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ICAR-Indian Grassland and Fodder Research Institute, Jhansi, established in 1962, is the only 
Institute with a mandate for research on grasslands and fodder crops including annual and 
perennial grasses. With an holistic integrated approach towards multi-disciplinary research, the 
Institute strides to mitigate the large gap between supply and demand of  fodder through 
technological interventions and development of  high yielding fodder varieties. In its long journey 
of  53 years, the Institute has successfully passed through several milestones in generation of  
technologies with an ultimate aim to serve farmers of  the country while maintaining 
sustainability, ecological balance and environmental protection. 

The Institute is comprised of  seven divisions working on crop improvement, crop production, 
grassland management, farm machinery, seed technology, plant animal relationship and social 
sciences. In order to generate a complete package of  information and technologies, we have 

moved from 'projects-to-programmes' mode of  research, and grouped all the ongoing projects, into ten distinctive 
programmes generated with multi-disciplinary and inter -divisional approach with a view to balance basic, strategic and 
applied research. During 2014-15, we have gained knowledge on understanding basic know how of  fodder related 
phenomenon, collected germplasm from national and international agencies, generated high yielding stress tolerant 
crops, and means to maximize outputs from sole, mixed crops, inter-cropping patterns as well as horti- and silvi-pasture 
models. Our out reach programmes in Bundelkhand, Leh, Chattisgarh and other far-off  places allowed us to showcase 
our technologies and have gained appreciation among the stakeholders. To strengthen the seed chain and availability of  
quality seed to the end users, the Institute has produced 208.3 q of  breeder seed for further multiplication and 432.3 q of  
TFL seed for direct supply to the farming community. Besides, 4.73 lakh rooted slips of  perennial grasses were also sold.

This year, the Institute took a lead in generating consortia and awareness to address fodder scarcity in the country. Three 
high level consultation meetings with the stakeholders of  industry, seed producers, researchers and farmers were 
organized to identify gaps in research and development, and to prepare a road map. 

Our research and development endeavours were guided and supported by the Indian Council of  Agricultural Research. I 
am highly indebted to advisory committees viz., Research Advisory Council, Institute Management Committee and 
Quinquennial Review Team for their proactive role in guiding the Institute. I would also express my deep gratitude to the 
DG-ICAR, DDGs (CS) Dr S K Dutta and Dr J S Sandhu, ADGs (FFC) Dr R P Dua  and Dr J S Chauhan for their 
guidance, encouragement and positive attitude towards the development of  this Institute in both scientific and 
administrative issues. 

I would like to sincerely acknowledge the IGFRI staff  including the Heads of  the Divisions, PC(FCU), OICs-Regional 
stations, scientific fraternity, technical, administrative and supporting staff  for their commitment towards the welfare of  
this institute and their high spirits in up keeping the reputation of  this Institute. Their everlasting hard work, sincerity and 
cooperation helped in achieving the set targets. 

This Annual Report is a brief  compilation of  research, development, success stories, major events and administrative 
developments during the year 2014-15, to showcase Institutes' activities. I acknowledge the sincere efforts made by the 
editorial committee to bring out this report depicting the advancement of  the Institute in last year and for documentation 
of  Institute activities and achievements.

Preface

(P.K. Ghosh)
Director, IGFRI



ikni vuqoakf'kdh lalk/ku ,oa Qly lq/kkj

pkjk Qlyksa ,oa ?kklksa ds tuu nzO;ksa ds ladyu gsrq 
dukZVd] jktLFkku] e/; izns'k ,oa mRrj izns'k ds fofHkUu 
{ks=ksa esa 3 ladyu vfHk;kuksa ds }kjk 15 fofHkUu pkjk 
QLkyksa ,oa ?kklksa ds 176 tuunzO;ksa dk ladyu fd;k 
x;kA ladyu vfHk;kuksa esa mu Qlyksa dks] ftuds thu 
cSad esa laxzg.k de gS] dks ojh;rk nh xbZA 

tuunzO;ksa ds ewY;kadu ,oa iquuZohuhdj.k ds rgr >k¡lh 
dsUnz ij 267 fjtdk ds tuunzO;ksa ftuesa 22 iafDr;ksa dk 
ladyu xqtjkr ds dPN ls fd;k x;k Fkk mudk 
ewY;kadu fd;k x;kA blh izdkj LVkbyks dh 8 iztkfr;ksa] 
Dyksoj dh 181 tuunzO;ksa lfgr cgqo"khZ; ?kklksa dh 38 
cktjk x usfi;j ladj iafDr;ksa dk ewY;kadu fd;k x;kA 
blh Øe esa cktjk x usfi;j ladj ?kkl dh 51 ,oa pkjk 
Tokj dh 49 tuunzO;ksa dk ewY;kadu dj mi;ksxh 
tuunzO;ksa dh igpku dh xbZA laxzfgr tuunzO;ksa ds 
iquuZohuhdj.k ds Øe esa Mk;dSfUFk;e ds 300] gsVªksiksxku 
dh 406] Økblksiksxku 54 rFkk Dyksfjl X;kuk ds 27 
iafDr;ksa dks iz{ks= esa jksfir fd;k x;kA

mUUkr iztuu iafDr;ksa ,oa p;fur iafDr;ksa dk ewY;kadu 
LVs'ku ijh{k.kksa esa fd;k x;kA ijh{k.kksa ls IkzkIr ifj.kkeksa 
ds vk/kkj ij vPNh iafDr;ksa dk p;u dj mudk ewY;kadu 
vusd dsUnzksa  esa fd;k tk;sxkA blh Øe esa pkjk Tokj ¼6½] 
eDdk ¼12½] fV;ksflUV ¼10½] tbZ ,dy dVkbZ ¼13½] tbZ 
f}mn~ns'kh; ¼16½ ds iafDr;ksa dk ewY;kadu vuqeksfnr psd 
iztkfr;ksa ds lkFk fd;k x;kA Jhuxj ,oa vfodkuxj 
dsUnzksa ij Hkh fofHkUUk cgqo"khZ; pkjk Qlyksa tSls Vky 
QsLD;w ¼19½] vkjpMZ ?kkl ¼20½] gkfMZx ?kkl ¼32½] izs;jh 
?kkl ¼28½] fVeksFkh ?kkl ¼26½] cgqo"khZ; jkbZ?kkl ¼28½] 
lQsn Dyksoj ¼28½] yky Dyksoj ¼29½] lsu Qk;u ¼18½]  
vatu ?kkl ¼18½] ,oa /kkeu ?kkl ¼7½ iafDr;k¡  dk ijh{k.k 
fd;k x;kA >k¡lh dsUnz ij cktjk x usfi;j ladj ?kkl 

¼14½ rFkk vijkftrk ¼12½ dh mUur iafDr;ksa dk ijh{k.k 
Hkh psd ds lkFk fd;k x;kA 

fofHkUu pkjk Qlyksa esa ladj.kksa ls izkIr ihf<+;ksa dks vkxs 
dh ihf<+;ksa esa vxzlkfjr fd;k x;kA pkjk Tokj esa fofHkUu 
xq.kksa tSls czkmu feMfjc] mPp vk/kkjh; dYyksa dh la[;k] 
'kh?kz iq"iu] rst iqucZ<+r dh {kerk rFkk pkjk mRiknu gsrq 
cuk;s ladj.k ihf<+;ksa dks mxk;k x;k rFkk vPNh xq.koRrk 
okys ikS/kksa dk p;u fd;k x;kA yksfc;k esa 8 igyh ih<+h 
ds ladj dks mxkdj ewY;kadu fd;k x;kA eDdk ,oa 
fV;ksflUV ds ladj.k ls mRiUu ihf<+;ksa esa ls ,sls ikS/kksa dks 
tks eDdk tSls HkqV~Vs ,oa fV;ksflUV tSls pkjk mRiknu dj 
ldrs gks] dks p;fur fd;k x;kA cktjk x usfi;j ladj 
ds fofHkUUk igyh ih<+h ds ladj ls ,sls ikS/ks dk p;u fd;k 
x;k ftldh iafDr;ksa dk jax cSxuh FkkA 

eDdk esa nks] yksfc;k esa ,d rFkk tbZ dh 11 iafDr;ksa dks 
cgq&ijh{k.k gsrq ifj;kstuk leUo;d ¼pkjk Qlyksa½ dks 
fn;k x;kA blh izdkj leUo;d ¼pkjk Qlyksa½ ls 
vkaofVr lHkh ijh{k.kksa dks lQyrk iwoZd lEikfnr fd;k 
x;kA

vtSo ncko izca/ku

fLFkj gfjr ruk Tokj dh iafDr;ksa esa vfLFkj gfjr ruk 
Tokj ls vf/kd izksyhu ik;k x;kA rhu gfjr ruk Tokj 
iafDr la[;k 33] 45 ,oa 178 esa nsj ls iq"iu ,oa vf/kd 
o`f) ik;h x;hA  

pkjk vk/kkfjr vkdfLed Qly ;kstuk }kjk jch ekSle esa 
lqccwy $ f}mn~ns'kh; Tokj $ yksfc;k & puk $ ljlksa 
¼,l&7½ Qly iz.kkyh esa 944 fd-xzk-@gs- puk ,oa 103 
fd-xzk-@gs- ljlksa dh mit izkIr gqbZA lokZf/kd mi;qDr 
iz.kkyh cgqo"khZ; <Sapk $ f}mn~ns'kh; Tokj $ yksfc;k & 
tkS $ pk;uht dScst Qly Øe esa ik;h x;h blesas 1933 
fdxzk-@gs- tkS dk nkuk ,oa 2-62 Vu@gs- pk;uht dScst 
izkIr gqvkA lqccwy@cgqo"khZ; <Sapk 1-6 ls 2-5 Vu@gs- 

dk;Zdkjh lkjka'k
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gjk pkjk izkIr gqvkA [kjhQ esa lqccwy $ f}mn~ns'kh; 
Tokj $ yksfc;k & puk $ ljlksa ¼,l&7½ lqccwy $ Tokj 
$ yksfc;k & cVjk $ pk;uht dScst ,oa cgqo"khZ; <Sapk $ 
f}mn~ns'kh; Tokj $ Xokj & tkS $ pk;uht dScst 
¼,l&9½ ls Øe'k% 45-5] 42-8 ,oa  42-0 Vu@gs- gjk pkjk 
izkIr gqvkA 

o"kkZ vk/kkfjr ifjfLFkfr;ksa esa Vh-,l-,p $ lLcsfu;k $ 
¼Tokj $ yksfc;k & puk½ ls Vh-,l-,p- Qly us Øe'k% 
80-2 o 20-2 Vu@gs- Øe'k% gjk o lw[kk pkjk mit ntZ 
dhA cgqo"khZ; lLcsfu;k ls 10-7 o 5-0 Vu@gs- Øe'k% gjk 
o lw[kk pkjk mit izkIr gqbZA blh QLky iz.kkyh esa o"kkZ 
_rq esa Tokj $ yksfc;k us Øe'k% 3-48 o 3-45 Vu@gs- 
gjk pkjk o 0-98 o 0-82 Vu@gs- lw[ks pkjs dh mit ntZ 
dhA blds vykok jch _rq esa blh Qly ra= ds varxZr 
pus dh QLky us Øe'k% 341 o 342 fd-xzk-@gs- nkus o 
Hkwls dh mit vafdr dhA

tyok;q ifjorZu ds Øki xzks ekWMy }kjk ik;k x;k fd 
;fn lw;Z dh fdj.kksa esa 20% dh o`f) rFkk ok;qeaMy esa 
dkcZuMkbZ vkDlkbM dh ek=k nqxuh ¼660 ih-ih-,e½ gks 
rks 'kq"d tSfod mRiknu esa 60% dh o`f) gksxhA 

vkMfod vkuqokaf'kd ,oa tSo izkS|ksfxdh vuqla/kku 

cktjk ¼2,u = 54½ rFkk fxuh ?kkl ¼,lvkjih #= 54½ esa  

,iksfefDll vkuqokaf'kdh  rFkk dksf'kdh; laxzg esa izkIr 
izR;sd nks uohu vkuqoaf'kd laxzg dks jk"Vªh; ikS/k fir`nzO; 
iathdj.k lfefr dks Hkstus dk izLrko gSA ,vkbZlhvkjih 
¼,Qlh ½ ijh{k.k esa cgqo"khZ; ?kkl mit ijh{k.k ds varxZr 
LFkk;h  ijh{k.k ls izkIr lkr mPp mit nsus okyh 
vUr%fof'k"V ladj.k larfr;ksa dks xqf.kr fd;k x;kA 

ih-Xywde x ih-LdoseqysVe ladj.k ls mRiUUk 108 
i`FkDdj.k ,Q 2 larfr;ksa dks 30 xq.kksa ftlesa 19 dkf;d 
rFkk 11 iztfud xq.kksa dks ySafxd&,iksfefDVo vUr% 
fof'k"V ladj.k ds fy, ewY;kafdr fd;k x;kA 
,iksfefDll ds nkSjku vUrjh; vfHkO;Dr  xq.klw= ,Q&1 
ikS/ks esa VªkUlfØilsl fo'ys"k.k }kjk igpkus x;sA pkj 
,l,lvkj ekdZjksa dks ,iksfefDVo izdkj ds iztuu esa 
lg& i`FkDd`r gks x;kA chlh 2 ikS/ks dks 2,u = 49 
xq.klw=ksa ds fy, igpkuk x;kA tcfd chlh 2 ladj.k 
}kjk nks ikS/ks mRiUu gq,A ftlesa fofHkUu ,fyu xq.klw=  
ih- LdoseqysVe esa tksMs+ x;s xq.klw= FksA

fxuh ?kkl esa ikS/ks ds tk;kax tks Iyk;Mh J`a[kyk ¼ 3x] 4x] 
6x ]7x ]8x ]9x] 11x lkbVksVkbi ½ dks i`Fkd ,oa lkQ dj 
tuu rFkk ,iksfefDll vo;oksa ds fy, MhvkbZlh 
lw{en'khZ ls ns[kk x;kA ¶yksjsV dh izh& fevkfVd] 
fevkfVd rFkk iksLV& fevkfVd fofHkUUk voLFkkvksa ls 
i`Fkd ,oa ,df=r fd;k x;kA ySafxd ikS/ks dh rqyuk esa 
isuhde esfDlde esa ,ikssfefDll jsX;wys'ku ds fy, 
,ebZVh 2 vH;qfDr ,iksfefDVd esa fodkl dh fofHkUUk 
voLFkkvksa esa fofHkUu ik;h x;hA 

vk.kfod ekdZj ijh{k.k esa pkoy] fxuh ?kkl rFkk lssaØl 
flfy,fjl ds 215 ,l,lvkj izkbejksa dks gsVjksikWxku 
dkWuVksjVl esa gLrkarj.kh; ds fy, ns[kk x;kA 
ikWfyeksjfQd izkbej dks fofo/krk fo'ys"k.k ds fy, 
p;fur fd;k x;kA ckn esa bZ,lVh ls mRiUu gLrkarfjr 
,l,lvkj ekdZjksa dks CykLV lpZ rFkk I;wVsfVo dk;Z dks 
,l,lvkj LFkku ij fd;k x;kA 

bl ijh{k.k esa izkseksVj igpku ds fy,] isfuflVe Xywde 
ds chtkadqfjr chtksa dk mi;ksx djrs gq, mPp {kerk ds 
ikS/kksa ds iqu:RFkku iz.kkyh }kjk ,iksesfVd 
bfEcz;kstsuksfll dks izkIr fd;k x;kA ,iksesfVd 
bfEcz;kstsuksfll ls ikS/k dks iqu#RFkku fd;k x;kA tM+ksa 
dks izsfjr dj dBksjrk iznku dh x;h ,oa xeyksa esa 
ikS/kjksi.k fd;k x;k ftlus lk/kkj.k o`f) fn[kkbZ A 

pkjk mRiknu dk fofo/khdj.k ,oa fVdkÅ l?kuhdj.k

Ok`{kksa ,oa >kfM+;ksa ds lkFk fofHkUu cgqo"khZ; ?kklksa ,oa 
nyguh pkjksa dk vkSlr gjk pkjk mit fy;k x;kA o`+{kksa 
ds lkFk vkSlr mit lokZf/kd isuhde eSfDlde ¼69-5 
Vu@gs-½] rRi'pkr Økblksiksxku Qqyol ¼51-08 
Vu@gs-½] lsaØl flyh,fjl ¼33-5 Vu@gs-½] DykbVksfj;k 
VsjusfV;k ¼12-03 Vu@gs-½ ,oa LVkbykslsafFkl fl;kczkuk 
¼22-75 Vu@gs-½ esa ik;k x;kA blh izdkj >kfM+;ksa ds lkFk 
lokZf/kd mRiknu isuhde eSfDlde ¼34-2 Vu@gs-½] 
Økblksiksxku Qqyol ¼20-3 Vu@gs-½] lsaØl flyh,fjl 
¼14-4 Vu@gs-½] LVkbyks fl;kczkuk ¼9-66 Vu@gs-½ ,oa 
DykbVsfj;k Vsjusfj;k ¼6-24 Vu@gs-½ esa ik;k x;kA

vatu isM+ vk/kkfjr f=Lrjh; ou pjkxkg ijh{k.k ds pkSFks 
o"kZ csj dh c<+okj vPNh ikbZ x;hA fofHkUu mipkj ds 
lkFk 'kq"d pkjs dk mRiknu 6-37&6-66 Vu@gs- izkIr 
gqvkA
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vatu isM+ vk/kkfjr ou pjkxkg i)fr ds lkrosa o"kZ 
isuhde eSfDlde }kjk lokZf/kd 'kq"dHkkj mRiknu 7-28 
Vu@gs- izkIr gqvkA 25 HksaM+ ,oa cdfj;ksa dks fefJr djds 
pjkbZ djkus ij HksaM+ksa ,oa cdfj;ksa esa Øe'k% 43 vkSj 47 
xzke@fnu otu esa o`f) ik;h x;hA 

vkaoyk vk/kkfjr m|ku pjkxkg i)fr esa izfrdwy 
tyok;q ds dkj.k 1-2&1-5 Vu Qy@gs- izkIr gqvkA 
;|fi lokZf/kd mit 1-5 Vu Qy@gs- ,oa 'kq"dHkkj  7-4 
Vu@gs- leqPp [kfRr;ksa ds lkFk ik;k x;kA 

leqPp [kfRr;ksa ds mipkj }kjk ve:n dh fdLe yfyr 
8-7 Vu@gs-rFkk 'osrk 7-3 Vu Qy@gs- mRikfnr fd;sA 

csy vk/kkfjr m|ku pjkxkg i)fr esa lefUor iks"kd rRo 
izca/ku ds rhljs o"kZ 'kq"d pkjk mRiknu 3-25&3-64 
Vu@gs- ds chp ik;k x;kA oSe dh vf/kdre la[;k esa 

6
lwMkseksukl dh la[;k 7 Liksj@xzke vkSj 2-11 x 10  
izfrxzke csy isM+ dh feV~Vh esa ik;h x;hA 

rkth fxjh ifRr;ksa ij dodksa dh vf/kdre la[;k 
dcqZysfj;k ywukVk ¼18%½ rRi'pkr vYVjusfj;k 
¼12&15%½ dh ik;h x;hA fdUrq v)Z lM+h ,oa vPNh rjg 
lM+h ifRr;ksa esa isfuflfy;e ,oa ,Lijftyl iztkfr ds 
dodksa dh la[;k vf/kd FkhA 

mFkyh catj Hkwfe esa phdw vk/kkfjr m|ku pjkxkg ds 
varxZr lkFkZd :Ik ls lokZf/kd gjk ,oa 'kq"d pkjk ¼23-1 
,oa 5-76 Vu Øe'k%½ czsdsfj;k }kjk izkIr gqvkA 

vke vk/kkfjr m|ku pjkxkg i)fr esa lokZf/kd mit 
fxuh ¼cqUnsy fxuh&2½ rRi'pkr czsdsfj;k ,oa pjkbZ fxuh 
}kjk Øe'k% 6-31]5-91 rFkk 5-72 Vu 'kq"d Hkkj @gs- izkIr 
gqvkA 

isjh vjcu {ks=ksa esa vf/kd YkkHk izkIr djus gsrq pkjk 
rduhdh ds varxZr ukys ds ikuh dks flapkbZ gsrq iz;ksx 
djus ls lokZf/kd gjk ,oa 'kq"d pkjk izkIr gqvkA izFke 
dVkbZ esa 56-7 xzke@xeyk 'kq"d pkjk rFkk nwljh dVkbZ 
esa 39-5 xzke 'kq"d pkjk@xeyk izkIr gqvkA 

izkd`frd lalk/ku ,oa e`nk LokLF; izca/ku

fxuh ?kkl $ ¼yksfc;k&cjlhe½ QLky pØ esa fxuh ?kkl 
$ yksfc;k pkjs dh lcls vf/kd mit ¼97-5 Vu@gs-½ 
100% iks"kd rRo jklk;fud moZjdksa ds :Ik esa nsus ls 

izkIr gqbZ tcfd 100% iks"kd rRoksa dk iz;ksx xkscj dh 
[kkn ds :i esa nsus ls dsoy ¼71-4 Vu@gs-½ gjs pkjs dh 
mit izkIr gqbZA

vkWDlkMk;ftZy 6% bZlh 0-09 fd-xzk- lfØ; rRo@gs- 
rRi'pkr 2]4&Mh bZ bZ 38% bZlh 0-75 fd-xzk- l- 
rRo@gs- ,oa bestFkkik;j 0-1 fd-xzk- lfØ; rRo@gs- 
[kjirokj uk'kh Tokj ,oa yksfc;k ds fy;s [kjirokj 
vadqj.k ds iwoZ fNM+dko Øe'k% izHkkoh ik;k x;kA 

leL;kxzLr e`nk ls QkWLQsV ?kksyd lw{etho 
¼ih,l,e%45-½ dks igpkuk x;k ftlesa 4 ih- ,p- vEyrk 
rFkk 6 izfr'kr yo.k lkUnzrk dh lgu'khyrk ik;h x;hA

pkjk cht mRiknu ,oa vuqla/kku 

chtksRiknu esa o`f)] cht ekudksa dk lao/kZu ,oa 
cht&foKku ls lacaf/kr dk;ZØe ds varxZr yslwjl 
bafMdl] MsLeksfM;e VkWVwZvksle] LVkbykslsafFkl gekVk] 
LVkbykslsafFkl LdSczk] MslesaFkl foxsZVl ,oa eSØksfIVfy;e 
vVªksijI;wfj;e Qlyksa esa dk;Zdkjh uewuk dh ek=k rFkk 
HkkSfrd 'kq)rk lacaf/kr fof/k;ksa dk ekudhdj.k] uewuksa dh 
miyC/krk rFkk muds lao/kZu ds vk/kkj ij fd;k x;kA 
yslwjl bafMdl esa izlqIrk voLFkk dks lekIr djus dh 
fof/k fodflr dh x;h ftlesa chtksa dks 17 ?kaVksa rd 500 
ih-ih-,e-th-,-&3 ds ?kksy dk mi;ksx fd;k x;kA

Økblksiksxu Qqyol esa ckfy;ksa ds izFke LQwVu izfØ;k 
vkSj ijkx.kksa dh miyC/krk lacaf/kr v/;;u fd;k x;kA 
cszdsfj;k :thtsafll esa 10 ih-ih-,e- czkfluks LVsjkW;M ,oa 
100 ih-ih-,e- fVªIVksQSu ds mipkj ls cht mRiknu esa 
o`f) ikbZ x;hA 

fofHkUUk lajpukvksa esa tbZ vkSj cjlhe ds cht HkaMkj.k 
v/;;u ds varxZr ;g ik;k x;k fd ikWyhykbUM cSx esa 
HkaMkfjr cht dk vadqj.k vkSj vkst vPNk Fkk rFkk 
jklk;fud mipkj ds ifj.kke Lo:Ik HkaMkj.k ds 18 eghus 
ckn Hkh fofHkUu lajpukvksa esa vis{kkd`r vf/kd cht vkst 
vkSj vadqj.k {kerk ds lkFk&lkFk de dodh; laØe.k 
ik;k x;kA 

yksfc;k cht dh xq.koRrk dks ,d uohu iks"k.k feJ.k rFkk 

th-,-  dk ikWyhej ;qDr ysiu ls c<+k;k x;kA ikWyhej 3

ysfir yksfc;k cht] HkaMkj.k ds N% eghus ckn Hkh dhVksa 
}kjk lqjf{kr ik;k x;kA
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nhukukFk ?kkl ds uXu chtksa dks ijrhdj.k fof/k }kjk 
xksyh cukus ls 90% ls T;knk vadqj.k ik;k x;kA cjlhe 
,oa yksfc;k ds chtksa dks Øe'k% 4 ,oa 6 ?kaVs var'kksf"kr 
djds cht vkst ds fu/kkZj.k djus dh ,d ljy ,oa Rofjr 
rduhd fodflr dh x;hA 

cht mRiknu 'kks/k ds varxZr cjlhe vkSj yksfc;k esa cqokbZ 
ds 15 fnuksa ckn bestsFkkij @ 0-10 fd-xzk- ,-vkbZ-@gs- ds 
mi;ksx ls [kjirokjksa dks izHkkoh :Ik ls fu;a=.k djus dh 
fof/k fodflr dh x;hA

pkjk&Ik'kq/ku mRiknu i¼fr

rqjUr fo?kVudkjh izksVhu ds va'k /koyw ?kkl ¼58-77%½] 
flxuy ?kkl ¼45-83%½] cfg;k ?kkl ¼44-15%½] rFkk 
yseu ?kkl ¼43-42%½] esa vU; ?kklksa dh rqyuk esa vf/kd 
ik;k x;kA 

?kklksa esa dqy dkcksZgkbMªsV dh ek=k ¼82-3%½ isM+ksa dh 
ifRr;ksa ¼60-2%½ dh rqyuk esa vf/kd ik;h x;hA tcfd 
isM+ksa dh ifRr;ksa esa uku LVªDpjy dkcksZgkbMªsV dh ek=k 
¼34-4%½ ?kklksa dh rqyuk esa vf/kd ik;h xbZA

jrutksr ¼tsVªksQk½ ls izkIr ikWyhfQuksfyd dEikmUM ¼ts-
,-7½ dks cjlhe ds lkFk 1-5% dh nj ls feykus ls 'kq"d 
inkFkZ dh ikpdrk o xSl mRltZu dks izHkkfor fd, cxSj 
bufoVªks feFksu mRltZu 24-6 fe-xzk-@xzk- dh rqyuk esa 11-
8 fe-xzk-@xzk- rd de ik;k x;kA

fofHkUu pjkxkgksa esa lcls vf/kd pkjk mRiknu ¼gjcst½  
3-53 Vu@gs- cks, x;s pjkxkg ls ik;k x;kA mlds ckn 
Øe'k% iqu% fcftr pjkxkg ¼3-17 Vu@gs-½ rFkk izkd`frd 
pjkxkg ¼2-76 Vu@gs-½ ls izkIr gqvkA blh izdkj dPps 
izksVhu dh ek=k Hkh cks, x, pjkxkg ¼6-19%½ esa ik;h 
x;hA tcfd lcls de izkd`frd pjkxkg ¼5-17%½ esa 
ik;h x;hA 

vuqlwfpr tutkfr ds fdlkuksa ds cdfj;ksa dks nkuk 
feJ.k lkefjd iwjd ds :Ik esa 100xzk@cdjh@fnu ;k 
mlds 'kjhj Hkkj dk 0-5% tks fd pjkbZ ij vk/kkfjr Fkh  
nsus ls 'kjhj Hkkj esa 84&87% rd o`f) ntZ dh xbZA lkFk 
gh lkFk QkeZ vk; esa o`f) ik;h x;hA 

cfN;ksa dks tkS rFkk ljlksa dh [kyh dks lkefjd iwjd ds 
:Ik esa vkgkj izfrca/k ds ckn f[kykus ls 'kjhj Hkkj o`f) esa 
mruk lq/kkj ugha ik;k x;k ftruk fd vkgkj vizfrca/k 
¼300xzk@fnu o`f) ij½ ds nkSjku ik;k x;kA

Hknkojh HkSalksa esa dqy 2298 vizkd`frd xHkkZ/kku muds 
izkd`frd czhfM+x VªsDV esa 2014&15 esa fd;k x;kA lky 
2013&14 esa fd, x;s vizkd`frd xHkkZ/kku ls dqy 650 
dVMk+ ;k dVfM+;k ikbZ x;hA 

pkjk lalk/ku ,oa Ik'kq vkgkj dk e'khuhdj.k] laj{k.k ,oa 
vkj{k.k

,d VsªDVj pkfyr jksVjh 'kzsMj dk bu&lhVw pkjk 
dVkbZ&dqV~Vh&Vªkyh esa lkFk&lkFk Hkjko gsrq izk:Ik cnyk 
x;kA 

lksyj 'kq"d esa cjlhe lq[kkus dh xfr dh rqyukRed 
v/;;u fd;k x;kA ijh{k.k ds nkSjku dqV~Vh ,oa fcuk 

2
dqV~Vh fd;s cjlhe dk yksfMax ?kuRo 4-444 fd-xzk-@eh  

2
rFkk 5-555 fd-xzk-@eh  j[kk x;kA cjlhe ds uewus dks  
9&12-5 izfr'kr ueh rd lq[kk;k x;kA v/;;u esa ik;k 
x;k fd ueh esa fxjkoV dh nj ukufyfu;j jghA lq[kkus 
ds izkjafHkd 3 ?k.Vs rd 'kq"dhdj.k /kheh Fkh ,oa 3&7 ?k.Vs 
rd vf/kdre Fkh] rRi'pkr iqu% /kheh jghA cjlhe ds 
fofHkUu uewuksa esa 'kq"d le; 14 ?k.Vs ls 20 ?k.Vs rd jghA 
ifj.kkeksa dks ns[kus ls Kkr gqvk fd 4-444 fd-xzk-@oxZ eh- 
yksfMax ?kuRo ij fcuk dqV~Vh cjlhe dks lq[kkus dk le; 
16 ?k.Vs rFkk dqV~Vh dh gqbZ cjlhe dks lq[kkus esa 14 ?k.Vs 
yxsA 'kq"d nj 15-65&22-6 izfr'kr MªkbZcssfll@?k.Vs 

0
ikbZ xbZA lksyj 'kq"d esa vkSlr rkieku 39-8 C rFkk 

0
ckg~; rkieku 29-5 C FkkA  

Jhuxj 'khrks".k {ks= esa lfnZ;ksa esa i'kqvksa ds fy, pkjs dh 
iSnkokj ugha gksrh gSA vr% xehZ ds ekSle esa pkjs dks 
lq[kkdj lajf{kr djus ds fy, xzhu gkml 'kq"d mi;ksxh 
izHkkoh lkfcr gks ldrk gSA Jhuxj ds fy, ,d 4 eh- 
pkSM+kbZ x 8 eh- yEckbZ x 2-3 eh- mRrjh Nksj dh Å¡pkbZ x 2-
3 eh- nf{k.kh Nksj dh Å¡pkbZ okyh flekvksa dh xzhugkml 
'kq"d dh fMtkbu fodflr dh xbZ gSA bl 'kq"d dh eq[; 
fo'ks"krkvksa esa iwoZ&if'pe fn'kk fLFkfr] 38 feeh x 38 
feeh yksgs dh Ýse] 200 ekbØkufjftMsDl ijk cSaxuh 
fdj.kksa ls LFkjhd`r IykfLVd 'khV ¼150 xzke@oxZ eh-½ 
nf{k.kh nhokj ij tehu ls mij iwjs yEckbZ esa ok;q izos'k 
}kj gsrq 25 lseh pkSM+h tkyhnkj usV] ckg~; gok }kj gsrq 
mRrjh nhokj esa rhu izkd`frd rFkk nks ia[ks ,oa /kwi esa lq[kh 
gqbZ feV~Vh ds bZaVksa ls fufeZr bUlqysVsM mRrjh nhokj gSA 
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ty L=ksrksa ds Hkw&mi;ksx ,oa Hkwfe vkPNku ewY;kadu 
djus ij ik;k x;k fd Hkwty {kerk 501-90 gs-eh- gS 
tcfd 680 gs-eh- ty dk mi;ksx o"kZ 2014 esa fd;k x;kA 
blh izdkj lrg ij izokfgr ty {kerk 302-4 gs- eh- ,oa 
mldk mi;ksx 54-8 gs- eh- ik;k x;kA ;g fu”d’kZ fudyk 
fd l?ku d`f"k i)fr esa Hkwty dk vR;f/kd nksgu 
¼&35%½ gqvkA blds foijhr lrg ij izokfgr ty 
L=ksrksa dk mi;ksx miyC/krk ls de ¼ek= 18%½ ik;k 
x;kA 

ystj funsZf'kr Hkwfe leryh;dj.k i)fr ls iwjh flapkbZ 
¼lh- ih- bZ- vuqikr 1½ nsus ij vf/kdre 4-7 Vu izfr gs- 
mRiknu gqvk rFkk 25 izfr'kr ,oa 50 izfr'kr de flapkbZ 
¼lh- ih- bZ- vuqikr 0-75 vkSj 0-5½ nsus ls Øekuqlkj de 
mRiknu gqvkA

LFkkukUrjh; vuqla/kku

vaxhd`r vkn'kZ pkjk xzke }kjk fd, tk jgs mUur pkjk 
mRiknu ,oa mi;ksx rFkk lEc/kZu dk;ZØe ds varxZr 
ykHkkfUor 264 d`"kd ifjokj ds lkFk&lkFk vkl&ikl ds 
fofHkUUk xk¡oksa rFkk laLFkku esa bUVjusV ls tqM+s d`f"k foKku 
dsUnz] nfr;k ¼e-iz-½ ,oa d`f"k foKku dsUnz] Hkjkjh] >k¡lh 
¼m-iz-½ ds fdlkuksa ds ekxZ&n'kZu] izn'kZu ,oa rduhdh 
Kku }kjk muds lkekftd&vkfFkZd fLFkfr esa lq/kkj gks 
jgk gSA eq[; :Ik ls pkjk Qlyksa ds lkFk lEiw.kZ fØ;kvksa 
ds vuqikyu rFkk vUr'khy cht iznku djus ls izkIr gqbZ 
gSA cqUnsy[k.M ds vfHk'kki ds :Ik esa ekStwn vUUkk izFkk ij 
Hkh vc fojke yxus yxk gS bu dk;Z dh xfr iznku djus 
esa laLFkku dh iwjh Vhe ds lkFk& lkFk  vU; miØe Hkh 
tqM+dj vius& vius d`"kdksa ds fodkl esa lgHkkxh 
lg;ksx fuHkk jgs gSaA

jch Qly 2014&15 esa 45 d`"kdksa dks fofHkUu pkjk Qly 
cht mRiknu gsrq c<+kok fn;k x;kA tbZ ds cht mRiknu 
ds vkfFkZd v/;;u djus ij dqy ykxr #- 46]460@gs- 
vkSj ykxr % ykHk vuqikr 1% 1-59 ik;k x;kA

/kkjokM+ ftys ds X;kjg xkaoksa ds 25 vke mRikndksa us  
pkjk Qlysa mxkbZA tqykbZ &fnlEcj 2014 ds nkSjku 
izfrHkkxh 24 izfr'kr fdlkuksa }kjk 17 izfr'kr iz{ks= dk 
QSyko fd;k x;kA vUr%d`"kd {ks= dk QSyko 29 izfr'kr 
ik;k x;kA bl rjg ls pkjk mRiknu dk {ks=Qy 46 
izfr'kr c<+kA 

cqUnsy[k.M ds mÙkj çns”k {ks= esa Ckjlhe pkjk rduhdh 
Kku rFkk blds vaxhdj.k dk vUrj 35-18 ,oa 54-85 
izfr'kr FkkA tcfd e/; izns'k {ks+= esa ;g pkjk mRiknu 
rduhdh Kku rFkk blds vaxhdj.k dk vUrj vkSlru 
36-60 rFkk 63-84 izfr'kr Øe'k% FkkA Tokj  pkjk Qly 
ds lanHkZ esa  pkjk rduhdh Kku rFkk blds vaxhdj.k dk 
vUrj 38-57 ,ao 60-52 izfr'kr cqUnsy[k.M ds mÙkj çn”s k 
{ks= esa FkkA tcfd e/; izns'k {ks+= esa ;g pkjk mRiknu 
rduhdh Kku rFkk blds vaxhdj.k dk vUrj 35-78 ,ao 
59-09 izfr'kr ik;kA

d`"kd efgykvksa ds l'kfDrdj.k gsrq ,d {kerk o`f) 
ekM+;wy dk fuekZ.k fd;k x;k blesa eq[; #i ls 
vUr%laLFkkxr izf'k{k.k $ikjLifjd ifjppkZ $ O;k[;ku 
$izn'kZu ,oa Hkze.k $cgqo"khZ; ?kklksa dk lgHkkxh mRiknu 
$ ekSle pkjk Qlyksa dk lgHkkxh mRiknu dh lgk;rk 
ls d`"kd efgykvkas ds lewgksa dks fofHkUu mUur rduhdksa 
tSls& i'kq iztuu] [kku iku] pkjk mRiknu] i'kq LokLFk] 
i'kq O;oLFkk] i'kq x`g O;oLFkk ,oa LokLF; fo"k; ij 
izf'kf{kr fd;k x;kA {kerk o`f) ekM~;wy }kjk efgykvksa 
dk Kku mRiknu rduhd ij 69 izfr'kr] i'kq [kku iku 
ij 72 izfr'kr] i'kq iztuu ij 67 izfr'kr] i'kq x`g 
O;oLFkk rFkk LoPNrk ij 72 izfr'kr rd i'kq O;oLFkk ij 
67 izfr'kr ,oa LokLF; ij 87 izfr'kr c<+ x;kA  

tSfod ncko izca/ku 

ts-oh-,l-lh-&1] ts-ch-,l-lh-&2] ts-ch-,l-lh-&3] ts-ch-
,l-lh-&4 cjlhe ¼,dy dVkbZ½ iztkfr;ksa esa gjk pkjk 
mit ,oa 'kq"d inkFkZ mit esa ,-oh-Vh&1 ds vk/kkj ij  
v-Hkk-pk- ifj- esa mPp xq.koRrk ntZ dh xbZA 

VªkbQksfy;e ,ysDtsfMª;e x VªkbQksfy;e vijV~e  
tud varHkZo ladj ifjiDork vkSj tM+ lM+u jksf/krk ds 
fy, p;fur dh xbZA

fjtdk ij ekgw dk izHkko Qjojh ls 'kq: gqvk ekgw dh 
fØ;k'khyrk rkieku vkSj o"kkZ ds izHkko ls lacaf/kr jghA 
i.kZHk{kh dhM+ksa dk izHkko flRkEcj ds nwljs lIrkg ls 
uoEcj esa nwljs lIrkg rd jgk vkSj vDVwcj esa rhljs 
lIrkg esa izHkko lcls vf/kd jgkA

lefUor jksx dhV izca/ku ds varxZr dsUnzh; Hkkjr o"kZ esa 
Tokj$yksfc;k&cjlhe$ljlksa pkjk pØ esa xgjh xzh"e 
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tqrkbZ ds lkkFk cht mipkj Vªkbdks ,Dl-ih 5xzk@fd-xzk- 
cht vkSj VscqdsukstkWy 0-01%$bfeMsDyksfizM 0-02% dk 
fNM+dko cgqr izHkkoh ik;k x;kA 

v)Z'kq"d {ks= esa pkjk Øe Tokj ¼,eih pjh½& ywluZ esa 
cht mipkj Vªk- gjft,ue ds 5 xzk-@fd-xzk- cht o [kM+h 

Qly ij izksfidksustkWy 0-01% $ bfeMsDyksfizM 0-02% 
lefUor dhV jksx izca/ku ekM~;wy esa pkjk mit lcls 
vf/kd ik;h xbZA fu;a=.k dh rqyuk esa ,UFkzsDukst] iRRkh 
>qylk] dhV jksx dks de djus esa lHkh mipkjksa dk 
egRoiw.kZ izHkko jgkA   
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Executive Summary

Plant genetic resources and improvement

A total of  176 germplasm accessions of  15 different 
fodder crops and grasses were collected through 
three explorations undertaken in different states 
including Karnataka, Rajasthan, Madhya Pradesh 
and Uttar Pradesh. 

Germplasm evaluation trials were conducted to 
characterize 267 lucerne lines including 22 lines 
recently collected from Kutch area of  Gujarat. 
Similarly 8 different species of  Stylosanthes, 181 
accessions of  clovers and 38 accessions of  range 
grasses were  characterized for yield and related 
traits. Accessions of  BxN hybrid (51) and sorghum 
(49) were also characterized for various yield related 
traits and superior genotypes were identified. 

Under germplasm rejuvenation programme, 
accessions of  Dicanthium annulatum (300), 
Heteropogon contortus (406), Chrysopogon fulvus (54) 
and Chloris gayana (27) were planted for 
rejuvenation. 

Station trials on yield were conducted in following 
crops either at Jhansi, Srinagar or Avikanagar 
locations: Sorghum (6 entries), maize (12 entries), 
teosinte (10 entries), oat single cut (13 entries), oat 
dual purpose (19 entries), perennial grasses includes 
BxN (14 entries), tall fescue (19 entries), orchard 
grass (20 entries), harding grass (32 entries), prairie 
grass (28 entries), timothy grass (26 entries), 
perennial rye grass (38 entries), Cenchrus ciliaris (18 
entries) and Cenchrus setigerus (7 entries), white 
clover (28 entries), red clover (29 entries), sainfoin 
(18 entries) and Clitoria (12 entries).

In cowpea twenty eight F s along with their parents 1

were evaluated and desirable crosses were identified 
for various traits including resistance for yellow 
mosaic virus. Interspecific crosses between Zea mays 
x Z. maxicana segregating for tillering and branching 
were advanced.  A teosinte plant with twelve 
branches and tiller was also obtained by selection 
and inbreeding. A stay green line (SGM-14-1) was 
obtained having physiological mature cob and plant 

with green foliage and stem. In BxN hybrid a purple 
colour BxN hybrid plant was obtained from the 
cross between purple colour pearl millet and Napier 
grass (IGFRI N -51).

Two entries in maize, 11 in oats and one in cowpea 
were contributed for testing in AICRP multilocation 
trials. AICRP trials on maize, oats, cowpea, pearl 
millet, sorghum, Cenchrus, Sehima and Dicanthium 
were also conducted following recommended 
technical programme.

Abiotic stress management 

Stay green sorghum (SGS) lines had more proline as 
compared to non SGS lines. The three SGS lines viz. 
SGS 33, SGS 45 and SGS 118 showed delayed 
flowering and higher growth among all the lines 
tested. 

Under fodder based contingent crop planning 
during rabi, subabul + dual purpose sorghum + 
cowpea – chickpea + mustard cropping system 
recorded 944 kg/ha chickpea and 103 kg/ha 
mustard yield,  whereas fodder sorghum - chickpea 
(farmers practice) cropping system gave only 841 
kg/ha chickpea yield. Besides, sesbania + dual 
purpose sorghum + guar – barley + chinese cabbage 
cropping system gave 1933 kg/ha barley and 
2.62t/ha chinese cabbage biomass yield. 

Tri-specific hybrid (TSH) + sesbania + (sorghum + 
cowpea - chickpea) and TSH + sesbania + (sorghum 
+ cowpea - barley)  cropping systems produced the 
highest productivity in fodder crops based system 
(109 and 112 t/ha/year, respectively). Among the 
resource conservation practices in-situ moisture 
conservation (conservation agriculture based 
practices) produced the highest fodder crop system 
productivity (111t/ha).

Crop grow-cowpea model showed significant 
increase in dry biomass (by more than 40%) when 

osurface temperature was below 4 C under elevated 
CO  condition (660 ppm). Both the varieties (BL1 2

and BL2) had positive response on dry biomass with 
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oincrease in temperature up to 2 C under elevated 
CO  conditions. However, further increase in 2

otemperature upto 4 C was found detrimental and 
reduction in dry biomass was observed (upto 40%) 
for both the varieties. 

