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Agroforestry is the ecologically viable sustainable production system providing ecosystem 
services that protect the environment and ensure human livelihood. The agroforestry 
interventions have provided food, fodder, fibre, firewood and timber demands of the 
growing population in a scenario of decreasing arable land availability, degradation of soil 
and water resources, increasing pollution hazards and threats to the environment and 
ecosystem from global warming and climate change. 
Through coordinated research efforts, CAFRI has been primarily focusing on these issues 
since its foundation. Four agroforestry models developed by the Institute have been named 
by NABARD as bankable agroforestry models. In specific to Bundelkhand, the Institute 
under the KISAN MITrA project (consortium of ICAR-CAFRI and ICRISAT, Hyderabad) 
have transformed the livelihoods of eight pilot sites covering~40,000 ha area in the seven 
districts of Bundelkhand, Uttar Pradesh. Similarly, the work done in the Parasai-Sindh 

Watershed and Garhkundar-Dabar Watershed by the Institute have been widely recognized in the region. For instance, they 
have been reflected as best water practices by the NITI Aayog. 
The Institute offers, promotes exploratory research for superior germplasms and has the largest germplasm collection of 
neem and other agroforestry tree species such as , cactus, malabar neem, teak, karanj, leucaena, chironji, 
ber, citrus, mango, aonla, bael, guava and fig. To promote the tree cover through social sectors, the institute has developed 
the different vatika's i.e. Rashivatika (Zodiac Plantation), Nakshatra Vatika and NavgrahVatika. The Institute also organized 

tha Tree Plantation campaign on the 16  July, 2021 being the Foundation day of ICAR and planted 9.54 lakh tree seedlings 
across the country involving ICAR Institutes, KVKs, Agricultural Universities, SMAF Units, Forest Department and 
others. The introduction of strawberry in Bundelkhand and the NABARD supported strawberry cultivation projects in two 
Babina and Moth block of Jhansi district was executed by the Institute more efficiently in Jhansi region that gave good 
income to the project farmers. The Institute has adopted 20 villages in the Bundelkhand region and our scientists are visiting 
the villages regularly and handholding the farmers and enabling their capacity building as well. Regular training programs 
are organized by the Institute for various stakeholders in agroforestry.
At the national level, the institute is coordinating the Task Force on Himalayan Agriculture under the “National Mission for 
Sustaining the Himalayan Ecosystem” of the climate change programme of the Department of Science and Technology, 
reviewing the agroforestry policy along with the NITI Aayog. Further, the Institute also participates in the international 
research agenda through ICRAF and ICRISAT work plans. 
The Institute Annual Report contains executive summary, accomplishments of various research programmes, important 
meetings/days observed, information on various awards received by the Institute's scientists and other staff, research 
publications, participation in trainings, participation in workshops, webinars, meetings, and symposia, and a report on the 
implementation of SCSP schemes. I appreciate the Institute PME Cell and the report editors' efforts in compiling this 
document and releasing the report on schedule.
I express my gratitude to Dr. Trilochan Mohapatra, Hon'ble Secretary, DARE and Director General, ICAR, New Delhi for 
his constant guidance, encouragement, and support. Equally, Dr. S K Chaudhari, Deputy Director General (NRM), ICAR, 
New Delhi guided, motivated and facilitated the R&D process in agroforestry. Special thanks to Dr. S. Bhaskar, ADG 
(AA&CC), and the entire NRM Division personnel for their enabling act and assistance. At this point in time, I also record 
thanks to all my predecessors for maintaining momentum in agroforestry R&D in the Institute.

Indian rosewood

(A. Arunachalam)
                                                 Director, ICAR-CAFRI &

Project Coordinator, AICRP (Agroforestry)
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Hkk-Ñ-vuq-i-&dsUnzh; Ñf"kokfudh vuqla/kku laLFkku dks Hkkjrh; 
Ñf"k vuqla/kku ifj"kn dh bdkbZ ds :Ik esa o"kZ 1988 ds nkSjku 
>k¡lh esa LFkkfir fd;k x;kA laLFkku }kjk fiNys 34 o"kks± esa 
fofHkUu dk;ZØe ds vUrxZr vuqla/kku dk;Z fd;s tk jgs gSA 
laLFkku esa fd;s tk jgs vuqla/kku dk dk;Zdkjh lkjka”k 
fuEufyf[kr gS%

dkcZfud 'kklu ds rgr yseuxzkl ds lkFk ,dh—r vukj ds 
çn'kZu ij v/;;u ls irk pyk gS fd v/kZ&'kq"d ifjfLFkfr;ksa esa 
vukj & yseuxzkl & vk/kkfjr —f"kokfudh ç.kkyh e/; Hkkjr ds 
v/kZ&'kq"d {ks=ksa esa uhacw ds rsy ls vfrfjä vk; çnku djds 
fdlkuksa dh vFkZO;oLFkk dks c<+kok ns ldrh gSA

csj vk/kkfjr —f"k&ckxokuh iz.kkyh esa iks"kd rRo çca/ku ij 'kks/k 
ls irk pyk fd mipkj Vh  ¼75%  vkjMh,Q + VªkbdksMekZ + 8

dkyk puk & tkS ds lkFk csj½ us viuh Js"Brk fn[kkbZ] blds 
ckn Vh  ¼75%  vkjMh,Q+oh,,e + dkyk puk & tkS ds lkFk 6

csj½ vkSj Vh  ¼75%  vkjMh,Q++ dkyk puk & tkS ds lkFk csj½ dk 2

LFkku jgkA bl ç.kkyh ds rgr] jch ds nkSjku cks, x, tkS] 
voyksduksa ls irk pyk fd mipkj Vh ¼'kq) Qly½ vkSj Vh  10 6

¼75%  vkjMh,Q + oh,,e + dkyk puk & tkS ds lkFk csj½ esa 
2517 vkSj 2518 fdyksxzke gsDVs;j dh mPpre cht mit ntZ 
dh xbZ vkSj ;s vU; mipkjksa dh rqyuk esa dkQh vf/kd gSA

fofHkUu ijkxd.kh;] ve`re; vkSj de mi;ksx okys ikS/ks ,d= 
fd, x, gSa ftudk U;wVªkL;qfVdy vkSj vkS"k/kh; ewY; vf/kd gSA 
bUgs ,d ifj;kstuk vFkkZr ßv/kZ&'kq"d m".kdfVca/kh; esa iks"k.k 
lqj{kk ds fy, cgqfØ;k'khy —f"kokfudh ç.kkyh fodflr djukÞ 
ds vUrxZr ,df=r fd;k x;kA

LFkk;h Hkwfe mi;ksx vkSj csgrj mRikndrk ifj;kstuk ds fy, 
—f"kokfudh vk/kkfjr laj{k.k —f"k dh ifj;kstuk tqykbZ] 2014 
ds nkSjku 03 ç;ksxksa ds lkFk 'kq: dh xbZ Fkh] tSls fd csy 
vk/kkfjr —f"kokfudh ç.kkyh] lkxkSu vk/kkfjr —f"kokfudh 
ç.kkyh vkSj csy + lkxkSu vk/kkfjr —f"kokfudh ç.kkyh A blesa 
04 eq[; Hkw[kaM mipkj vFkkZr U;wure tqrkbZ&mnZ&ljlksa 
¼lh,l&1½] U;wure tqrkbZ & ew¡x & tkS ¼lh,l&2½] ikjEifjd 
tqrkbZ & mnZ&ljlksa ¼lh,l&1½ vkSj ikjEifjd tqrkbZ & 
ew¡x&tkS ¼lh,l&2½ vkSj 03 lcIy‚V mipkj ¼Qly vo'ks"kksa ds 
lkFk] Qly vo'ks"kksa ds fcuk vkSj lqccqy vo'ks"kksa ds lkFk½A 
fo'ys"k.k us ladsr fn;k fd rhuksa ç;ksxksa esa tqrkbZ mipkjksa dk 
mit vkSj mit ;ksxnku djus okys y{k.kksa ij dksbZ egRoiw.kZ 
çHkko ugha iM+k tcfd vo'ks"kksa dks cuk, j[kus ls cht dh mit 
esa mYys[kuh; o`f) gqbZA

Yk?kq o"khZ; isM+ vk/kkfjr —f"kokfudh ç.kkyh ds lajpukRed 
fo”ys"k.k uked ifj;kstuk esa ;g ik;k x;k fd ik¡p o"kZ ds 
fefy;k nwfc;k ds isM+ksa esa vU; isM+ksa ¼,aFkksfLkQsYlk dnEck] 
Y;wfluk Y;wdksflQsyk½ dh rqyuk esa vkSlru vf/kdre Å¡pkbZ 
vkSj O;kl ¼Mh-ch-,p-½ ntZ fd;k x;k gSA 4x5 eh- ij yxk, x, 
fefy;k nwfc;k esa tc vUr% Qly yxkbZ xbZ rks fefy;k nwfc;k 
ds isM+ks dh vkSlru vf/kdre Å¡pkbZ 12-50 eh- vkSj fcuk vUr% 
Qly ds lkFk 12-25 eh- ntZ dh xbZA rFkk mudk Øe'k% O;kl 
¼Mh-ch-,p-½ 24-85 ls-eh- vkSj 23-07 ls-eh- ik;k x;kA blh rjg  
8x2-5 eh- nwjh ij yxk;s x;s fefy;k nwfc;k ds isM+ksa  ds lkFk 
tc vUr% Qly yh xbZ rks vf/kdre Å¡pkbZ ¼13-20 eh-½ vkSj 
O;kl ¼12-16 ls-eh-½ ik;k x;kA 4x5 eh- dh rqyuk esa] blds 
vykok 8x2-5 eh- dh nwjh ij yxk, x, isM+ksa ds lkFk yh xbZ 
vUr% Qly xsgw¡ ls T;knk iSnkokj feyhA

x<+dqanj&Mkcj okVj'ksM ¼mipkfjr½ esa pkj LFkkuksa ij viokg 
vkSj feêh ds uqdlku dh fuxjkuh dh xbZA blh rjg 
vuqipkfjr okVj'ksM ls Hkh xsftax LVs”ku ls viokg vkSj feV~Vh 
rFkk iks"kd rRoksa ds uqdlku gsrq ikuh rFkk feV~Vh ds uewus fy, 
x;sA viokx dk vkadyu Lopkfyr MsVk yksaxj vkSj Mªkboj dh 
enn ls fy;k x;kA o"kkZ vkadyu gsrq o"kkZ ekih ;a= ¼esU;qvy 
rFkk Lopkfyr½ LFkkfir fd;s x;s FksAbl vof/k ¼o"kZ 2021½ esa 
mipkfjr okVj”ksM esa viokg dqy o"kkZ dk 10-2 izfr”kr jgk vkSj 
vuqipkfjr okVj”ksM dh rqyuk esa e`nk gkfu 81-5 izfr”kr de 
ntZ dh x;hA mipkfjr okVj”ksM esa dq¡vksa dk ty LRkj 
vuqipkfjr okVj”ksM dh vis{kk 44 Ikzfr”kr vf/kd ik;k x;kA

'kkjhfjd v/;;uksa ds ek/;e ls rqyukRed ewY;kadu ls irk 
pyk gS fd rukd`ru ikS/kksa us xehZ ds ekSle esa iksaxkfe;k fiUukVk 
ds cht tfur ikS/kksa dh rqyuk esa csgrj n{krk cuk, j[khA isM+ 
dh rqyukRed n{krk ds lkFk blds egRo dks bafxr djrs gq, 
dqN 'kkjhfjd y{k.kksa esa foHksnd çfrfØ;k,a ns[kk x;k gSaA

iqVsfVo oqM ç‚iVhZt iSjkehVj ,y- Y;wdkslsQyk  esa csgrj 
iYioqM xq.k Fks] tcfd ,y- dksfyfUl esa Y;wdsuk dh ik¡p vyx& 
vyx çtkfr;ksa Y;wdsuk Y;wdkslsQyk] Y;wdsuk Mk;oflZQksfy;k] 
Y;wdsuk dksfyfUl] Y;wdsuk ykalksykVk  vkSj Y;wdsuk 'kkuksuh esa ls 
b±/ku dh ydM+h ds fy, csgrj xq.k FksA gkykfd ckn okys esa ,y- 
Y;wdkslsQyk ds lkFk fyaxks& lsY;qyksfld xq.kksa ds rqyuh;   
Lrj Fks] tks yqxnh vkSj ck;ks,usthZ ds fy, dPps eky dk ,d 
u;k lzksr gksus dk lq>ko nsrs gSaA blds vykok] ;g ydM+h 
vk/kkfjr m|ksxksa esa mi;ksx ds fy, csgrj ladj dk

dk;Zdkjh lkjka'k
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¼Mh-ch-,p-½ 24-85 ls-eh- vkSj 23-07 ls-eh- ik;k x;kA blh rjg  
8x2-5 eh- nwjh ij yxk;s x;s fefy;k nwfc;k ds isM+ksa  ds lkFk 
tc vUr% Qly yh xbZ rks vf/kdre Å¡pkbZ ¼13-20 eh-½ vkSj 
O;kl ¼12-16 ls-eh-½ ik;k x;kA 4x5 eh- dh rqyuk esa] blds 
vykok 8x2-5 eh- dh nwjh ij yxk, x, isM+ksa ds lkFk yh xbZ 
vUr% Qly xsgw¡ ls T;knk iSnkokj feyhA

x<+dqanj&Mkcj okVj'ksM ¼mipkfjr½ esa pkj LFkkuksa ij viokg 
vkSj feêh ds uqdlku dh fuxjkuh dh xbZA blh rjg 
vuqipkfjr okVj'ksM ls Hkh xsftax LVs”ku ls viokg vkSj feV~Vh 
rFkk iks"kd rRoksa ds uqdlku gsrq ikuh rFkk feV~Vh ds uewus fy, 
x;sA viokx dk vkadyu Lopkfyr MsVk yksaxj vkSj Mªkboj dh 
enn ls fy;k x;kA o"kkZ vkadyu gsrq o"kkZ ekih ;a= ¼esU;qvy 
rFkk Lopkfyr½ LFkkfir fd;s x;s FksAbl vof/k ¼o"kZ 2021½ esa 
mipkfjr okVj”ksM esa viokg dqy o"kkZ dk 10-2 izfr”kr jgk vkSj 
vuqipkfjr okVj”ksM dh rqyuk esa e`nk gkfu 81-5 izfr”kr de 
ntZ dh x;hA mipkfjr okVj”ksM esa dq¡vksa dk ty LRkj 
vuqipkfjr okVj”ksM dh vis{kk 44 Ikzfr”kr vf/kd ik;k x;kA

'kkjhfjd v/;;uksa ds ek/;e ls rqyukRed ewY;kadu ls irk 
pyk gS fd rukd`ru ikS/kksa us xehZ ds ekSle esa iksaxkfe;k fiUukVk 
ds cht tfur ikS/kksa dh rqyuk esa csgrj n{krk cuk, j[khA isM+ 
dh rqyukRed n{krk ds lkFk blds egRo dks bafxr djrs gq, 
dqN 'kkjhfjd y{k.kksa esa foHksnd çfrfØ;k,a ns[kk x;k gSaA

iqVsfVo oqM ç‚iVhZt iSjkehVj ,y- Y;wdkslsQyk esa csgrj 
iYioqM xq.k Fks] tcfd ,y- dksfyfUl esa Y;wdsuk dh ik¡p vyx& 
vyx çtkfr;ksa Y;wdsuk Y;wdkslsQyk] Y;wdsuk Mk;oflZQksfy;k] 
Y;wdsuk dksfyfUl] Y;wdsuk ykalksykVk vkSj Y;wdsuk 'kkuksuh esa ls 
b±/ku dh ydM+h ds fy, csgrj xq.k FksA gkykfd ckn okys esa ,y- 
Y;wdkslsQyk ds lkFk fyaxks& lsY;qyksfld xq.kksa ds rqyuh;   
Lrj Fks] tks yqxnh vkSj ck;ks,usthZ ds fy, dPps eky dk ,d 
u;k lzksr gksus dk lq>ko nsrs gSaA blds vykok] ;g ydM+h 
vk/kkfjr m|ksxksa esa mi;ksx ds fy, csgrj ladj dk

dk;Zdkjh lkjka'k
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mRiknu djus ds fy, varj&fof'k"V ladj.k ds fy, nkrk 
ekrk&firk ds :i esa bLrseky fd;k tk ldrk gSA

iksaxkfe;k fiukVk ds ukS :ikRed&'kkjhfjd vkSj tSo jklk;fud 
y{k.kksa ds foijhr thuksVkbi dk v/;;u Ng thuksVkbi esa 
çkjafHkd lgu'khy ¼,u vkj lh ih&17] ,u vkj lh ih&9 vkSj 
,u vkj lh ih&25½ vkSj çkjafHkd vfrlaosnu'khy ¼,u vkj lh 
ih&6] ,u vkj lh ih&10 vkSj ,u vkj lh ih&14½ ds :i esa  
lw[ks ds ncko vkSj fu;a=.k dh fLFkfr esa fd;k x;k FkkA lw[kk 
ruko dh fLFkfr ds rgr lHkh ekus x, ekinaMksa ds fy, egRoiw.kZ 
varj ns[kk x;kA v/;;u fd, x, y{k.kksa ds vk/kkj ij fo"ke 
thuksVkbi dh igpku ,u vkj lh ih&9 lfg".kq vkSj ,u vkj lh 
ih&10 vfrlaosnu'khy ds :i esa dh xbZ FkhA blds vykok] 'ks"k 
pkj thuksVkbi ¼,u vkj lh ih&6] ,u vkj lh ih&14] ,u vkj 
lh ih&17 vkSj ,u vkj lh ih&25½ ds fy, vk.kfod y{k.k 
o.kZu fd;k x;k Fkk] tks fd igpkus x, fMQjsaf'k;y thu }kjk 
iwjs VªkalfØIVkse fo'ys"k.k ds v/khu gSaA ifj.kkeksa ls irk pyk fd 
lw[kk ruko lfg".kqrk ds fy, thuksVkbi ds chp egRoiw.kZ varj 
vfHkO;fä;k¡ ikbZ xbZaA pkj thuksVkbi esa] ,u vkj lh ih&25 
vU; rhu thuksVkbi dh rqyuk esa tYnh lw[kk lfg".kq ik;k 
x;kA dqy feykdj] ;g v/;;u lw[kk lfg".kqrk ds fy, 
iksaxkfe;k vkuqoaf'kd lq/kkj esa mi;ksxh gks ldrk gSA

eè; çns'k vkSj mÙkj çns'k ds cqansy[kaM ftyksa ls fofHkUu 
:ikRed fo'ks"krkvksa okys dqy rhl eksfjaxk teZIykTe ,d= 
fd, x, gSaA laxzg djrs le; dkQh ek=k esa vkuqoaf'kd fofoèkrk 
ik;h xbZ ,oa çR;sd teZIykTe dk ikliksVZ MsVk Hkh ,d= fd;k 
x;kA ifj.kkeksa us cht vadqj.k vkSj vadqj mÙkjthforrk 
fo”ks’krkvksa ds fy, egRoiw.kZ fHkUurk ds vfLrRo dk ladsr 
fn;kA cht vadqj.k vè;;u ds vkèkkj ij eksfjaxk teZIykTe 
vkil esa vadqj dh yackbZ] rktk ,oa lw[ks vadqj dk otu] vadqj 
'kfä lwpdkad - I vkSj II] vkSlr vadqj.k nj] vklS r vda jq .k le;] 
flØa ukbt's+ ku lpw dkda ] vda jq .k lpw dkda ] vda jq .k d s oxs  d s x.q kkda  
vkjS  xfr d s fy, fofHkUu ik; s x; s tk s mudh bUgjs Vas  'kfä d s dkj.k 
gk s ldrk gAS  ihlh, vkjS  DyLVj fo'y"s k.k l s Hkh dNq  egRoi.w k Z
y{k.kk a s d s chp lglca èa k ik; s x; s gAaS  pkj teIZ ykTe vFkkrZ  
lh,elh&3] lh,elh&8] lh,elh&12] vkjS  lh,elh&24 çkjfa Hkd 
vda jq  of̀) çn'kuZ  d s vkèkkj ij vfèkd egRoi.w k Z ik, x,A 

oupkjkxkg i}fr esa nks çdkj ds o`{k lkxkSu ¼VsDVksuk xzSafMl  
vkSj LohfVfu;k egkxksuh½ vkSj nks ?kkl tSls lsUØl flfy;kfjl 
vkSj LVkbykslSaFksl lhczkuk yxk, x, FksA ;g ns[kk x;k fd Vh    7

lkxkSu + egkxksuh $ pkjk + LVSxMZ dUVwj VªsUp esa lcls vf/kd 
?kkl ck;ksekl mRiknu gqvkA feêh esa ueh dh ek=k dk Hkh 15 
fnuksa ds varjky ij v/;;u fd;k x;k vkSj ik;k x;k fd feêh 
vkSj ueh laj{k.k mik;ksa ds lkFk oupkjkxkg i}fr esa

dsoy isM+ksa dh rqyuk esa mPp ueh ntZ dh xbZA feêh esa ueh dh 
ek=k 1-42%  ¼ebZ½ ls 12-79  ¼vxLr½ ds chp jghA dqy 13 
bosaV o"kkZ esa ls] vf/kdre viokg ,dek= egkxksuh esa mRiUu 
gqvk Fkk tcfd lcls de viokg lkxkSu + egkxksuh $ pkjk + 
LVSxMZ dUVwj VªsUp esa gqvk FkkA blh rjg Vh&7 mipkj esa 
U;wure feêh vkSj iks"kd rRoksa dh gkfu ntZ dh xbZA

'kks/k ç{ks= esa yxs fofHkUu —f"kokfudh e‚MYl esa vdsf'k;k 
lsusxy ¼dqeV½ dh th-ch-,p- c<+okj 31-0&46-4 ls-eh- rFkk 
vdsf'k;k fuyksfVdk ¼ccwy½ dh th-ch-,p- c<+okj 37-0&97-2 ls-
eh- ik;h x;hA dqeV ,oa ccwy ls çk—frd xksan dh mit Øe'k% 
1-85&903-56 ,oa 6-29&40-11 xzke çfr o`{k ik;h x;hA dqeV 
vk/kkfjr cgq&?kVdh; e‚My ls 151 fd-xzk- uhacw] 58 fd-xzk- 
djkSank ,oa 2080 fd-xzk- csy Qy çkIr gq,A rqyukRed v/;;u 
ls Kkr gqvk gS fd e`nk moZjrk lacfU/kr ekinaM feêh dh Åijh 
lrg esa fupyh lrg dh vis{kk vf/kd FksA lokZf/kd e`nk 
thok'e ¼vksxZfud dkcZu½ dqeV ,oa ccwy vk/kkfjr 
flYoh&gcZy e‚My ,oa fMgkbMªkstust ,fDVfoVh ¼21-3 µg 
TPF/g/day½ dqeV vk/kkfjr cgq&?kVdh; e‚My esa ik;h x;hA 
fdlkuksa ds [ksr ij yxk, x, fofHkUu —f"kokfudh e‚MYl esa 
deq V dh vf/kdre c<o+ kj ¼41-7 l-s eh- th-ch-,p-½ x<d+ Maq kj 
okVj'kMs  ¼Jh fgEer½ e a s rFkk U;uw re c<o+ kj ¼18-8 l-s eh- th-ch-,p-½ 
xkz e vEckck; ¼Jh euhjke½ e a s ik;h x;hA fofHkUu ck;k&s Qlas  e‚MYl 
e as deq V dh vf/kdre c<o+ kj ck;k&s Qlas  e‚My III] tkfs d vkoa y s d s
cxhp s dh eMs  + ij nkgs jh ifa ä e a s yxk, x, g]aS  e a s ik;h x;hA o"k Z 2021 
d s nkjS ku] fdlkuk a s dk s deq V d s yxHkx 6000 ik/S k s mudh vk; nkxs uq h 
;kts uk d s rgr rFkk 1000 ik/S k s Hkk-—-vu-q i-&Hkkjrh; eǹk ,o a ty 
lja {k.k lLa Fkku] nfr;k dk s çnku fd, x,A 

xksan ,oa jky lacfU/kr Lons'kh ikjaifjd Kku ,d= djus gsrq 
fd, x, losZ{k.k ls Kkr gqvk gS fd ';ksiqj] nsokl ,oa [kaMok 
ftys esa ik;s tkus okys vkfnokfl;ksa dk eq[; O;olk; —f"k gS 
tcfd xksan] jky] tM+h&cwVh] Qwy bR;kfn dk laxzg.k vk; dk 
lgk;d lzksr gSA ;gk¡ ds vkfnoklh yksx lybZ xksan çkIr djus 
gsrq lybZ o`{k ds rus dh Nky dks ,d fjax ds :i esa Nhy nsrs gSa 
ftlls yxHkx 200&400 xzke xksan çfr o`{k dk lzko.k gksrk gS 
ftls ,d= dj fy;k tkrk gSA ';ksiqj ftys ds vkfnoklh 
,uksthll ysVhQksfy;k ¼/kkojk½ ls gksus okys çk—frd /kkojk 
xksan dks ,d= djrs gSa] tcfd nsokl ,oa [kaMok ftys ds 
vkfnoklh yksx o`{kksa ij phjk yxkrs gSa ,oa mlls gksus okys lzko.k 
dks ,d= djrs gSaA [kaMok ftys ds ,d xk¡o esa vkfnoklh yksx 
bZFkzsDl ¼xksan mRçsjd½ dk mi;ksx Hkh djus yxs gSaA lkekU;r;k 
;s vkfnoklh xksan ls lacfU/kr fdlh Hkh çdkj dh ewY;&lao/kZu 
çfØ;k dks ugha viukrs gSa gkykafd xksan dh lQkbZ] NaVkbZ ,oa 
lq[kkus dk dke O;olk;h }kjk fd;k tkrk gSA bl dk;Z esa yxh
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gqbZ dq'ky vkfnoklh efgyk,a fofHkUu çdkj ds xksan ds feJ.k esa 
ls lqxa/k] jax ,oa vkdkj ds vk/kkj ij vyx&vyx xksan dks 
igpkuus esa l{ke gksrh gSaA bl o"kZ C;wfV;k eksuksLiekZ ¼iykl½ 
o`{k ls lky Hkj iykl xksan mRiknu dh rduhd dk 
ekudhdj.k djus gsrq ,d ç;ksx dh 'kq#vkr dh x;h gSA blh 
çdkj] ,uksthll isaMqyk ¼dj/kbZ½ dh fofHkUu lkr larfr;ksa }kjk 
,FksQksu ds mi;ksx ls gksus okys xksan mRiknu dks Kkr djus gsrq 
,d v/;;u dh 'kq#vkr dh x;hA

dqeV o`{k ds tM+ forj.k Lo:i ij fd, x, v/;;u ls Kkr 
gqvk gS fd 1] 2 ,oa 3 o"kZ iqjkus o`{kksa esa feêh dks ck¡/kdj j[kus dh 

3{kerk Øe'k% 0-375] 0-672 ,oa 17-300 eh-  gSA bu o`{kksa esa Hkwfe ds 
Åij dk tSoHkkj Øe'k% 57-25 xzk-] 900-28 xzk- ,oa 24-02 fd-xzk-( 
Hkwfe ds uhps dk tSoHkkj Øe'k% 16-45 xzk-] 322-14 xzk- ,oa 3-34 
fd-xzk-( rFkk dkcZu ds i`FkDdj.k dh {kerk 35 xzk-] 581 xzk- ,oa 
13 fd-xzk- çfr o`{k ik;h x;hA 1] 2 ,oa 3 o"kZ iqjkus dqeV esa 
tM&+ ruk dk vuiq kr Øe'k% 0-287] 0-358 ,o a 0-139 ik;k x;k gAS

jktLFkku jkT; ds Ng ftyksa& vtesj] tks/kiqj] ukxkSj] ikyh] 
lhdj] jktlean esa —f"kokfudh {ks= vkSj p;fur çtkfr;ksa ¼uhe 
vkSj [kstM+h½ {ks= dk ekufp=.k fd;k x;k gSA vuqekfur 
—f"kokfudh {ks= ukxkSj ftys ¼179000 gsDVs;j½ esa lcls vf/kd 
ik;k x;k] blds ckn tks/kiqj ftys ¼132647 gsDVs;j½ dk LFkku 
jgkA lkFk gh HkkSxksfyd {ks= ds çfr'kr ds :i esa] ukxkSj esa 
—f"kokfudh ds rgr mPpre {ks= gSA jktLFkku ds Ng ftyksa esa 
—f"kokfudh {ks= yxHkx 8-32 çfr'kr vuqekfur gS] p;fur Ng 
ftyksa esa uhe vkSj [kstM+h çtkfr ds {ks=Qy dk vkSlr Øe'k%  
2-04 çfr'kr vkSj 1-62 çfr'kr gSA 

fo"ke thuksVkbi ,u vkj lh ih&9 ¼lfg".kq½ vkSj ,u vkj lh 
ih&10 ¼vfrlaosnu'khy½ dh tkap muds VªkalfØIVkse çksQkby 
ds fy, ,d HiSeq - 4000 ij RNAseq  fo'ys"k.k dk mi;ksx 
djds dh xbZ Fkh rkfd lw[kk lfg".kqrk ds vk.kfod ra= dks 
csgrj <ax ls le>k tk ldsA ifj.kkeksa ls irk pyk fd] 
laosnu'khy thuksVkbi dh rqyuk esa lfg".kq thuksVkbi esa vf/kd 
la[;k esa MhbZth O;ä fd, x, FksA ruko dh fLFkfr esa 
thuksVkbi ds chp 128 MhbZth dh igpku dh xbZA thvks    
vkSj dsbZthth ikFkos v/;;u ruko çfrfØ;k esa 'kkfey      
dbZ vk.kfod ra=ksa vkSj muds lacaf/kr lw[ks ls lacaf/kr ekxksaZ dh 
igpku djrk gSA jkLrs vFkkZr mikip;h ekxZ] f}rh;d 
p;kip;ksa dk tSola'ys"k.k] ikni gkeksZu ladsr ikjxeu]   
dkcZu p;kip;] ,e,ihds ladsru ekxZ] çdk'k la'ys"k.k vkSj 
dkcksZgkbMªsV p;kip; dks ruko dh fLFkfr esa ,uvkjlhih&10 
dh rqyuk esa ,uvkjlhih&9 thuksVkbi esa le`) fd;k      
x;k FkkA var esa] igpkus x, thu vkSj Vh,Q iksaxkfe;k esa   
lw[kk lfg".kqrk ds fy, Hkfo"; ds vuqla/kku vkSj

çtuu dk;ZØe ds fy, mi;ksxh y{; ds :i esa dke djsaxsA

>k¡lh ftys ds cchuk Cy‚d ds rgr 12 fdlkuksa esa ls 10 fdlku 
LVª‚csjh dh [ksrh esa lQy jgs vkSj LVª‚csjh dh [ksrh ds 
ifj.kkeLo:i csgrj fodkl çn'kZu gqvkA LVª‚csjh ds mRiknu ls 
fdlku dh vk; esa o`f) gqbZ vkSj ;g ikjaifjd Qlyksa dh rqyuk 
esa 1-2 ls 5-7 xquk rd T;knk FkhA LVª‚csjh esa fMªi flapkbZ dk 
mi;ksx djds fdlku ikjaifjd Qlyksa ;kuh xsgwa dh rqyuk esa 
75%  ikuh cpkus esa l{ke FksA blus fdlkuksa dks rhljh Qly 
ysus ds fy, çsfjr fd;k ftlls {ks= dh Qly lwpdkad esa o`f) 
gqbZ gSA

>kalh ftys ds eksB Cy‚d ds rgr 13 fdlkuksa esa ls 10 fdlku 
LVª‚csjh dh [ksrh esa lQy jgs vkSj LVª‚csjh dh [ksrh ds 
ifj.kkeLo:i csgrj fodkl çn'kZu gqvkA LVª‚csjh ds mRiknu ls 
fdlku dh vk; esa o`f) gqbZ vkSj ;g ikjaifjd Qlyksa dh rqyuk 
esa 1-06 ls 4-5 xquk rd T;knk FkhA

mRrj izns”k ds lw[kkxzLr cqansy[kaM {ks= ds lkr ftyksa ¼mÙkj 
çns'k ds cqansy[kaM {ks= esa fdlkuksa dh vk; nksxquh djus ds fy, 
fdlku fe= ifj;kstuk dh mi ifj;kstuk½ esa —f"kokfudh 
vk/kkfjr çk—frd lalk/ku çca/ku ds ek/;e ls xzkeh.k 
vkthfodk dks cnyus okyh ifj;kstuk dks ykxw fd;k tk jgk 
gSA bl ifj;kstuk ds rgr lkr ftyksa esa yxHkx 40]000 gsDVs;j 
{ks= dks doj djrs gq, 8 ik;yV lkbVksa esa —f"kokfudh vk/kkfjr 
,uvkj,e xfrfof/k;ksa dh igy dks vkxs c<+k;k x;k gSA 
,uvkj,e gLr{ksi ¼gosyh dk;kdYi] rkykcksa dks xgjk djuk] 
vkSj ty fudklh usVodZ dks xgjk djuk½ bl vof/k ds nkSjku 
ikap ftyksa esa fd;k x;k FkkA 2021 esa dqy 13 ,slh lajpukvksa dk 
dk;kdYi fd;k x;k FkkA bu gLr{ksiksa us yxHkx 0-22 fefy;u 
D;wfcd ehVj ¼,elh,e½ dh HkaMkj.k {kerk cukbZ gSA 22 xk¡oksa ¼7 
ftyksa esa 8 LFkkuksa½ esa cM+s iSekus ij —f"kokfudh o`{kkjksi.k fd;k 
x;k gSA yxHkx 1-0 yk[k o`{kkjksi.k ¼lhek o`{kkjksi.k] cka/k 
o`{kkjksi.k] Qy vk/kkfjr —f"kokfudh ç.kkyh] ydM+h vk/kkfjr 
—f"kokfudh ç.kkyh] vkSj iks"k.k lqj{kk o`{kkjksi.k½ 2021 ds nkSjku 
fd;k x;k gSA

vksfM'kk ds cksykaxhj vkSj uqvkikM+k ftyksa esa çk—frd lalk/ku 
çca/ku vkSj —f"kokfudh ds ek/;e ls xzkeh.k vkthfodk dks 
lq/kkjuk  vkSj iyk;u dks jksduk uked ifj;kstuk vksfM'kk esa 
“kq: dh x;hA bl ifj;kstuk dk eq[; mís'; o"kkZ ty laj{k.k 
ls Hkwty Lrj dks c<+kuk] —f"kokfudh] Ñf"k vkSj i”kq/ku 
mRikndrk dks c<+kuk ftlls fdlkuksa dh vkthfodrk esa lq/kkj 
djuk gS ftlls mudk iyk;u :d ldsA blds vykok 
p;fud rhu xk¡oksa esa ekMy lkbV fodflr djuk Hkh gSA bl o"kZ 
ds nkSjku bu&lhVw vkSj ,Dl&flVw o"kkZ ty laj{k.k fd;k x;k 
vkjS  —f"kokfudh d s vUrxrZ  fdlkuk a s d s [krs k a s ij iMs  + yxk; s x;As
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mRiknu djus ds fy, varj&fof'k"V ladj.k ds fy, nkrk 
ekrk&firk ds :i esa bLrseky fd;k tk ldrk gSA

iksaxkfe;k fiukVk  ds ukS :ikRed&'kkjhfjd vkSj tSo jklk;fud 
y{k.kksa ds foijhr thuksVkbi dk v/;;u Ng thuksVkbi esa 
çkjafHkd lgu'khy ¼,u vkj lh ih&17] ,u vkj lh ih&9 vkSj 
,u vkj lh ih&25½ vkSj çkjafHkd vfrlaosnu'khy ¼,u vkj lh 
ih&6] ,u vkj lh ih&10 vkSj ,u vkj lh ih&14½ ds :i esa  
lw[ks ds ncko vkSj fu;a=.k dh fLFkfr esa fd;k x;k FkkA lw[kk 
ruko dh fLFkfr ds rgr lHkh ekus x, ekinaMksa ds fy, egRoiw.kZ 
varj ns[kk x;kA v/;;u fd, x, y{k.kksa ds vk/kkj ij fo"ke 
thuksVkbi dh igpku ,u vkj lh ih&9 lfg".kq vkSj ,u vkj lh 
ih&10 vfrlaosnu'khy ds :i esa dh xbZ FkhA blds vykok] 'ks"k 
pkj thuksVkbi ¼,u vkj lh ih&6] ,u vkj lh ih&14] ,u vkj 
lh ih&17 vkSj ,u vkj lh ih&25½ ds fy, vk.kfod y{k.k 
o.kZu fd;k x;k Fkk] tks fd igpkus x, fMQjsaf'k;y thu }kjk 
iwjs VªkalfØIVkse fo'ys"k.k ds v/khu gSaA ifj.kkeksa ls irk pyk fd 
lw[kk ruko lfg".kqrk ds fy, thuksVkbi ds chp egRoiw.kZ varj 
vfHkO;fä;k¡ ikbZ xbZaA pkj thuksVkbi esa] ,u vkj lh ih&25 
vU; rhu thuksVkbi dh rqyuk esa tYnh lw[kk lfg".kq ik;k 
x;kA dqy feykdj] ;g v/;;u lw[kk lfg".kqrk ds fy, 
iksaxkfe;k vkuqoaf'kd lq/kkj esa mi;ksxh gks ldrk gSA

eè; çns'k vkSj mÙkj çns'k ds cqansy[kaM ftyksa ls fofHkUu 
:ikRed fo'ks"krkvksa okys dqy rhl eksfjaxk teZIykTe ,d= 
fd, x, gSaA laxzg djrs le; dkQh ek=k esa vkuqoaf'kd fofoèkrk 
ik;h xbZ ,oa çR;sd teZIykTe dk ikliksVZ MsVk Hkh ,d= fd;k 
x;kA ifj.kkeksa us cht vadqj.k vkSj vadqj mÙkjthforrk 
fo”ks’krkvksa ds fy, egRoiw.kZ fHkUurk ds vfLrRo dk ladsr 
fn;kA cht vadqj.k vè;;u ds vkèkkj ij eksfjaxk teZIykTe 
vkil esa vadqj dh yackbZ] rktk ,oa lw[ks vadqj dk otu] vadqj 
'kfä lwpdkad  - I vkSj II] vkSlr vadqj.k nj] vklS r vda jq .k le;] 
flØa ukbt's+ ku lpw dkda ] vda jq .k lpw dkda ] vda jq .k d s oxs  d s x.q kkda  
vkjS  xfr d s fy, fofHkUu ik; s x; s tk s mudh bUgjs Vas  'kfä d s dkj.k 
gk s ldrk gAS  ihlh, vkjS  DyLVj fo'y"s k.k l s Hkh dNq  egRoi.w k Z
y{k.kk a s d s chp lglca èa k ik; s x; s gAaS  pkj teIZ ykTe vFkkrZ  
lh,elh&3] lh,elh&8] lh,elh&12] vkjS  lh,elh&24 çkjfa Hkd 
vda jq  of̀) çn'kuZ  d s vkèkkj ij vfèkd egRoi.w k Z ik, x,A 

oupkjkxkg i}fr esa nks çdkj ds o`{k lkxkSu ¼VsDVksuk xzSafMl  
vkSj LohfVfu;k egkxksuh½ vkSj nks ?kkl tSls lsUØl flfy;kfjl 
vkSj LVkbykslSaFksl lhczkuk yxk, x, FksA ;g ns[kk x;k fd Vh    7

lkxkSu + egkxksuh $ pkjk + LVSxMZ dUVwj VªsUp esa lcls vf/kd 
?kkl ck;ksekl mRiknu gqvkA feêh esa ueh dh ek=k dk Hkh 15 
fnuksa ds varjky ij v/;;u fd;k x;k vkSj ik;k x;k fd feêh 
vkSj ueh laj{k.k mik;ksa ds lkFk oupkjkxkg i}fr esa

dsoy isM+ksa dh rqyuk esa mPp ueh ntZ dh xbZA feêh esa ueh dh 
ek=k 1-42%  ¼ebZ½ ls 12-79  ¼vxLr½ ds chp jghA dqy 13 
bosaV o"kkZ esa ls] vf/kdre viokg ,dek= egkxksuh esa mRiUu 
gqvk Fkk tcfd lcls de viokg lkxkSu + egkxksuh $ pkjk + 
LVSxMZ dUVwj VªsUp esa gqvk FkkA blh rjg Vh&7 mipkj esa 
U;wure feêh vkSj iks"kd rRoksa dh gkfu ntZ dh xbZA

