance special reference to 
Aquaculture,  Econometric modelling and forecasting 
in agriculture, Intellectual property valuation 
and technology management, MDP on leadership 
development, Data analysis  in agriculture using 
statistical software package etc.        

DBT- Overseas fellowship:  Dr. K. Puro (Senior 
Scientist, Animal Health) was awarded DBT-Overseas 
Fellowship for one year (01-09-2018 to 31-08-219) 
for conducting research on “Evaluation of efficacy 
of TLR ligands against avian respiratory virus (low 
pathogenic avian influenza virus and infectious 
bronchitis virus) in developing immunity. She 
successfully carried out her research work on the said 
topic at University of Calgary, Alberta, Canada during 
the stipulated periods (01-09-201 to 31-08-2019) on 
ICAR- deputation.      
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Fig. 4. DBT-Overseas visit of Dr. K. Puro to Uni-
versity of Calgary, Alberta, Canada

Fig. 6. Regular driver Mr. K H S Lumi attended 
Automobile training at CIAE, Bhopal. 

Technical Officers: Similarly, technical officers 
(including SMS from KVKs) were trained in Automobile 
Maintenance, Road Safety and Behavioural Skill, 
Certificate farm/livestock Advisor programme, 
Promotion of  production and value addition of high 
value crops, agricultural education entrepreneurship 
and skill development, National agri-business 
entrepreneurship, Mushroom Spawn Production 
technology, Remote Sensing and GIS, Resource use 
efficiency and doubling farmers income, Agricultural 
Skill Development programme etc. Similarly, regular 
drivers of the Institute were sent to ICAR-CIAE, Bhopal 
for specialized and updated training programme 
on ‘Automobile Maintenance, Road Safety and 
Behavioural Skills’. 

Fig. 5. Dr. Manoj Kumar, SMS, KVK-East Sikkim 
attended training at ICAR-NEH Nagaland Center

Administrative staff: The administrative including 
finance staffs were trained in Enhancing efficiency 
and behavioural skills, Administrative and finance 
management for assistant, Implementation of 
Management Information System (MIS) including 
Financial Management System (FMS) etc.

Fig. 7. Miss Neha Singh, Jr. Stenographer attend-
ed training on Enhancing efficiency at ICAR-

NAARM, Hyderabad. 

Fig. 8. Mr S. Chakroborty, Assistant attended 
training on Enhancing efficiency at ICAR-CIFT, 

Cochin.  

Based on the feedback of trainees received from 
different categories of employees, the impact of 
training was considerably satisfactory for scientific 
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Fig. 9. Total numbers of training programme 
conducted for various stakeholders (2019-2020)

Fig. 10. Number of beneficiaries trained during 
FY 2019-2020 under different sections. 

Farmers: A total of 24 numbers of training varying 
from one-day to 842 farmers across eight states of 
Northeast India were imparted training on production 
and management of winter vegetables, soil health 
management and crop productivity enhancement, 
value addition in agriculture commodities, 
rural poultry and pig farming for livelihood 
improvement, meat processing and value addition for 
entrepreneurship development etc. (Fig. 10) 

staff (3.84/5.0 scale). Similarly, the Technical staff 
(including SMS, Administrative and finance) also gave 
a feed back of 3.40 out of 5.0 scales in improving their 
Job performances. 
Training programmes organized during the 
reporting period (April 2019-March 2020)
During the period of April 2019- March 2020, the 
Institute conducted a total of 42 numbers of training 
for various stakeholders including farmers, state govt. 
officers, students from professional courses and rural 
unemployed educated youth (Fig. 9).  

Fig. 11. Farmers across NE Region were trained on Agriculture and 
allied sectors for livelihood improvement

Rural unemployed youth:  During the reporting 
period, a total of six (06) numbers of training 
comprising 125 numbers of rural youth (educated 
but unemployed) for a duration of 8 to 24 days each 
were exposed and trained in various avenues of value 

addition, agriculture and allied sectors (livestock and 
fisheries) -business entrepreneurship opportunities to 
establish themselves as self-developed entrepreneur 
to ensure income generation and livelihood security 
of their respective well beings and villages. 
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Fig. 13. Training on pig farming to rural youth

Students-profession courses: Around 94 students 
from Bachelor of Vocational in Agriculture, Tata 
Institute of Social Sciences, Guwahati, Assam were 
imparted 8-9 days training on “Advanced Research 
Methodology for Social Sciences” related to agriculture 
and allied sectors.  

State Government officials: Around 116 number 
of state Government officials from Meghalaya and 
Sikkim were imparted training to the management 
of “fall army worm in maize production”, exposure to 
ICAR-RC NEH developed integrated organic farming 
system models comprising trees, crops and livestock 
components for livelihood improvement of marginal 
and small farmers.   

Fig. 12. Distribution of Piglets
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For augmenting agricultural development in the 
region, the primary technology dissemination channel 
of the institute had been well developed network of 

twenty KVKs with presence in all NEH states. The 
summary of activities undertaken by the Institute 
KVKs during 2019-20 are tabulated as under.

Sl. 
No. Name of KVKs

Training Programmes 
Conducted

On 
Farm 
Trials 
(nos.)

Frontline 
Demonstrations 

(nos.)

Other Extension 
Activities

No. of 
courses

Beneficiaries 
(nos.) Nos. Beneficiaries 

(Nos.)
Arunachal Pradesh

1 Anjaw 38 1,013 5 6 - -
2 Longding 18 536 5 7 4 433
3 Namsai 47 1,557 5 9 - -
4 West Siang 11 626 9 9 21 2,162

Sub-total 114 3,732 24 31 25 2,595
Assam

5 Hailakandi 58 1,416 7 8 - -
Sub-total 58 1,416 7 8 - -

Manipur
6 Chandel 64 1,549 9 38 - -
7 Churachandpur 58 1,454 11 11 - -
8 Imphal West 52 1,044 11 11 - -
9 Tamenglong 82 2,500 13 12 - -

10 Ukhrul 45 1,513 8 13 - -
Sub-total 301 8,060 52 85 - -

Meghalaya
11 Ri-Bhoi 92 2,019 15 20 97 6,336
12 West Garo Hills 43 986 17 6

Sub-total 135 3,005 32 26 97 6,336
Nagaland

13 Kiphere 13 526 2 4 171 1,244
14 Longleng 12 458 3 3 - -
15 Dimapur 63 1,479 10 10 - -
16 Wokha 46 1,004 8 11 13 574
17 Peren 40 1,115 4 5 544 2,589

Sub-total 174 4,582 27 33 728 4,407
Sikkim

18 East Sikkim 63 1,678 12 10 574 4,857
Sub-total 63 1,678 12 10 574 4,857

Tripura
19 South Tripura 72 1,642 8 9 502 5,727
20 West Tripura 30 851 3 5 296 2,935

Sub-total 102 2,493 11 14 798 8,662
Grand Total 947 24,966 165 207 2,222 26,857

KRISHI VIGYAN KENDRA
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