Molecular genetics and biotechnological research

Two novel genetic stocks, one each in guinea grass 
(SRP#75- a rare self-compatible obligate sexual 
plant) and Pennisetum orientale  (a novel 
hexaploid(2n=54) cytotype recovered through BIII 
hybridization of  a 4x (2n=36) cytotype), were 
proposed for registration to National Plant 
Germplasm Registration Committee. Seven high 
yielding interspecific cross progenies selected from 
the station trial of  perennial grass yield trial were 
multiplied for providing entries in the AICRP (FC) 
trial.

One hundred and eight segregating F1 progenies 
derived from P. glaucum x P. squamulatum cross were 
evaluated for a total of  30 traits including 19 
vegetative and 11 reproductive traits for 
characterization of  variability generated through 
sexual-apomictic interspecific hybridizations. 
Differentially expressed genes during apomixis were 
identified through transcriptome analysis of  F1 
plants with contrasting modes of  reproduction 
during pre-meiotic and meiotic stages of  spikelet 
development. Four SSR markers were found to co-
segregate with apomictic mode of  reproduction 
First and second backcross derivatives from this 
cross were generated using P. squamulatum as 
recurrent parent. BC1 plants were characterized by 
2n=49 chromosomes, while BC2 crossings had 
generated two plants with variable alien added 
chromosomes of  pearl millet in P. squamulatum 
background.

In guinea grass, gynoecium from plants representing 
ploidy series (3x, 4x, 5x, 6x, 7x, 8x, 9x, 11x 
cytotypes) were isolated, cleared and observed 
under DIC microscope for phenotyping the mode of  
reproduction and partitioning of  apomixis 
components. RNA from stages representing pre-
meiotic, meiotic and post meiotic development of  
floret (embryo-sac) were isolated and stored for 
expression analysis. Studies on epigenetic 
regulation of  apomixis in Panicum maximum showed 
that MET1 expression were high in different 
developmental stages of  apomictic plant as 
compared to the sexual plant.

About 215 SSR primers from rice, guinea grass and 
C. ciliaris were screened for their transferability to 
Heteropogon contortus. Polymorphic primers were 
selected for diversity analysis. Further, transferable 
SSR markers developed from the EST sequences 
were blast searched and putative functions were 
assigned to the SSR loci.

A highly efficient plant regeneration system via 
somatic embryogenesis was achieved in Pennisetum 
glaucum (L.) using germinating seeds. The plants 
were regenerated through somatic embryogenesis, 
rooting induced and ultimately hardened and 
transplanted to pots, where they exhibited normal 
growth.

Diversification and sustainable intensification of forage 
production

Green forage production (t/ha) of  grasses and 
legumes grown under different fodder trees and 
shrubs was recorded. Panicum maximum  produced 
maximum forage (69.5) followed by Chrysopogon 
fulvus (51.08), Cenchrus ciliaris (33.5),  Stylosanthes 
seabrana (22.75 t/ha) and Clitoria ternatea (12.03) 
with different trees.  Similarly with different shrubs 
maximum production was recorded in P. maximum 
(34.22) followed by C. fulvus (20.33), C. ciliaris 
(14.44), S. seabrana (9.66) and C. ternatea (6.24).

In fourth year of  Hardwickia based three-tier 
silvipasture system, Ziziphus mauritiana attained 
better plant growth. Dry forage yield varied from 
6.37–6.66 t/ha in different treatments.

In seven year old Hardwickia based silvipasture 
systems, Panicum maximum recorded maximum dry 
forage yield (7.28 t/ha). When a mixed herd of  25 
numbers of  sheep and goats each were allowed to 
graze, it resulted in daily body weight gains of  43 
and 47 g in lambs and kids, respectively during 
growing season.

In Aonla based hortipasture system, fruit yield 
ranged from 1.2 to 1.5 t/ha due to unfavourable 
weather. However, maximum fruits (1.5 t/ha) and 
forage (7.4 t DM/ha) yield were recorded with 
contour staggered trenches. Staggered trenches also 
produced higher fruit yield (t/ha) in both the 
cultivars, Lalit (10.1) and Shweta (8.69). 

In bael based hortipastoral system during third year 
of  integrated nutrient management, dry forage yield 
varied from 3.25 to 3.64 t/ha. The maximum 
population of  VAM recorded was 7spore/g with 

6 2.11X 10 /g of  Pseudomonas in soils of  bael tree. 
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Maximum population of  fungi, Curvularia lunata 
with 18% occurrence was observed in fresh leaf  
litters followed by Alternaria species (12-15 %). But 
Pennicellium spp. and Aspergillus spp. were more 
dominated species in decomposed litters. 

In Sapota based hortipasture system under shallow 
degraded soils the dry fodder (5.76 t/ha) yield was 
significantly higher than Brachiaria. However, in 
mango based horti-pasture system the highest dry 
fodder yield (t/ha) was recorded in guinea (6.31) 
followed by Brachiaria (5.91).

Fodder production technology for profit 
maximization in peri-urban agglomeration 
indicated that sewage water was better and yielded 
(g/pot) more green (21.0) and dry (5.67) forage in 
comparison to irrigation with normal water (17.6 
and 4.78) in the very first cut.

Managing natural resources and soil health 

Peroxidase specific activity was about 3-6 times 
more in guinea than in berseem whereas ascorbate 
peroxidase specific activity was about 20 to 150 
times higher in guinea than in berseem. 

Pre-emergence application of  oxadiargyl 6% EC at 
0.09 kg a.i/ha followed by post-emergence 
application of  2, 4-D EE 38% EC at 0.75 kg a.i/ha 
and pre-emergence application imazethapyr 10% SL 
at 0.01 kg a.i/ha were found as suitable herbicides 
for fodder sorghum and cowpea, respectively.

Phosphate solubilising microorganisms (PSM: 45) 
was isolated from problem soils, of  which about 
50% can tolerate acidity level up to pH 4.0 and salt 
stress up to 6% NaCl concentration.

Forage seed research and its production

Mean physical purity was standardized in Lasiurus 
sindicus (96.4%), Desmodium tortuosum (98.4%), 
Stylosanthes hamata (67.5%), Stylosanthes scabra 
(52%), Desmanthus virgatus (95.8%) and Macroptilium 
atropurpureum (97.8%) based on the samples 
procured/multiplied. 

Dormancy breaking methodology by soaking in 500 
ppm GA  for 17h was developed for Lasiurus sindicus, 3

an important range grass of  arid zone for enhanced 
germination.

Phenological studies in Chrysopogon fulvus identified 
anthesis pattern, pollen source and its availability. 
Physiological interventions through exogenous 
application of  10 ppm brassinosteroid and 100 ppm 

tryptophan resulted in higher total seed yield in 
Brachiaria ruziziensis.

Seed storage of  oat and berseem in polylined bags 
resulted in better germination (88%) and vigour 
(2760 and 759, respectively) compared to traditional 
storage structures and chemical seed treatments 
helped in maintaining higher seed vigour and 
germination with lesser fungal infection even after 
18 months of  storage across different containers. 

Quality enhancement in terms of  seedling length 
(34 cm) in cowpea was achieved by coating with 
polymer in combination with a novel nutrient 
mixture as well as with GA The seed coating also 3. 

reduced the storage pest attack. 

Seed pelleting of  naked Dinanath seed with modified 
layering pattern helped in enhancing the 
germination of  pellets to more than 90 percent. A 
simple and quick technique of  seed imbibition for 4h 
in berseem and 6h in cowpea was developed for 
identification of  high vigour lots. 

Effective weed control was achieved by using 
Imazethapyr @ 0.10 kg a.i./ ha (in 450 litre water) at 
15 days after sowing in cowpea and berseem. This 

2helped in reduction of  weed density from 560/m  to 
236/m

Forage-livestock production systems

Rapidly degradable protein fraction (PB ) content 1

was more in dhavlu (58.77%), signal (45.83%), 
bahiya (44.15%) and lemon (43.42%) grasses than 
other grasses studied.

Total carbohydrate contents (TCHO) were more in 
grasses (82.3%) than tree leaves (60.2), while non-
structural carbohydrates (NSC) contents were more 
in tree leaves (34.4%) than grasses (9.27%).

Polyphenolic compound isolated from jatropha 
(JA7) significantly reduced (24.6 vs 11.8 ml/g 
DDM) in vitro methane production from berseem 
forage at 1.5% level of  inclusion without affecting 
dry matter digestibility and gas production.

Maximum herbage yield (t DM/ha) was observed in 
sown pasture (3.53) followed by reseeded (3.17) and 
natural (2.76) pastures. Similarly the CP content of  
herbage mass was also higher in sown pasture 
(7.19%) compared to reseeded (6.50%) and natural 
(6.17%) pastures.

On-farm trials with tribal farmers indicated that 
providing concentrate mixture as a strategic 
supplement (@ 100g/head/day or 0.5% of  the body 
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weight) to goats, reared on exclusive grazing, 
increased body weight gain (by 84-87%) as well as 
farm income.

Strategic supplementation of  barley or mustard cake 
to female calves during re-alimentation phase 
improved weight gain, but it was not adequate to 
compensate the lost body weight when compared to 
calves fed for 300 g targeted growth without any feed 
restriction.

A total of 2298 artificial inseminations were done in 
breeding tract of Bhadawari buffalo during the year 
2014-15. A total of 650 calvings were recorded out of 
the inseminations (1500) done during the year 2013-14.

Mechanization, conservation and fortification of feed 
and fodder resources

A tractor operated rotary shredder was modified to 
adapt for in-situ fodder harvesting-chaffing-loading 
into the trolley. The chaffing mechanism of  machine 
was enabled to handle larger throughput load of  
green crop by reducing the number of  chaffing blade 
on the rotating drum. Less swath of  operation (600 
mm) of  machine gave less output capacity of  the 
machine (5.9-11.6 q/h) due to which it took 2.5 to 
3.5 h to harvest and chaff  one trolley of  material. 

Performance of  solar dryer for chopped and 
unchopped berseem was evaluated with loading 

2density of  4.444 and 5.555 kg/m . The samples were 
dried upto a final moisture content of  9.0 – 12.5% 
(d.b.). Drying time increased with loading density 

2e.g. under open sun drying (16 h at 4.444 kg/m  and 
217 h at 5.555 kg/m  for chopped samples). Again in 

solar dryer chopped samples took lesser time (14 hrs 
2at 4.444 kg/m ) as compared to unchopped samples 

2(16 h at 4.444 kg/m ). Overall drying rate varied 
from 15.65 to 22.6 % d.b./h. 

Low cost greenhouse dryer (size 8x4 m) was 
designed for temperate climatic condition at 
Srinagar in J&K. This dryer had side height: 2.30 m 
on north side and 2.0 m of  south side above ground 
level; Orientation: East-west direction: Dryer frame: 
1.5” GI square pipes; Glazing material: 200µ UV 
stabilized LDPE (150 gsm); Inlet opening for air: 25 
cm wide inlet of  insect proof  iron net throughout the 
length just above the brick wall on south wall and 
covered with plastics film with the rolling system; 
Outlet openings for removing humid air: 3 Nos. 

Water resources with respect to land use land cover  
was evaluated and it was observed that groundwater 

potential 501.90 ha-m against the use of  680 ha-m 
and surface water potential 302.4 ha- m against the 
use of  54.8 ha-m for the year  2014. The ground 
water resources were over exploited (-35%) due 
intensive agriculture. Conversely the surface water 
resources were underutilized (only18%) and found 
surplus.

In laser guided levelled land system, the highest 
yield of  4.7 t/ha was recorded in no deficit (CPE 
ratio 1) irrigation, followed by 25% deficit and 50% 
deficit irrigation (CPE ratio 0.75 and 0.5) compared 
to the conventional system.

Translational research

Adarsh Chara Gram was found as role model and 
learning centre for the farmers of  neighboring 
villages and adopted villages of  KVK Bharari and 
Datia for improved fodder production, utilization 
and conservation. A total of  264 farm families are 
beneficiaries under this outreach project. 
Technologies  deve loped by  IGFRI are  
demonstrated at farmers field resulted in surplus 
fodder availability at farmer's door and increased in 
their income which elevated their socio-economic 
status. Major problem of  Bundelkhand i.e. 
Annapratha is being addressed to make green fodder 
available during summer. 

Forty farmers were encouraged to grow different 
fodder seed crops in rabi 2014-15. The seed 
production cost for oat (JHO- 822) was Rs 46460 per 
ha with B:C ratio of  1:1.59 for crop of  rabi 2013-14 
in Jhansi. 

The intra-farmer spread of  area under fodder crops, 
among mango growers of  Dharwad district 
Karnatak was 17 per cent by participating farmers. 
Inter farmer spread of  area under fodder crops was 
29 per cent, representing 46%increase in area under 
fodder crops. 

The overall knowledge and adoption gap in berseem 
fodder production technology was observed as 
35.18% and 54.85%, respectively in U.P. part of  
Bundelkhand, while for M.P. part, these were 36.60 
and 63.84%, respectively. Similarly for sorghum 
crop as fodder, the overall knowledge and adoption 
gap in production technology was observed as 
38.57% and 60.52%, respectively in U.P. part of  
Bundelkhand, while for M.P. part, these were 35.78 
and 59.09%, respectively. 

A capacity building module of farm women increased 
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their knowledge related to fodder production 
technologies upto 69%, livestock feeding technologies 
upto 72%, breeding technologies upto 67%, housing 
and sanitation upto 72%, livestock management upto 
67% and livestock health care upto 87%.

Biotic stress management

Incidence of  black cowpea aphid (Aphis craccivora) 

was observed and found associated with the spread 

of  cowpea mosaic virus. Genotypes MFC 08-14, 

MFC 09-02, MFC 09-15, and TVX 944 were found 

to be highly susceptible to cowpea mosaic virus.

Progenies of  interspecific hybrid between Trifolium 

alexandrinum × T. apertum were tested for maturity 

and root rot resistance. Four lines showed delayed 

maturity and three lines were selected for root rot 

resistance.

Aphids on lucerne appeared from beginning of  the 
month of  February. Aphid activity was positively 

correlated with temperature whereas negatively 
correlated with the rainfall. The infestation of  leaf  

nd ndhopper started from 2  week of  September to 2  
rdweek of  November with peak occurrence in 3  week 

of  October. 

In sorghum + cowpea – berseem + mustard fodder 
sequence, deep summer ploughing in combination 
with seed treatment of  Tricho XP (5 g/kg seed) 
along with foliar spray of  tebuconazole (0.1% ) + 
imidacloprid (0.02% ) was found to be the most 
effective IPM module in central India. 

In sorghum (MP Chari) - lucerne - lucerne fodder 
sequence under semi-arid conditions highest fodder 
yield was recorded in seed treatment with T. 
harzianum @ 5 g/kg seed + spray of  propiconazole 
0.01% + imidaclopride 0.02%. Incidence of  
anthracnose, leaf  blight and insect pest incidence 
was reduced significantly in all the treatments as 
compared to control.  
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ICAR-Indian Grassland and Fodder Research Institute 
(ICAR-IGFRI), a premier national Institute under Indian 
Council of  Agricultural Research, was established 53 
years back in 1962 by the Government of  India to conduct 
scientific research on grasslands, fodder production and 
utilization. It was brought under the umbrella of  the 
Council in 1966 for administrative aspects. The 
prestigious All India Coordinated Research Project was 
started in forage crops in 1972 for multilocation testing of  
forage varieties and technologies at national level through 
21 coordinating centres at various State Agricultural 
Universities under the National Agricultural Research 
System. AICRP on Forage Crops and Utilization 
coordinates the development and dissemination of  forage 
research in crop improvement, crop production and crop 
protection in different agro climatic zones of  the country.

The Institute being dedicated to grasslands and fodder 
crops, consists of  seven multi-disciplinary divisions viz., 
Crop Improvement, Crop Production, Farm Machinery 
and Post-Harvest Technology, Seed Technology, Social 
Sciences, Grassland and Silvipasture Management and 
Plant Animal Relationship. Out of  these, the last two are 
unique to this Institute. To study the fodder crops specific 
to arid, humid and temperate climatic conditions, three 
regional stations were established in Avikanagar 
(Rajasthan), Dharwad (Karnantaka) and Srinagar 
(Jammu & Kashmir),  respectively. 

ICAR-IGFRI is not only involved in conducting, collating 
and coordinating forage research but also offers training 
and transfer of  technology to the trainers of  various 
organizations as well as to farmers, forest officers and 
other stake holders.The institute is striving both basic and 
applied research in cultivated as well as range species in 
the fields of  intensive fodder systems, grasslands, silvi and 
horti pasture systems, seed production technology, farm 
mechanization, post-harvest conservation and utilization, 
livestock nutrient management, sustainable and 
ecofreindly feeding systems etc. With a goal to mitigate 
the fodder shortage, ICAR-IGFRI is progressing through 
various research projects at Institute, Inter Institute, 
Externally funded and International collaborative levels 
in various divisions. Through outreach programs, 
NIFTD, Adarsh Chara Gram and model villages, it takes 
the technologies developed to the doorsteps of  the 
stakeholders.

IGFRI : An Introduction

In the present year, 2014-15, towards enhancing the 
genetic resources, 176 germplasm accessions of  15 
different fodder crops and grasses were collected and 594 
accessions of  different species were evaluated and 
characterized for their yield and related traits.Two novel 
genetic stocks, one each in guinea grass (SRP#75- a rare 
self-compatible obligate sexual plant) and Pennisetum 
orientale (a novel hexaploid (2n=54) cytotype recovered 
through BIII hybridization of  a 4x (2n=36) cytotype), 
were proposed for registration to National Plant 
Germplasm Registration Committee. In a move towards 
varietal development, the Institute has contributed 14 
entries of  three crops viz., Maize (2), Cowpea (1) and Oat 
(11) in the All India Coordinated Research Project trials 
for multi-location evaluation. At Institute level, three 
suitable neem strains for arid region have been identified.

Getting ready for the future, Institute started developing 
fodder based contingent crop planning modules and 
climate resilient forage production systems to mitigate the 
uncertainties due to change in the climatic conditions. A 
polyphenolic compound isolated from Jatropha (JA7) 
significantly reduced (24.6 vs 11.8 ml/g DDM) in vitro 
methane production from berseem forage at 1.5 % level of  
inclusion without affecting dry matter digestibility and gas 
production, a step towards mitigation of  GHG.

In the basic studies on forage crops, a highly efficient plant 
regeneration system via somatic embryogenesis has been 
achieved in Pennisetum glaucum (L.) using germinating 
seeds. Also 45 PSMs (Phosphate solubilising 
microorganisms) have been isolated from problem soils, 
of  which about 50% can be able to tolerate acidity level up 
to pH 4.0 and salt stress up to 6% NaCl concentration.

In its stride towards enhancing quality of  fodder seeds, a 
dormancy breaking treatment of  soaking for 17h in 500 
ppm GA  was developed in Lasiurus sindicus, an important 3

range grass of  arid region, for its effective germination. 
Seed pelleting of  naked Dinanath seed with modified 
layering pattern was developed for enhancing the 
germination of  pellets to more than 90 percent. An IPM 
module for Sorghum + cowpea – Berseem + Mustard 
fodder sequence containing deep summer ploughing in 
combination with seed treatment of  Tricho XP (5gm/kg 
seed) along with foliar spray of  tebuconazole (0.1% ) + 
imidacloprid (0.02%) was identified for central region of  
India. In the farm mechanization front, a tractor operated 
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rotary shredder was modified to adapt for in-situ fodder 
harvesting-chaffing-loading into the trolley and a low cost 
greenhouse dryer (size 8x4 m) for Kashmir valley was 
designed for temperate climatic condition at Srinagar in 
J&K.

Under extension services, a total of  2298 artificial 
inseminations were done in breeding tract of  Bhadawari 
buffalo during the year 2014-15 and a total of  650 calvings 
were recorded out of  the inseminations (1500) done 

during the year 2013-14. Under the Adarsh Chara Gram 
project, 264 farm families were economically benefitted 
through surplus fodder availability at farmer's doorstep 
through adoption of  technologies developed by IGFRI 
and also controlled Annapratha, due to availability of  
green fodder during summer. Intervention by IGFRI has 
encouraged farmers to take up fodder in orchards and 
fodder seed production under entrepreneurial mode 
which are depicted as success stories in this report.

2
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thDuring 17-18  May, an easterly wave trough associated 
with low level cross equatorial monsoon flow 
strengthened over the region resulting in the advance of  
southwest monsoon over most parts of  Andaman Sea and 
east central Bay of  Bengal. Thus, the southwest monsoon 
current reached over south Andaman Sea 2 days before 

thnormal date of  20  May. However, the southwest 
thmonsoon set in over Kerala on 6  June, 5 days later than its 

stnormal date of  1  June. During the last week of  June, the 
weakening of  monsoon resulted in heat wave conditions 
over eastern parts of  peninsular India. After a hiatus of  10 
days, monsoon started reviving. Subsequently, a favorable 
interaction of  the southwest monsoon current with the 
mid-latitude westerlies aided the advance of  southwest 
monsoon into the western Himalayan region and 

stadjoining plains of  northwest India on 1  July. In 
thBundelkhand region monsoon set in 25  SMW (18-24 

June). The withdrawal started from west Rajasthan during 
th17–18  September due to change in the lower troposphere 

circulation pattern over the region from cyclonic to 
anti–cyclonic. Subsequently withdrawal of  monsoon 
mostly from northwestern parts of  the country 

rdcommenced on 23  September. 

2.1 Rainfall pattern

The total rainfall during the year (March, 2014- Feb., 
2015) was 596.7 mm in 42 rainy days. The annual rainfall 
deficiency was 34.3 % from its long period average (LPA) 
of  908.6 mm (Fig. 2.1).  The pre-monsoon season received 
117 mm of  rainfall and it was slightly more (4.0%) than 
LPA. However, the monsoon season received scanty 
rainfall by 46.2% from LPA. Also, there was rainfall 
deficiency of  93.8 % during the post monsoon season 
(October-November). Rainfall during winter season 
(December to February) was significantly higher by more 
than 161 % from its LPA (34.9 mm). 

thJhansi region received first showers in 25  (18-25 June) 
SMW with 55.4 mm of rainfall in two rainy days. Further, 

th21.2 mm of rainfall occurred in one rainy days during 26  
thSMW. Active sowing period (27-28  SMW) did not receive 

sufficient rainfall and deprived farmers to sow their crops. 
ndHowever, the subsequent four weeks (29-32  SMW) 

received rainfall in the range of 12.6-91.2 mm and the 
rainfall deficiency was more than 58% for three weeks 

th thexcept one week (29  SMW). Further, three weeks (33-35  
SMW) did not receive any rainfall and the deficiency was 
more than 100% during this period. Again, monsoon was 

thdynamic and become active during 35-36  SMW and heavy 
rainfall occurred in the range of 52.2 to 128.0 mm in nine 

thrainy days. In 36  SMW rainfall was in excess by more than 
160% from their long period average (Fig. 2.2).  Thereafter, 

thtwo dry spell (38-39  SMW) occurred during the monsoon 
season. Monsoon withdrew in the third week of September. 
Cumulative rainfall during the active monsoon period (25 to 

th41  SMW) was 466.4 mm and rainfall deficiency was 45% 
from its long period average (843.8 mm).  Rainfall during 
winter season was 91.2 mm in 8 rainy days. 

Weather & Crops

Chapter 2
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Fig. 2.1. Seasonal rainfall departure from its normal during 2014-15
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Fig. 2.2. Weekly rainfall distribution pattern during 2014 at Jhansi
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thIn kharif crop growing season (27 to 39  SMW), maximum 
temperature was higher from their corresponding normal 

thtemperature (Fig. 2.4) in the range of  0.50(in 29  SMW) to 
o th7.9 C (in 28  SMW).  Minimum temperatures during 

these weeks were also higher from their normal values in 
th o ththe range of  0.20 (in 39  SMW) to 4.45 C (in 29  SMW). 

In rabi season, maximum temperatures were in general 
th th ohigher   during 45  to 49  SMW in the range 1.5 to 3.6 C 

from their normal values. However, during this period 
ominimum temperature was lower in the range 1 to 2.7 C.  

ndOnwards 2  week of  December to February, maximum 
temperatures were lower from their values in the range 1.6 

oto 8.1 C. Similarly minimum temperature was also lower 
ofrom their normal values 1.1 to 3.5 C except few weeks (1 

thto 4  SMW). Maximum and minimum temperatures 
ooscillated between 17.9 to 23.4 and 4.4 to 9.4 C, 

respectively. In nut shell, the year was significantly cooler 
othan the normal year since it experienced lower (-344.4 C 

days) growing degree days. 

2.3 Evaporation

Mean annual evaporation rate (5.6 mm/day) was slightly 
higher by 6.5% than the normal (5.24 mm/day). Pre-
monsoon season also experienced lower evaporation rate 
(7.9 mm/day) and it was lower by 13.2% (Fig. 2.5) against 
its normal (9.1 mm/day). Weekly evaporation rate/day 
during monsoon and post-monsoon season was 
significantly higher from their normal values by 48 and 38%, 

2.2 Temperature

Mean annual maximum and minimum temperatures 
owere lower by 0.93 and 0.98 C than their corresponding 

normal. In the pre-monsoon season, both minimum and 
maximum temperatures were significantly lower by 1.1 

oand 3.1 C from their normal value. During monsoon 
season, both maximum and minimum temperatures were 

ohigher in the range of  1-1.4 C from their normal values 
(Fig. 2.3). The winter season was comparatively cooler 
than the normal year, as maximum temperature was 

osignificantly lower by 4.5 C from the normal.

respectively. However, during winter season the evaporation 
rate oscillated in the range of 1.6 to 3.4 mm/day and it was 
close to its normal value (2.4 mm/day).
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Fig. 2.3. Seasonal anomaly in maximum (Max T) and 
minimum (Min T) temperatures
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Fig. 2.4. Weekly anomaly pattern of maximum and 

minimum temperature

2.4 Sunshine hours

Mean annual bright sunshine (7.6 hrs) was at par with   
stnormal (7.6 hrs) and varied from 2.8 hrs in 1  SMW to 10.8 

thhrs in 17  SMW (Fig. 2.6). During pre monsoon and 

Fig. 2.5. Seasonal actual (A) and normal (N) evaporation
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Fig. 2.6. Seasonal actual (A) and normal  (N) bright 
hours of sunshine



2.6 Wind velocity

Mean annual (4.2 km/hr) wind velocity was almost close 
to its normal (4.6 km/hr) values. Pre-monsoon season 
experienced low wind velocity by 12.2 from its normal 
values (Fig.2.8). However post-monsoon and winter 
season experienced higher wind velocity by 17 and 14 % 
from their corresponding normal values. 

5

monsoon season, bright sunshine hours was higher from 
its normal value by 16%. Bright sunshine hours were 
slightly lower (7.1 %) from their respective normal values 
during post-monsoon season with a mean of  8.2 hrs and it 
varied from 4.6 -9.6 hrs per day. Bright sunshine hours 
during winter season were significantly lower by 30% 
from its normal values (7.7 hr/day). 

2.5 Relative humidity pattern

Mean annual morning relative humidity was found 81.0% 
and it was at par with   its normal value. Seasonal relative 
humidity showed slight fluctuations from their normal 
values. Morning relative humidity was relatively higher 
during post-monsoon season by 15% from its normal 
value (64.9%). However morning relative humidity was 
slightly lower during monsoon, post-monsoon and winter 
season by 16.4, 3.9 and 2.1%, respectively from its normal 
values (Fig. 2.7a). Mean annual afternoon relative 
humidity was 48.1% and it was higher by 13.2% from its 
normal value (42.5%). The pre and post monsoon season 
relative humidity was higher and lower by 12 and 6% from 
their normal values. Whereas, afternoon relative humidity 
during monsoon season was near to its normal value. The 
afternoon relative humidity was higher by 52.4% during 
winter season with a mean of  63% (Fig. 2.7b).
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Fig. 2.7. Seasonal pattern of relative humidity in (a) morning 
and (b) afternoon
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Research Achievements

Chapter 3

3.1.  Program: Plant genetic resources and genetic 
improvement of forage crops

3.1.1  Plant exploration and germplasm collection

During the period under report three explorations were 

Table 3.1. Details of germplasm collected during 2014-15

Common  name Botanical name No. of accessions collected Area of collection

Dinanath grass  Pennisetum pedicellatum  26 Western Karnataka

Marvel grass  Dichanthium annulatum 12 Western Karnataka

Heteropogon  Heteropogon contortus 16 Western Karnataka

Sorghum  Sorghum bicolor 6 Western Karnataka

Stylosanthes  Stylosanthes spp 7 Western Karnataka

Themeda grass Themeda arundinacea 14 Western Karnataka

Lablab Lablab purpureus 1 Western Karnataka

Siratro Macroptilium atropurpureum 1 Western Karnataka

Brachiaria Brachiaria spp. 14 Western Karnataka,

   Bundelkhand

Guinea grass Panicum maximum 6 Western Karnataka

Teosinte  Zea maxicana 1 Western Karnataka

Horse gram Macrotyloma uniflorum  1 Western Karnataka

Guinea grass Panicum maximum 2 Bundelkhand region

Johnson grass Sorghum halepense 1 Bundelkhand region

Sewan grass Lasiurus sindicus 70 Bikaner, Jaisalmer

Total  176 

undertaken and a total of  176 accessions of  different 
fodder crops, range grasses and range legumes were 
collected from parts of  Karnataka, Madhya Pradesh, 
Rajasthan and Uttar Pradesh (Table 3.1).

6
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3.1.2   Evaluation and rejuvenation of germplasm

Evaluation of  newly procured collected germplasm was 

carried out to find out promising accessions for various 

traits and rejuvenation of  the collections available in MTS 

for their continued maintenance and transfer of  the 

material to LTS. The details of  germplasm evaluated and 

rejuvenation carried out are given below: 

Evaluation of lucerne germplasm 

Lucerne germplasm (267 lines) were evaluated in 

augmented design including 22 lines collected from Kutch 

region of  Gujarat.  Three checks included were Chetak, 

RL-88 and Anand-2. Data were recorded for 23 

parameters (Table 3.2; Fig.3.1).



Table 3.2.  Morphological parameters in lucerne germplasm

S No. Parameters Range

1 Plant height  (cm) 13-90

2 Number of  tillers/basal branches   13-19

3 Number  of  internodes   8-18

4 Number of  internodes on main branch   12-2

5 Length of  2nd internode from bottom (cm) 1-5

6 Length of  main branch  (cm) 53-100
rd7 Length of  central leaflet of  (3  leaf  from  2.5 - 4.8

 top of  main stem) (cm)  

8 Leaf: width of  central leaflet (cm) 1.00-3.5 

9 Leaflet width/Length ratio 0.70 - 1.00

10 Leaf: shape  Lanceolate/obovate/ovate)

11 Biomass/plant (g) 250 - 1000

12 Stem Wt/plant (g) 180- 900 

13 Leaf  Wt/plant (g) 70- 100

14 Dry biomass/plant (g) 86.0 - 500

15 Leaf/Stem  ratio 0.40- 0.90

16 Growth habit   Erect

17 Foliage colour Light-dark green

18 Stem pithiness Mostly hollow, few solid

19 Stem thickness (of  central 5th internode) (mm) 0.2-0.5 

20 Pod: number of  coils 3-5

21 Pod: shape coiled

22 Length of  spike (cm) 1.5 -4.5 

23 1000-Seed weight (g) 12 -25

24 Disease & pest reaction Highly susceptile -Tolerent

7

Fig. 3.1. Lucerne plants showed rot symptoms (A), (B) mycelium and sclerotia of S. rolfsii on host plant

A B
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Evaluation of Stylosanthes

Maintenance trial of  Stylosanthes species, collection from 
CIAT Colombia, was conducted in 2014-15 (Fig.3.2). The 
species evaluated were S. hamata, S. subsericea, S. viscosa, S. 
guanensis, S. scabra, S. humilis, S. gracilis and S. capitata. 

8

Rejuvenation of grasses

Rejuvenation of  grasses was initiated i.e. Dichanthium 
annulatum (300 accs.), Heteropogon contortus (406 accs.), 
Chrysopogon fulvus (54 accs.) and Chloris gayana (27 accs.) 
were transplanted in augmented design in 2014-15 
(Fig.3.3). Seeds to be deposited in LTS and MTS.

Fig. 3.2. Evaluation of Stlosanthes germplasm

Table 3.3. Potential sorghum accessions 

Accessions Plant height GFY (kg) 
  (cm) (on the basis of 
  3 plants)

Accs. 140 240.0 0.85

Accs. 41 237.0 1.00

Accs 180 228.3 0.55

Accs. 150 227.0 1.00

Accs. 174 225.0 1.00

Accs. 116 218.3 0.50

Accs. 181 216.6 2.00

Accs. 69 213.3 1.00

Accs. 112 210.0 0.50

Accs. 139 208.3 1.25

Fig. 3.3. Grass rejuvenation nursery

3.1.3  Annual forage crops improvement programme

Genetic improvement of sorghum (Sorghum bicolor (L.) 

Forty nine accessions of  collected from different parts of  
Bhuj district of  Gujarat were evaluated for different 
agronomic traits for the identification of  superior parents. 
Accessions were evaluated along with two national checks 
i.e. CSV21F and HC 308. The plant height ranged from a 
minimum of  161 cm to a maximum of  240 cm, 
simultaneously, green fodder yield (on the basis of  3 
plants) ranged from a minimum of  0.25 kg to a maximum 
of  2.0 kg. On the basis of  growth and yield characters 
some of  the germplasms were identified as potential 
accessions (Table 3.3) to be used in further sorghum 
breeding improvement programme.  

Selections from advance generations

Trait specific crosses which were made during previous 
years utilizing different parents viz., IS 11861, IS 21891 
and IS 21887 (brown mid rib trait), IS 6014 (high basal 
tillers > 11), COFS-29 (quick regeneration), SSG 59-3 
(quick regeneration and high tillering), IS 3260 (very early 
flowering < 55 days), IS 32372 (high biomass and tall plant 
height > 450 cm), IS 6090 (low HCN content), IS 651 
(resistance to shoot fly), SGS-218 (stay green expression), 
SGS-114 (multiple foliar disease resistance)  and IG-02-
495 (multiple foliar disease resistance) were further 
advanced and selections were made from good 
performing lines. 

Breeding for dual purpose and early maturing cowpea

Evaluation of F generation1 

At Dharwad, 28 F 's along with checks and parents were 1

evaluated in a replicated trial for various morphological 
and biotic stress related traits. Based on the gca and sca 
effects, the crosses which showed significant positive sca 
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effects for green fodder yield and grain yield were selected 
and grown for selection of  superior segregates in F  2

generation. The parents MCC-09-12, UPC 622, BL-2 and 
EC-4216 were found to be the best combiners for green 
fodder yield and grain yield. Similarly, based on sca effects, 
the crosses MFC-09-12 x BL-2 and UPC-622 x EC-4216 
were found to be the best two crosses (Fig.3.4)  for further 
selection in segregating generations. Parents and F  were 1's

screened against pests and diseases in cowpea. Cowpea 

aphid (Aphis craccivora) and yellow mosaic virus (YMV) 
were major ones (Fig.3.5), considered for scoring. The 
scoring was done based on the 1-5 scale (1= highly 
resistant (no incidence); 2= resistant (up to 10% 
incidence); 3= moderately resistant (11-25%); 4= 
susceptible (26-50%); and 5= highly susceptible (>50%). 
Twenty two crosses were found to be high to moderate 
resistant to aphids and five crosses were scores as highly 
resistant to cowpea YMV disease.

Selection of desirable genotypes

At Jhansi centre cowpea genotypes for various desirable 

traits including erect growth habit (C-74, CL-367, UPC-

628, IGFRI-95, EC 244310), Early flowering, (EC 

548868,  EC 548867, EC 548869, IL 1471) and for Early 

maturing (EC548854 and EC548858) were identified for 

further evaluation and use in hybridization programme. 

Development of dual purpose maize

Station trial on dual purpose maize 

Station trial comprising of  12 entries including four 

9

Fig. 3.4. Promising crosses for dual purpose in cowpea

MFC-09-12 x BL-2 (F )1 UPC 622 x EC 4216 (F )1

Aphid infestation in cowpea Cowpea – yellow mosaic virus

Fig. 3.5. Aphid and YMV infestation in cowpea
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checks was conducted in RBD with three replications. 
Observations were recorded at the time of  50% flowering. 
The lines IGMF-2, IGMF-4 and IGMF-7 produced high 
GFY (25.0-27.5 t/ha) as compared to check J-1006 (24.3 
t/ha).  Similarly lines IGMF-2 and IGMF-7 produced 
high grain yield (3.5 t/ha) than J-1006 (3.2 t/ha) but no 
line surpassed the check for stover yield. 

Station trial on teosinte

Station trial on teosinte with five entries was conducted in 
RBD with three replications. Observations were recorded at 
the time of 50% flowering.  The genotypes JHT-14-2, JHT-
14-3 and JHT-14-4 produced 23.0-27.5 t/ha GFY as 
compared to check (22.4 t/ha). Stover yield ranged from 14-
19 t/ha with seed yield from 1.6-4.4 t/ha. Other parameters 
like plant height ranged from 253-275 cm, leaf  length (33-38 

cm), leaf  breadth (4.8-5.0 cm) and stem girth (0.9-1.0 cm). 

Advancement interspecific crosses of Zea mays x Z. 
maxicana

The crosses attempted to develop interspecific crosses of  
maize and teosinte with the objective to obtained maize 
plant with tillers, a plant with maize cob and tiller was 
obtained (Fig. 3.6 a). Interspecific crosses segregating for 
tillering and branching were advanced. A teosinte plant 
with twelve branches (Fig.3.6b) was also obtained by 
selection and inbreeding. Effort will be made to develop a 
population with this trait to improve total green fodder 
yield.  A stay green line (SGM-14-1) was obtained having 
physiological mature cob and plant with green foliage and 
stem (Fig 3.6c).
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Fig. 3.6. (A) Plant with maize cob and tiller, (B) Teosinte plant with extensive tillering (C) Stay green maize plant

A CB

Testing of entries in AICRP trials

Two entries of  IGFRI (one in AVTM-1, one in IVTM-1) 
are under testing in AICRP trials of  maize. Two trials 
were conducted: IVTM: (9 entries and 3 replications); 
AVTM-1 (7 entries and 3 replications). Recorded data 
were statistically analyzed and report submitted to Project 
Coordinator (Forage crops).  

Development of high yielding dual and multi-cut 
fodder oats 

Station trial on oat

Thirteen advanced stable breeding lines along with three 
checks were evaluated in RBD. Data was recorded on 
GFY, DMY, days to 50% flowering, plant height, leaf  
length and width, stem diameter. Five lines (STSC-13-13, 
13-2, 13-7, 13-8, 13-1) performed better than the best 
check variety Kent (59.2 t/ha) in terms of  GFY which 
ranged from 61.6-89.8 t/ha.

Station trial on dual purpose oat

Twenty one lines were evaluated along with three checks 
in three replications in RBD. Green fodder yield and dry 
matter yield were recorded for all the lines after 50 days of  
sowing. Four lines (STD-13, 10, 2, 16) were selected on the 
basis of  high green fodder yield (19.2-23.0 t/ha), stover 
yield (13.0-14.0 t/ha) and grain yield (2.9 t/ha). 

Station trial on multi cut oat

Nineteen advanced breeding lines of  multi-cut oat 
including three checks were evaluated to record the 
performance. Observations were made on green fodder 
yield after 35 days of  sowing and subsequently three cuts 
were taken after every 30 days. Five lines (STMC-3, 5, 6, 
15, 16) were selected on the basis of  high GFY (31.1-39.2 
t/ha) after four cuts over check JHO-851 (30.6 t/ha). Two 
lines were selected for high dry matter yield (9.5-10.0 
t/ha) over check JHO-851 (8.9 t/ha).
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Evaluation of perennial forage grasses and legumes at 
Palampur 

A station trial consisting 12 accessions of  white clover 
(Trifolium repens) were established along with check 
variety Palampur composite-1to evaluate the 
performance. The seeds of  temperate grasses viz. tall 
fescue, perennial rye, broom grass were also sown for 
evaluation. The observations were recorded in different 
ongoing established evaluation trials of  red clover, 
Brachiaria, Chrysopogan, Hybrid Napier, Setaria, 
Bothriochloa, B x N hybrid and guinea grass. The station is 
also maintaining germplasm of  important grasses (181 
accessions), legumes (38 accessions) and annual forage 
crops (24 accessions). 

Station trials on temperate grasses at Srinagar

Station trial on tall fescue

Tall fescue (Festuca arundinacea (Schreb.) is vigorous, 
widely adaptable, perennial, cool-season bunch grass for 
pasture, hay, and silage, and resistant to pests and drought. 
A station trial with 19 accessions along with Him-1 as 
check was carried out for evaluation of  performance for  

225 quantitative traits (Fig. 3.7).  The GFY (kg/m ) ranged 
2from 5.92-7.95 with mean of  6.68 kg/m  and dry fodder 

2yield ranged from 3.29-4.42 kg/m . Out of  19 accessions 
2five showed superiority for DMY (kg/m ) and IGFRIRS-

2 2Festuca-14(4.42 kg/m ), IGFRIRS-Festuca-16 (4.23 kg/m ) 
were best performing accessions compared to check 
variety Him 1.

Testing of entries in AICRP trials

Eleven entries were contributed in different AICRP trials 

(AVTO-MC-1, AVTO-SC-1, AVTO SC-2, IVTO-SC, 

IVTO -MC and IVTO-Dual) on oat. Nine trials (03 

replication each) were also conducted, which included 

IVTO-SC (16 entries), IVTO-D (09 entries), AVTO-SC-1 

(12 entries), AVTO-SC-2 (07 entries), IVTO (MC) (12 

entries), AVTO-SC-2 (Seed) (09 entries), AVTO-MC-1 (09 

entries), AVTO SC (Seed)-2(R) (11 entries), AVTO SC-2 

(R) (11 entries). Observations were recorded for 

morphological (5) and quality (4) parameters. 

3.1.4  Perennial grasses and range legume improvement

Evaluation of advanced lines at Jhansi

Evaluation trials on Clitoria   

Station trial of  Clitoria was conducted during 2014-15 

including exotic collections from CIAT Colombia. Data 

analysis is in progress. AICRP (FC) Perennial Trial (VT 
ndClitoria-2013 (II  year) was also conducted during 2014-15.

Evaluation of grasses in AICRP Trial

AICRP trials (perennial) were conducted during 2014-15 

with 7 entries of  Sehima and 3 entries of  Dichanthium and 

results submitted to PC (FC). VT Cenchrus ciliaris -2013 

completed its second year of  testing.

Fig. 3.7. Variability at different stages in tall fescue accessions
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2yield (kg/m ) ranged from 3.34 to 6.78 with a mean of  
2 24.96 kg/m  and DMY (kg/m ) ranged from 2.93-5.94 

2(kg/m ). Accessions like IGFRIRS-Dactylis-11(5.94 
2 2kg/m ), IGFRIRS-Dactylis-5 (5.88 kg/m ), IGFRIRS-

2 2Dactylis-9 (5.43 kg/m ), IGFRIRS-Dactylis-4 (5.33 kg/m ), 
2IGFRIRS-Dactylis-3 (5.29 kg/m ), IGFRIRS-Dactylis-20 

2 2(5.19 kg/m ) and IGFRIRS-Dactylis-6 (5.13 kg/m )   
showed superiority for dry fodder yield  over general mean 

2of  the trial  for the trait (4.56 kg/m ).