'kks/k ç{ks= esa yxs fofHkUu —f"kokfudh e‚MYl esa vdsf'k;k 
lsusxy ¼dqeV½ dh th-ch-,p- c<+okj 31-0&46-4 ls-eh- rFkk 
vdsf'k;k fuyksfVdk  ¼ccwy½ dh th-ch-,p- c<+okj 37-0&97-2 ls-
eh- ik;h x;hA dqeV ,oa ccwy ls çk—frd xksan dh mit Øe'k% 
1-85&903-56 ,oa 6-29&40-11 xzke çfr o`{k ik;h x;hA dqeV 
vk/kkfjr cgq&?kVdh; e‚My ls 151 fd-xzk- uhacw] 58 fd-xzk- 
djkSank ,oa 2080 fd-xzk- csy Qy çkIr gq,A rqyukRed v/;;u 
ls Kkr gqvk gS fd e`nk moZjrk lacfU/kr ekinaM feêh dh Åijh 
lrg esa fupyh lrg dh vis{kk vf/kd FksA lokZf/kd e`nk 
thok'e ¼vksxZfud dkcZu½ dqeV ,oa ccwy vk/kkfjr 
flYoh&gcZy e‚My ,oa fMgkbMªkstust ,fDVfoVh ¼21-3 µg 
TPF/g/day½ dqeV vk/kkfjr cgq&?kVdh; e‚My esa ik;h x;hA 
fdlkuksa ds [ksr ij yxk, x, fofHkUu —f"kokfudh e‚MYl esa 
deq V dh vf/kdre c<o+ kj ¼41-7 l-s eh- th-ch-,p-½ x<d+ Maq kj 
okVj'kMs  ¼Jh fgEer½ e a s rFkk U;uw re c<o+ kj ¼18-8 l-s eh- th-ch-,p-½ 
xkz e vEckck; ¼Jh euhjke½ e a s ik;h x;hA fofHkUu ck;k&s Qlas  e‚MYl 
e as deq V dh vf/kdre c<o+ kj ck;k&s Qlas  e‚My III] tkfs d vkoa y s d s
cxhp s dh eMs  + ij nkgs jh ifa ä e a s yxk, x, g]aS  e a s ik;h x;hA o"k Z 2021 
d s nkjS ku] fdlkuk a s dk s deq V d s yxHkx 6000 ik/S k s mudh vk; nkxs uq h 
;kts uk d s rgr rFkk 1000 ik/S k s Hkk-—-vu-q i-&Hkkjrh; eǹk ,o a ty 
lja {k.k lLa Fkku] nfr;k dk s çnku fd, x,A 

xksan ,oa jky lacfU/kr Lons'kh ikjaifjd Kku ,d= djus gsrq 
fd, x, losZ{k.k ls Kkr gqvk gS fd ';ksiqj] nsokl ,oa [kaMok 
ftys esa ik;s tkus okys vkfnokfl;ksa dk eq[; O;olk; —f"k gS 
tcfd xksan] jky] tM+h&cwVh] Qwy bR;kfn dk laxzg.k vk; dk 
lgk;d lzksr gSA ;gk¡ ds vkfnoklh yksx lybZ xksan çkIr djus 
gsrq lybZ o`{k ds rus dh Nky dks ,d fjax ds :i esa Nhy nsrs gSa 
ftlls yxHkx 200&400 xzke xksan çfr o`{k dk lzko.k gksrk gS 
ftls ,d= dj fy;k tkrk gSA ';ksiqj ftys ds vkfnoklh 
,uksthll ysVhQksfy;k ¼/kkojk½ ls gksus okys çk—frd /kkojk 
xksan dks ,d= djrs gSa] tcfd nsokl ,oa [kaMok ftys ds 
vkfnoklh yksx o`{kksa ij phjk yxkrs gSa ,oa mlls gksus okys lzko.k 
dks ,d= djrs gSaA [kaMok ftys ds ,d xk¡o esa vkfnoklh yksx 
bZFkzsDl ¼xksan mRçsjd½ dk mi;ksx Hkh djus yxs gSaA lkekU;r;k 
;s vkfnoklh xksan ls lacfU/kr fdlh Hkh çdkj dh ewY;&lao/kZu 
çfØ;k dks ugha viukrs gSa gkykafd xksan dh lQkbZ] NaVkbZ ,oa 
lq[kkus dk dke O;olk;h }kjk fd;k tkrk gSA bl dk;Z esa yxh
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gqbZ dq'ky vkfnoklh efgyk,a fofHkUu çdkj ds xksan ds feJ.k esa 
ls lqxa/k] jax ,oa vkdkj ds vk/kkj ij vyx&vyx xksan dks 
igpkuus esa l{ke gksrh gSaA bl o"kZ C;wfV;k eksuksLiekZ ¼iykl½ 
o`{k ls lky Hkj iykl xksan mRiknu dh rduhd dk 
ekudhdj.k djus gsrq ,d ç;ksx dh 'kq#vkr dh x;h gSA blh 
çdkj] ,uksthll isaMqyk ¼dj/kbZ½ dh fofHkUu lkr larfr;ksa }kjk 
,FksQksu ds mi;ksx ls gksus okys xksan mRiknu dks Kkr djus gsrq 
,d v/;;u dh 'kq#vkr dh x;hA

dqeV o`{k ds tM+ forj.k Lo:i ij fd, x, v/;;u ls Kkr 
gqvk gS fd 1] 2 ,oa 3 o"kZ iqjkus o`{kksa esa feêh dks ck¡/kdj j[kus dh 

3{kerk Øe'k% 0-375] 0-672 ,oa 17-300 eh-  gSA bu o`{kksa esa Hkwfe ds 
Åij dk tSoHkkj Øe'k% 57-25 xzk-] 900-28 xzk- ,oa 24-02 fd-xzk-( 
Hkwfe ds uhps dk tSoHkkj Øe'k% 16-45 xzk-] 322-14 xzk- ,oa 3-34 
fd-xzk-( rFkk dkcZu ds i`FkDdj.k dh {kerk 35 xzk-] 581 xzk- ,oa 
13 fd-xzk- çfr o`{k ik;h x;hA 1] 2 ,oa 3 o"kZ iqjkus dqeV esa 
tM&+ ruk dk vuiq kr Øe'k% 0-287] 0-358 ,o a 0-139 ik;k x;k gAS

jktLFkku jkT; ds Ng ftyksa& vtesj] tks/kiqj] ukxkSj] ikyh] 
lhdj] jktlean esa —f"kokfudh {ks= vkSj p;fur çtkfr;ksa ¼uhe 
vkSj [kstM+h½ {ks= dk ekufp=.k fd;k x;k gSA vuqekfur 
—f"kokfudh {ks= ukxkSj ftys ¼179000 gsDVs;j½ esa lcls vf/kd 
ik;k x;k] blds ckn tks/kiqj ftys ¼132647 gsDVs;j½ dk LFkku 
jgkA lkFk gh HkkSxksfyd {ks= ds çfr'kr ds :i esa] ukxkSj esa 
—f"kokfudh ds rgr mPpre {ks= gSA jktLFkku ds Ng ftyksa esa 
—f"kokfudh {ks= yxHkx 8-32 çfr'kr vuqekfur gS] p;fur Ng 
ftyksa esa uhe vkSj [kstM+h çtkfr ds {ks=Qy dk vkSlr Øe'k%  
2-04 çfr'kr vkSj 1-62 çfr'kr gSA 

fo"ke thuksVkbi ,u vkj lh ih&9 ¼lfg".kq½ vkSj ,u vkj lh 
ih&10 ¼vfrlaosnu'khy½ dh tkap muds VªkalfØIVkse çksQkby 
ds fy, ,d HiSeq - 4000 ij RNAseq  fo'ys"k.k dk mi;ksx 
djds dh xbZ Fkh rkfd lw[kk lfg".kqrk ds vk.kfod ra= dks 
csgrj <ax ls le>k tk ldsA ifj.kkeksa ls irk pyk fd] 
laosnu'khy thuksVkbi dh rqyuk esa lfg".kq thuksVkbi esa vf/kd 
la[;k esa MhbZth O;ä fd, x, FksA ruko dh fLFkfr esa 
thuksVkbi ds chp 128 MhbZth dh igpku dh xbZA thvks    
vkSj dsbZthth ikFkos v/;;u ruko çfrfØ;k esa 'kkfey      
dbZ vk.kfod ra=ksa vkSj muds lacaf/kr lw[ks ls lacaf/kr ekxksaZ dh 
igpku djrk gSA jkLrs vFkkZr mikip;h ekxZ] f}rh;d 
p;kip;ksa dk tSola'ys"k.k] ikni gkeksZu ladsr ikjxeu]   
dkcZu p;kip;] ,e,ihds ladsru ekxZ] çdk'k la'ys"k.k vkSj 
dkcksZgkbMªsV p;kip; dks ruko dh fLFkfr esa ,uvkjlhih&10 
dh rqyuk esa ,uvkjlhih&9 thuksVkbi esa le`) fd;k      
x;k FkkA var esa] igpkus x, thu vkSj Vh,Q iksaxkfe;k esa   
lw[kk lfg".kqrk ds fy, Hkfo"; ds vuqla/kku vkSj

çtuu dk;ZØe ds fy, mi;ksxh y{; ds :i esa dke djsaxsA

>k¡lh ftys ds cchuk Cy‚d ds rgr 12 fdlkuksa esa ls 10 fdlku 
LVª‚csjh dh [ksrh esa lQy jgs vkSj LVª‚csjh dh [ksrh ds 
ifj.kkeLo:i csgrj fodkl çn'kZu gqvkA LVª‚csjh ds mRiknu ls 
fdlku dh vk; esa o`f) gqbZ vkSj ;g ikjaifjd Qlyksa dh rqyuk 
esa 1-2 ls 5-7 xquk rd T;knk FkhA LVª‚csjh esa fMªi flapkbZ dk 
mi;ksx djds fdlku ikjaifjd Qlyksa ;kuh xsgwa dh rqyuk esa 
75%  ikuh cpkus esa l{ke FksA blus fdlkuksa dks rhljh Qly 
ysus ds fy, çsfjr fd;k ftlls {ks= dh Qly lwpdkad esa o`f) 
gqbZ gSA

>kalh ftys ds eksB Cy‚d ds rgr 13 fdlkuksa esa ls 10 fdlku 
LVª‚csjh dh [ksrh esa lQy jgs vkSj LVª‚csjh dh [ksrh ds 
ifj.kkeLo:i csgrj fodkl çn'kZu gqvkA LVª‚csjh ds mRiknu ls 
fdlku dh vk; esa o`f) gqbZ vkSj ;g ikjaifjd Qlyksa dh rqyuk 
esa 1-06 ls 4-5 xquk rd T;knk FkhA

mRrj izns”k ds lw[kkxzLr cqansy[kaM {ks= ds lkr ftyksa ¼mÙkj 
çns'k ds cqansy[kaM {ks= esa fdlkuksa dh vk; nksxquh djus ds fy, 
fdlku fe= ifj;kstuk dh mi ifj;kstuk½ esa —f"kokfudh 
vk/kkfjr çk—frd lalk/ku çca/ku ds ek/;e ls xzkeh.k 
vkthfodk dks cnyus okyh ifj;kstuk dks ykxw fd;k tk jgk 
gSA bl ifj;kstuk ds rgr lkr ftyksa esa yxHkx 40]000 gsDVs;j 
{ks= dks doj djrs gq, 8 ik;yV lkbVksa esa —f"kokfudh vk/kkfjr 
,uvkj,e xfrfof/k;ksa dh igy dks vkxs c<+k;k x;k gSA 
,uvkj,e gLr{ksi ¼gosyh dk;kdYi] rkykcksa dks xgjk djuk] 
vkSj ty fudklh usVodZ dks xgjk djuk½ bl vof/k ds nkSjku 
ikap ftyksa esa fd;k x;k FkkA 2021 esa dqy 13 ,slh lajpukvksa dk 
dk;kdYi fd;k x;k FkkA bu gLr{ksiksa us yxHkx 0-22 fefy;u 
D;wfcd ehVj ¼,elh,e½ dh HkaMkj.k {kerk cukbZ gSA 22 xk¡oksa ¼7 
ftyksa esa 8 LFkkuksa½ esa cM+s iSekus ij —f"kokfudh o`{kkjksi.k fd;k 
x;k gSA yxHkx 1-0 yk[k o`{kkjksi.k ¼lhek o`{kkjksi.k] cka/k 
o`{kkjksi.k] Qy vk/kkfjr —f"kokfudh ç.kkyh] ydM+h vk/kkfjr 
—f"kokfudh ç.kkyh] vkSj iks"k.k lqj{kk o`{kkjksi.k½ 2021 ds nkSjku 
fd;k x;k gSA

vksfM'kk ds cksykaxhj vkSj uqvkikM+k ftyksa esa çk—frd lalk/ku 
çca/ku vkSj —f"kokfudh ds ek/;e ls xzkeh.k vkthfodk dks 
lq/kkjuk  vkSj iyk;u dks jksduk uked ifj;kstuk vksfM'kk esa 
“kq: dh x;hA bl ifj;kstuk dk eq[; mís'; o"kkZ ty laj{k.k 
ls Hkwty Lrj dks c<+kuk] —f"kokfudh] Ñf"k vkSj i”kq/ku 
mRikndrk dks c<+kuk ftlls fdlkuksa dh vkthfodrk esa lq/kkj 
djuk gS ftlls mudk iyk;u :d ldsA blds vykok 
p;fud rhu xk¡oksa esa ekMy lkbV fodflr djuk Hkh gSA bl o"kZ 
ds nkSjku bu&lhVw vkSj ,Dl&flVw o"kkZ ty laj{k.k fd;k x;k 
vkjS  —f"kokfudh d s vUrxrZ  fdlkuk a s d s [krs k a s ij iMs  + yxk; s x;As



The executive summary of the research and development 
activities carried out at ICAR-Central Agroforestry 
Research Institute during 2021 is presented here:
The study on performance of pomegranate integrated with 
lemongrass under organic regime revealed that the 
pomegranate-lemongrass-based agroforestry system in 
semiarid conditions of Central India can improve rural 
livelihood of the region by providing extra income from 
lemon oil.
The research on nutrient management in ber-based agri-
horti system showed that treatment T  (Ber with 75% RDF + 8

Trichoderma + Black gram – Barley) performed better 
followed by T  (Ber with 75% RDF + VAM + Black gram – 6

Barley) and T  (Ber with 100% RDF + Black gram – 2

Barley). Further, the observations revealed that treatments 
T  (pure crop) and T  (Ber with 75% RDF + VAM + Black 10 6

gram – Barley) recorded highest seed yield of  Barley @ 
-12517 and 2518 kg ha  as compared to other treatments.

Different polleniferous, nectriferous and underutilized 
plant has been collected which have high nutraceutical and 
medicinal value under the project  i.e.  developing 
multifunctional agroforestry system for nutritional security 
in semi-arid tropics. 
The project on “Agroforestry based conservation 
agriculture for sustainable landuse and improved 
productivity project” was initiated during July, 2014 with 
03 experiments viz.,  Bael based Agroforestry system; Teak 
based Agroforestry system and Bael + Teak based 
Agroforestry system with 04 main plot treatments i.e., Min. 
tillage-Blackgram-Mustard (CS-1);  Min.  tillage-
Greengram-Barley (CS-2); CT-Blackgram-Mustard (CS-1) 
and CT-Greengram-Barley (CS-2) and 03 subplot 
treatments (with crop residue; without crop residue and 
with leucaena residue). Analysis indicated that in all the 
three experiments the tillage treatments had no significant 
impact on yield and yield contributing characters. The 
residue retention and residue addition resulted in 
significant increase in seed yield and these treatments were 
at par with each other.
In the project entitled “Structural and functional analysis of 
short rotation tree based Agroforestry system”, it was 
observed that at five years of age, Melia dubia recorded 
maximum average height as well as diameter at breast 
height (dbh) than other tree species i.e. Anthocephalus 
cadamba and Leucaena leucocephala  under study. In 4 x 5 
m spacing, M. dubia recorded maximum height 12.50 m 
with inter cropping and 12.25 m without intercrop (pure 

plantation). The 
24.85 cm and 23.07 cm, respectively. Similarly, maximum 
height (13.20 m & 12.70 m) and diameter at breast height 
(25.16 cm & 24.72 cm) were recorded in M. dubia grown at 
8 x 2.5 m spacing with crop and as pure plantation. As 
compared to 4m x 5m spacing, higher wheat grain yield was 
recorded in 8m x 2.5m spacing irrespective of tree species.
Runoff and soil loss was monitored at four locations in 
Garhkundar-Dabar (GKD) watershed (treated). The 
untreated watershed was gauged for the same purpose at the 
outlet. Datalogger based automatic stage level recorders 
were installed at five sites as well as in control watershed 
during 2021. Manual and self-recording rain gauges have 
also been installed to record the rainfall. Runoff from the 
treated watershed was 10.2% of total recorded rainfall 
during the period. Soil loss from treated was 81.5% lower in 
comparison to untreated watershed. Average water column 
was recorded 4.5 m in GKD watershed, which was found 
44% higher than the average water column of open wells of 
untreated watershed.
Comparative evaluation through physiological studies 
revealed that the clonal plants maintained better efficiency 
in hot summer season than the seedling plants of Pongamia 
pinnata in field. Differential responses in few physiological 
traits have been noted indicating its importance with the 
comparative efficiency of the tree.
The putative wood properties parameters L. leucocephala 
had better pulpwood properties, while L. collinsii had better 
attributes for fuelwood out off the five different species of 
Leucaena viz.  Leucaena leucocephala,  Leucaena 
diversifolia, Leucaena collinsii, Leucaena lanceolata and 
Leucaena shanonii. The latter however had comparable 
levels of lingo-cellulosic properties with L. leucocephala 
suggesting to be a new source of raw material for pulp and 
bioenergy. Further, it could be used as a donor parent for 
inter-specific hybridization to produce superior hybrids for 
utilization in the wood-based industries.
The contrasting genotypes, nine morpho-physiological and 
biochemical traits of Pongamia pinnata were studied in the 
six genotypes as early tolerant (NRCP-17, NRCP-9 and 
NRCP-25) and early susceptible (NRCP-6, NRCP-10 and 
NRCP-14) under drought stress and control conditions. 
Significant differences were observed for all the considered 
parameters under drought stress condition. Based on the 
traits studied contrasting genotypes were identified as 
NRCP-9 tolerant and NRCP-10 susceptible. In addition, 
molecular characterization was done for the remaining four 

respective diameter at breast height was 

Executive Summary
genotypes (NRCP-6, NRCP-14, NRCP-17 and NRCP-25) 
by differential gene identified are subjected to the whole 
transcriptome analysis. The results revealed that significant 
differential expressions was found between the genotypes 
for drought stress tolerance. Among the four genotypes, 
NRCP25 found to be early drought tolerant as compared 
with other three genotypes. Overall, this study can be useful 
in Pongamia genetic improvement for drought tolerance.
Thirty Moringa germplasm with varied morphological 
characteristics have been collected from different 
Bundelkhand districts of Madhya Pradesh and Uttar 
Pradesh. A considerable amount of variability was observed 
while collection. The passport data of each germplasm was 
collected during the visit. The result indicated the existence 
of significant variation for seed germination and seedling 
survival attributes. Young seedlings at 30 days after sowing 
also exhibited significant differences for seedling length, 
seedling fresh, seedling dry weight, seedling vigor index-I 
and II, mean germination rate, mean germination time, 
synchronization index, germination index, coefficient of 
velocity of germination and speed of germination in all the 
germplasm which might be attributable to their inherent 
vigor. The PCA and Cluster analysis was also performed to 
dissect the potential relationships among the traits. Four 
germplasm viz., CMC-3, CMC-8, CMC-12, and CMC-24 
were found to be more prominent in terms of initial seedling 
growth performance. 
The study was conducted in the established teak and 
mahagoni based silvipastoral system. Two tree species 
namely Tectona grandis  and Sweitenia mahagoni and two 
grasses viz., Cenchrus ciliaris and Stylosanthes seabrana 
were planted in the silvipastoral system. Biomass 
productivity were estimated among the provisioning 
services. It was observed that highest grass biomass 
production was recorded in Teak+Mahagoni+Pasture+  
Contour Staggered Trenches followed by Teak+Mahagoni 
+Pasture+Vegetative Hedge. Dynamics in soil moisture 
content was also studied at 15 days interval and found that 
treatments with soil and moisture conservation measures 
and with pasture component recorded higher moisture 
content as compared to sole tree. The soil moisture content 
ranged between 1.42% (May) to 12.79% (August). The 
contour staggered trenches (CST) and half-moon basin 
(HMB) trapped soil sediments at the rate of 4.76 t / ha and 
1.80 t/ ha, respectively. Out of total 13 event rainfall, 
maximum runoff was generated in sole Mahagoni whereas 
lowest runoff was occurred in Teak+Mahagoni+Pasture+   
Contour Staggered Trenches (CST). Likewise, minimum 
soil loss, nutrient loss were recorded in T7 treatment. 
In agroforestry models at research farm, the growth of 
Acacia senegal  ranged from 31.0-46.4 cm GBH and 
Acacia nilotica  between 37.0 and 97.2 cm GBH. The gum 
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yield from A. senegal  and A. nilotica  ranged from 1.85 to 
903.56 and 6.29 to 40.11 g/tree, respectively. The fruit 
yield in A. senegal  based multi-component model was 
151 kg lemon, 58 kg karonda and 2080 kg bael. Data on 
soil fertility revealed that in general, surface soil recorded 
more values than sub-surface soil. Maximum soil organic 
carbon was recorded in A. senegal  and A. nilotica  based 
silvi-herbal model and dehydrogenase activity in A. 
senegal  based multi-component model (21.3 µg 
TPF/g/day). In agroforestry models planted on farmers' 
field, the maximum growth (41.7 cm GBH) of A. senegal  
was obtained in Garhkundar watershed (Shri Himmat) 
while the minimum (18.8 cm GBH) at village Ambabai 
(Shri Maniram). Among bio-fence models, maximum 
growth of A. senegal  was recorded in double row bio-
fence model-III planted on bunds of Emblica officinalis  
orchard. During 2021, 6000 A. senegal  plants were 
provided for planting on farmers' fields under the scheme 
'Doubling Farmers' Income' and 1000 to ICAR-IISWC, 
Regional Centre, Datia. 
Survey for ITK information revealed that in Sheopur, 
Dewas and Khandwa, the primary occupation of tribal was 
agriculture while collection of gums and resins, herbs, 
flowers  etc.  remains subsidiary source of income. 
Indigenously, the salai gum is tapped by peeling the bark in 
the form of a ring to harvest 200-400 g/tree salai gum. In 
Sheopur, tribal collects naturally exuded gum tears of 
dhawra (Anogeissus latifolia) while in Dewas and 
Khandwa, the tribal make cuts on the stem. In one village, 
use of Ethrex was also adopted. Normally, the gum 
collectors/tribal do not adopt any value addition process, 
however, cleaning, segregation, drying, etc. is done at the 
end of local traders. The skilled tribal women laborers have 
the ability to identify and segregate a particular gum tears 
from a mixed lot probably with the help of specific aroma 
and shape of the gum tears. For standardizing tapping 
techniques, an experiment to observe gum exudation in 
Butea monosperma  throughout the year has been initiated. 
Similarly, a study initiated to assess the response of use of 
ethephon by different seven progenies of Anogeissus 
pendula. 
Data on root distribution pattern of A. senegal revealed that 

 3below-ground root bound soil volume was 0.375 m ,    
3 30.672 m  and 17.300 m  in 1, 2 and 3-year-old plant, 

respectively. The respective values of above-ground 
biomass were 57.25 g, 900.28 g and 24.02 kg; below-
ground biomass 16.45 g, 322.14 g and 3.34 kg; and carbon 
sequestration potential 35 g, 581 g and 13 kg/tree, 
respectively. The root to shoot ratio of 1, 2 and 3-year-old A. 
senegal was 0.287, 0.358 and 0.139, respectively.
Agroforestry area and selected species (Neem and 
Khejri) area in six districts namely- Ajmer, Jodhpur, 



The executive summary of the research and development 
activities carried out at ICAR-Central Agroforestry 
Research Institute during 2021 is presented here:
The study on performance of pomegranate integrated with 
lemongrass under organic regime revealed that the 
pomegranate-lemongrass-based agroforestry system in 
semiarid conditions of Central India can improve rural 
livelihood of the region by providing extra income from 
lemon oil.
The research on nutrient management in ber-based agri-
horti system showed that treatment T  (Ber with 75% RDF + 8

Trichoderma + Black gram – Barley) performed better 
followed by T  (Ber with 75% RDF + VAM + Black gram – 6

Barley) and T  (Ber with 100% RDF + Black gram – 2

Barley). Further, the observations revealed that treatments 
T  (pure crop) and T  (Ber with 75% RDF + VAM + Black 10 6

gram – Barley) recorded highest seed yield of  Barley @ 
-12517 and 2518 kg ha  as compared to other treatments.

Different polleniferous, nectriferous and underutilized 
plant has been collected which have high nutraceutical and 
medicinal value under the project  i.e.  developing 
multifunctional agroforestry system for nutritional security 
in semi-arid tropics. 
The project on “Agroforestry based conservation 
agriculture for sustainable landuse and improved 
productivity project” was initiated during July, 2014 with 
03 experiments viz., Bael based Agroforestry system; Teak 
based Agroforestry system and Bael + Teak based 
Agroforestry system with 04 main plot treatments i.e., Min. 
tillage-Blackgram-Mustard (CS-1);  Min.  tillage-
Greengram-Barley (CS-2); CT-Blackgram-Mustard (CS-1) 
and CT-Greengram-Barley (CS-2) and 03 subplot 
treatments (with crop residue; without crop residue and 
with leucaena residue). Analysis indicated that in all the 
three experiments the tillage treatments had no significant 
impact on yield and yield contributing characters. The 
residue retention and residue addition resulted in 
significant increase in seed yield and these treatments were 
at par with each other.
In the project entitled “Structural and functional analysis of 
short rotation tree based Agroforestry system”, it was 
observed that at five years of age, Melia dubia recorded 
maximum average height as well as diameter at breast 
height (dbh) than other tree species i.e. Anthocephalus 
cadamba and Leucaena leucocephala  under study. In 4 x 5 
m spacing, M. dubia recorded maximum height 12.50 m 
with inter cropping and 12.25 m without intercrop (pure 

plantation). The 
24.85 cm and 23.07 cm, respectively. Similarly, maximum 
height (13.20 m & 12.70 m) and diameter at breast height 
(25.16 cm & 24.72 cm) were recorded in M. dubia grown at 
8 x 2.5 m spacing with crop and as pure plantation. As 
compared to 4m x 5m spacing, higher wheat grain yield was 
recorded in 8m x 2.5m spacing irrespective of tree species.
Runoff and soil loss was monitored at four locations in 
Garhkundar-Dabar (GKD) watershed (treated). The 
untreated watershed was gauged for the same purpose at the 
outlet. Datalogger based automatic stage level recorders 
were installed at five sites as well as in control watershed 
during 2021. Manual and self-recording rain gauges have 
also been installed to record the rainfall. Runoff from the 
treated watershed was 10.2% of total recorded rainfall 
during the period. Soil loss from treated was 81.5% lower in 
comparison to untreated watershed. Average water column 
was recorded 4.5 m in GKD watershed, which was found 
44% higher than the average water column of open wells of 
untreated watershed.
Comparative evaluation through physiological studies 
revealed that the clonal plants maintained better efficiency 
in hot summer season than the seedling plants of Pongamia 
pinnata in field. Differential responses in few physiological 
traits have been noted indicating its importance with the 
comparative efficiency of the tree.
The putative wood properties parameters L. leucocephala 
had better pulpwood properties, while L. collinsii had better 
attributes for fuelwood out off the five different species of 
Leucaena viz.  Leucaena leucocephala,  Leucaena 
diversifolia, Leucaena collinsii, Leucaena lanceolata and 
Leucaena shanonii. The latter however had comparable 
levels of lingo-cellulosic properties with L. leucocephala 
suggesting to be a new source of raw material for pulp and 
bioenergy. Further, it could be used as a donor parent for 
inter-specific hybridization to produce superior hybrids for 
utilization in the wood-based industries.
The contrasting genotypes, nine morpho-physiological and 
biochemical traits of Pongamia pinnata were studied in the 
six genotypes as early tolerant (NRCP-17, NRCP-9 and 
NRCP-25) and early susceptible (NRCP-6, NRCP-10 and 
NRCP-14) under drought stress and control conditions. 
Significant differences were observed for all the considered 
parameters under drought stress condition. Based on the 
traits studied contrasting genotypes were identified as 
NRCP-9 tolerant and NRCP-10 susceptible. In addition, 
molecular characterization was done for the remaining four 

respective diameter at breast height was 

Executive Summary
genotypes (NRCP-6, NRCP-14, NRCP-17 and NRCP-25) 
by differential gene identified are subjected to the whole 
transcriptome analysis. The results revealed that significant 
differential expressions was found between the genotypes 
for drought stress tolerance. Among the four genotypes, 
NRCP25 found to be early drought tolerant as compared 
with other three genotypes. Overall, this study can be useful 
in Pongamia genetic improvement for drought tolerance.
Thirty Moringa germplasm with varied morphological 
characteristics have been collected from different 
Bundelkhand districts of Madhya Pradesh and Uttar 
Pradesh. A considerable amount of variability was observed 
while collection. The passport data of each germplasm was 
collected during the visit. The result indicated the existence 
of significant variation for seed germination and seedling 
survival attributes. Young seedlings at 30 days after sowing 
also exhibited significant differences for seedling length, 
seedling fresh, seedling dry weight, seedling vigor index-I 
and II, mean germination rate, mean germination time, 
synchronization index, germination index, coefficient of 
velocity of germination and speed of germination in all the 
germplasm which might be attributable to their inherent 
vigor. The PCA and Cluster analysis was also performed to 
dissect the potential relationships among the traits. Four 
germplasm viz., CMC-3, CMC-8, CMC-12, and CMC-24 
were found to be more prominent in terms of initial seedling 
growth performance. 
The study was conducted in the established teak and 
mahagoni based silvipastoral system. Two tree species 
namely Tectona grandis  and Sweitenia mahagoni and two 
grasses viz., Cenchrus ciliaris and Stylosanthes seabrana 
were planted in the silvipastoral system. Biomass 
productivity were estimated among the provisioning 
services. It was observed that highest grass biomass 
production was recorded in Teak+Mahagoni+Pasture+  
Contour Staggered Trenches followed by Teak+Mahagoni 
+Pasture+Vegetative Hedge. Dynamics in soil moisture 
content was also studied at 15 days interval and found that 
treatments with soil and moisture conservation measures 
and with pasture component recorded higher moisture 
content as compared to sole tree. The soil moisture content 
ranged between 1.42% (May) to 12.79% (August). The 
contour staggered trenches (CST) and half-moon basin 
(HMB) trapped soil sediments at the rate of 4.76 t / ha and 
1.80 t/ ha, respectively. Out of total 13 event rainfall, 
maximum runoff was generated in sole Mahagoni whereas 
lowest runoff was occurred in Teak+Mahagoni+Pasture+   
Contour Staggered Trenches (CST). Likewise, minimum 
soil loss, nutrient loss were recorded in T7 treatment. 
In agroforestry models at research farm, the growth of 
Acacia senegal  ranged from 31.0-46.4 cm GBH and 
Acacia nilotica  between 37.0 and 97.2 cm GBH. The gum 
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dhawra (Anogeissus latifolia) while in Dewas and 
Khandwa, the tribal make cuts on the stem. In one village, 
use of Ethrex was also adopted. Normally, the gum 
collectors/tribal do not adopt any value addition process, 
however, cleaning, segregation, drying, etc. is done at the 
end of local traders. The skilled tribal women laborers have 
the ability to identify and segregate a particular gum tears 
from a mixed lot probably with the help of specific aroma 
and shape of the gum tears. For standardizing tapping 
techniques, an experiment to observe gum exudation in 
Butea monosperma  throughout the year has been initiated. 
Similarly, a study initiated to assess the response of use of 
ethephon by different seven progenies of Anogeissus 
pendula. 
Data on root distribution pattern of A. senegal revealed that 

 3below-ground root bound soil volume was 0.375 m ,    
3 30.672 m  and 17.300 m  in 1, 2 and 3-year-old plant, 

respectively. The respective values of above-ground 
biomass were 57.25 g, 900.28 g and 24.02 kg; below-
ground biomass 16.45 g, 322.14 g and 3.34 kg; and carbon 
sequestration potential 35 g, 581 g and 13 kg/tree, 
respectively. The root to shoot ratio of 1, 2 and 3-year-old A. 
senegal was 0.287, 0.358 and 0.139, respectively.
Agroforestry area and selected species (Neem and 
Khejri) area in six districts namely- Ajmer, Jodhpur, 



Nagaur, Pali, Sikar, Rajsamand from Rajasthan state has 
been mapped. Estimated agroforestry area was found 
highest in Nagaur district (179000 ha) followed by 
Jodhpur district (132647 ha). Also as a percentage of 
geographical area, Nagaur has highest area under 
agroforestry. Agroforestry area was estimated to be 
about 8.32 percent in six districts of Rajasthan. More 
than 90 percent accuracy was found in mapping 
agroforestry in all six districts of Rajasthan. Average of 
Neem and Khejri species area in selected six districts is 
respectively 2.04 percent and 1.62 percent.  
The contrasting genotype NRCP 9 (tolerant) and NRCP10 
(susceptible) was investigated for their transcriptome 
profiles using RNAseq analysis on a HiSeq-4000 in order 
to have better understanding of  the molecular 
mechanisms for drought tolerance. The results revealed 
that compared to the susceptible genotypes, the tolerant 
genotype had more number of DEGs expressed. Between 
genotypes under stress condition, 128 DEGs were 
identified. GO and KEGG pathway study identifies 
several molecular mechanisms involved in stress 
response and their corresponding drought related 
pathways. The pathways viz.  metabolic pathway, 
biosynthesis of secondary metabolites, plant hormone 
signal transduction, carbon metabolism, MAPK signaling 
pathway, photosynthesis and carbohydrate metabolism 
were enriched in NRCP 9 genotype as compared with 
NRCP10 under stress condition. Finally, the identified 
genes and TFs will serve as useful targets for future 
research and breeding programme for drought tolerance 
in Pongamia. 
Out of 12 farmers, 10 farmers were successful in strawberry 
cultivation in Babina block of Jhansi district. The 
strawberry production led to increase in the farmer's 
income and it varied from 1.2 to 5.7 times compare to the 
traditional crops. By using drip irrigation in strawberry, 
farmers were able to save 75 % water compare to traditional 
crop i.e. wheat. This motivate the farmers to take third crop 
which may increse the crop index of the region.
Out of 13 farmers, 10 farmers were successful in strawberry 
cultivation in Moth block of Jhansi district. The strawberry 
production led to increase in the farmer's income and it 
varied from 1.06 to 4.5 times compare to the traditional 
crops.
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Climate change accompanied with land degradation on 
account of unabated forest destruction worldwide is a 
serious threat to very sustenance of mankind. Increasing 
population pressure and its associated demands limit 
expansion of forests which is already insufficient for 
healthy ecosystem. This warrants landuse change on wider 
scale.  The problem can be addressed through agroforestry 
which has proven potential of climate moderation, halting 
land degradation and increasing biomass production per 
unit area and time without demanding additional land. 
Agroforestry landuse is only viable option to avert 
degradation and bring back agricultural economy in 
harmony with nature. In India, research and development 
programmes on promoting agroforestry over the past five 
decades have been spread over time and regions but, the 
speedy transition of tree-based farming in the country is still 
a challenge. This calls for organized efforts in setting 
priorities and strategies for promotion of tree based farming 
system through agroforestry research and extension 
services in India. 
ICAR-Central Agroforestry Research Institute (ICAR-
CAFRI), formerly the National Research Centre on 
Agroforestry, located at Jhansi, has successfully served 
the country for 33 years achieving several milestones in 
integrating trees, crops and livestock on the same 
farmland. The institute in its national agroforestry 
mandate has conducted 

to systematize the science of agroforestry and 
has developed robust agroforestry models for different 
agro-climatic regions across the country, and handholds 
different states in the country for implementation of the 
objectives of agroforestry policy through skilling and 
human resource development program.

To improve quality of life of rural people through 
integration of perennials crops on agricultural landscape 
for economic, environmental and social benefits. 

Integration of woody perennials in the farming systems to 
improve land productivity through conservation of soils, 
nutrients and biodiversity to augment natural resource 
conservation, restoration of ecological balance, 
alleviation of poverty and to mitigate risks of weather 
vagaries.

basic, strategic and adaptive 
research 

VISION

MISSION

MANDATE
·

·

·

·

Laboratories 

Develop sustainable agroforestry practices for farms, 
marginal  land and wastelands in different  
agroclimatic zones of India.
Coordinate network research for identifying 
agroforestry technologies for inter-region.
Training in agroforestry research for ecosystem 
analysis.
Transfer of agroforestry technology in various 
agroclimatic zones.

ICAR- CAFRI has a main office building with eight well-
equipped laboratories (Plant Physiology; Soil Analytical; 
Plant  Protection;  Agronomy; Tissue Culture & 
Biotechnology, Horticulture, Remote Sensing & GIS and 
Agroforestry). 
Library
Library is an integral part of the institute. The institute's 
library is well furnished and equipped with LAN facilities. 
Library operations are automated using Koha Library 
Management Software. List of library holdings are as 
under:

Agriculture Knowledge Management Unit
ICAR-CAFRI has 100 Mbps Leased Line Internet 
Connectivity from National Knowledge Network, 
Lucknow. Web server based Ubuntu LINUX has been 
ins tal led  for  host ing  the  Inst i tute 's  websi te  
( ). The entire network 
administration of computers, internet and website 
management is looked after by the Agriculture Knowledge 
Management Unit (AKMU).

INFRASTRUCTURE FACILITIES

https://www.cafri.icar.gov.in

Holding Total Collection
(Numbers)

Books (including Hindi books) 4629
Periodical subscribed (Indian) 12
Bound back volumes of research journals 2335
Dissertation -M.Sc. 115
Thesis-Ph.D. 29
CD- ROM (Forest Science Database, 135
ICAR, ICFRE)
Maps 251
News Paper 07
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The project entitled, “Transforming rural livelihood through 
agroforestry based natural resource management in drought-
prone Bundelkhand region, UP (Sub Project of KISAN 
MITrA project for Doubling Farmers' Income in 
Bundelkhand region of Uttar Pradesh) is being implemented 
in seven districts of Bundelkhand region of Uttar Pradesh. 
Scaling up the initiative of agroforestry-based NRM 
activities have been done in 8 pilot sites covering about 
40,000 ha area across the seven districts of Bundelkhand 
region of Uttar Pradesh. The NRM interventions (haveli 
rejuvenation, deepening of ponds, and deepening of drainage 
network) were undertaken in five districts during the period. 
A total of 13 such structures were rejuvenated in 2021. These 
interventions have created a storage capacity of about 0.22 
Million Cubic Meter (MCM). A large-scale agroforestry 
plantation has been done in 22 villages (8 locations in 7 
districts). About 1.0 lakh plantations (boundary plantation, 
bund plantation, fruit-based agroforestry system, timber-
based agroforestry system, and nutritional security 
plantation) have been done during 2021.
The project, “Transforming rural livelihood and check 
migration through agroforestry in conjunction with natural 
resource management in Bolangir and Nuapada district of 
Odisha” is the sub project of “Enabling small holders in 
Bolangir and Nuapada districts of Odisha to produce 
nutritious food through agroforestry systems”. The main 
objective of the project is to enhance groundwater recharge 
through suitable structures to facilitate agroforestry 
landuse; to improve and optimize crop and livestock 
productivity; to check the migration and to develop model 
site of learning in selected patches of three villages. During 
this year in-situ and ex-situ water harvesting interventions 
and agroforestry plantations were carried out in Bolangir 
and Nuapada distircts of Odisha.
The study evaluated the performance of four Rabi crops 
(wheat, barley, chickpea and mustard) under four varying 
spacing of Melia dubia (M =3x3 m, M =8x3 m, M =8x4 m 1 2 3

and M =8x5 m). All the test crops concerning growth 4

parameters, yield attributes and yield performed poorly 
under Melia dubia as compared to sole cropping. But, the 
effect of tree spacing on test crops was non-significant.Test 
crops in sole cropping recorded higher grain yield viz., 
wheat (3.02-9.67%), chickpea(1.04-22.72%)and mustard 
(0.06-3.50%) overthe rest of the treatments.



Nagaur, Pali, Sikar, Rajsamand from Rajasthan state has 
been mapped. Estimated agroforestry area was found 
highest in Nagaur district (179000 ha) followed by 
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Products Revenue generated from farm produce (`)
Aonla Fruit 80000.00
Guava Fruit 10000.00
Ber Fruit 2000.00
Bael Fruit 14500.00
Lemon Fruit 4475.00
Fuel wood 12000.00
Total 122975.00

During Rabi season 2021-22 about 14.05 ha area (5.20 ha 
under research experiments, and 8.85 ha under general 

cultivation) was utilized for the cultivation of different 
crops. The details are given below:

The institute research farm generated revenue to the tune of 
Rs. 9.15 lakhs from the sale of grains, fruits, firewood, 
straw and saplings during the reporting period (2021). The 
institute research farm also maintains improved machinery 
and implements for mechanizing the farm operations. 
Moreover, there is a mini-workshop equipped with a 
welding and drilling machine, grinder and other tools which 
are used for repairing and maintenance of available farm 
machinery. The car washer facility now has also been made 
functional for washing available official vehicles. 

The Institute has computer laboratory, committee room, 
conference hall and Agroforestry Technology Information 
Centre (ATIC) and well-furnished Farmers' Training Hostel. 

Others

MIS/FMS

Research and Academic 

Five management modules viz., financial, project (project 
and scheme code generation), stores (indent creation), 
human resource (training information, applying leaves) and 
payroll (information related to transfer and joining of 
employees) have been supported through MIS/ FMS.

The institute conducts M.Sc. and Ph.D. courses 
research in Agroforestry, Horticulture, Environmental 
Sciences, Plant Protection, Soil Science, Biotechnology 
and Soil & Water Conservation from different recognized 
Universities. During 2021, the institute signed MoUs with 
following institutions for achieving excellence in teaching 
& research:

as well as 

Crop                                             Sown area (ha)
Experimental General Total

Wheat (HD2967) 0.70 1.50 2.20
Barley (DWRB92) - 1.20 1.20
Gram (Jaki 9218) 1.68 1.00 2.68
Mustard (Giriraj) - 5.15 5.15
Pea  0.25 - 0.25
Linseed 1.50 - 1.50
Taramira 1.00 - 1.00
Rajama 0.07 - 0.07
Total 5.20 8.85 14.05

Network Research

Research Farm and Facilities 
The Institute Research Farm spreads over 178.029 acres, 
possessing dug well (5), submersible (4), jet pump (1) and 
farm Pond (2). About 85% of its acreage is being utilized for 
various agroforestry based experiments and general crop 

cultivation. Crop cultivation at Research Farm is totally 
dependent on rainfall and the operation of the canal during 
Kharif and Rabi seasons, respectively. The details of crop 
and fruit production revenue generated during 2021 are 
given as under:
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Budget (2021-22)
 (  in Lakhs)

Harvesting, processing and value addition of natural resins and gums
(HPVA of NRG)

`

S.No. Head Budget Expenditure
1. ICAR-CAFRI, Jhansi

a. Capital (Grant for creation of Capital Assets) 15.78 15.78
b. Establishment Expenses (Grant in Aid-Salaries) 750.00 747.23
c. Grant in Aid-General. Pension Benefits 265.00 265.00
d. Grant in Aid-General 250.49 250.49
Total 1281.27 1278.50

2. Plan Schemes
All India Coordinated Research Project on Agroforestry (AICRP on Agroforestry) 1154.27 1153.79

16.05 16.05

National Agriculture Innovation Fund (NAIF) Scheme IP&TM 6.01 6.01
3. Externally funded projects

a. Transforming rural livelihood through agroforestry based natural resource 30.71 30.71
management in drought prone Bundelkhand region, UP (Sub Project of 
KISAN MITrA project for Doubling Farmers' Income in Bundelkhand  
region of Uttar Pradesh)- ICRISAT, Hyderabad

b. Transforming rural livelihood and checking migration through agroforestry 1.83 1.83
in conjunction with natural resource management in Bolangir and Nuapada 
districts of Odisha- ICAR-ICRAF Work Plan

c. Assessment of genetic potential of neem germplasm for higher yield and oil 9.00 9.00
content through molecular markers- NRAA, Govt. of India, New Delhi

d. Assessment of area under agroforestry systems/ species in agro-climatic 10.90 5.90
zones of India- ICAR-ICRAF Work Plan

e. Whole Transcriptome Sequencing of Pongamia pinnata for Drought Stress 0.53 0.51
Tolerance - ICAR-ICRAF Work Plan

f. Evaluating the performance of strawberry cultivation in Babina block of Jhansi 19.87 18.30
district for crop diversification and better economic return at farmer’s field - 
NABARD (U.P.) 

g. Evaluating the performance of strawberry cultivation in Moth block of Jhansi 19.90 18.96
district for crop diversification and better economic returns at farmer's field - 
NABARD (U.P.) 

ndh. Task Force on Himalayan Agriculture- NMSHE (2  Phase)- DST, New Delhi 268.40 236.36
i. Support Implementation of National Agroforestry Policy by Enhancing Tree 13.95 10.08

Cover & Production of Wood- FAO, India Office
j. Pilot the solutions of chip-based technology for real-time and RFID-passive 4.93 0.51

monitoring of field genebank and agroforestry species for scaling up- 
ICRAF-ICAR Work Plan

k. Study of soil-hydrothermal environment under natural vs synthetic mulch - -
4. Resource Generation Target Achievement

2021-22 14.00 10.65
Swachh Bharat Mission 7.20 7.20

5. SCSP Fund
 Capital 11.57 11.57

General 20.80 20.80
Total 32.37 32.37
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Sr. No. Name of the other Party/Institute entered MoU with ICAR-CAFRI Date of signing MoU
National/International Organization  
1 Central Ayurveda Research Institute, Jhansi, 1 Nov. 2021
2 ICFRE-Tropical Forest Research Institute, Jabalpur, Madhya Pradesh 29 Nov. 2021
Universities  
1 Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh 16 Feb. 2021
2 GB Pant University of Agriculture and Technology, Pantnagar, Uttarakhand 19 Jun. 2021
3 Dr. YS Parmar University of Horticulture and Forestry, Solan, Himachal Pradesh 25 Jun. 2021
4 Dr. YSR Horticultural University, Andhra Pradesh 26 Jun. 2021
5 Mizoram University, Aizawl, Mizoram 1 Jul. 2021
6 Arunachal University of Studies, Arunachal Pradesh 16 Jul. 2021
7 FASAI Rama University, Kanpur, Uttar Pradesh 11 Oct. 2021
8 Central Agricultural University, Imphal, Manipur 1 Dec. 2021

Uttar Pradesh
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Teak+Bael based system

Experiment 1:  Bael  (Aegle marmelos)  based 
conservation agriculture system

Experiment II: Teak (Tectona grandis) based 
conservation agriculture system

In bael based conservation agriculture system, during rabi 
2020-21, the seed yield of mustard varied significantly 
among tillage treatments. The highest seed yield was 
observed in crop residue retention followed by leucaena 
added treatment, however were at par with each other and 
both the treatments recorded significantly higher yield over 
the no residue treatment. The addition of crop residue 
increased the seed yield of barley substantially over no 
residue treatment (Fig. 1 & 2).
During kharif season (2021) it was observed that the seed 
yield of blackgram in Minimum tilage (MT) and  
Conventional tilage (CT) plots were non-significant. The 
residue addition resulted in significant increase in seed 
yield of blackgram. The yields of crop residue treatment 
and leucaena treatment were found at par. The seed yields of 
greengram in both the tillage treatments were found at par. 
Crop residue retention recorded highest seed yield followed 
by leucaena residue addition and minimum yield was 
recorded in control (Fig. 3 & 4). 

In teak based CA system, during rabi  season (2020-21), 
the seed yield due to residue retention recorded 
significant higher yield in mustard. The seed yield 
showed significant increase with crop residue retention 
and leucaena residue addition over control. However, 
both the treatments were statistically at par. The data 
indicated that the grain yield of barley was not influenced 
by tillage treatments in teak based CA system. In sub plot 
treatments, crop residue and leucaena residue addition 
increased the grain yield of barley substantially over no 
residue application treatment (Fig. 1&2).  Among the 
residue based treatments, the seed yield of blakcgram 
increased substantially in crop residue addition and in 
leucaena residue addition over no residue addition 
treatment. Tillage treatment did not bring significant 
change in seed yield of greengram (Fig. 3 & 4). 

Bael based system

Teak based system

2.1. Agroforestry System Research 
Programme

NRMACAFRISIL201600100099: 

NRMACAFRISIL201000200085: 

Performance of  pomegranate integrated with 
lemongrass under organic regime

Nutrient management in ber based agri-horti. System

(Sudhir Kumar/Ashok Yadav, Rajendra Prasad and 
Venktesh Y N) 

(Sudhir Kumar/Ashok Yadav, Rajendra Prasad,       
Inder Dev and Venktesh Y N)

The data analysis and report writing was done. The study 
showed that there was no effect of lemon grass on the 
yield of pomegranate whereas due to shading effect of 
pomegranate there was slight difference in lemon grass 
yield when it was intercropped with pomegranate. The 
vermicompost was more effective than FYM in respect to 
sustainable crop production and also from the soil health 
point of view. Integration of lemon grass based 
agroforestry system under organic treatment lead to 
improvement in soil fertility and soil properties in terms 
of pH, EC, SOC, available nitrogen, phosphorous and 
potassium. Evaluation of bio insecticides and chemical 
insecticides revealed that Imidacloprid (17.5 SL) was 
more effective in controlling the pest followed by neem 
oil and Verticillium lecani.
The pomegranate-lemongrass-based agroforestry system 
in semiarid conditions can improve the farmers’ 
livelihood by providing extra income from lemon oil in 
semi-arid regions of central India. This project was 
concluded in the IRC -2021.

The result of ber based agri-horti system revealed that 
treatment T  (Ber with 75% RDF + Trichoderma + Black 8

gram – Barley) performed better followed by T  (Ber with 6

75% RDF + VAM + Black gram – Barley)  and T  (Ber with 2

100% RDF + Black gram – Barley).  Under the system, 
barley sown during rabi, the observations revealed that 
treatments T  (pure crop) and T  (Ber with 75% RDF + 10 6

VAM + Black gram – Barley) recorded highest seed   
-1yield of 2517 and 2518 kg ha  and were significantly 

higher as compared to other treatments. The observations 
on guar revealed that the treatments T  (pure crop) and   10

T  (Ber with 75% RDF + VAM + Guar - Wheat) recorded 6
-1highest seed yield of 1012 and 995 kg ha  and

2. Research Achievements
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was significantly higher w.r.t. other treatments. In fruit 
flies management study, the Methyl eugenol traps proved 
better than the Cue lure traps. In respect to micro-
nutrients, surface soil of all the treatment plots contained 
sufficient amount of Zn and Cu with few exceptions. In 
sub-surface soil, micro-nutrients content declined when 
compared with surface layer. The data analysis and report 
writing was done.  This project was concluded in the IRC -
2021. 

Through different survey conducted, we identified and 
collected trees suitable for food forest. The survey were 
also conducted for development of year round apiary 
model. We also identified and collected planting material 
for some polleniferous and nectrifereous tree. Beside this, 
seed were collected for year round flowering of moringa 
plants and seedling were raised and later planted in the 
field also. 

*On Study leave w.e.f. 4.10.2021

The project entitled “Agroforestry based conservation 
agriculture for sustainable landuse and improved 
productivity” was initiated during July, 2014 having 03 
experiments Bael based Agroforestry system; Teak based 
Agroforestry system and Bael + Teak based Agroforestry 
system with 04 main plot treatments i.e., Min. tillage-
Blackgram-Mustard (CS-1); Min. tillage-Greengram-
Barley (CS-2); CT-Blackgram-Mustard (CS-1) and CT-
Greengram-Barley (CS-2) and 03 subplot treatments (with 
crop residue; without crop residue and with leucaena 
residue).  The experiments are being conducted in split plot 
design with 03 replications. 
Experimental results
During Rabi 2020-21, mustard and barley and in Kharif 
2021 greengram and blackgram were sown as per the 
treatment details in all the three experiments, and the results 
in brief of the experiments are presented as under:

NRMACAFRISIL202100500129: 

NRMACAFRISIL201300100091: 

Developing Multifunctional Agroforestry System for 
Nutritional Security in Semi-arid Tropics

Agroforestry based Conservation Agriculture for 
Sustainable Landuse and Improved Productivity

 (Ashok Yadav and Arun Kumar Handa)

(Inder Dev, Asha Ram, Naresh Kumar, Lal Chand, 
Sushil Kumar, Priyanka Singh and Venkatesh Y N*) 
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Experiment III: Bael + Teak based conservation 
agriculture system
The seed yield of mustard during rabi season of 2020-21 
was not influenced by tillage treatments. However, the 
seed yield was recorded slightly more in CT than MT 
plot. The residue addition has resulted in significant 
increase in the seed yield of mustard over control. 
Residue addition recorded substantial increase in seed 
yield in crop as well as leucaena residue addition in sub 
plots over no residue addition treatment. The grain yield 

-1 -1of barley ranged from 1139 kg ha  to 1402 kg ha  in MT 
plots (Fig. 1&2). 
Seed yield of blackgram was statistically at par in both the 
tillage treatments. Residue retention had influenced seed 
yield of blackgram significantly. The highest seed yield 
was recorded in crop residue retention followed by 
leucaena residue added plot and minimum in control. 
However, both the residue added treatments were found at 
par with each other. Seed yield of greengram in MT and 
CT treatments were non-significant. Among the residue 
based treatments, the seed yield of greengram increased 
substantially in crop as well as leucaena residue addition 
over no residue addition treatment (Fig. 3 & 4).  
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treatment details in all the three experiments, and the results 
in brief of the experiments are presented as under:

NRMACAFRISIL202100500129: 

NRMACAFRISIL201300100091: 

Developing Multifunctional Agroforestry System for 
Nutritional Security in Semi-arid Tropics

Agroforestry based Conservation Agriculture for 
Sustainable Landuse and Improved Productivity

 (Ashok Yadav and Arun Kumar Handa)

(Inder Dev, Asha Ram, Naresh Kumar, Lal Chand, 
Sushil Kumar, Priyanka Singh and Venkatesh Y N*) 
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Experiment III: Bael + Teak based conservation 
agriculture system
The seed yield of mustard during rabi season of 2020-21 
was not influenced by tillage treatments. However, the 
seed yield was recorded slightly more in CT than MT 
plot. The residue addition has resulted in significant 
increase in the seed yield of mustard over control. 
Residue addition recorded substantial increase in seed 
yield in crop as well as leucaena residue addition in sub 
plots over no residue addition treatment. The grain yield 

-1 -1of barley ranged from 1139 kg ha  to 1402 kg ha  in MT 
plots (Fig. 1&2). 
Seed yield of blackgram was statistically at par in both the 
tillage treatments. Residue retention had influenced seed 
yield of blackgram significantly. The highest seed yield 
was recorded in crop residue retention followed by 
leucaena residue added plot and minimum in control. 
However, both the residue added treatments were found at 
par with each other. Seed yield of greengram in MT and 
CT treatments were non-significant. Among the residue 
based treatments, the seed yield of greengram increased 
substantially in crop as well as leucaena residue addition 
over no residue addition treatment (Fig. 3 & 4).  



Growth parameters of bael and teak in different 
agroforestry based conservation agriculture systems
Growth parameters (DBH and Height) of bael and teak in 
all the three systems indicated that there was no significant 
difference between and among the systems for DBH and 
height of both the tree species. 
This project was concluded during October as the project 
objective were achieved. A new project on conservation 
agroforestry was approved during IRC 2021. The chickpea 
and linseed were sown during the rabi 2021-22.  

Melia based agroforestry system under SRT

A. cadamba based agroforestry system under SRT

cadamba  was next best performing tree species having 
16.50 cm (with intercrop) and 14.87 cm (pure plantation) 
diameter, however, the respective value for the height was 
8.95 m and 8.50 m.  In L. leucocephala, the lowest 
diameter at breast height (15.75 cm & 11.50 cm) was 
observed with intercrop and pure plantation with 11.80 m 
and 11.50 m height, respectively.
Intercrop performance
During Rabi 2020-21, wheat crop was grown in 
interspacing of A. cadamba,  M. dubia  and L. 
leucocephala  rows of both the spacings (4m x 5m and 
8.0m x 2.5m). As compared to open field conditions 

2(310.2 g/m ) significantly lower wheat grain yield was 
reported in all the agroforestry system with both spacings. 
The wheat grain yield in agroforestry systems ranged 

2between 50.3 to 195.6 g/m . Among the three tree species, 
highest wheat grain yield was reported with L. 
leucocephala  and lowest with M. dubia. This might be 
due to more canopy spread and shade of Melia trees. As 
compared to 4m x 5m spacing, higher wheat grain yield 
was recorded in 8m x 2.5m spacing, irrespective of tree 
species. Due to aberrant weather conditions, kharif  crop 
could not be grown during 2021. 

L. leucocephala based agroforestry system under SRT

2Fig. 5: Wheat yield (g/m ) under 4 m x 5 m spacing

2Fig. 6: Wheat yield (g/m ) under 8 m x 2.5 m spacing

NRMACAFRISIL201600200100.  
Structural and functional analysis of short rotation 
tree based Agroforestry system 

(Naresh Kumar, Asha Ram, Inder Dev, Kamini and 
Priyanka Singh)

The project entitled “Structural and functional analysis of 
short rotation tree based Agroforestry system” was started 
in the year 2016 at experimental farm of Central 
Agroforestry Research Institute, Jhansi. Three fast 
growing tree species viz., Anthocephalus cadamba, Melia 
dubia  and Leucaena leucocephala  were planted at two 
spacings  i.e. 4 x 5 m and 8 x 2.5 m under seven treatments 
viz., T -Anthocephalus cadamba+ crop, T  - Melia dubia 1 2

+ crop, T  - Leucaena leucocephala + crop, T  - 3 4

Anthocephalus cadamba (Pure plantation), T  - Melia 5

dubia (Pure plantation), T  - Leucaena leucocephala 6

(Pure plantation) and T  - Pure crop  (Kharif/Rabi)  with 7

three replications under RBD. Black gram – wheat crop 
sequence was being taken in this project. 
The growth performance of these tree species as well as 
tree-crop interactions were studied in agroforestry 
system. Sixteen numbers of plants of each tree species 

2have been planted in each plot (16 m x 20 m = 320 m ). 
This project was concluded in the IRC -2021.
The growth data of tree species were recorded and 
performance of wheat crop (as intercrop) was studied. 
Due to aberrant weather conditions, kharif  crop (Black 
gram) could not be grown during 2021.
The observations on height and diameter at breast height 
(dbh) of A. cadamba, M. dubia  and L. leucocephala  were 
recorded. It was observed that at five year age, Melia 
dubia recorded maximum average height as well as 
diameter at breast height (dbh).
In 4 m x 5 m spacing, M. dubia  recorded maximum height 
12.50 m when intercrop was grown and 12.25 m without 
intercrop (pure plantation). The respective diameter at 
breast height was 24.85 cm and 23.07 cm. A. cadamba 
registered 8.70 m and 8.20 m height; and 16.42 cm and 
14.75 cm diameter at breast height when intercrop was 
grown and without intercrop (pure plantation),  
respectively. Among three species under study, lowest 
diameter at breast height i.e.15.62 cm and 14.14 cm with 
tree height of 10.25 m and 10.10 m was observed in L. 
leucocephala  with intercrop and pure plantation, 
respectively.
When these three tree species were planted at 8 m x 2.5 m 
spacing, maximum height (13.20 m & 12.70 m) and 
diameter at breast height (25.16 cm & 24.72 cm) were 
recorded in M. dubia  grown with crop and as pure 
plantation. In terms of diameter at breast height, A.

Fig. 2. Grain yield of barley in different systems

Fig. 3. Grain yield of greengram in different systems

Fig. 4. Grain yield of blackgram in different systems
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Fig. 1. Grain yield of mustard in different systems
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Growth parameters of bael and teak in different 
agroforestry based conservation agriculture systems
Growth parameters (DBH and Height) of bael and teak in 
all the three systems indicated that there was no significant 
difference between and among the systems for DBH and 
height of both the tree species. 
This project was concluded during October as the project 
objective were achieved. A new project on conservation 
agroforestry was approved during IRC 2021. The chickpea 
and linseed were sown during the rabi 2021-22.  

Melia based agroforestry system under SRT

A. cadamba based agroforestry system under SRT

cadamba  was next best performing tree species having 
16.50 cm (with intercrop) and 14.87 cm (pure plantation) 
diameter, however, the respective value for the height was 
8.95 m and 8.50 m.  In L. leucocephala, the lowest 
diameter at breast height (15.75 cm & 11.50 cm) was 
observed with intercrop and pure plantation with 11.80 m 
and 11.50 m height, respectively.
Intercrop performance
During Rabi 2020-21, wheat crop was grown in 
interspacing of A. cadamba,  M. dubia  and L. 
leucocephala  rows of both the spacings (4m x 5m and 
8.0m x 2.5m). As compared to open field conditions 

2(310.2 g/m ) significantly lower wheat grain yield was 
reported in all the agroforestry system with both spacings. 
The wheat grain yield in agroforestry systems ranged 

2between 50.3 to 195.6 g/m . Among the three tree species, 
highest wheat grain yield was reported with L. 
leucocephala  and lowest with M. dubia. This might be 
due to more canopy spread and shade of Melia trees. As 
compared to 4m x 5m spacing, higher wheat grain yield 
was recorded in 8m x 2.5m spacing, irrespective of tree 
species. Due to aberrant weather conditions, kharif  crop 
could not be grown during 2021. 

L. leucocephala based agroforestry system under SRT

2Fig. 5: Wheat yield (g/m ) under 4 m x 5 m spacing

2Fig. 6: Wheat yield (g/m ) under 8 m x 2.5 m spacing

NRMACAFRISIL201600200100.  
Structural and functional analysis of short rotation 
tree based Agroforestry system 

(Naresh Kumar, Asha Ram, Inder Dev, Kamini and 
Priyanka Singh)

The project entitled “Structural and functional analysis of 
short rotation tree based Agroforestry system” was started 
in the year 2016 at experimental farm of Central 
Agroforestry Research Institute, Jhansi. Three fast 
growing tree species viz., Anthocephalus cadamba, Melia 
dubia  and Leucaena leucocephala  were planted at two 
spacings  i.e. 4 x 5 m and 8 x 2.5 m under seven treatments 
viz., T -Anthocephalus cadamba+ crop, T  - Melia dubia 1 2

+ crop, T  - Leucaena leucocephala + crop, T  - 3 4

Anthocephalus cadamba (Pure plantation), T  - Melia 5

dubia (Pure plantation), T  - Leucaena leucocephala 6

(Pure plantation) and T  - Pure crop  (Kharif/Rabi)  with 7

three replications under RBD. Black gram – wheat crop 
sequence was being taken in this project. 
The growth performance of these tree species as well as 
tree-crop interactions were studied in agroforestry 
system. Sixteen numbers of plants of each tree species 

2have been planted in each plot (16 m x 20 m = 320 m ). 
This project was concluded in the IRC -2021.
The growth data of tree species were recorded and 
performance of wheat crop (as intercrop) was studied. 
Due to aberrant weather conditions, kharif  crop (Black 
gram) could not be grown during 2021.
The observations on height and diameter at breast height 
(dbh) of A. cadamba, M. dubia  and L. leucocephala  were 
recorded. It was observed that at five year age, Melia 
dubia recorded maximum average height as well as 
diameter at breast height (dbh).
In 4 m x 5 m spacing, M. dubia  recorded maximum height 
12.50 m when intercrop was grown and 12.25 m without 
intercrop (pure plantation). The respective diameter at 
breast height was 24.85 cm and 23.07 cm. A. cadamba 
registered 8.70 m and 8.20 m height; and 16.42 cm and 
14.75 cm diameter at breast height when intercrop was 
grown and without intercrop (pure plantation),  
respectively. Among three species under study, lowest 
diameter at breast height i.e.15.62 cm and 14.14 cm with 
tree height of 10.25 m and 10.10 m was observed in L. 
leucocephala  with intercrop and pure plantation, 
respectively.
When these three tree species were planted at 8 m x 2.5 m 
spacing, maximum height (13.20 m & 12.70 m) and 
diameter at breast height (25.16 cm & 24.72 cm) were 
recorded in M. dubia  grown with crop and as pure 
plantation. In terms of diameter at breast height, A.

Fig. 2. Grain yield of barley in different systems

Fig. 3. Grain yield of greengram in different systems

Fig. 4. Grain yield of blackgram in different systems
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Fig. 1. Grain yield of mustard in different systems
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2.2. Tree Improvement  Research 
Programme

NRMACAFRISIL200700400071
Comparative studies on seedling and clonal plants of 
Pongamia pinnata with special reference to their 
adaptability to rainfed dry agroclimate

(Badre Alam, A K Handa, Sukumar Taria*,     
Hirdayesh Anuragi and Alka Bharti*) 

The physiological responses in relation with the 
photosynthetic carbon assimilation (P ) and thylakoid N

electron transport rate (ETR) have been noted in clonal and 
seedling plants during dry hot summer season. Clonal 
plants maintained relatively better photosynthetic 
efficiency than the seedling plants (Fig. 10). Better 
photosynthetic efficiency in clonal plants than the seedling 
plants during summer season has been corroborated with 
the rate of electron transport as well (Fig. 11). Comparative 
efficiency in clonal plants during dry hot summer has also 
been reflected in the photochemical efficiency and it has 
been noted in the maximum quantum yield under dark 
adapted stage i.e. Fv/Fm (Fig. 12). 
The differential responses as observed during peak summer 
conditions between clonal and seedling plants indicated 
differential functional efficiency which have remarkable 
impact on the better physiological efficiency in clonal 
plants than the seedling plants. Low pod formation was 
observed which was related to higher flower drop from the 
trees. The functional efficiency has also been reflected 
through the assessment of the dynamics of leaf water 
relations (Fig. 13). Analysis for the biochemical assays of 
the enzyme activities is progressing. The canopy diameter 
has also been estimated for both clonal and seedling plants 
in the field (Fig. 14). 

NRMACAFRISIL20200300121 
Temporal evaluation of cropping systems under varying 
spacing of Melia dubia based agroforestry system

(Sushil Kumar, Asha Ram, Naresh Kumar,           
Sukumar Taria, Priyanka Singh and Rajendra Prasad)

An experiment involving four Rabi season crops viz., 
wheat, barley, chickpea and mustard under varying spacing 
of Melia dubia (M =3x3 m, M =8x3 m, M =8x4 m and 1 2 3

M =8x5 m) was undertaken at the Institute Experimental 4

Farm (Fig 1).Growth parameters, yield attributes andyield 
of the experimental crops were recorded. Crop growth 
parameters were recorded at different growth stages (30, 
60, 90 and at harvest). Tree spacing did not significantly 
(p=0.05) influence the performance of test crops. However, 
recorded  data indicated that respective sole crops 
performed better than their counterparts grown with Melia 
dubia and recorded higher growth parameters, yield 
attributes and yields. The crop-wise obtained results are 
summarized as under.
Wheat: Wheat performance was observed poor under the 
tree as compared to sole cropping. Among tree-based 
treatments, the poor performance of wheat was observed 
under M  Sole wheat performed better, recorded higher plant 1.

height (0.4-9.80%), number of tillers (1.13-46%) length of 
the spike (0.21-8.63%), number of grain per spike (0.86-
5.0%), test weight (1.86-3.80), straw yield (5.17-27.08%) 
and grain yield (3.02-9.67%) as compared to rest of the 
treatments.
Chickpea: Likewise wheat, chickpea performed poorly with 
the tree as compared to the sole cropping. Among tree-based 
treatments, the minimal plant height, number of branches 

-1plant , test weight and yields of chickpea were observed with 
M Across the treatments, sole chickpea performed better 1.

recorded with higher plant height (5.51-17.33%), No. of 
-1branches plant  (4.80-9.58%), test weight (1.57-6.60%), 

grain yield (1.04-22.72%), stover yield (0.40-7.50) and 
biological yield (0.80-15.55%) over rest of the treatments. 
However, the highest harvest index (54.76%) was recorded 
with M1.

Mustard: Mustard also performed poorly with the tree as 
compared to the sole cropping. The highest and lowest 
growth parameters, yield attributes and yield were recorded 
with the sole cropping and M , respectively. Among 1

treatments, sole crop recorded the highest plant height 
-1(205.78 cm), number of siliqua plant (130.44), length of 

-1siliqua (6.80 cm), number of grains siliqua  (16.33), test 
-1weight (4.99 g) and yield (1514 kg ha ). 

Randomized soil sampling was performed in the field 
plots of the experimental agroforestry systems and 
samples were collected in triplicates from topsoil depth 
(0-15 cm) with the help of a spade. Sampling has been 
carried out at four agroforestry based land uses viz.  Teak + 
cropping, Melia + cropping, Ber + cropping, Anola + 
cropping, and an agricultural (sole) cropping system. 
After removal of the organic debris, the collected soil 
samples were partitioned in to two parts. One part was air 
dried in shade, processed and sieved through 2 mm sieve 
and, stored in polythene bags for analysis of soil physico-
chemical properties. The other part was sieved through 2 
mm sieve and stored in zippered polythene bags at 4ºC for 
analysis of soil biological and biochemical attributes. Soil 
moisture content was measured immediately after field 
sampling.