Station trial on orchard grass

Orchard grass (Dactylis glomerata L) are diploid 
(2n=2x=14), tetraploid (2n=4x=28), or hexaploid 
(2n=6x=42) and are separated into subspecies by 
chromosome number. Most populations are diploid. A 
station trial was conducted with 20 superior accessions to 
identify suitable genotypes. Accessions were assessed for 
25 quantitative traits and showed a wide range of  
performance for all the traits (Fig.3.8). The green fodder 

Fig. 3.8. Variability at different stages in orchard grass accessions

Station trial on harding grass

Harding grass (Phalaris aquatica) is highly palatable to 
animals in the spring, so for high nutrient hay or silage it is 
preferably cut before reaching the heading stage. A trial 
was conducted with 32 accessions and assessed for 18 

2quantitative traits (Fig.3.9). Green fodder yield (kg/m ) 
2ranged from 3.13-6.89 with mean of  4.84 kg/m  and dry 

2fodder yield ranged from 2.43-6.39 kg/m  with a mean of  
24.36 kg/m . During 2014-2015 crop year,  accessions like 

2IGFRIRS-Phalaris-11 (6.39 kg/m ),  IGFRIRS-Phalaris-
2 25 (5.94 kg/m ), IGFRIRS-Phalaris-1 (5.75 kg/m ), 

2IGFRIRS-Phalaris-21 (5.69 kg/m ), IGFRIRS-Phalaris-
2 229 (5.47 kg/m ),  IGFRIRS-Phalaris-9 (5.43 kg/m ),  

2IGFRIRS-Phalaris-4 (5.33 kg/m ), IGFRIRS-Phalaris-20 
2 2(5.18 kg/m ), IGFRIRS-Phalaris-6 (5.13 kg/m ), 

2IGFRIRS-Phalaris-3 (5.09 kg/m ), IGFRIRS-Phalaris-8 
2 2(5.09 kg/m ), IGFRIRS-Phalaris-12 (4.77 kg/m ), 

2IGFRIRS-Phalaris-22 (4.77 kg/m )IGFRIRS-Phalaris-28 

2(4.47 kg/m ) showed superiority over mean for dry fodder 
2yield (4.36 kg/m ).

Station trial on prairie grass

A trial was constituted with 28 prairie grass (Bromus 
unioloides Kunth.) accessions for identification of suitable 
genotypes. The accessions were evaluated for 25 
quantitative traits (Fig.3.10) and observations recorded for 

2GFY ranged from 3.63-6.57 (kg/m ) with a general mean of 
24.99 kg/m . While for DMY, accessions like IGFRIRS-

2Bromus-11 (6.38 kg/m ), IGFRIRS-Bromus-5 (5.94 
2 2kg/m ), IGFRIRS-Bromus-1 (5.78 kg/m ), IGFRIRS-

2Bromus-21 (5.68 kg/m ), IGFRIRS-Bromus-9 (5.40 
2 2kg/m ), IGFRIRS-Bromus-4 (5.35 kg/m , IGFRIRS-)

2Bromus-20 (5.19 kg/m ), IGFRIRS-Bromus-6 (5.13 
2 2kg/m ),IGFRIRS-Bromus-3 (5.06 kg/m IGFRIRS-), 

2 2Bromus-8 (5.01 kg/m ),IGFRIRS-Bromus-12 (4.77 Kg/m ) 
2and IGFRIRS-Bromus-22 (4.77 Kg/m ) showed superiority 

2over mean for dry fodder yield (4.45 kg/m ).
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Fig. 3.10. Variability at different stages in prairie grass accessions

Fig. 3.9. Variability at different stages in harding grass accessions
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Fig. 3.11. Variability at different stages in timothy accessions
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Station trial on timothy grass 

A trial was constituted with 26 selected accessions and 
evaluated for 25 quantitative traits (Fig.3.11). GFY 

2ranged from 3.53-6.67 kg/m  with a trial mean of  5.01 
2kg/m . While for DMY the accessions IGFRIRS-

2Phleum-11 (6.45 kg/m ), IGFRIRS-Phleum-9 (5.87 

2 2kg/m ),  IGFRIRS-Phleum-20 (5 .78  kg/m ),  
2IGFRIRS-Phleum-21 (5.76 kg/m ), IGFRIRS-

2Phleum-1 (5.64 kg/m ), IGFRIRS-Phleum-3 (5.62 
2 2kg/m ) and IGFRIRS-Phleum-5 (5.62 kg/m ) showed 

superiority over trial mean for dry fodder yield (4.50 
2kg/m ).

Station trial on perennial ryegrass 

Makhan-malai grass or perennial ryegrass (Lolium perenne 
L) is a valuable pasture grass for temperate region. A trial 
was initiated with 38 accessions to identify superior 
genotypes and observations were recorded 25 
morphological traits (Fig.3.12). Green fodder yield ranged 

2from 2.75-5.71 kg/m  with an experiment mean of 3.96 
2 2kg/m  for the trait. While for DMY (kg/m ) accessions like 

2IGFRIRS-Lolium-11 (5.44 kg/m ), IGFRIRS-Lolium-37 
2 2(4.96 kg/m ), IGFRIRS-Lolium-9 (4.81 kg/m ); IGFRIRS-

2 2Lolium-21 (4.76 kg/m ), IGFRIRS-Lolium-5 (4.67 kg/m ), 
2IGFRIRS-Lolium-3 (4.65 kg/m ), IGFRIRS-Lolium-1 

2 2(4.63 kg/m ) and  IGFRIRS-Lolium-6  (4.55 kg/m ) were 
found best performing accessions compared to mean dry 

2fodder yield (3.32 kg/m ) of the trial.

Station trial on white clover

White clover (Trifolium repens L.), is a complex 
outbreeding allo-tetraploid (2n = 4x = 32) species, 
commonly sown in the low to medium rainfall region. To 
find out best performing genotypes a trial was conducted 
with the 28 selected accessions and performance of  
accessions were observed for the 25 quantitative traits 

2(Fig.3.13). GFY ranged from 1.21-3.96 kg/m  with mean 
2of  2.11 kg/m .  While for DMY, accessions like 

2IGFRIRS-Tr-8 (2.55 kg/m ), IGFRIRS-Tr-9 (2.41 
2 2kg/m ), IGFRIRS- Tr-14 (2.37 kg/m ), IGFRIRS-Tr-27 

2 2(2.36 kg/m ), IGFRIRS-Tr-23 (2.28 kg/m ), IGFRIRS-
2 2Tr-21 (2.26 kg/m ), IGFRIRS-Tr-6 (2.25 kg/m ), 

2IGFRIRS-Tr-16 (2.16 kg/m ), IGFRIRS-Tr-10 (2.14 
2 2kg/m ), IGFRIRS-Tr-1 (2.03 kg/m ), IGFRIRS-Tr-19 

2 2(1.98 kg/m ) and IGFRIRS-Tr-7 (1.97 kg/m ) showed 
superiority over mean for dry fodder yield.
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Fig. 3.12.Variability at different stages in perennial rye grass accessions

Fig. 3.13. Variability at different stages in white clover accessions 
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Fig. 3.14. Variability at different stages in red clover accessions
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Station trial on red clover

Red clover (Trifolium pratense L.) is widely used 
perennial legume species in grazing systems across low 
to medium rainfall (500-750 mm) region. A trial was 
conducted with 29 accessions along with Palampur 
composite 1and Montgomery as checks and evaluated 
for various fodder related traits (Fig.3.14). The green 

2fodder yield ranged from 3.24-6.22 kg/m  with a mean 

2of  4.50 kg/m . Accessions like IGFRIRS-Tp-27 (5.39 
2 2kg/m ), IGFRIRS-Tp-19 (4.97 kg/m ), IGFRIRS-Tp-18 

2 2(4.94 kg/m ), IGFRIRS-Tp-17 (4.89 kg/m ), IGFRIRS-
2 2Tp-16 (4.81 kg/m ), IGFRIRS-Tp-2 (4.77 kg/m ), 

2IGFRIRS-Tp-9 (4.41 kg/m ), IGFRIRS-Tp-25 (4.39 
2 2kg/m ), IGFRIRS-Tp-26 (4.38 kg/m ) and IGFRIRS-

2Tp-13 (4.32 kg/m ) were among highest dry matter 
yielding accessions.

Station trial on sainfoin 

A station trial was constituted with 18 sainfoin 

(Onobrychis viciifolia Scop) accessions and evaluated to 

identify best performing genotypes. The genotypes were 

assessed for 20 different quantitative parameters 

(Fig.3.15). Green fodder yield of  the accessions ranged 
2 2 from 3.26 to 5.96 kg/m  with a mean yield of  4.51 kg/m

in the trial. However, for dry matter yield IGFRIRS-
2Onobrychis-18 (4.96 kg/m ), IGFRIRS-Onobrychis-17 

2 2(4.91 kg/m ), IGFRIRS-Onobrychis-16 (4.83 kg/m ), 
2IGFRIRS-Onobrychis-2 (4.79 kg/m ) and IGFRIRS-

2Onobrychis-9 (4.43 kg/m ) were found best performing 

accessions.

Evaluation of promising Cenchrus grass lines at Avikanagar

Promising lines of Cenchrus ciliaris (18) and C. setigerus (7) were 

compared to check varieties and evaluated under station trial 

(Fig.3.16). Observations on fodder yield and related traits 

were recorded during kharif 2014 (Table 3.4 & 3.5). Six lines 

of C. ciliaris showed 10-16 % superiority and 4 lines of C. 

setigerus showed 10-20 % superiority over respective check 

varieties. IG-67-75, IG-96-414 and IG-67-365 lines of C. 

ciliaris gave highest fodder yield coupled with high L: S ratio. 

Lines like IG-96-593, IG-97-447 and IG-97-433 of C. setigerus 

gave highest fodder yield coupled with more plant height, 

more leaves per tiller and high L: S ratio. These lines will be 

tested under AICRP-FC in multi location trials.  
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Table 3.4. Performance of promising lines of C. ciliaris 

Entry Plant height Dry fodder  Tillers/ Leaves / L:S ratio  % superiority (DFY) 

 (cm) yield  (q/ha) tussock tillers  over best check

IG 97-377 86.7 49.3 8.0 8.0 1.6 -3.7

IG 96-505 86.7 44.8 7.3 8.0 1.2 -12.5

IG 96-655 100.0 57.7 7.7 8.3 2.2 12.8

IG 67-621 86.7 49.7 14.0 8.0 1.4 -2.8

IG 67-75 100.0 59.4 8.0 8.5 1.9 15.9

IG 67-365 116.7 58.2 5.3 9.7 1.8 13.6

IG 67-3802 77.5 52.7 8.5 7.0 2.7 2.9

IG 67-658 57.5 50.9 12.0 8.0 1.3 -0.5

IG 96-414 95.0 59.1 10.7 8.3 2.6 15.4

IG 67-3833 85.0 50.4 12.5 8.5 2.0 -1.6

IG 96-416 95.0 49.1 6.0 9.0 1.6 -4.0

IG 67-1263 108.3 57.8 8.0 7.7 1.6 12.9

IG 96-410  108.3 53.5 10.3 7.7 1.7 4.5

IG 96-435  106.7 54.1 6.7 8.0 1.6 5.8

IG 96-531  121.7 58.6 6.7 10.4 1.4 14.4

IG 96-666  120.0 55.6 9.0 10.6 1.7 8.6

IG 96-591 96.7 49.5 7.3 8.3 2.1 -3.4
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Fig. 3.15. Variability at different stages in saifoin accessions 
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IG 67-3813 88.3 52.4 6.0 6.3 1.5 2.4

CAZRI-75 (C) 121.7 51.2 8.7 9.7 1.9 0.0

IGFRI 3108 (C) 81.7 49.4 8.3 8.3 2.4 -3.5

Mean 97.0 53.2 8.6 8.4 1.8 -

CD (P<0.05) 15.4 6.2 4.4 1.2 0.4 -
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Table 3.5.  Performance of promising lines of C. setigerus 

Entry Plant height Dry fodder  Tillers/ Leaves / L:S ratio  % superiority (DFY) 

 (cm) yield  (q/ha) tussock tillers  over best check

IG 96-395 118.7 51.2 35.3 7.4 1.8 14.3

IG 97-428 107.4 31.5 29.4 7.3 1.6 -11.4

IG 97-431 112.2 39.7 30.2 7.4 1.2 -11.4

IG 97-433 102.7 45.6 41.0 7.4 2.2 10.9

IG 97-464 102.5 32.5 31.6 7.3 1.4 -6.9

IG 97-432 109.3 30.5 35.3 7.4 1.3 -18.8

IG 97-447 112.3 50.7 35.4 6.6 1.8 13.2

IG 99-141 117.0 44.4 31.2 7.6 1.2 -0.9

IG 96-593 118.1 63.4 48.1 7.5 1.3 19.9

CAZRI-76 (C) 105.7 44.8 39.2 7.2 2.1 0.0

CAZRI-392 (C) 116.2 33.7 43.9 7.5 2.0 -15.6

Mean 111.1 42.6 36.4 7.3 1.6 -

CD (P<0.05) 8.82 10.07 9.99 0.8 0.3 -

Fig. 3.16. Evaluation of superior Cenchrus lines in station trial

IGFRI Annual Report 2014-15



BXN hybrid improvement programme

Purple colour BxN hybrid

A unique purple type BxN hybrids was developed 
(Fig.3.17). A purple colour pearl millet used as female  
crossed with napier grass (IGFRIN -51) as male.The F  1

recovered was a purple colour BxN hybrids and  proved 
morphologically and comparing total DNA contents of  
this BxN to green colour BxN hybrids  through flow 
cytometry. Further quality analysis is needed to know its 
utility as fodder. There is also possibility to use it as 
ornamental BxN.
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3.2  Program: Abiotic stress management and climate 
resilient fodder production 

3.2.1  Genetic improvement of guinea grass 

Germplasm evaluation: Out of  200 germplasm lines 
planted for evaluation for higher biomass along with 2 
checks (BG-1 and BG-2), 65 lines exhibited higher 
biomass compared to checks. The plant height at 
flowering stage ranged from 12-175 cm, no. of  tillers/tusk 
4-85, number of  leaf/ tiller 2-11, leaf  length 5-102 cm, leaf  
width 1-4.3 cm and green fodder yield/ tusk/ cut ranged 
from 200 g to 4.5 kg. Mostly genotypes showed erect and 
semi-erect growth habits and only 72 germplasm lines 
exhibited spreading growth. Foliage fineness also varied 
from coarse to very fine. 

Station trial: A station trial of  25 genotypes comprising 2 
checks BG-1 and BG 2 and superior germplasm obligate 
apomictic lines derived from cross SPM 92 X Riversdale 
was established during the year 2013-14 for evaluation. 
Eighteen accessions produced significantly more GFY/ 
tusk and highest was produced local collection JGG 9 (6.5 
kg/tusk/cut). 

Evaluation of  sexual lines: Fourteen obligate sexual plants 
derived from cross SPM 92 x Riversdale, received from 
project CI 5.4 were planted along both the parents and 
check BG-2 for the study of  extent of  heterosis for biomass 
and contributing traits and identification of  superior 
sexual lines for utilization in future hybridization 
programmes. Sexual lines S-75 produced higher biomass 
compared to both the parents and was at par with BG-2.

Hybridization programme: Sexual line S-75 was used for 
attempting crosses with high biomass producing varieties 
BG-2, BG-4 and with germplasm lines JGG-9.

3.2.2 Evaluation of drought tolerant forage sorghum

Nine selected lines with two checks were sown in glass 
house and field for the evaluation of  drought tolerance at 
morphological and biochemical levels. Fresh weight, dry 
weight, water content, and levels of  various 
photosynthetic pigments were measured in leaves. It was 
found that flowering was delayed in all stay green lines. 
Furthermore, the stay green lines having delayed 
flowering showed a better performance and resistance to 
drought. Flowering was delayed in some SGS lines, which 
may be good candidates to be used as fodder in drought 
prone areas. Water content and specific leaf  weight of  
sorghum leaves in control and water stressed conditions 
indicated that some of  the sorghum lines have higher 
water retention capacity than others (Table 3.7). These 
lines may be better performing under drought conditions. 
Line IG-03-285 was early flowering line identified both in 
green house and field conditions which may be used as 
early maturing short duration crop, as well as to develop 

Fig. 3.17. Morphological appearance of purple BXN hybrids

Station trial 

A station trial of  thirteen BxN hybrids were also 
conducted along with national checks CO3 and CO4. On 
the basis of  first year data for GFY two entries namely BN 
7 and BN 8 showed better performance than national 
checks CO3 and CO4 (Table 3.6). 

Table 3.6.  Performance of BxN hybrids in station trial
Genotype GFY (kg/plot)
BDN 1 40.61
BDN2 19.61
CO3 86.81
CO4 91.01
BN1 53.21
BN2 53.99
BN3 82.62
BN4 57.41
BN5 70.01
BN6 86.81
BN7 105.75
BN8 113.99
BN9  86.81
Mean 72.97
CD (P=0.5) 6.35
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short duration hybrid lines. The three SGS lines, SGS 33, 
SGS 45 and SGS 118 showed delayed flowering and 
higher growth among all the lines tested. These are being 
used to develop as stay green drought tolerant sorghum 

using breeding techniques. Proline content in these lines 
were estimated to evaluate their capacity to tolerate the 
stress (Table 3.8) In general, the SGS lines had more 
proline as compared to non SGS lines.
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3.2.3 Aboitic stress tolerance in Cenchrus

Drought tolerance of  92 Cenchrus ciliaris germplasm 
accessions were tested in seedling trays by imposing water 
stress to 1 month old seedlings. The experiment was 
conducted with five replications and the 3 check varieties 
IGFRI-727, IGFRI-3108, CAZRI-75.The seedlings were 
grown under 50% shade in net house and in open 
condition under irrigation. The seedlings were daily 
monitored for extent of  drying and leaf  rolling. Based on 
the number of  days taken for complete drying of  the 
seedlings, 20 accessions were selected for further 
screening. The accessions which were able to survive up to 
5 days without watering were considered as comparative 

tolerant. The selected 20 accessions are IG 96-159, IG 96-
365,IG 96-395, IG 96-418, IG 96-419,IG 96-438,1G 96-
451,IG 96505, IG 96-531, IG 96-659,IG 96-664,rG 96-
666,rG 96-713,IG 67-59-1, IG 67-360, IG 67-38t3, IG 99-
141. The check varieties viz. IGFRI-727, IGFR-3108, 
CAZRI-75 did not withstand 5 days of  water deficit. 

3.2.4 Breeding for biotic and abiotic tolerance in alfalfa 

Three populations of  crosses Anand-2 x Weevlchek (F ),  3

RL-88 x Weevlchek  (F )   and Anand-2 x Weevlchek (F ) 2 2

multiplied in isolation were sent to IGFRI, Jhansi and 
NABIR, Bangalore in September 2014 for screening 
against weevil tolerance both under hotspot and artificial 
epiphytotic conditions, respectively.  At hotspot (Jhansi), 
weevil tolerant plants were selected and tagged in 
segregating populations of  lucerne (Fig 3.18).The inter-
specific crosses were attempted in lucerne and the status 
of  the hybrids was presented below (Table 3.9).

Table 3.7. Dry matter and water percentage in leaves of different lines of sorghum

S. No. Line No. Dry Matter (%) Water (%)

1 Control 1 29.58 ± 2.09 70.42  ± 2.09

2 Control 2 46.85 ± 7.94 53.15 ± 7.94

3 IG-03-285 29.66 ± 6.23 70.34 ± 6.23

4 EC-507882 28.55 ± 3.77 71.45 ± 3.77

5 SGS-96 29.93 ± 2.29 70.07 ± 2.29

6 SGS-154 25.48 ± 2.10 74.52 ± 2.10

7 SGS-89 30.72 ± 1.33 69.28 ± 1.33

8 SGS-168 32.82 ± 2.80 67.18 ± 2.80

9 SGS-33 26.55 ± 0.79 73.45 ± 0.79

10 SGS-45 18.68 ± 2.98 81.32 ± 2.98

11 SGS-118 29.55 ± 1.34 70.45 ± 1.34

Table 3.8. Proline content in leaves of different lines of 
sorghum

S. No. Line No. Proline 

  (µmoles/g Fr. Wt.)

1 Control 1 0.226

2 Control 2 0.488

3 IG-03-285 0.448

4 EC-507882 0.988

5 SGS-96 0.485

6 SGS-154 1.330

7 SGS-89 0.572

8 SGS-168 0.514

9 SGS-33 0.157

10 SGS-45 1.618

11 SGS-118 0.496

Fig. 3.18. Screening of lucerne populations (F  and F ) in hot 2 3

spot (Jhansi)



Table 3.9. Status of inter-specific hybrids in lucerne

S.No. Crosses Number of   Number of seeds Number of seedlings
  seeds sown  germinated survived

1 Anand-2 x Drylander Alfalfa 6 Nil Nil

2 Anand-2 x  M. falcata  5 Nil Nil

3 Anand-2 x Crau  2 Nil Nil

4 M . falcata  x Anand-2 1 1 survived till 10 days and died later  

4 RL-88 x Drylander Alfalfa 1 1 survived till  17 days and died later 

5 RL-88 x Siriver 1 1 survived till 13 days and died later 

6 RL-88 x M. falcata 2 1 Survived till  21 days and died later 

 Total 18 4 Nil 

Table 3.10. Ranking of genotypes

Genotypes Abiotic conditions

RAJ 22, RAJ 7, RAJ 4, ACC 45/2010 , ACC 07/2010, higher yield under stress and non-stress condition
ACC 22/2010   

RAJ 8, RAJ 10, RAJ 21, RAJ 36 high yield under non-stress condition

RAJ13, ACC 02/2010, ACC 35/2010, ACC 38/2010 high yield under stress condition
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3.2.5  Screening for drought tolerance

Ninety eight germplasm lines screened for drought 
tolerance in augmented design along with three checks 
(RL-88, Anand-2 and CO-1) for two years.  Among the 
different accessions of  lucerne evaluated for GFY and 

DFY under non-stress, yield of  RAJ 22 was found to be 
significantly higher than the best performing check (RL-
88).  Based on indices STI, SDI and TOL the genotypes 
were ranked and classified into three groups (Table 3.10).

3.2.6 Contingent crop planning modules for rainfed 
semi-arid region

During rabi season 2013-14, yield of chickpea and respective 
inter crop was observed and it was found that Subabul + 
Dual purpose sorghum + Cowpea – Chickpea + Mustard 
cropping system recorded 944 kg/ha chickpea and 103 
kg/ha mustard yield whereas, Fodder sorghum - Chickpea 
(Farmers practice, S1) cropping system gave only 841 kg/ha 
chickpea yield. In case of barley and respective inter crop 
yield, Sesbania + Dual purpose sorghum + Guar – Barley 
+ Chinese cabbage gave 1933 kg/ha barley and 2.62 t/ha 
Chinese cabbage green biomass yield whereas, Sesbania + 
Sesame + Greengram - Barley + Chinese cabbage gave 
1858 kg barley and 2.47 t/ha Chinese cabbage green 
biomass yield. During summer months 2 cuts of  hedge 
rows of  sesbania/subabool were taken and different hedge 
row based cropping systems gave 1.6 to 2.5 t/ha green 
biomass. In case mulching, mulching with lopping of  
hedge rows once in a season and /or available plot waste 
gave higher chickpea yield i.e. 963 kg/ha chickpea, 370 
kg/ha batra, 1913 kg/ha barley, 95 kg/ha lentil, 114 
kg/ha mustard, 2.8 t/ha Chinese cabbage green biomass 

and 1.95 t/ha sesabnia /subabool green biomass yield than 
unmulched plots. Fodder equivalent yield of different 
systems was worked out (Fig 3.19) and it was found that 
Sesbania + Dual purpose sorghum + Guar – Barley + 
Chinese cabbage gave significantly higher FEY (29.5, 24.6 
and 54.0 t/ha FEY during kharif and rabi season of 2013-14 
and whole year, respectively) which at par with Subabul + 
Dual purpose sorghum + Cowpea – Chickpea + Mustard 
(53.2 t/ha FEY from whole year) whereas Sesame + 
Blackgram - Fallow (Farmers practice, S2) cropping system 
recorded lowest FEY. Inclusion of mulching with lopping 
of hedge rows once in a season and /or available plot waste 
enhanced yield of rabi crops by 17.8 % in chickpea, 25 % in 
batra, 5 % in barley, 8.5 % in lentil, 27 % in linseed and 18.5 
% in mustard. Mulching also improves residual soil 
moisture by 6.8 and 2.3 % during early growth period and 
reproductive stage of  rabi crops, respectively over 
unmulched plots.  

During kharif  season due to timely onset of  monsoon CCP 
model-I was executed. Total 6 cuts of  perennial hedge 
rows were taken in which biomass of  last cut of  hedge 
rows was used as mulch in mulched plots. In general, 
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hedge rows of  subabul gave higher green fodder yield 
(GFY) than hedge rows of  sesbania. Among different 
sorghum based cropping systems, Subabul + Dual 
purpose sorghum + Cowpea – Chickpea + Mustard, 
Subabul + Sorghum + Cowpea - Batra + Chinese cabbage, 
Sesbania + Dual purpose sorghum + Guar – Barley + 
Chinese cabbage and Sesbania + Sorghum + Guar - Lentil 
+ Linseed cropping system recorded 45.5, 42.8, 42.0 and 
33.0 t/ha green biomass yield and were 100, 88, 85 and 
45% higher than the fodder yield obtained under Fodder 
sorghum – Chickpea (Farmers practice) cropping system. 

situ moisture conservation plots at soil depth of  0-15 cm. 
During rabi lifesaving irrigation comparatively produced 
more grain and straw yield in barley and chickpea.

Fig. 3.19. Fodder equivalent yield (t/ha) of different 
cropping systems

3.2.7  Climate resilient forage production systems under 
rainfed situation

Among all the cropping systems TSH + Sesbania + 
(Sorghum + Cowpea - chickpea) performed better and 
produced total TSH green and fodder yield of  80.2 t/ha 
(five cuts) and 20.2 t/ha respectively (Table 3.11). Fodder 
crops based system productivity was high in TSH + 
Sesbania + (Sorghum + Cowpea - Chickpea) and TSH + 
Sesbania + (Sorghum + Cowpea - Barley) cropping 
systems (Fig. 3.20). Among the resource conservation 
practices In-situ moisture conservation (Conservation 
agriculture based practices) produced highest green and 
dry fodder yield of  TSH (83.1 and 20.8 t/h, respectively) 
and total fodder crops system productivity of  111 t/ha 
(Fig 3.21 & 3.22). At the end of  cropping season, moisture 
content reached 4-5% and more moisture recorded in in-

Note: S1: Sorghum - Chickpea (Farmers practice), S2: Sesame + 
Blackgram - Fallow (Farmers practice), S3: Subabul + Sorghum + 
Cowpea - Batra + Chinese cabbage, S4: Sesbania + Sesame + 
Greengram - Barley + Chinese cabbage, S5: Sesbania + Sorghum + 
Guar - Lentil + Linseed, S6: Subabul + Sesame + Greengram - 
Barley + Mustard, S7: Subabul + Dual purpose sorghum + Cowpea – 
Chickpea + Mustard,  S8: Sesbania + Sesame + Blackgram – 
Chickpea + Mustard, S9: Sesbania + Dual purpose sorghum + Guar 
– Barley + Chinese cabbage and S10: Subabul + Sesame + 
Blackgram - Chickpea + Linseed.

Fig. 3.20. Fodder crops system productivity (t/ha) as influenced 
by cropping system and resource conservation practices

Cropping systems: CS1: TSH + Leucaena + (Sorghum + Pigeonpea), 
CS2: TSH + Leucaena + (Sorghum + Cowpea - Chickpea), 
CS3:TSH+Leucaena + (Sorghum + Cowpea - Barley), CS4: TSH 
+Desmanthus + (Sorghum + Pigeonpea), CS5:TSH+Desmanthus + 
(Sorghum + Cowpea - Chickpea), CS6: TSH + Desmanthus + 
(Sorghum + Cowpea - Barley), CS7:TSH + Sesbania + (Sorghum + 
Pigeonpea), CS8: TSH + Sesbania + (Sorghum + Cowpea - 
Chickpea), CS9: TSH + Sesbania + (Sorghum + Cowpea - Barley) 
Resource conservation practices: RC1: Rainfed (control), RC2: 
Lifesaving irrigation, RC3: In-situ moisture conservation (CA based 
practices).

Fig. 3.21. TSH+Sesbania+ (Sorghum+cowpea) during kharif   season

Fig. 3.22. Harvesting and loading of TSH into tractor trolley
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Table 3.11. Green and dry fodder yield of TSH, legume perennials and other component crops 

 TSH (t/ha) Perennial  Fodder   Cowpea/  Chickpea/
   legume  sorghum  pigeon pea  barley  
    (t/ha)  yield (t/ha) yield (t/ha) (kg/ha)

 GFY DFY GFY DFY GFY DFY GFY DFY GY SY

Cropping systems
          
CS1: TSH + Leucaena +  74.6 18.9 8.3 4.3 2.82 0.75 - -
(Sorghum + Pigeonpea)
   
CS2: TSH + Leucaena +  75.6 19.5 9.3 4.9 3.21 0.83 30.8 7.1 357 360
(Sorghum + Cowpea - 
Chickpea)
 
CS3:TSH+Leucaena +  74.6 19.0 9.6 5.0 3.14 0.85 27.9 6.7 1074 2148
(Sorghum + Cowpea - 
Barley)
 
CS4: TSH + Desmanthus + 82.8 20.8 1.3 0.8 2.60 0.73 - - -
(Sorghum + Pigeonpea)
  
CS5:TSH+Desmanthus +  83.6 21.0 1.4 0.8 2.64 0.73 29.4 6.6 344 346
(Sorghum + Cowpea - 
Chickpea)
 
CS6: TSH + Desmanthus +  75.4 19.2 1.4 0.8 3.17 0.90 30.5 7.1 1094 2104
(Sorghum+Cowpea -Barley) 

CS7:TSH + Sesbania + 78.6 19.9 10.7 5.0 2.96 0.85 - - - -
(Sorghum + Pigeonpea)
 
CS8: TSH + Sesbania +  80.2 20.0 10.7 5.1 3.48 0.98 34.5 8.2 341 342
(Sorghum + Cowpea - 
Chickpea)
 
CS9: TSH + Sesbania +  78.5 19.9 11.4 5.5 3.27 0.93 26.2 6.3 1114 2102
(Sorghum + Cowpea - Barley) 

SEM 4.3 0.95 0.88 0.42 0.162 0.046 - - 
 
CD (P<0.05) NS NS 2.57 1.22 0.474 0.134 - -
  
Resource conservation practices

RC1: Rainfed (control) 72.6 19.4 6.9 3.5 2.94 0.81   409 705

RC2: Lifesaving irrigation* 78.9 20.0 6.7 3.4 2.90 0.80   526 896

Rc3: In-situ moisture  83.2 20.0 7.7 3.9 3.26 0.90   507 866
conservation (CA based 
practices)**

SEM 3.6 0.91 0.61 0.30 0.115 0.032 

CD (P<0.05) NS NS NS NS NS NS   NS NS

GFY: Green fodder yield, DFY: Dry fodder yield, GY: Grain yield, SY: Straw yield
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3.2.8 Impact of climate change on forage cowpea 

Validated Crop Grow-Cowpea model was used to 
assessed the impact of  climate change on cowpea 
production at Hisar . Increased level of  CO  (660 ppm) 2

associated with increased level of  solar radiation (20%) 
resulted in increased dry biomass of  BL-1 substantially by 
60% due to increased rate of  photosynthesis and 
reduction in transpiration. Significant increase in dry 
biomass by more than 40% was noticed when surface 

otemperature is below 4 C under elevated Co  condition 2

(660 ppm). Both the varieties have shown positive 
response in dry biomass with increase in temperature up 

oto 2 C under elevated CO  conditions. However, further 2
oincrease in temperature upto 4 C is detrimental and 

reduction in dry biomass was noticed upto 40% for both 
the varieties. Under elevated CO  concentration (660 2

oppm) with thermal stress of  2 C is unable to cancel out the 
negative effect of  temperature (Fig.3.23).

3.2.9 Integrated farming systems

The planning phase of  the project is complete and 
deepening work of  central pond was done to create 
assured irrigation facility for the irrigated models. One 20 
m x25 m pond has been dug partially (Fig. 3.24) for rainfed 
model. Perennial component has been established and 
Guava and Ber sapling were procured from CISTH, 
Lucknow and CAZRI, Jodhpur, respectively. Plantation 
of  guava, ber and subabul has been done in all the five 
models. Round the year fodder production systems both 
for irrigated and rainfed conditions have been established. 
Boundary plantation of  karonda and subabul has been 
done at some locations. Crops are being taken as per plan. 
One fish pond of  20 m x 25 m dimension has been dug in 
intensive model. The survival of  guava varieties namely 
Allahabad Safeda, Sweta and Lalit was 83, 79 and 58%, 
respectively under irrigated IFS models. Similarly, Gola, 
Umran and Seb varieties of  Ber recorded 85, 94 and 90% 
survival under rainfed IFS models. The survival in 
Subabul under Silvipastoral plots was over 95%. However, 
Subabul and Karonda recorded only 75 and 25 % survival, 
respectively under boundary plantation. 

Fig. 3.23. Effect of temperature on forage biomass of cowpea
under elevated atmospheric CO  (660 ppm)2

Production risk varied with dates of  sowing and cultivar 
maturity at Jhansi. Highest total dry biomass (TDM) was 
simulated at early (25 June -15 July) dates of  sowing for 
both early (BL-1) and late maturing cultivar (BL-2), which 
ranged between 2720 to 3121 kg/ha. However, early 
maturing cultivar (BL-1) showed significantly higher yield 
than late maturing cultivar. Late sowing particularly 
between 5-10 August had lower mean above ground dry 
biomass due to terminal drought and influence of  low 
temperature. Mean dry biomass of  BL-2 showed little 
variation between 2835.1- 2720.7 kg/ha against crop 

th thsown during 25  June to 5  July. Thereafter, it decreased 
thsignificantly up to 2380.3 kg/ha corresponding to 5  

August sowing. Thus, variety BL-1 is more suitable for 
later sowing due to late onset of  monsoon as compared to 
BL-2 since the YVI is lower. 

Fig. 3.24. Glimpses of IFS activities during establishment 
phase at CR Farm

3.3  Program: Molecular genetics, biotechnological 
and physiological approaches of research on 
forage crops

3.3.1  Apomixis and cytogenetic stocks in Pennisetum 
and Panicum agamic complex

Genetic stocks: Two novel genetic stocks, one each in 
guinea grass (SRP#75- a rare self-compatible obligate 
sexual plant) and Pennisetum orientale (a novel hexaploid 
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Differentially expressed genes during mode of 
reproduction: Transcriptome analysis utilizing 
suppression subtractive hybridization (SSH) at embryo-
sac development stages in Pennisetum hybrids differing in 
their reproductive capacities (apomixis/sexual) identified 
a total of  96 transcripts at pre-meiotic stage (GenBank 
Accession number: JZ732894 to JZ732989), and 51 
unigenes from the assembly of  107 ESTs at meiotic stage 
of  spikelet development. Based on functional annotations 
these differentially expressed genes were classified into 
ribosomal structural genes, growth regulators and 
uncharacterized or hypothetical proteins.

Molecular markers for mode of reproduction: A sub-set 
of  14 SSR markers were tested in population segregating 
for mode of  reproduction in pearl millet interspecific 
crosses (ISH). Four markers clearly discriminated 
apo/sex bulks. These markers were tested in 
populations/genetic stocks segregating for mode of  
reproduction and were found to co-segregate with 
apomictic mode of  reproduction (Fig 3.27). Potential of  
these markers for marker-assisted selection is being tested. 
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(2n=54) cytotype recovered through B  hybridization of  a III

4x (2n=36) cytotype), were proposed for registration to 
National Plant Germplasm Registration Committee. In 
addition, already registered novel genetic stocks in 
Panicum (ploidy series) and Pennisetum (P. squamulatum 8x 
cytotype, 4x male sterile and maintainer pearl millet, 
interspecific hybrids, trispecies GOS hybrids) were 
maintained through rooted slips and/or seeds as 
appropriate. 

Station trial: Seven high yielding interspecific cross 
progenies selected from the station trial of  perennial grass 
yield trial were multiplied for providing entries in the 
AICRP (FC) trial.

Inter-specific crosses between pearl millet and P. 
squamulatum: One hundred and eight segregating F1 
progenies derived from P. glaucum x P. squamulatum cross 
were evaluated for a total of  30 traits including 19 
vegetative and 11 reproductive traits. Variability in major 
traits including fodder contributing traits was observed. 
This also demonstrated the generation of  novel variability 
through sexual-apomictic interspecific hybridizations.

Generation of chromosome addition lines: The obligate 
sexual hybrid, viz. Psq H  (2n=42, genome GGSSSS), was 1

pollinated with P. squamulatum (2n=8x=56) to generate 
back-cross (BC1) derivatives, [(P. glaucum x P. 
squamulatum) x P. squamulatum]. These progenies 
contained 2n=49 chromosomes representing one set of  P. 
glaucum and six sets of  P. squamulatum monoploid 
genomes (GSSSSSS), and showed 7 +21  as most I II

predominant chromosome association (Fig 3.25). A 
population of  >50 plants was screened for their mode of  
reproduction.  Selected obligate sexual plants were again 
back-crossed with P. squamulatum to generate BC2 plants 
to generate addition lines of  P. glaucum chromosomes in P. 
squamulatum background. Only two plants were recovered 
from about 50 pollinated spikes. Preliminary 
morphological observations and estimation of  DNA 
contents indicated differences in their chromosome 
numbers (Fig 3.26).  

Fig. 3.25. Meiotic analysis of BC1 plants [(P. glaucum x 
P. squamulatum) x P. squamulatum]

Fig. 3.26. Flow cytometric estimation of differences in DNA 
contents of BC2 plants exhibiting difference in added 

pearl millet chromosomes

Fig. 3.27. Co-segregation of SSR marker Psq 562 with mode of 
reproduction. Lanes from left side: 1-100bp marker, 2- pearl 
millet (sexual parent), 3-P. squamulatum (apomictic parent), 

4-25 segregating population

Epigenetic regulation of apomixis in Panicum maximum: 
To test DNA methylation effect on mode of  reproduction 
in guinea grass, gene expression changes in methyl 
transferase (MET1) gene was studied using semi-
quantitative reverse transcriptase PCR analysis on cDNA 
derived from RNA isolated at different developmental 
stages (pre-meiotic, meiotic, post-meiotic and mature 



selected from other cereal and grass species, were screened 

in a subset of  germplasm comprising four genotypes of  H. 

contortus and one genotype of  rice. The amplified products 

were in the range of  200-700 bp (Fig. 3.28). Of  the 215 

SSR primers screened, 56% generated clear amplification 

products and 25% were polymorphic (Table 3.12). Rice 

SSR primers showed higher rate of  transferability (67%) 

when compared to primers developed from Cenchrus and 

guinea grass.
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stage) of  embryo-sac development in apomictic and 
sexual lines. Tubulin gene was used as control. Results 
showed that MET1 expression were high in different 
developmental stages of  apomictic as compared to sexual 
plant.

3.3.2  Stress responsive EST-SSRs molecular markers 
database in forage grasses 

Assessment of genetic similarity in Heteropogon 

contortus: To assess the genetic similarity SSR markers, 

Table 3.12. Details of SSR primers used from related species to check transferability

Source Total no. of primers screened No. of primers amplified Polymorphic primers

Rice 123 83    (67%) 19        (22%)

Cenchrus ciliaris 52 21     (40%) 5           (23%) 

Guinea grass 40 20     (50%) 7            (35%)

Total 215 121   (56%) 31          (25%)

Fig. 3.28. PCR amplification of Cenchrus EST-SSRs displaying 
polymorphism among four accessions of H. contortus ( M: 100 bp 

DNA ladder; Lane  1,2,3,4,6,7,8,9,11,12,13,14,16,17,18,19: 
H. contortus; Lane 5,10,15,20: C. ciliaris)

In-silico analysis of ESTs: Transferable SSR markers 
developed from the EST sequences were blast searched in 
the NCBI database for homologous sequences. 
Functional annotation of  EST sequences was carried out 
using BLASTX analysis, putative functions could be 
assigned to the SSR loci. Five of  the SSR loci showed no 
significant hits to any of  the protein in the NCBI database, 
the putative functions assigned to the EST- SSR contained 
specific sequences (Table 3.13). 

Table 3.13. Functional annotation of ESTs using BlastXp

S No SSR Gen bank ID Putative function Motif

1 CcSSR9 EB666595.1 No homology (G)16

2 CcSSR10 EB661321.1 No homology (G)17

3 CcSSR19 Contig2055 Uncharacterised protein family  (GA)9

4 CcSSR45 Contig1286 Zinc finger, domain containing protein (GAA)6

5 CcSSR46 Contig3286 No homology (GAG)5

6 CcSSR47 Contig666 PapD-like domain containing protein (GAG)6

7 CcSSR48 Contig2394 Transcriptional factor B3 family protein (GAT)5

8 CcSSR20 EB667280.1 Choline phosphate cytidylyltransferase (GC)7

9 CcSSR49 Contig2057 Catalase isozyme A  (GCA)6

10 CcSSR51 Contig1922 Similar to BES1/BZR1 protein (GCG)6

11 CcSSR52 EB658230.1 No homology (GCT)6

12 CcSSR53 Contig1548 BTB/POZ fold domain protein (GGA)6

13 CcSSR54 EB658768.1 No homology (GGC)6

14 CcSSR55 BM084377.1 No homology (GGT)7

15 CcSSR21 Contig3303 Sucrose synthase 2  (GT)7

16 CcSSR11 Contig1318 No homology (T)18

17 CcSSR12 Contig1806 Similar to SmX6 protein (T)18

18 CcSSR22 EB654553.1 Cystathionine beta-synthase (TA)8



Sequences matching the criteria of  scores and e-value are 
retrieved in FASTA format and multiple sequence 

alignment was done using Clustal W program. GAA tri 
motif  varied from 4-6 repeats (Fig. 3.29).
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Fig. 3.29. Multiple sequence alignment from Cenchrus, Setaria and Maize DNA sequences showing variation in (GAA) repeat motifs.

3.4  Program: Diversification and sustainable 
intensification of fodder production in different 
land use system including grasslands

3.4.1 Evaluation of Neem strains under agri-silvi-
pasture system in semi-arid conditions

Ten Neem strains were evaluated for genetic divergence 

and to find out suitable strain for this region as compared 

to local Neem.  Interspaces were utilized as intercropped 

with pearl millet (AVKB-19) and cluster bean (BG-1).  

Yield reduced significantly during Kharif  2013 under 

Neem strains as compared to control (without Neem tree), 

while fodder production under different Neem strains was 

at par. During Kharif 2014 Cenchrus ciliaris (var. IGFRI 

3108) was sown under all the strains. At the age of  5.5 

years significant difference among the Neem strains were 

observed for growth parameters viz. tree height, stem 

diameter, canopy diameter and biomass production 

(Table 3.14). 

Table 3.14. Growth parameters of neem strains under semi-arid climate 

Neem strain Plant height Stem diameter  Canopy  Biomass production
  (m) at breast height (cm) diameter (m)   (kg/plant)

Local Neem 5.8 12.5 4.8 33.9

Neem strain-1 6.3 15.6 4.8 37.8

Neem strain-2 6.4 15.2 5.0 32.2

Neem strain-3 8.0 17.2 5.5 47.7

Neem strain-4 6.4 15.3 5.4 36.3

Neem strain-5 8.1 16.6 6.1 52.7

Neem strain-6 6.6 13.3 5.0 37.3

Neem strain-8 6.8 14.5 5.7 40.5

Neem strain-9 6.4 17.3 4.9 36.6

Neem strain-10 6.9 16.8 5.4 43.4

Neem strain-11 6.0 15.3 4.7 34.9

Mean 6.7 15.4 5.2 39.4

SEM (±) 0.20 0.79 0.28 3.46

CD (P<0.05) 0.59 2.33 0.83 10.21



3.4.2 Silvipasture system for round the year forage 
availability

In fourth year of  study of  silvipasture system (Fig.3.30),  
Ficus infectoria, Madhuca latifolia, Morus alba and Acacia 
nilotica recorded about 90 percent survival. Maximum 
plant height and collar diameter was recorded with Acacia 
nilotica (369.3 and 8.03 cm) followed by Morus alba (266.23 
and 5.83 cm) and Ficus infectoria (151.63 and 4.36 cm). 
Maximum pruned biomass (kg/plant) was obtained from 
A. nilotica (7.60) followed by M. alba (6.76), F. infectoria 
(2.30) and  Madhuca latifolia (0.40). Green forage 
production (t/ha) was maximum from Panicum maximum 
(69.5) followed by Chrysopogon fulvus (51.08), Cenchrus 
ciliaris (33.50), Clitoria ternatea (12.03) and Stylosanthes 
seabrana  (22.75) with different tree combinations (Table 
3.15). Maximum biomass (t/ha) was recorded with 
Madhuca latifolia (40.36) followed by Ficus infectoria (38.86) 
and Morus alba (38.20). Similarly the average green forage 
(t/ha) of  grasses and legumes obtained from different 
shrub combinations were maximum with P. maximum 
(34.22) followed by C. fulvus (20.33), C. ciliaris (14.44), S. 
seabrana (9.66) and C. ternatea (6.24) (Table 3.16). Fodder 

tree root biomass contribution was maximum by Acacia 
nilotica and it was to the tune of 1.1 percent of  soil weight at 
0-15 cm, 0.74 percent at 15-30 cm and 0.27 percent at 30-45 
cm soil depth (Table 3.17).  Contribution of leaf  fodder by 
tree pruned biomass was maximum from M. latifolia 
(22.5%) followed by F.  infectoria (21.14 %), M. alba (11.24%) 
and A. nilotica ( 3.23%).
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Fig. 3.30. Round the year fodder availability through 
silvipasture system

Table 3.15. Forage production (t/ha) from grasses and legumes with fodder trees 

Tree C. fulvus P. maximum C. ciliaris C. ternatea S. seabrana Mean

Ficus  infectoria (Pakar) 44.33 68.00 41.00 15.00 26.00 38.86

Madhuca  latifolia (Mahua) 59.66 70.00 34.00 14.13 24.00 40.36

Morus alba (Shahtoot) 54.00 76.00 31.00 10.00 20.00 38.20

Acacia nilotica (Desi Babul) 46.33 64.00 28.00 9.00 21.00 33.66

Mean 51.08 69.50 33.50 12.03 22.75 

Table 3.16. Forage production (t/ha) from grasses and legumes with shrubs

Shrub C. fulvus P. maximum C. ciliaris C. ternatea S. seabrana Mean

Moringa oelifera  (Drustick) 20.00 38.00 12.00 4.00 14.00 17.60

Sesbania aegyptica  (Sesbanea) 16.33 30.33 11.33 7.46 7.66 14.62

Leucaena leucocephala  (Subabol) 24.66 34.33 20.00 7.26 7.33 18.72

Mean  20.33 34.22 14.44 6.24 9.66

Table 3.17. Fodder tree root biomass in soil

Fodder Tree Tree root biomass (% of soil in different depth)

 0-15cm 15-30 30-45 Mean

Ficus  infectoria 0.347 0.277 0.170 0.264

Madhuca  latifolia 0.150 0.150 0.070 0.123

Morus alba 0.670 0.510 0.420 0.533

Acacia nilotica 1.100 0.740 0.270 0.703

 0.567 0.419 0.233 



Factors CD (P<0.05) SEM

Tree (A) 0.183 0.062

Depth (B) 0.158 0.054

Factor(A X B) N/A 0.107

3.4.3 Hardwickia based three-tier silvipasture system

In the fourth year of  experiment in three-tier silvipasture 
system (Fig.3.31), Ziziphus  mauritiana attained 
significantly higher height and collar diameter (2.36 m 
and 2.48 cm) as compared to Acacia catechu (1.65 m and 

2.22 cm) and Ziziphus xylopyrus (1.51 m and 2.22 cm). 
Height and collar diameter of H.  binata were ranged from 
1.58–1.62 m and 2.56–2.61 cm, respectively. Dry forage 
yield varied from 6.37–6.66 t/ha in different treatments 
(Table 3.18). 

In another seven year old Hardwickia binata based 
silvipasture system, Panicum maximum recorded 
maximum dry forage yield (7.28 t/ha) followed by 
Cenchrus ciliaris (6.95 t/ha) and Chrysopogon fulvus (6.59 
t/ha). In different moisture conservation measures, 
staggered trenches resulted in maximum height (5.58 m), 
diameter at breast height (10.16 cm), leafy forage (0.78 
t/ha) and fire wood yield (0.66 t/ha) of H. binata. Crude 

protein content of  the herbage of  silvipasture comprising 
of  H. binata, C. ciliaris, C. fulvus, P. maximum and 
Stylosanthes hamata was 8.02 %. NDF and ADF contents 
of  the herbage were 71.75% and 44.27%, respectively. A 
mixed herd of  25 numbers of  sheep and goat each were 
allowed to graze on the silvipasture (Fig.3.32). Daily gain 
was 43 g in lambs and 47 g in kids during growing season.
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Table 3.18. Growth of three-tier silvipasture component and forage yields 

Treatment Shrubs  H. binata  Dry forage yield (t/ha)
 Height  Collar  Height  Collar 
 (m) diameter  (m) diameter 
  (cm)  (cm) 

Shrub species

Z. xylopyrus 1.51 2.22 1.58 2.61 6.38

Z. mauritiana 2.36 2.48 1.61 2.58 6.61

A. catechu 1.65 2.22 1.60 2.56 6.43

CD (P?0.05) 0.04 0.10 NS NS NS

Spacing (m)

4x4 1.83 2.26 1.58 2.57 6.37

6x4 1.87 2.38 1.62 2.60 6.66

6x6 1.82 2.28 1.59 2.56 6.39

CD (P<0.05) NS NS NS NS NS

Fig. 3.31. Three-tier silvopasture system

Fig. 3.32. Utilization of silvopasture system by sheep and goat



3.4.4  Aonla based hortipastoral system with soil and 

water conservation practices 
rdDuring the 3  year of  experimentation of  productive 

phase (Fig.3.33), plant height and collar diameter of  

Aonla was maximum in contour staggered trenches (4.7 

m and 14.1 cm). Due to quite delayed monsoon and no 

pre-monsoon rain in June and July and prolonged  

summer coupled with high temperature, very poor 

fruiting was observed in Aonla and treatment did not 

show any significant effect on fruit yield  (1.2-1.5 t/ha). 

However, maximum yield 1.5t/ha was recorded with 

contour staggered trenches (Table 3.20). The dry fodder 

yield was maximum in staggered contour trenches (7.4t 

DM/ha) which was 76 per cent higher over control. 

Moisture content at both depths (0-15 and 15- 30 cm) 

under contour staggered trenches was 10.6 and 13.3 per 

cent higher than the moisture available in control during 

the month of  October; however, it was 26.4 and 28.3 per 

cent higher during November 2014 (Fig. 3.34). 
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Fig. 3.33. Aonla based hortipasture system

Fig. 3.34.  Available moisture (%) in aonla based 
hortipasture system 

Table 3.20. Growth and productivity of Aonla and forage 

Treatment Plant growth    Fruit  Dry matter 

 Height  Collar dia. DBH  Canopy  yield  yield
 (m) (cm) (cm) spread  (t/ha) ( t/ha) 
    (m)

T  4.7 14.1 7.8 5.2 1.5  7.41

T  4.2 13.7 7.3 4.8 1.4  6.42

T  3.5 10.7 6.3 3.9 0.8 5.73

T  3.8 12.7 6.9 4.3 1.2 5.14

T  3.7 11.6 6.6 4.0 1.3 3.85

Mean 3.98 12.56 6.98 4.42 1.32 5.08

CD (P<0.05) 0.779 0.796 0.714 0.718 NS 0.25

SEM 0.250 0.255 0.229 0.230 0.286 0.78

T contour staggered trenches, T  -continuous contour trenches, T  -deep basin stone mulch, and T  -vegetative barrier T  -control1 - 2 3 4 5

3.4.5 Guava based hortipastoral system 
ndDuring the 2  year of  productive phase of  horipoastoral 

system (Fig.3.35) cv. Lalit produced higher fruit (8.7t/ha) 
as compared to Shweta (7.3/ha). Among soil and water 
conservation treatments staggered trenches produced 
significantly higher fruit yield in both of  cultivars (Lalit 
10.1 and Shweta 8.6 t/ha) as compared to control (cv.Lalit 
8.2 and cv Shweta 6.8t/ha). Sole guava produced 8.7 t 
fruit/ha. The average fodder production in association 

with tree was recorded higher (6.6 t DM/ha) as compared 
to sole pasture (5.1 t DM/ha). Forage production with 
staggered trenches was significantly higher (6.6/DM ha) 
as compared to control (5.5 t DM/ha) (Table 3.21). The 
performance of  soil moisture conservation measures were 
found in order of  staggered trenches>vegetative 
barrier>sole guava>sole pasture>stone mulch>guava + 
pasture (Fig.3.35).
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Table 3.21.  Production of fruit and forage in guava based hortipastoral system 

Treat- Shweta     Lalit     Pasture 
ments Height  Collar  DBH  Canopy  Fruit  Height  Collar  DBH  Canopy  Fruit production 
 (m) diameter (cm)  Spread yield  (m) diameter  (cm) Spread yield   (t DM/ha)
 (cm)   (m) (t/ha)  (cm)  (m) (t/ha) 

T  4.2 11.9 5.8 5.4 7.5 4.2 12.0 5.5 5.1 9.2 6.31

T  4.4 12.3 6.0 5.5 8.6 4.6 12.1 5.9 5.6 10.1 6.62

T  3.3 11.2 4.9 4.4 6.0 3.5 8.4 4.4 3.7 5.8 5.13

T  3.6 11.5 5.7 4.8 6.8 4.0 10.9 5.5 4.4 8.2 5.54

T  3.7 11.2 5.0 4.8 7.5 4.0 11.3 5.4 4.9 8.7 -5

T  - - - - - - - - - - 5.16

Mean 3.8 11.6 5.5 5.0 7.3 4.0 10.9 5.3 4.7 8.4 5.7

CD (P<0.05) 0.467 1.684 1.141 0.854 1.084 0.855 2.481 1.032 1.272 1.922 1.447

SEM 0.146 0.527 0.357 0.268 0.340 0.268 0.777 0.323 0.399 0.602 0.453

T - Vegetative barrier, T - Staggered trenches, T  Stone mulch in basin, T  Guava+ pasture without soil and moisture conservation, T  -sole 1 2 3- 4- 5

guava, T  -sole pasture6

3.4.6 Substrate dynamics for INM in Bael based 
hortipastoral system 

In the fifth year of  the experimentation in bael based 
hortipastoral system (Fig.3.36), mean tree height, collar 
diameter and DBH ranged from 7.8- 9.1 cm and 5.0-6.0 cm, 
respectively. Application of 50 % of the recommended dose 
of fertilizer +45 kg FYM + different substrates with respect 
to growth parameters of  bael was equivalent to 
recommended dose of fertilizer + 40 kg FYM/basin.  Due 
to unfavourable weather condition, poor fruiting was 
observed and  fruit weight ranged from 1.03-1.22 kg. Dry 
forage yield varied from 3.25-3.64 t/ha. Out of  different  
rhizospheric population of biofertlizers,  T produced VAM 3 

6 7 spore/ g and Pseudomonas 2.11X 10 /g. In T  treatment, 4

the population of was Pseudomonas and Trichoderma was 
6 42.03 X 10 /g and 0.87 x 10  / g, respectively (Table 3.22).

Fig. 3.36. Integrated nutrient management in bael based 
hortipasture system

Fig. 3.35. Moisture availability (%) from October, 2014 - February, 2015
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Table 3.22. Effect of substrate dynamics on height and diameter of bael and rhizospheric population of bio-
fertilizers

Treat-  Bael  Dry  VAM Pseudomonas Trichoderma Azotobacter
ment Height  Dia- DBH  forage  (Spore/ (CFU x  (CFU x 104 / (CFU x 106 /
 (m) meter  (cm)  yield  g soil) 106 /g soil) g soil) g soil) 
  (cm)  (t/ha)   

T  3.6 8.0 5.6 3.34 - - - -1

T  3.3 8.1 5.7 3.50 - - - -2

T  3.9 8.1 6.0 3.64 7 2.11 - 3

T  3.4 9.1 5.5 3.47 - 2.03 0.87 -4

T  3.2 8.0 5.1 3.52 6 - - -5

T  3.5 7.8 5.1 3.46 - - 0.63 -6

T  3.3 8.4 5.2 3.38 - 2.17 - -7

T  3.6 8.3 5.0 3.25 - - - -8

Mean 3.5 8.225 5.4 3.445 - - - -

CD (P<0.05) NS NS 0.624 NS - - - -

SEM   0.204 - - - - -

T - Nurse Crop (Cowpea) + with 75% RD, T - Nurse Crop (Stylosanthes hamata) + 75% RD, T - 50% of  RD +45 kg FYM + VAM+ Pseudomonas, 1 2 3

T - 50% of   RD + 45 kg FYM + Trichoderma+ Pseudomonas, T - 50% of   RD + 45 Kg FYM + Azotobacter + VAM, T - 50% of   RD + 45 kg FYM + 4 5 6

Azotobacter+ Trichoderma  T - 50% of   RD + 45 kg FYM + Pseudomonas+ Azotobacter, T - Control (RD of  NPK 200: 100: 200 g + 40 kg FYM for 4 7 8

yrs bael plant)

3.4.7 Studies on microflora in silvi-horti pasture system

Leaf litters of  Bauhinia based system colonized by fungi 
were studied. Fresh leaf  litter was collected three times in 
the month of September.  Maximum population of fungi 
was Curvularia lunata with occurrence percent of  18 
followed by Alternaria species (12-15 %) and Aspergillus spp. 
(12-13 %). The frequency of occurrence was maximum 
100% of Aspergillus spp. About 19 fungal species were 
isolated and identified. The unidentified fungal population 

was occurred 5 percent (Table 3.23). Partial decomposed 
leaf  collected in the month of November - December. On 
the basis of  43 petri dish count, a total of  21 fungi isolated 
and identified. Fungi Pennicellium spp. and Aspergillus spp. 
were more dominated species in grey to black leaf  litter. 
Similarly, decomposed leaf  litter collected in January - 
February showed that Penicellium and Aspergillus species 
were more dominant. Total 17 fungal species were isolated 
and identified.
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Table 3.23. Fungi associated with fresh litter (surface litter) of Bauhinia based system

Fungi Fungi associated 

 *with Fresh litter **with Grey to black  ***Fragmentary, very 
   litter  thin litter

 Occur- Frequ- Occur- Frequ- Occur- Frequ-
 rence (%) ency (%) rence (%) ency (%) rence (%) ency (%)

Acremonium 9 42 - - - -

Alternaria alternata 15 82 12 67 - -

Alternaria tennuissima 13 80 9 70 8 62

Aspergillus carneus 12 85 9 75 - -

Aspergillus flavus 7 100 10 45 9 75

Aspergillus niger 13 70 15 65 10 85



Aspergillus fumigates 5 55 8 65 8 80

Aureobasidium - - 6 18 3 35

Cercospora sp 2 22 - - - -

Chetomeum 6 65 4 15 - -

Cladosporium sp - - 3 15 3 10

Colletotricum sp 3 15 - - - -

Curvularia  lunata 18 80 2 10 2 5

Fusarium spp 5 15 2 15 3 42

Helminthosporium 8 70 - - - -

Mucor sp 12 20 10 14 8 25

Non sporulating 6 25 5 20 7 45

Paecilomyces 5 12 2 25 3 25

Penicillium spp - - 15 85 20 85

Phoma 2 10 2 5 8 45

Pithomyces sp - - - - 5 24

Rhizoctonia sp 2 10 2 10 - -

Rhizopus sp 12 60 8 40 7 45

Sclrotinia sp - - 2 15 - -

Trichoderma spp - - 5 12 8 70

Vericillium - - 2 12 - -

Unidentified 5 15 3 12 4 22

(*Observations based on of  72 no of  Petri dish count, **observations based on of  43 no. of  Petri dish count and ***observations based on of  32 
no. of  Petri dish count)

33

IGFRI Annual Report 2014-15

3.4.8  Horti-pastoral systems for peninsular India 

Sapota based horti-pasture system

There was significant difference in the growth and yield of  
forage crops grown in sapota under shallow degraded soils 
(Table 3.24). The plant height of  perennial sorghum was 
highest (262.4 cm) and that of  stylo intercropped in 
grazing guinea was the lowest (65.6cm). The number of  

tillers was highest in grazing guinea (83/plant) 
intercropped with stylo. Among the forage crops grown in 
association with sapota the dry fodder yield was 
significantly higher with Brachiaria (5.76 t/ha) followed by 
double cropping of  Brachiaria and stylo in 1:1 ratio (5.52 t 
DM/ha). The performance of  sapota was not affected by 
the intercropped fodder crops.

Table 3.24. Growth and yield of forage crops in sapota based horti-pasture system 

Treatment Plant  No. of  Green fodder  Dry fodder 
 height  illers/m  yield  yield (t/ha)
 (cm) row (t/ha) 

T : Sapota + Brachiaria brizanta  sole 165.5 69 23.5 5.761

T : Sapota + Brachiaria brizanta + S. hamata 173.7 (41.2) 71(37) 22.7 (0.83) 5.52 (0.21)2

T : Sapota + Grazing guinea sole 161.2 75 22.6 4.293

T : Sapota + Grazing guinea + S. hamata 169.5 (39.7) 83 (35) 20.1 (0.72) 4.38 (0.17)4

T : Sapota + S. hamata sole 65.6 79 8.6 2.655

T : Sapota + Annual sorghum (var. SSV 75)   201.3 35 12.6 3.526

T : Sapota + Perennial sorghum (var. CoFS 29) 262.4 56 21.3 4.837

SEM 11.5 6.7 0.85 0.30

CD (P<0.05) 34.7 20.3 2.56 0.91
Values in parentheses are of  intercropped stylosanthes.



Mango based horti-pasture system  

The performance of  grazing guinea, Brachiaria ruziziensis 
and guinea (var. BG 2) in sole and intercropping (1:1 
replacement series) with Stylosanthes hamata and 
Stylosanthes seabrana was  studied under established 
mango orchard.  Among the grasses, the plant height was 
highest in guinea (var. BG2) and lowest in Brachiaria. The 
intercropping of  Stylosanthes did not significantly 
influence the plant height  of  grasses. The number of  
tillers (branches in Stylosanthes) per meter row were 
highest in grazing guinea and lowest in guinea (var. BG 2) 

among the grasses and highest in Stylosanthes hamata and 
lowest in Stylosanthes seabrana. The highest green fodder 
yield and dry fodder yield was recorded in guinea (var. 
BG2) followed by Brachiaria and grazing guinea among 
the grasses (Table 3.25). The yield of  intercropped grasses 
was lowest owing mainly due to reduced population and 
lower yield of  Stylosanthes. The yield of  legume 
component viz. Stylosanthes was quite low owing to poor 
growth and development.  The growth and development 
of  mango trees was not affected by understorey fodder  
crops.

34

IGFRI Annual Report 2014-15

Table 3.25. Growth and yield of forage crops in mango based horti-pasture system

Treatment Plant height No. of tillers/ Green fodder  Dry fodder 
 (cm) m row yield (t/ha) yield (t/ha)

T : Mango + Grazing guinea sole   163.8 147 22.5 5.721

T : Mango + Grazing guinea + S. hamata 165.1 (19.1) 149 (39) 15.1 (0.93) 4.19 (0.21)2

T : Mango + Grazing guinea + S. seabrana 164.7 (17.9) 153 (34) 14.8 (0.79) 3.97 (0.19)3

T : Mango + Brachiaria ruziziensis sole   149.9 132 24.7 5.914

T : Mango + Brachiaria ruziziensis + S. hamata 151.2 (17.8) 136 (29) 15.1 (1.26) 4.05 (0.37)5

T : Mango + Brachiaria ruziziensis + S. seabrana 150.8 (17.7) 129 (26) 16.8 (1.19) 4.36 (0.32)6

T : Mango + Panicum maximum (var.BG2) sole   239.5 75 26.5 6.317

T : Mango + Panicum maximum (var.BG2)  242.5 (19.2) 73 (32) 18.5 (1.31) 5.32 (0.34)8

+ S. hamata  

T : Mango + Panicum maximum(var.BG2)  240.6 (18.1) 72 (31) 18.9 (1.18) 5.39 9

(0.30)

+ S. seabrana

T : Mango + S. hamata sole 32.1 65 2.9 1.0910

T : Mango + S. Seabrana  sole 31.5 59 2.5 0.9511

CD (P<0.05) 9.4 12.1 0.7 0.82

SEM 28.5 36.5 2.2 2.47

3.4.9  Horti-pastoral systems for temperate region 

Apple based hortipasture systems

In established apple orchard at CITH Srinagar, 

understory was intercropped with grasses like tall fescue 

(Festuca arundinacea), orchard grass/cocksfoot (Dactylis 

glomeration) and legumes (white clover (Trifolium repens) 

and red clover (Trifolium pratense) in combination as 

hortipasture model. Tall fescue (Festuca arundinacea) 

produced dry fodder which ranged from 3.29-4.42 t/ha 

and Orchard grass/ cocksfoot (Dactylis glomerata) from 

2.93- 6.39 t/ha. Similarly, legumes viz., white clover 

(Trifolium repens) and red clover (Trifolium pratense.) 

produced 2.53 - 5.39 and 0.53 - 9.05 t/ha dry fodder, 

respectively.

3.4.10  Resource inventory and mapping of grasslands 

in Jharkhand

Using GIS remote sensing 85 toposheets viz., 

63P/6,7,8,10,11,12,14,15,16, 63H/4,7,10, 11, 12,16 

64M/9, 13, 14, 15 72D/2, 3, 4, 6, 7, 8, 11, 12, 15, 16 

7 2 H / 3 ,  8 ,  1 4 ,  1 5 ,  7 2 L / 3 ,  4 ,  7 , 1 1  

72L/2,3,4,7,8,10,11,12,14 72P/4, 73A/1, 2, 3, 4, 5, 6, 7, 

8, 11, 13, 15, 16 73B/1, 2, 3,4,5,6,7,9,10,11 

73F/1,3,4,6,8,9,11 73I/3,8,10 73J/2,3,4,7,9,14 and15 on 

1:50,000 scale were collected from Survey of  India, 

Dehradun. Livestock data and statistical report were 

collected from 8 districts of  Jharkhand viz; Ranchi, 

Lohardaga, Gumla, Khunti, Simdega, Saraikel 

(Kharsawan) East Singhbhum & West-Singhbhum.



Green

1st cut

accumulation in forages in N/B Hybrid + (Cowpea-
Berseem- Cowpea) and (Sorghum+ Cowpea – Berseem + 
Chinese cabbage – Maize+ Cowpea) cropping system. 
This was the fourth year of  the experiment following the 
approved technical programme (Table 3.26). 

3.4.11 Market led fodder production technology 

The study was conducted to develop optimum cutting and 
nutrient management schedule for maximization of  
quality green biomass and to study the intrinsic 
relationship of  nitrogen application and nitrate 
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Table 3.26. Details of treatments applied

Water quality 

W  Normal irrigation water 1

W   Sewage water from site 1 2

W   Sewage water from site 2 3

Nutrient management 

F   Half  of  recommended dose as basal + 133% of  half  of  recommended dose of  1

nitrogen as top dressing  

F   Half  of  recommended dose as basal + 167% of  half  of  recommended dose of  2

nitrogen as top dressing  

Harvesting interval  

H   30 days for N/B Hybrid & 25 days for Berseem  1

H   30 days for N/B Hybrid & 30 days for Berseem  2

The results indicated that sewage water from site 1 (Near 
sipri bazar) proved significantly better and recorded 210.9 
q green 56.7 g/pot in comparison to 176.058 g green and 
47.8 g dry matter in normal water in the first cut 
(Fig.3.38). In the second cut, sewage water from site 2 
(Near GIC) proved significantly better and recorded 139.5 
g green and 39.5 g dry matter per pot in comparison to 
107.9 g green and 32.25 g dry matter in normal water. The 
fertilizer dose and cutting management did not affect the 
crop yield significantly in both the cuts. In sorghum+ 
cowpea, the water quality fertilizer dose and cutting 
management did not produce any significant effect, 
though sewage water from site 1 recorded maximum yield 
of  412.9 g green and 102.6 g dry matter/pot.

Fig. 3.38. Forage yields under different cuts from pot studies

3.5  Program: Managing of natural resources and 
soil health for sustainable fodder production

3.5.1  Long term nutrient management in guinea grass 
based cropping system

Long term fertility management in guinea grass + 
(cowpea - berseem) cropping system showed that guinea + 
cowpea without nutrient application recorded lowest 
green fodder yield (51.4 t/ha) whereas, application 100 % 
dose of  nutrient through organic manure (50 t FYM/ha) 
gave highest green fodder yield (97.5 t/ha). Application of  
100% nutrient through inorganic fertilizers recorded 71.4 
t/ha green fodder yield which was statistically at par with 
the green fodder yield (68.4 t/ha) observed with 
application of  25 % dose of  nutrient through organic 
manure (12.5 t/ha). Levels of  various photosynthetic 
pigments and activities of  antioxidant enzymes were 
measured in leaves of  berseem and guinea after one week 

ndof  2  cutting during rabi season. In general, peroxidase 
specific activity (PSA) was about 3-6 times more in guinea 
than in berseem whereas ascorbate peroxidase specific 
(APSA) activity was about 20 to 150 times higher in 
guinea than in berseem. The protein content in berseem 
was about 3 times more than in guinea leaves. In case of  
fungal population dynamics in relation to organic and 
inorganic nutrient management, in general, all organic 
amended treatment had higher fungal population in the 
rhizospheric soil than inorganic nutrient management 
treatment. Fungal population in different treatments was 

Green and drymatter yield (g/pot)
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higher during kharif season than rabi season. It was 
observed that treatment application of  100 % NPK 
through organic manure (T3) had higher fungal 

3population (6.33 cfu x 10 /g soil in kharif of  2014 and 6.24 
3cfu x 10 /g soil in rabi of  2014-15) while lowest fungal 

3population (2.12 cfu x 10 /g soil in kharif of  2014 and 2.06 
3cfu x 10 /g soil in rabi of  2014-15) was recorded with 

control treatment (T1). 

3.5.2 Evaluation of herbicides for integrated weed 
management module 

Application of  oxadiargyl 6 % EC at 0.09 kg a.i/ha 
followed by post-emergence application of  2, 4-D EE 38 % 
EC at 0.75 kg a.i/ha in sorghum gave higher green fodder 
yield (10.16 and 10.19 t/ha in 2013 and 2014, respectively) 

-2and lowest weed population 18.19, 15.34 and 9.86 m  at 
15, 30 DAS and at harvest respectively. Application of  
imazethapyr 0.10 kg a.i /ha in cowpea was recorded 
lowest grassy weed population (9.73 and 3.68) and dry 
weight (0.10 and 0.59 g) in 2013 and 2014 respectively. 
Study on interaction of  herbicides and microbes (Fig 3.39) 
revealed that the total microbial population was reduced 

-1to 12.5, 6.96 and 5.2 CFU g  of  soil (14.49, 6.31 and 12.88 
-1CFU g  of  soil at zero days) seven days after application of  

pendimethalin, imazethapyr and alachlor on soil 
respectively whereas, after seven days increase in soil 
microbial population was from initial population.

and in January (3.8 %) compared to ZT-ZT (7.4%, 6.4%, 
3.5% respectively) whereas, CT-CT recorded lowest soil 
moisture (4.4%) than ZT-ZT (5.1%) at before harvest.

Fig. 3.39. Effect of herbicides on total soil microbial density 
-1(CFUg  of soil)

Fig. 3.40. Moisture content during November 2013

3.5.3 Resource conserving technologies for sorghum 
based cropping systems

The study revealed that plant height (57.9 cm), pods/plant 
(38.9), grain yield (789 kg/ha) and straw yield (795 kg/ha) 
of  chickpea was recorded highest in conventional tillage 
(CT) followed by conventional tillage (CT) and similar 
trend also observed in barley and mustard. Moisture 
content of  CT-CT (Fig 3.40) was recorded highest 
moisture content in November (8.2%), December (7.5%) 

Cropping systems: CS1: Fodder sorghum-Chickpea+ Sesbania hedge 
rows, CS2: Fodder sorghum-Barley+ Sesbania hedge row, CS3:Fodder 
sorghum-Mustard+ Sesbania hedge row. Tillage: CT1: Conventional 
Tillage (CT)-Conventional Tillage (CT) CT2: Minimum tillage (MT)-
Zero tillage (ZT) CT3: Conventional Tillage (CT)-Zero tillage (ZT).

3.5.4 Exploitation of phosphate solubilisers for stress 
tolerance

About 13 soil samples from west Bengal and 12 samples 
from Karnataka were collected and characterized.  All 13 
soil samples from west Bengal were saline, while among 
samples collected from Karnataka, 5 samples were neutral 
and 7 samples were acidic. Isolation of  PSMs (PSB=20 
isolates, PSF=25 isolates) has been performed. 
Characterization of  P solubilization in tricalcium 
phosphate and Udaipur rock phosphate has been done 
quantitatively by using Pikovskaya's broth medium and 
modified Pikovskaya's broth medium. Screening for salt 
tolerance has been done in Pikovskaya's agar medium 
with NaCl (2%, 4%, 6%, 8% and 10%). Maximum growth 
was observed upto 4% NaCl salt concentration. About 28 
isolates had grown at 4%, 24 isolates at 6%, 15 isolates at 8 
and 10% salt concentration. Similarly, screening for acid 
tolerance has been done in Pikovskaya's agar medium 
with pH 4, 5, 6, 7. About 21 isolates could grow under 
pH4. However maximum growth was found under neutral 
pH.

3.5.5 Substrate dynamics in bael based hortipastoral 
system 

Application of  50% recommended dose of  fertilizer + 45 
kg FYM + different substrates gave at par result in respect 
of  growth parameters of  bael to recommended dose of  
fertilizer + 40 kg FYM/basin. In third year of  pasture 
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establishment, dry forage yield varied from 3.25-3.64 
t/ha. The inoculated bio fertilizers, Trichoderma, 
Pseudomonas, Azotobacter and VAM were recorded in 
rhizospheric soil of  bael tree. The population of  VAM was 

67 spore/g with 2.11× 10 /g of  Pseudomonas in treatment 
receiving 50% of   RD +45 kg FYM + VAM+ 
Pseudomonas. In treatment receiving 50% of  RD + 45 kg 
FYM + Trichoderma+ Pseudomonas, the population was 

6 42.03 X 10 /g and 0.87 x 10  /g of  Pseudomonas and 
Trichoderma, respectively. Similarly in 50% of  RD + 45 kg 
FYM + Trichoderma+ Pseudomonas treatment, the VAM 
and Azotobacter population were 6.0 spore /g. In 50% of  
RD + 45 kg FYM + Azotobacter+ Trichoderma and 50% of  
RD + 45 kg FYM + Pseudomonas+ Azotobacter, the 
recorded population was 0.63 of  Trichoderma and 2.17 of  
Pseudomonas. 

3.6  Program: Enhancing seed production, development 
of seed standards and study on seed biology

3.6.1  Seed research on range species 

Development of  seed standards and germination protocol 
was taken up on range species viz., Desmodium tortuosum, 
Lasiurus sindicus, Stylosanthes hamata, Stylosanthes scabra, 
Desmanthus virgatus and Macroptilium atropurpureum along 
with phenological and pollen studies in Chrysopogon fulvus 
and physiological interventions for seed filling in 
Brachiaria ruziziensis .

3.6.1.1 Development of seed standards in Lasiurus and 
Desmodium

Collection/multiplication of  seed samples from different seed 
lots

A total of  11 seed lots of  Lasiurus sindicus were procured 
from three different places of  Rajasthan viz., Jodhpur 
(2), Jaisalmer (2) and Bikaner (7) where this crop is 
grown largely. Desmodium tortuosum is not grown on 
commercial scale hence it was multiplied at three 
different locations of  IGFRI farm by taking seed from 
germplasm. A total of  13 lots were produced based on 
differences in the accessions, time of  picking and place 
of  production. Eight samples each of  Stylosanthes hamata 
and S. scabra from Hindupur area, two samples each of  
Macroptilium, Desmanthus and Stylosanthes hamata from 
Anand centre, three samples of  S. hamata from RSFPD 
Hyderabad, two samples each of  Stylosanthes scabra and 
Stylosanthes hamata from RSFPD, Chennai and three 
samples each of  Stylosahthes seabrana, Desmanthus 
virgatus and Macroptilium atropurpureum from Nimbkar 
Agricultural Research Institute, Phaltan were collected 
for development of  seed standards.

Standardization of  purity aspects of  seeds

The collected/multiplied seed was passed through a set of  
sieves for cleaning before studying the physical purity. 
Working sample size was estimated (Table 3.27) by taking 
the weight of  2500 seeds with fluff  in Lasiurus and with 
seed coat in Desmodium, Stylosanthes, Desmanthus and 
Macroptilium. Mean value of  different lots was used as 
working sample size for that crop.
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Table 3.27. Working sample size of range species under 
study

Crop Working sample size (g)

Lasiurus sindicus 24.0 

Desmodium tortuosum 8.5

Stylosanthes hamata 8.0

Stylosanthes scabra 8.0

Desmanthus virgatus 35.0

Macroptilium atropurpureum 35.0

Physical purity was estimated (Table 3.28) from the 

working sample obtained by hand halving method in non-

free flowing seeds of  Lasiurus and Desmodium and by 

mechanical dividing method in remaining four species.

Table 3.28. Mean physical purity of seed lots of range 
species

Crop Average purity % of different samples

Lasiurus sindicus 96.4

Desmodium tortuosum 98.4

Stylosanthes hamata 67.5

Stylosanthes scabra 52.0

Desmanthus virgatus 95.8

Macroptilium atropurpureum 97.8

Germination studies 

The germination methodology for Lasiurus sindicus was 

standardized by using different chemicals for breaking the 

dormancy. GA  proved to be the best treatment for 3

dormancy breaking in Lasiurus indicating the presence of  

physiological dormancy in seeds. Among the two GA3 

treatments, soaking in 0.05% GA  for 17h found to be the 3

best treatment (Table 3.29) for dormancy breakage in 

Lasiurus.
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Table 3.29. Effect of dormancy breaking treatments in naked seeds of Lasiurus sindicus

Treatment Lot1 Lot2 Lot3 Lot4 Lot5 Lot6 Lot7 Lot8 Mean

Water 24 40 32 32 52 24 32 56 36.5

0.2% KNO  28 60 36 40 40 16 56 96 46.53

0.05% GA  56 76 56 56 64 68 96 96 713

17h soak in 0.05% GA  72 68 96 72 68 68 92 96 793

3.6.1.2 Phenological studies in Chrysopogon fulvus

The phenological characters studied in Chrysopogon 
showed that, 6-8 whorls of  spikelets per panicle with 
number of  spikelets increased gradually from top to 
bottom up to penultimate whorl and then reduced in the 
last whorl. The anthesis is basipetal in nature. Total 
duration from anthesis to maturity is 3 weeks. The 
anthesis of  bisexual florets completed in 10 days with 86% 
flowers open in first five days (Fig. 3.41) indicating that 
this period is crucial for seed setting.

In majority of  Inflorescences the stigma emergence 
completes by 7 days whereas in few it was extended up to 
10 days. The pollen availability from male flowers was 
continued up to 18 days (Fig. 3.42). This is mainly due to 
the presence of  2 staminate florets along with the one 
bisexual floret in each spikelet. Of  the total availability of  
pollen up to 18 days, the pollen from staminate flowers 
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Fig. 3.42. Distribution of spikelets with stigma and anthers during antheis in Chrysopogon fulvus

thcontributes from 4  day onwards and after 10 days it 
becomes the sole source of  pollen. This pollen may be 
useful for pollinating the bisexual florets of  other panicles.

3.6.1.3 Seed filling in Brachiaria ruziziensis

Physiological interventions like, brassinosteriod 10 ppm, 
silicon 8%, tryptophan 100 ppm, combination of  
brassinosteriod 10 ppm, silicon 8% and tryptophan 100 
ppm and control (water spray) were taken up during 
booting and flowering in Brachiaria ruziziensis for the 
second year to enhance seed yield. Single destructive 
harvest (SDH) was carried out when seeds of  initial flush 
(20% flowering) dropped and shade dried by hanging the 
inflorescence upside down. Seeds were collected at 
periodic intervals by shaking the inflorescence. The yield 
was comparatively less in all treatments compared to first 
year. However, brassinosteriod and tryptophan spray 
increased total seed yield significantly compared to 
control (Table 3.30). It was observed that after single 
destructive harvest, collecting seed at intervals yielded 
higher quality filled seeds. At the same time unfilled seeds 
were well separated from filled seeds otherwise combined 
in seeds collected through sweating. The quantities of  
unfilled seeds were high and occupy large storage space. 
The nutrient composition of  unfilled seed was determined 
for using as animal feed (Table 3.31). At experimental 
level, using unfilled seed as animal feed looks promising. 
However, its success at commercial level and effect of  this 
new feed on animal productivity needs to be explored.

Fig. 3.41. Anthesis percentage during panicle opening in 
Chrysopogon fulvus
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Table 3.30. Effect of physiological interventions on total seed yield (TSY, kg/ha) and filled seed yield (FSY, kg/ha) 
in Brachiaria ruziziensis at different days after harvest (DAH)

Treatments 2 DAH  5 DAH  8 DAH  12 DAH 15 DAH 20 DAH

 TSY FSY TSY FSY TSY FSY TSY FSY TSY FSY TSY FSY

Control 32.07 28.12 27.40 17.72 21.39 10.70 28.24 10.91 10.89 1.86 25.78 2.08

 bc bc bc bc a a a a a a a a

Cycoceal  29.99 25.79 25.29 16.95 21.07 10.60 29.76 9.24 11.81 3.18 30.78 2.88

1000 ppm c c c c a a a a a a a a

Brassinosteriod  38.09 32.16 39.83 25.16 22.98 9.65 27.38 8.51 12.32 3.30 25.23 2.06

10ppm b ab ab ab a a a a a a a a

Silicon 8% 46.58 37.65 41.43 27.11 28.57 6.12 29.83 9.24 14.37 3.14 23.39 1.31

 a a a a a a a a a a a a

Tryptophan  37.71 31.82 37.58 24.07 26.33 10.82 31.45 10.62 12.55 3.23 28.15 2.60

100ppm b b abc abc a a a a a a a a

CD (P<0.05) 6.13 5.65 13.39 13.39 15.42 4.83 4.99 4.31 7.91 2.37 8.71 1.71
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Table 3.31. Comparison of chemical and mineral composition in filled and unfilled seeds of Brachiaria with major 
grain crops 

Parameters Brachiaria  Brachiaria  Ragi* Bajra* Sorghum* Maize*
 filled grains  unfilled seeds 

  .................................(%)..................................

Crude protein 17.53 14.40 8.9 12.5 10.8 9.7

Ether extract/crude fat 3.70 5.34 1.5 4.9 3.4 4.2

Crude Fibre 16.70 19.85 5.7 2.8 2.8 2.6

Neutral detergent fibre (NDF) 42.41 48.42 23.8 17.2 11 13.2

Acid detergent fibre (ADF) 23.72 26.23 9.7 4.5 4.3 4.4

Hemicellulose 18.69 22.19 - - - -

Lignin 8.76 8.92 - 1.0 1.1 1.4

Macro minerals   .................................(%)..................................

Ca 0.07 0.05 0.5 0.04 0.03 0.07

P 0.15 0.16 0.34 0.33 0.33 0.34

Mg 0.10 0.11 0.18 0.13 0.18 0.14

S 0.02 0.03 - - - -

Na 0.0025 0.0018  0.01 0.02 0.01

K 0.16 0.22 0.53 0.42 0.43 0.43

Micro minerals  .................................(%)..................................

B 6.17 5.90 - - - -

Cu 58.68 50.72 7 6 5 5

Zn 29.48 27.94 31 32 24 34

Fe 80.01 74.57 1208 47 120 790

Mn 32.78 34.48  21 12 

* Data from www.feedipedia. Org



3.6.2  Seed storage studies

The storage studies were conducted on oat and berseem 
seeds by comparing the traditional storage methods with 
chemical treatments. The fungal infection along with seed 
germination and vigour were studied in different 
treatment combinations of  storage structures and 
botanical and chemical seed treatments.

3.6.2.1  Fungal infection during storage

The mycoflora grown during seed germination of  oat and 
berseem seedlings were recorded as Aspergillus niger, A. 
glaucus, A. f lavus, A. restrictus, Alternaria alternata, 
Cladosporium cladosporoides, Curvularia lunata, C. pallescens, 
Drechslera avanae, Fusarium moniliformae, F. oxysporum, 
Rhizopus nigricans and R. arrhizus. The fungi were seen 

growing in almost all the treatments irrespective of  

containers, but storage fungi increased with the increase in 

storage period. In oat after 18 months of  storage, 4% 

fungal infection was observed in control whereas in 

treatments it was only 1.42 - 3.25%. Lowest infestation 

was found in chemical treatments (Table 3.32). In berseem 

after one and half  year of  storage, 4.92% fungal infection 

was observed in control compared to 0.67 – 3.25% in 

various treatments. The lowest infection was observed in 

carbendazim treatment (Table 3.33). Fusarium 

moniliformae, Drechslera avanae and Aspergillus niger were 

the prominent fungi recorded during seed germination in 

oat, whereas Curvularia lunata was the major fungus with 

berseem seeds. 