NRMA/CAFRI/SIL/2021/006/00130
Assessment of soil biological and biochemical characters 
in predominant agroforestry-based land use systems

(Sovan Debnath and Suresh Ramanan S)

Fig. 13:  Dynamics of leaf water relations of clonal and seedling 
plants of Pongamia pinnata under dry hot summer season

2. Research Achievements

Fig. 11: Thylakoid electron transport rate (ETR) of clonal and 
seedling plants of Pongamia pinnata under dry hot summer season

Fig. 10: Comparative CO  assimilation (PN max) of clonal and 2
seedling plants of Pongamia pinnata under dry hot summer season

Fig. 14: Canopy diameter of clonal and seedling plants of 
Pongamia pinnata in east-west and north-south directions
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2.2. Tree Improvement  Research 
Programme

NRMACAFRISIL200700400071
Comparative studies on seedling and clonal plants of 
Pongamia pinnata with special reference to their 
adaptability to rainfed dry agroclimate

(Badre Alam, A K Handa, Sukumar Taria*,     
Hirdayesh Anuragi and Alka Bharti*) 

The physiological responses in relation with the 
photosynthetic carbon assimilation (P ) and thylakoid N

electron transport rate (ETR) have been noted in clonal and 
seedling plants during dry hot summer season. Clonal 
plants maintained relatively better photosynthetic 
efficiency than the seedling plants (Fig. 10). Better 
photosynthetic efficiency in clonal plants than the seedling 
plants during summer season has been corroborated with 
the rate of electron transport as well (Fig. 11). Comparative 
efficiency in clonal plants during dry hot summer has also 
been reflected in the photochemical efficiency and it has 
been noted in the maximum quantum yield under dark 
adapted stage i.e. Fv/Fm (Fig. 12). 
The differential responses as observed during peak summer 
conditions between clonal and seedling plants indicated 
differential functional efficiency which have remarkable 
impact on the better physiological efficiency in clonal 
plants than the seedling plants. Low pod formation was 
observed which was related to higher flower drop from the 
trees. The functional efficiency has also been reflected 
through the assessment of the dynamics of leaf water 
relations (Fig. 13). Analysis for the biochemical assays of 
the enzyme activities is progressing. The canopy diameter 
has also been estimated for both clonal and seedling plants 
in the field (Fig. 14). 
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Temporal evaluation of cropping systems under varying 
spacing of Melia dubia based agroforestry system

(Sushil Kumar, Asha Ram, Naresh Kumar,           
Sukumar Taria, Priyanka Singh and Rajendra Prasad)

An experiment involving four Rabi season crops viz., 
wheat, barley, chickpea and mustard under varying spacing 
of Melia dubia (M =3x3 m, M =8x3 m, M =8x4 m and 1 2 3

M =8x5 m) was undertaken at the Institute Experimental 4

Farm (Fig 1).Growth parameters, yield attributes andyield 
of the experimental crops were recorded. Crop growth 
parameters were recorded at different growth stages (30, 
60, 90 and at harvest). Tree spacing did not significantly 
(p=0.05) influence the performance of test crops. However, 
recorded  data indicated that respective sole crops 
performed better than their counterparts grown with Melia 
dubia and recorded higher growth parameters, yield 
attributes and yields. The crop-wise obtained results are 
summarized as under.
Wheat: Wheat performance was observed poor under the 
tree as compared to sole cropping. Among tree-based 
treatments, the poor performance of wheat was observed 
under M  Sole wheat performed better, recorded higher plant 1.

height (0.4-9.80%), number of tillers (1.13-46%) length of 
the spike (0.21-8.63%), number of grain per spike (0.86-
5.0%), test weight (1.86-3.80), straw yield (5.17-27.08%) 
and grain yield (3.02-9.67%) as compared to rest of the 
treatments.
Chickpea: Likewise wheat, chickpea performed poorly with 
the tree as compared to the sole cropping. Among tree-based 
treatments, the minimal plant height, number of branches 

-1plant , test weight and yields of chickpea were observed with 
M Across the treatments, sole chickpea performed better 1.

recorded with higher plant height (5.51-17.33%), No. of 
-1branches plant  (4.80-9.58%), test weight (1.57-6.60%), 

grain yield (1.04-22.72%), stover yield (0.40-7.50) and 
biological yield (0.80-15.55%) over rest of the treatments. 
However, the highest harvest index (54.76%) was recorded 
with M1.

Mustard: Mustard also performed poorly with the tree as 
compared to the sole cropping. The highest and lowest 
growth parameters, yield attributes and yield were recorded 
with the sole cropping and M , respectively. Among 1

treatments, sole crop recorded the highest plant height 
-1(205.78 cm), number of siliqua plant (130.44), length of 

-1siliqua (6.80 cm), number of grains siliqua  (16.33), test 
-1weight (4.99 g) and yield (1514 kg ha ). 
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plots of the experimental agroforestry systems and 
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(0-15 cm) with the help of a spade. Sampling has been 
carried out at four agroforestry based land uses viz.  Teak + 
cropping, Melia + cropping, Ber + cropping, Anola + 
cropping, and an agricultural (sole) cropping system. 
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NRMA/CAFRI/SIL/2021/006/00130
Assessment of soil biological and biochemical characters 
in predominant agroforestry-based land use systems

(Sovan Debnath and Suresh Ramanan S)

Fig. 13:  Dynamics of leaf water relations of clonal and seedling 
plants of Pongamia pinnata under dry hot summer season

2. Research Achievements

Fig. 11: Thylakoid electron transport rate (ETR) of clonal and 
seedling plants of Pongamia pinnata under dry hot summer season

Fig. 10: Comparative CO  assimilation (PN max) of clonal and 2
seedling plants of Pongamia pinnata under dry hot summer season

Fig. 14: Canopy diameter of clonal and seedling plants of 
Pongamia pinnata in east-west and north-south directions
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Fig. 8: Soil moisture content of the experimental agroforestry 
systems. Columns followed by letter in common do not differ 
significantly at P <0.05. Vertical bars on columns represent 

standard error (n  = 3).

Fig. 9: Sampling and processing images
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Fig. 7: Field view of the wheat experiment



NRMACAFRISIL201500100092  
Evaluation and characterization of different leucaena 
germplasm at CAFRI, Jhansi

# #(K Rajarajan, AK Handa, SB Chavan /R Vishnu            
A K Singh and Maneet Rana)

In this study, the key fuelwood and pulpwood traits were 
studied on five different species of Leucaena viz. Leucaena 
leucocephala, Leucaena diversifolia, Leucaena collinsii, 
Leucaena lanceolata and Leucaena shanonii. Based on the 
putative wood properties parameters L. leucocephala had 
better pulpwood properties, while L. collinsii had better 
attributes for fuelwood. The later however had comparable 
levels of lingo-cellulosic properties with L. leucocephala 
suggesting to be a new source of raw material for pulp and 
bioenergy. Further, it could be used as a donor parent for 
inter-specific hybridization to produce superior hybrids for 
utilization in the wood-based industries.

NRMACAFRISIL201801100114
Functional genomics for early drought tolerance in 
Pongamia pinnata genotypes

(K Rajarajan, A Radhakrishnan, Sukumar Taria*,        
H Anuragi, Alka Bharti* and Ashajyothi*)

In this proposed year, expression analysis with six known 
candidate genes was carried out. However, the nine 
morpho-physiological and biochemical traits were 
studied in these six genotypes as early tolerant (NRCP-
17, NRCP-9 and NRCP-25) and early susceptible 
(NRCP-6, NRCP-10 and NRCP-14) under drought stress 
and control conditions. Significant differences were

observed for all the considered parameters under drought 
stress condition. Based on the traits studied contrasting 
genotypes were identified as NRCP-9 tolerant and 
NRCP-10  susceptible.  In  addition,  molecular  
characterization was done for the remaining four 
genotypes (NRCP-6, NRCP-14, NRCP-17 and NRCP-
25) by differential gene identified are subjected to the 
whole transcriptome analysis. The results revealed that 
significant differential expressions was found between 
the genotypes for drought stress tolerance. Among the 
four genotypes, NRCP25 found to be early drought 
tolerant as compared with other three genotypes. Overall, 
this study can be useful in Pongamia genetic 
improvement for drought tolerance.

Moringa oleifera Lam., a member of moringaceae family 
has been considered as a "Superfood," or "Wonder tree," or 
"Tree of life" due to its exceptionally high nutritional and 
therapeutic properties which can cure over 300 human 
ailments. Further, the drought tolerance and fast growing 
nature make moringa a very suitable species for 
agroforestry for ensuring farmland ecosystem restoration, 
nutritional and livelihood security under current scenario of 
climate change. India leads in moringa production and own 
around 80% (US$ 8 billion worth) of global moringa 
market. By looking at the importance of this species, the 
current study was aimed at collecting the existing moringa 
germplasm from possible nearby places and characterize 
them to identify superior genotypes with year-round 
fruiting and higher adaptability for water scarce and hot 
Bundelkhand and other semi-arid regions. A total of thirty 
moringa  germplasm with varied morphological  
characteristics have been collected from different 
Bundelkhand districts of Madhya Pradesh and Uttar 
Pradesh. A considerable amount of variability was observed 
while collection. The passport data of each germplasm was 
collected during the visit. 
These germplasm were studied in terms of seed 
germination and early seedling growth performance under 
partial control shade net condition to identify the most 
vigorous ones. The result indicated the existence of 
significant variation (p<0.05) for seed germination and 
seedling survival attributes. Young seedlings at 30 DAS 
also exhibited significant differences for seedling length, 
seedling fresh weight, seedling dry weight, seedling vigor 
index-I and II, mean germination rate, mean germination 
time, synchronization index, germination index, coefficient

NRMACAFRISIL201900200118
Collection, evaluation and hybridization of Moringa  
germplasm

(Hirdayesh Anuragi and K Rajarajan)

Fig. 15: Wood fibers of five different Leucaena species
# Transfer/joined as new position at other institutes

Fig. 16: Bundelkhand map representing number of 
germplasm collected from different districts

moringa 

Fig. 17: Variation in pod morphological characteristics

Fig. 18: Bipinnate and tripinnate leaves (a & b), normal and pigmented leaves (c & d) varied flowering behavior (e – i), varied plant 
architecture (j – n) and field view of moringa germplasm at Research Farm of ICAR-CAFRI, Jhansi (o)

of velocity of germination and speed of germination in all 
the germplasm which might be attributable to their inherent 
vigor. The PCA and Cluster analysis was also performed to 
dissect the potential relationships among the traits. Four 
germplasm viz., CMC-3, CMC-8, CMC-12, and CMC-24 
were found to be more prominent in terms of initial seedling 
growth performance. This existing variation at early 
seedling stage could be utilized in futuristic moringa 
breeding programs. 
Furthermore, these germplasm were sown in the field and 
observed for various morphometric traits. Three 
germplasm viz., CMC-5, CMC-8 and CMC-12 were 
identified with early and prolonged flowering and fruiting 
behavior as well as higher adaptability indicating to be the 
potential germplasm for further research and utilization. 
Descriptive statistics, variance analysis, correlation 
coefficient, PCA and cluster analysis were also performed 
to evaluate the existing variability.  Significant 
differences (p<0.05) in plant height, stem girth, number 
of primary branches, flower, and pod and seed 
characteristics were observed among the germplasm. 
Heritability, genetic advance, correlation and path 
analysis suggested that number of primary branches, 
canopy size, high flower numbers and pod length could be 
important parameters for breeding programs in moringa.
*CMC-CAFRI Moringa Collection

18

ICAR

19

ICAR

L. leucocephala

L. diversifolia

L. shanonii

L. collinsii

L. lancelata



NRMACAFRISIL201500100092  
Evaluation and characterization of different leucaena 
germplasm at CAFRI, Jhansi

# #(K Rajarajan, AK Handa, SB Chavan /R Vishnu            
A K Singh and Maneet Rana)

In this study, the key fuelwood and pulpwood traits were 
studied on five different species of Leucaena viz. Leucaena 
leucocephala, Leucaena diversifolia, Leucaena collinsii, 
Leucaena lanceolata and Leucaena shanonii. Based on the 
putative wood properties parameters L. leucocephala had 
better pulpwood properties, while L. collinsii had better 
attributes for fuelwood. The later however had comparable 
levels of lingo-cellulosic properties with L. leucocephala 
suggesting to be a new source of raw material for pulp and 
bioenergy. Further, it could be used as a donor parent for 
inter-specific hybridization to produce superior hybrids for 
utilization in the wood-based industries.

NRMACAFRISIL201801100114
Functional genomics for early drought tolerance in 
Pongamia pinnata genotypes

(K Rajarajan, A Radhakrishnan, Sukumar Taria*,        
H Anuragi, Alka Bharti* and Ashajyothi*)

In this proposed year, expression analysis with six known 
candidate genes was carried out. However, the nine 
morpho-physiological and biochemical traits were 
studied in these six genotypes as early tolerant (NRCP-
17, NRCP-9 and NRCP-25) and early susceptible 
(NRCP-6, NRCP-10 and NRCP-14) under drought stress 
and control conditions. Significant differences were

observed for all the considered parameters under drought 
stress condition. Based on the traits studied contrasting 
genotypes were identified as NRCP-9 tolerant and 
NRCP-10  susceptible.  In  addition,  molecular  
characterization was done for the remaining four 
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climate change. India leads in moringa production and own 
around 80% (US$ 8 billion worth) of global moringa 
market. By looking at the importance of this species, the 
current study was aimed at collecting the existing moringa 
germplasm from possible nearby places and characterize 
them to identify superior genotypes with year-round 
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the germplasm which might be attributable to their inherent 
vigor. The PCA and Cluster analysis was also performed to 
dissect the potential relationships among the traits. Four 
germplasm viz., CMC-3, CMC-8, CMC-12, and CMC-24 
were found to be more prominent in terms of initial seedling 
growth performance. This existing variation at early 
seedling stage could be utilized in futuristic moringa 
breeding programs. 
Furthermore, these germplasm were sown in the field and 
observed for various morphometric traits. Three 
germplasm viz., CMC-5, CMC-8 and CMC-12 were 
identified with early and prolonged flowering and fruiting 
behavior as well as higher adaptability indicating to be the 
potential germplasm for further research and utilization. 
Descriptive statistics, variance analysis, correlation 
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to evaluate the existing variability.  Significant 
differences (p<0.05) in plant height, stem girth, number 
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2.3. Carbon & Climate Change 
Research Programme

NRMA/CAFRI/SIL/2021/011/00135

NRMA/CAFRI/SIL/2021/012/00136

Ecophysiological dynamics for assessing climate change 
mitigation potential of contrasting tree populations of 
Pongamia pinnata

Assessment of ecosystem services in silvipastoral system 
in semi-arid conditions

(Badre Alam and Rajendra Prasad)

(Asha Ram, Inder Dev and Naresh Kumar)

Quite a few number of ecophysiological traits are being 
studied for primary information for their use for assessing 
climate change mitigation potential. In this direction, 
relevant ecophysiological parameters are being estimated 
in relation to leaf physiological responses. The experiment 
is being conducted and the analysis is in progress.   

It was observed that highest grass biomass production 
was recorded in T - Teak+Mahagoni+ Pasture + Contour 7

Staggered Trenches (CST) followed by T - Teak 6

+Mahagoni +Pasture +Vegetative Hedge. Dynamics in 
soil moisture content was also studied at 15 days interval 
and found that treatments with soil and moisture 
conservation measures and with pasture component 
recorded higher moisture content as compared to sole 
trees. The soil moisture content ranged between 1.42% 
(May) to 12.79% (August). The contour staggered 
trenches (CST) and half-moon basin (HMB) trapped soil 

-1 -1sediments at the rate of 4.76 t ha  and 1.80 t ha , 
respectively (Fig. 19). Out of total 07 event rainfall, 
maximum runoff was generated in sole mahagoni 
whereas lowest runoff was occurred in Teak+Mahagoni+ 
Pasture + Contour Staggered Trenches (CST). Likewise 

2. Research Achievements

Collection of runoff water for soil loss and nutrient loss estimation

Fig. 20: Soil trapped in Contour Staggered Trenches 
and Half Moon Basin (t/ha)

Biomass production of Cenchrus ciliaris and Stylosanthes seabrana

Fig. 19: Soil moisture dynamics in different treatments 
in silvipastoral system

minimum soil loss, nutrient loss were recorded in T  7
treatment. The root growth parameters and root binding 
capacity of grasses were also recorded higher in treatment 
with soil and moisture conservation measures as 
compared to sole pasture. This project was concluded in 
the IRC- 2021.  

NRMA/CAFRI/SIL/2016/007/00104
Impact of watershed and agroforestry interventions on 
hydrology and nutrient loss at Garhkundar-Dabar 
watershed in Bundelkhand region of central India

(Inder Dev, R K Tiwari and Asha Ram)
Runoff and soil loss was monitored at four locations in 
Garhkundar-Dabar (GKD) watershed (treated). The 
untreated watershed was gauged for the same purpose at 
the outlet. Datalogger based automatic stage level 
recorders were installed at five sites as well as in control 
watershed during 2021. Manual and self-recording rain 
gauges have also been installed to record the rainfall. 
Runoff from the treated watershed was 10.2% of total 
recorded rainfall during the period. Soil loss from treated

was 81.5% lower in case of treated over untreated 
watershed. Average water column was recorded as 4.5 m 
in GKD watershed, which was found 44% higher than the 
average water column of open wells of untreated 
watershed.

Following the PRISMA guidelines (Preferred Reporting 
Items for Systematic Reviews and Meta- Analysis), the 
metadata for one wood perennial- Ailanthus excels has been 
collected and an attempt was also made to refine the 
metadata so that analysis can be started.

NRMA/CAFRI/SIL/2021/013/00137
Text mining for assessing research trends and gaps of 
agroforestry perennials: A Big data analysis approach

(Suresh Ramanan S and A Arunachalam)
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2.4. Agroforestry Extension Research 
Programme

NRMA/CAFRI/SIL/2021/014/00138

NRMA/CAFRI/SIL/2021/015/00139

Constraints  in  Adoption of  Agroforestry  in  
Bundelkhand Region of Central India

Impact assessment of agroforestry and water 
conservation interventions on livelihood of farmers in 
Garhkundar Dabar watershed

(R P Dwivedi, Sushil Kumar and Priyanka Singh)

(Sushil Kumar and Priyanka Singh)

The research project is in its start year and the interview 
schedule preparation, pilot testing of the Interview schedule 
and selection of the villages for data collection is under the 
process. 

Project activities for assessing impact of agroforestry and 
water conservation interventions on livelihood of farmers 
in Garhkundar-Dabar watershed have been initiated. The 

2. Research Achievements

secondary information from all the available sources viz., 
published and unpublished literature collected and 
reviewed. A proforma as per the need of the project for data 
collection has been developed.  

Village survey was conducted and three treated villages 
namely Parasai, Chhatarpur and Bachauri and three control 
villages viz; Rajapur, Imliya were selected. Survey schedule 
was prepared and pre-testing of schedule is being conducted.

During 2021, the institute organized various activities and 
capacity building programmes for transfer of technologies 
and for creating awareness among the farmers for the 
adoption of agroforestry (Table 1) depicts the details of 
training and capacity building programme.

NRMA/CAFRI/SIL/2021/016/00140
Economic impact of ICAF-CAFRI interventions in 
Parasai Sindh Watershed. 

(Priyanka Singh and R P Dwivedi)

KISAN MELA, KISAN DIWAS, KRISHAK GOSTHI, 
VISITS, TRAINING, EXHIBITIONS AND VAN 
MAHOTSAV ORGANIZED

people about CAFRI and agroforestry for the benefit of 
farmers. The brand CAFRI is now visible through daily 
news papers in and around Jhansi. 

During January 2021 to December 2021 more than 2700 
farmers' visits were organized at ICAR-CAFRI, Jhansi.

During 2021, The plantation drive in the MGMG villages was 
carried out by Scientists of ICAR-CAFRI Jhansi in the 
selected MGMG villages. The scientists also interacted and 
created awareness about Agroforestry among the farmers. 
Organized interface meetings with the farmers of MGMG 
villages during 2021. Total 3545 plants were distributed to the 
farmers. The list of clusters (5) and villages (16) are as below:
1. Hastinapur cluster (3 villages- Hastinapur, Karari, Rund 

Karari), Jhansi, U.P.
2. Domagor cluster (3 villages-Domagor, Dhikoli, 

Nayakhers), Jhansi, U.P.
3. Ganeshgarh cluster (3 villages- Ganeshgarh, Devgarh, 

Ramgarh), Jhansi, U.P.
4. Parasai cluster (3 villages- Parasai, Chhatpur, 

Bachhauni), Jhansi, U.P.
5. Garhkundar cluster (4 villages- Garhkundar, Dabar, 

Sakuli, Shivrampur), Niwari, M.P.

Visits organized at CAFRI, Jhansi

MERA GAON-MERA GARAUV (MGMG)

Tree Plantation Campaign
thOn 16  July, 2021, ICAR-CAFRI organized a Nation-

wide Tree Plantation Campaign as the part of India@75 
rdAzadi ka Amrut Mahotsav  on the eve of the 93  

Foundation Day of Indian Council of Agricultural 
Research (ICAR). Dr. Trilochan Mohapatra, Secretary 
DARE & DG ICAR, The DDGs and ADGs of ICAR 
headquarters were also present in the meeting. Dr. A. 
Arunachalam, Director, ICAR-CAFRI coordinated this 
program that aimed to plant 10 lakhs tree seedlings. With 
the support of NARES, SMAF and other partners, 9.54 
lakhs tree seedlings were planted across the nation.

Popularised and promoted Agroforestry poem, slogans and 
punch lines of Krishivaniki during Kisan Mela, Kisan 
Gosthi, Interface meetings, KVKs Gosthi, Exhibitions, 
State department programmes and among visiting farmers, 
farm women, etc. and mobilized the farmers about 
agroforestry practices and benefits through dissemination 
of awareness campaign.

A very good coverage of CAFRI's activities appeared in 
local newspapers through updating and briefing press  

Promoted Agroforestry through Poem, Slogans and 
Punch lines

Wide publicity of CAFRI's activities through Local 
Newspaper coverage

22

ICAR

23

ICAR

Table 1: List of trainings, exhibitions and capacity building programmes
S.No. Activities Date Location Participant 

(Nos.)
nd1 Tapping of Palas Gum (Kamarkas)  22  January, Training Centre of National Rural 60 farmers

in collaboration with Srijan 2021 Livelihood Mission, Sirsaud 
Society (NGO) village, Karera block, Shivpuri (M.P)

th2 Kisan Mela and Kisan Gosthi 12  March, ICAR-IGFRI, Jhansi 107 farmers
2021

th3 Krishako ko Ber me kaant-chant 17-19  June, Parasai village, Babina block, 22 farmers
ka prakshinan karyakram 2021 Jhansi (U.P.)
(Ber Pruning)

th4 Online Training for Chattisgarh 11  August, Virtual mode 30 forest
Forest Department Officers 2021 officials

st rd5 Krishako Ko Ber Me Kalam 1 -3  September, Parasai village, Babina block, 16 farmers
Baandhane Ka Prakshinan 2021 Jhansi (U.P.)
Karyakram (Ber Budding )

th th6 Krishivaniki Aadharit Naveen 28 -30  September, ICAR-CAFRI, Jhansi 25 farmers
Taknikiyan in association with 2021
Srijan Society funded by 
NABARD, Kanpur

st7 Krishi Takniki Pradarshini Evam 1  November, ICAR-IGFRI, Jhansi 74 farmers
Kisan Mela 2021

st8 Exhibition of different Agroforestry 1  December, Shivrampur village, Niwari, M.P. 43farmers
based Technologies 2021

th9 Aoudyaniki Krishi Evam Krishi 27  December, Jhansi Paramedical College Campus, 66 farmers
Udyami Mela 2021 Jhansi



2.4. Agroforestry Extension Research 
Programme

NRMA/CAFRI/SIL/2021/014/00138

NRMA/CAFRI/SIL/2021/015/00139

Constraints  in  Adoption of  Agroforestry  in  
Bundelkhand Region of Central India

Impact assessment of agroforestry and water 
conservation interventions on livelihood of farmers in 
Garhkundar Dabar watershed

(R P Dwivedi, Sushil Kumar and Priyanka Singh)

(Sushil Kumar and Priyanka Singh)

The research project is in its start year and the interview 
schedule preparation, pilot testing of the Interview schedule 
and selection of the villages for data collection is under the 
process. 

Project activities for assessing impact of agroforestry and 
water conservation interventions on livelihood of farmers 
in Garhkundar-Dabar watershed have been initiated. The 

2. Research Achievements

secondary information from all the available sources viz., 
published and unpublished literature collected and 
reviewed. A proforma as per the need of the project for data 
collection has been developed.  

Village survey was conducted and three treated villages 
namely Parasai, Chhatarpur and Bachauri and three control 
villages viz; Rajapur, Imliya were selected. Survey schedule 
was prepared and pre-testing of schedule is being conducted.

During 2021, the institute organized various activities and 
capacity building programmes for transfer of technologies 
and for creating awareness among the farmers for the 
adoption of agroforestry (Table 1) depicts the details of 
training and capacity building programme.

NRMA/CAFRI/SIL/2021/016/00140
Economic impact of ICAF-CAFRI interventions in 
Parasai Sindh Watershed. 

(Priyanka Singh and R P Dwivedi)

KISAN MELA, KISAN DIWAS, KRISHAK GOSTHI, 
VISITS, TRAINING, EXHIBITIONS AND VAN 
MAHOTSAV ORGANIZED

people about CAFRI and agroforestry for the benefit of 
farmers. The brand CAFRI is now visible through daily 
news papers in and around Jhansi. 

During January 2021 to December 2021 more than 2700 
farmers' visits were organized at ICAR-CAFRI, Jhansi.

During 2021, The plantation drive in the MGMG villages was 
carried out by Scientists of ICAR-CAFRI Jhansi in the 
selected MGMG villages. The scientists also interacted and 
created awareness about Agroforestry among the farmers. 
Organized interface meetings with the farmers of MGMG 
villages during 2021. Total 3545 plants were distributed to the 
farmers. The list of clusters (5) and villages (16) are as below:
1. Hastinapur cluster (3 villages- Hastinapur, Karari, Rund 

Karari), Jhansi, U.P.
2. Domagor cluster (3 villages-Domagor, Dhikoli, 

Nayakhers), Jhansi, U.P.
3. Ganeshgarh cluster (3 villages- Ganeshgarh, Devgarh, 

Ramgarh), Jhansi, U.P.
4. Parasai cluster (3 villages- Parasai, Chhatpur, 

Bachhauni), Jhansi, U.P.
5. Garhkundar cluster (4 villages- Garhkundar, Dabar, 

Sakuli, Shivrampur), Niwari, M.P.

Visits organized at CAFRI, Jhansi

MERA GAON-MERA GARAUV (MGMG)

Tree Plantation Campaign
thOn 16  July, 2021, ICAR-CAFRI organized a Nation-

wide Tree Plantation Campaign as the part of India@75 
rdAzadi ka Amrut Mahotsav  on the eve of the 93  

Foundation Day of Indian Council of Agricultural 
Research (ICAR). Dr. Trilochan Mohapatra, Secretary 
DARE & DG ICAR, The DDGs and ADGs of ICAR 
headquarters were also present in the meeting. Dr. A. 
Arunachalam, Director, ICAR-CAFRI coordinated this 
program that aimed to plant 10 lakhs tree seedlings. With 
the support of NARES, SMAF and other partners, 9.54 
lakhs tree seedlings were planted across the nation.

Popularised and promoted Agroforestry poem, slogans and 
punch lines of Krishivaniki during Kisan Mela, Kisan 
Gosthi, Interface meetings, KVKs Gosthi, Exhibitions, 
State department programmes and among visiting farmers, 
farm women, etc. and mobilized the farmers about 
agroforestry practices and benefits through dissemination 
of awareness campaign.

A very good coverage of CAFRI's activities appeared in 
local newspapers through updating and briefing press  

Promoted Agroforestry through Poem, Slogans and 
Punch lines

Wide publicity of CAFRI's activities through Local 
Newspaper coverage
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Table 1: List of trainings, exhibitions and capacity building programmes
S.No. Activities Date Location Participant 

(Nos.)
nd1 Tapping of Palas Gum (Kamarkas)  22  January, Training Centre of National Rural 60 farmers

in collaboration with Srijan 2021 Livelihood Mission, Sirsaud 
Society (NGO) village, Karera block, Shivpuri (M.P)

th2 Kisan Mela and Kisan Gosthi 12  March, ICAR-IGFRI, Jhansi 107 farmers
2021

th3 Krishako ko Ber me kaant-chant 17-19  June, Parasai village, Babina block, 22 farmers
ka prakshinan karyakram 2021 Jhansi (U.P.)
(Ber Pruning)

th4 Online Training for Chattisgarh 11  August, Virtual mode 30 forest
Forest Department Officers 2021 officials

st rd5 Krishako Ko Ber Me Kalam 1 -3  September, Parasai village, Babina block, 16 farmers
Baandhane Ka Prakshinan 2021 Jhansi (U.P.)
Karyakram (Ber Budding )

th th6 Krishivaniki Aadharit Naveen 28 -30  September, ICAR-CAFRI, Jhansi 25 farmers
Taknikiyan in association with 2021
Srijan Society funded by 
NABARD, Kanpur

st7 Krishi Takniki Pradarshini Evam 1  November, ICAR-IGFRI, Jhansi 74 farmers
Kisan Mela 2021

st8 Exhibition of different Agroforestry 1  December, Shivrampur village, Niwari, M.P. 43farmers
based Technologies 2021

th9 Aoudyaniki Krishi Evam Krishi 27  December, Jhansi Paramedical College Campus, 66 farmers
Udyami Mela 2021 Jhansi



rainfed agri-silviculture model, survival of A. senegal and 
A. nilotica ranged between 78-79 and 62-82%, respectively. 
A. senegal recorded maximum survival planted in 10 × 5 m 
while A. nilotica in 5 × 5 m spacing. After nine years of 
plantation, higher GBH and plant height were recorded in 
A. nilotica than A. senegal in almost all the spacing, barring 
few exceptions.
In silvi-herbal model-I, Terminalia arjuna  showed 
maximum survival (100%), followed by A. senegal and A. 
nilotica. Maximum plant height (cm) was recorded in A. 
senegal and minimum in T. arjuna. In silvi-herbal model-II, 
T. arjuna showed maximum survival (100%), followed by 
A. nilotica and A. senegal. Highest GBH, plant height and 
canopy spread were recorded in A. nilotica. 
In silvi-herbal model-I, maximum survival of lemongrass 
was recorded in 100 × 125 cm (76.38%) and minimum in 
100 × 50 cm (66.98%) and in silvi-herbal model-II, similar 
trend was recorded (Figure 21). In block plantation of A. 
senegal on rocky hillock, plants attained mean height of 
489.1 cm with GBH of 26.6 cm. In  gum gardens, survival 
was higher in A. senegal than B. monosperma. The GBH, 
plant height and canopy spread of A. senegal was relatively 
higher in old gum garden than in new gum garden.

During summer season, natural exudation of gum in 
different fields of A. senegal  was observed. Gum yield 
ranged from 17.59–138.79 with mean of 78.39 g/tree in 
agri-horti-silviculture model; 4.03–903.56 with mean of 
119.41 g/tree in rainfed agri-silviculture model; 
3.76–73.04 with mean of 27.92 g/tree in old gum garden; 
2.39–171.61 with mean of 35.98 g/tree in new gum 
garden; and 1.85–184.93 with mean of 27.93 g/tree in 
block plantation in rocky hillock. Maximum number of 
gum tears/tree (4.11) was recorded in A. senegal  based 
multi-component  agri-horti-silviculture model while 
minimum (1.88) was in new gum garden. Similarly, yield 
of gum from A. nilotica  was also observed, which ranged 
from 12.04–30.24 with a mean of 19.10 g/tree in silvi-
herbal model and 6.29–40.11 with average of 14.29 g/tree 
in rainfed agri-silviculture.

Soils of different agroforestry models viz., silvi-herbal 
model, gum gardens (new and old), progeny and plus tree 
trials of Anogeissus pendula, block plantation of A. pendula 
(field no. 33) and A. latifolia (field no. 34) were 
characterized during 2021-22. For the purpose, soil 
samples were collected from two layers (0-15 and 15-30

During rabi season of 2020-21, T. aestivum (variety HD 
2967) was sown in A. senegal based multi-component agri-
horti-silviculture model. Plant growth and yield attributes 
of T. aestivum were recorded at three distances viz., 1.0, 2.5 
and 4.5 m from stem-base of A. senegal, A. marmelos  and C. 
limon. Tree species significantly affected seed yield and

cm) of the tree's rhizospheres (i.e. <1.0 m distance from 
tree-base). Soil depth affected the soil properties. Soil pH 
and EC was higher in sub-surface in all the models, barring 
few exceptions. SOC, all major (N, P and K) and micro-
nutrients (Fe, Mn and Zn) were higher in top layer of the soil 
in almost all the models, barring few exceptions. In silvi-
herbal model wherein lemongrass is planted, similar trend 
was recorded. 
Observation on soil dehydrogenase activity (DHA) was 
also recorded. In A. senegal  based agri-horti-silviculture 
model which consisted of A. senegal, A. marmelos  and C. 
limon, soil samples were taken from 0.5, 1.0, 2.0, 4.0 and 
6.0 m distance from tree-base and at each distance, from 
two soil depths (0-15 and 15-30 cm). Results showed that 
as the distance from tree-base increases, the value of DHA 
increases. Soil DHA was comparatively higher in surface 
soil. Results also suggested that different woody 
perennials exhibit variable effects on soil DHA (Figure 
23). In rainfed agri-silviculture model wherein A. senegal  
and A. nilotica, planted in three different spacing (10×10, 
10×5 and 5×5 m), also showed almost similar results. 
Plant spacing affected the soil DHA; it was recorded 
maximum in 5 × 5 m and minimum in 10 × 10 m spacing. 
The values of soil DHA was relatively higher in surface 
soil.

above-ground dry biomass. Maximum grain yield was 
recorded under A. senegal which was at par with the yield 
under C. limon (Figure 21). Distance from tree trunk 
significantly affected all the recorded parameters. From this 
model, a total of 151 kg lemon, 58 kg karonda and 2080 kg 
bael fruits were harvested.

Acacia senegal based multi-component agri-horti-silviculture model at CAFRI research farm. A- Intercrop (wheat), 
B- Bael, C- Lemon and D- Karonda.

A B

Natural exudation of gums. A- A. senegal and 
B- A. nilotica.

Fig. 23: Soil DHA in A. senegal  based agri-horti-silviculture model

2. Research Achievements

Fig. 21: Survival (%) of lemongrass in silvi-herbal models

2Fig. 22: Effect of woody perennials on seed yield (g/m ) of wheat 
in agri-horti-silviculture model
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2.5: Externally Funded Projects
ICAR Network Project

NRMACAFRISOP200800100075
Harvesting, processing and value addition of natural 
resins and gums

(Rajendra Prasad, A K Handa and Badre Alam)
This Network Project is being implemented at 10 centres 
coordinated by and headquartered at ICAR-IINRG, 
Ranchi. The main theme assigned to ICAR-CAFRI, Jhansi 
is “to develop agroforestry models integrating resin- and 
gum-yielding trees for livelihood security and horizontal 
dissemination of technologies”. To achieve this broad 
objective, the centre is implementing five sub-projects viz., 
i) productivity of gum yielding tree-based agroforestry 
models; ii) demonstration and development of gum 
yielding tree-based agroforestry models on farmer's fields; 
iii) indigenous technical knowledge (ITK) on gum and 
resin's tapping, applications and post-harvest value 
addition; iv) standardization of gum tapping techniques; 
and v) studies on root distribution pattern and above- & 
below-ground biomass in A. senegal. During the year, 
growth and productivity data of established gum yielding 
tree-based agroforestry models were recorded. Besides, 
7000 seedlings of A. senegal were provided to the farmers 
for planting on their farms. For ITK information, survey of 
tribal dominated areas of Madhya Pradesh, namely 
Shivpuri, Sheopur, Dewas and Khandwa districts was 
conducted. Natural exudation of gum was monitored in 
both A. senegal and A. nilotica in established agroforestry 
models. Root distribution pattern of A. senegal was studied 
along with soil health status of different gum yielding tree-
based agroforestry models. The detailed work progress of 
different sub-projects is illustrated as under:
A. Productivity of gum yielding tree-based agroforestry 
models: In A. senegal based multi-component model (agri-
horti-silviculture), maximum GBH (cm), plant height (cm) 

2and canopy spread (m ) were recorded in Aegle marmelos, 
followed by A. senegal, Citrus limon and Carissa carandas. 
Survival (%) was maximum in C. carandas and minimum in 
C. limon. Pruning of tree's crown was carried out in the month 
of October i.e. before sowing of winter crops. During rabi 
(2020-21) and kharif (2021) seasons, Triticum aestivum 
(variety HD 2967) and Vigna radiata (variety Sweta), 
respectively were cultivated as intercrops. In the model, four 
trees of A. senegal exuded gum (78.39 g/tree). In

Silvi-herbal model-I     Silvi-herbal model-I
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rainfed agri-silviculture model, survival of A. senegal and 
A. nilotica ranged between 78-79 and 62-82%, respectively. 
A. senegal recorded maximum survival planted in 10 × 5 m 
while A. nilotica in 5 × 5 m spacing. After nine years of 
plantation, higher GBH and plant height were recorded in 
A. nilotica than A. senegal in almost all the spacing, barring 
few exceptions.
In silvi-herbal model-I, Terminalia arjuna  showed 
maximum survival (100%), followed by A. senegal and A. 
nilotica. Maximum plant height (cm) was recorded in A. 
senegal and minimum in T. arjuna. In silvi-herbal model-II, 
T. arjuna showed maximum survival (100%), followed by 
A. nilotica and A. senegal. Highest GBH, plant height and 
canopy spread were recorded in A. nilotica. 
In silvi-herbal model-I, maximum survival of lemongrass 
was recorded in 100 × 125 cm (76.38%) and minimum in 
100 × 50 cm (66.98%) and in silvi-herbal model-II, similar 
trend was recorded (Figure 21). In block plantation of A. 
senegal on rocky hillock, plants attained mean height of 
489.1 cm with GBH of 26.6 cm. In gum gardens, survival 
was higher in A. senegal than B. monosperma. The GBH, 
plant height and canopy spread of A. senegal was relatively 
higher in old gum garden than in new gum garden.

During summer season, natural exudation of gum in 
different fields of A. senegal  was observed. Gum yield 
ranged from 17.59–138.79 with mean of 78.39 g/tree in 
agri-horti-silviculture model; 4.03–903.56 with mean of 
119.41 g/tree in rainfed agri-silviculture model; 
3.76–73.04 with mean of 27.92 g/tree in old gum garden; 
2.39–171.61 with mean of 35.98 g/tree in new gum 
garden; and 1.85–184.93 with mean of 27.93 g/tree in 
block plantation in rocky hillock. Maximum number of 
gum tears/tree (4.11) was recorded in A. senegal  based 
multi-component  agri-horti-silviculture model while 
minimum (1.88) was in new gum garden. Similarly, yield 
of gum from A. nilotica  was also observed, which ranged 
from 12.04–30.24 with a mean of 19.10 g/tree in silvi-
herbal model and 6.29–40.11 with average of 14.29 g/tree 
in rainfed agri-silviculture.