Table 3.32. Fungal infection (%) in oat seed after 18 months of storage

Structure Ash Carbendazim Control Eucalyptus leaves Malathion Neem leaves Grand Total

Bamboo Structures 3.00 1.00 4.67 2.33 1.33 3.33 2.61

Gunny bag 3.33 1.67 4.33 4.67 1.33 3.00 3.06

Poly Lined Bags 3.33 1.33 3.67 3.00 1.33 3.00 2.61

Earthen Pots 2.33 1.67 3.67 3.00 1.67 3.67 2.67

Mean 3.00 1.42 4.08 3.25 1.42 3.25 2.74
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Effect SEM CD (P<0.05)

Structure (S) 0.33 0.95

Treatment (T) 0.41 1.16

S x T 0.82 2.33

Table 3.33. Fungal infection (%) in berseem seed after 18 months of storage

Structure Ash Carbendazim Control Eucalyptus leaves Malathion Neem leaves Grand Total

Bamboo Structures 3.67 1.33 5.33 3.67 1.00 3.33 3.06

Gunny bag 2.33 0.00 4.33 2.67 1.00 2.00 2.06

Poly Lined Bags 3.00 0.67 5.00 2.67 0.00 2.33 2.28

Earthen Pots 3.00 0.67 5.00 4.00 1.33 3.00 2.83

Grand Total 3.00 0.67 4.92 3.25 0.83 2.67 2.56

Effect SEM CD (P<0.05)

Structure (S) 0.59 1.67

Treatment (T) 0.72 2.04

S x T 1.44 4.08

3.6.2.2  Germination and vigour of stored seeds

Almost no change in germination and vigour of oat (JHO-
822) and berseem (Wardan) in treated and untreated seeds 

has been observed up to six months of storage, irrespective 
of containers. Afterwards, decrease in seed germination was 
recorded in untreated seeds as compared in pre storage 



Effect SEM CD (P<0.05)

Structure (S) 0.65 1.86

Treatment (T) 0.80 2.28

S x T 1.60 4.56

seeds in both the crops. Oat seed germination was better in 
all treatments and seeds stored in polylined containers 
showed significantly higher germination (88.8%) compared 
to gunny bags (87.2%) (Table 3.34). In berseem, also similar 
kind of results obtained with respect to seed germination 
(Table 3.35). In both the crops all the seed treatments 

showed better germination than control. Highest seed 
vigour was observed in the seeds stored in polylined bags 
compared to other treatments and control (gunny bags) in 
both the crops (Table 3.36 & 3.37). Among the seed 
treatments, all the treatments have resulted in better vigour 
than the control in both oat and berseem.
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Table 3.34. Oat seed germination (%) after 18 months of storage

Structure Ash Carbendazim control Eucalyptus leaves Malathion Neem leaves Grand Total

Bamboo Structures 92.0 90.0 81.3 88.7 87.3 85.3 87.4

Gunny bag 89.0 89.3 83.0 86.3 89.7 85.7 87.2

Poly Lined Bags 88.7 90.3 84.7 89.0 92.0 88.3 88.8

Earthen Pots 81.3 86.7 79.3 84.0 87.0 84.3 83.8

Grand Total 87.8 89.1 82.1 87.0 89.0 85.9 86.8

Table 3.35. Berseem seed germination (%) in various treatments after 18 months of storage

Structure Ash Carbendazim control Eucalyptus leaves Malathion Neem leaves Grand Total

Bamboo Structures 90.00 88.33 80.33 85.67 86.00 87.33 86.28

Gunny bag 87.00 89.67 85.67 84.33 86.00 87.00 86.61

Poly Lined Bags 88.67 91.67 85.00 88.67 91.00 88.00 88.83

Earthen Pots 88.00 90.00 86.00 85.67 89.00 86.33 87.50

Grand Total 88.42 89.92 84.25 86.08 88.00 87.17 87.31

Effect SEM CD (P<0.05)

Structure (S) 0.49 1.39

Treatment (T) 0.60 1.70

S x T 1.20 3.40

Table 3.36. Oat seed vigour after 18 months of storage

Structure Ash Carbendazim control Eucalyptus leaves Malathion Neem leaves Grand Total

Bamboo Structures 2656.27 2997.90 2279.77 2604.97 2643.43 2484.63 2611.16

Gunny bag 2811.50 2714.33 2331.70 2697.63 2888.63 2737.53 2696.89

Poly Lined Bags 2935.37 2833.20 2384.40 2719.07 3129.13 2562.97 2760.69

Earthen Pots 2264.73 2785.73 2185.00 2541.20 2777.13 2234.90 2464.78

Grand Total 2666.97 2832.79 2295.22 2640.72 2859.58 2505.01 2633.38

Effect SEM CD (P<0.05)

Structure (S) 45.41 129.13

Treatment (T) 55.62 158.15

S x T 111.24 316.30
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Table 3.37. Berseem seed vigour in various treatments after 18 months of storage

Structure Ash Carbendazim control Eucalyptus leaves Malathion Neem leaves Grand Total

Bamboo Structures 635.5 762.5 567.5 594.0 634.3 651.7 640.9

Gunny bag 710.6 795.0 690.0 720.7 731.5 649.4 716.2

Poly Lined Bags 783.3 764.5 666.2 822.1 822.9 697.9 759.5

Earthen Pots 622.3 756.3 510.3 674.4 626.0 621.7 635.2

Grand Total 687.9 769.6 608.5 702.8 703.7 655.2 687.9

Effect SEM CD (P<0.05)

Structure (S) 19.54 55.56

Treatment (T) 23.93 68.05

S x T 47.86 136.10

Fig. 3.43. Seed germination and seedling fresh weight of 
coated and uncoated cowpea seeds

Fig. 3.44. Germination and shoot-root length of coated 
and uncoated cowpea seed

3.6.3  Seed quality studies 

3.6.3 1 Coating of fodder cowpea seeds to enhance 
germination and vigour

A combination of  polymer, nutrient mixture, plant growth 
regulator (PGR) and insecticides in varying concentration 
was tested for seed coating of  cowpea variety EC 4216. 
Commercial seed coating polymer was taken as base for 
coating, protection from insect-pests and to act as harbour 
for nutrient mixture (N, P, K, Fe, Mg, Zn, Mn, B, Cu, Mo 
and Co) and PGR (Ga ). Seeds were tested for 3

germination and seed vigour as per standard method. The 
experimental results indicate that out of  many 
combinations, a novel nutrient mixture with PGR was 
found to give initial boost to the seedling (Fig. 3.43 & 
3.44). After six months of  ambient lab storage, the 
uncoated seeds were completely damaged by bruchid, but 
coated seeds were unaffected and maintained germination 
and vigour (Fig. 3.45).

3.6.3 2  Modified method for seed pelleting in Dinanath

Seed pelleting which involves mixing of  fluffed seeds, soil 
and water at right proportion in a rotating tyre to make 
seed balls of  15- 20 mm diameter was tried on Dinanath 
seeds. In previous efforts the germination of  pelleted grass 
seeds was poor probably because of  compactness / 
hardness of  the pellets and/or uncertainty in presence of  
true caryopsis in the fluffs. Hence, it was modified by the 

Fig. 3.45. Coated and uncoated seeds after storage
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mixing and layering pattern of  naked seed (true caryopsis) 
and soil in the pellets and thus, earlier problem of  non-
germination was rectified. Small soil beads act as harbour 
for seeds during pelleting. The modified pellets are of  10- 
15 mm in diameter and 2.0- 4.0 gm in weight containing 5- 
10 seeds and more than 90% germination (Fig. 3.46).
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3.6.3 3  A simple method to assess seed vigour in cowpea 
and berseem

A simple but effective vigour estimation method based on 
water imbibition by seed at room temperature has been 
developed for cowpea and berseem. Differentially aged 
seeds under ambient condition were tested using this 
method. The seeds produced in different years were 
collected and kept under ambient storage to bring the seed 
moisture content at same level before imbibition. The 
germination, shoot length and root length of  these seed 
lots were tested to know their germination and vigour 
status both in cowpea (Fig. 3.47) and berseem (Fig. 3.48). 
The differential vigour lots were tested for their imbibition 
property. The weight increase of  known quantity of  seed 
after 6 hours of  soaking in cowpea and after 4 hours of  
soaking in berseem (Fig. 3.49) gave a picture of  the vigour 
level of  the seed. 

3.6.4  Seed production research 

3.6.4 .1  Chemical weed control in cowpea and berseem 
for seed production

Imazethapyr, a systemic herbicide for major annual and 
perennial grass and broad leaved weeds in leguminous 
crops was successfully demonstrated in berseem and 
cowpea crops. Imazethapyr was sprayed @ 0.10 kg a.i./ ha 
(in 450 litre water) at 15 days after sowing of  cowpea 
varieties EC 4216, BL1, BL2 and Kohinoor and berseem 
variety Wardan in the experimental fields of  IGFRI. Total 
weed density reduced from 560 per sq.m. to 36  per sq.m. 
and weed dry weight from 376.3 g per sq.m. to 43.6 g per 
sq.m. as a result of  treatment (Fig. 3.50) and same trend 
was found in berseem also.

Fig. 3.46. Germinating seed pellets of Dinanath grass

Fig. 3.47. Shoot and root length (mm) and germination (%) 
of cowpea seeds of different age group

Fig. 3.48. Shoot and root length (mm) and germination (%) of 
berseem seeds of different age group

Fig. 3.49. Weight of berseem and cowpea seeds of different 
age group (g) after imbibition

Fig. 3.50. (A) Control and (B) treated plots of cowpea
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3.7  Program: Evaluation and improvement of 
forage-livestock production systems

3.7.1  Forage quality factors and methane emission

Protein and carbohydrate fractions of  grasses and tree leaves

During this year grasses viz. Signal grass (Brachiaria 
brizantha), Palmarosa grass (Cymbopogon martinii), 
Dinanath grass (Pennisetum pedicellatum), Khash grass 
(Vetiveria zizanoides), Dhavlu grass (Chryosopogon fulvus), 
Bahiya grass (Paspalum notatum), Lemon grass 
(Cymbopogon pendulus), Badha fulva (Bothriochloa 
intermedia), Gamba grass (Andropogon gayanus), 

Dashrath grass (Desmenthus virgatus), Aparajita grass 
(Clitoria ternatia), Para grass (Brachiaria mutica) and 
Palmarosa pendulas and tree leaves viz. Chaya (Nidoscolus 
aconitifolius) and Sahjan (Moringa oleifera) were evaluated 
for different carbohydrate and protein fractions. It was 
observed that rapidly degradable protein fraction (P ) B1

was more in Dhavlu (58.77%), Signal (45.83%), Bahiya 
(44.15%) and Lemon (43.42%) grasses than other 
grasses. Lignin bound protein fraction (P ) was more in C

tree leaves than grasses except Dashrath grass. Slowly 
degradable protein fraction (P ) was more in tree leaves B3

than grasses (Table 3.38). 
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Table 3.38. Protein sub fraction (%) in grasses and tree leaves

Feed stuffs P  P  P  P  PcA B1 B2 B3

Grasses

Signal grass 1.51 45.83 39.45 9.43 3.78

Palmarosa grass 3.74 29.34 51.72 10.39 4.81

Dinanath grass 4.23 31.27 49.69 10.81 4.00

Khash grass 4.98 37.10 49.65 5.02 3.25

Dhavlu grass 4.07 58.77 16.51 17.46 3.19

Bahiya grass 4.12 44.15 39.76 9.00 2.97

Lemon grass 4.97 43.42 26.53 21.36 3.72

Badha fulva 4.08 40.52 43.39 9.27 2.75

Gamba grass 3.12 23.46 47.26 22.79 3.38

Dashrath grass 5.25 30.99 35.26 19.18 9.31

Aparajita grass 4.00 29.77 28.24 33.46 4.53

Para grass 3.37 31.53 34.48 25.84 4.78

Palmarosa pendulas 3.85 31.05 25.44 37.56 2.09

Tree leaves

Chaya 0.27 10.69 46.32 36.72 6.00

Sahjan 0.34 11.56 32.45 47.36 8.28

P  (soluble protein); P  (rapidly degradable protein); P  (intermediately degradable protein); P  (slowly degradable protein); P  (unavailable A B1 B2 B3 C

protein

Total carbohydrate contents (TCHO) were more in 
grasses than tree leaves, while non-structural 
carbohydrates (NSC) contents were more in tree leaves 
than grasses.  Lignin bound carbohydrate fraction (Cc) 

was more in grasses than tree leaves. Soluble 
carbohydrates (more degradable carbohydrate) 
contents were more in tree leaves than grasses (Table 
3.39).



Table 3.39. Carbohydrate fraction (%) in grasses and tree leaves

Feed stuffs TCHO (%DM) NSC (%DM) SC (%DM) C  C  C  CC B2 A B1

Grasses       

Signal grass 81.36 3.24 74.39 20.87 65.78 11.70 1.64

Palmarosa grass 83.51 11.99 66.90 25.69 49.35 24.79 0.18

Dinanath grass 84.11 2.04 78.15 22.30 66.41 10.83 0.46

Khash grass 89.63 3.04 83.67 33.35 56.15 10.28 0.22

Dhavlu grass 84.35 4.65 76.23 22.84 63.30 13.69 0.17

Bahiya grass 86.16 8.90 74.37 17.06 66.51 16.22 0.21

Lemon grass 87.98 19.03 64.83 16.15 55.52 28.17 0.16

Badha fulva 84.32 6.08 75.56 20.95 64.77 14.13 0.15

Gamba grass 84.96 14.31 66.82 16.20 59.60 24.06 0.13

Dashrath grass 69.67 20.11 38.56 22.97 22.39 54.20 0.44

Aparajita grass 71.30 18.67 43.57 27.79 22.13 49.77 0.31

Para grass 73.62 2.86 63.73 13.27 68.55 16.78 1.41

Palmarosa pendulas 89.56 5.63 80.93 24.90 62.57 12.42 0.11

Tree leaves

Chaya 62.01 37.47 24.55 17.07 3.77 78.15 1.01

Sahjan 58.39 31.47 26.92 15.11 6.66 76.99 1.23

TCHO (total carbohydrate); NSC (non-structural carbohydrate); SC (structural carbohydrate); C  (soluble carbohydrate); C  (rapidly degradable A B1

carbohydrate); C  (slowly degradable carbohydrate); P  (rapidly degradable fibre); P  (unavailable carbohydrate)B2 B3 C
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Plant secondary metabolites and methane production

Leaves from trees viz. Cassia fistula, Bahunia varigeta, 
Chaya (Nidoscolus aconitifolius) and Moringa (Moringa 
oleifera) were evaluated for polyphenolic contents and 
their fractions (Table 3.40). Among the tree leaves total 
polyphenolics (TP) were more in Chaya and Moringa 

than Cassia fistula and Bahunia varigeta, while the 
condensed tannins were more in former than later tree 
leaves. Fiber bound proanthocynidins (FBPA) and free 
proanthocynidins (FPA) were more in Chaya and 
Moringa than Cassia and Bahunia tree leaves. 

Table 3.40.  Polyphenolic contents and their fractions in tree leaves 

Tree leaves  TP (% ) Tannin (mg/g) FPA  (% ) PBPA  (% )  FBPA  (% ) TPA (mg/g )

Cassia fistula  6.33  263  1.12  0.044  4.89  228.1 

 Bahunia varigeta  7.89  325.3  1.25  0.36  3.89  88.05 

Chaya  13.81  25.37  8.27  0.28  9.77  - 

Moringa  19.87  34.24  11.90  0.08  19.72  - 

TP (total polyphenolics); FPA (free proanthocynidins); PBPA (protein bound proanthocynidins); FBPA (fiber bound proanthocynidins); TPA 
(total proanthocynidins)

Polyphenolic compounds isolated from tree leaves were 
also evaluated for inhibitory effects on methane emission. 
It was observed that addition of  polyphenol compound 
from Jatropha (JA7) significantly reduced the methane 

production (11.8 ml/g DDM) from berseem fermentation 
at T  (1.5 % level) than T  (24.6 ml/g DDM) without 2 0

affecting the dry matter digestibility and gas production 
(Table 3.41). 



Table 3.41. Effect of polyphenolic compound isolated from Jatropha (JA7) on in-vitro methane production from 
berseem fermentation 

Berseem  Ch4 (ml/g) DMD (%) Ch4 (ml/g DDM) Gas (ml)

T  (Control) 17.88±2.93 71.47±2.18 24.66±4.02 78.45±19.440

T  15.89±2.35 77.81±1.25 20.08±3.01 85.46±22.041

T  9.29±2.40 76.96±1.46 11.80±2.90 90.46±21.912

T  8.61±3.14 72.71±1.73 12.15±4.59 85.85±21.443

3.7.2  Small ruminant production

Mixed herd grazing of sheep and goats

Experimental grazing of  mixed herd of  sheep and goats 
(54 each), divided into 3 equal groups were continued in 9 
ha of  established silvopasture stands, comprising of  
natural, reseeded and sown pastures of  3 ha each for 
evaluation of  productive performances as system. Natural 
pasture was dominated by Sehima-Heteropogon grasses, 

and pasture reseeded with Cenchrus ciliaris, Dicanthium 
annulatum and Stylosanthes hamata etc was also dominated 
by Sehima-Heteropogon. While sown pasture was 
dominated by Cenchrus ciliaris and Stylosanthes hamata. 
The tree components were in equal proportion among the 
silvopasture stands and comprised of  Acacia nilotica, 
Azadirachta indica, Dalbergia sissoo and Dichrostachys cinerea 
and planted in 4 paddocks of  0.75 ha each.

46

IGFRI Annual Report 2014-15

Similarly supplementation of  compound JA-7 isolated 
from jatropha to different diets viz. D : wheat straw-1

berseem-concentrate, D : oat straw-berseem-concentrate 2

and D : sorghum stove-berseem-concentrate mixture 3

reduced in vitro methane production from 25.6 to 10.22, 
40.70 to 22.40 and 22.39 to 7.23 ml/g DDM, respectively 
at 1.5% level (Table 3.42).

Table 3.42.  Effect of polyphenolic compound isolated from Jatropha (JA7) on in vitro methane production from 
different diets 

Diets CH  ml/g DMD % CH  ml/g DDM Gas (ml/g)4 4

D : WS-B-CM    1

T  12.07±0.99 47.073±0.43 25.6±2.29 71.67±3.240

T  6.61±0.57 42.96±0.57 15.51±1.58 78.67±1.381

T  4.67±0.8 46.04±0.73 10.22±1.78 77±0.582

T  3.66±0.36 44.66±0.98 8.12±0.83 77±1.523

D2: OS-B-CM    

T  21.27±0.49 52.71±1.49 40.70±1.49 78.67±1.750

T  10.61±0.96 48.65±0.60 21.61±1.89 75.33±0.901

T  11.14±0.86 50.24±1.57 22.40±1.59 80.17±0.792

T  12.76±0.72 51.31±1.86 24.42±1.18 80.33±0.693

D3: SST-B-CM    

T  19.96±1.88 59.68±1.16 22.39±8.24 79.50±0.750

T  9.32±0.62 58.64±0.67 10.52±3.80 78.50±0.631

T  6.17±0.25 56.77±1.76 7.20±2.58 76.00±0.712

T  8.78±0.88 56.57±1.17 10.19±3.76 78.00±0.293

WS-B-CM: Wheat straw-berseem-concentrate mixture; OS-B-CM: Oat straw-berseem-concentrate mixture; SST-B-CM: Sorghum stover-
berseem-concentrate mixture 



The soils of  all the three systems (Table 3.43) had lower 
pH (6.23-6.75) and showed normal salt concentration 

-1ranging from 0.019 to 0.025 mhoscm . Organic carbon 
contents were low (0.38-0.53%). Fertility status of  the 
soil was poor to medium with less available nutrient 
contents. Available nitrogen (<195kg/ha) content was 
low whereas available phosphorous (13.8-14.7 kg/ha) 
and potassium (137.3-150.6 kg/ha) contents were in 
medium range. When pasture stands were compared, 
maximum herbage yield (t DM/ha) was observed in 
sown pasture (3.53) followed by reseeded (3.17) and 

Table 3.43. Soil status of different silvopasture systems

Attributes                                        Silvopasture systems

 Natural Reseeded Sown

pH 6.71 6.75 6.23
 -1EC(mhoscm ) 0.025 0.025 0.019

Organic C (%) 0.52 0.53 0.38
 -1Available  N (kg ha ) 189.3 194.7 183.8

 -1Available P (kg ha ) 14.7 13.8 13.9
 -1Available K (kg ha ) 147.2 150.6 137.3

natural (2.76) pastures. Similarly the CP content of  
herbage mass was also higher in sown pasture (7.19%) 
compared to reseeded (6.50%) and natural (6.17%) 
pastures. However, NDF, ADF and cellulose contents of  
herbage mass were statistically comparable among the 
pasture stands. All the experimental grazing adult goats 
(Fig 3.51) and sheep (Fig 3.52) maintained their body 
weights with positive impact during the growth period 
of  herbages. However, during the post-growth period of  
herbages the experimental animals lost their body 
weights.
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Fig. 3.51. Changes in body weights of goats under grazing Fig. 3.52. Changes in body weights of sheep under grazing

Concentrate mixture as strategic supplement in goats

Bench mark survey conducted in Naad village under 
Picchore block of  Shivpuri district of  Madhya Pradesh 
indicated that this sahariya tribal village has 110 nos. of  
household, comprising of  humans (582) and livestock 
(210). Based on land holdings, majority of  the tribal 
farmers were small farmers (37.27%) followed by 
marginal (32.72%), landless (25.45%) and medium 
farmers (4.56%). Just like others farmers, these tribal 
farmers keep livestock as an important element in mixed 
crop-livestock farming systems. The farmers keep a 
variety of  livestock like cattle, buffalo and goats for 
different purposes. However, sheep was not found in this 
tribal village. Marginal and small farmers rear their 

animals on exclusive grazing or with little supplementation 
of  dry grasses/crop residues like cereal straw/ stovers 
after returning from grazing. Medium categories of  
farmers also allow their cattle and buffaloes for grazing 
and supplement limited amount of  available concentrates 
feeds, besides crop residues. Landless farmers rear their 
animals like cattle and goats based on grazing on common 
property resources/forest areas. Due to limited arable 
land, most farmers are not able to produce even enough 
food crops to cater the family needs. Most of  the livestock 
in this village are local breeds which are less productive. 
However, livestock farming is an important source of  farm 
income and needs suitable interventions for its 
improvement.
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Fig. 3.53. Supplementary feeding trial on goats

On-farm trials of  90 days duration were conducted on 
local goats to demonstrate the beneficial effects of  
concentrate mixture (as strategic supplement) on growth 
performances of  grazing animals to the tribal famers 
(Fig 3.53). Goats (36) from two tribal farmers (20 and 16 
nos. from Farmer-1 and Farmer-2, respectively) were 
selected and they were equally divided into control and 
experimental groups. Goats under control group were 
kept on famer's traditional exclusive grazing practices, 
while experimental group besides grazing, received 
concentrate mixture (consisted of  barley, groundnut 

cake, wheat bran, mineral mixture and salt; 
45:30:22:2:1) supplementation (@ 100 g/head/day). 
Goats in experimental group achieved higher (P<0.01) 
daily weight gain compared to control group (Table 
3.44). In case of  Farmer-1, the additional income due to 
additional inputs (Rs 1080) in experimental group as 
compared to control was Rs 2565 and the corresponding 
values for Farmer-2 were Rs 864 and Rs 2375, 
respectively. Hence providing concentrate mixture as 
strategic supplement to goats, reared on exclusive 
grazing, was found profitable.
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Table 3.44. Growth performance and cost-benefit analysis in goats 

Attributes Famer- 1  Farmer-2

 Control Expt.  Control Expt. 

Animals (n) 10 10 8 8

Growth performance

Initial body weight (kg) 23.5 ± 2.36 23.4 ± 2.54 24.5 ± 2.38 24.1 ± 1.99

Final body weight (kg) 26.7 ± 2.17 29.3 ± 2.53 28.1 ± 2.33 30.8 ± 1.88

Total weight gain (kg)** 3.2 ± 0.39 5.9 ± 0.38 3.6 3± 0.38 6.75 ± 0.31

Average daily gain (g)** 35.6 ± 4.32 65.6 ± 4.21 40.2 ± 4.17 75.0 ± 3.48

Cost-benefit analysis

Total supplement fed (kg) - 90 - 72

Cost of  suppl. @ Rs 12/kg (Rs) - 1080 - 864

Total live wt (kg) from goats 32 59 29 54

Cost of  live wt @ Rs 95/kg (Rs) 3040 5605 2755 5130

Additional income (Rs) - 2565 - 2375

Benefits (Rs/Rs spent) - 2.37 - 2.74

Expt. = Experimental; Mean values differed significantly (P<0.01) between control and experimental groups. 



3.7.3  Large ruminant production

Compensatory growth in growing calves

The objective of this study was to determine the effect of feed 
restrictions and later re-alimentation with strategic approach (a 
mixture of protein and energy sources) on the performances in 
female growing calves. Indeed feed restriction followed by re-
alimentation in growing animals' results in compensatory gain, 
having high growth rate and even exceed the animals those 
were well fed throughout the same period. But compensatory 
growth varies depending upon the intensity and duration of 
under nutrition before re-alimentation. Tharparkar growing 
female calves (18), divided into 3 groups (G , G  and G ), were 1 2 3

fed rations of concentrate mixture and wheat straw (as TMR) at 
different levels (100, 75 and 75%, respectively)  of 300g 

targeted growth (NRC, 1989) during feed restriction phase of 
60 days duration. Calves fed 100% of targeted growth (G ), 1

gained their body weights @ 324 g/day, while those fed @ 75% 
of targeted growth (G  and G ) gained body weights @ 258 and 2 3

249 g per day, respectively (Table 3.45). When these growing 
calves were strategically supplemented with a mixture of 
barley and mustard cake @ 250 g/head/d (G ) or 500 g/head/d 2

(G ), besides meeting 75% of nutritional requirements for 3

control group (G ) during re-alimentation phase of another 60 1

days duration, they gained weights @ 327 and 365 g/d, 
respectively. However, improved weight gain through strategic 
supplementation during re-alimentation phase was not 
adequate to compensate the lost body weight when compared 
to control group.
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Table 3.45. Growth performances of experimental calves

Attributes                                   Treatment groups

 G  G  G1 2 3

Phase-I: Feed restriction

Initial weight (kg) 145.0 141.8 140.8

Final weight (kg) 160.2 155.8 154.1
a b bTotal gain (kg)* 19.4  15.5  14.9

a b bAverage daily gain (g)* 324  258  249

Phase-II: Strategic re-alimentation

Initial weight (kg) 160.2 155.8 154.1

Final weight (kg) 180.9 175.4 176.0

Total gain (kg) 20.6 19.6 21.9

Average daily gain (g) 344. 327 365

Irrespective of phase

Total gain (kg) 41.1 35.1 36.9

Average daily gain (g) 334 292 307

Means bearing different superscripts in a row differ significantly (* P < 0.05)

3.7.4  Improvement in forage-livestock production

Intercropping of maize with cowpea: yield, quality and 

utilizations

Under application of  recommended fertilizers, green 

fodder yield in sole maize was significantly higher (667 

qt/ha) than sole cowpea (643 qt/ha). However, 

intercropping of  cow pea with maize increased the yield 

of  cow pea by 10-15%.  Green fodder yield was also found 

significantly higher (828 qt/ha) at 60 days of  harvesting 

under intercropping of  maize + cowpea in 1:2 ratio with 

25 cm plant to plant distance, than other combinations of  

inter cropping. At 60 days of  harvesting, maize and cow 

pea had 7.32% and 15.84% CP. However, under 

intercropping of  cowpea with maize in 1:1, 2:1 and 1:2 

ratios, CP content of  mixed forage increased to 12.14, 

15.26 and 10.01%, respectively. Animal preferential 

feeding trial was also conducted in Jalauni sheep and it 

was found that Jalauni sheep preferred chaffed maize 

most and spent 36% of  their feeding time for it. For 

intercropped mixed forage, they liked cowpea with maize 

in 1:2 ratio and spent 25.6% of  their time on it. A feeding 

trial was conducted on 30 Jalauni sheep distributed in 5 

groups of  6 animals in each. They were fed adlib 

intercropped maize and cowpea forage as per 



experimental treatment of  sole maize, cowpea, maize + 

cowpea in 1:1, 2:1 and 1:2 ratios for 24 days after which 8 

days metabolism trial was conducted. It was found that 

intake of  DM was optimum when fed sole maize (2.92% 

of  b.wt) but with sole cowpea it was as low as 1.69%. 

Under intercropping it was 2.04% at 2:1 ratio of  maize 

and cowpea. DM utilization was 71.9% in sole maize 

feeding followed by 71.8% in cowpea with maize 1:2 ratio. 

Fiber utilization was also high in sole maize followed by 

cowpea and maize 2:1 ratio. Therefore, under 

intercropping of  maize with cowpea, 1:2 ratio was found 

suitable for nutrient utilization in sheep. Intercropping 

maize with cowpea when conserved as silage in silo bags. 

After 45 days of  conservation, it was found that silage of  

sole maize had 4.98 pH, 15.28% ammonia-N and 3.89% 

TVFA, and found comparable to intercropped silage with 

4.99 pH and 15.37% ammonia-N.

Intercropping of oat with berseem: yield, quality and 

utilizations

In Rabi season, intercropping of  oat and berseem with 

recommended doses of  fertilizers and agronomic 

practices, it was observed that green fodder yield (GFY) at 

45 days of  harvesting was 178 qt/ha for sole berseem and 

172 qt/ha for sole oat. But total GFYs were lower in 

different combinations of  intercropping. However, GFY 

was increased at 60 days of  harvesting with maximum 

yield of  526.5 qt/ha under 1:2 ratio of  berseem and oat. 

Again at 75 days of  harvesting, green fodder yield was 

higher (662 qt/ha) under 2:1 combination of  berseem and 

oat. Thus, intercropping increased the yield at different 

stage of  harvesting. Animal intake was 2.51% and 2.15% 

body weight when fed sole oat and berseem, respectively 

at 60-75 days of  harvesting. Intake increased to 2.59% 

when fed intercropped berseem and oat in 1:2 ratios. Dry 

matter utilization was found as maximum as 69.3% in sole 

oat feeding but under intercropped mixed chaffed ration it 

was 63.0%. 

Endozoochorus dispersal of forage seeds

Endozoochory characteristics was initiated in forage 

seeds viz. berseem and oat as fodder seed , guinea as 

grass seed and Cichorium intybus (chichory) and Trifolium 

repens (tepatia) as weed seed. Endozoochurus study in 

small ruminants was standardized. Endozoochory 

characters were determined by feeding of  measured 

quantity of  seed to sheep after seed sanitization of  

rumen through 21 days feeding of  green seed free fodder 

followed by feeding of  seed with wheat flour dough. 

Feeding was continued for 3 days followed by collection 

of  faecal pellet samples upto 96 hrs. Randomly 10 fecal 

pellets were collected to extract seed pass out.  Fecal 

samples were also stored to study storage quality of  seed 

in pellets.

After feeding of  seed, the retrieval rate from the faeces was 

different at different hours after feeding. In case of  

berseem it was 3.32% after 24 hrs, followed by 18.83% at 

48 hrs. Total retrieval was 22.15%. In case of  guinea grass 

seed, it was 15.37% at 24 hrs followed by 9.22% at 48 hrs. 

Thus total retrieval was 24.59%. For Cichorium intybus 

(chichory), it was 47.59% by 25.38%, 12.39% and 5.65% 

while. For Trifolium repen, it was 57.55, 14.38, 10.2 and 

7.8% at 24, 48, 72 and 96 hrs, respectively. Thus, seeds of  

T. repen endured in the rumen up to 96 hrs and retrieval 

went upto 90.96%.  Transplant germinability of  seeds 

were found better for berseem which was 92%, 88% and 

75% for berseem at 24, 48 and 72 hrs of  in-vitro culture, 

respectively, but in guinea grass seeds germinations were 

not observed after in vitro culturing. For the seeds of  T. 

repen, it varied from 50 to 75% at different hours of  

germination. 

3.8  Program: Mechanization & maximizing 

utilization, conservation and fortification of feed 

and fodder resources 

3.8.1 Rotary shredder as forage harvester chaffer loader 

Multi-cut fodder production system and takes completion 

harvesting and is more labour intensive 38-40 man-

days/ha) in the series of  different operations performed 

viz. harvesting, stalking, loading in trolley, chaffing and 

feeding. In view to provide a low cost solution and 

combine all these steps a tractor operated rotary shredder 

(Fig. 3.54) was tested for feasibility of  operation in forage 

crops. This machine facilitates in-situ fodder harvesting 

from field, chaffing and loading it in a tractor trolley. The 

machine has 60 cm width of  operation in a single row and 

is supported on a wheel made of  iron. It is attached with 

three point hydraulic system and is operated by tractor 

PTO power. Tractor's three point linkage system lifts the 

machine fully during transport. The harvesting 

mechanism of  this machine used two shear plate fixed on 

two rotating drums that guided the crop inside the 

machine. Cut crop goes to chopping wheel that has 6 to 12 

numbers of  chaffing blades and a blow duct to pass on the 

chopped material. 
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The tractor operated fodder harvester chaffer loader was 
tested for harvesting guinea grass, fodder sorghum and 
multi-cut oats (Table 3.46). The machine was operated in 
undulated fields having bunds. During the test operation 
in the oats, frequent choking of  chaffing mechanism was 
observed due to green of  crop with higher crop load (350-
400 q/ha) and it was rectified by decreasing the number of  
chaffing blades on the chaffer drum. The output capacity 
was 7.2 to 11.6 q/h and it took 2.5 to 3.5 h to harvest and 
chaff  one trolley material due to which overall output 
capacity of  the machine decreased. The throwing chute 
was modified to throw the material in to the trolley and 
needs further modification to avoid losses of  the chopped 
material on turnings. 

3.8.2  Fodder conservation, utilization and 
fortification

3.8.2.1 Standardizing feed ingredients for pelleting 
through feed mill pellet plant

Feed ingredients (leuceana leaf  meal, wheat straw, wheat 
bran, barley and oilcakes) were tested for making feed 
pellets through pelleting plant to maintain pellet density 

3below 500 kg/m  for small ruminants. Recommended 
ingredients combination was leuceana leaf  meal 50, 

wheat straw 15, wheat bran 15, groundnut cake 10, barley 
ground 9, common salt /mineral mixture 1 percent. 

3.8.2.2 Testing binding agents with wheat straw

Wheat flour (binder A), arrow root starch powder (binder 
B) and combination of  both in equal proportion (binder 
A+B) have been tested for densifying wheat straw. 
Experimental results indicating that  post densifying 
expansion was higher  at 8, 10, 14 and 16 percent (higher) 
amount of  binding agent inclusion in case of  binding 
agent A and B and  better  density/strength of  these 
binders  were observed at 4-6 percent  inclusion level with 
wheat straw. Combination of  both binding agents in equal 
proportions shows some higher density. Natural gum as 
binder from plant origin has shown block density ranging 

3.from 227-248 kg/m

3.8.2.3 Conservation of green fodder using solar dryer 

Berseem crop (chopped and un-chopped) was dried with 
2loading density of  4.444 and 5.555 kg/m  using solar 

dryer (SD) and was compared with open sun drying 
(OSD). The initial and final moisture content of  samples 
were 325.5 % (db) and 9 to 12.5 % (db). The drying was 
started at 9:00 am and terminated at 5:00 pm. Hourly 
measurement of  temperature and relative humidity for 
ambient and inside the dryer were made.

Effect on moisture content

A nonlinear decrease of  moisture with drying time was 
exhibited (Figs 3.55a, b, c and d). Moisture decreased 
slowly during first 3 hours due to low temperature in the 
morning. It decreased rapidly up to 7 hours as drying 
chamber warmed up and then slowed down considerably. 
Initially, material surface was saturated with water, and 
therefore, with increase in air temperature, faster drying 
took place between 3 to 7 hrs. The drying time ranged 

2from 14 h (chopped berseem at 4.444 kg/m  under solar 
2dryer) to 20 h (un-chopped berseem at 5.555 kg/m  under 

open sun). It was observed that drying time increases with 
loading density e.g. under open sun drying (16 h at 4.444 
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Fig. 3.54. Tractor operated harvester chaffer loader 

Table 3.46. Performance of tractor operated fodder harvester chaffer loader 

1. Width of  operation, mm  600

2. Forward speed of  operation, km/h 3.2 

3. Engine speed while operation, rpm 1600-1800 

4. Output capacity in guinea grass (crop height:700-1100 mm), q/h 8.5±1.2 

5. Output capacity in fodder sorghum (crop height:900-1600 mm),  q/h 7.2±1.3 

6. Output capacity in multi-cut oats  (crop height: 800-130 mm), q/h 9.4±2.2 

7. Field efficiency, per cent 42-64 

8. Chaff  size (minimum), mm 6 
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2 2kg/m  and 17 h at 5.555 kg/m  for chopped samples). In 
case of  solar dryer, chopped samples took lesser time (14 h 

2at 4.444 kg/m ) as compared to unchopped samples (16 h 
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2at 4.444 kg/m ). Similar trend was also observed in case of  
open sun drying. The final moisture content varied from 
9.0 % to 12.5 % (db).

Fig. 3.55a. Variation of moisture with time under solar  
dryer for chopped samples 

Fig. 3.55b. Variation of moisture with time under solar
 dryer for un-chopped samples  

Fig. 3.55c. Variation of moisture with time under open sun 
drying for chopped samples  

Fig. 3.55d. Variation of moisture with time under open sun 
drying for un-chopped samples 

Effect on overall drying rate 

Overall drying rate varied from 15.7 to 22.6 % db/h. The 
overall drying rate was higher at higher temperature and 
decreased with increase in loading density. It was slightly 

lower for un-chopped samples than for chopped samples. 
It was evident that chopped samples dried faster than un-
chopped (Table 3.47).

Table 3.47. Overall drying rates at experimental drying conditions

Drying methods Loading  Treatment Initial moisture   Final  Drying  Overall 
 density  content (% db) moisture  time  Drying 

2 (kg/m )   content (% db) (h) rate (% db/h)
OSolar dryer (39.8 C)  5.555 Un-chopped 325.5 11.1 19 16.55

  Chopped 325.5 10.3 16 19.7

 4.444 Un-chopped 325.5 9.2 16 19.77

  Chopped 325.5 9.0 14 22.6
OOpen sun drying (29.5 C) 5.555 Un-chopped 325.5 12.5 20 15.65

  Chopped 325.5 11.3 17 18.48

 4.444 Un-chopped 325.5 10.8 18 17.48

  Chopped 325.5 9.9 16 19.72
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3.8.2.4 Design of greenhouse dryer for Kashmir region

Kashmir valley falls under temperate climatic condition, 
and there is no availability of fodder from December to 
April due to unfavorable climatic conditions for 
cultivation. By adopting greenhouse dryer, fodders can be 
dried and their availability time can be extended for lean 
period also. A low cost structure was designed for drying 
fodder crops in Kashmir (Figs. 3.56a, b and c). The features 
of this dryer includes: Side height :2.30m  on north side and 
2.0m of south side above ground level; Central height i.e. of 
ridge line: 3.0m above the brick wall; Orientation: East-
west direction: Dryer frame: 1.5” GI square pipes; Glazing 
material: 200µ UV stabilized LDPE (150 g) fixed by zigzag 
profile; Skirt wall: Brick wall 30 cm above and 30 cm 

below the ground level plastered from both the sides; Inlet 
opening for air: 25 cm wide inlet of insect proof iron net 
throughout the length just above the brick wall on south 
wall and covered with plastics film with the rolling system; 
Outlet openings for removing humid air: 3 Nos. window 
each of 30 cm width and 90 cm length, and two exhaust fans 
each of 100 W placed on the north wall; North wall: above 
brick wall and up to a height of 1.7m sun dried brick wall; 
Foundation pipes: by digging holes to 50 cm depth at each 
foundation pipes and pouring cement concrete mixture 
(1:3:6) around foundation pipes (1.5” GI square) such that 
the lower 15-20 cm pipe ends are covered in concrete; 
Door: provided on east face of 1.0m width and 1.75m 
height. 
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3.8.2.5 Leaf meal and protein block development 

Basel roughage is deficient in protein, available energy 
and minerals and therefore Leaf  meal and protein block 
was developed at CR Farm to provide supplements of  
green fodder and protein through leaf  meal. For its 
development, exhaustive work related to bush cleaning, 
layout development, weeding trimming/harvesting of  
subabool stem, transportation to threshing yards, drying 
the leaves, its separation and packaging was done. 
Approximately 4.5 q of  leaf  meal was prepared during 
area developmental programme. The unwanted bushes 
and weed shrubs on the embankments of  the old check 
dam was uprooted and soil was dumped on the side of  the 
embankments to strengthen the sides. Aonla and guava 

plants were planted in September, 2014 on the sides of  the 
embankments to provide side slope stability.

3.8.2.6 Entrepreneurship development 

A number of  technologies and products have been 
developed by IGFRI, Jhansi that need prime attention to 
commercialize for entrepreneurship. In view of  this, 
Dindyal Sodh Sansthan and Shyam Kripa Dairy at 
Chitrakoort were contacted for commercialization of  
available feed pellet technology in association with CIAE, 
Bhopal. The infrastructure facility available with them 
were assessed. Discussions were held with different line 
department officials viz. Veterinary Officers and stake 
holders at Chitrakoot (UP/MP). Central Institute of  
Agricultural Engineering, Bhopal provided the details of  
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Fig. 3.56a. Design of greenhouse dryer for Kashmir region

Fig. 3.56b. Design of North Wall

1. Foundation pipe, 2. Column, 3. Side Piller,
4. Brick Wall, 5. Door, 6. Lateral, 7. End Frame,
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wide throughout length on south wall)

Insect proof net of 
0.25m width
throughout length

Exhaust Fan for
Forced
Ventilation

Window for
Natural
Ventilation

Fig. 3.56c. Design of South Wall

Side W
all (

Bric
k)



machinery manufacturers and demonstrated the 
operation of  available feed plant to the stake holders at 
Bhopal. Technology ready for commercialization was 
also sent to ICAR.

3.8.2.7 Collection and conservation of surplus fodder

Surplus fodder (mixed and guinea grass) was harvested 
from natural grasslands and aonla based horti-pasture 
system, which was covered with staggered tranches 
between the plants. The fodder was harvested using 
cutter bar type fodder harvester in the first week of  
February, 2015 and left for drying in the field. Due to 

erratic rain fall in Bundelkhand region in the month of  
February/March, it could not be collected immediately 
after drying as it became repetitively wet during the 
months.  The average capacity of  harvester in aonla 
based horti-pasture system with staggered tranches was 
0.4 – 0.6 ha/h. Mobile baler collected approximately 7.5 
t harvested and dried fodder in the last week of  March 
2015 at a covering capacity of  0.5-0.6 ha/h. The 
harvested and baled fodder (Fig.3.57) was transported 
and stored in fodder bank for use during lean/deficit 
period. 
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Fig. 3.57. Surplus baled fodder stored in fodder bank

3.8.3 Soil and water conservation 

3.8.3.1 Evaluation of water resources for efficient 

utilization

Water resources with respect to land use land cover  was 

evaluated  in the study area and found Groundwater 

potential 501.90 ha-m against the use of  680 ha-m and 

Surface water potential 302.4 ha- m against the use of  54.8

ha-m for the year  2014 (Fig. 3.58). The Ground water 
resources were over exploited (-35%) due intensive 
agriculture. Conversely, the surface water resources were 
underutilized (only 18%) and found surplus in this year 
2014 of  study and which are departing as runoff  during 
kharif  season. The surplus resources in the kharif  season 
can be harvested through water harvesting structures and 
efficiently utilized for supplemental irrigation. 

Fig. 3.58. Water resources potential and use summary in selected area for year 2014
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Experimental results in the study area during  kharif  2014  
in fodder sorghum (MP chari) indicates the  water 
conservation through optimization technique in raised 
bed system of  plantation with 25% deficit irrigation (CPE 
ratio 0.75) produced relatively less (11.6%) yield, but saves 
25% irrigation when compared with flat bed followed by 
50% deficit and no deficit irrigation.  Quantity of  
irrigation saved can be utilized to enhance the crop area. 
In laser guided leveled land system the highest yield of  4.7 
t/ha has been recorded in no deficit (CPE ratio 1) 
irrigation, followed by 25% deficit and 50% deficit 
irrigation (CPE ratio 0.75 and 0.5) compare to the 
conventional system (Fig. 3.59). 
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was established and linked to IGFRI, KVK, Bharari, Datia 
and line deptt. Farmers are sharing all information 
regarding fodder production and fodder market and selling 
their surplus fodder to dairies. Total 264 farm families are 
direct beneficiaries and more than 1000 farmers are indirect 
beneficiaries. One FIG (Farmers Interest Group) was 
formed for participatory seed production at farmers' field. 
Several extension activities were undertaken at these 
villages including capacity building of farm women on 
value addition and conservation of seasonal fruits (2 
trainings, 56 beneficiaries) and male farmers on different 
aspects, livestock health camp ( 3 nos and   beneficiaries: 
104 and nos of animal treated at community level: 491), 
field day, ghosthies etc.  The 119 no. of  kharif  fodder 
interventions on bajra (AVKB19), sorghum (MP Chari) 
and year round fodder production and 196 no. of rabi 
fodder interventions on berseem (Wardan) and oat (JHO 
822) were conducted with crop management package 
(ICMP) which include improved variety, line sowing, 
conservation tillage, integrated nutrient management, 
prompt weed management etc. The hortipasture model 
(14), vermi-compost unit (5), fodder cactus unit (10) were 
developed at farmers field.  The demonstrations on area 
specific mineral mixture were conducted (56 
beneficiaries). The farmers were encouraged for 
participatory seed production. 

Impact of interventions implemented 

Forage requirement and availability 

The fodder related interventions resulted in net surplus 
production (Fig. 3.60-62) of  101.8 and 92.6 t during kharif  
and rabi 2014-15 respectively (Table 3.48). There was 33.44 
% increase in area under irrigated forage production. The 
total area under forage production was increased by 29.23% 
(Table 3.49, 3.50). The area under both kharif  and rabi 
fodder crops was increased. (Table 3.51). 