Soils of different agroforestry models viz., silvi-herbal 
model, gum gardens (new and old), progeny and plus tree 
trials of Anogeissus pendula, block plantation of A. pendula 
(field no. 33) and A. latifolia (field no. 34) were 
characterized during 2021-22. For the purpose, soil 
samples were collected from two layers (0-15 and 15-30

During rabi season of 2020-21, T. aestivum (variety HD 
2967) was sown in A. senegal based multi-component agri-
horti-silviculture model. Plant growth and yield attributes 
of T. aestivum were recorded at three distances viz., 1.0, 2.5 
and 4.5 m from stem-base of A. senegal, A. marmelos  and C. 
limon. Tree species significantly affected seed yield and

cm) of the tree's rhizospheres (i.e. <1.0 m distance from 
tree-base). Soil depth affected the soil properties. Soil pH 
and EC was higher in sub-surface in all the models, barring 
few exceptions. SOC, all major (N, P and K) and micro-
nutrients (Fe, Mn and Zn) were higher in top layer of the soil 
in almost all the models, barring few exceptions. In silvi-
herbal model wherein lemongrass is planted, similar trend 
was recorded. 
Observation on soil dehydrogenase activity (DHA) was 
also recorded. In A. senegal  based agri-horti-silviculture 
model which consisted of A. senegal, A. marmelos  and C. 
limon, soil samples were taken from 0.5, 1.0, 2.0, 4.0 and 
6.0 m distance from tree-base and at each distance, from 
two soil depths (0-15 and 15-30 cm). Results showed that 
as the distance from tree-base increases, the value of DHA 
increases. Soil DHA was comparatively higher in surface 
soil. Results also suggested that different woody 
perennials exhibit variable effects on soil DHA (Figure 
23). In rainfed agri-silviculture model wherein A. senegal  
and A. nilotica, planted in three different spacing (10×10, 
10×5 and 5×5 m), also showed almost similar results. 
Plant spacing affected the soil DHA; it was recorded 
maximum in 5 × 5 m and minimum in 10 × 10 m spacing. 
The values of soil DHA was relatively higher in surface 
soil.

above-ground dry biomass. Maximum grain yield was 
recorded under A. senegal which was at par with the yield 
under C. limon (Figure 21). Distance from tree trunk 
significantly affected all the recorded parameters. From this 
model, a total of 151 kg lemon, 58 kg karonda and 2080 kg 
bael fruits were harvested.

Acacia senegal based multi-component agri-horti-silviculture model at CAFRI research farm. A- Intercrop (wheat), 
B- Bael, C- Lemon and D- Karonda.

A B

Natural exudation of gums. A- A. senegal and 
B- A. nilotica.

Fig. 23: Soil DHA in A. senegal based agri-horti-silviculture model

2. Research Achievements

Fig. 21: Survival (%) of lemongrass in silvi-herbal models

2Fig. 22: Effect of woody perennials on seed yield (g/m ) of wheat 
in agri-horti-silviculture model
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2.5: Externally Funded Projects
ICAR Network Project

NRMACAFRISOP200800100075
Harvesting, processing and value addition of natural 
resins and gums

(Rajendra Prasad, A K Handa and Badre Alam)
This Network Project is being implemented at 10 centres 
coordinated by and headquartered at ICAR-IINRG, 
Ranchi. The main theme assigned to ICAR-CAFRI, Jhansi 
is “to develop agroforestry models integrating resin- and 
gum-yielding trees for livelihood security and horizontal 
dissemination of technologies”. To achieve this broad 
objective, the centre is implementing five sub-projects viz., 
i) productivity of gum yielding tree-based agroforestry 
models; ii) demonstration and development of gum 
yielding tree-based agroforestry models on farmer's fields; 
iii) indigenous technical knowledge (ITK) on gum and 
resin's tapping, applications and post-harvest value 
addition; iv) standardization of gum tapping techniques; 
and v) studies on root distribution pattern and above- & 
below-ground biomass in A. senegal. During the year, 
growth and productivity data of established gum yielding 
tree-based agroforestry models were recorded. Besides, 
7000 seedlings of A. senegal were provided to the farmers 
for planting on their farms. For ITK information, survey of 
tribal dominated areas of Madhya Pradesh, namely 
Shivpuri, Sheopur, Dewas and Khandwa districts was 
conducted. Natural exudation of gum was monitored in 
both A. senegal and A. nilotica in established agroforestry 
models. Root distribution pattern of A. senegal was studied 
along with soil health status of different gum yielding tree-
based agroforestry models. The detailed work progress of 
different sub-projects is illustrated as under:
A. Productivity of gum yielding tree-based agroforestry 
models: In A. senegal based multi-component model (agri-
horti-silviculture), maximum GBH (cm), plant height (cm) 

2and canopy spread (m ) were recorded in Aegle marmelos, 
followed by A. senegal, Citrus limon and Carissa carandas. 
Survival (%) was maximum in C. carandas and minimum in 
C. limon. Pruning of tree's crown was carried out in the month 
of October i.e. before sowing of winter crops. During rabi 
(2020-21) and kharif (2021) seasons, Triticum aestivum 
(variety HD 2967) and Vigna radiata (variety Sweta), 
respectively were cultivated as intercrops. In the model, four 
trees of A. senegal exuded gum (78.39 g/tree). In

Silvi-herbal model-I     Silvi-herbal model-I

Su
rv
iv
al
 (%

)

Planting spacing (m)
100 x 125        100 x 100         100 x 75           100 x 50

90
80
70
60
50
40
30
20
10
0

1 m       2.5 m       4.5 m

Plant species

350
300
250
200
150
100
50
0

2
G
ra
in
 y
ie
ld
 (g

/m
)

A. senegal                  C. limon                A. marmelos

0.5 m                 1 m                2 m               4 m                6 m

0-15 cm      15-30 cm       0-15 cm      15-30 cm      0-15 cm       15-30 cm

25.0

20.0

15.0

10.0

5.0

0.0

D
H
A
 (µ

 T
PF

/g
 d
ay
)

A. senegal C. limonA. marmelos
Soil depth (cm)



In shoot portion, 3, 6 and 24 primary branches; 2, 8 and 85 
secondary branches; and zero, 2 and 193 tertiary branches 
were recorded in 1, 2 and 3-year-old A. senegal plants, 
respectively. The study recorded 31.68 g, 398.37 g and 9.20 
kg fresh weight of main stem; 13.38 g,179.86 g and 6.62 kg 
weight of primary branches; 2.65 g, 93.31 g and 3.87 kg 
weight of secondary branches; zero, 41.24 g and 2.25 kg 
weight of tertiary branches; 9.54 g, 187.50 g and 2.08 kg 
weight of foliage in 1, 2 and 3-year-old A. senegal. The total 
above-ground weight was 57.25 g, 900.28 g and 24.02 kg in 
1, 2 and 3-year-old A. senegal. On the other hand, a total of 
2, 3 and 25 primary roots; 2, 4 and 64 secondary roots; and 
159, zero and 748 feeder roots were recorded in entire root 
system in 1, 2 and 3-year-old plants. The study recorded 
9.90 g, 236.35 g and 1.58 kg fresh weight of main root; 3.97 
g, 64.78 g and 1.14 kg weight of primary roots; 1.72 g, 13.21 
g and 0.46 kg weight of secondary roots; and 0.86 g, 7.80 g 
and 0.16 kg weight of tertiary roots in 1, 2 and 3-year-old A. 
senegal. The total below-ground weight was 16.45 g, 
322.14 g and 3.34 kg in 1, 2 and 3-year-old A. senegal. The 
root to shoot ratio was 0.287, 0.358 and 0.139 in 1, 2 and 3-
year-old plants. Carbon sequestration was 35.100 g/tree, 
580.650 g/tree and 12.996 kg/tree in 1, 2 and 3-year-old 
plants.

Scaling up of agroforestry and water resources 
Under the KISAN MITrA (a consortium of ICAR-CAFRI 
and ICRISAT, Hyderabad) scaling up the initiative, 8 pilot 
sites covering about 40,000 ha area across the seven 
districts of Bundelkhand were developed. Reviving and 
rejuvenating traditional water harvesting structures called 
havelis was given a high priority. Upscaling agroforestry 
for increasing the vegetation cover, and improving 
livelihood and nutritional security was also one of the most 
important objective.

ICRISAT, Hyderabad
NRMACAFRISOL 201800200114
Transforming rural livelihood through agroforestry 
based natural resource management in drought prone 
Bundelkhand region, UP (Sub Project of KISAN MITrA 
project  for  Doubling  Farmers'  Income  in  
Bundelkahand region of Uttar Pradesh)

(Inder Dev, Naresh Kumar and Asha Ram)

Interaction meet with the officials of State Forest Department and tribal peoples for ITK. A- Khorhee, Sheopur, 
B- Ratanpur, Dewas, C- Golai, Khandwa, and D- Chakra, Khandwa

B. Demonstration and development of gum yielding 
tree-based agroforestry models on farmer's fields: After 
12 years of planting, A. senegal recorded relatively more 
survival (up to 59.5%) than A. nilotica (up to 50%) at 
Garhkundar watershed area. On the field of Shri Thakur 
Das, most of the planted seedlings were inadvertently 
damaged by the tractor during ploughing, hence data was 
not reported. On the farm of Shri Himmat, maximum 
growth and survival (%) was recorded in E. officinalis, 
followed by A. senegal and C. carandas. At the farm of Shri 
Ghanshyam, A. senegal planted during 2012 showed poor 
performance in terms of growth; however, survival (%) was 
comparatively higher than recorded from other two fields. 
At village Ambabai, 37% survival of A. senegal with 
average height of 305.5 cm and average collar diameter of 
18.8 cm was recorded.
Survival (%) of A. senegal and horticultural plant species 
(C. limon, Psidium guajava and Punica granatum), planted 
during 2017 in the field of 14 farmers of the village Parasai 
was recorded. In different farmers' fields, survival of A. 
senegal ranged from 44 to 87%, C. limon from 25 to 44%, P. 
guajava from 25 to 51% and P. granatum up to 18%. The 
survival (%) of A. senegal, C. carandas, C. limon, P. 
guajava and Dendrocalamus strictus planted in various 
villages/sites during rainy season of 2018 varied from 37 
(Dhikoli) to 66% (Talbehat) for A. senegal, from 26 
(Parasai) to 40% (Dhikoli) for C. carandas, from 28 
(Parasai) to 40% (Kotkhera) for C. limon, from 20 
(Kotkhera) to 26% (Dhikoli) for D. strictus, and 20% in P. 
guajava.
During rainy season of 2021, casualty replacement was 
done in bio-fence models. In bio-fence model-1, survival 
of A. senegal  and C. carandas  was 96 and 77%, 
respectively. A. senegal  have attained 24.91 mm collar 
diameter with 151.9 cm height, and C. carandas recorded 
4.52 mm collar diameter with 40.9 cm height. In bio-fence 
model-2, 82 and 99% survival of A. senegal  and C. 
carandas, respectively was observed. In this model, A. 
senegal  have attained 23.25 mm collar diameter with 
152.7 cm height, and C. carandas recorded 4.90 mm 
collar diameter with 36.2 cm height. In bio-fence model-
3, the survival of  A. senegal  in outer row was 91, 91 and 
80% in 1.0, 1.5 and 2.0 m spacing, respectively. Similarly, 
100, 93 and 88% survival in 1.0, 1.5 and 2.0 m spacing, 
respectively was recorded in inner row. In this model, 
planting spacing affected growth of the A. senegal. In 
general, comparatively higher growth in terms of collar 
diameter and height was recorded from A. senegal  planted 
in inner row than that from outer row. In bio-fence model-
4 consisting of two rows of A. senegal  (inner and outer) 
kept at 1.5 m apart with plant to plant distance of 1.5 m, 
the survival of 34 and 52% was recorded from inner and

outer rows, respectively. Here also, growth of A. senegal  
planted in inner row was relatively higher than that 
planted in outer row.  
During rainy season of 2021, approximately 12000 quality 
seedlings of A. senegal were raised in nursery at ICAR-
CAFRI, Jhansi, and out of which, 6000 seedlings were 
provided to “Doubling Farmer's Income” scheme for 
planting in seven districts namely Jhansi, Lalitpur, Jalaun, 
Hamirpur, Mahoba, Banda and Chitrakut of Bundelkhand, 
Uttar Pradesh. At each site, planting of A. senegal was 
extended on identified farmers. Apart from this, 1000 
seedling of A. senegal was provided to ICAR-IISWC, 
Regional Centre, Datia.
C. Indigenous technical knowledge (ITK) on gum and 
resin's tapping, applications and post-harvest value 
addition: In selected districts, villages dominantly 
inhabited by Saharia (Sheopur), Korkoo and Bhilala 
(Dewas), and Korkoo, Bhilala, Barela and Gond tribes 
(Khandwa) were surveyed for collecting information on 
ITK. The main occupation of Saharia tribes in Sheopur 
district was to cultivate agricultural crops (rainfed 
farming) on the land allotted to them on patta  basis. In this 
district, major livelihood option for the tribal peoples is 
collection of NTFPs from the forest. In Dewas district, 
people of Korkoo and Bhilala communities depend upon 
agriculture, as most of them are having patta  lands. Some 
of the landless tribal families depend on the forest for 
their livelihood security; they collect gum dhawra and 
salai gum. In Khandwa district, though the gum tapping is 
strictly banned by the State Forest Department; however, 
all the tribal communities (Korkoo, Bhilala, Barela and 
Gond) are engaged in harvesting gum dhawra from the 
forests. 
In all the surveyed villages, the tribal peoples generally 
peel off the bark (2-3 inches) of Boswellia serrata and 
make a ring along the tree girth and collect gum after 4-5 
days. On an average, they collect 200-400 g/tree salai 
gum. The tribal families in Sheopur do not give any cut or 
injury to A. latifolia  and collect naturally exuded gum 
tears from the trees. However, in Dewas and Khandwa, 
the tribal peoples generally make cuts on A. latifolia  using 
a wooden bat having nails and axe, respectively. Tribal 
peoples in village Chakra of district Khandwa were using 
a gum inducer “Ethrex”. They generally make cuts with 
the help of axe on stem surface of A. latifolia  and 
spray/pour Ethrex in each cut. They collect gum dhawra 
during summer season. Saharia tribe in Sheopur also 
collects natural exudation from Acacia catechu  during 
summer season. For tapping gum-butea, the tribal 
families in Sheopur and Dewas generally make cuts on 
the stem bark of B. monosperma with the help of axe and 
collect gum after 3-4 days of knotching.
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The tribal dominated villages surveyed in Sheopur and 
Dewas districts enjoy full rights on forest for tapping gums 
and collection of other NTFPs. In district Khandwa, Forest 
Department imposed complete ban on gum tapping during 
2019 while, collection of other NTFPs are not banned by the 
department. The officials of Forest Department informed 
that the tribes of Khandwa district usually set forest on fire 
during the summer season, which probably increases the 
gum exudation from A. latifolia trees.
Normally tribals of surveyed areas sell collected produce to 
local traders in original form i.e. without any post-harvest 
value addition. For storage of salai gum, traders of Sheopur 
and Dewas, make small balls from the salai gum by applying 
coat of selkhadi (chalk) powder. Traders in Dewas informed 
that the juice exuded from salai gum fetches more price (Rs. 
500/L). We noticed that all the traders have employed specific 
trained women labourers who can segregate and grade the 
dhawara gum by its appearance and smell.
D. Standardization of gum tapping techniques: To 
observe gum exudation in B. monosperma  throughout the 
year, an experiment has been initiated in the month of 
December 2021. Every month, three trees are knotched and 
gum yield is recorded. This study will continue till 
November 2022. To assess the response of use of ethephon 
by different seven progenies of A. pendula, an experiment 
has been initiated and gum yield data are recorded. Each 
progeny has been applied 1170 ppm ethephon as injection 
at the base of the tree in three replications. 
E. Studies on root distribution pattern and above- & 
below-ground biomass in Acacia senegal: During the 
year 2021, root distribution and biomass studies were 
undertaken by harvesting 1, 2 and 3 year-old plants of A. 
senegal. The 1, 2 and 3-year-old harvested plants had 
attained 68.0, 112.5 and 360.0 cm height, respectively.  The 
collar diameter of 1 and 2-year-old plants was 5.38 and 
10.23 mm, and GBH of 3-year-old plant was 18.5 cm. The 

2 2canopy spread in these plants was 195.67 cm , 2721.31 cm  
2and 12.40 m . In 3-year-old A. senegal, the volume of the 

3canopy was 34.70 m . The total depth of root system was 
76.0, 82.0 and 270.0 cm, and below-ground root bound soil 

3volume was 0.375, 0.672 and 17.300 m  in 1, 2 and 3-year-
old plants, respectively.



In shoot portion, 3, 6 and 24 primary branches; 2, 8 and 85 
secondary branches; and zero, 2 and 193 tertiary branches 
were recorded in 1, 2 and 3-year-old A. senegal plants, 
respectively. The study recorded 31.68 g, 398.37 g and 9.20 
kg fresh weight of main stem; 13.38 g,179.86 g and 6.62 kg 
weight of primary branches; 2.65 g, 93.31 g and 3.87 kg 
weight of secondary branches; zero, 41.24 g and 2.25 kg 
weight of tertiary branches; 9.54 g, 187.50 g and 2.08 kg 
weight of foliage in 1, 2 and 3-year-old A. senegal. The total 
above-ground weight was 57.25 g, 900.28 g and 24.02 kg in 
1, 2 and 3-year-old A. senegal. On the other hand, a total of 
2, 3 and 25 primary roots; 2, 4 and 64 secondary roots; and 
159, zero and 748 feeder roots were recorded in entire root 
system in 1, 2 and 3-year-old plants. The study recorded 
9.90 g, 236.35 g and 1.58 kg fresh weight of main root; 3.97 
g, 64.78 g and 1.14 kg weight of primary roots; 1.72 g, 13.21 
g and 0.46 kg weight of secondary roots; and 0.86 g, 7.80 g 
and 0.16 kg weight of tertiary roots in 1, 2 and 3-year-old A. 
senegal. The total below-ground weight was 16.45 g, 
322.14 g and 3.34 kg in 1, 2 and 3-year-old A. senegal. The 
root to shoot ratio was 0.287, 0.358 and 0.139 in 1, 2 and 3-
year-old plants. Carbon sequestration was 35.100 g/tree, 
580.650 g/tree and 12.996 kg/tree in 1, 2 and 3-year-old 
plants.

Scaling up of agroforestry and water resources 
Under the KISAN MITrA (a consortium of ICAR-CAFRI 
and ICRISAT, Hyderabad) scaling up the initiative, 8 pilot 
sites covering about 40,000 ha area across the seven 
districts of Bundelkhand were developed. Reviving and 
rejuvenating traditional water harvesting structures called 
havelis was given a high priority. Upscaling agroforestry 
for increasing the vegetation cover, and improving 
livelihood and nutritional security was also one of the most 
important objective.

ICRISAT, Hyderabad
NRMACAFRISOL 201800200114
Transforming rural livelihood through agroforestry 
based natural resource management in drought prone 
Bundelkhand region, UP (Sub Project of KISAN MITrA 
project  for  Doubling  Farmers'  Income  in  
Bundelkahand region of Uttar Pradesh)

(Inder Dev, Naresh Kumar and Asha Ram)

Interaction meet with the officials of State Forest Department and tribal peoples for ITK. A- Khorhee, Sheopur, 
B- Ratanpur, Dewas, C- Golai, Khandwa, and D- Chakra, Khandwa

B. Demonstration and development of gum yielding 
tree-based agroforestry models on farmer's fields: After 
12 years of planting, A. senegal recorded relatively more 
survival (up to 59.5%) than A. nilotica (up to 50%) at 
Garhkundar watershed area. On the field of Shri Thakur 
Das, most of the planted seedlings were inadvertently 
damaged by the tractor during ploughing, hence data was 
not reported. On the farm of Shri Himmat, maximum 
growth and survival (%) was recorded in E. officinalis, 
followed by A. senegal and C. carandas. At the farm of Shri 
Ghanshyam, A. senegal planted during 2012 showed poor 
performance in terms of growth; however, survival (%) was 
comparatively higher than recorded from other two fields. 
At village Ambabai, 37% survival of A. senegal with 
average height of 305.5 cm and average collar diameter of 
18.8 cm was recorded.
Survival (%) of A. senegal and horticultural plant species 
(C. limon, Psidium guajava and Punica granatum), planted 
during 2017 in the field of 14 farmers of the village Parasai 
was recorded. In different farmers' fields, survival of A. 
senegal ranged from 44 to 87%, C. limon from 25 to 44%, P. 
guajava from 25 to 51% and P. granatum up to 18%. The 
survival (%) of A. senegal, C. carandas, C. limon, P. 
guajava and Dendrocalamus strictus planted in various 
villages/sites during rainy season of 2018 varied from 37 
(Dhikoli) to 66% (Talbehat) for A. senegal, from 26 
(Parasai) to 40% (Dhikoli) for C. carandas, from 28 
(Parasai) to 40% (Kotkhera) for C. limon, from 20 
(Kotkhera) to 26% (Dhikoli) for D. strictus, and 20% in P. 
guajava.
During rainy season of 2021, casualty replacement was 
done in bio-fence models. In bio-fence model-1, survival 
of A. senegal  and C. carandas  was 96 and 77%, 
respectively. A. senegal  have attained 24.91 mm collar 
diameter with 151.9 cm height, and C. carandas recorded 
4.52 mm collar diameter with 40.9 cm height. In bio-fence 
model-2, 82 and 99% survival of A. senegal  and C. 
carandas, respectively was observed. In this model, A. 
senegal  have attained 23.25 mm collar diameter with 
152.7 cm height, and C. carandas recorded 4.90 mm 
collar diameter with 36.2 cm height. In bio-fence model-
3, the survival of  A. senegal  in outer row was 91, 91 and 
80% in 1.0, 1.5 and 2.0 m spacing, respectively. Similarly, 
100, 93 and 88% survival in 1.0, 1.5 and 2.0 m spacing, 
respectively was recorded in inner row. In this model, 
planting spacing affected growth of the A. senegal. In 
general, comparatively higher growth in terms of collar 
diameter and height was recorded from A. senegal  planted 
in inner row than that from outer row. In bio-fence model-
4 consisting of two rows of A. senegal  (inner and outer) 
kept at 1.5 m apart with plant to plant distance of 1.5 m, 
the survival of 34 and 52% was recorded from inner and

outer rows, respectively. Here also, growth of A. senegal  
planted in inner row was relatively higher than that 
planted in outer row.  
During rainy season of 2021, approximately 12000 quality 
seedlings of A. senegal were raised in nursery at ICAR-
CAFRI, Jhansi, and out of which, 6000 seedlings were 
provided to “Doubling Farmer's Income” scheme for 
planting in seven districts namely Jhansi, Lalitpur, Jalaun, 
Hamirpur, Mahoba, Banda and Chitrakut of Bundelkhand, 
Uttar Pradesh. At each site, planting of A. senegal was 
extended on identified farmers. Apart from this, 1000 
seedling of A. senegal was provided to ICAR-IISWC, 
Regional Centre, Datia.
C. Indigenous technical knowledge (ITK) on gum and 
resin's tapping, applications and post-harvest value 
addition: In selected districts, villages dominantly 
inhabited by Saharia (Sheopur), Korkoo and Bhilala 
(Dewas), and Korkoo, Bhilala, Barela and Gond tribes 
(Khandwa) were surveyed for collecting information on 
ITK. The main occupation of Saharia tribes in Sheopur 
district was to cultivate agricultural crops (rainfed 
farming) on the land allotted to them on patta  basis. In this 
district, major livelihood option for the tribal peoples is 
collection of NTFPs from the forest. In Dewas district, 
people of Korkoo and Bhilala communities depend upon 
agriculture, as most of them are having patta  lands. Some 
of the landless tribal families depend on the forest for 
their livelihood security; they collect gum dhawra and 
salai gum. In Khandwa district, though the gum tapping is 
strictly banned by the State Forest Department; however, 
all the tribal communities (Korkoo, Bhilala, Barela and 
Gond) are engaged in harvesting gum dhawra from the 
forests. 
In all the surveyed villages, the tribal peoples generally 
peel off the bark (2-3 inches) of Boswellia serrata and 
make a ring along the tree girth and collect gum after 4-5 
days. On an average, they collect 200-400 g/tree salai 
gum. The tribal families in Sheopur do not give any cut or 
injury to A. latifolia  and collect naturally exuded gum 
tears from the trees. However, in Dewas and Khandwa, 
the tribal peoples generally make cuts on A. latifolia  using 
a wooden bat having nails and axe, respectively. Tribal 
peoples in village Chakra of district Khandwa were using 
a gum inducer “Ethrex”. They generally make cuts with 
the help of axe on stem surface of A. latifolia  and 
spray/pour Ethrex in each cut. They collect gum dhawra 
during summer season. Saharia tribe in Sheopur also 
collects natural exudation from Acacia catechu  during 
summer season. For tapping gum-butea, the tribal 
families in Sheopur and Dewas generally make cuts on 
the stem bark of B. monosperma  with the help of axe and 
collect gum after 3-4 days of knotching.
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The tribal dominated villages surveyed in Sheopur and 
Dewas districts enjoy full rights on forest for tapping gums 
and collection of other NTFPs. In district Khandwa, Forest 
Department imposed complete ban on gum tapping during 
2019 while, collection of other NTFPs are not banned by the 
department. The officials of Forest Department informed 
that the tribes of Khandwa district usually set forest on fire 
during the summer season, which probably increases the 
gum exudation from A. latifolia trees.
Normally tribals of surveyed areas sell collected produce to 
local traders in original form i.e. without any post-harvest 
value addition. For storage of salai gum, traders of Sheopur 
and Dewas, make small balls from the salai gum by applying 
coat of selkhadi (chalk) powder. Traders in Dewas informed 
that the juice exuded from salai gum fetches more price (Rs. 
500/L). We noticed that all the traders have employed specific 
trained women labourers who can segregate and grade the 
dhawara gum by its appearance and smell.
D. Standardization of gum tapping techniques: To 
observe gum exudation in B. monosperma  throughout the 
year, an experiment has been initiated in the month of 
December 2021. Every month, three trees are knotched and 
gum yield is recorded. This study will continue till 
November 2022. To assess the response of use of ethephon 
by different seven progenies of A. pendula, an experiment 
has been initiated and gum yield data are recorded. Each 
progeny has been applied 1170 ppm ethephon as injection 
at the base of the tree in three replications. 
E. Studies on root distribution pattern and above- & 
below-ground biomass in Acacia senegal: During the 
year 2021, root distribution and biomass studies were 
undertaken by harvesting 1, 2 and 3 year-old plants of A. 
senegal. The 1, 2 and 3-year-old harvested plants had 
attained 68.0, 112.5 and 360.0 cm height, respectively.  The 
collar diameter of 1 and 2-year-old plants was 5.38 and 
10.23 mm, and GBH of 3-year-old plant was 18.5 cm. The 

2 2canopy spread in these plants was 195.67 cm , 2721.31 cm  
2and 12.40 m . In 3-year-old A. senegal, the volume of the 

3canopy was 34.70 m . The total depth of root system was 
76.0, 82.0 and 270.0 cm, and below-ground root bound soil 

3volume was 0.375, 0.672 and 17.300 m  in 1, 2 and 3-year-
old plants, respectively.



Productivity enhancement interventions
Farmers' participatory field demonstrations were one of the 
major activity of the DFI project in which various production 
technologies of agriculture was validated and demonstrated. 
During the period about 3000 farmers' participatory field 
demonstrations were undertaken covering a range of 
activities. With improved management practices, chickpea 
yield was found 10-30% higher in all districts. The cultivars 
such as JG-14, JG-11 were found superior in terms of yields 
compared to local cultivars. Among the districts, chickpea 
yield was found highest in Jalaun. Jalaun and Mahoba are the 
predominant districts for field pea production. The 
performance of Giriraj and Bharat (mustard crop cultivars) 
was higher as compared to farmers' varieties. 

Agroforestry plantation: 
Agroforestry intervention 
Agroforestry is an important resilience building strategy 
that works well without compromising on the production 
and income from the agricultural sector. It provides an 
opportunity to grow orchard/plantation/forest trees around 
the field or within fields.  A comprehensive agroforestry 
plan was implemented using teak, Melia, Acacia senegal, 
fruit trees (guava, fig, lemon, acid lime, moringa), ber 
budding and fodder grasses during 2021. A total of about 
1.0 lakh agroforestry tree plantation was done in all the 
locations. 

Agroforestry and Haveli System at village Baniyatala in Mahoba

Agroforestry and NRM interventions at Chitrakoot

High density planation of teak at Lalitpur site

Melia in farmer's field at Lalitpur

Field demonstrations in kharif  season in the pilot villages

Pilot Villages: Scaling up initiative

District Block Villages

Lalitpur Talbehat Pura-Khurdh, Birdha, Jhawar

Jhansi Babina Imiliya, Rajapur, Amarpur

Bamour Singa, Sutta

Jalaun Mahiva Noorpur, Naserpur, Hydalpur

Hamirpur Sumerpur Saukhar, Nazarpur, Karimati

Mahoba Kabarai Chandpura, Nathupura, Baniyatala

Banda Thindwari Benda, Amlikaur, Jauharpur

Chitrakoot Karwi Rowli-Kalyanpur, Rasin

Table 2. Details of major WHS structures

Structure Latitude Longitude Year of Storage capacity 
3construction created  (m )

Chitrakoot

Haveli tank 25.19581 80.7014 2021 30000

Haveli tank 25.19787 80.70116 2021 25000

Haveli tank 25.19874 80.69973 2021 22500

Haveli tank 25.18374 80.69782 2021 45000

Lalitpur

Farm pond 25.119 78.5388 2019 2000

Haveli tank 25.12028 78.53472 2021 9000

Haveli tank 25.11806 78.5325 2021 15000

Haveli tank 25.11806 78.54056 2021 5000

Pond in Haveli tank 25.11806 78.54056 2021 4050

Jalaun

Haveli tank 25.68833 80.57626 2021 30000

Bamour

Deepening of drainage network-Sutta 2021 28000

Mahoba

Farm pond 25.27507 79.80444 2021 3150

Deepening of Channel 2021 5625

Total Capacity 224325

structures have been rejuvenated (Table 2) during 2021. 
These interventions created a storage capacity of about 0.22 
Million Cubic Meter (MCM).

Increasing water resource availability
The NRM interventions (haveli rejuvenation, deepening of 
ponds, and deepening of drainage network) were undertaken 
in five districts during the period. A total of 13 such
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major activity of the DFI project in which various production 
technologies of agriculture was validated and demonstrated. 
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was higher as compared to farmers' varieties. 
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the field or within fields.  A comprehensive agroforestry 
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fruit trees (guava, fig, lemon, acid lime, moringa), ber 
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National Rainfed Area Authority (NRAA), Govt. of 
India, New Delhi

NRMA/CAFRI/SOL/2019/003/00119
Assessment of genetic potential of neem germplasm for 
higher yield and oil content through molecular markers

(K Rajarajan, H Anuragi and Alka Bharti)
During this period, we estimated the fruit, seed, and kernel 
yield of 170 germplasm. Plant height and diameter at breast 
height (DBH) were calculated as individual tree 
morphological parameters. The 170 genotypes showed a

significant variation for yield traits viz. fruit weight, seed 
weight, kernel weight and oil percentage for both the 
seasons (2020-21). The genotypes VKAF11, VKAF3, 
VKAF13, VKAF9, VKAF67, VKAF68, VKAF92, 
VKAF110, VKAF85, VKAF43 and OR05 found to be high 
seed, kernel and oil percentage than other genotypes during 
both seasons (2020-21). 

Selection of Districts and Field Survey
From Rajasthan state, six districts namely- Ajmer, 
Jodhpur, Nagaur, Pali, Sikar and Rajsamand have been 
selected for mapping and estimating area under Prosopis 
cineraria  (Khejri) and Azadirachta indica  (Neem) 
species on farmlands (Fig. 23). These districts have a 
geographical area of  7382398 ha. Field survey in Nagaur, 
Sikar, Rajsamand, Jodhpur, Pali, Ajmer district has been 
completed. GPS points on Khejri and Neem were 
collected from farmers' field in selected districts of 
Rajasthan. (Table 3). 
Also mapping of agroforestry in two selected districts in 
agro-climatic zone-15 i.e. The Islands Region namely – 
North & Middle Andaman and South Andaman has been 
done using Sentinel 2 data (Table 3).
Remote Sensing Data 
Resourcesat-2/LISS-4 data for selected districts of 
Rajasthan has been procured from NRSC, Hyderabad. Total 
37 multispectral LISS-4 scenes have been downloaded 
through 'ftp'. Besides this, Sentinel-2 data for selected 
districts of Andaman & Nicobar have been freely 
downloaded from earth explorer website (https:// 
earthexplorer.usgs.gov/). 

ICAR-ICRAF Work Plan
NRMACAFRISOL 202000400123
Assessment of area under agroforestry systems/species 
in agro-climatic zones of India

(A K Handa, Suresh Ramanan S, R H Rizvi and         
Dr. Archana Verma* (ICAR-CAZRI, Jodhpur)

The Sentinel-2 satellites carry a single multi-spectral 
instrument (MSI) with 13 spectral channels in the 
visible/near infrared (VNIR) and short wave infrared 
spectral range (SWIR).

Table 3. Selected districts from Rajasthan and ACZ-15
State/UT No. of Name of districts
 districts
 Rajasthan 06 Ajmer, Jodhpur, 
 Nagaur, Pali, Sikar, 
 Rajsamand
Andaman & Nicobar 02 North and Middle

Andaman, South 
Andaman

Agroforestry and NRM interventions at Salandi Agri 
Voltaic system in Bolangir

Agroforestry and NRM interventions at Tara, Bolangir district

Agroforestry and NRM interventions at Biromal GP in 
Nuapada district

Neem oil extracted from different germplasm

Enhancing groundwater recharge and water use 
efficiency in  SAT region through watershed 
interventions-Parasai-Sindh Watershed, Jhansi

(Inder Dev, R K Tewari* and R P Dwivedi)
*Dr R K Tewari retired on 31.08.2021

Parasai-Sindh watershed has been developed by ICAR-
CAFRI, Jhansi and ICRISAT, Hyderabad in a consortium 
mode. The agroforestry and Natural Resource Management 
(NRM) interventions were implemented in Parasai, 

0 0Chhatpur and Bachhauni villages (25  23' 56” to 25  27' 
0 0 9.34” N and 78  19' 45.71” to 78 22' 42.57'' E) in Babina 

block of Jhansi district. Open shallow dug wells (388 Nos.) 
were monitored for water table on monthly interval. The 
average water column during the year was 4.2 m which was 
much higher than the water column (2.60 m) recorded in 
untreated watershed. Natural Resource Management 
interventions in combination with field based interventions 
helped in ensuring the water availability during rabi season.  
Agroforestry Interventions
Agroforestry tree plantation in the form of block plantation, 
bund plantation was done in all the three villages in which 
80 (guava), 175 (lime), 200 (teak), 100 (Melia dubia) and 
400 (Acacia. Senegal) were planted in the fields of 25 
farmers under various agroforestry systems. 
Crop productivity enhancement (as per farmer 
practice)
The major crops grown in the watershed are greengram, 
blackgram and groundnut during kharif and chickpea, 
mustard and wheat during rabi. 72 crops were taken for 
groundnut and wheat, whereas, 27 crop samples were taken 
for greengram, blackgram, chickpea and mustard. The 
productivity of wheat, mustard and chickpea was 
significantly higher in treated watershed as compared to 
base line data. Yield levels of kharif crops was not 
influenced much as kharif crops are rain dependent in the 
entire Bundelkhand region. 

Training and Capacity building of farmers 

 agroforestry in conjunction with 
natural resource management 

Enabling small 
holders in Bolangir and Nuapada districts of Odisha to 
produce nutritious food through agroforestry systems”. The 
project was sponsored by Dept. of Soil Conservation and 
Watershed Development, Govt. of Odisha. The main 
objectives of the project are i) to enhance groundwater 
recharge through suitable structures to facilitate 
agroforestry landuse; ii) to improve and optimize crop and 
livestock productivity to check the migration and iii) to 
develop model site of learning in Bolangir and Nuapada 
districts of Odisha. Natural resource management 
interventions were implemented at village Tara in Bolangir 
district and village Boirbhadiin Nuapada district of Odisha. 
Masonry field drainage structures were constructed to 
dispose of excess runoff and to strengthen earthen field 
bunding. Tree seedlings of fruits and timber species were 
planted on bunds. 

Farmers of the Parasai Sindh watershed were motivated to 
adopt agroforestry practices at their field by watershed 
team and scientists of the institute during MGMG 
programme. Farmers and farm women from watershed area 
participated in Workshop/field days, Kisan Mela and 
Gosthis  organized by CAFRI on various occasions from 
time to time. 

The project entitled, “Transforming rural livelihood and 
check migration through

in Bolangir and Nuapada 
district of Odisha” is the sub project of “

ICAR-ICRAF Work Plan
NRMACAFRISOL201800400116
Transforming rural livelihood and check migration 
through agroforestry in conjunction with natural 
resource management in Bolangir and Nuapada district 
of Odisha

(Inder Dev, A K Handa and Asha Ram)

Discussion about the various agroforestry, soil and water 
conservation measures in Parasai-Sindh watershed

Guava (block) and bamboo (field boundary) based agroforestry 
system at Parasai
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National Rainfed Area Authority (NRAA), Govt. of 
India, New Delhi

NRMA/CAFRI/SOL/2019/003/00119
Assessment of genetic potential of neem germplasm for 
higher yield and oil content through molecular markers

(K Rajarajan, H Anuragi and Alka Bharti)
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Fig. 25(a): Agroforestry and Species area in Ajmer

Fig. 25(b): Agroforestry and Species area in Rajsamand

Table 4(a). Estimated area under agroforestry in selected six districts of Rajasthan
Rajasthan Geographical AF AF Neem Neem Khejri  Khejri 
District Area Area Area Area Area Area  Area 
Name (ha) (ha) (%) (ha) (%) (ha) (%)
Ajmer 848734 58550 6.90 21653 2.55 15572 1.83
Pali 1238244 94878 7.66 35995 2.91 23970 1.94
Jodhpur 2269479 132647 5.84                            NA 10525.4 0.46
Rajsamnd 469456 46019 9.80 10582 2.25 690 0.15
Nagaur 1779270 179000 10.06 24351 1.37 47031 2.64
Sikar 777215 75135.40 9.67 9234.66 1.19 20983.49 2.70

Table 4(b). Estimated area under agroforestry in selected districts of Andaman & Nicobar
Name of District Geog. Area (ha) AF Area  (ha) AF Area (%)
North and Middle Andaman 264037 6320.77 2.39
South Andaman 243563 6643.73 2.73
Total of above two districts 507600 12964.5 2.55 (Average)

in six districts of Rajasthan. More than 90 percent 
accuracy was found in mapping agroforestry in all six 
districts of Rajasthan. Average of Neem and Khejri 
species area in selected six districts is respectively 2.04 
percent and 1.62 percent. Maps showing agroforestry area 
in these six districts are depicted in figures 25 (a) to 25 (f). 
Agroforestry mapping also completed in selected districts 
of Andaman & Nicobar with average 2.55 percent {Table 
4 (b) & Fig. 24}.

Mapping and Estimation of Agroforestry Area
Agroforestry area and selected species (Neem and Khejri) 
area in six districts namely- Ajmer, Jodhpur, Nagaur, Pali, 
Sikar and Rajsamand from Rajasthan state has been 
mapped. Estimated agroforestry area was found highest in 
Nagaur district (179000 ha) followed by Jodhpur district 
(132647 ha). Also as a percentage of geographical area, 
Nagaur has highest area under agroforestry (Table 4a). 
Agroforestry area was estimated to be about 8.32 percent

Fig. 24: Selected districts of Rajasthan
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Fig. 25(a): Agroforestry and Species area in Ajmer

Fig. 25(b): Agroforestry and Species area in Rajsamand

Table 4(a). Estimated area under agroforestry in selected six districts of Rajasthan
Rajasthan Geographical AF AF Neem Neem Khejri  Khejri 
District Area Area Area Area Area Area  Area 
Name (ha) (ha) (%) (ha) (%) (ha) (%)
Ajmer 848734 58550 6.90 21653 2.55 15572 1.83
Pali 1238244 94878 7.66 35995 2.91 23970 1.94
Jodhpur 2269479 132647 5.84                            NA 10525.4 0.46
Rajsamnd 469456 46019 9.80 10582 2.25 690 0.15
Nagaur 1779270 179000 10.06 24351 1.37 47031 2.64
Sikar 777215 75135.40 9.67 9234.66 1.19 20983.49 2.70

Table 4(b). Estimated area under agroforestry in selected districts of Andaman & Nicobar
Name of District Geog. Area (ha) AF Area  (ha) AF Area (%)
North and Middle Andaman 264037 6320.77 2.39
South Andaman 243563 6643.73 2.73
Total of above two districts 507600 12964.5 2.55 (Average)

in six districts of Rajasthan. More than 90 percent 
accuracy was found in mapping agroforestry in all six 
districts of Rajasthan. Average of Neem and Khejri 
species area in selected six districts is respectively 2.04 
percent and 1.62 percent. Maps showing agroforestry area 
in these six districts are depicted in figures 25 (a) to 25 (f). 
Agroforestry mapping also completed in selected districts 
of Andaman & Nicobar with average 2.55 percent {Table 
4 (b) & Fig. 24}.

Mapping and Estimation of Agroforestry Area
Agroforestry area and selected species (Neem and Khejri) 
area in six districts namely- Ajmer, Jodhpur, Nagaur, Pali, 
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Agroforestry area was estimated to be about 8.32 percent

Fig. 24: Selected districts of Rajasthan

32

ICAR

33

ICAR



Fig. 25(f): Agroforestry and Species area in Sikar

ACZ-15

drought tolerance. The results revealed that, compared to 
the susceptible genotypes the tolerant genotype had more 
number of DEGs expressed. Between genotypes under 
stress conditions 128 DEGs were identified. GO and KEGG 
pathway study identified several molecular mechanisms 
involved in stress response and their corresponding drought 
related pathways. The pathways viz. metabolic pathway, 
biosynthesis of secondary metabolites, plant hormone 
signal transduction, carbon metabolism, MAPK signaling 
pathway, photosynthesis and carbohydrate metabolism 
were enriched in NRCP9 genotype as compared with 
NRCP10 under stress condition. Finally, the identified 
genes and TFs will serve as useful targets for future research 
and breeding programme for drought tolerance in 
Pongamia. 
Concerning the meta-analysis on Pongamia pinnata, a 
keyword-based search for literature was carried out in the 
Web of Science database for the period 1998-2021 

st[accessed on 1  March 2021]. A total of 695 publications 
were screen out for analysis following PRISMA Guidelines 
(preferred reporting items for systematic reviews and meta-

ICAR-ICRAF Work Plan
NRMA/CAFRI/SOL/2020/005/00124
Whole Transcriptome Sequencing of Pongamia pinnata 
for Drought Stress Tolerance

(K Rajarajan, Alka Bharati, Ashajyothi, A K Handa, 
Suresh Ramanan S and Asha Ram)

The contrasting genotype NRCP9 (tolerant) and NRCP10 
(susceptible) was investigated for their transcriptome 
profiles using RNAseq analysis on a HiSeq-4000 in order to 
have better understanding the molecular mechanisms of 

Fig. 25(c): Agroforestry and Species area in Nagaur

Fig. 25(e): 
 

Agroforestry and Species area in Pali

Fig. 25(d): Agroforestry and Species area in Jodhpur
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Agroforestry and Species area in Pali

Fig. 25(d): Agroforestry and Species area in Jodhpur
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varieties of fodder crop were also conducted on kharif 
season.
Study of soil-hydrothermal environment under natural 
vs synthetic mulch 

(Nilimesh Mridha (PI), D B Shakyawar, Atul Singha, 
Manik Bhowmick, Haokhotang Baite, Ashok Yadav 

(CC-PI) , Vinod Kadam and  Manoj Kundu)
The experiment on different mulches  i.e. Jute, Wool, 
Plastic and rice straw was laid out under open condition 
and under protected conditions in mid of November 2021. 
The coloured capsicum (red, yellow, and green) with 
three replication of each treatment of mulches were 
planted under RCBD Layout with plot size of 4 m (width) 
x 4 m (length) under open conditions and 1 m (width) x 1 
m (length) in protected conditions.

Inter-Institutional Collaborative Project
ICAR-IGFRI, JHANSI

Farmer FIRST programme (FFP): Scaling up and 
integration of fodder technologies in existing farming 
system for sustainable livestock productivity in 
Bundelkhand
(Purshottam Sharma, Sunil Seth, S K Mahanta, Harsh 
Vardhan Singh, Mukesh Choudhary (IGFRI, Jhansi) 

and R P Dwivedi)
In Farmers’ FIRST Programme, various activities of crop 
improvement, vegetable production and livestock health 
management were undertaken in selected villages of 
Bundelkhand region of U.P. Field day on improved variety 
of wheat was organized. Demonstration of improved 

Layout of coloured capsicum under different mulches in open and protected conditions 

RFID tags installed in neem germplasms at CAFRI, Jhansi

analyses). However, there is growing contributions from 
China and Malaysia in Pongamia pinnata research in the 
last decades. Production oriented studies at the field level in 
terms of seed yield as growth is the major research lacunae.

The project was implemented in the three villages i.e. 
Badora, Maheshgarh and Nahora block of Babina in Jhansi 
district of Uttar Pradesh. Total 12 farmers were selected and 
half acre strawberry was grown on each farmers fields 
leading to 6 acres strawberry cultivation in Babina block. 
Healthy tissue culture plants of two varieties i.e. Winter 
Dawn and Camarosa were procured and distributed among 
the farmers. Out of 12 farmers, 10 farmers were successful 
in strawberry cultivation and it showed better growth 
performance in Babina block of Jhansi district. The 
strawberry production led to increase in the farmer's income 
by 1.2 to 5.7 times as compared to the traditional crops. By 
using drip irrigation in strawberry, farmers were able to 
save 75% water compare to traditional crops i.e. wheat. 
This motivated the farmers to take third crop which may 
increase the crop index of the region. The strawberry 
produce from farmer's field was given a brand name i.e. 
“Bundeli Strawberry”.

The project was implemented in the three villages i.e.  
Lohagarh, Sakin and Samthar block of Moth in Jhansi 
district of Uttar Pradesh. Total 13 farmers were selected and 
half acres strawberry was grown on each farmers fields 
leading to 6.5 acres strawberry cultivation in Moth block. 
Healthy tissue culture plants of two varieties i.e. Winter 
Dawn and Camarosa were procured and distributed among 
the farmers. Out of 13 farmers, 10 farmers were successful 
in strawberry cultivation and it showed better growth 
performance in Moth block of Jhansi district. The 
strawberry production led to increase in the farmer's income 
by 1.06 to 4.5 times as compared to the traditional crops. 
The strawberry produce from farmer's field was given a 
brand name i.e. “Bundeli Strawberry”.

NABARD (U P) 

NABARD (U P)

NRMA/CAFRI/SOL/2021/001/00125

NRMA/CAFRI/SOL/2021/001/00126

Evaluating the performance of strawberry cultivation 
in Babina block of  Jhansi  district  for crop 
diversification, and better economic returns at farmer's 
field

Evaluating the performance of strawberry cultivation 
in Moth block of Jhansi district for crop diversification 
and better economic returns at farmer's field

(A Arunachalam, Ashok Yadav and Sushil Kumar)

(A Arunachalam, Ashok Yadav and Sushil Kumar)
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NRMA/CAFRI/SOL/2021/021/00145 
Pilot the solutions of chip-based technology for real-
time and RFID-passive monitoring of field genebank 
and agroforestry species for scaling up

(K Rajarajan and H Anuragi)
This is a jointly implemented pilot project by ICAR-
NBPGR-IIHR-CAFRI with ICRAF. In this project, the 
RFID (Radio-Frequency Identification) tags were installed 
successfully during September 2021 in three major 
agroforestry species viz. Azadirachta indica, Pongamia 
pinnata and Acacia nilotica. In each species, ten RFID tags 
were installed for individual germplasms. Since the 
installation, we are regularly updating the growth and tree 
health information of individual germplasm of these 
species in the SAMS portal.
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(A Arunachalam, Ashok Yadav and Sushil Kumar)

(A Arunachalam, Ashok Yadav and Sushil Kumar)
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NRMA/CAFRI/SOL/2021/021/00145 
Pilot the solutions of chip-based technology for real-
time and RFID-passive monitoring of field genebank 
and agroforestry species for scaling up

(K Rajarajan and H Anuragi)
This is a jointly implemented pilot project by ICAR-
NBPGR-IIHR-CAFRI with ICRAF. In this project, the 
RFID (Radio-Frequency Identification) tags were installed 
successfully during September 2021 in three major 
agroforestry species viz. Azadirachta indica, Pongamia 
pinnata and Acacia nilotica. In each species, ten RFID tags 
were installed for individual germplasms. Since the 
installation, we are regularly updating the growth and tree 
health information of individual germplasm of these 
species in the SAMS portal.



Poultry (Kadaknath Breed)

Developed as learning site for farmers and other stakeholders

2.6: Other Research Activities
Agroforestry based Integrated Farming System 
(Asha Ram, Sudhir Kumar, Inder Dev, Naresh Kumar, 
R. Vishnu, Sushil Kumar, Lal Chand, Priyanka Singh, 

Aswathy Chandra kumar and Venkatesh Y N)
Agroforestry based Integrated Farming System (AF-IFS) 
project was initiated for small and marginal farmers of semi-
arid region during year 2016. Various crops viz., wheat, 
chickpea, field pea (rabi season), green manuring (kharif 
season) and sweet corn (Zaid season) were grown 
successfully. From roadside moringa plantation, about 250 kg 
moringa pods were harvested. The guava production was 
recorded 23.12 kg/plant and about 900 kg of guava was 
harvested. Bunds of the field were utilized for pigeon pea and 
NB hybrid (grass) production. In new initiative, duckery, 
goatery and poultry have been integrated in Integrated 
Farming System. Large number of the farmers visited this IFS 
model. In year 2021, from crop and fruit production about Rs. 
100500 gross income has been generated. The project was 
concluded on IRC 2021 and continues as institute activity 
under Agroforestry System Research Programme.

Characterization of Chironji accessions

Characterization of Manilla Tamarind accessions

Identified and registered the Ankol accession

(Ashok Yadav)

(Ashok Yadav)

(Ashok Yadav, S Kumar, A K Handa and A Arunachalam)

Different chironji acessions were characterized for fruit and 
gum characteristics. Among all, one accession was 
identified as a high yielding gum type accession in chironji. 
The nutraceutical analysis revealed that chironji gum has 
high protein content; beside this it is essential source of 
amino acid which are essential for human requirement. 

Survey, collection and identified 14 Manilla tamarind 
accessions and their characterization was performed on 
different parameters i.e. plant growth, leaves and fruit 
parameters.

A promising germplasm of Ankol which has Custer bearing 
habit was identified from Jhansi district of Uttar Pradesh 
and registered at ICAR-NBPGR New Delhi. (PI).

2. Research Achievements

Duckery-cum-fishery 

Goatery (Barbari and Beetal Breed)
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decade, empirical evidence for the nutritional and health 
benefit potential of this cactus has been provided by 
academic scientists and private companies. Notably, its rich 
composition in polyphenols, vitamins, polyunsaturated 
fatty acids and amino acids, has been highlighted through 
the use of a large panel of extraction methods. The 
identified natural cactus compounds and derivatives were 
shown to be endowed with biologically relevant activities 
including anti- inflammatory, antioxidant, hypoglycemic, 
antimicrobial and neuroprotective properties. To utilize its 
potential under different agroforestry systems especially in 
the dryland area of the Bundelkhand, ICAR-CAFRI 
initiated a program on the collection of better cactus 
germplasm. Accordingly, a cactus cafeteria with 70 
germplasms, 62 from ICAR-CAZRI Regional Station, 
Bhuj, Gujarat and 8 from Jhansi district, has been 
established at the Experimental Farm of the Institute. In 
future, these accessions/varieties will be introduced in 
different agroforestry systems in a phased manner for better 
income, nutritional and environmental security.

Development of agroforestry seed museum

Developed the “High density Cactus Cafeteria” cum 
germplasm block 

(A Arunachalam, A K Handa, Ashok Yadav and     
Suresh Ramanan S)

(Ashok Yadav, S Kumar, A K Handa and                         
A Arunachalam)

Institute took an initiative to establish seed museum of 
agroforestry exhibiting seeds of trees, grains, crops, 
flowers, vegetables for the benefit of students and farmers. 

Opuntiaficus-indica, commonly referred to as prickly pear 
or nopal cactus, is a dicotyledonous angiosperm plant. It 
belongs to the Cactaceae family and is characterized by its 
remarkable adaptation to arid and semi-arid climates in 
tropical and subtropical regions of the globe. In the last 

The contributions for strengthening the seed museum from 
co-ordinating centre of AICRP on Agroforestry, Kerala 
Forest Research Institute and Indian Grassland and Fodder 
Research Institute is highly appreciated.
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System Research and Tree Germplasm Collection, Evaluation and Improvement works
Name of the centre/State MPTS working upon Agroforestry models under trial/ development
Assam Agricultural University- HRS, Gmelina arborea, Gmelina arborea based Agrisilvicultural system,
Kahi-kuchi Bamboo species Jackfruit based Agroforestry system, Acacia 

evaluation  mangium  based Agrisilvicultural system
Professor JayashankarTelangana Azadirachta indica Melia dubia based Agroforestry system, Custard 
State Agricultural University, apple based Hortipastoral system, Mango based  
Hyderabad Agrihorticultural system
Birsa Agricultural University, Ranchi Multipurpose Tree Melia azedarach  under Silvi-Pastoral System,

Species (MPTs) Tephrosia hedgerow under Alley cropping based
Agrisilviculture system

Bidhan Chandra Krishi Acacia auriculiformis Gmelina arborea  and mango-based Agroforestry
Viswavidyalaya, Neolamarckia cadamba system, Anthocephalus cadamba and mango 
West Bengal - Jhargram Bamboo sp. Agroforestry system
Dr. Balasaheb Sawant Konkan Melia dubia Melia dubia based medicinal Agroforestry system
Krishi Vidyapeeth, Dapoli Arecanut based plantation Agroforestry system
Chaudhary Charan Singh Haryana Populus deltoides Eucalyptus based Agroforestry system, Poplar 
Agricultural University, Hisar Melia composita based Agroforestry system,  Eucalyptus clone-

based Agroforestry system
Chaudhary Sarwan Kumar Himachal Toona ciliata Harar based silvipastoral system, Leucaena 
Pradesh Krishi Vishvavidyalaya, Sapindus mukorossi leucocephala silvipastoral Agroforestry system
Palampur Leucaena leucocephala
Tamil Nadu Agricultural University, Melia dubia Fodder bank
Mettupulayam Ceiba pentandra Melia based medicinal Agroforestry model, 
G.B. Pant University of Agriculture 94 indigenous and Shisham based Agroforestry; Turmeric
and Technology, Pantnagar exotic MPTs including (Curcumalonga L.) under 11 different

7 species of Bamboo Agroforestry tree species (12 years old)
have been maintained 
at Patharchatta (Old) 
site and total 54 
indigenous and exotic 
MPTs suitable for 
agroforestry systems 
together with 14 species 
of bamboo have been 
collected at Haldi 
(New-AFRC) site. 

Jawaharlal Nehru Krishi Vishwa Dalbergia sissoo Mango based Agri-horticulture system
Vidyalaya, Jabalpur
Kerala Agricultural University, Tectona grandis Boundary plantation of fast-growing fodder trees;
Thrissur  Bamboo-based Agroforestry
Mahatma Phule Krishi Vidyapeeth, 21-tree germplasm Agri-horticultural system of different fruit tree 
Rahuri  under evaluation species, Teak based Agroforestry system
Acharya Narendra Deva University Dalbergia sissoo Casuarina equsetifolia and Psidium guajava 
of Agriculture and Technology, based Agri-silvi-horti system, Dalbergia sissoo 
Ayodhya based Agri-silviculture system
Odisha University of Agriculture Gmelina arborea  Silvipastoral system (Acacia mangium, Acacia 
and Technology, Bhubaneshwar auriculiformis, Samaneasaman) Mango +

Pineapple Agrihorticultural system,
Agrisilvicultural System (Acacia mangium,
Tectona grandis)

Punjab Agricultural University, Populus deltoides Poplar based Agroforestry
Ludhiana Melia composita
Dr. Panjabrao Deshmukh Krishi Tectona grandis Citrus based Agroforestry System, Bamboo based 
Vidyapeeth, College of Agriculture, Melia dubia Agri-silviculture system, Tectona based system
Nagpur Bamboosa balcooa

All India Coordinated Research Project on Agroforestry
Agroforestry is one of the best practices for diversification 
of agricultural enterprise and integrate the agricultural 
enterprises for ensuring better returns and reduced risks 
associated with variable climate. The All India Coordinated 
Research Project has contributed tremendously in 
providing tree-based land use options. The coordinating 
centres are conducting recurrent surveys to design new 
technologies based on the requirements of the stakeholders 
and evaluating different tree species and their germplasm 
for higher productivity and adaptability.
The All India Coordinated Research Project (AICRP) on 
Agroforestry was started in 1983 with 20 centres and it has 
now expanded to 37 centres – 26 in SAUs, 10 in ICAR and 
01 in ICFRE Institutes representing all the agro-climatic 
zones in the country (Figure 26).  The Coordinating unit of 
AICRP-Agroforestry was shifted from ICAR Headquarters 

stto CAFRI, Jhansi w.e.f. 1  April, 1997 with the following 
specific mandates:
üScreening and genetic upgrading of selected plant 

species for their compatibility in different agroforestry 
systems

üTo optimize tree-intercrop combination for different 
regions

üPerformance enhancement of the pre-dominant 
agroforestry systems being already practiced by the 
farmers

üTo upgrade and refine the existing technologies for 
higher productivity and sustainability.

3. AICRP on Agroforestry

Objectives
• Diagnostic survey and appraisal of existing farming 

system and agroforestry practices and farmers' 
preference.

• Collection and evaluation of promising tree species, 
cultivars of fuel, fodder and small timber for 
agroforestry interactions.

• Studies on management practices of agroforestry 
systems such as agrisilviculture, boundary plantation, 
silvipasture, silvihorticulture, agrisilvihorticulture, 
multistorey, homestead, etc.

• To analyze economical relation of agroforestry systems.

• To explore the role of agroforestry in environment 
protection.

• To conduct studies on post-harvest technology, fishery, 
apiculture, lac, etc. in relation to agroforestry systems

The YSPUHF, Solan conducted study on appraisal of 
existing agroforestry systems in Seraj valley of District 
Mandi, H.P. and revealed that there were seven different 
types of agroforestry systems prevalent in the Seraj valley 
viz., Horti-agriculture (HA), Agri-silvi-horticulture (ASH), 
Horti-pastoral (HP), Agri-horti-silviculture (AHS), Agri-
horticulture (AH), pastoral-silviculture (PS), Agri-
silviculture (AS). The GBPUAT, Pantnagar conducted 
D&D exercise in Kanakpur village Udham Singh Nagar 
district, and reported poplar farmer prefer agri-silviculture 
compared to bund/boundary plantation however, in case of 
eucalyptus, farmers follow bund/boundary plantation 
compared to agri-silviculture. OUAT, Bhubaneshwar 
performed D&D exercise in four districts (Khurda & Puri) 
comprising 4 blocks and 8 villages and reported that many 
heterogeneous species of trees, shrubs, vegetables and 
herbaceous plants are grown in random arrangements with 
dense plant population. Homegardens are predominant 
form of agroforestry system in that region.  The UAHS, 
Shivamogga centre reported that the choice of the species 
by farmers would vary with farm size and most of the 
farmers prefer tree species based on the shade, timber 
production and standard for paper. More than half of the 
respondents prefer native tree species for planting in 
Shivamoga region.

Diagnostic and Design survey

Fig. 26: Showing the distribution of AICRP on Agroforestry 
Centres across the country
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thon `Har Med Par Ped' on 26  April, 2021 in virtual mode to 
discuss the constraints and challenges of growing trees on 
farm bunds and boundaries. Around 80 participants 
including leading scientists from Indian Council of 
Agricultural Research and its constituent Research 
Institutes, faculty/scientists associated with ICAR's All 
India Coordinated Research Project on Agroforestry, State 
Agricultural  Universities and ICFRE Institutes,  
representatives from State Forest Department, Industry and 
Progressive Farmers attended the session.
STC and SCSP Component
The Coordinating centres of the project undertook various 
activities for the welfare of weaker sections of the society 
belonging to Schedule Tribe and Schedule Caste categories 
by providing various inputs in form of seedlings, seeds of 
intercrop, fertilizers, small equipment for ensuring 
livelihood opportunities and nutritional security. The centre 
also conducted capacity building programmes for skill 
upgradation and knowledge enhancement for adopting 
different agroforestry-based land use systems.

The AICRP on Agroforestry has been recognised by the PEARL – A foundation for Educational Excellence for the year 2020

Total number of publications from AICRP centres

Dr. Rajendra Prasad Central Populus deltoides Bombax ceiba based Agrisilvicultural system, 
Agricultural University, Pusa
Sardar Krushinagar Dantiwada Ailanthus excelsa Ailanthus-based medicinal plants agroforestry 
Agricultural University, SK Nagar Azadirachta indica system, Boundary Plantation
Sri Karan Narendra Agriculture P. cineraria, Hardwickia based system, Different Agroforestry 
University, Regional Research A. nilotica, systems on biomass and carbon stock in arid zone 
Station, Fatehpur-Shekhawati A. tortilis and H. binata of Rajasthan
Sher-e-Kashmir University of - Terminalia cehbula based Silvipastoral System,  
Agricultural Sciences and Melia composita based Agroforestry system
Technology of Jammu, 
Jammu (J & K)
Sher-e-Kashmir University of Salix alba var. Caerulea Apple based system, Apricot based agroforestry 
Agricultural Sciences and system, Walnut based agroforestry system, Salix
Technology of Kashmir, Srinagar  based silvi-pastoral system
Tamil Nadu Veterinary and Azadirachta indica Hortipasture in degraded wastelands, Psidium 
Animal Sciences University, Gliricidia sepium guajava based pasture system, Gliricidia based 
Kattapukkam Silvipastoral system, Cocusnucifera based

Hortipastoral system
The University of Agricultural Bamboo spp. -
and Horticultural Sciences, 
Shivamoga
University of Agricultural Sciences, Simarouba glauca Melia dubia based Agroforestry system, Mango 
Bengaluru Tamarindus indica based Agroforestry system, Jamun based 

Agroforestry system and Cashew based
Agroforestry system, Mahagony based
Agroforestry system

University of Agricultural Pongamia pinnata, Neem based Agroforestry system, Sapota-timber 
Sciences, Dharwad Tamarindus indica, species-based Agroforestry system

Thorn less bamboo
Dr. Yashwant Singh Parmar - Fruit tree based Agroforestry systems and peach-
University of Horticulture and based Agroforestry system
Forestry, Solan

Subsidiary activity
Quality Planting Materials
More than 90000 seedlings of Populus deltoides, Melia 
dubia, Tectona grandis, Gmelina arborea, Dalbergia 
sissoo, Azadirachta indica, Melia azedarach, Pongamia 
pinnata, Toona ciliata, Grewia optiva, Celtis australis, 
Leucaena leucocephala, Robinia pseudocacia, Salix sp., 
Sapindus mukorossi, Morus alba and  Artocarpus 
heterophyllus were produced in nurseries and were sold 
and/or distributed besides different other intercrops.    
Farmers' Outreach
The AICRP-Agroforestry centres registered a net outreach 
of agroforestry technologies to benefit over 10500 farmers 
during 2021-2022. In addition, our centres provide 
agroforestry/tree-centric  agro-advisories  to  the  
agroforestry practitioners. 
Brainstorming Session on `Har Med Par Ped’
ICAR-Central Agroforestry Research Institute, Jhansi and 
AICRP-Agroforestry organized a Brainstorming Session 
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Agroforestry Photography Competition, 2021
Agroforestry Photography competition was organized for 
the coordinating centres of AICRP on Agroforestry during 
April 2021.
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Progressive Farmers attended the session.
STC and SCSP Component
The Coordinating centres of the project undertook various 
activities for the welfare of weaker sections of the society 
belonging to Schedule Tribe and Schedule Caste categories 
by providing various inputs in form of seedlings, seeds of 
intercrop, fertilizers, small equipment for ensuring 
livelihood opportunities and nutritional security. The centre 
also conducted capacity building programmes for skill 
upgradation and knowledge enhancement for adopting 
different agroforestry-based land use systems.

The AICRP on Agroforestry has been recognised by the PEARL – A foundation for Educational Excellence for the year 2020

Total number of publications from AICRP centres

Dr. Rajendra Prasad Central Populus deltoides Bombax ceiba based Agrisilvicultural system, 
Agricultural University, Pusa
Sardar Krushinagar Dantiwada Ailanthus excelsa Ailanthus-based medicinal plants agroforestry 
Agricultural University, SK Nagar Azadirachta indica system, Boundary Plantation
Sri Karan Narendra Agriculture P. cineraria, Hardwickia based system, Different Agroforestry 
University, Regional Research A. nilotica, systems on biomass and carbon stock in arid zone 
Station, Fatehpur-Shekhawati A. tortilis and H. binata of Rajasthan
Sher-e-Kashmir University of - Terminalia cehbula based Silvipastoral System,  
Agricultural Sciences and Melia composita based Agroforestry system
Technology of Jammu, 
Jammu (J & K)
Sher-e-Kashmir University of Salix alba var. Caerulea Apple based system, Apricot based agroforestry 
Agricultural Sciences and system, Walnut based agroforestry system, Salix
Technology of Kashmir, Srinagar  based silvi-pastoral system
Tamil Nadu Veterinary and Azadirachta indica Hortipasture in degraded wastelands, Psidium 
Animal Sciences University, Gliricidia sepium guajava based pasture system, Gliricidia based 
Kattapukkam Silvipastoral system, Cocusnucifera based

Hortipastoral system
The University of Agricultural Bamboo spp. -
and Horticultural Sciences, 
Shivamoga
University of Agricultural Sciences, Simarouba glauca Melia dubia based Agroforestry system, Mango 
Bengaluru Tamarindus indica based Agroforestry system, Jamun based 

Agroforestry system and Cashew based
Agroforestry system, Mahagony based
Agroforestry system

University of Agricultural Pongamia pinnata, Neem based Agroforestry system, Sapota-timber 
Sciences, Dharwad Tamarindus indica, species-based Agroforestry system

Thorn less bamboo
Dr. Yashwant Singh Parmar - Fruit tree based Agroforestry systems and peach-
University of Horticulture and based Agroforestry system
Forestry, Solan

Subsidiary activity
Quality Planting Materials
More than 90000 seedlings of Populus deltoides, Melia 
dubia, Tectona grandis, Gmelina arborea, Dalbergia 
sissoo, Azadirachta indica, Melia azedarach, Pongamia 
pinnata, Toona ciliata, Grewia optiva, Celtis australis, 
Leucaena leucocephala, Robinia pseudocacia, Salix sp., 
Sapindus mukorossi, Morus alba and  Artocarpus 
heterophyllus were produced in nurseries and were sold 
and/or distributed besides different other intercrops.    
Farmers' Outreach
The AICRP-Agroforestry centres registered a net outreach 
of agroforestry technologies to benefit over 10500 farmers 
during 2021-2022. In addition, our centres provide 
agroforestry/tree-centric  agro-advisories  to  the  
agroforestry practitioners. 
Brainstorming Session on `Har Med Par Ped’
ICAR-Central Agroforestry Research Institute, Jhansi and 
AICRP-Agroforestry organized a Brainstorming Session 
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Agroforestry Photography Competition, 2021
Agroforestry Photography competition was organized for 
the coordinating centres of AICRP on Agroforestry during 
April 2021.



Best Agricultural Research Institution Award

Young Scientist Award 

Awards

ICAR-CAFRI bagged the Best Agricultural Research 
Institution Award by PEARL-A Foundation for Education   
Excellence, Tamil Nadu for efforts in developing bankable 
agroforestry models for different agro-ecological regions 
of the country. Apart from this, AICRP on Agroforestry has 
been awarded with best AICRP award for its significant 
achievements. 

Dr. Sushil Kumar, Scientist (Agronomy) and Dr. Ashok 
Yadav, Scientist (Fruit Science), Mrs. Ashajyothi, Scientist 
(Plant Pathology) and Dr. Hirdayesh Anuragi, Scientist 
(Genetics and Plant Breeding) received PEARL Foundation 
Best Young Scientist Award during National Conference on 

th“SMART Summit-2020” at Madurai on June 19  2021.

·Ashok Yadav, Sushil Kumar, A.K. Handa, Inder Dev, 
Asha Ram, Badre Alam, Sukumar Taria,  K. Rajrajan & 
A. Arunachalam received third prize for poster entitled 
“Manilla Tamarind (Mithi Imli)” paristhitiki tantra ki 
bahali aur poshan suraksha ke liye ek sambhavit phasal” 
in poster presentation competition during Hindi Saptah 

th thfrom September 14 -20  2021, organized at ICAR-
CAFRI, Jhansi.

·Sushil Kumar, Ashok Yadav, Sukumar Taria, Asha Ram 
& Hirdayesh Anuragi received third prize for poster 
entitled “Melia dubia aadharit krisihivaniki pranali ke 
vibhiin antaro ke tehat gehu ka pradasrshan” in poster 
presentation competition during Hindi Saptah from 

th thSeptember 14 -20  2021, organized at ICAR-CAFRI, 
Jhansi. 

·
f}osnh ¼2021½- ßlkxkSu vkèkkfjr —f"kokfudh i)fr esa eghu 
tM+ksa dk forj.k] mRiknu vkSj iks"kd rRoksa dh miyCèkrkÞ ds 
“kks/k&i= ij laLFkku ds fgUnh lIrkg ¼14 ls 19 flrEcj] 
2021½ ds iksLVj izfr;ksfxrk esa second prize - Best poster 
award  izkIr fd;kA Hkk-d`-vuq-i-&dsUnzh; d`f’kokfudh 
vuqla/kku] >k¡lh&284003 ¼m-iz-½-

·Dr. A. Arunachalam awarded Lifetime Achievement 
Award for Agroforestry R&D by Society of Biological 
Sciences and Rural Development, Prayagraj.

·Dr. A. Arunachalam felicitated with the Scientific Tamil 
Excellency Award 2021 of the Agricultural Scientific 
Tamil Society (SciTSA), New Delhi; Prominent 
Alumnus Award 2021 by Ayya Nadar Janaki Ammal 

vk”kkjke] “kqHke pkSjs] bUnznso] ujs”k dqekj ,oa vk”kqrks’k 

4. Awards and Recognitions

College Alumni Association, Sivakasi and Excellence 
Service Award 2021 during the International Scientist 

thAwards on Engineering, Science and Medicine on 7-8   
August,  2021 in  Pondicherry by  VDGOOD 
Professional Association.

·Dr. A. Arunachalam notified as the Chairman of the Task 
Force II on Agroforestry by NITI Aayog, Govt. of India 
to review and suggest amendment in National 
Agroforestry Policy.

·Dr. A. Arunachalam was a Member, Research Council 
of RLBCAU, Jhansi.

·Dr. A. Arunachalam was a Member, UG & PG syllabus 
Revision Committee, ICFRE, Dehradun.

·Dr. A. Arunachalam was a Member, Board of Trustee & 
Management Committee, World Education Mission.

·Dr. A. Arunachalam was a Member, Research Advisory 
Committee, V. Sivaram Research Foundation, 
Bangalore; PHSS Foundation for Science & Society, 
Lucknow.

·Dr. A. Arunachalam notified as the Coordinator of the 
Task Force on Himalayan Agriculture under the 
NMSHE Program of DST, Govt. of India.

·Dr. A. Arunachalam was a Member of the National 
Advisory Committee, International Web Conference on 
Emerging Sustainability Trends in Agriculture, Rural 

thand Environmental Development during 19-20  
December, 2021 organized by Society of Biological 
Sciences and Rural Development, Prayagraj (UP).

·Dr. A. Arunachalam was a Member of the National 
Steering Committee and Convener of Technical Session 

thProgramme Committee, 5  International Agronomy 
Congress, 23-27 November 2021 organized by the 
Indian Society of Agronomy, New Delhi in PJTSAU, 
Hyderabad.

·Dr. A. Arunachalam notified as the Chief Editor of 
Indian Journal of Agroforestry by the Indian Society of 
Agroforestry, Jhansi. 

Title of the Project PI/Co-PI
(A)  Agroforestry System Research (ASR) Programme
Assessment of conservation agroforestry Inder Dev/

Asha Ram 
Assessment of Melia dubia based agroforestry system under semi-arid conditions Naresh Kumar/

Ashok Yadav & 
Kamini, IGFRI-Jhansi

Developing multifunctional agroforestry system for nutritional security in  semi-arid Ashok Yadav/
tropics A K Handa
Assessment of soil biological and biochemical characters in predominant agroforestry- Sovan Debnath/
based land use systems Suresh Ramanan S
(B) Tree Improvement Research (TIR) Programme
Evaluation of Melia dubia clones A K Handa/

Naresh Kumar
Genetic characterization of neem germplasm for high azadirachtin yield K Rajarajan/

Hirdayesh Anuragi
Collection and evaluation of Moringa  germplasm for better adaptability and year round Hirdayesh Anuragi/
fruiting for accelerating agroforestry based nutritional security under semi-arid climate K Rajarajan
(C)  Carbon & Climate Change Research (CCCR) Programme
Influence of plant morphological characteristics on soil properties in agroforestry systems Rajendra Prasad/ 

Badre Alam
Ecophysiological dynamics for assessing climate change mitigation potential of Badre Alam/
contrasting tree populations of Pongamia pinnata Rajendra Prasad
Assessment of ecosystem services in silvipastoral system in semi-arid conditions Asha Ram/

Inder Dev
Text mining for assessing research trends and gaps of agroforestry perennials: A Big data Suresh Ramanan S/
analysis approach A Arunachalam
(D) Agroforestry Extension Research (AER) Programme
Constraints in adoption of agroforestry in Bundelkhand region of central India R P Dwivedi/

Sushil Kumar Yadav &
Priyanka Singh

Impact assessment of agroforestry and water conservation interventions on livelihood of Sushil Kumar/
farmers in Garhkundar Dabar watershed Priyanka Singh
Economic impact of ICAR-CAFRI interventions in Parasai-Sindh watershed Priyanka Singh/

R P Dwivedi

5. New Research Projects (2021)

All-India Network/Multi-Institutional Projects and Others supported by ICAR

Harvesting, processing and value addition of 
natural resins and gums

Title of the Project PI/Co-PIs Duration Agency Budget 
(Rs. Lakh)

 Rajendra Prasad/ 2008-March, ICAR- 179.62
A K Handa & 2022 IINR&G,
Badre Alam Ranchi

National Agriculture Innovation Fund Inder Dev/ 2017-Ongoing ICAR-NAIF 7.40 annual 
(NAIF) Scheme Ashok Yadav,

Priyanka Singh & 
Sovan Debnath
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Text mining for assessing research trends and gaps of agroforestry perennials: A Big data Suresh Ramanan S/
analysis approach A Arunachalam
(D) Agroforestry Extension Research (AER) Programme
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Badre Alam Ranchi
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Inter-Institutional Collaborative Project
Title of the Project PI/Co-PIs Duration Funding of the Project
Farmer FIRST programme (FFP): Purshottam Sharma/ 2016 - 2022 Inter-Institutional 
Scaling up and integration of fodder Sunil Seth, S K Mahanta, (IGFRI-Jhansi)
technologies in existing farming system Harsh Vardhan Singh, 
for sustainable livestock productivity Mukesh Choudhary &  
in Bundelkhand R P Dwivedi
Study of soil-hydrothermal environment Nilimesh Mridha/ April 2020- Inter-Institutional 
under natural Vs synthetic mulch D B Shakyawar, March 2023 (NINFET-Kolkata, W.B.)