Fig. 3.59. Optimization of water resources through raised bed 
and laser guided leveled land compared with flat bed 

and conventional

3.9  Program: Social, economic, policy and 
translational research

3.9.1  Participatory research

3.9.1.1  Adarsh Chara Gram

Under Adarsh Chara Gram i.e. Garera and Dhobia in  Datia 
and Awas in Shivpuri district, e-chara Kendra at village level 

Fig. 3.60.  Women farmers 
harvesting fodder 

Fig. 3.61. Farmer with his fodder crop 
(sorghum-MP Chari)

Fig. 3.62. Director and scientists 
of IGFRI visiting farmers' field
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Table 3.48. Status of fodder production

Parameters Kharif  2014 Rabi 2014-15
 (multi cut sorghum - MP Chari  (Oat-JHO-822, 
 bajra- AVKB 19 and  NB hybrid-  Berseem-Wardan)
 IGFRI-6) 

No. of  interventions  119 169 Oat & 27 Berseem

Area sown  23.5 ha 16.1 ha

Total animals of  beneficiaries 929 929

Forage requirement  12541 q 13563.3 q

Green fodder yield  13559q 14490 q

Green Fodder availability duration August  to October November to March

Surplus forage production 1018 q 926.7 q

Table 3.49. Changes in area (ha) under forage production 

Villages 
 Before  2013-14  2014-15  Net  Before  2013-14  2014-15  Net 
 initiation    increase  initiation    increase 
 of project     of project  

 Net irrigated area under forage production Total  area under forage production

Garera 4.9 11.3 39.2 34.3 5.2 13.5 42.3 28.8

Dhobia 3.1 8.4 31.7 28.6 4.0 10.6 33.1 22.5

Awas 4.8 12.1 40.4 35.6 5.1 14.3 41.7 27.4

Total 4.26 10.6 37.1 33.44 4.80 12.8 39.03 29.23

Table 3.50.  Percent increase in forage cropped area in project villages 

Villages  NCA  DCA  TCA 

Garera 55.3 7.72 63.02

Dhobia 47.6 6.12 53.72

Awas 56.9 8.0 64.90

Total 53.27 7.28 60.54
NCA- Net crop area, DCA- Double crop area, TCA- total crop area 

Table 3.51. Increase in area (%) under forage crops since project initiation

Villages  Multi cut  Multi cut  Maize Cluster bean Cowpea Berseem   Multi cut 
 sorghum  Pearl millet      Oat 

Garera 9.35 3.02 2.8 1.7 1.2 4.75 3.33

Dhobia 8.20 2.00 3.02 1.4 0.80 4.0 3.08

Awas 9.83 3.33 3.0 1.1 0.75 4.79 3.82

 Total 9.13 2.78 2.94 1.4 0.92 4.51 3.41

Table 3.52. Livestock population in 2015 at Adarsh Chara Gram

Villages  Cattle Buffalo  Total 

Garera 117 236 353

Dhobia 142 134 276

Awas 126 174 300

Total 385 544 929



There was change in livestock population in 2015 (Table 
3.52) than 2013 i.e. cattle increased by 15.9, 16.7, 13.34 
percent and   buffalo increased by 107.94, 67.72 and 
111.03 percent in Garera, Dhobia and Awas villages, 
respectively.  The income of  livestock owners was 
increased due to enhanced milk production by 12.38, 8.44 
and 12.44 percent in Garera, Dhobia and Awas village 

respectively. There was saving in wheat straw of  2.40, 1.70 
and 2.43 per cent due to partial replacement of  crop 
residue by green fodder in Garera, Dhobia and Awas 
village respectively. Indeed, a basket of  interventions 
(Table 3.53) were for the benefit of  the resource poor 
farmers (Fig.3.63-67).
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Table 3.53. New interventions introduced 

Sr. No.  Intervention Area/no. of intervention Purpose/ impact

1. Plantation of  cactus 0.1 ha For feeding during lean period 

2. Movable Vermi compost  5 (each 4 X 8 ft) Each Vermi compost bags produced 400 to
   450 kg good quality of  Vermi compost. 
   This quantity of  Vermi compost replaced 
   200 to 250 kg DAP requirement. 

3. Use of  area specific  56 Animals 80 ml to 130 ml milk increased per day 
 mineral mixer   per animal i.e. Rs. 10 per day per animal is 
   an additional income. 

4. Organized animal Treatment of  all animals  Control of  diseases/endo-ecto parasite
 health camps of  three villages and  resulted in less mortality
  vaccination of  HS & 
  BQ/FMD  
  
5. Income generated by sale  Surroundings area of   Sale of  4060 rooted slips @ 50 paisa generated
 of  perennial grass project site income of  Rs. 2030/-  

6. Participatory Seed  Surroundings area of   Generated income of  Rs. 5675 due to sale of
 Production of  berseem,  project site 37 kg berseem seed @ Rs 125 Per kg & 42 kg 
 oat & sorghum  oat seed @  Rs. 25 / kg and  sorghum seed 
   65 kg was available for sale. 

Fig. 3.66. Perennial fodder in crop boundary 
planting system at farmers' field

Fig. 3.63. Distribution of medicines 
under livestock health camp

Fig. 3.64.  Agri-hortipasture system 
at farmers' field

Fig. 3.65. Feeding fodder from agri-horti-
pasture system at farmers field

Fig. 3.67.  Visitor purchasing root 
slips from farmers in M.P.



Introduction of groundnut decorticator and tubular maize 

sheller

Groundnut decorticator was introduced among 85 farmwomen for 

reducing their drudgery (Fig.3.68) and 40 q groundnut was 

decorticated. Comparative analysis of  groundnut decorticator with 

the existing practices of  women farmers indicated that per cent 

broken kernels was 10 and 8, per cent shelling efficiency was 95 and 

92 and capacity (kg/hour) was 30 and 1 respectively. Comparative 

analysis of  Tubular Maize Sheller with the existing practices of  

women farmers indicated that per cent shelling efficiency was 98 

and 90; labor requirement (man-hour/q) was 4 and 6; field capacity 

(kg/hour) was 25 and 16.67 and per cent damage/broken grains 

were 1 and 20 respectively. There was significant reduction in health 

hazards of  women farmers by using groundnut decorticator and 

tubular maize sheller (Table 3.54). Fig. 3.68. Women farmers using groundnut decorticator 

Table 3.54. Health hazards of women farmers on using ground nut decorticator and tubular maize sheller

Health hazards                                                       Percentage of respondents having health hazards

 Manual pod  Groundnut  Existing Tubular  
 breaking  decorticator practices maize sheller  

 Yes No    Yes  No Yes No   Yes No

Finger pain     83.3 16.7 6.7 93.3    

Hand pain     73.3 26.7 16.7 83.3 86.7 13.3 10.0 90.0

Backache  76.7 23.3 10.0 10.0 83.3 16.7 10.0 90.0

Tooth pain  66.7 33.3 0.0 100.0    

Cuts in mouth  73.3 26.7 0.0 100.0    

Shoulder pain     80.0 20.0 13.3 86.7

Waist pain     76.7 23.3 16.7 83.3

Body injury     60.0 40.0 0.0 100.0

High density nursery technology in Bajra-Napier hybrid

A new technology was developed for quick production of  

rooted slips in Bajra-Napier hybrid (Fig.3.69). From each 

stem 9-10 bi-nodal stem cuttings of  approx. 20 cm length 

were prepared. The stem cuttings were closely planted at a 

distance of  10 cm in upward direction after a slant basal 

cut. By providing regular water supply within a fortnight, 

the cuttings started rooting and shooting and by 4 to 5 

weeks they are ready for uprooting and transport. This 

technique has several advantages viz., ability to produce 

rooted slips within short notice; reduced labour 

requirement; easy management such as irrigation, 

uprooting, counting, loading due to small area and finally 

mother tussocks are saved. This technology was 

transferred for large scale multiplication to the central 

farm of  IGFRI, where > 6000 rooted slips were produced 

using this technology for the first time. Further, it was 

spread to Adarsh Chara Gram for adoption by the 

progressive farmers who multiply rooted slips for selling 

purpose.
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Fig. 3.69. Established high density nursery ready for uprooting

3.9.1.2 Participatory fodder production in mango 
orchards

Twenty five mango growers of  11 villages of  Dharwad 
district cultivated fodder crops in inter row spaces of  
mango orchards covering an area of  10.05 ha (Fig.3.70).  
Three perennial grasses (Bajra Napier hybrid-BNH, 
Guinea-G, Perennial fodder sorghum-PS) intercropped 
with fodder cowpea (CP) were cultivated by 32% mango 
growers, two grasses (BNH+G) by 28%, BNH alone by 
12% and 8% each two grasses (BNH+PS) or one grass and 
one legume (BNH+CP, PS+CP) and 4% cultivated 2 
grasses (BNH+PS) intercropped with fodder cowpea (Fig 
3.71). From July-December 2014, intra-farmer spread of  
area under fodder crops was 17 % by 24% participating 
farmers. Inter farmer spread of  area under fodder crops 
was 29%. For every participating farmer, 13 other farmers 
discussed with them about fodder crops, 9 farmers 
requested them to spare planting/seed material and 0.8 
other farmer actually cultivated fodder crops in their 
arable land, majority in mango orchards. The increase in 
area under fodder crops was thus by 46%. This shows the 
monthly growth of  area under fodder crops by 7.5 percent 
in mango orchard (Table 3.55). 

In the participating farmer's fields, average land 
holding size was 7.32±2.38 ha and average age of  
mango trees was 14.92±1.37 years with average 
number of  284.72 trees (SE 88.13). Shortage of  green 
fodder (22.60±4.66%) and dry fodder (17.40±4.19%) 
was experienced by Mango growers before 
participating in the project.  Livestock holdings of  
6.31±1.44 ACUs and in milk animals of  1.92±0.50 
were possessed by them (Table 3.56). Initially 
hierarchical cluster analysis using ward's method 
(squared Euclidean distance) was performed to 
ascertain the number of  clusters in the data to group 
participating farmers.  Two clusters (C :22 and C : 2 1 2

and one farmer did not form cluster) emerged based on 
the maximum difference in the coefficient values. 
ANOVA was performed with cluster numbers assigned 
for each farmer to know which characteristics were 
responsible for clustering.  Area under mango, family 
size, total land holding, herd size, animals in milking, 
fodder crops grown earlier, no of  mango trees, mango 
yield and labour saved to collect fodder crops were 
expressed significant values differentiating two 
clusters. 

Fig. 3.70. Fodder production in mango orchards of
 farmers

Fig. 3.71. Percentage of mango growers cultivating 
combination of fodder crops
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Table 3.55.  Spread of fodder crops in mango orchards from July to December 2014

S. No Particulars Numbers/area/ratio

1. Initial no of  farmers participated 25 number

2. Initial area under fodder crops in mango orchards 10.05 ha

3. No of  participating farmers increased area under fodder crops 6 (24%)

4.  Area (percentage) increased due to intra farmer spread in mango orchards  1.85 ha (16.76%)

5. Area under fodder crops ( 2 + 4) 11.90 ha 

6. No of  other farmers discussed with participating farmers about fodder crops 323 (1:13)

7. No of  other farmers requesting fodder seed material to participating farmers 216 (1:9)

8. No of  new farmers planted fodder crops by taking planting material from  20 (1:0.8)

 participating farmers 

9. New farmers within the village 17

10. New farmers outside village 3

11. Area (percentage) under fodder crops due to inter-farmer spread   2.95 ha (28.54%)

12. Total no. of  farmers cultivating fodder crops (1 + 8)) 45

13. Total area (percentage increase) under fodder crops 14.85 ha (45.31%)

14. Monthly growth rate in area under fodder crops 7.5%

Table 3.56. Important factors of participating mango growers 

Parameters Mean  SE

Land holding (acre) 16.92 4.78

Age of  mango trees (years) 14.92 1.37

Number  of  mango trees 283.72 88.13

Area under mango (acre) 4.86 1.17

Green fodder shortage (%) 22.60 4.66

Dry fodder shortage (%) 17.40 4.19

Herd size (ACUs) 6.31 1.44

Animals in  milk (No.) 1.92 0.50

3.9.1.3 Quality fodder seed production for livelihood 
improvement 

Fifty farmers (Fig.3.72 & 3.73) were encouraged to grow 
different fodder seed crops in Rabi 2014-15 which 
included oat (JHO 822) in Jhansi (7 farmers), Lalitpur (3 
farmers) and Dewas (3 farmers), Muzaffarnagar  (15 

farmers) and Madhubani  (10 farmers) and  for berseem 
(BB-3 and Wardan) by 12 farmers of  Jhansi and Morena . 
The seed production cost for oat (JHO- 822) was Rs 46460 
per ha for crop of  rabi 2013-14 and the B:C ratio was 1.59 
in Jhansi. 

Fig. 3.72.  A progressive seed producing farmer Mr Vakil Yadav, 
Bhojla, Jhansi at his Berseem ( Wardan) 

seed crop field

Fig. 3.73. Encouraging Gaushalas (Tikamgarh)   for Hybrid 
Napier grass (IGFRI-6) fodder production for improvement in 

fodder availability and milk production
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3.9.2  Social and behavioral research

3.9.2.1  Technology gap analysis of fodder production 
technologies                                                     

The activity wise knowledge and adoption gap for various 
technologies from land preparation to post harvest was 
studied (Table 3.57). In U.P. part of  Bundelkhand, the 
average knowledge and adoption gap for berseem fodder 

production was observed as 35.18 and 54.85 per cent 
respectively and that for M.P. part, these gaps were 
observed as 36.6 and 63.84 per cent respectively.  For 
fodder sorghum in U.P. these gaps were observed as 38.57 
and 60.52 per cent respectively and for M.P. these   gaps 
were observed as 35.78, 59.09%, respectively for 
knowledge and adoption for various technologies. 

Table 3.57. Technological gap (%) in fodder production technology in Bundelkhand

S.No. Activities      Berseem    Sorghum

         U.P.        M.P.       U.P.      M.P.

  K A K A K A K A

1. Land Preparation 10.83 13.75 13.33 17.92 14.00 21.33 12.12 23.48

2. Crop Varieties 21.67 34.17 17.50 48.33 24.00 42.67 27.27 48.48

3. Sowing of  crop 33.33 46.11 46.39 68.33 29.78 46.67 20.71 33.84

4. Seed rate 10.83 15.83 9.17 25.83 13.33 24.00 12.12 19.70

5. Seed treatment 42.50 71.67 45.83 90.83 33.33 61.33 21.21 53.03

6. Irrigation 18.75 25.83 14.17 29.17 24.00 52.00 18.94 43.18

7. FYM & fertilizer application 23.33 35.63 25.73 49.48 30.00 52.50 28.79 53.22

8. Interculture operation 25.83 66.67 23.33 87.50 32.00 64.00 28.79 62.12

9. Weedicide &  Pesticide   65.00 95.28 63.47 92.64 70.44 93.56 70.20 93.43

10. Harvesting 30.83 87.50 35.42 84.17 36.67 70.67 36.36 80.30

11. Storage 86.67 98.33 75.00 96.67 76.00 93.33 65.15 89.39

 Overall 35.18 54.85 36.60 63.84 38.57 60.52 35.78 59.09

K: Knowledge,  A: Adoption

3.9.2.2 Capacity building of farm women

The technological framework for empowering women 
farmers through improved livestock rearing practices was 
developed incorporating three major technology packages 
i.e. (1) package of  practices of  suitable varieties of  fodder 
crops/perennial grasses, (2) fodder utilization techniques 
and (3) animal rearing practices for the capacity building 
of  women farmers. The capacity building module was 
developed as per the willingness of  women farmers which 
included inter institutional training programme, 
participatory production of  perennial grasses and 
seasonal fodder production by women farmers (Fig.3.74 
& 3.75).

The knowledge of  women farmers on fodder production 
technologies, improved from 8 to 69 per cent by attending 
the capacity building module. Similarly regarding feeding 

technologies such as preparation of  balanced ration, 
feeding to different categories of  livestock, importance of  
clean water for drinking, conservation of  fodder crops, 
fodder post harvest technologies, improvement of  low 
grade roughages, importance of  mineral mixture and its 
feeding, their knowledge improved from 22 to 72  per cent. 
The improvement in knowledge related to breeding 
aspects such as artificial insemination, timely 
examination and treatment of  subclinical reproductive 
inefficiency, pregnancy diagnosis, symptoms of  heat, 
pregnancy and parturition, care at the time of  pregnancy 
and parturition, disposal of  placenta, drying the livestock 
before parturition was from 22 to 67 per cent. The know 
ledge was also improved on housing and sanitation from 
25 to 72 per cent, on livestock management from 33 to 67 
per cent and health care from 34 to 87 per cent (Fig. 3.76). 
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Fig. 3.76. Gain in knowledge of women farmers regarding 
livestock  rearing practices

Fig. 3.75. Women farmers harvesting fodder

Fig. 3.74. Women farmers attending inter-institutional 
training programme

3.10  Program: Biotic stress management and 

forewarning 

3.10.1  Cowpea

Studies on insect pests of cowpea and their management

Cowpea variety BL-2 was undertaken across three seasons 

to study the pest and disease intensity. Incidence of  aphids 

(Aphis craccivora) and yellow mosaic virus was found more 

severe in rabi than kharif. Aphid incidence was found 

positively correlated with the maximum temperature 

(r=62**). Imidacloprid 200 SL @ 0.3 ml/l was superior 

among all other treatments for aphids' management in 

cowpea.

Preliminary evaluation of  cowpea germplasm/varieties 

for various fodder traits and pests prevalence. Diseased 

cowpea plants show variable amounts of  dark green vein 

banding or inter-veinal chlorosis, leaf  distortion, 

blistering and stunting. The incidence of  black cowpea 

aphid Aphis craccivora was observed and found associated 

with the spread of  cowpea mosaic virus(CPMV). 

Genotypes MFC 08-14, MFC 09-02, MFC 09-15, and 

TVX 944 were found to be highly susceptible to cowpea 

mosaic virus. It was observed that among the tested lines, 

UPC 622, UPC 625, UPC 5286, UPC 8705, UPC 9202 

and MFC 09-12 showed their suitability for dual purpose 

types with reasonably higher green fodder and grain yield 

compared to checks. 

3.10.2   Berseem

Genetic improvement of berseem for root rot resistance, 

late maturity and biomass

Four entries (JBSC-1, JBSC-2, JBSC-3, JBSC-4) of  

berseem (single cut) registered superiority in GFY (q/ha) 

and DMY (q/ha) over check variety in AVT-1 of  AICRP 

(FC) Rabi-2013-14 berseem (single cut) trial. These lines 

were promoted to AVT-2 in AICRP (FC) Rabi-14 

National Group Meet.

Development of mapping population

F mapping population derived from cross between two 2 

genotypes (black seeded pentafoliate as female parent (IL-

13-106) and yellow seeded trifoliate as male parent) was 

developed. Parental inbred lines were developed by eight 

generations of  force selfing (hand tripping in net house to 

avoid insect pollination). Parental lines showed naked eye 

polymorphism for quantitative and qualitative traits 

(Table 3.58). The female inbred line was derived from an 

interspecific hybrid of  Trifolium alexandrinum × T. 

apertum, male parent line was developed from Trifolium 

alexandrinum var Fahli.  The advanced generation (I ), 8

inbred line was used as pollinator in a cross with an 

emasculated advanced generation of  interspecific hybid to 

generate F . A single F  genotype was self-pollinated and 1 1

produced seeds (>1000 seeds) for large F  mapping 2

population. 
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Table 3.58. Naked eye polymorphism between parents and expression in F1

Traits Parent-1 Parent-2 F1

Leaflet number Three Five Multifoliate

Foliage colour Normal green Dark green Normal green

Seed coat colour Yellow Black Black/yellow

Regeneration No Yes -------

Days to flowering Early Late Medium

Branching Apical Basal Basal

Compatibility Self  compatible   Self  compatible  Self  compatible 

 (tripping not required) (tripping required) (tripping not required)

Stability analysis yellow-green leaf line

A line with yellow-green leaf  developed through forced 
selfing and recurrent selection, tested for stability of  trait. 
The novel yellow-green plants displayed novel trait from 
the seedling stage to the flowering stage and had a non-
lethal chlorophyll-deficiency. Progeny line showed 100% 
peneterance and expressivity for yellow green leaf  trait. 
Stability analysis of  progeny lines showed that trait is fixed 
in line and could be utilized for basic studies as well as 
genetic improvement programme in berseem crop. 

Selection of lines for extended growth period and 
resistant to root rot disease

Progeny lines of  interspecific hybrid of  Trifolium 
alexandrinum × Trifolium apertum were grown in net house 
and data on flowering and root rot resistance were 
recorded.  Four lines with delayed maturity and three lines 
with resistant to root rot were selected.

Advancement of interspecific hybrid generation

Progeny lines/plants of  interspecific hybrid were 
advanced through selfing by hand tripping to develop 
inbred lines.

Genetic study for leaflet number and seed coat colour

Crosses were made between black seeded pentafoliate × 
yellow seeded trifoliate with reciprocal, to study the 
inheritance pattern of  these unique traits. Seed coat colour 
of  hybrid seeds was similar to maternal parent while F1 

plant of  this cross showed the expression of  tri, tetra and 
pentafoliate leaf. F  plants were selfed and seeds for F  1 2

generation were harvested.

Development of inbred

Inbred lines were produced from improved gene pool of  
Egyptian clover utilizing self-fertility of  genotypes of  total 
64 inbred were developed and maintained through five 
generations of  selfing by single seed descent.

Station trial 

A station trial comprising 7 lines including two checks 
(Wardan and BB-2) were evaluated in RBD design with 
three replications. Data on green fodder yield (GFY) and 
dry matter yield (DMY) were recorded on five different 
cuts. Line STB14-3 showed 4.75% higher GFY and 
10.64% higher DMY over Wardan check variety (Table 
3.59).  

Table 3.59. GFY and DMY of entries in station trial 2013-2014

Entry  GFY (t/ha) DMY (t/ha)
C CDSTB-14-1 73.43  11.52
BC DSTB-14-2 78.60  10.89
A ASTB-14-3 87.89  14.21
C BCDSTB-14-4 75.07  11.66
C DSTB-14-5 73.43  11.32
BC BCBB-2 79.44  12.67
AB BWardan 83.90  12.84

Average  78.82 12.16

CD (P<0.05) 7.10 1.22
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Weather-disease interaction 

In rabi, a field trial was conducted to monitor the weather-
disease interaction in berseem (Varities Wardan & BB-3) 
with three sowing dates and four replications. 
Observations for weather and disease severity were 
recorded. The incidence of  stem rot disease started during 

st52  SMW with low severity (0.4 to 0.7%) in both varieties. 
The prevailing maximum and minimum temperature 

Oduring preceding week were 20.8 and 9.1 C, respectively. 
The disease developed gradually and the peak infection 
was observed during last week of  January. The optimum 
infection was observed when preceding weeks mean 

Otemperature ranges in between 13.1 to 13.6 C. The basic 
infection rate (R) for stem rot disease were 1.23 & 0.96 
units/day for Wardan and BB-3, respectively. The areas 
under disease progress curve (AUPDC) were 798.45 and 
380.85 for Wardan and BB-3, respectively.

3.10.3 Lucerne

Occurrence of pests, pollinators, predators, parasites, 
scavengers etc on lucerne  

A study on occurrence of  insect fauna was made. The 
study revealed that aphid activity started from first week 
of  February and likely to increase as the season 
progresses. Among weather parameters, aphid activity 
was positively correlated with the increase in temperature 
(0.59**) and found negatively associated with the rainfall 

nd(-0.52**). The leaf  hopper started from 2  week of  
ndSeptember to 2  week of  November with peak occurrence 
rd(5.2/plant) in 3  week of  October. Hairy caterpillars were 

seen in November and December with an average of  2.2 
caterpillars/plant. Thrips were also observed on lucerne 
during flowering period with an average of  22.4/ shoot 
tip. Similarly, mites occurred during dry winter and early 
summer months (2.4 mites/leaf). 

3.10.4 Integrated pest management (IPM) in forage 
production systems 

In order to reduce pest load on forage crops, IPM modules 

were evaluated in year round intensive forage cropping 
sequences in various parts of  India. The model fodder 
production sequences were M P Chari + Cowpea – 
Berseem + mustard (for central part), M.P. Chari – lucerne 
– lucerne (for semi-arid region), Maize + Cowpea - 
Sorghum + Cowpea - Maize + Cowpea (for southern 
region), Sorghum + Cowpea - Oats (for northern sub 
Himalayan parts) and Maize + Oats/ White Clover (for 
Himalayan region). 

Central India (M P Chari + Cowpea – Berseem + 
mustard fodder sequence) 

In Sorghum + Cowpea – Berseem + Mustard fodder 
production sequence the treatments were combinations of  
ploughing, seed treatment and foliar sprays of  pesticides/ 
botanicals. There are two main treatments (deep Summer 
ploughing (P1) and no deep Summer ploughing (P2)) and 
six sub treatments which are seed treatment with T. 
harzianum @5gms/kg seed (T1),  seed treatment  T. 
harzianum @5gms/kg seed + spray of  azadirechtin @2% 
(T2), seed treatment  T. harzianum @5gms/kg seed + 
spray of  propiconazol 0.01% + imidacloprid 0.02% (T3),  
seed treatment  NSK Powder @50gms/kg seed + spray of  
azadirechtin@2% (T4),  seed treatment Tricho XP  @ 5 
gms/kg + spray of  tebuconazol 0.01% +  imidacloprid 
0.02% (T5) and untreated control (T6). The experiment 
was conducted in strip plot design.  

Of  the various treatments deep summer ploughing in 
combination with seed treatment of  tricho XP (5g/kg 
seed) along with foliar spray of  tebuconazole (0.1%) + 
imidacloprid 0.02% was found to be most effective IPM 
module, as this combination significantly reduced insect 
pest and disease pressure on the crop (Fig 3.77). This was 
followed by deep summer ploughing and seed treatment 
with T. harzianum (@5g/kg seed) along with foliar spray 
of  propiconazol + imidacloprid 0.02% (Table 3.60 & 
3.61). These treatments significantly increased the yields 
over control. Study also showed that ploughing had no 
significant effect on yields.

Table 3.60. Effect of IPM modules on the incidences of insect pest and nematodes populations

Treatment Sorghum   Cowpea   Nematodes

 Average Incidence/Infestation (%) Average Incidence/Infestation (%)      Population (per 
 Shoot  Defoliator Leaf  Flea  Semi  Aphid     unit sample of 
 fly  folder beetle looper number 250 g soil)

       Melodogyne sp.

P1T1 4.5 4.9 4.3 6.7 6.0 21.3 1417

P1T2 3.0 4.7 3.6 5.5 5.9 16.7 1381

P1T3 2.7 4.7 3.3 5.3 5.7 15.3 1247

P1T4 3.3 5.0 3.7 5.7 6.3 20.7 1350
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P1T5 2.3 4.5 3.2 4.7 5.3 13.3 017

P1T6 6.3 8.3 5.2 6.7 6.9 32.7 1503

P2T1 4.9 6.3 4.7 6.3 6.7 22.3 1473

P2T2 3.7 4.7 3.9 6.0 6.0 17.3 1444

P2T3 3.7 5.0 3.7 5.7 6.3 15.9 1368

P2T4 3.3 5.2 3.9 5.7 6.9 22.3 1425

P2T5 3.7 6.7 3.5 6.8 7.5 17.7 1148

P2T6 7.3 8.7 5.9 6.7 7.3 40.7 2648

Table 3.61. Effect of IPM modules on the incidences of diseases

Treatment                                     Sorghum   Cowpea

                                             Average Incidence (%)   Average Incidence (%)

 ZLS Anthracnose Sooty Strip Rough Leaf Spot Stem Rot Root Rot Leaf blight

P1T1 30 21 08 10 20 23 09

P1T2 30 20 09 10 21 23 09

P1T3 27 15 07 07 20 19 04

P1T4 34 17 08 10 21 22 08

P1T5 22 14 06 05 15 18 06

P1T6 35 23 10 15 23 25 10

P2T1 34 22 09 09 28 20 10

P2T2 27 22 09 08 27 20 09

P2T3 24 17 06 08 20 17 05

P2T4 35 18 07 09 27 18 08

P2T5 23 16 06 08 15 17 06

P2T6 40 25 12 12 30 20 10

Fig. 3.77. Zonate leaf spots (A), Anthracnose (B), Sooty Stripe (C) of sorghum and Anthracnose (D), Stem rot (E) and Root rot 
(F) of cowpea

A B C

D E F
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IPM in Sorghum (MP chari) - lucerne - lucerne fodder 

sequence under semi-arid region   

Five modules of  integrated pest management viz. seed 

treatment with carbofuran @ 5g/kg (T ); seed treatment 1

with T. harzianum @5g/kg + spray of  azadirechtin @ 2% 

(T ); seed treatment with T. harzianum @ 5g/kg seed + 2

spray of  propiconazole 0.01% + imidacloprid 0.02% (T ); 3

seed treatment with NSK powder @ 50g/kg seed + spray of  

azadirechtin @ 2%(T ); seed treatment with Tricho XP @ 5 4

g/kg seed + spray 0.01% tebuconazol + imidacloprid 

0.02% (T ) were compared with untreated control. The 5

experiment was conducted at village Hatki, Teh. Malpura 

(Tonk). The experiment was laid in RBD with 4 

replications. MP chari variety of  fodder sorghum was 
ndraised during 2  week of  July 2014 in a plot size of  5x5.5 

m for applying each treatment.  Observations on disease 

and pest incidence (Fig 3.78) were recorded by following 

0-10 point scale; plant height and green fodder yield were 

recorded at 50 DAS.

The analysis of  variance revealed that seed treatments 
followed by foliar sprays increased green fodder yield 
significantly in all the treatments except T  over control. 1

Highest fodder was recorded in T  (seed treatment with T. 3

harzianum @ 5g/kg seed + spray of  propiconazole 0.01% 
+ imidacloprid 0.02%. Incidence of  anthracnose, leaf  
blight and insect pest incidence was reduced significantly 
in all the treatments as compared to control.  

Southern region (Maize + Cowpea – Sorghum + 
Cowpea - Maize + Cowpea fodder sequence) 

During kharif 2014, Maize (African tall) + Cowpea (BL-2) 
crop was taken and treatments were imposed as per the 
technical programme. However, with or without summer 
ploughing treatments were not imposed as there was no 
time gap available before the sowing of  kharif 2014. Data 
on disease intensity and insect pests of  cowpea were 
recorded (Fig. 3.79). Wilt (50%) and aphid incidence 
(30%) were recorded (Table 3.62 & 3.63). Observation on 
green fodder yield and dry fodder yield of  cowpea and 
maize was taken (Table 3.64). 

Table 3.62.  Effect of IPM modules on the incidences of insect pests 

Treatments*                             Sorghum   Cowpea

 Average Incidence / Infestation (%) Average Incidence / Infestation (%)

 Shoot fly  Cowpea  Cowpea  Cowpea Legume   Cowpea seed 
 Atherigona  aphids  aphids  aphids  pod borer  moth Cydia 
 soccata Aphis  Aphis  Aphis  Maruca  ptychora 
  craccivora craccivora craccivora vitrata  (Number/unit)

T1 5.20 6.40 32.60 48.00 8.80 5.2

T2 15.20 14.20 20.60 32.00 8.20 3.8

T3 17.20 15.40 18.20 22.00 5.80 4.6

Fig. 3.78. IPM trial at Hathki village (A) and anthracnose disease of sorghum (B)

A B
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T4 18.00 13.80 16.40 24.60 6.20 2.2

T5 12.40 10.20 08.40 12.40 3.20 0.8

T6 23.40 22.40 120.40 180.60 10.80 6.4

Table 3.63. Effect of IPM modules on the incidences of diseases

Treatments* Sorghum    Cowpea

 Average Incidence / Infestation (%) Average Incidence / Infestation (%)

 Rust Leaf blight Rust Leaf blight

T1 38.40 28.40 35.40 24.40

T2 22.40 26.20 20.20 12.20

T3 14.20 14.20 15.60 16.80

T4 36.20 28.00 40.40 8.20

T5 8.20 12.00 25.40 6.40

T6 42.20 38.80 50.20 32.20

Table 3.64.  Effect of IPM modules on fresh and dry weight 

Treatments* Sorghum Cowpea

 Fresh weight(t/ha) Dry weight(t/ha) Fresh weight(t/ha) Dry weight(t/ha)

T1 28.44 7.02 19.04 4.82

T2 29.24 7.24 19.62 4.94

T3 32.48 8.00 22.08 5.40

T4 30.21 7.42 20.06 5.12

T5 33.42 8.14 22.24 5.82

T6 26.04 6.84 18.02 3.84

* (T1) Seed Treatment carbofuran @5g/kg seed 

   (T2)  Seed Treatment  T. harzianum @5g/kg seed + Spray of  Azadirechtin@2% 

   (T3)  Seed Treatment  T. harzianum @5g/kg seed + Spray of  propiconazole  0.01% + Verticillium lacanii  5 g/l 

  (T4)  Seed Treatment NSK Powder @50g/kg seed + Spray of  Azadirechtin@2%  

  (T5)  Seed Treatment Tricho XP @ 5g/kg + Spray 0.01% tebuconazol + imidaclopride 0.1% 

  (T6)  Untreated Control 

Fig. 3.79. Cowpea mosaic (A) and wilt (B) infected plants of cowpea
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3.11  All India Coordinated Research Project on 
Forage Crops  & Utilization

Rabi 2013-14

3.11.1  Forage crop improvement

Seventeen breeding trials of  three annuals and two 
perennial forage species were conducted in five zones. In 
IVT berseem, results revealed that for GFY, entries HFB-
36 in Hill zone, JB-4-21 and HFB-6-1 in North East zone 
registered superiority over best check. In IVT Oat (SC), for 
GFY, entries OL-1689, RO-11-1, OS-406, NDO-952 in 
North West zone; RO-11-1, OL-1689, OL-1804, RSO-8 
and OS-406 in North East zone; OS-406, RO-11-1, RSO-
8, and OL-1804 in Central zone; entries OS-406 and 
NDO-952 in South zone exhibited superiority over best 
national/zonal check. In AVT-1 Oat (SC), at national 
level, all the test entries recorded superiority over best 
national check. In AVT-II, at national level, all the test 
entries recorded superiority over best national check. In 
AVT-II seed, entry OS-403 in HZ; entry UPO-06-1 in 
NEZ; entry NDO-711 in CZ were superior over national 
checks. In IVT Oat (MC), entry JO-4-317 in NWZ, 
national level; JO-4-317 and RSO-60 in CZ exhibited 
superiority over best zonal/national check for GFY. In 
AVT Oat (MC), six entries were evaluated in four zones. 
For GFY, entry JHO-2012-13 in HZ; entries JHO-2012-13 
and PLP-14 in NEZ performed better than check. In IVT 
Oat (Dual), for GFY, entry OS-419 in NEZ registered 
superiority over best check. In IVT Lathyrus for GFY and 
DMY, CPY and CP (%), PH, Nirmal (NC) was superior at 
national level. In AVT, entry RLS-3006-2 for GFY and 
DMY was superior over national checks. In VT Lucerne-
2011 (Perennial), trials were established during Rabi-2011. 
For GFY and DMY check RL-88 ranked first at national 
level. 

3.11.2 Forage crop production 

Resource conservation through forages :

Locations : Hill zone - Palampur, North-West zone - 
Pantnagar and Ludhiana, Central zone - Rahuri, 
Jabalpur, Anand and Urulikanchan, North-East zone - 
Jorhat, Faizabad, Ranchi, Bhubaneswar and Kalyani, 
South zone - Hyderabad, Coimbatore, Mandya and 
Vellayani

At Palampur, vegetative barrier of  BxN Hybrid 
produced 28.92 t/ha green fodder, which was 7.62% and 
26.01% more than Setaria grass and no vegetative 
barrier, respectively. Among vegetative cover, Setaria + 
Stylosanthes (34.78 t/ha) was significantly superior over 
other treatments and it was followed by Setaria grass 
alone (30.93 t/ha). Setaria + Stylosanthes produced 
12.44%, 44.17% and 129.64% more GFY than Setaria 
grass, Stylosanthes and local grasses. On location mean 
basis in central zone, planting of  Dichanthium + 

Desmanthus grass and legume combination recorded 
significantly highest GFY (69.83 t/ha/yr), DMY (28.48 
t/ha/yr) and NMR (Rs 58005/ha/yr). At Faizabad, 
planting of  guinea grass without mulch being at par with 
guinea grass + soil mulch recorded significantly highest 
GFY (36.05 t/ha) and DMY (8.12 t/ha) of  perennial 
grasses. Guinea grass + berseem intercropping  recorded 
highest GFY (52.53 t/ha) and DMY (10.88 t/ha). At 
Bhubaneswar, guinea grass recorded significantly 
highest GFY (75.73 t/ha), DMY (15.15 t/ha), CPY 
(1.15 t/ha) and net monetary return (Rs 46062/ha/yr) 
over Setaria and Brachiaria grasses. At Kalyani, perennial 
grass Setaria recorded significantly highest GFY (88.12 
t/ha/yr), DMY (16.96 t/ha/yr), CPY (1.45 t/ha) and 
net monetary return (Rs 77756/ha/yr) over guinea and 
Brachiaria grasses. The practicing of  live mulch 
(intercropping with rice bean) recorded significantly 
highest GFY (90.41 t/ha/yr), DMY (16.79 t/ha), CPY 
(1.45 t/ha/yr) and net monetary return (98411/ha/yr) 
of  grasses over control and soil mulch. At Jorhat, 
planting of  BN hybrid or Setaria grasses being at par 
with each other recorded significantly higher level of  
available N and K in soil over Brachiaria grass. At 
Ranchi, adopting live mulch (intercropping with rice 
bean) resulted in significantly highest organic carbon 
content (0.412 %) and available N (283.1 kg/ha) in soil 
over control and soil mulch after completion of  the 
experiment. On location mean basis (Mandya and 
Coimbatore),  planting of  subabul + pearl millet + 
horse gram silvipasture system recorded highest GFY 
(41.61 t/ha), NMR (Rs 15356/ha/yr) and B:C ratio 
(2.23). At Hyderabad, growing of  Subabul + BN 
hybrid + Desmanthus virgatus (T ) intensive silvipasture 5

system being at par with Subabul + BN hybrid + 
Stylosanthes (T ) system recorded significantly highest 4

GFY (33.95 t/ha), DMY (7.27 t/ha), highest NMR 
(Rs 44074/ha/yr) and B:C ratio (3.75). At Vellayani, 
planting cassava + BN hybrid + fodder cowpea system 
recorded highest GFY (44.44 t/ha), whereas, cassava 
+ AMY alley cropping system produced highest tuber 
yield (238.5 q/ha) and fetched maximum NMR (Rs 
143098/ha/yr). Growing of  cassava + BN hybrid + 
fodder cowpea retained highest organic carbon in soil 
(0.85 %) and lowest being with cassava + BN hybrid 
(0.67 %).

Effect of tillage and nutrient management on the 
productivity of rice-oat cropping system: 

Locations : Rampur and Jabalpur

Oat grown under conventional tillage being at par with 
minimal tillage (47.84 t/ha) recorded significantly higher 
GFY (43.77 t/ha) over zero tillage. The oats 
supplemented with 100% RDF + biofertilizer being at par 
with 100% RDF, recorded significantly highest GFY 
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(47.73 t/ha) of  oat over rest of  the treatments.

Effect of irrigation levels on green forage yield and 
quality of forage crops during lean period: 

Locations : Mandya, Hyderabad and Dharwad

On mean basis, irrigation at IW /CPE-1.0 recorded 
highest GFY (31.86 t/ha), DMY (9.08 t/ha), CPY (0.72 
t/ha) and NMR (Rs 21320/ha) over IW/CPE-0.6 and 0.8 
irrigation levels. The planting of  fodder maize recorded 
significantly highest GFY, DMY and CPY at all the 
locations (except Hyderabad) as well as on mean basis 
compared with rest of  the fodder crops including baby 
corn.

Effect of stubble management and INM on yield, quality 
and growth attributes of oat in rice – oat cropping 
system: 

Locations : Jorhat and Bhubneswar 

Highest grain yield of  rice was recorded with the 
application of  25% N through FYM + 50 % NPK of  RDF 
+ Biofertilizer (Azotobacter + PSB) + Green manure (M ) 3

being 43.9 and 47.2 q/ha, respectively at Jorhat and 
Bhubaneswar. On mean basis, highest GFY (25.9 t/ha), 
and DMY (5.95 t/ha) of  oat was recorded under 
conventional tillage. Residual effect of   25% N through 
FYM + 50 % NPK of   RDF + Biofertilizer (Azotobacter  + 
PSB) + Green Manure applied in rice  recorded highest 
GFY (27.52 t/ha) and DMY (6.02 t/ha) of  oats.

Performance of dual purpose forage crops under 
different cutting management system: 

Locations : Palampur, Srinagar, Almora, Ludhiana, 
Hisar, Bikaner, Jorhat, Bhubneswar, Jabalpur, Raipur, 
Rahuri, Anand and Urulikanchan

Over the zones oat crop produced significantly higher 
GFY (14.01 t/ha). Highest grain yield was recorded in 
wheat (3.23 t/ha). Harvesting for fodder at 90 DAS 
produced highest GFY (13.44 t/ha). Uncut system 
recorded highest grain yield (3.40 t/ha) of  forage crops. In 
NW zone on mean basis, oat produced highest GFY 
(17.61 t/ha) and DMY (2.63 t/ha), over barley and wheat 
crops, respectively. Cutting of  forage crops at 70 DAS 
recorded highest GFY (17.04 t/ha) and DMY (3.37 t/ha), 
whereas, no cutting of  forage crops produced higher grain 
(3.54 t/ha) and grain equivalent yield (6.15 t/ha). In NE 
zone on mean basis, oat crop produced higher GFY (21.07 
t/ha) and DMY (4.50 t/ha) than barley (11.0 t/ha GFY 
and 2.61 t/ha DMY) and wheat crop (9.74 t/ha GFY and 
2.29 t/ha). Harvesting of  dual purpose crop(s) at 70 DAS 
produced 19.58 t/ha green fodder with increase of  47.4 
and 17.2% over cutting at 50 and 60 DAS, respectively on 
mean basis. In Central zone on mean basis, oat crop 
recorded highest GFY (36.03 t/ha), DMY (6.56 t/ha) and 
CPY (0.70 t/ha).  

Effect of weed management on forage and seed yield of 
berseem: 

Locations : Ludhiana, Pantnagar, Ranchi, Rahuri, 
Jabalpur, Urulikanchan and Raipur 

On over all mean basis over the zones, imazethapyr @ 
st nd0.100 kg a.i./ha (immediate after 1  and 2  cut) recorded 

highest GFY (43.14 t/ha), DMY (6.12 t/ha) and net 
monetary return (Rs 77572/ha).

Effect of integrated nutrient management on yield and 
quality of oat: 

Locations : Kalyani and Imphal 

Application of  N@100 kg/ha+FYM@10 t/ha recorded 
highest GFY (44.78 t/ha) followed by N@120 
kg/ha+FYM@10 t/ha (44.22 t/ha) and N@60 
kg/ha+FYM@7.5 t/ha (40.88 t/ha), while highest DMY 
of  10.38 t/ha was recorded in the treatment N@120 
kg/ha+FYM@10 t/ha.

Study on different models for year round green fodder 
production under irrigated condition: 

Locations : Urulikanchan, Anand, Rahuri and Bikaner

On location mean basis, planting of  BN hybrid + cowpea/ 
berseem/ cowpea recorded highest GFY (137.56 
t/ha/yr), DMY (25.55 t/ha/yr) and CPY (14.73 
t/ha/yr).

Effect of soil amendments on productivity of rice-
berseem and changes in soil properties of sodic soil:

Location : Faizabad

Application of  RDF + gypsum @ 75% GR + FYM 10 
t/ha in rice-berseem cropping system registered highest 
uptake of  N, P and K (222.4, 31.2 and 81.65 kg N, P and 
K/ha, respectively). The application of  different soil 
amendments brought down the values of  pH, EC and ESP 
over its initial values, whereas, organic carbon content of  
soil increased.

Production potential of forage crops in rice fallows 
under varied nitrogen levels:  

Location : Mandya

Adoption of  inter-cropping of  cowpea with maize 
produced highest GFY (33.67 t/ha), DMY (7.99 t/ha) as 
well as CPY (0.42 t/ha) over sorghum + cowpea & pearl 
millet + cowpea cropping systems. Net monetary returns 
(Rs.10232 /ha) also followed the same trend.

Effect of sowing time and Zn & thiourea spray on seed 
yield of dual purpose oat: 

Location : Bikaner
st Maximum GFY and DMY were noted in 1 November 

sown crop which were higher by 23.70 and 37.97 % over 
th th15  November and by 55.67 and 51.73 % over 30  
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November sown crop, respectively. Application of  12.50 
kg ZnSO  /ha as basal followed by two foliar spray of  0.05 4

% thiourea  or 0.5 % ZnSO   being at par, recorded 4

significantly higher GFY, DMY and straw yield over 
control. 

Performance of bajra napier hybrid grass as influenced 
by micro-nutrients under irrigated conditions:

Location : Coimbatore

Application of  NPK+FeSO  @ 50 kg/ha + ZnSO  @ 25 4 4

kg/ha to the bajra napier hybrid recorded significantly 
highest GFY (411.8 t/ha), DMY (80.85 t/ha), CPY (7.72 
t/ha) and crude protein content (9.5%).

Effect of phosphorus levels on forage yield of promising 
entries of lathyrus: 

Locations : Jorhat, Kalyani, Bhubneswar, Ranchi, 
Jhansi, Jabalpur and Raipur

On zonal mean basis (mean of  two zones), JLJ-09-1 
recorded highest GFY (13.01 t/ha). Highest DMY (2.45 
t/ha) was recorded by JHLS-2011-2. The forage yield 
increased consistently with increasing level up to 60 kg 
P O /ha.2 5 

Effect of nitrogen levels on green fodder yield of 
promising entries of oat: 

Locations : Palampur, Srinagar, Hisar, Pantnagar, Jorhat, 
Ranchi, Kalyani, Jhansi, Jabalpur, Coimbatore and 
Mandya

On all India mean basis, JHO-822 produced better GFY 
(47.99 t/ha) and DMY (10.17 t/ha) than best national 
check OS-6 (38.28 t/ha GFY and 8.27 t/ha DMY). The 
forage yield increased consistently with increasing level of  
nitrogen upto 120 kg /ha.

Yield potential of cereals with forage legumes under 
pure stand and mixtures: 

Location : Srinagar

In pure stand, maximum GFY (37.85 t/ha) was attained 
by oat crop followed by barley (28.5 t/ha) and field pea 
(22.55 t/ha) and the lowest being with vetch (18.67 t/ha). 
In mixtures, maximum GFY (32.56 t/ha) was obtained by 
oat + field pea mixture followed by oat + vetch mixture 
and barley + field pea. DMY trend was similar to GFY.

3.11.3 Forage crop protection 

Diseases and pest occurrence

Berseem: Stem rot and root rot incidences were severe at 
Ludhiana and Jhansi centers. The development and 
spread of  stem rot disease at both the centers was found to 
be favored by low temperature and high humidity 
conditions. The root rot disease intensity was mild at 
Palampur. 

Lucerne: Interaction of  pea aphid and Aphid craccivora 

was at peak in January at Rahuri center. At Jhansi, 
Downey mildew and rust occurred in moderate to severe 
form. At Palampur, leaf  spot disease and defoliator insect 
pest were in mild form during second week of  May. Alfafa 
weevil infestations were severe during first and second 
week of  February. At Dharwad, aphid infestation and rust 
were recorded. At Ludhiana, Downey mildew occurred in 
severe because of  high humidity and low temperature.

Oat: leaf  blight incidences were recorded at 
Bhubaneswar, Jhansi, Ludhiana and Palampur center. 
Powdery mildew disease occurred at Palampur with 
maximum intensity. At Rahuri, maximum aphid 
infestation was recorded. Aphid predators were also 
recorded during the aphid infestation.

Evaluation of breeding material

In perennial Lucerne, aphid infestation was least in IVTL-
11-9 and IVTL-8 at Rahuri. All entries were resistant to 
rust and pea aphids at Hyderabad. However, in another 
perennial Lucerne trial all the entries were susceptible to 
highly susceptible to Downey mildew at Ludhiana. In 
Oats single cut, IVT entries OL-1750, JO-04-18 and OL-
1804 were resistant to leaf  blight at Jhansi and 
Bhubaneswar. However, at Ludhiana all the entries 
showed susceptible to moderately susceptible reactions.  
AVTO (SC) entry SKO-190 showed resistance against leaf  
blight across the center. Only one entry RSO-60 showed 
resistant reactions against powdery mildew at Palampur. 
In Oat (dual) IVT entries JHO-13-3, OL1733 and JO-9-
506 showed resistant reaction against powdery mildew. 
Entries JHO-13-3 and JHO-822 were least infested with 
aphid. In Oat (MC), all IVT entries were resistant to 
moderately resistant to leaf  blight disease except OS-1689. 
Entries JHO-13-14 and RSO-60 showed least infestation 
of  aphids also. Entry UPO-212 was found resistant to 
powdery mildew. In AVT (MC), two entries UPO-212 and 
OL-1766 were least infested with aphid. At Jhansi, PLP-
14, OL-1769 and JO-04-315 were resistant while at 
Palampur, only JHO-2012-3 showed resistant reaction to 
leaf  blight and powdery mildew respectively. In IVT 
Lathryus, entry JHLS-2013-1 showed lowest root rot 
incidence. In AVT-2, JLJ-09-2 was highly susceptible and 
showed highest damage by root rot while minimum root 
rot was recorded in JHLS-2012-2. In Berseem (SC), all the 
entries were moderately to highly susceptible to root and 
stem rot diseases. AVT entries were susceptible to highly 
susceptible to root and stem rot diseases at Jhansi. At 
Ludhiana centre, stem rot was observed but reaction was 
found to be resistant.

Integrated disease management

Integrated disease management trial in white clover was 
conducted at Palampur. Seed treatment with carbendazim 
(2gm/kg) + Trichoderna viride (5gm/kg) and foliar spray of  
carbendazim (0.5%) followed by contaf  (0.4%) was found 
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as most effective in managing the powdery mildew. 
Evaluation of  entomo-pathogenic fungi on insect pests of  
Lucerne revealed that Verticillium lecanii and Beauveria 

6bassiana @ 4x10  cfu/ml were found most effective in 
reducing the aphid infestation significantly across the 
location.

Kharif  2014

3.11.4 Forage crop improvement

Sixteen breeding trials of  five annual and three perennial 
forage species were tested in five zones. In IVT Maize, 
seven entries and two national checks were conducted in 
five zones. Results revealed that for GFY, none of  the 
entries was found superior than the checks at national 
level. In AVT-1, five entries were tested and results 
revealed that for GFY and DMY, none of  the entry was 
found superior than check. In AVT-1 hybrid maize,  four 
entries along with two national checks were tested and 
results clearly revealed that for GFY, none of  the entry was 
found superior than the national check at national level. In 
AVT-2 hybrid maize for seed, all the test entries 
established their superiority over national check. In IVT 
Pearl millet, for GFY, entry APFB-09-10 in NEZ, PAC-
982 in CZ proved their superiority. At national level and in 
other zones, none of  entry performed better than the 
checks. AVTPM-1, for GFY, entries DFMH-30 in NWZ 
and SZ, NDFB-939 in NEZ registered superiority. While 
at all India level, none of  the entries performed better than 
the checks. AVTPM-2, results clearly revealed that 
national check RBC-2 excelled in performance for GFY 
and DMY. In AVTPM-2 for seed, entries APFB-09-1 and 
NDFB-936 were found superior over national checks. In 
NEZ, seed yield of  APFB-09-1 was 6.0 q/ha followed by 
NDFB-936 (5.66 q/ha) and AVKB-19 (4.88 q/ha). In IVT 
cowpea, results revealed that for GFY, MFC-09-13 in HZ 
and NWZ exhibited superiority. At national level, MFC-
09-13 maintained its superiority. In AVT-1, for GFY, 
TNFC-0926 in NEZ and entries TNFC-0926 and MFC-
09-9 in SZ and at national level exhibited their superiority. 
In IVT rice bean, for GFY and DMY, none of  the entries 
excelled in performance with respect to national check 
Bidhan-2. Similarly, for quality and growth parameters, 
Bidhan-2 showed best performance for crude protein yield 
(q/ha), crude protein (%), plant height and leaf  stem ratio. 
In Bajra x napier hybrid, Dichanthium annulatum, Cenchrus 
ciliaris and Clitoria ternatea trials established during Kharif-
2013 and are continuing. 

3.11.5 Forage crop production

Effect of growing environment and nitrogen levels on 
production and quality of BN hybrid: 

Locations : Palampur, Ludhiana, Anand, Rahuri and 
Hyderabad

On mean basis, growing of  bajra napier hybrid under 
unshaded environment recorded higher GFY (80.14 

t/ha), DMY (15.65 t/ha) and CPY (1.31 t/ha) over 
shaded environment (65.29, 12.46 and 1.12 t/ha, 
respectively). DMY, CPY and crude protein content of  
BN hybrid increased consistently with increasing levels 
of  nitrogen up to 125 % of  recommended. Growing of  
BN hybrid under unshaded environment fetched higher 
net return and B:C ratio at Palampur and Ludhiana. Net 
monetary return and B: C ratio increased consistently 
with increasing levels of  nitrogen up to 125 % of  
recommended N on mean basis. BN hybrid under 
unshaded condition recorded lower values of  nitrate 
content (1127 ppm) compared to shaded condition 
(1466 ppm). 

Performance of dual purpose pearl millet as influenced 
by different cutting management practices and nitrogen 
levels: 

Locations : Anand, Urulikanchan, Bikaner, Mandya, 
Hyderabad and Dharwad

On location mean basis, planting of  BAIF Bajra-1 
recorded highest GFY (26.34 t/ha), grain yield (0.87 t/ha) 
and stover yield (12.14 t/ha) with lowest value in AVKB-
19. On mean basis, cutting of  pearl millet at 50 days after 

ndsowing and 2  cut at 40 days after first cut and left for grain 
recorded higher GFY (37.94 t/ha), DMY (7.04 t/ha) and 
CPY (0.675 t/ha) as compared to no cutting and cutting at 
50 DAS & left for grain. On mean basis, application of  150 
% RDN recorded higher GFY (26.89 t/ha), DMY (5.08 
t/ha) and CPY (0.504 t/ha mean except Urulikanchan) 
over 100 % RDN. On mean basis, BAIF Bajra-1 recorded 
highest grain yield (0.87 t/ha) and stover yield. Pearl 
millet varieties recorded highest grain yield (1.22 t/ha) 
under no cut. On mean as well as location basis (except 
Urulikanchan), application of  150 % RDN recorded 
highest grain (0.82 t/ha) and stover yields (10.46 t/ha).

Effect of nutrient management on productivity of 
perennial grasses under low land condition: 

Locations : Bhubneswar, Jorhat, Jabalpur and Kalyani

At Jorhat, planting of  Hymanchne emplexicalis with 50% 
NPK (inorganic fertilizer) + 5 t FYM/ha produced 
significantly highest GFY (98.97 t/ha) and DMY (21.01 
t/ha). At Bhubaneswar, planting of  para grass 
supplemented with 50% NPK (inorganic fertilizer) + 5 t 
FYM/ha recorded highest GFY and DMY. At Kalyani, 
planting of  para grass supplemented with 100% NPK 
through inorganic fertilizers produced highest GFY (50.5 
t/ha) of  lowland grasses. At Jabalpur, growing of  para 
grass supplemented with 100 % NPK through inorganic 
fertilizers recorded highest GFY (45.98 t/ha) and DMY 
(6.02 t/ha).

Effect of levels of nitrogen on productivity of perennial 
grasses with and without tree shade: 

Locations : Jorhat
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The planting of  perennial grasses yielded 32% higher 
green forage and 25% higher dry matter under open 
condition than under shaded condition. Congosignal 
resulted in significantly higher green forage yield than 
Setaria. With increasing levels of  nitrogen, GFY 
increased significantly under both the conditions. 

Effect of time of sowing and seed rate on performance 
of fodder maize (Zea mays) under rainfed condition:

Location : Imphal
thMaize sown on 26  May with a seed rate of  60 kg/ha 

produced significantly highest GFY (53.63 t/ha) and net 
return (Rs. 64280/ha).      

Performance of fodder rice bean as influenced by dates 
of sowing and spacing: 

Location : Imphal
thThe sowing of  rice bean on 26  May with a row to row 

spacing of  35 cm produced maximum GFY (321.9q 
GFY/ha) and NMR (Rs. 32902/ha).

Enhancing the production potential of various forage 
crops in coconut gardens through nutrient management:

Location : Mandya

 Planting of  BN hybrid grass supplemented with 150 % 
nutrient level produced significantly highest GFY (72.18 
t/ha) and DMY (14.93 t/ha). The maximum light 
interception in the bottom and middle of  the canopy was 
observed in BN hybrid with application of  150% RDNF 
(46.95%, and 37.90%, respectively).

Residual effect of P applied to wheat on the succeeding 
summer fodders in sorghum-wheat-summer fodders 
cropping system: 

Location : Ludhiana

Among the summer fodders, bajra gave maximum fodder 
yield (45.81 t/ha) followed by cowpea (37.80 t/ha) and 
maize (33.28 t/ha). Maize and bajra fodder yield 
increased significantly up to 25% of  the recommended 
phosphorus dose. The maximum green fodder yield 
(19.04 t/ha) of  sorghum was obtained in sorghum-wheat-
cowpea which was significantly higher as compared to 
sorghum-wheat-maize (17.22 t/ha) and sorghum-wheat-
bajra (15.14 t/ha). 

Weed management in multicut sorghum: 

Location : Ludhiana

Among herbicide treatments, the highest WCE was 
noticed in propaquizalofop 0.0625 and 0.075 kg a.i./ha 
(93.9 and 93.8 % WCE, respectively) closely followed by 
atrazine + pendimethalin combinations (92.9 % WCE). 
The highest GFY (94.5 t/ha) and DMY (19.44 t/ha) was 
obtained with hand weeding which was at par with 
atrazine + pendimethalin combinations. 

Effect of herbicides on the weed control in bajra napier 
hybrid: 

Location : Ludhiana

The highest green fodder yield (210.23 t/ha) was obtained 
with application of  atrazine 0.75 + pendimethalin 0.75 kg 
a.i./ha combination in BN hybrid. Whereas, highest dry 
matter yield (36.18 t/ha) was recorded in the plots 
receiving atrazine 0.50 + pendimethalin 0.75 kg a.i./ha. 
The highest net monetary return (Rs. 77943/ha) and B: C 
ratio (1.62) was fetched with atrazine 0.750 kg + 
pendimethalin 0.750 kg a.i./ha treatment.

Effect of nitrogen levels on promising entries of pearl 
millet (AVTPM-2): 

Locations : Bhubneswar, Kalyani and Ranchi

On mean basis, Giant bajra produced highest 19.71 t, 4.06 
t and 0.298 t/ha GFY, dry matter and CPY, respectively. 
The growth parameters, herbage yield and crude protein 
yield increased consistently with increasing level of  
nitrogen up to 90 kg N/ha. 

Effect of nitrogen levels on promising entries of maize 
(AVTHM-2): 

Locations : Palampur, Hisar, Ludhiana, Bhubneswar and 
Ranchi

On over all mean basis, PHM-1 resulted in highest 
production of  32.30 and 6.72 t/ha green forage and dry 
matter yields, respectively. With the application of  120 kg 
N/ha the green forage yield increased by 78.3, 30.7 and 
10.3 per cent over 0, 40 and 80 kg N/ha.

3.11.7 Forage crop protection

Diseases and pest occurrence

At Ludhiana, zonate and grey leaf  spot appeared on 
sorghum var. SL-44. These diseases progressed rapidly 
during October. At Palampur, leaf  blight incidences was 
initiated in July and progressed up to August. At 
Bhubaneswar, leaf  spot and leaf  blight incidences occurred. 
Among the insect pest, shoot fly, leaf  defoliators and aphid 
were recorded at Bhubaneswar and Jhansi. In Cowpea, root 
rot was recorded at Jhansi centre. At Bhubaneswar, mosaic 
appeared in third August. At Palampur, wilt and root rot 
were severe. Leaf spot and leaf  blight appeared in July and 
increased continuously. Anthracnose was observed in July 
and increased up to August and mosaic diseases appeared 
late in the season. In Maize, leaf  blight incidence started 
from August and progressed up to September at 
Bhubneahwar. At Ludhiana, severity of  maydis leaf  blight 
was noticed in July on var J-1006 and progressed rapidly up 
to mid September.  At Palampur, leaf  blight appeared in 
July and severity continued to increase up to August. 
Banded leaf  and sheath blight were also observed in mild 
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form. At Jhansi, incidences of  maydis leaf  blight were 
recorded during the crop season. In Pearl Millet, leaf  spot 
was severe at Jhansi and Ludhiana. Infestation of insect pest 
was predominating at Bhubaneswar and Hyderabad.

Evaluation of breeding materials: 

All the cowpea entries were found tolerant to pest and 
diseases at different locations except Palampur for foliar 
diseases. In Pearl Millet, all the IVT and AVT-1 entries were 
found resistant to pest and diseases across the centers. In 
IVT maize, all the entries were found susceptible to 
moderately resistant for maydis leaf  spot at Ludhiana. At 
Rahuri all the entries showed resistance reaction to maize 
stem borer. In AVT trials, all the entries were found 
moderately resistant for sheath blight at Palampur 
Bhubaneswar and Jhansi except AFM-3 at Palampur. In 
hybrid trials, all the entries were found resistant to 
moderately resistant at Palampur and moderately resistant 
to Bhubaneswar for maize leaf  blight. At Jhansi, all the 
entries were found resistant reaction for leaf  blight.  

Diseases and pest management 

For foliar diseases of  sorghum,  lowest disease incidence as 
well as highest forage yield were recorded in seed treatment  

with carbendazim (2 g/kg) seed + two foliar sprays of 
propiconazole  (0.1%) and seed treatment with T. viride 
(5g/kg) seed + Two foliar sprays of propiconazole (0.1 %) at 
Bhubaneswar, Ludhiana, Palampur and Jhansi. In 
integrated management of  root rot and foliar diseases of  
forage cowpea, early sowing recorded minimum root rot 
incidence and highest yield followed by normal and late 
sown at all Jhansi, Ludhiana and Palampur centres.  
However, all the treatment in three sowing dates was found 
effective against the root rot and foliar disease. Among 
different treatments, Seed treatment with Trichoderma viride 
+ Paecilomyces lilacinus @ 5 g/kg seed each followed by foliar 
sprays of propiconazole @ 1ml/l at 15 days interval, was 
found best treatments as it reduced the disease to maximum 
extent and in turn provided maximum GFY at all the 
centres. In trial on Biological management of defoliators on 
cowpea, all the bio-pesticides were quite effective for the 
management of defoliators as compared to control plot at 
Jhansi and Ludhiana. However at Rahuri, infestation of 
defoliators was not observed throughout the crop period 
hence the spray treatments were not been given to the crop.

3.11.8   Forage technology demonstration 

During Rabi 2013-14, a total of  593 FTDs and during 
Kharif  2014, a total of  757 FTDs were conducted on 
farmer's field of  19 states across the country.

3.12    Externally funded projects

3.12.1  ICARDA-IGFRI collaborative project on 
'Enhancing fodder and nutritional security of 
livestock in semi arid regions of India through 

Fig. 3.80.  Cactus accessions received from ICARDA were 
planted for multiplication at IGFRI

Fig. 3.81. TSH grass harvesting in interspaces of cactus field
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Opuntia, Lathyrus and Vicia sps'

Cactus is an excellent example of a drought resilient feed, 
and introducing and promoting cactus as alternate livestock 
feed may be the possible solution to dry land ecosystems. 
Cactus requires little moisture to produce large quantities of  
forage. It has a higher carrying capacity than any other 
drought tolerant fodder in arid and semi-arid areas. It 
remains green and succulent during drought thus supplying 
the much needed energy, water and vitamins to livestock in 
drought periods. It withstands severe defoliation and has 
good regeneration ability.  Some of these unique features 
make it a perfect plant to incorporate into productive forage 
based systems. ICARDA-IGFRI collaborative project is 
initiated to utilize the Opuntia, Lathyrus, Vicia species as an 
alternate sources of  feed and fodder in different land use 
management systems and enabling the stake holders to 
increase the agricultural production and profitability in dry 
areas. As a part of  this programme IGFRI received Opuntia 
accessions from ICARDA in different phases viz., April, 
2013, September, 2014 and November, 2014. Among the 
different accessions received from ICARDA during 2013, 
Yellow San cono performed better with 100% survival and 
produced 208 no. of  cladodes. Zastron, Algerian, Trunzara 
Red Bronte and Yellow Santa Margherita Belice also 
perfomed well with survival of  40-80% and 180 average no. 
of  cladodes. Cactus accessions received from ICARDA-
Karnal were distributed among Adarsh Charagram, GSM 
Division and CP Division for planting (Fig.3.80-3.81). 



3.12.2  DAC-ICARDA Project : Enhancing grasspea 
production in Eastern and North-Eastern states 
for animal feed, safe human food and sustainable 
rice-based production system in India

Demonstration of low ODAP varieties:

In view to replace the indigenous high toxin grasspea 

cultivars with new low ODAP and high biomass yielding 
varieties, demonstrations were conducted on farmer's field in 
4 districts of Uttar Pradesh and Madhya Pradesh. The farmers 
were provided seeds of improved low ODAP varieties 
Nirmal and Rattan. The details of demonstration conducted 
during 2014-15 is given in table 3.65.

Table 3.65. Details of demonstrations conducted during 2014-15

State District No. of farmers Area (ha)

Uttar Pradesh Jhansi 25 6.00

 Lalitpur 24 6.24

Madhya Pradesh Datia 39 11.52

 Tikamgarh 30 6.72

Total  118 30.48

Chemical composition of low ODAP varities 

Plant samples collected at 50% flowering from low 
ODAP varieties Nirmal and Rattan were analyzed for 
their chemical composition. The dry matter (%) ranged 
from 14.73to 18.83 and crude protein (%) ranged from 
14.8 to 16.48 and all other parameters also indicated 

suitability of  these varieties as highly nutritious fodder. 
The samples were also analyzed for presence of  ODAP 
in dried samples at CFTRI, Mysore and results indicated 
that ODAP limits are below detectable. Thus results 
indicated suitability of  these varieties to be used as 
nutritious fodder.

Table 3.66. Chemical composition of low ODAP varieties of lathyrus

Parameter DM%  N.D.F.%  A.D.F.%  Cellulose %  Lignin%  Ash%  OM%  CP% 

Minimum 14.73 33.29  26.11  21.20 5.16 7.94 89.58 14.80

Maximum  18.86 46.15  36.61  29.19 8.09 10.42 92.07 16.48

Mean  17.03 41.04 31.73 24.88 6.59 9.14 90.90 15.65

SD  1.91 3.75  3.10  2.58  0.95 0.73 0.78 0.54

Ratan  17.50 39.91  30.04  23.31  6.49 8.94 90.75 15.97

Nirmal  16.57 42.17  33.42  26.45  6.71 9.34 91.79 15.32

Nutrient utilization and growth performance of Jalauni 
lambs fed lathyrus grain supplemented diet

Eighteen jalauni lambs were divided in to three groups of  
6 animals in each group. The effect of  supplementation of  
lathyrus seed in the diet of  lambs was studied for a period 
of  90 days. In control group (T ) the animals were fed ad lib 1

green chaff  of  M P Chari  with concentrate mixture as per 
requirement whereas in the T  and T  the crude protein of  2 3

Groundnut cake was replaced @ 50% and 100% with 
lathyrus seed protein in the concentrate mixture. DM 
intake as percentage of  body weight was comparable 
among the groups and ranged from 3.31% to 3.39%. 
Digestibility coefficients of  DM, OM and CP was 63.30, 
65.54 and 63.04% in T , 64.57, 66.82 and 66.79% in T  and 1 2

62.40,64.86 and 63.26% in T , respectively.NDF 3

digestibility was also similar among the groups (49.81 

vs48.36 vs 49.01%). DCP intake (g/d) was 52.40, 53.13 
and 55.43, respectively whereas TDN intake (g/d) was 
393, 366 and 425  among the respective groups. DCP 
content of  the diet ranged from 8.44 in T  to 9.22% in T  1 2

and TDN content varied from 63.12% in T  to 61.08% in 1

T . Rumen ammonia concentraton was comparable 3

among the groups raging from 20.53 mg/dl to 22.49 
mg/dl. TVFA concentration (meq/l) was also similar in 
T (131.6) , T  (134) and T  (132.7). Daily body weight gain 1 2 3

(g/d)ranged from 71.73 to 73.63, respectively among the 
groups.

Organization of field day and capacity building 
programmes

A field day programme was organized at village Tarichar 
Kalan of  district Tikamgarh, Madhya Pradesh on 
26/03/2015 for exposure of  farmers to the performance 
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new grasspea varieties and technologies for enhancing grass 
pea production (Fig. 3.82). In the programme 225 farmers 
from different villages had participated. Besides 
demonstration to new varities participants were also 
acquainted to improved production packages and utilization 
of grasspea for feed and fodder. An on campus training 

programme was also organized to acquaint the farmers about 
post-harvest technology for use of lathyrus. The training was 
attended by 30 selected farmers from different villages and Dr 
J P Yadavendra, member of Institute QRT team and the 
Director, IGFRI, Jhansi were participated in the inaugural 
session and addressed to the farmers (Fig. 382). 

Fig. 3.82. Visit to field demonstration  and interaction with farmers by the Director, IGFRI, Jhansi and view of training programme

3.12.3  NFBSFARA project:  Understanding the 
adaption mechanism of  wild forage 
Halophytes in the extreme saline-sodic 
Kachchh plains for enhancing feed resources

During the period medium resolution satellite images 
(Landsat, 2002) and IRS-R2, data dated 2013, 
Resourcesat – 2, LISS-III  were rectified, enhanced and 
projected on polyconic/ WGS84 coordinate system using 
ERDAS Imagine Pro. S/W Ver. 10. Finally using base 
map as a  .aoi, area of  Kachchh generated using subset 
tools of  ERDAS. Depending on clusters of  dominant 
IRSP6L4 +Pan data was also used. Salient findings are 
listed below:

1. During the period satellite images of Resourcesat-2 
AWiFS (Advance Wide Field Sensor) scene (89/44 & 
89/54; Fig.3.83), nine scenes (Fig.3.84) of  LISS-3 (4 
Band data) imported to native format (.img) and 
rectified, projected and analysed /classified (Fig.3.86) 
for the identification of natural vegetation (grasslands, 
open tree and shrubs). Though, area under grasslands 
including degrading rangeland was found to 18.6% of 
which about 5.7% was infested with Prosopis but the 
actual area under grasses on saline was hardly 3.66% 
which was also infested with shrubs.

2. GPS based ground truthing (GT) and field survey 
was conducted in the month of  August, 2014. 
During the field visit, a total of  29 GPS point (mostly 
in grassland/banni area) were recorded and ground 
data were collected. Due to drought condition in the 

region very poor initial growth of  grasses were found 
(Fig.3.85 & 3.86) and the information regarding 
vigour, species, existing and potential production 
level could not be generated. During the GT it was 
also realized that in such a topographic condition 
and existing land cover, the identification of  
halophytes vegetation species using LISS-3/LISS-4 
data is very difficult as the pixel size in LISS-3 is 23m 
and in LISS-4 it is 5.6m where as the tussock size was 
hardly 1/3 of  pixel size as well as there was mixing of  
different grass species of  annual and perennial.

3. In the Great rann of  Kachchh (Fig. 3.87) dominating 
species were Salvadora persica. Salvadora oleoides, 
Euphorbia nivulia, Dichanthium annulatum, Sehima 
nervosum, Cenchrus ciliaris, C. setigerus and Panicum 
antidotale, Paspalum scrobiculatum, Acacia nilotica and 
Capparis aphylla. In the more saline areas Cerapegia 
bulbosa, Cressa cretia, Chenopodium sande, Haloxylon 
recurbum, Haloxylon salicornicum, Salsola baryosma, 
Sueda fruticosa, Zygophylum simplex, Apriplex strocksii, 
Scirpus tuberosus and Tamarix dioica were found.

4. Areas with low salinity support grassland with many 
grass species, notably Dichanthium annulatum, 
Sehima nervosum, Cenchrus ciliaris, Cenchrus setigerus 
and Panicum antidotale, and the occasional Acacia 
nilotica and Capparis spp. were found. In the more 
saline areas, Salvadora persica and Tamarix dioica are 
widespread. The mangroves in the coastal zone are 
mostly poor and disturbed. The dominant species is 
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Avicennia alba. Peripheral to the Rann, the climax 
vegetation was a low open type of  dry tropical thorn 
forest interspersed with grassy glades. Several 
hundred years of  intensive grazing and plundering 
for firewood have reduced this to a low xerophytic 
scrub dominated by stunted Acacia species and 

Euphorbia spp., together with the introduced Prosopis 
juliflora.

Banni grassland is characterized by sparse grasses which is 
highly dependent on rainfall variation. Due to drought 
condition in the month of August, 2014  banni lands looked 
like fallow lands. 

Fig.3.83. AWiFS data showing natural vegetation in kachchh using different band combinations

Fig. 3.84. R2 L3 data sowing natural vegetation using different band combinations
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Fig. 3.85. Classified image of Kachchh showing grasslands

Legend

Fig. 3.86. Banni area in the month of August, 2014 – 
drought condition, no biomass

Fig. 3.87. Initial growth of grasses in Banni area in the 
month of August, 2014
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3.12.4  DST-Ploidy: Ploidy regulated expression of 
genes involved in mega gametophyte 
development, apomixis and its component 
traits

Maintenance of ploidy series: In guinea grass, a total of  
33 lines representing ploidy series, viz. 3x (2 lines), 4x (5 
lines), 5x (4 lines), 6x (10 lines), 7x (1 line), 8x (3 lines), 9x 
(7 lines), and 11x (1 line) were maintained in the field in 
paired rows of  5 clones per row. Similarly, rice plants 
representing 2x and 4x ploidy levels were raised from 
seeds, and also maintained through ratoons. 

Reproductive characterization: Gynoecia from matured 
un-pollinated spikes of  guinea grass were fixed and 
dissected out from individual florets for ovule clearing to 
determine mode of  reproduction (apomixis/ sexual/ 
facultative). Phenotyping of  these plants identified 
expression of  apospory (obligate/facultative) and sexual 
(obligate/facultative) embryo-sacs (ES), along with 
estimation of  aborted ES and autonomous endosperm 
proliferation. 

Transcriptome studies: RNA from stages representing 
pre-meiotic, meiotic and post meiotic development of  

floret (embryo-sac) were isolated and stored, from all the 
lines of  ploidy series of  guinea grass and the rice. The 
samples are being subjected to expression analysis 
especially for the selected candidate genes. 

3.12.5  DBT funded project: Identification of ovule 
and embryosac specific promoters and their 
validation in transgenic Cenchrus ciliaris 

Efficient in-vitro regeneration of Pearl millet: A highly 
efficient plant regeneration system via somatic 
embryogenesis has been achieved in Pennisetum glaucum 
(L.) using germinating seeds. Effect of  different media 
supplements on callus induction, somatic embryogenesis, 
shoot induction and root formation on different genotypes 
were tested. Mature seeds of  P. glaucum were cultured on 
MS medium supplemented with different concentrations 
and combinations of  2, 4-D and kinetin for callus 
induction. Embryogenic calli were incubated at 25°C 
under an alternative photoperiod scheme (16h light/ 8h 
dark) on MS medium supplemented with IAA and kinetin 
for plant regeneration and rooting. The rooted plantlets 
were hardened and transplanted to pots, where they 
exhibited morphologically normal growth (Fig.3.88)

Fig. 3.88. In vitro plant regeneration in Pearl millet; A: Callus induction; B: Somatic embryogenesis; C: Shoot induction; 
D: Root induction and Shoot elongation; E: Plant transferred in pot
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3.12.6  AMAAS Project: Development of PGPR Inoculant 

Bioformulations for Rhizosphere Management in 

Enhancing Biomass of Fodder Crops

Isolation of PGPR microorganisms 

Collection of  soil samples for isolation of  PGPR - 

Experiments were carried out for collection of  

rhizosphere and non-rhizosphere soil samples (top soils) 

from various fodder crops grown fields and grasses from 

the semi-arid tropic region; Isolation of  N- fixers (both 

symbiotic from nodules of  legume fodder, and free living 

N-fixers from non-legume fodder crops and grasses) using 

selective N-free media; Isolation of  P-solubilizers (both 

bacteria and fungi) using Pikovskaya's (1948) medium, 

PGPS producers (Pseudomonas sp. etc) using selective 

medium, AM fungi (glomalin producer) and biocontrol 

agents for selected pathogens of  important diseases of  

select fodder crops by enrichment and/or plating 

techniques using selective media.

A total of  17 Azospirillum isolates have been isolated from 

roots of  NB Hybrid, maize, rhizosphere soil of  Cenchrus 

grass, Sehima, Brachiaria grass, Dichanthium, Heteropogan, 

Desmanthus grasses. A total of  18 fluorescent Pseudomonas 

isolates have been isolated from roots of  Guinea grass, 

sorghum, maize, Sehima, rhizosphere soils of  sorghum, 

maize, Desmanthus. About 53 Rhizobium isolates have been 

isolated from rhizosphere soil of  maize, bajra, Cenchrus, 

Sehima, Brachiaria, Dichanthium, Heteropogan, Desmanthus, 

roots of  maize, bajra, Sesbania, Cenchrus grass, root nodules 

of  moong, Sesbania, cowpea. A total of  17 PSB and PSF 

isolates have been isolated from root of  Bajra, Cenchrus 

grass, Desmanthus, guinea, rhizosphere soils of  moong 

cowpea. In addition, 19 Zn solubilizers have been isolated 

from rhizosphere soils of  sorghum, maize, Desmanthus, 

roots of  sorghum, maize, cowpea, Sehima, Cenchrus grass.

Glomalin extraction was attempted from soils of  different 

cropping systems to isolate AM fungi capable of  

producing more glomalin (Fig.3.89). It was observed in 

hortipastoral system, 167.5 µg/ml glomalin in Aonla, 

followed by 155 µg/ml in Aonla + Cenchrus, 150 µg/ml 

Aonla + Stylo and 132.5 µg/ml in Aonla + Stylo + 

Cenchrus system. Under silvipastoral system, Bauhinia + 

Chrysopogan recorded 212.5 µg/ml, followed by Bauhinia 

+ Stylo (150 µg/ml), Bauhinia + Cenchrus (127.5 µg/ml) 

and the least in Bauhinia alone (102.5 µg/ml).

Table 3.67.  Oat varieties for the development of DUS 
guidelines

JHO -822 JHO 99-2 HFO -114

KENT RO -19 JHO 2001-3

OS-7 PLP -1 HJ -8

UPO -94 JO -1 OS -346

JHO -851 NDO -1 SKO -20

OS -6 JHO -2004 JHO 99-1

UPO -212 JO -03-93 JO-03-91

OL -125 SKO -96 SKO -90

Sabazar NDO -2 OL-9

Fig. 3.89. Glomalin extraction from soils of different 
cropping systems

3.12.7  PPVFRA Project :Developing guidelines for 
conduct of DUS test for oat, cowpea and 
guinea grass

DUS guidelines for Oat

In a consecutive third year 27 oat varieties were 
characterized for 40 qualitative/ quantitative traits for the 
validation of  proposed descriptor at two locations Jhansi 
and Pantnagar. The observations recoded includes 06 at 
pre flowering, 16 at flowering, 10 at maturity and 7 at post-
harvest stage. All the plant characters included in the 
descriptor showed wide alternative expressions except for 
stem solidness, stem colour, attitude of  spikelet and awn 
shape. Some traits viz. number of  nodes on main culm, 
panicle orientation and attitude of  panicle branches along 
with plant height and hairiness on primary grain base 
were found to be most useful for the grouping of  varieties. 
The pooling of  data of  all three years of   both the locations 
are under progress and draft guidelines will be prepared. 

79

IGFRI Annual Report 2014-15



DUS guidelines for Cowpea

In second year 30 varieties of  cowpea including 05 
vegetable type, 23 fodder type and 2 grain type were 
characterized by using a provisional descriptor for the 
development of  DUS guidelines. The characterization of  
the varieties by using proposed descriptor was carried out 

at Jhansi and Pantnagar locations. The descriptor used for 
the purpose included 24 quantitative and qualitative traits. 
Some traits viz. flower colour, pod length, pod twisting, 
pod anthocyanin colouration, seed shape and seed colour 
are found to be most useful for the grouping of  varieties. 

Sub-equilateral ( JHO 822)  

Orientation of panicle branches

Equilateral (UPO 94)  Unilateral (HFO 114)

Internodes length
Long (OL 9) Medium (OS 7) Short (SKO 96)

Hairiness of primary grain base
Strong (JHO 851) Medium (JHO 822) Weak(Kent)
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Table 3.68. Cowpea varieties for the development of DUS guidelines

1 UPO - 607 16 COFC 8

2 Kashi Nidhi 17 Pant Lobia -1

3 Kashi Sudha 18 UPC 287

4 Kashi Gauri 19 C 74

5 CO 5 20 UPC 5286

6 C  88 21 UPC 4200

7 Kashi Unnati 22 UPC 625

8 UPC  9202 23 UPC 622

9 UPC  628 24 UPC 618

10 Kashi Kanchan 25 BL 1

11 UPC 621 26 IL 1177

12 Pant Lobia  2 27 BL 2

13  UPC 5287 28 Kohinoor

14  UPC 8705 29 EC 4216

15 CL 367 30 Aishwarya

Fig. 3.90 Expressions for leaflet shape and flower colour in different varieties of cowpea

Globose (UPC 625) Sub-globose (UPC618) Sub-hastate (C-74) Hastate(UPC 621)

White (UPC 625) Light purple (UPC 618) Medium purple (EC 4216) Dark purple (PL 2)
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Six potential fungal species, such as Aspergillus spp. 

had been isolated, which synthesize nano- phosphate 

by using rock phosphate as substrate in liquid culture 

(Fig. 3.92). 

Four fodder crop plant extracts (Berseem, Lucerne, 

Guinea, Oat) were used to synthesize nano silver 

particles.

Silver (Ag) and CuO nanoparticles were found to be 

excellent antimicrobial agents in Blotter Test when 

seeds were treated with those NPs at particular doses 

(Fig. 3.93).

Presently development of  nano-formulation of  

nutrients is in process.

Engineered NPs of  ZnO along with its bulk form are 

being fed to sheep to see its effect, whether positive or 

negative on zinc bioavailability in lambs and on 

serum biochemical changes in sheep.

DUS guidelines for guinea grass

Nineteen varieties of guinea grass were characterized by the 
using 37 quantitative and qualitative traits of provisional 
descriptor.  As of now no descriptor is available for the 
guinea grass a provisional descriptor was prepared including 
traits of different plant growth stages. The experiment was 
conducted simultaneously at Jhansi and Ludhiana. Most of 
the traits included in the study showed wide range of 
expression, however plant growth habit, basal node 
appearance, internode colour, plant height and panicle 
attitude emerged as most important traits for the grouping of 
varieties.

Table 3.68. List guinea grass varieties for the 
development of DUS guidelines

1 CO 1 11 BG 1

2 CO 2 12 BG 2

3 PGG 101 13 Harithashree

4 Hamil  14 Maratha kamal

5 Riversdale 15 BG 4

6 Gotton Panic 16 PGG 19

7 Haritha 17 PGG 9

8 Makeuni 18 PGG 518

9 PGG 14 19 PGG 616
10 CO 3  

3.12.8 Flagship Project: Development of  nanonutrients 
for increased fodder production.

Sub-Project 1: Potential of  nano-zinc oxide on zinc 
bioavailability and its effect on blood biochemical changes 
in sheep.

Activities and achievements

In vitro experiments under net house were performed 
in different crops with nanopeshclis (NPs) which in 
bulk form served as macro- or micronutrient.

Nanoparticles (nano-CuO and nano-ZnO) were used 
to test their influence on fodder production. It was 
found that at 25 ppm nCuO enhances germination 
percentage and seedling length and seedling biomass 
at 50 ppm compared to control and CuSO  fertilizer 4

in fodder cowpea (Fig 3.90).

It was found that the availability of  Cu in plant system is 
increasing with increase in concentration of nCuO 
seed treatment and maximum at 100ppm nCuO, which 
was at par with CuSO RDF treatment (Fig 3.91). 4 

Similarly accumulation of  Zn (41.3µg/g) also 
increased up to 750ppm nZnO treatment in MP Chari.

Fig. 3.90. Effect of CuO NPs on germination traits of 
cowpea seeds

Fig.3.91. Bio-availability of Cu in cowpea plant samples 
in nCuO and CuSO  treatments4
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Fig. 3.92. Biological synthesis of nano-rock phosphate through 
phosphate solubilising fungi

Fig. 3.93. Effect of Ag NPs on cowpea seeds as antimicrobial 
agent in Blotter Test
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4.1. Seed Production at IGFRI, Jhansi and its Regional centres during Rabi 2013-14 and Kharif 2014 

4.1.1. Total seed production

Seed Production

Chapter 4

Seed/ Planting material Production

Breeder Seed (BS) 208.34

Truthfully Labelled Seed (TL) 432.26

Grand Total 640.60

Planting Material (rooted slips) 5,43,300 No.

4.1.2. Variety wise seed production in forage crops and grasses

                                                                     Quantity in quintals

Crop & Variety BS TL

IGFRI, Jhansi

Rabi 2013-14

Oat (Kent) 150.90 21.10

Oat (JHO 851) 7.50 15.00

Oat (JHO 99-2) 12.00 12.80

Oat (JHO 822) 11.50 169.59

Oat (JHO 2000-4) 4.45 -

Berseem (Bundel Berseem 2) 3.00 -

Berseem (Wardan) 2.50 3.92

Berseem (Bundel Berseem 3) 0.20 -

Kharif  2014

Cowpea (Bundel Lobia 1) 0.09 2.32

Cowpea (Bundel Lobia 2) - 0.66

Cowpea (EC 4216) 1.00 1.10

Sorghum (MP Chari) 10.00 123.60

Guar (BG 1) - 1.00

Guar (BG 2) - 2.80

Maize (African Tall) 5.00 31.00

Dahincha - 0.80
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Pennisetum pedicellatum (Bundel Dinanath 2) - 1.00

Pennisetum pedicellatum (Perennial) - 0.03

Cenchrus ciliaris (IGFRI 3108) - 0.13

Cenchrus ciliaris (Non-specific) - 0.03

Cenchrus setigerus (Non-specific) - 0.36

Panicum maximum (BG 1) - 0.07

Panicum maximum (BG 2) - 0.08

Panicum maximum (Hamil) - 0.02

Panicum maximum (Non-specific) - 4.57

Chrysopogon fulvus (Bundel Dhawlu Ghas 1) - 0.04

Chrysopogon fulvus (Non-specific) - 0.24

Heteropogon contortus (Bundel Lampa Ghas 1) - 0.12

Heteropogon contortus (Non-specific) - 0.40

Brachiaria sp. (Non-specific) - 1.25

Total 208.14 394.03

Planting material (Rooted slips of  perennial grasses) - 2,17,300

IGFRI RRS, Avikanagar 

Pearl millet (AVKB 19) 0.20 3.20

Guar (BG 1) - 3.00

Guar (BG 2) - 1.70

Cowpea (EC 4216) - 0.19

Cenchrus setigerus (CAZRI 392) - 3.78

Cenchrus ciliaris (IGFRI 3108) - 1.34

Total 0.20 13.21

IGFRI RRS, Dharwad

Rabi 2013-14

Cowpea (EC 4216) - 7.68

Lucerne - 0.10

Maize (African Tall) - 3.74

Stylosanthes hamata - 0.31

Kharif  2014

Sorghum (Perennial) - 7.52

Cowpea (Bundel Lobia 1) - 0.10

Cowpea (Bundel Lobia 2) - 0.27

Maize (African Tall) - 3.65
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Variety-wise breeder seed production (q) during Rabi 2013-14

                                                                Quantity in quintals

Crop & Variety DAC  Allocation as per  Actual  Production
  Indent BSP-I target production Surplus (+)/ Deficit (-)

Oat

Kent  310.70 310.70 271.50 (-) 39.20

HJ 8 12.50 12.50 12.50 -

OS 6 17.00 17.00 12.75 (-) 4.25

JHO 851 4.00 4.00 7.50 (+) 3.50

JHO 99-2 10.00 10.00 12.00 (+) 2.00

JHO 2000-4 5.00 5.00 4.45 (-) 0.55

UPO 212 2.00 2.00 7.00 (+) 5.00

Phule Harita 6.00 6.00 17.60 (+) 11.60

Sabzar 24.00 24.00 32.00 (+) 8.00

Shalimar Fodder Oat 1 11.00 11.00 21.00 (+) 10.00

Total 402.20 402.20 398.30 (-) 3.90

Berseem

Wardan 7.05 7.05 2.50 (-) 4.55

Bundel Berseem 2 1.10 1.10 3.00 (+) 1.90

Bundel Berseem 3 4.25 4.25 0.20 (-) 4.05

Mescavi 1.75 1.75 2.00 (+) 0.25

BL 1 4.20 4.20 4.50 (+) 0.30

BL 10 5.45 5.45 5.50 (+) 0.05

BL 42 8.60 8.60 9.00 (+) 0.40

JB 1 2.65 2.65 10.00 (+) 7.35

Total 35.05 35.05 36.70 (+) 1.65

Panicum maximum (Grazing guinea) - 0.63

Panicum maximum (G 1) - 0.47

Panicum maximum (G 2) - 0.35

Clitoria ternatea - 0.20

Total - 25.02

Planting Material (Rooted slips of  perennial grasses) - 3,26,000 No.