Atul Singha, 
Manik Bhowmick, 
Er. Haokhotang Baite, 
Ashok Yadav, Manoj Kundu,  
Dipak Nayak & 
Vinod Kadam 

Research Projects concluded in 2021
S.No. Title of the Project PI/Co-PI
A SYSTEM RESEARCH PROGRAMME
1 Nutrient management in ber based agri-horti. Sudhir Kumar; Dr. Ashok Yadav nominated as PI 

system w.e.f. 25.5.2021 to 15.10.2021 /Rajendra Prasad, Inder
Dev &Y N Venkatesh

2 Performance of pomegranate integrated with  Sudhir Kumar; Dr. Ashok Yadav nominated as PI 
lemongrass under organic regime w.e.f. 25.5.2021 to 15.10.2021 /Rajendra Prasad & Y N

Venkatesh
3 Structural and functional analysis of short  Naresh Kumar/Asha Ram, Inder Dev, Priyanka Singh &

rotation tree based agroforestry system Kamini (ICAR-IGFRI, Jhansi)
B NATURAL RESOURCE & ENVIRONMENT MANAGEMENT PROGRAMME
1 Agroforestry based conservation agriculture Inder Dev/Asha Ram, Naresh Kumar, Lal Chand, Sushil

for sustainable landuse and improved Kumar, Priyanka Singh & Y N Venkatesh
productivity

2 Agroforestry based Integrated Farming Asha Ram/Sudhir Kumar, Naresh Kumar, R. Vishnu, 
System for small and marginal farmers Sushil Kumar, Lal Chand,  Priyanka Singh, Aswathy 
in semi-arid region Chandrakumar & Y N Venkatesh

3 Impact of watershed and agroforestry Inder Dev/Asha Ram & R K Tewari
interventions on hydrology and nutrient loss 
at Garhkundar-Dabar watershed in 
Bundelkhand region of Central India

4 Relevance of soil and water conservation Asha Ram/Naresh Kumar & Inder Dev 
measures in enhancing productivity and 
sustainability of  silvipastoral system in 
semi-arid conditions

5 Biomass modelling and area estimation in R H Rizvi/Asha Ram & R Vishnu
Tectona grandis based agroforestry systems 
in Central India

6 Temporal evaluation of cropping systems Sushil Kumar/Asha Ram, Naresh Kumar, Sukumar 
under Melia dubia based agroforestry system Taria,  Rajendra Prasad & Priyanka Singh

7 Standardization of nursery practices for the R Vishnu/Naresh Kumar, Rajendra Prasad, K Rajarajan 
production of quality planting material of & Sukumar Taria
Indian Sandalwood (Santalum album  L.)

C Tree Improvement, Post-Harvest & Value Addition Programme
1 Comparative studies on seedling and clonal Badre Alam/A K Handa, Sukumar Taria, Hirdayesh 

plants of Pongamia pinnata with special Anuragi & Alka Bharti
reference to their adaptability to rainfed 
dry agroclimate
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All India Coordinated Research Project on Agroforestry

*AICRP-Agroforestry Secretariat

Title of the Project PI/Co-PIs Year of Completion Agency Budget 
Start (Rs. Lakh)

All India Coordinated Research Dr. A Arunachalam 1997 Ongoing ICAR, 1142.00 
Project on Agroforestry (Project Coordinator) New Delhi 
(AICRP-Agroforestry)* A K Handa 

(Nodal Scientist) &
Suresh Ramanan S
(Associate Scientist) 

Externally Funded Projects

*On study leave w.e.f. 20.06.2021;** On study leave w.e.f. 04.10.2021

Title of the Project PI/Co-PIs Duration Agency Budget 
CC-PI/CC-Co-PI (Rs. Lakh)

Transforming rural livelihood through Inder Dev/ 2018- March, ICRISAT, 182.509
agroforestry based natural resource Naresh Kumar & 2022 Hyderabad
management in drought prone Bundelkhand Asha Ram 
region, UP (Sub Project of KISAN MITrA 
project for Doubling Farmers' Income in 
Bundelkhand region of Uttar Pradesh)
Transforming rural livelihood and checking Inder Dev/ 2018- March, ICAR-ICRAF 6.78
migration through agroforestry in conjunction A K Handa & 2022 Work Plan
with natural resource management in Asha Ram
Bolangir and Nuapada districts of Odisha
Assessment of genetic potential of neem K Rajarajan/ 2019- March, NRAA, 21.95
germplasm for higher yield and oil content H Anuragi & 2023 Govt. of India, 
through molecular markers Alka Bharti* New Delhi
Assessment of area under agroforestry A K Handa/ 2020- March, ICAR-ICRAF 61.98
systems/species in agro-climatic zones Suresh Ramanan S & 2022  Work Plan
of India Shiran K (ICAR-

CAZRI, Jodhpur)
Whole transcriptome sequencing of K Rajarajan/ 2020- Nov. 30, ICAR-ICRAF 4.50 
Pongamia pinnata for drought stress Alka Bharti*, 2021 Work Plan
tolerance Ashajyothi**, 

Suresh Ramanan  S, 
Asha Ram & 
A K Handa

Evaluating the performance of strawberry A Arunachalam/ 2021- 2022 NABARD 24.84
cultivation in Babina block of Jhansi Ashok Yadav & (U P) 
district for crop diversification and better Sushil Kumar
economic returns at farmer’s field
Evaluating the performance of strawberry A Arunachalam/ 2021- 2022 NABARD 24.88
cultivation in Moth block of Jhansi district Ashok Yadav & (U P) 
for crop diversification and better economic Sushil Kumar
returns at farmer's field
Task Force on Himalayan Agriculture- A Arunachalam, October, 2021- DST, 952.6

ndNMSHE (2  Phase)- Project Coordinator March, 2026 New Delhi  
CC-PI: A K Handa 
CC-Co PI: Suresh Ramanan S  

Support Implementation of National A Arunachalam, 2021-2022 FAO-India  18.37
Agroforestry Policy by enhancing tree Project Coordinator Office
cover & production of wood A K Handa/   
(FAO-NRAA TCP) R P Dwivedi,

Priyanka Singh,
Suresh Ramanan S &
Ashok Yadav

Pilot the solutions of chip-based technology K Rajarajan/  2022-Ongoing ICRAF-ICAR 4.92 
for real-time and RFID-passive monitoring H Anuragi Work Plan
of field gene bank and agroforestry species 
for scaling up 



Inter-Institutional Collaborative Project
Title of the Project PI/Co-PIs Duration Funding of the Project
Farmer FIRST programme (FFP): Purshottam Sharma/ 2016 - 2022 Inter-Institutional 
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Research Projects concluded in 2021
S.No. Title of the Project PI/Co-PI
A SYSTEM RESEARCH PROGRAMME
1 Nutrient management in ber based agri-horti. Sudhir Kumar; Dr. Ashok Yadav nominated as PI 

system w.e.f. 25.5.2021 to 15.10.2021 /Rajendra Prasad, Inder
Dev &Y N Venkatesh

2 Performance of pomegranate integrated with  Sudhir Kumar; Dr. Ashok Yadav nominated as PI 
lemongrass under organic regime w.e.f. 25.5.2021 to 15.10.2021 /Rajendra Prasad & Y N
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3 Structural and functional analysis of short  Naresh Kumar/Asha Ram, Inder Dev, Priyanka Singh &
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for sustainable landuse and improved Kumar, Priyanka Singh & Y N Venkatesh
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System for small and marginal farmers Sushil Kumar, Lal Chand,  Priyanka Singh, Aswathy 
in semi-arid region Chandrakumar & Y N Venkatesh

3 Impact of watershed and agroforestry Inder Dev/Asha Ram & R K Tewari
interventions on hydrology and nutrient loss 
at Garhkundar-Dabar watershed in 
Bundelkhand region of Central India

4 Relevance of soil and water conservation Asha Ram/Naresh Kumar & Inder Dev 
measures in enhancing productivity and 
sustainability of  silvipastoral system in 
semi-arid conditions

5 Biomass modelling and area estimation in R H Rizvi/Asha Ram & R Vishnu
Tectona grandis based agroforestry systems 
in Central India

6 Temporal evaluation of cropping systems Sushil Kumar/Asha Ram, Naresh Kumar, Sukumar 
under Melia dubia based agroforestry system Taria,  Rajendra Prasad & Priyanka Singh

7 Standardization of nursery practices for the R Vishnu/Naresh Kumar, Rajendra Prasad, K Rajarajan 
production of quality planting material of & Sukumar Taria
Indian Sandalwood (Santalum album  L.)

C Tree Improvement, Post-Harvest & Value Addition Programme
1 Comparative studies on seedling and clonal Badre Alam/A K Handa, Sukumar Taria, Hirdayesh 

plants of Pongamia pinnata with special Anuragi & Alka Bharti
reference to their adaptability to rainfed 
dry agroclimate
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All India Coordinated Research Project on Agroforestry

*AICRP-Agroforestry Secretariat

Title of the Project PI/Co-PIs Year of Completion Agency Budget 
Start (Rs. Lakh)

All India Coordinated Research Dr. A Arunachalam 1997 Ongoing ICAR, 1142.00 
Project on Agroforestry (Project Coordinator) New Delhi 
(AICRP-Agroforestry)* A K Handa 

(Nodal Scientist) &
Suresh Ramanan S
(Associate Scientist) 

Externally Funded Projects

*On study leave w.e.f. 20.06.2021;** On study leave w.e.f. 04.10.2021

Title of the Project PI/Co-PIs Duration Agency Budget 
CC-PI/CC-Co-PI (Rs. Lakh)

Transforming rural livelihood through Inder Dev/ 2018- March, ICRISAT, 182.509
agroforestry based natural resource Naresh Kumar & 2022 Hyderabad
management in drought prone Bundelkhand Asha Ram 
region, UP (Sub Project of KISAN MITrA 
project for Doubling Farmers' Income in 
Bundelkhand region of Uttar Pradesh)
Transforming rural livelihood and checking Inder Dev/ 2018- March, ICAR-ICRAF 6.78
migration through agroforestry in conjunction A K Handa & 2022 Work Plan
with natural resource management in Asha Ram
Bolangir and Nuapada districts of Odisha
Assessment of genetic potential of neem K Rajarajan/ 2019- March, NRAA, 21.95
germplasm for higher yield and oil content H Anuragi & 2023 Govt. of India, 
through molecular markers Alka Bharti* New Delhi
Assessment of area under agroforestry A K Handa/ 2020- March, ICAR-ICRAF 61.98
systems/species in agro-climatic zones Suresh Ramanan S & 2022  Work Plan
of India Shiran K (ICAR-

CAZRI, Jodhpur)
Whole transcriptome sequencing of K Rajarajan/ 2020- Nov. 30, ICAR-ICRAF 4.50 
Pongamia pinnata for drought stress Alka Bharti*, 2021 Work Plan
tolerance Ashajyothi**, 

Suresh Ramanan  S, 
Asha Ram & 
A K Handa

Evaluating the performance of strawberry A Arunachalam/ 2021- 2022 NABARD 24.84
cultivation in Babina block of Jhansi Ashok Yadav & (U P) 
district for crop diversification and better Sushil Kumar
economic returns at farmer’s field
Evaluating the performance of strawberry A Arunachalam/ 2021- 2022 NABARD 24.88
cultivation in Moth block of Jhansi district Ashok Yadav & (U P) 
for crop diversification and better economic Sushil Kumar
returns at farmer's field
Task Force on Himalayan Agriculture- A Arunachalam, October, 2021- DST, 952.6

ndNMSHE (2  Phase)- Project Coordinator March, 2026 New Delhi  
CC-PI: A K Handa 
CC-Co PI: Suresh Ramanan S  

Support Implementation of National A Arunachalam, 2021-2022 FAO-India  18.37
Agroforestry Policy by enhancing tree Project Coordinator Office
cover & production of wood A K Handa/   
(FAO-NRAA TCP) R P Dwivedi,

Priyanka Singh,
Suresh Ramanan S &
Ashok Yadav

Pilot the solutions of chip-based technology K Rajarajan/  2022-Ongoing ICRAF-ICAR 4.92 
for real-time and RFID-passive monitoring H Anuragi Work Plan
of field gene bank and agroforestry species 
for scaling up 



2 Evaluation and characterisation of different K Rajarajan/A K Handa, R Vishnu, A K Singh, (IGFRI) 
Leucaena germplasm at CAFRI & Maneet Rana (IGFRI)

3 TBOs based Agroforestry models R Vishnu/Inder Dev
4 Functional genomics for early drought K Rajarajan/Lal Chand, A Rathakrishnan,(IGFRI), 

tolerance in Pongamia pinnata genotypes Sukumar, Taria, Hirdayesh Anuragi & Alka Bharti
5 Collection, evaluation and hybridization Hirdayesh Anuragi/Lal Chand,Sukumar taria, 

of Moringa germplasms K  Rajarajan, Alka Bharati & Y N Venkatesh
D HRD, Technology Transfer & Refinement Programme
1 Socio-economic, energetic and environmental R P Dwivedi/R K Tewari, R H Rizvi, Priyanka Singh & 

impact assessment of watershed and Mrs. Aswathy Chandrakumar  
agroforestry interventions at Garhkundar-
Dabar watershed in Tikamgarh district 
of Madhya Pradesh

6. Participation in Workshop/Webinars/Meetings/Symposia

Duration Event Organizer Participants
th16  January, 2021 One-day seminar on Tree Borne Organized by Agricultural Dr. Hirdayesh Anuragi

Oilseeds (TBO mini mission under Department, Jhansi at Pt. 
National Food Security Mission) Deendayal Auditorium, 

Jhansi
th27  January, 2021 NBA-UNDP Webinar series on Dr. R Vishnu

Biodiversity and Biological diversity 
Act 2002: Access and Benefit 
Sharing-Processes and Outcomes

th th9  -11  February, 2021 National web conference on Organized by Dr. Hirdayesh Anuragi
Sustaining Pulse Production for Self ICAR-IIPR, Kanpur and 
Sufficiency and Nutritional Security ICAR, New Delhi
(Pulse WebCon 2021)”

th17  February, 2021 Targeting Sustainability of Forests Organized by Dr. R Vishnu
through Certification and NCCF The India International 
Standards Centre (IIC), Delhi

st21  March, 2021 Virtual webinar on the occasion ICAR-CAFRI, Jhansi All scientists of 
of International Day of Forests in association AIRPAF ICAR-CAFRI
and World on Agroforestry

th5  April, 2021 Webinar on Linkages of Joint TERI, New Delhi Suresh Ramanan S
Forest Management Committees 
(JFMCs) with Institutions of 
Community Participation & 
Panchayati Raj Institutions

nd22  April, 2021 Environmental Education in India ICAR, New Delhi Suresh Ramanan S
th th4   & 5  June, 2021 National E-Seminar on "Ecosystem Organized by GITAM,  Dr. Hirdayesh Anuragi, 

Restoration" on the eve of "World Visakhapatnam in Dr. Ashok Yadav
Environment Day" (WED2021) association with Society 

for Science of Climate 
Change and Sustainable 
Environment, 
New Delhi, India

th19  June, 2021 National Conference on SMART PEARL Foundation, Dr. Sushil Kumar, 
Summit -2021 Madurai (Virtual Mode) Dr. Hirdayesh Anuragi,

Dr. Ashok Yadav, 
Mrs. Ashajyothi

nd th22 -24  June, 2021 International Conference on FAO, FAO-India Office, Suresh Ramanan S
Forest Education New Delhi

th th29 -30  June, 2021 Virtual workshop "Statistical and Sher-e-Kashmir Suresh Ramanan S
Economical Analysis of Data University of 
through Packages" Agricultural Sciences, 

Jammu
tst1  July, 2021 Azadi Ka Amrit Mahotsav-One IIFPT, Thanjavur Suresh Ramanan S

District One Focus Produce webinar 
on Banana processing and value 
addition

th15  July, 2021 Policies for Agroecology event from ICRAF, New Delhi Suresh Ramanan S
the Agroecology Transformative 
Partnership Platform (TPP) 
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th16  July, 2021 Webinar on Advances in Teak IFGTB, Coimbatore  Suresh Ramanan S
Cultivation: Genetic Resources 
and Technologies 

th29  July, 2021 Webinar on Checking Plagiarism AKMU, CAFRI, Jhansi All CAFRI Scientists
th29  July, 2021 Live event on "Status of Research World Agroforestry Dr. Hirdayesh Anuragi

on Moringa oleifera: Breeding, (CIFOR-ICRAF)
Genomics & Nutrition”

rd3  August, 2021 Online lecture on "Processing and IINRG Ranchi as part Dr. Rajendra Prasad, 
Value Addition of Natural Resins of India @75 Azadi ka Dr. Ashok Shukla and
& Gums" Amrut Mahotsav Shri. Prashant Singh

th19  August, 2021 Live webinar on "Tools and Thermo Fisher Scientific Dr. Hirdayesh Anuragi
Methods for CRISPR-Cas9 
Functional Genomics and 
Precise Gene Editing”

th27  August, 2021 National Stakeholder Consultation ICFRE, Dehradun Suresh Ramanan S
Workshop on Development of 
Roadmap for Institutional and 
Policy Mainstreaming of 
Sustainable Land and Ecosystem 
Management in India

th8  September, 2021 Virtual National Level Stakeholder CGIAR Suresh Ramanan S 
Consultation for a new global 
initiative of one CGIAR on Nexus 
Gains: Realizing Multiple Benefits 
across Water - Energy - Food - 
Forest - Biodiversity Systems

th29  September, 2021 Invited Lecture on Agroforestry Mizoram University- Dr. A Arunachalam 
for Sustainable Development in HRDC, Aizwal
the Inter-disciplinary Refresher 
Course on Science and Technology 

thduring 28  September to 
th11  October, 2021. 

rd th3  -10  October, 2021 Workshop on hands on online SERB sponsored Dr. Hirdayesh Anuragi
training on CRISPR/Cas9 mediated organized by 
gene editing in plants Department of Plant 

Science, University 
of Hyderabad, Hyderabad

th th4 -24  October, 2021 Invited Lecture on Methodologies Samagra Vikas Welfare Dr. A Arunachalam
and practices for climate change Society and CAU, 
resilience in the 21-days online Pasighat, 
Scientific Training on Agricultural Arunachal Pradesh
Research Methodologies, Practices 
and their Management

th26  October, 2021 International webinar on fighting the ICAR-IIOPR, Pedavegi,  Dr. Hirdayesh Anuragi
hunger using smart technology Andhra Pradesh

th th th27 -29   October, 2021 29  Annual Conference on "Public Agricultural Economics Dr. Priyanka Singh 
Policies and Agricultural Research Association, 
Transformation in India" India

th th9 -10  November, 2021 Online 13th Annual workshop of ICAR-IINRG, Ranchi, Dr. Rajendra Prasad, 
Network Project on "Harvesting, Jharkhand Dr. Badre Alam, 
Processing and Value Addition of Dr. A K Handa, 
Natural Resins and Gums Dr. Ashok Sukla and 
(NP-HPVA of NRGS)" Shri Prashant Singh

rd th23 -27  November, 2021 Fifth International Agronomy PJTSAU, Hyderabad, Dr. Asha Ram and 
Congress on "Agri Innovations to India Dr. Sushil Kumar
Combat Food and Nutrition 
Challenges”

th26  November, 2021 International Webinar on Fighting ICAR-IIOPR, Pedavegi, Dr. Hirdayesh Anuragi
the Hunger using Smart Technology Andhra Pradesh
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th th6 -18  December, 2021 Advanced Course (Asia & North CIMMYT in collaboration Dr. Asha Ram
Africa) on Conservation Agriculture: with ICAR-CSSRI, Karnal 
Gateway for Sustainable and BISA, Ludhiana at 
Intensification of Smallholder ICAR-CSSRI, Karnal
Systems

th th19 -20  December, Invited Panel Lecture on Organized by Society of Dr. A Arunachalam
2021 'Agroforestry and Humans' on Biological Sciences and 

19 December, 2021; International Rural Development, 
Web-Conference on Emerging Prayagraj, Uttar Pradesh
Sustainability Trends in 
Agricultural, Rural and 
Environmental Development

th30  December, 2021 National Workshop on Bamboo NITI Ayog, GoI, Dr. A K Handa
New Delhi
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World Environment Day
On the occasion of World Environment Day on June, 
2021, public lecture was virtually delivered by 

theme 
“Environmental Restoration”.

thConstitution Day was observed on 26  November, 2021. 
The institute staffs read the Preamble of the Constitution of 
the at the Institute premises.

thICAR-CAFRI celebrated the Republic Day (26  January, 
th2021) and Independence Day (15  August, 2021) in the 

institute premises. Director of the institute unfurled and 
hoisted the flag on both the occasions. Various cultural 
activities and sport events were organized for the staff and 
their family members.

ICAR-CAFRI organized a virtual brainstorming session on 
th“Har Med Par Ped” on  4  June, 2021 to discuss the scope 

and challenges of growing trees on farm bunds and 
boundaries. DG, ICAR chaired the session and several 
dignitaries across the country participated in the event.

th5  
Padma 

Bhushan Dr. Anil Prakash Joshi on the 

Yoga for Wellness”

International Day of Yoga
Following the COVID-19 protocols, ICAR-CAFRI 

st observed International Day of Yoga on 21 June, 2021 on 
the theme “ .
Constitution Day

Republic Day and Independence Day

Events Organized

World Water Day
ndWorld Water Day was organized by ICAR-CAFRI on 22  

March, 2021 in Parasai village of Babina block in Jhansi on 
the global theme “Valuing Water”. About 200 farmers 
participated in the programme.

International Day of Biological diversity 
Indian Society of Agroforestry in association with Doon 
University and the Society for Science of Climate Change 
and Sustainable Environment celebrated International Day of 

ndBiological Diversity on 22  May, 2021.

World Sparrow Day 
ICAR-CAFRI virtually celebrated World Sparrow Day on 

th20  March, 2021 under the chairmanship of Dr. A. 
Arunachalam, Director. Dr. Sanjay Shukla, Add. Principal 
Chief Conservator Of Forest, M.P was the Chief Guest and 
Dr. Ashwarya Maheshwar, Assitt. Professor, Banda 
Agricultural University, Banda was the Guest of Honour. 
About 80 participants participated in the programme.

ICAR-CAFRI virtually observed International Forest Day 
stand World Tree Day on 21  March, 2021 under the guidance 

of Dr. A. Arunachalam, Director. Dr. B.P. Bhatt, Ex. Director, 
ICAR Research Complex for the Eastern Region, Patna and 
Dr. C.G. Kushalpa, Dean, Forest college, Ponampet, 
Karnataka were the keynote speaker of the function.

World Forest Day & Tree Day 

 

th Celebration of 34 Foundation Day of ICAR-CAFRI
ICAR-Central Agroforestry Research Institute celebrated 

thits 34  Foundation Day along with the Foundation Day of 
thIndian Society of Agroforestry (ISAF) on 18  June, 2021. 

Foundation Day address was delivered by Dr. Trilochan 
Mohapatra, Secretary DARE & DG ICAR. Deputy 
Director General, Natural Resource Management Division, 

ICAR and ADG (Agronomy, Agroforestry and Climate 
Change), ICAR were also present in the meeting. Institute 
publications and media materials were released by DG 
ICAR, followed by virtual inauguration of the new training 
hostel. On the occasion, ISAF conferred Lifetime 
Achievement Awards to Dr. Trilochan Mohapatra, Dr. Ravi 
Prabhu, Dr. P S Pathak and Dr. P K Koshla.

7. Important Events/Meetings/Days Observed

Days Observed

National Science Day on 28.02.2021. International Women's Day on 08.03.2021

52

ICAR

53

ICAR



World Environment Day
On the occasion of World Environment Day on June, 
2021, public lecture was virtually delivered by 

theme 
“Environmental Restoration”.

thConstitution Day was observed on 26  November, 2021. 
The institute staffs read the Preamble of the Constitution of 
the at the Institute premises.

thICAR-CAFRI celebrated the Republic Day (26  January, 
th2021) and Independence Day (15  August, 2021) in the 

institute premises. Director of the institute unfurled and 
hoisted the flag on both the occasions. Various cultural 
activities and sport events were organized for the staff and 
their family members.

ICAR-CAFRI organized a virtual brainstorming session on 
th“Har Med Par Ped” on  4  June, 2021 to discuss the scope 

and challenges of growing trees on farm bunds and 
boundaries. DG, ICAR chaired the session and several 
dignitaries across the country participated in the event.

th5  
Padma 

Bhushan Dr. Anil Prakash Joshi on the 

Yoga for Wellness”

International Day of Yoga
Following the COVID-19 protocols, ICAR-CAFRI 

st observed International Day of Yoga on 21 June, 2021 on 
the theme “ .
Constitution Day

Republic Day and Independence Day

Events Organized

World Water Day
ndWorld Water Day was organized by ICAR-CAFRI on 22  

March, 2021 in Parasai village of Babina block in Jhansi on 
the global theme “Valuing Water”. About 200 farmers 
participated in the programme.

International Day of Biological diversity 
Indian Society of Agroforestry in association with Doon 
University and the Society for Science of Climate Change 
and Sustainable Environment celebrated International Day of 

ndBiological Diversity on 22  May, 2021.

World Sparrow Day 
ICAR-CAFRI virtually celebrated World Sparrow Day on 

th20  March, 2021 under the chairmanship of Dr. A. 
Arunachalam, Director. Dr. Sanjay Shukla, Add. Principal 
Chief Conservator Of Forest, M.P was the Chief Guest and 
Dr. Ashwarya Maheshwar, Assitt. Professor, Banda 
Agricultural University, Banda was the Guest of Honour. 
About 80 participants participated in the programme.

ICAR-CAFRI virtually observed International Forest Day 
stand World Tree Day on 21  March, 2021 under the guidance 

of Dr. A. Arunachalam, Director. Dr. B.P. Bhatt, Ex. Director, 
ICAR Research Complex for the Eastern Region, Patna and 
Dr. C.G. Kushalpa, Dean, Forest college, Ponampet, 
Karnataka were the keynote speaker of the function.

World Forest Day & Tree Day 

 

th Celebration of 34 Foundation Day of ICAR-CAFRI
ICAR-Central Agroforestry Research Institute celebrated 

thits 34  Foundation Day along with the Foundation Day of 
thIndian Society of Agroforestry (ISAF) on 18  June, 2021. 

Foundation Day address was delivered by Dr. Trilochan 
Mohapatra, Secretary DARE & DG ICAR. Deputy 
Director General, Natural Resource Management Division, 

ICAR and ADG (Agronomy, Agroforestry and Climate 
Change), ICAR were also present in the meeting. Institute 
publications and media materials were released by DG 
ICAR, followed by virtual inauguration of the new training 
hostel. On the occasion, ISAF conferred Lifetime 
Achievement Awards to Dr. Trilochan Mohapatra, Dr. Ravi 
Prabhu, Dr. P S Pathak and Dr. P K Koshla.

7. Important Events/Meetings/Days Observed

Days Observed

National Science Day on 28.02.2021. International Women's Day on 08.03.2021

52

ICAR

53

ICAR



• Establishment of  Navagraha Vatika at ICAR-CAFRI 
thon 15  November, 2021

• Establishment of  Star Tree Plantation at ICAR-
ndCAFRI on 22  November, 2021

• Establishment of  Rashi Vatika at ICAR-CAFRI on 
th10  November, 2021

• Public lecture on Animal Health and Productivity on 
th11  June, 2021 (Speaker: Dr. A.K. Srivastava, 

Member, ASRB, Govt. of India, New Delhi).

• Public lecture by Dr. Abdesh Kumar Gangwar, 
Coordinator RCE and Former Senior Programme 
Director CCE on “Towards a Sustainable Climate 
Smart and Disaster Resilient Community” on the eve 

thof Day to Combat Desertification and Drought on 17  
June, 2021.

thThe annual IRC meeting of Institute was conducted on 11  -
th12  October, 2021. All scientists of the institute participated 

and 14 new research proposals were approved by the house 
after thorough discussion.

ICAR-CAFRI observed Swachhta Pakhwada from 
December, 2021. During this period, awareness campaign 
and both on-campus as well as off-campus cleanliness 
activities were conducted involving the staffs of the 
institute.

Annual IRC Meeting

Swachh Bharat Abhiyan
th th16 -30  

New in Campus

8. Publications

(A) Research Articles
Anuragi, H, Yadav, R and Sheoran, R, 2021. Gamma-rays 

and EMS induced resistance to mungbean yellow 
mosaic India virus in mungbean [Vigna radiata (L.) R. 
Wilczek] and its validation using linked molecular 
markers. International Journal of Radiation Biology, 
98:69-81.

Arunachalam, A and Ramanan, S S, 2021. Agroforestry 
based land-use model for sustainable farming. Indian 
Journal of Agronomy 66 (5th IAC Special Issue): S101-
S110. 

Arunachalam, A, Ramanan, S S and Handa, A K, 2021. 
Administering agroforestry at the district level. 
Current Science, 121(4): 473-474.

Ashajyothi, M, Balamurugan, A, Pandey, N, Agarwal, D K, 
Varshney, R K and Nayaka, C S, 2021. First report of 
pearl millet bacterial leaf blight caused by Pantoea 
stewartii subspecies indologenes in India. Plant 
Disease. Doi: https://doi.org/10.1094/PDIS-03-21-
0669-PDN. 

Banjara, T R, Bohra J S, Kumar, S, Singh T, Shori, A and 
Prajapat, K, 2021. Sustainable alternative crop 
rotations to the irrigated rice-wheat cropping system of 
Indo-Gangetic plains of India. Archives of Agronomy 
and Soil Science. Doi: https://doi.org/10.1080/ 
03650340.2021.1912324. 

Banjara, T R, Bohra, J S, Kumar, S, Ram, A and Pal, V, 
2021. Diversification of rice–wheat cropping system 
improves growth, productivity and energetics of rice in 
the Indo-Gangetic Plains of India. Agricultural 
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Chand, K, Choudhary, B B, Suresh, A, Mishra, A K, Gaur, 
M K, Singh, P, and Louhaichi, M, 2021. What 
determines migration of sheep flocks? evidences from 
Thar desert of Rajasthan. Indian Journal of Small 
Ruminants, 27(2): 275-279

Chavan, S B, Newaj R, Rizvi, R H, Ajit, Prasad, R, Handa, A 
K, Dhyani, SK, Jain, A and Tripathi, D, 2021. 
Reduction of global warming potential vis-à-vis 
greenhouse gases through traditional agroforestry 
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Dev, Inder, Ram, A, Radotra, S, Misri, B K, Sareen, S, 
Kumar, P, Singh, D, Kumar, S, Kumar, N and Singh, R, 
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Dev, Inder, Singh, R, Gar, K K, Ram A, Singh, D, Kumar, N, 
Dhyani, S K, Singh, A, Anantha, K H, Akuraju, V, 
Dixit, S, Tewari, R K, Dwivedi, R P and Arunachalam, 
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watershed interventions: A case study of Parasai-Sindh 
watershed in Budelkhand region of Central India. 
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Kumar D, Prasad R, Singh R, Rizvi R H, Chavan SB, Dev I, 
Dwivedi R P, Tewari R K, Ram A, Kumar Sudhir, 
Kumar Sunil, Singh, P, Tripathi, V D and Singh, A K, 
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fertility status in Bundelkhand region of semi-arid 
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influenced by their strip intercropping association in 
typical arid Kachchh, Gujarat. Range Management 
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Kumar, S, Prasad, Rajendra, Kumar, V and Krishna, A K, 
2021.  Organic  source  on  productivity  of  
pomegranate–lemongrass-based agroforestry system 
in central India. Agroforestry Systems. 95(4): 615-624. 

Machiwal, D, Kumar, S, Islam, A, Kumar, S, Jat, S R, 
Vaishnav, M and  Dayal, D, 2021. Evaluating effect of 
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• Establishment of  Navagraha Vatika at ICAR-CAFRI 
thon 15  November, 2021

• Establishment of  Star Tree Plantation at ICAR-
ndCAFRI on 22  November, 2021

• Establishment of  Rashi Vatika at ICAR-CAFRI on 
th10  November, 2021

• Public lecture on Animal Health and Productivity on 
th11  June, 2021 (Speaker: Dr. A.K. Srivastava, 

Member, ASRB, Govt. of India, New Delhi).

• Public lecture by Dr. Abdesh Kumar Gangwar, 
Coordinator RCE and Former Senior Programme 
Director CCE on “Towards a Sustainable Climate 
Smart and Disaster Resilient Community” on the eve 

thof Day to Combat Desertification and Drought on 17  
June, 2021.

thThe annual IRC meeting of Institute was conducted on 11  -
th12  October, 2021. All scientists of the institute participated 

and 14 new research proposals were approved by the house 
after thorough discussion.

ICAR-CAFRI observed Swachhta Pakhwada from 
December, 2021. During this period, awareness campaign 
and both on-campus as well as off-campus cleanliness 
activities were conducted involving the staffs of the 
institute.

Annual IRC Meeting

Swachh Bharat Abhiyan
th th16 -30  

New in Campus

8. Publications

(A) Research Articles
Anuragi, H, Yadav, R and Sheoran, R, 2021. Gamma-rays 

and EMS induced resistance to mungbean yellow 
mosaic India virus in mungbean [Vigna radiata (L.) R. 
Wilczek] and its validation using linked molecular 
markers. International Journal of Radiation Biology, 
98:69-81.

Arunachalam, A and Ramanan, S S, 2021. Agroforestry 
based land-use model for sustainable farming. Indian 
Journal of Agronomy 66 (5th IAC Special Issue): S101-
S110. 

Arunachalam, A, Ramanan, S S and Handa, A K, 2021. 
Administering agroforestry at the district level. 
Current Science, 121(4): 473-474.

Ashajyothi, M, Balamurugan, A, Pandey, N, Agarwal, D K, 
Varshney, R K and Nayaka, C S, 2021. First report of 
pearl millet bacterial leaf blight caused by Pantoea 
stewartii subspecies indologenes in India. Plant 
Disease. Doi: https://doi.org/10.1094/PDIS-03-21-
0669-PDN. 

Banjara, T R, Bohra J S, Kumar, S, Singh T, Shori, A and 
Prajapat, K, 2021. Sustainable alternative crop 
rotations to the irrigated rice-wheat cropping system of 
Indo-Gangetic plains of India. Archives of Agronomy 
and Soil Science. Doi: https://doi.org/10.1080/ 
03650340.2021.1912324. 

Banjara, T R, Bohra, J S, Kumar, S, Ram, A and Pal, V, 
2021. Diversification of rice–wheat cropping system 
improves growth, productivity and energetics of rice in 
the Indo-Gangetic Plains of India. Agricultural 
Research,  Doi:https://doi.org/10.1007/s40003-020-
00533-9. 

Chand, K, Choudhary, B B, Suresh, A, Mishra, A K, Gaur, 
M K, Singh, P, and Louhaichi, M, 2021. What 
determines migration of sheep flocks? evidences from 
Thar desert of Rajasthan. Indian Journal of Small 
Ruminants, 27(2): 275-279

Chavan, S B, Newaj R, Rizvi, R H, Ajit, Prasad, R, Handa, A 
K, Dhyani, SK, Jain, A and Tripathi, D, 2021. 
Reduction of global warming potential vis-à-vis 
greenhouse gases through traditional agroforestry 
systems  in  Rajasthan,  India.  Environment,  
Development and Sustainability 23:4573–4593.

Dev, Inder, Ram, A, Radotra, S, Misri, B K, Sareen, S, 
Kumar, P, Singh, D, Kumar, S, Kumar, N and Singh, R, 
2021. Cereal clover bi-cropping for sustainable forage 

production in the Himalayan region. European Journal 
of Agronomy, 130: 126354.

Dev, Inder, Singh, R, Gar, K K, Ram A, Singh, D, Kumar, N, 
Dhyani, S K, Singh, A, Anantha, K H, Akuraju, V, 
Dixit, S, Tewari, R K, Dwivedi, R P and Arunachalam, 
A, 2021. Transforming livestock productivity through 
watershed interventions: A case study of Parasai-Sindh 
watershed in Budelkhand region of Central India. 
Agricultural Systems, 196: 103346. https://doi.org/ 
10.1016/j.agsy.2021.103346

Kumar D, Prasad R, Singh R, Rizvi R H, Chavan SB, Dev I, 
Dwivedi R P, Tewari R K, Ram A, Kumar Sudhir, 
Kumar Sunil, Singh, P, Tripathi, V D and Singh, A K, 
2020. Impact of watershed interventions on soil 
fertility status in Bundelkhand region of semi-arid 
tropics, India. Indian Journal of Agroforestry,  
22(1):84-89.

Kumar, N, Anuragi, H, Rana, M, Priyadarshini, P, Singhal, 
R, Chand, S and Ahmed, S, 2021. Elucidating 
morpho‐anatomical,  physio‐biochemical  and  
molecular mechanism imparting salinity tolerance in 
oats (Avena sativa). Plant Breeding, 140(5): 835-850.

Kumar, S, Machiwal, D, Dev R, Surshkumar, M and Dayal, 
D, 2021. Performance of grasses and legumes as 
influenced by their strip intercropping association in 
typical arid Kachchh, Gujarat. Range Management 
and Agroforestry, 42 (1): 186-190.

Kumar, S, Prasad, Rajendra, Kumar, V and Krishna, A K, 
2021.  Organic  source  on  productivity  of  
pomegranate–lemongrass-based agroforestry system 
in central India. Agroforestry Systems. 95(4): 615-624. 

Machiwal, D, Kumar, S, Islam, A, Kumar, S, Jat, S R, 
Vaishnav, M and  Dayal, D, 2021. Evaluating effect of 
cover crops on runoff, soil loss and soil nutrients in an 
Indian arid region. Communications in Soil Science and 
Plant Analysis, DOI:10.1080/00103624.2021. 1892726

Nirmal, A and Handa, A K, 2021. Biomass and volume 
models for clonal Eucalyptus tereticornis coppice 
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Journal of Agroforestry, 23(1) 54-60.

Panda, S, Bhardwaj, D R, Sharma, P, Handa, A K and 
Kumar, D, 2021. Impact of climatic patterns on 
phenophase and growth of multi-purpose trees of 
north-western mid-Himalayan ecosystem. Trees, 
Forests and People, 6: 100143. https://doi.org/ 
10.1016/j.tfp.2021.100143
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Sirohi, C, Kumar, P, Dhillon, R S, Handa, A K, Bhardwaj, K 
K, Kumari, S and Ahlawat, K S, 2021. Productivity of 
barley and growth of eucalyptus clones under agri-
silviculture system in semi-arid ecosystem of Haryana, 
India. Indian Journal of Agroforestry, 23(1): 18-22.

Upadhyaya, Kantidev, Ram, Asha, Dev, Inder, Kumar, 
Naresh, Upadhyaya, Surabhi, Gautam, Kamini and 
Arunachalam, A, 2021. Above- and below-ground 
interactions in teak-barley agroforestry system in the 
Bundelkhand region of Central India. Indian Journal 
of Agroforestry, 23(1): 41-47. 

Yadav, A, Dhakar, M K, Kumar, S, Handa, A K, and 
Arunachalam, A, 2021. First report on status and 
prospects of Loranthus in mango orchards: A potential 
threat to mango based agroforestry system. Indian 
Journal of Agroforestry, 23(2). 124-133.

Bordoloi, P, Arunachalam, A, Arunachalam, K and Singh N 
D, 2021. Agricultural land use systems and its 
characteristics followed by the Nyishis of Papum Pare 
district of Arunachal Pradesh. In: Recent Advances in 
Agriculture, Engineering and Biotechnology for Food 
Security, (Rao, R K, ed.). Mahima Research 
Foundation and Social Welfare, Varanasi (ISBN: 978-
81-953029-4-9): p. 17-22.  

Choudhary, B B,  Sharma, P, Singh, P and R K Sharma 
(2021) Economic analysis of fodder production, 
conservation and enrichment technologies.  In:  
Agripreneurship Development on Value Added Fodder 
Products, (Choudhary, B B, et al. ed.). ICAR-IGFRI, 
Jhansi & MANAGE Hyderabad (ISBN: 978-93-
91668-59-4): pp: 140-147.

Kumar, V, Hidangmayum, A, Singh, A, Sodani, R, Dadrwal, 
B K, Kumar, N, Anuragi, H & Singhal, R K, 2021. 
Physiological,  Biochemical,  and  Molecular  
Mechanisms of Gasotransmitter-Mediated Heavy Metal 
Stress Tolerance in Plants. In: Heavy Metal Toxicity in 
Plants: Physiological and Molecular Adaptations. 6000 
Broken Sound Parkway NW, Suite 300, Boca Raton, FL 
33487-2742: CRC Press: pp. 127-138. 

Palsaniya, D R, Choudhary M, Kumar S, Prasad M and 
Khandelwal V, 2021. Smart nutrient delivery to field 
crops for higher use efficiency.  In:  Singh U and 
Praharaj CS. (Eds.), Nutrient Use Efficiency Through 
Next Generation Fertilizers. Brillion Publishing, New 
Delhi, India, pp 344-383.

Sodani, R, Mishra, U N, Chand, S, Indu, Anuragi, H, 
Chandra, K, Chauhan, J, Bose, B, Kumar, V, Singh, G 
S, Lenka, D and Singhal, R K, 2021. Artificial light at 
night: A global threat to plant biological rhythms and 
eco-physiological processes. Light Pollution, 
Urbanization and Ecology, Intech Open, 1-18. doi: 
http://dx.doi.org/10.5772/intechopen.96457 

(B) Books, Chapters 

Sharma, S, Sharma, V K, Banyal, S K, Banyal, A K, Pandey, 
V, Yadav, A, Jaryal, Sharma, K, Kumar, R, 2021. 
Himachal Pradesh Me Aam Ki Kheti Publisher: YS 
P a rma r  Un i v e r s i t y  Naun i  S o l an  I SBN:  
9788194566441 

Syam, V, Sandeep, S, Sreekumar, V B, Vishnu, R, and Sanil, 
M S, 2021. Manual for Bioremediation of River Banks 
in Kerala. Published by KSCSTE-Kerala Forest 
Research Institute, Thrissur, Kerala. ISBN No. 81-
85041-97-0. p. 97. 

Yadav, A and Jha,  S, 2021. Mango (Mangifera indica L.) 
In: Tropical Fruit Crops-Theory to Practical Jaya 
Publishing House, New Delhi 306-400.

Chand, L, Patidar, J, Anuragi, H, Taria, S, Handa, A K, Dev, 
I and Tewari, R K, 2021. Fig (Ficus carica): A potential 
fruit crop for agroforestry systems in arid and semi-
arid regions. Kerala Karshakan 8(8):4-11. 

Chavan, S B, Vishnu, R, Kumar, N, Kumar, D, Sirohi, C, 
and Handa, A K, 2021. Melia dubia; An indigenous tree 
species for industrial agroforestry in India. Indian 
Farming, 71(06): 7-11.

Dev, R, Dayal, D, Kumar, S, Kumar, A and Patel, S, 2021. 
Kanta rahit cactus hai mulyawan chara. Kheti: 28-29. 

Kumar, D, Ram, A, Dev, I and Newaj, R, 2021. Boron status 
and tackling Boron status and tackling its widespread 
deficiency. Indian Farming, 71(08): 42–44.

Kumar, S, Dev, R, Yadav, A, Pramendra, Taria, S, Anuragi, 
H, Ram, A and Dev, I, 2021. Invasive Weed "Prosopis 
julifrora" Coal: A Source of Income to Banni 
Inhabitants of Kachchh. Agriculture and Environment 
e-Newsletter 2 (7): 37-40.

Ram, A, Dev, I, Chaudhary, G, Kumar, N, Arunachalam A, 
Kumar, S and Kumar, J, 2021. Badalti jalvayu me 
krishivaniki ka mahatav. Kheti (June): 7-8. 

Ramanan, S.S. and A. Arunachalam (2021) A look over on 
the scented tree of India (Santalum album). Journal of 
Threatened Taxa 13(12): 19884-19886 (https:// 
doi.org/10.11609/jott.7614.13.13.19884-19886)

Ramanan, S.S. and A. Arunachalam. Can Oxygen 
Production be accounted as Ecosystem Services from 
Trees? Newsletter of the International Society of 
Tropical Foresters 9(4): 6-8

Lata, S, Yadav, A, Kumar, S, Joshi, A K, Yadav, M and Kafal, 
P, 2021. (Myrica esculenta): an underutilized plant for 
nutritional security. Times of Agriculture. 7: 143-146. 8.
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Parmar, M R, Arunachalam, A, Jha, S K, Tandel, M B and 
Patel, S M, 2021. Variations in soil texture of different 
horticulture-based agroforestry systems in South 
Gujarat. The Pharma Innovation, 10(5): 87-90. 

Prasad, M E, Kumar, N, Arunachalam, A, Rawat, B and 
Gautam, P, 2021. Millets of cold semi-arid regions: 
Vital fats in starch content and composition. 
International Journal of Current Research and Review, 
13(11): 92-98.

Prasad, R, Handa, A K, Alam, B, Arunachalam, A, Shukla, 
A, Singh, P and Prasad, N, 2021. Influence of planting 
geometry of 8-year-old gum-yielding trees on soil 
chemical properties in the Bundelkhand region. Indian 
Journal of Agroforestry, 23(1):33-40.

Rajarajan, K, Ganesamurthy, K, Raveendran, M, 
Jeyakumar, P, Yuvaraja, A, Sampath, P, Prathima, P T 
and Senthilraja, C, 2021. Differential responses of 
sorghum genotypes to drought stress revealed by 
physio-chemical and transcriptional analysis. 
Molecular Biology Reports, 48(3): 2453-2462. 

Rajarajan, K, Taria, S, Chavan, S B, Ramanan, S S, Vishnu, 
R, Handa, A K and Alam, B, 2021. Differential 
activities of antioxidant enzymes and physio-chemical 
changes in Dalbergia sissoo  genotypes under 
waterlogged stress.  Range Management and 
Agroforestry, 42(2), 255-261.

Rajarajan. K, Uthappa, A R, Handa, A K, Chavan, SB, 
Vishnu, R, Shrivastava, A, Handa, A, Rana, M, Sahu, 
S, Kumar, N, Singh, A K, Ahmed, S and Rana, M, 2021. 
Genetic diversity and population structure of 
Leucaena leucocephala (Lam.) de Wit genotypes 
using molecular and morphological attributes. Genetic 
Resources and Crop Evolution, 69(1): 71-83. 
Evolhttps://doi.org/10.1007/s10722-021-01203-7.

Ramanan, S S and Kunhamu, T K, 2021. Redefining the 
Logarithmic Spiral Trenching to Understand Root 
Structure and Distribution of Trees. Indian Forester, 
147 (2), pp.202–204. 

Ramanan, S.S., Arunachalam, A., 2021. Introspection of 
agroecology for food systemsfrom agroforestry 
perspective. Indian Journal of Agroforestry, 23, 141–145.

Ramanan, S.S., Arunachalam, A., Rajawat, B.S., 2021. A 
scientometric assessment ofresearch publications from 
ICAR-Central Agroforestry Research Institute. Indian 
Journal of Agroforestry,  23, 134–140.

Ramanan, S.S. Osman, M., Shanker, A.K., Sridhar, K.B., 
2021. Oxygen production potential of trees in urban 
areas: A reality check? Current Science, 121, 622–625.

Rawat, M, Arunachalam, K and Arunachalam, A, 2021. 
Seasonal dynamics in soil microbial biomass C, N and 
P in a temperate forest ecosystem of Uttarakhand, 
India. Tropical Ecology, 62: 377-385. https://doi.org/ 
10.1007/s42965-021-00153-6) 

Rawat, M, Arunachalam, K, Arunachalam, A, Alatalom, J 
M and Pandey, R, 2021. Assessment of leaf 
morphological,  physiological,  chemical  and 
stoichiometry functional traits for understanding the 
functioning of Himalayan temperate forest ecosystem. 
Scientific Reports (Nature), 11:23807

Rizvi, R H , Vishnu, R,  Handa, A K, Ramanan, S S, Yadav, 
M, Mehdi, A, Singh, R K, Londhe, S, Dhyani, S K, 
Rizvi, R H, Punam, Rameshwar Kumar and Qaisar, 
Naved, 2021. Mapping of agroforestry systems and 
Salix species in Western Himalaya agroclimatic zone 
of India, Current Science, 121 (10): 1347-1351. 

Sajwan, P, Sharma, G, Yadav, A, and Thakur, K, 2021. 
Genetic diversity of walnut for horticultural traits 
under mid hill conditions. Indian Academy of 
Horticultural Sciences (IAHS), 78(2), 142-148.

Sharma, P, Choudhary, B B, Singh, P, Kumar, S, Gupta, G 
and Dev, I, 2021. Can forage technologies transform 
Indian livestock sector?: evidences from smallholder 
dairy farmers in Bundelkhand region of central India. 
Agricultural Economics Research Review, 34 
(Conference Number): 73-82.

Sharma, S, Arunachalam, K and Arunachalam, A, 2021. 
Ecophysiological responses of Perilla frutescens 
(Linn.) Britt from the Indian Himalayan Region. Plant 
Physiology Reports, 26(2): 329-342. 

Shukla A, Kumar A, Prasad R, Kumar N, Dhyani S K, 
Chaturvedi, O P and Arunachalam, A, 2021. Efficacy of 
arbuscular mycorrhizal fungi and bacterial inoculants in 
enhancing yield of Phaseolus mungo L. and Vigna 
radiata (L.) R. Wilczek under central Indian conditions. 
Journal of Soil Science and Plant Nutrition, DOI: 
https://doi.org/10.1007/s42729-021-00754-z

Singh, N R, Kumar, D, Handa, A K, Newaj, R, Prasad, M, 
Kamini, Kumar, N, Asha Ram, Dev, Inder, Bhatt, B P, 
Chaturvedi, O P, Arunachalam, A and Singh, L N, 
2021. Land use effect on soil carbon stocks, microbial 
biomass and basal respiration in Bundelkhand region 
of Central India. Agricultural Research. 

Singh, P, Goyal, M and Choudhary, B B, 2021. Drivers of 
Foodgrain Productivity in Uttar Pradesh Panel Data 
Analysis. Economic and Political Weekly, 56(38): 40-45.

Singh, P, Goyal, M, Choudhary, B B and Guleria, M, 2021. 
Sustainable food security index: planning tool for 
district-level agricultural development in Uttar Pradesh. 
Agricultural Economics Research Review, 34 (1): 51-67.

Sirohi, C, Bangarwa, K S, Dhillon, R S, Handa, A K, 
Chavan, S B & Arunachalam, A, 2021. Dry matter 
accumulation of winter wheat (Triticum aestivum L.) at 
different distances from tree line under Poplar 
(Populus deltoides) boundary plantation. Indian 
Journal of Agroforestry, 23(2): 30-38.



Sirohi, C, Kumar, P, Dhillon, R S, Handa, A K, Bhardwaj, K 
K, Kumari, S and Ahlawat, K S, 2021. Productivity of 
barley and growth of eucalyptus clones under agri-
silviculture system in semi-arid ecosystem of Haryana, 
India. Indian Journal of Agroforestry, 23(1): 18-22.

Upadhyaya, Kantidev, Ram, Asha, Dev, Inder, Kumar, 
Naresh, Upadhyaya, Surabhi, Gautam, Kamini and 
Arunachalam, A, 2021. Above- and below-ground 
interactions in teak-barley agroforestry system in the 
Bundelkhand region of Central India. Indian Journal 
of Agroforestry, 23(1): 41-47. 

Yadav, A, Dhakar, M K, Kumar, S, Handa, A K, and 
Arunachalam, A, 2021. First report on status and 
prospects of Loranthus in mango orchards: A potential 
threat to mango based agroforestry system. Indian 
Journal of Agroforestry, 23(2). 124-133.

Bordoloi, P, Arunachalam, A, Arunachalam, K and Singh N 
D, 2021. Agricultural land use systems and its 
characteristics followed by the Nyishis of Papum Pare 
district of Arunachal Pradesh. In: Recent Advances in 
Agriculture, Engineering and Biotechnology for Food 
Security, (Rao, R K, ed.). Mahima Research 
Foundation and Social Welfare, Varanasi (ISBN: 978-
81-953029-4-9): p. 17-22.  

Choudhary, B B,  Sharma, P, Singh, P and R K Sharma 
(2021) Economic analysis of fodder production, 
conservation and enrichment technologies.  In:  
Agripreneurship Development on Value Added Fodder 
Products, (Choudhary, B B, et al. ed.). ICAR-IGFRI, 
Jhansi & MANAGE Hyderabad (ISBN: 978-93-
91668-59-4): pp: 140-147.

Kumar, V, Hidangmayum, A, Singh, A, Sodani, R, Dadrwal, 
B K, Kumar, N, Anuragi, H & Singhal, R K, 2021. 
Physiological,  Biochemical,  and  Molecular  
Mechanisms of Gasotransmitter-Mediated Heavy Metal 
Stress Tolerance in Plants. In: Heavy Metal Toxicity in 
Plants: Physiological and Molecular Adaptations. 6000 
Broken Sound Parkway NW, Suite 300, Boca Raton, FL 
33487-2742: CRC Press: pp. 127-138. 

Palsaniya, D R, Choudhary M, Kumar S, Prasad M and 
Khandelwal V, 2021. Smart nutrient delivery to field 
crops for higher use efficiency.  In: Singh U and 
Praharaj CS. (Eds.), Nutrient Use Efficiency Through 
Next Generation Fertilizers. Brillion Publishing, New 
Delhi, India, pp 344-383.

Sodani, R, Mishra, U N, Chand, S, Indu, Anuragi, H, 
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Accounting” January,2021 Cuttack

th ndDST sponsored national online training programme 18 -22   ICAR-IISWC, Dr. R Vishnu
on "Integrated Nutrient Management and Budgeting January, Regional Station, 
through Advanced Models to Improve Crop 2021 Ooty, Tamil Nadu
Productivity" 

th thOnline training programme on "Documentation 9  - 10  NIPHM, Dr. K Rajarajan
procedures for NABL accreditation for PTLs February, Hyderabad
and PRLs" 2021

nd thDST sponsored online training for scientists/ 22  - 26 Wildlife Institute  Dr. R. Vishnu and
technologist in environmental science working in February, of India, Mr. Venkatesh Y N
government sector on "Biodiversity Conservation" 2021 Dehradun

ndOnline training on "Role of PT and ILC in 2  March, NIPHM, Mrs. Ashajyothi
maintaining accreditation as per the 2021 Hyderabad
ISO 17025:2017”

th thOnline training programme on "Agroforestry for 10  -12  ICAR-CAFRI and Dr. H Anuragi and 
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officer of ICAR August, 2021 Hyderabad
th thOnline training programme on Data Analysis in 4  -8  ICAR-NAARM, Dr. Priyanka Singh

Social Sciences Research October, 2021 Hyderabad
th thOnline training programme on "Statistical 4  -13  ICAR-IASRI, Suresh Ramanan S

Techniques for Data Analysis in Agriculture" October, 2021 New Delhi
thOnline training/workshop on "Analysis of 28  October - ICAR-NAARM, Dr. Hirdayesh Anuragi

stMulti-Location Experiments" 1   November, Hyderabad 
2021
th thAdvance course on conservation agriculture- 6 - 8  ICAR-CSSRI, Dr. Asha Ram

Gateway for sustainable intensification of December, Karnal
small holder system sponsored by CIMMYT 2021

th thOnline training programme on “Statistical 8  - 17   ICAR-CMFRI, Dr. Priyanka Singh
Designs and Analytical Methods for December, Kochi
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GWAS and Genomic Selection" December, New Delhi

2021
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B.     Trainings organized for Various Categories of Employees

C.      HRD funds Allocation and Utilization

Event Duration Venue Participants
nd th "Business Opportunities in Agroforestry" for 2 - 4  CAFRI- 45

agripreneurs under AC&ABC scheme March, 2021 MANAGE joint 
Online Training
Programme

th thAgroforestry for Environmental Sustainability 10  -12  CAFRI- 75
and Climate Resilience May, 2021 MANAGE joint 

Online Training
Programme

thTraining programme on Agroforestry for Forest 11  August, ICAR-CAFRI, 25
Officers, Forest Department, Chhattisgarh 2021 Jhansi  

st rdTraining programme on "Ber Budding" 01  -03   Parasai village 35
September, Jhansi
2021

th thTraining programme on "Krishivaniki Aadharit 28  -30  ICAR-CAFRI, 45
Naveen Taknikiyan" September, Jhansi

2021
rd thThree days hands on training on DNA extraction 3  -5  ICAR-CAFRI, 22

and PCR techniques in Plant Biotechnology December, Jhansi
2021

Year Allocation Utilization
2021-22  0.14 0.14

10. Scheduled Caste Sub Plan (SCSP) Programme

ICAR-CAFRI is implementing SCSP scheme with the 
main objective to improve the socio-economic conditions 
of the SC community. Under this scheme, various 
training/capacity building programmes are being 
organized for scheduled caste farmer, farm women, 
widows and handicaps. The scheme includes the 
enhancement of incomes of the target group for the

development of assets such as those related to agricultural 
sector.
During this period four programmes were organized in 
which different equipments/tools were distributed to the 
farmers/farm women. Four trainings (01 day each) and 
Agroforestry Awareness programmes were organized for 
the benefit of SC community.

Table 5. Details of the training cum distribution camps organized during 2021
Name of Village Number of Farmers Date Items
Simardha Pal Colony, Jhansi 35 30/09/2021 Sewing machine 
Simardha & Jhansi Local 55 10/10/2021 Sewing machine 
Bachhauni, Rajapur, Jhansi 13 23/12/2021 Spray Pump 
Nathupura,  Baniyatala and Chandrapura of district Mahoba 111 24/12/2021 Spray Pump
Rasin and Raulikalyanpur of district Chitrakoot, (U.P.) 230 29.12.2021 Spray Pump

Dr. S.K. Chaudhari distributing sewing machine to 
SCSP beneficiaries at CAFRI, Jhansi

Training-cum-distribution camp Nathupura in Mahoba district

Training cum distribution camp at Rasin and Raulikalyanpur 
in Chitrakoot district

Distribution of brush cutter at Rasin in Chitrakoot district
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vegetation cover in the treated areas. The rain water 
harvesting structures have now developed as a habitat for 
aquatic life especially lentic and lotic ecosystem such as 
algae, rooted and floating leaved plants, invertebrates such 
as crabs, shrimps, etc, amphibians like frog and reptiles like 
water snakes. Due to water harvesting structures, soil loss, 
runoff loss and nutrient loss reduced drastically in the 
treated area. Man-animal conflict decreased in forest fringe 
area as wild animals were getting the drinking water in the 
treated area. 
Team: A. Arunachalam, Inder Dev, Naresh Kumar, 
Asha Ram, Sushil Kumar, Vishnu R., Priyanka Singh, 
Rajendra Singh and Shishupal Singh

Impact Assessment of Soil and Moisture Conservation 
works on Economic, Social and Environmental aspects 
in Bundelkhand and Chirtakoot circle of Forest 
Department
Compensatory Afforestation Fund Management and 
Planning Authority (CAMPA) is a National Advisory 
Council under the chairmanship of the Union Minister of 
Environment & Forests for monitoring, technical 
assistance and evaluation of compensatory afforestation 
activities. It meant to promote afforestation and 
regeneration activities as a way of compensating for forest 
land diverted to non-forest uses. Soil and water 
conservation and afforestation are the important activities 
to enhance the forest cover in all climatic conditions in 
general and arid and semi-arid conditions in particular. 
These activities not only protect and promote the vegetation 
cover in the forest but also contribute to benefit the 
residents of forest fringe areas. Since public resources are 
limited, therefore, Government of India has decided to 
implement such programs which not only helps in 
conservation of land, water and plant resources but also 
ensures the livelihood security of farm households. 
Various soil and water conservation measures has been 
undertaken by the Department of Forest, Bundelkhand Forest 
Circle, Government of Uttar Pradesh in the seven districts of 
Bundelkhand region of Uttar Pradesh. To evaluate/assess the 
socio-economic and environmental impact of these 
interventions on rural livelihood, Department of Forest, 
Bundelkhand Forest Circle has commissioned ICAR-Central 
Agroforestry Research Institute (CAFRI), Jhansi. The study 
was limited to only impact evaluation, rather than process 
evaluation. Impact evaluation, measures the impacts of the 
program on intended stakeholders in comparison to suitable 
counterfactuals. The scope of the project was limited to 
impact assessment of soil and water conservation measures

and plantation work and documentation of these impacts in 
the form of report.
The study was carried out with following specific objectives:
1. To assess the project interventions on ground water 

level, water availability for wild life, vegetation, 
domestic use, irrigation and livestock in treated and 
fringe area of forests;

2. To assess the impact of soil and water conservation 
measures on floral and faunal biodiversity in treated 
area of forest;

3. To assess the impact on crop productivity in fringe area 
of forests;

4. To assess the impact on conservation of natural 
resources.

5. To assess the availability of forage resources for 
livestock and wild animals; and

6. To estimate the impact on livelihood security and socio-
economic conditions of the people in forests fringe.

The field enquiry/survey was conducted during the, July 
2021 to September, 2021.
The team visited selected sites in all seven forest divisions 
of the region. The basic information about forest, soil and 
water conservation measures and plantation works carried 
out under the project were collected from forest 
department. The primary data on the forest diversity was 
collected from visited sites. The socio-economic data were 
collected through focused group discussion and personal 
interviews with the residents of forest fringe areas. All the 
ranges of forest divisions were visited for this evaluation. 
Team found that almost all the water harvesting structures 
were found with stored water. Storing of water increases the 
opportunity time for infiltration and ultimately helps in 
recharging of groundwater. Availability of soil moisture for 
longer time helped in natural regeneration and increased

11. Consultancy Services
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th·
research programme.

st·Hon'ble DDG (Crop Science), ICAR Dr. T.R. Sharma visited CAFRI on 01   November, 2021.
·Dr. G.R. Rao, Director, TERI, Jabalpur.
·Dr. N.P. Melkania, Dean, Gautam Buddha University, 

Greater Noida, Uttar Pradesh.
·Dr. G. Babu, Asst. Director In-charge, Central Ayurveda 

Research Institute, Jhansi.
·Dr. J.P. Mishra, Principal Scientist NRM Division, ICAR, 

New Delhi.
·Dr. B.P. Bhatt, Principal Scientist NRM Division, ICAR, 

New Delhi.
th·Shri Joginder Kumar, DIG, Jhansi Region visited on 12  

August, 2021.

thHon'ble DDG (NRM) ICAR, Dr. S.K. Chaudhari visited ICAR-CAFRI during 10 -11  October, 2021and guided the 
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12. Distinguished Visitors 

Official website, payment gateway, social media platforms and mobile app of ICAR-CAFRI, Jhansi
ICAR-CAFRI, Jhansi has upgraded its official website to a dynamic, responsive and secured version 
( ) using latest tools. A number of official social media platforms viz. Facebook, Twitter, LinkedIn, 
YouTube, Instagram, etc., and 'FarmTree' bilingual mobile app have been created for effective outreach to its stakeholders. 
Further, the Payment Gateways (QR code-based UPI pay and SBIePay) and Sale counter have been created and updated on 
its website for easier access and better utilization. Intranet facility is being created for central access of the laboratory 
equipments and consumables.

https://cafri.icar.gov.in
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4. Sh. Mahendra Kumar, AAO
5. Sh. Hoob Lal, Private Secretary
6. Sh. Om Prakash, Private Secretary
7. Sh. Deepak Vij, Personal Assistant
8. Mrs. Kirti Chaturvedi, Personal Assistant
9. Sh. Tridev Chaturvedi, Personal Assistant
10. Sh. Jai Janardan Singh, Assistant
11. Mrs. Kaushalya Devi, Sr. Clerk
Skilled Supporting Staff
1. Sh. Jagdish Singh
2. Sh. Ram Din
3. Sh. Pramod Kumar
4. Sh. Munna Lal
Transfer
1. Dr. R H Rizvi, Pr. Scientist (Computer Application) has been transferred on12/01/2021

3. Mrs. Aswathy Chandrakumar, Scientist (Agricultural Extension) has been transferred on 31/01/2021
Promotion
• Dr. Ajay Kumar Pandey, Technical Officer promoted to the post of Sr. Technical Officer w.e.f. 19/02/2021
• Sh. J L Sharma, AO promoted to the post of Sr. A O w.e.f. 29/06/2021
• Sh. Mahendra Kumar, Assistant promoted to the post of AAO w.e.f. 29/06/2021
• Sh. Hoob Lal, P A promoted to the post of Private Secretary w.e.f. 01/07/2021
• Sh. Om Prakash, promoted to the post of Private Secretary w.e.f. 05/07/2021
• Sh. Deepak Vij, promoted to the post of Personal Assistant w.e.f. 01/07/2021
• Sh. Tridev Chaturvedi, promoted to the post of Personal Assistant w.e.f. 01/07/2021
• Sh. Prince, Technical Assistant, Mechanic promoted to the post of Technical Officer w.e.f. 29/06/2021
Retirement
1. Dr. R K Tewari, Pr. Scientist (Horticulture/ Fruit Science) voluntarily retired on 31/08/2021
2. Sh. J L Sharma, Sr. A O retired on 31/12/2021
3. Sh. A K Chaturvedi, Private Secretary retired on 30/06/2021
4. Sh. Vir Singh Pal, Assistant retired on 31/12/2021
Obituary
Dr. Sudhir Kumar, Pr. Scientist (Horticulture/ Fruit Science) passed away on 07/05/2021

2. Dr. R. Vishnu, Scientist (Agroforestry) has been relieved on 06/10/2021 to Kerala Agricultural University, Thrissur
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14. Personnel Information

Dr. A. Arunachalam, Director
Scientific 
1. Dr. Rajendra Prasad, Principal Scientist (Soil Science)
2. Dr. A K Handa, Principal Scientist (Forestry/ Agroforestry)
3. Dr. R P Dwivedi, Principal Scientist (Agriculture Extension)
4. Dr. Inder Dev, Principal Scientist (Agronomy)
5. Dr. Badre Alam, Principal Scientist (Plant Physiology)
6. Dr. Naresh Kumar, Principal Scientist (Agroforestry)
7. Dr. K Rajarajan, Scientist, Senior Scientist (Genetics & Plant Breeding)

13. Mrs. Agril. Biotech.) (on Study Leave) w.e.f. 20/06/2021

17. Dr. (Ms.) Priyanka Singh, Scientist (Agricultural Economics)
18. Mrs. M Ashajyothi, Scientist (Plant Patho.) (on Study Leave) w.e.f. 04/10/2021
Technical 
1. Dr. Rajeev Tiwari, Chief Technical Officer 
2. Dr. C K Bajpai, Chief Technical Officer 
3. Dr. A Datta, Chief Technical Officer 
4. Sh. Sunil Kumar, Chief Technical Officer 
5. Sh. Rajendra Singh, Chief Technical Officer 
6. Sh. Rajesh Srivastava, Assit. Chief Technical Officer (Art & Photo)
7. Sh. R K Singh, Assit. Chief Technical Officer
8. Sh. S P Singh, Sr. Technical Officer 
9. Sh. Ram Bahadur, Sr. Technical Officer 
10. Dr. Ajay Kumar Pandey, Sr. Technical Officer 
11. Mrs. Shelja Tamrakar, Sr. Technical Assistant (Library)
12. Sh. Prince, Technical Officer, Mechanic
13. Sh. Het Ram, Technical Officer (Driver)
14. Sh. Kashi Ram, Sr. Technical Assistant (Driver)
Administration
1. Sh. J L Sharma, Sr. A O
2. Sh. Pavan Kumar Pandey, FAO (Joined on 11/11/2021)
3. Sh. Birendra Singh, AAO

8. Dr. Asha Ram, Scientist, Senior Scale (Agronomy)
9. Dr. Sushil Kumar, Scientist, Senior Scale (Agronomy)
10. Dr. Sovan Debnath, Scientist, Senior Scale (Soil Science) (Joined on 07/10/2021)
11. Dr. Hirdayesh Anuragi, Scientist (Genetics & Plant Breeding)
12. Sh. Sukumar Taria, Scientist (Pl. Physiology) (on Study Leave) w.e.f. 26/12/2020 

Alka Bharati, Scientist (
14. Sh. Y N Venkatesh, Scientist (Agril. Ento.) (on Study Leave) w.e.f. 04/10/2021
15. Dr. Ashok Yadav, Scientist (Fruit Scientist)
16. Sh. Suresh Ramanan S, Scientist (Agroforestry)
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Annexure-I

Dr. P Kaushal, Chairman
Vice Chancellor  
Dr. YS Parmar University of Horticulture and Forestry,
Nauni, Solan (HP)

Dr. K T Parthiban
Dean, Forest College and Research Institute,
TNAU, Mettupalayam

Dr. A K Shukla
ICAR-IISS,
Bhopal (MP)

Dr. S Bhaskar
Assistant Director General 
(Agron./AF & CC)
NRM Division, ICAR,
Krishi Anushandhan Bhawan-II, 
New Delhi- 110 012 

Sh. Ashok Rajput
Village- Nandsiya, Mooth,
Post- Karjanva, Jhansi (U.P.)

Dr. N B Singh
Formar Dean, 
CAU,
Barapani

Dr. K Sammi Reddy
ICAR-CRIDA,
Hyderabad

Dr. N. Narasimha
Former Head (Extension), 
UASB, Bangalore (KA)

Dr. Inder Dev
Pr. Scientist & Member Secretary, 
ICAR- CAFRI, 
Jhansi (U.P.)

Sh. Pradeep Saravgi
House No. 165, Purani Nazai
Jhansi (U.P.)

Research Advisory Committee (RAC)
(2021-2023)
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Annexure-II

Dr. A. Arunachalam
Director 
ICAR-CAFRI,
Jhansi (U.P.)

Dr. K.P. Mohapatra
Principal Scientist,
ICAR-RC-NEHR,
Barapani

Dr. Jagdish Tamak
HOD Plantations, ITC Limited, 
Paperboard and Specialty Paper Division, 
106, Sardar Patel Road, 
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2022 Farm Calendar

S.No. Month Activity
1. January 1. Need-based cultural operations in rabi season crops/germplasm blocks/seed orchards

2. Preparation of tentative list of input requirements
3. Preparation of tentative list of farm produce with periodicity
4. Price fixation of farm produce (tentative)
5. Interaction meeting with scientists and stakeholders

2. February 1. Need-based cultural operations in rabi season crops
2. Auction of farm produces (Ber fruits etc.)
3. Initiation of demo agroforestry model with flower plants/crops
4. Deepening of existing water resources/excavation of new ponds
5. Observing open day on the occasion of Basant Panchami

3. March 1. Need-based work in rabi season crops
2. Initiation of the certification process for model nursery 
3. Initiation of composting pits 

4. April 1. Auction of summer season guava fruits
2. Harvesting/threshing/winnowing operations of rabi season crops
3. Interaction meeting with scientists and stakeholders
4. Maintenance of biological units such as organic manure unit/vermicompost/FYM etc. 
5. Observing open day on the occasion of Baishakhi

5. May 1. Storage/price-fixing /sale of rabi season crops 
2. Pruning operations in tree plants/ber
3. Need-based irrigation in established plants/germplasm blocks/seed orchards
4. Inputs purchasing for kharif season crops
5. Initiation of field preparation for kharif season crops
6. Monitoring and maintenance of farm implements for kharif sowing
7. Visit by dignitaries and farmers
8. Interaction meet with farm incharges of neighboring institutes
9. Disiltaion of ponds
10. Sale/auction of lemongrass
11. Insurance renewal of motorcycle (UP 93 V7891)
12. Initiation of Annual Rate Contract (ARC) for farm works  

6. June 1. Need-based irrigation in established plants/germplasm blocks/seed orchards
2. Field preparation for kharif season crops
3. Sowing of kharif season crops
4. Field day kharif season
5. Maintenance of drainage channels
6. Sale/auction of fuelwood/pruned material
7. Finalization of Annual Rate Contract (ARC) for farm works  
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7. July 1. Sowing of kharif season crops
2. Irrigation schedule 
3. Interaction meeting with scientists and stakeholder
4. Implementation of Annual Rate Contract (ARC) for farm works  

8. August 1. Need-based cultural operations in kharif season crops
2. Inputs purchasing for rabi season crops
3. Monitoring of water source and water bodies for water storage capacity

9. September 1. Need-based cultural operations in kharif season crops
2. Land preparation and sowing of rabi season crops (rapeseed & mustard)
3. Harvesting/threshing/winnowing of kharif season crops
4. Monitoring and maintenance of farm implements for  rabi season sowing

10. October 1. Harvesting/threshing/winnowing of kharif season crops
2. Storage/price fixation/sale of kharif season crops
3. Land preparation and sowing of rabi season crop (gram)
4. Field day rabi season
5. Interaction meeting with scientists and stakeholder
6. Sale/auction of lemongrass
7. Insurance renewal of Tractors (UP 93 AG0342; UP 93 AG 0227; UP 93 AG 0336)

11. November 1. Auction of bael, aonla and guava fruits
2. Sowing of  rabi season crops
3. Pruning of MPTs

12. December 1. Need-based cultural operations in rabi season crops
2. Annual store verification
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