4.2.  Seed Production in AICRP (FCU)

4.2.1. Rabi  2013-14 

In Rabi 2013-14, the indent for Breeder Seed Production 
was received from DAC, GOI for 26 varieties in four 
forage crops viz., Oat (10), Berseem (8), Lucerne (4) and 
Gobhi Sarson (4). The quantity allocated was 443.37 q 
and it was assigned to ten Breeder Seed producing centers 
of  the different SAUs/ NGO/ ICAR institutes. Among 
quantity indented for different forage crops, the maximum 
was for Oat (402.20 q) followed by Berseem (35.05 q),

Lucerne (5.80 q) and Gobhi Sarson (0.32 q). The final 

Breeder Seed Production Report (BSP-IV) received from 

different seed producing centres revealed that in crops 

such as Berseem and Gobhi Sarson, the overall breeder 

seed production was higher with respect to allocated 

quantity whereas, in crops like Oat and Lucerne, the 

breeder seed production was less than the allocated 

quantity. The overall breeder seed production was 2.64 q 

(0.59 per cent) less as evident from seed production of  

440.73 q against the indent for 443.37q. 
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Lucerne

Anand 2 4.00 4.00 4.00 -

AL 3 0.80 0.80 0.30 (-) 0.50

Anand 3 0.50 0.50 - -

RL 88 0.50 0.50 1.00 (+) 0.50

Total 5.80 5.80 5.30 (-) 0.50

Gobhi Sarson

HPN 1 (Sheetal) 0.10 0.10 0.12 (+) 0.02

Him Sarson 1 0.10 0.10 0.17 (+) 0.07

Neelam 0.10 0.10 0.14 (+) 0.04

GSL 1 0.02 0.02 - -

Total 0.32 0.32 0.43 (+) 0.11

Grand Total 443.37 443.37 440.73 (-) 2.64

 
4.2.2. Kharif   2014

In Kharif-2014, the indent for Breeder Seed Production 
was received from DAC, GOI for 12 varieties of  four 
forage crops viz., Maize, Pearl Millet, Cowpea and Guar. 
The total indent of  141.68 q was allocated to seven 
SAUs/ICAR/NGO institutes. Among the quantity 
allocated for different forage crops, the maximum was for 
Maize (135.48 q) followed by Cowpea (4.95 q), Guar (1.00 
q) and minimum was for Pearl millet (0.25 q). The final 

Breeder Seed Production Report (BSP-IV) received from 
different seed producing centres revealed that in crops 
such as Maize and Pearl millet, the overall breeder seed 
production was higher in comparison to allocated 
quantity whereas in crops like Cowpea and Guar the 
breeder seed production was less than the allocated 
quantity. The overall breeder seed production was 156.10 
q against the allocation of  141.68 q, which was 14.42 q 
surplus than the quantity allocated.
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Variety-wise breeder seed production (q) during Kharif  2014

                                                                Quantity in quintals

Crop & Variety DAC  Allocation as per  Actual  Production
 Indent BSP-I target production Surplus (+)/ Deficit (-)

Maize

African Tall 59.68 59.68 72.80` (+) 13.12

J 1006 72.10 72.10 74.00 (+) 1.90

Pratap Makka Chari 6 3.70 3.70 6.00 (+) 2.30

Total 135.48 135.48 152.8 (+) 17.32

Pearl Millet

Avika Bajra Chari 19 0.20 0.20 0.50 (+) 0.30

Giant Bajra 0.05 0.05 0.05 -

Total 0.25 0.25 0.55 (+) 0.30

Cowpea

CL 367 0.40 0.40 0.50 (+) 0.10

EC 4216 0.90 0.90 1.00 (+) 0.10

UPC 625 2.15 2.15 0.25 (-) 1.90

UPC 628 1.50 1.50 0.20 (-) 1.30

Total 4.95 4.95 1.95 (-) 3.00



Guar

Ageta Guara 112 0.40 0.40 0.40 -

Bundel Guar 3 0.20 0.20 - (-) 0.20

Guara 80 0.40 0.40 0.40 -

Total 1.00 1.00 0.80 (-) 0.20

Grand Total 141.68 141.68 156.10 (+) 14.42
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4.3. Seed sale at IGFRI, Jhansi and its Regional centres from 01-04-2014 to 31-03-2015

4.3.1.  Total Seed sale

Seed/ Planting material Sale

Breeder Seed (BS) 151.38 (q)

Truthfully Labelled Seed (TL) 663.28 (q)

Grand Total 814.66 (q)

Planting Material (rooted slips) 4,73,180 No.

4.3.2.  Variety wise seed sale in forage crops and grasses

    Quantity in quintals

Crop  (Variety) BS TL

IGFRI, Jhansi

Oat (Kent) 123.40 66.83

Oat (JHO 851) - 63.43

Oat (JHO 99-1) - 2.15

Oat (JHO 99-2) 1.00 104.43

Oat (JHO 822) 1.00 265.76

Oat (JHO 2000-4) 4.45 5.67

Berseem (Bundel Berseem2) 0.20 0.42

Berseem (Wardan) 2.54 2.04

Berseem (Bundel Berseem3) 4.72 0.12

Sorghum (MP Chari) 10.07 45.43

Guar (BG 1) 1.88 -

Guar (BG 2) 0.92 1.32

Maize (African Tall) 1.20 20.59

Bajra (AVKB 19) - 1.00

Dahincha (Non-specific) - 1.75

Subabul (Non-specific) - 0.92

Subabul (S 24) - 0.20

Subabul (S 10) - 0.46

Subabul (S 22) - 0.35

Subabul (K 636) - 0.46

Subabul (K 8) - 0.57

Stylosanthes - 4.61

Pennisetum pedicellatum (Bundel Dinanath1) - 0.21

Pennisetum pedicellatum (Bundel Dinanath 2) - 12.53



Pennisetum pedicellatum (Non-specific) - 1.31

Cenchrus ciliaris (IGFRI 3108) - 3.31

Cenchrus setigerus (Non-specific) - 0.40

Panicum maximum (BG 1) -- 4.85

Panicum maximum (BG 2) - 0.46

Panicum maximum (Hamil) - 0.33

Panicum maximum (Non-specific) - 2.53

Chrysopogon fulvus (Bundel Dhawlu Ghas 1) - 0.51

Sehima nervosum - 0.15

Dichanthium annulatum - 0.07

Bothriochloa pertusa - 0.01

Heteropogon contortus (Bundel Lampa Ghas 1) - 0.74

Brachiaria sp. (Non-specific) - 1.41

Total 151.38 617.33

Planting material (Rooted slips of  perennial grasses) - 2,21,660 No.

IGFRI RRS, Avikanagar

Pearl millet (AVKB 19) - 15.11

Guar (BG 1) - 2.85

Guar (BG 2) - 1.63

Cowpea (EC 4216) - 0.35

Dolichus (JLP 3) - 1.78

Dolichus (JLP 4) - 1.20

Cenchrus setigerus (Non-specific) - 2.48

Cenchrus ciliaris (IGFRI 3108) - 0.36

Dinanath grass (BD-2) - 0.14

Clitoria (Non-specific) - 0.03

Total - 25.93

IGFRI RRS, Dharwad

Cowpea (EC 4216) - 6.61

Lucerne (RL 88) - 0.05

Pearl millet (Giant Bajra) - 0.72

Guar - 0.01

Maize (African Tall) - 5.85

Perennial Sorghum (CoFS 29) - 4.03

Sunhemp - 0.26

Stylosanthes hamata - 0.80

Panicum maximum (DGG 1) - 1.68

Desmanthus virgatus - 0.01

Total - 20.02

Planting Material (Rooted slips of  perennial grasses) - 2,51,520 No.
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4.4.  Sale of Farm produce and other items

Quantity in quintals

Crop & Variety/Item Quantity

IGFRI, Jhansi

Wheat (DL 788-2) 0.64

Wheat (Lok 1) 25.95

Wheat (Malavaratan) 5.00

Mustard (Varuna) 6.50

Bengal gram (Radhe) 3.14

Black gram (Aajad) 1.58

Green gram (SML 668) 0.50

Ground nut 0.67

Vegetables under IFS project 3.71

Vermi compost 1.09

Mineral Mixture 0.09

Subabul Leaf  meal 0.01

Total 48.88

IGFRI RRS, Dharwad

Green fodder 12.50

Dry fodder 82.30

Broken maize (African Tall) 0.59

Total 95.39



Summary

In eleven model villages, 155 demonstrations of  improved 
varieties of  fodder crops, food crops and perennial grasses 
have been conducted. Soil health card is being prepared to 
take better decision about fertigation by farmers. 
Seedlings of  fodder tree Bauhinia variegata were also 
planted. In NIFTD, 6090 kg of  fodder seed was provided 
to farmers through selected KVKs during kharif  2014. A 
total of  2793 kg seed of  improved fodder varieties of  oat 
and berseem was provided to different zones of  India 
during rabi  2014-15. To explore the possibilities for fodder 
production in A & N islands, a group discussion was held 
at Central Island Agricultural Research Institute, Port 
Blair (CIARI). The ATIC is working at IGFRI since 
January 2013 and activities like sale of  literature, seed and 
other institute products are being done at this centre.  
During this financial year, under Tribal Subplan, fodder 
crop seed (maize, MP Chari seed, pearlmillet, clusterbean,  
dolichos and oat seed) was provided for demonstration 
and  for 100 tribal farmers, the high value indigenous 
Kadaknath poultry chicks was also provided. Total 356 
farm families were benefitted with organization of  four 
Livestock Health Camps by this institute. Extension 
activities like technology exhibition (02), interface 
meeting (02) and gosthies were also organized. Through 
National Initiative on Climate Resilient Agriculture 
(NICRA) the research on adaptation and mitigation 
focuses on crops, livestock, fisheries and natural resource 
management in farm specific mode. Grassland 
development on common properties resource (CPR) on 
about 70 ha in Soda village, Teh. Malpura, District Tonk 
(Raj) in collaboration with Jal Grahan Samiti, Soda and 
Indian Institute of  Rural Development (NGO) is initiated. 
Milk production performance of  Bhadawari buffaloes 
maintained under the project has shown increasing trend 
(900 kg to 1495 kg) over the years. Average milk fat content 
was also recorded as 8.70% which varied from 6 to 14% in 
different stages of  lactations. Research to understand the 
adaption mechanism of  wild forage Halophytes in the 
extreme saline-sodic Kachchh plains for enhancing feed 
resources has been initiated. In the first year of  forage 
development programme in north eastern hilly region, 
IGFRI took many steps to increase the quality fodder for 
livestock population of  the region. The efforts are being 

Outreach Programmes

Chapter 5
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done for commercialization of  technology and 
Consultation Meeting on “Quality Fodder Seed 
Production and Availability: Opening New Vistas” and 
on “Commercialization of  Feed and Fodder Products for 
Entrepreneurship Development” were organized.

National  Init iative on Fodder Technolog y 
Demonstration 

National Initiative on Fodder Technology Demonstration 
(NIFTD), a national programme on promotion of  fodder 
technology on production, conservation and utilisation 
was launched with the combined efforts of  IGFRI, Jhansi 

ndand SMD, ICAR, New Delhi at IGFRI, Jhansi on 22  
Sep. 2013 through 100 KVKs under 8 ZPDs. 

A manual on detailed technical programme was prepared 
after making a detailed discussion with all stakeholders 
(KVKs, ZPDs and IGFRI scientists) and submitted to all 
concerned for execution that shows the activities to be 
followed during the programme period. In all 8 zones, 
6090 kg of  fodder seed was provided to farmers through 
selected KVKs during kharif  2014. A total of  2793 kg seed 
of  improved fodder varieties of  oat and berseem was 
provided to different  zones of  India during rabi  2014-15. 

Demonstrations in Kharif  2014 and Rabi  2014-15 

In kharif 2014, 1500 demonstrations and in rabi 2014-15, 
1000 demonstrations on fodder production/ fodder seed 
production and fodder conservation and utilization 
technologies were taken up on the farmers fields. The 
farmers were found very enthusiastic about the fodder 
yield and support made by concerned KVK 
investigators. To record the progress and for guidance of  
farmers, a team of  scientists from KVKs and IGFRI 
regularly visit the farmers' field. The data regarding 
fodder technology demonstrations were recorded and 
the progress was found highly satisfactory. It was found 
that there is huge demand for improved fodder 
technology and fodder seed. 

The farmers have adopted the different technological 
modules under NIFTD enthusiastically. The fodder 
output from the cowpea (Bundel Lobia-2) ranged from 
350-400 quintals in zone 4 and  for oat (JHO-822), the 
output for green fodder ranged from 430-450 quintals in 
Zone 2. In zone 5, farmers have taken the Bajra Napier 
Hybrid grass with the help of  drip irrigation system.
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Fig. 5.1. Growing of NB Hybrid ( Co-3) through drip irrigation 
at Sholapur, Zone 5

Fig. 5.3. Fodder bank development at farmers fields, 
KVK- Erode, Zone 8

Fig. 5.2.  IGFRI scientist supervising seed production of 
cowpea ( BL-2) fields, KVK-Deoria, Zone 4

Fig. 5.4. Demonstration over the farmers fields for 
Oat ( Kent, KVK- Burdwan, Zone-2)

Fodder Production initiatives in Andaman & Nicobar  
Islands

The institute launched a prestigious programme on 
National initiative on fodder technology demonstration 
(NIFTD) in 100 Krishi Vigyan Kendra (KVK) including 
the KVK of  Andaman & Nicobar Islands during 2013. 
One KVK personnel from the island was trained on fodder 
production technologies during NIFTD workshop held at 
Kalyani. During Kharif (2014), the institute provided 48 kg 
cowpea (EC4216) seed and 0.8 kg Stylo scabra seed to 
KVK Port Blair for farmer's demonstration trial under 
NIFTD programme. 15 field demonstration trials were 
initiated  under different modules of  the NIFTD 
programme, namely forage for arable land (TDM I), 
forage for non arable land (TDM II) and forage utilization 
& conservation (TDM III). During rabi (2014-15), the 
institute also facilitated oat seed (JHO) 240 kg and Kent 
440 kg, Berseem (Wardan) 42.5 kg and BB 2  (30 kg) for 
field demonstration and 10 demonstrations at farmers 
field were initiated under TDMI, TDMII and TDM III 
module.

To explore the possibilities for fodder production in A & N 
islands, a group discussion was held at Central Island 
Agricultural Research Institute, Port Blair (CIARI) 
involving staff  of  KVK, officials of  Animal Husbandry & 
Forestry and IGFRI, Jhansi. It was decided to prepare a 
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Fig. 5.5. Group meet among the scientists of CIARI,IGFRI, 
KVK officials of Animal Husbandary & Forestry of A& N Islands



road map for developing vibrant fodder production system 
taking in to consideration the fragile ecosystem, limited 
land availability, climatic conditions & strength of co-
operation among CIARI, IGFRI, Department of  Animal 
Husbandry and Department of  Forest. It was also decided 
to identify land for fodder production without replacing the 
food crops production area. Strategic planning was done for 
planting of NB Hybrid and Guinea grass. 

It was discussed and most of  the members were in opinion 
that the fodder crops like perineal sorghum, grazing guinea, 
desmenthus or hedge lucerne could be suitable options for 
intervention. The farmers of  the island commonly used 
multicut sorghum, guinea grass, hybrid napier among 
cereals and velvet bean, cowpea, rice bean among legumes. 
Besides Subabul, Glircidia, Sesbania (Agathi), which were 
also raised as fodder trees.  The 500 g of Brachiaria grass 
seed, 250 g of Dinanath grass seed, 1 kg of perineal 
sorghum seed, 500 g of Stylo hamata seed, 500 g of guinea 
grass seed and 100 root slips of  DHN-6 was handed over to 
CIARI, Port Blair for exploration study. 

Model Villages Development 

Eleven teams of  institute scientists have been constituted 
to develop at least one village by each team as model 
village hence six teams are working in M.P. part of  
Bundelkhand and other five teams are working in U.P. part 
of  Bundelkhand. Each team has selected a village after 
thorough survey of  the area, for the development of  all 
aspects of  agriculture and livestock specially fodder 
production, utilization and conservation. The selected 
villages are different than existing outreach project sites. 
The mandate of  the teams, inter alia includes:

Development of  all aspects of  agriculture and 
livestock specially fodder production, utilization and 
conservation.
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Advisory services related to crop, fodder, livestock and 
weather etc.

Develop contingency plan and take appropriate action 
in case of  natural calamities.

Extension activities organised: In order to provide 
exposure of  various improved fodder production and 
utilization technologies to the farmers, 11 extension 
activities organized at village and institute level. Total 240 
farmers including farm women were benefitted through 
these activities during kharif and rabi seasons.

Training Conducted: Total 18 training with 11 in kharif 
(354 participants) and 07 in rabi (177 participants) were 
organized besides exposure visits and goshthis of  farmers 
on fodder cultivation, utilization and conservation and 
livestock health issues.

Demonstrations Conducted: In order to improve 
farmers' knowledge and skill about package of  practices of  
improved varieties of  fodder crops, food crops and 
perennial grasses demonstrations had been conducted at 
farmers fields.

Fig. 5.6. Farmers' trainings and field Days organized under Model village development programme

Table 5.1.  Details of demonstrations conducted

Name of crop/grasses No. of  Green fodder 
 demons- yield 
 trations (q/ha)

Guinea (BG-2) 16 Establishment year

Napier (IGFRI-6) 44 Establishment year

Oat (JHO 822) 70 325-450 

Berseem (Wardan) 30 550-715

Wheat (Variety) 5 40-45



Table 5.2. Extension activities organized and participated by IGFRI 

Extension activities organized Date Organizing institute Place

Fodder technology exhibition Nov. 2, 2014 IGFRI, Jhansi IGFRI, Jhansi

Farmer scientist interface meeting  Nov. 2, 2014 ATIC, IGFRI, Jhansi IGFRI, Jhansi

Kissan Gosthi   Lasadiya village, The. Fagi,  IGFRI, RRS, 
  Jaipur Avikanagar 

Field day on 'Forage production  Nov. 29, 2014 IGFRI, RRS, Dharwar Galagi-hulkop village
in Mango orchards'   of  Kalghatagi taluk

Soil health cards: Soil samples have been collected from 

model villages. After analysis, soil health card are being 

issued to farmers with proper fertilizer recommendations 

based on soil fertility status of  particular field.

Seedlings of fodder tree Bauhinia variegata were also 

planted to provide top feed during lean period. 

Farmers are also being informed about general cleanliness 

and sanitation in the field area and complete eradication 

of  Parthenium hysterophorus. 

Transfer of technologies activities of Institute

The Institute has organized and participated in various 
transfer of  technology programmes  (Table 5.3) including 
farmers fairs and exhibitions. About 356 farm families got 
benefitted in four livestock health camps organized by the 
institute. One FIG was formed for running the e- chara 
Kendra at Datia District. Another FIG (Brajraj) formed 
for participatory seed production at Datia district was 
responsible for procuring the seed produced at farmers' 
field and selling it again to the fodder growers with 
marginal profit.
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Fig. 5.7. Director, IGFRI and team of scientists monitoring the interventions at farmers' field under Model village development programme

Fig. 5.8. Glimpses of activities at farmers' field



Livestock Health Camp (04) 2014-15 IGFRI, Jhansi Adarsh Chara Gram
   and NICRA villages

Technology and Machinery  Mar. 20, 2015 IGFRI, Jhansi IGFRI, Jhansi
Demonstration Fair 

Participated

Scientific Advisory Committee  Jun. 13, 2014 IGFRI, RRS, Dharwar Krishi Vigyan 
meetings of  Krishi Vigyan    Kendra, Hulkoti
Kendra, Hulkoti (Gadag)   (Gadag) 

District Science Club meeting Jun. 30, Jul. 18,  CDO, Jhansi Jhansi
 Dec. 9, 2014 

Bhumi Jal Saptah Jul. 19, 2014 Govt. of  UP Jhansi

Kharif Chara Gosthi Jun., 2014   DM, Jhansi Jhansi

Krishi Mela Sep. 27 to 30, 2015 UAS, Dharwad UAS, Dharwad

Exhibition of  fodder production Nov. 12, 2014 CSWRI, Avikanagar CSWRI, Avikanagar 
technologies 

Kisan Sangosthi Oct. 19, 2014 ATMA Niwari, Tikamgarh

Fruit and Flower exhibition Feb. 28- Mar. 1, 2015 Govt. of  UP Safai, Etawah, UP
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Fig. 5.9. Activities at ATIC, IGFRI, Jhansi

Agricultural Technology Information Centre (ATIC)

The ATIC is working at IGFRI since January 2013. The 
objective of establishment of  ATIC, are to supply research 
products, provide information through published literature 
and communication materials, provide diagnostic services 
and generate some resources for the institute.  The value of 
sale of  seed, literature and value added products was Rs. 
85,961 during April 2014 to March 2015.  Total 1386 
visitors visit was conducted by ATIC during this period, 
which includes farmers, government organizations, NGO, 

private companies officials etc. and were exposed to the 
technologies of  IGFRI, Jhansi. The Kisan Call Centre 
replied the 155 telephone calls, 29 postal and 35 email 
queries for the farmers, dairy owners, land developers, 
government organizations and private companies for 
asking their problems. 

Farmers Scientific Co-ordination committee meets every 
Wednesday, during which the queries of  farmers, dairy 
owners, land developers, government organizations and 
private companies are replied. The ATIC has developed 



and installed photographic display in glass tiles of  
institute technologies. The farmers' scientist interface 
meeting and fodder technology exhibition was organized. 
The FM broadcast of  radio talks related to fodder and 
livestock production, is being started soon with 
Akashwani, Jhansi. 
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Table 5.3. Interventions taken up in TSP 

Interventions No. of farmer

Dhar and Jhabua district, Madhya Pradesh 

 1. Fodder crop (maize and MP Chari seed) for summer/ kharif 2015 200

 2. Introduction of  high value indigenous Kadaknath poultry chicks  100

Banswara district, Rajasthan 

 3. Seed of  pearlmillet, clusterbean and dolichos for kharif 2015 300

Leh, Kargil in J&K  

 4. Introduction and popularization of  improved oat fodder varieties 400

National Initiative on Climate Resilient Agriculture 
(NICRA)

National Initiative on Climate Resilient Agriculture 
(NICRA) project aims to enhance resilience of  Indian 
agriculture to climate change and climate vulnerability 
through strategic research and technology demonstration. 
The research on adaptation and mitigation focuses on 
crops, livestock, fisheries and natural resource 
management in farm specific mode. This year kharif 
witnessed less rainfall than normal, whereas, during 
maturity period of  rabi season excessive rainfall was 
observed (Fig.5.11).  During kharif  early sowing of  
blackgram variety Uttara proved more resilient and 
produced 805.3 kg grain (31.5% higher over village 
average), 1989 kg straw with net return of  Rs. 17632/ha. 
The GPBN 6 varieties introduced from Dharwad did not 
performed well and recorded 19.9 % lower yield than 
Utkarsh and 4.2% lower than local average. Among the 
fodder crops sorghum var. MP Chari proved best and  
recorded 41.98 t fresh or 7.72 t dry mater/ha.  Guar 
performed well recording 28.7 t fresh or 4.93 t dry 
mater/ha, whereas fodder maize recorded 34.62 t fresh or 
6.40 t dry mater/ha Pearl millet performed well recording 
31.48 t fresh or 5.82 t dry mater/ha.

Income generation

Farmers sold off  rooted slips of  guinea/ NB Hybrid grass 
with the object to develop seed chain as well as to generate 
resource.  Total revenue of  Rs. 47500 was earned by stake 
holders from sale of  slips.

Forage on bunds 

The farmers (11) harvested 6 cuttings from BN Hybrid 
(Av. yield 431 kg fresh biomass/cut /100 m running 
row/year). The crude protein content ranged between 
6.72 to 7.28%. Agri horti-silvipasture system established 
at the farmers field recorded 100% plant survival in Guava 
(100%) followed by Aonla and Citrus. The On Farm 
Feeding of  urea treated straw to livestock resulted in 
increased DM intake, DM intake % of  body weight and 
milk yield by 14.9, 2.98 and 18 percent, respectively over 
the control animal group.

Tribal Subplan (TSP)

During this financial year, under Tribal Subplan, fodder 
crop (maize, MP Chari seed, pearlmillet, clusterbean,  
dolichos and oat seed) was provided for demonstration 
and  for 100 tribal farmers, the high value indigenous 
Kadaknath poultry chicks was provided.

Fig. 5.10. Rainfall deviation during January 2014 to March 2015
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Grassland Development 

Development of Grassland in Rajasthan on common 
property resources and Goushalas:

Grassland development (Fig.5.12) on common 
properties resource (CPR) on about 70 ha in Soda 
village, Teh. Malpura, District Tonk (Raj) in 
collaboration with Jal Grahan Samiti, Soda and Indian 
Institute of  Rural Development (NGO) is initiated. 
Technical support along with seed/ rooted slips of  
Anjan grass (Cenchrus ciliaris), Dhaman grass (C. 
setigerus), Dinanath grass (Pennsetum pedicellatum) and 
saplings of  fodder tree Soobabul (Leuceana 
leucocephala), Ardu (Ailanthus axcelsa) and Neem 
(Azadirachta indica) were supplied. The fodder 
production from grassland enhanced tremendously as 
compared to natural grasses. During initial three-four 
years grassland will be used as cut and carry system for 
protection of  saplings of  trees. The modus operandi 
for utilization of  all kind of  produce from the 
grassland will be finalized by the Jal Grahan Samiti. 
Seed production of  grasses has been started under 

Ex- situ water conservation

The check dam was constructed in the village in Kurmai 

hamlet for Ex-Situ water conservation. The check dam 

construction resulted in increased water table in the wells 

by 10.1 feet in November and 12.0 feet in the month of  

May. The area under vegetable crops increased from 1.2% 

to 11.3% of  command area. In the changed scenario, 

paddy occupied 5% area and sorghum and perennial 

grasses on bunds has claimed 6% area. The increased 

availability of  irrigation facility promoted the 

diversification towards pulses and other high value crops 

viz, ginger, turmeric and vegetables. The cropping 

intensity improved from 116 to 248%.  The improvement 

in productivity ranged between 12 to 37%.  The additional 

3.93 acres cultivable wasteland area has been brought 

under cultivation. The downstream side though not 

covered directly, but witnessed improvement in the 

number, delta and duration of  available irrigation, 

cropping intensity and diversification towards 

commercial crops.

Fig. 5.11. Grassland development on common properties resource in Soda village, Teh. Malpura, Tonk (Rajasthan)

View of natural grassland Bailing of grasses and dry fodder

View of improved grasslandSeeding of grasses



supervision of  IGFRI in the participatory mode.  Seed 
of  grasses will be used for development of  other 
grasslands in nearby area. Demonstration of  tractor 
operated portable belling machine was conducted for 
belling of  the grass produce at the site. MOU is signed 
between IGFRI and Jal Grahan Samiti for overall 
development of  the area and development of  this site 
as model grassland for training and exposure to 
Goushalas, Jal Grahan Samities, watershed department, 
forest department and other developmental agencies.

Cenchrus grass demonstration at Gaushalas:

During February-March 2014 a survey of Goushalas was 
undertaken for interacting management personals 
regarding conducting of  demonstrations on fodder 
production techniques and to work out the feasibility of  
seed production of Cenchrus grasses. Thirty five Goushalas 
and dairy farms were covered in Jaipur, Tonk, Ajmer, 
Nagour and Siker districts of  Rajasthan. Out of it ten 
locations were finally selected for conducting 
demonstration on Cenchrus grass. Each Goushala was 
provided 2 kg seed of Cenchrus setigerus. At five Goushals 
grass has established well and grass was used as cut and 
carry system. At these locations seed of Cenchrus grass was 
also collected and it will be used for spreading its area. They 
were ensured for purchasing the grass seed under 
participatory seed production programme. Cenchrus also 
produced green fodder during spring and autumn season in 
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Fig. 5.12. Input distribution to Gaushala Fig. 5.13. AI center Jaswantnagar (Etawah)

Fig. 5.14.  Calves born through AI in Etawah district

response to receiving of little rains. During the kharif 2015 
the grass area is to be increased at the same location as well 
new location in the nearby area. The stakeholders will be 
trained for seed production under participatory mode.                

Network project on Bhadawari Buffalo

Performances of Bhadawari buffaloes

Milk production performance of Bhadawari buffaloes 
maintained under the project was recorded over the years 
and it has shown increasing trend (900 kg to 1495 kg) over 
the years. Average milk fat content was also recorded as 
8.70% which varied from 6 to 14% in different stages of  
lactations. For breed improvement and conservation of 
Bhadawari buffaloes, semen from superior bulls was frozen. 
Artificial insemination (AI) is in progress in the Bhadawari 
breeding tract like Etawah, Aurraiya, Jalaun, Lalitpur, 
Jhansi and Banda district (Fig 5.7). A total of  2298 
inseminations were done during the year 2014-15. A total of  
650 calvings were recorded out of  the inseminations done 
during the year 2013-14 (Fig 5.8). Apart from this, frozen 
semen was also sold to state government, NGO's and 
private inseminators for their use in the fields. A total of  
2800 doses of  semen were sold during the year. A small herd 
of  Bhadawari buffaloes has been established by a 
progressive farmer in Orchha (M.P.) during the year 2011 
after purchasing the animals from the project herd. Ten 
calving were reported from in this herd during the current 
year.
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Pasture development in NE Region

In the first year of  forage development programme in 
north eastern hilly region, IGFRI took many steps to 
increase the quality fodder for livestock population of  the 
region. About 3.0 ha under different grasses namely Bajra 
Napier hybrid (CO-2, CO-3 and CO-4), Guinea grass 
(BG-2) and Setaria grass (PSS-1) developed as fodder 
grass rooted slip /seed bank at Jorhat, Assam. Mother 
nursery of  BN hybrid (CO-3 and CO-4), Setaria (PSS-1) 
and guinea grass (BG-2) were raised for further 
multiplication at Barapani, Meghalaya. After collecting 
four thousand rooted slips of  Setaria grass (PSS-1) from 
AAU, Jorhat planted directly on farmer's field in the 
Mynsain village (Ribhoi district Meghalaya) in 
collaboration of  ICAR-RC for NEH Region, Barapani. 

Fig. 5.20. Initial growth of grasses in Banni area 
in the month of August, 2014

Fig. 5.18. Banni area in the month of August, 2014 – 
drought condition, no biomass

Bajra Napier hybrid (CO-1, CO-2 and CO-3 varieties) was 
2planted in mother nursery (100 m  area) for further 

multiplication and transfer on farmer’s field at Imphal, 
Manipur.

Fig. 5.19. Setaria grass at Farmer's field (Mynsain village)

Fig. 5.21. BN hybrid and Setaria grasses raised in the Nursery 
(ICAR-RC for NEH Region, Barapani)



on the occasion of  National Conference on Emerging 

Challenges and Opportunities in Biotic & Abiotic 

stress management during 13-14 Dec, 2014 held at 

Directorate of  Rice Research, Rajendranagar, 

Hyderabad.

 Dr. S.K. Mahanta, Principal Scientist (Animal 

Nutrition) received Fellow Award of  Range 

Management Society of  India, Jhansi and Animal 

Nutrition Association of  India, Izatnagar.

 Dr. Vinod Kumar was awarded as best worker among 

the scientific category (Director's Nominee) for the 
rdyear 2014 on the occasion of  53  Institute Foundation 

stDay (1  November, 2014).

 Dr. Vinod Kumar was awarded with MSET-ICCB's 
thSenior Scientist Award - 2014 during the 6  National 

Conference on 'Bioscience research for nutritional 

security, environmental conservation and human 

health in rural India held at Indian Institute of  Natural 
thResin and Gums, Namkum, Ranchi from 22-24  

December, 2014.

 Dr. Vinod Kumar was admitted to Life Fellow of  

Madhawi-Shyam Educational Trust (FMSET) and 

International Consortium of  Contemporary 

Biologists (FICCB), Ranchi, India during 2014.

 Dr. Tejveer Singh, Scientist represented IGFRI, Jhansi 

in ICAR West Zone Sports Tournament 2014 held at 

CAZRI, Jodhpur during November 20-24, 2014 and 

stood winner in athletic events of  1500 meter and 800 

meter race for men.

 The sports contingent of  IGFRI, Jhansi participated in 

ICAR West Zone Sports Tournament 2014 held at 

CAZRI, Jodhpur during November 20-24, 2014 and 

won the shield for Best March Past Contingent.

 Dr. Vinod Kumar was awarded with Best Oral 

Presentation Award 2014 for his presentation entitled 

“Influence of  seed treatment in overcoming 

dormancy of  Stylosanthes scabra seeds” at International 

Chapter 6

Awards and Recognitions
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 Dr. P.K. Ghosh, Director, ICAR-IGFRI received  the 

Prof. Sushil Kumar Mukherjee Commemoration 

Lecture Award from Indian Science Congress 

Association, Kolkata. Dr. Ghosh delivered the lecture 

at ISCA Kanpur Chapter on December 8, 2014.

 Dr. P.K. Ghosh, Director, ICAR-IGFRI received the 

ISA Gold Medal by Indian Society of  Agronomy 

during the National Symposium held at PAU, 

Ludhiana from November 18-20, 2014.

 Dr. P.K. Ghosh, Director, ICAR-IGFRI received the 

Bioved Prestigious Award 2015 by Bioved Research 

Institute of  Agriculture & Technology, Allahabad 

during the 17th Indian Agricultural Scientists and 

Farmers' Congress on, “Agri-Innovation for 

Enhancing Production & Rural Employment”, at 

Allahabad during 21-22 February 2015.

 Dr. P.K. Ghosh, Director, ICAR-IGFRI received 

Fellow Award of  National Academy of  Sciences 

(NASI), Allahabad.

 Dr. P.K. Ghosh, Director, ICAR-IGFRI received 

Fellow Award of  West Bengal Academy of  Science 

and Technology, Kolkata, West Bengal.

 Dr. P.K. Ghosh, Director, ICAR-IGFRI received 

Fellow Award of  Indian Society for Plant Physiology 

during the National Conference of  Plant Physiology 

at Orissa University of  Agriculture and Technology at 
rd thBhubaneshwar during 23 -25  Nov, 14.  

 Dr. P.K. Ghosh, Director, ICAR-IGFRI continued as a 

Member, International Grassland Congress Continuing 

Committee (Representative for South East Asia) for 2013-15.

 Dr. Satyapriya, Senior Scientist, has been awarded 

with Young Scientist Award in 7th National 

Extension Education Congress- 2014 on 10th 

November 2014 at ICAR Research Complex for NEH 

Region, Meghalaya.

 Dr. Satyapriya, Senior Scientist has been awarded with 

distinguished scientist award by “Astha Foundation” 



Manoj Chaudhary, D.R. Palsaniya, Sunil Kumar 

and A.K. Dixit during International conference on, 

“Natural Resource Management for Food Security 

and Rural Livelihood”, at New Delhi, 10-13 

February, 2015.

 Best poster award  for the poster entitled, “Assessment 

of  different herbicide selectivity to fodder cowpea 

through laboratory and field experiments”, authored 

by Prabhu, G., R. Srinivasan, M. Choudhary, D.R. 

Palsaniya, T. Kiran Kumar and A.K. Dixit during 

National Symposium on, “Climate Resilient Forage 

Production and its Utilization”, of  RMSI held at 

BCKV, Kalyani West Bengal, November 13-14, 2014. 
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Conference on Technological Interventions in 

Agricultural Sciences for enhanced productivity, 
thnutritional quality and value addition held on 17-19  

February, 2015 at Central Institute of  Horticulture, 

Medziphema, Dimapur, Nagaland.  

 Dr. T. Kiran Kumar received best Ph. D. Thesis award 

from Indian Society of  Agronomy at National 

Symposium held at PAU, Ludhiana November 18-20, 

2014.

 Best poster award for the paper entitled, “Tillage 

effects on crop productivity and moisture dynamics 

in fodder sorghum based cropping systems under 

rainfed condition”, authored by T. Kiran Kumar, 

Dr. P.K. Ghosh, Director, ICAR-IGFRI received the ISA
 Gold Medal Award by Indian Society of Agronomy 

Dr. P.K. Ghosh, Director, ICAR-IGFRI received 
Fellow Award of Indian Society for Plant Physiology 

Dr. Satyapriya, Senior Scientist, has been awarded with 
Young Scientist Award in 7th National Extension 

Education Congress- 2014 

Dr. Tejveer Singh, Scientist represented IGFRI, Jhansi in ICAR 
West Zone Sports Tournament 2014 stood winner in athletic 

events of 1500 meter and 800 meter race for men.
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The sports contingent of IGFRI, Jhansi participated in ICAR 
West Zone Sports Tournament 2014 and won the shield for 

Best March Past Contingent.

Dr. Vinod Kumar was awarded with Best Oral Presentation 
Award 2014 for his presentation at International Conference 

on Technological Interventions in Agricultural Sciences



Training and Capacity Building

Chapter 7

Capacity building and skill improvement thrust to 
IGFRI personnel

National level off  campus capacity building of  IGFRI staff:

Under capacity building mode of  activities, total 17 
IGFRI Scientists and one Asstt. Tech. Officer of  IGFRI 
family received 16 specialized training organized by 
various national Institute and agencies on a wide 
spectrum of  topics including research management. 
Human resource development programme has also taken 
care of  gender issues on Institute building and among 
those 18 staff, 3 were female and 15 were male staff. In 
future, all staff  will be motivated to attend such courses 
and participate in Institute building activities.

Human Resource Development unit of  IGFRI arranged 
and organized different training programme to address 
different issues towards human skill and knowledge 
improvement and capacity building. It created an endeavor 
for IGFRI personnel to attend different programmes in and 
outside of India. It offered a niche of forage production 
knowledge hub for users of  forage technologies and 
stakeholders of  forage producers.  During the year, a 
number of personnel were deputed to different short courses 
organized by different government and non-government 
agencies across the country. Several sponsored programmes 
were designed and executed at Institute. Priority was given 
to Institute mandate and devotion on forage research and 
climate change scenario on future forage research.

Table 7.1.  Participation in national level off campus specialized courses.

Sl.No. Name of training Organized by Duration Participants

th1 Refresher Course on 'Agricultural  NAARM,  14-26  Jul.,  Dr. B. Narsimlu
 Research Management'. Hyderabad 2014      Sr. Scientist 
    Dr. A. K. Dixit   
    Sr. Scientist

th2. Summer School on 'New frontiers  Anand Agril.  5-25  Aug.,  Dr. Vinod Kumar
 on hybrid seed production and genetic  University,  2014  Sr. Scientist 
 purity testing'. Anand

th3. Short Course on 'Non-destructive  IARI,  14 - 23  Jul.,  Dr. C.K. Gupta
 phenotyping and phenomics for  New Delhi 2014 Scientist
 dissection of  abiotic stress tolerance 
 gene discovery and crop improvement'.

th4. Workshop on 'Biosafety and detection  NBPGR,  11 - 16  Aug.,  Dr. K.K. Dwivedi
 of  GM crops'. New Delhi 2014 Sr. Scientist
    Dr. R. Srinivasan
    Sr. Scientist

th5. Management Development Programme  NAARM,  22-27  Aug., Dr. K.K. Singh
 on 'Consultancy projects management'.  Hyderabad 2014 Pr. Scientist
    Dr. D. Vijay 
    Sr. Scientist

st6. Winter School on 'Diagnosis, assessment  CSSRI, 11 Nov-1  Dec.,  Sh. Akram Ahmed
 and management of  salt affected soils  Karnal 2014 Scientist 
 and poor quality waters to improve 
 productivity and livelihood security’.
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rd7. Winter School on 'Waste recycling and  IISS,  3-23  Dec., Dr. Kiran Kumar  
 resource management through rapid  Bhopal 2014 Tirumala, 
 composting techniques'.    Scientist

rd8. Training on 'Advances in Omics data  IASRI,  3 - 23  Dec., Dr. Edna Antony
 analysis: learning by example'. New Delhi 2014 Sr. Scientist

th9. Training on 'Recent advances in survey  IASRI,  28  Oct. - Dr. Nagartana Biradar
th design and analysis of  survey data  New Delhi 17  Nov., 2014 Pr. Scientist 

 using statistical software’.

th10. Short Course on 'Agroforestry for CAFRI,   15-24  Sep., Mr. G. Prabhu
 biofuels and bioenergy'. Jhansi 2014 Scientist

th11. One day workshop on 'Regional  NASC,  29  Sep., Mrs. Seema Khatri
 Training and awareness on  PUSA,  2014 ACTO
 J-Gate@CeRA'. New Delhi 

th th12. Training Course on 'Next generation  ICRISAT,  24  Nov. -05  Dec  Dr. A. Radhakrishna
 sequencing technologies for crop  Hyderabad 2014 Scientist
 improvement’.

th th13. Short Course on 'Climate change  CAZRI,  8  -17  Dec.,  Sh. Manoj Chaudhary
 mitigation and adaption under arid &  Jodhpur 2014 Scientist 
 semi arid region’.

th14. Training/ Workshop on 'Biosafety and  NBPGR,  11-16  Aug.,  Dr. K.K. Dwivedi
 Detection of  GM Crops'. New Delhi 2014 Sr. Scientist

th15. National Workshop on 'Proteomics  BTIS Sub centre,  23-25  Mar.,  Dr. M.K. Srivastava
 and structural bioinformatics'. NDRI, Karnal 2015 Sr. Scientist

rd16. Winter School on 'Recent advances  IARI,  3-23  Feb., Dr. Tejveer Singh
 in statistical genetics'. New Delhi 2015 Scientist
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On campus training programme, lectures, seminars and 
knowledge sharing

1. Foreign visit seminars: Total seven seminars/ 
deputation reports were delivered by distinguished 
scientists on return from their scheduled deputation 
visit.

2. Guest lecture: Dr B. B. Singh, Visiting Professor, 
Texas University, U.S.A., delivered a lecture on, “Food 

st thsecurity in India and world in the 21  century” on 10  
June 2014.

3. On campus knowledge building activities: Under 
this programme, one common lecture was arranged 
on “Safe and sustainable use of  chemical agents”, on 

th24  May, 2014. Besides, Institute shared a common 
platform to discuss different emerging areas on 
improved forage production, climate change, new 
areas of  research as well as application of  
nanotechnologies in forage research. Scientists of  
IGFRI shared their knowledge in the monthly  
seminars arranged at IGFRI. (Table 7.2).

Table 7.2.  On campus monthly seminars.

Speakers Seminar Topic Date

Dr.  S.K. Singh,  Status of  fodder processing in India and future strategies 22.04.2014

Sr. Scientist 

Dr.  R.K. Agarwal,  Hydroponics fodder production 21.06.2014 

Pr. Scientist 

Dr. N. Das, Tackling the tragedy of  commons 19.07.2014

Pr.  Scientist  
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Dr.  G.  Sahay, Fodder legumes for nutritional security 29.08.2014 

Sr. Scientist  

Dr.  R. Srinivasan,  Nanotechnology: Applications in agriculture 20.09.2014

Sr. Scientist 

Er. B. Narsimlu, Evaluation of  climate change impact on water resources in Pahuj river 18.10.2014 

Sr. Scientist  basin and its consequences on fodder production using SWAT Model 

Dr  K.K. Singh,   Micronutrients in soil-plant-animal system 01.12.2014

Pr.   Scientist  

Dr. C.K. Gupta,  Physiological and molecular approaches to improve water use efficiency 24.12.2014 

Scientist in agricultural crops: special reference to fodder crops 

Dr. M.M. Das, Biotechnological approaches to improve lignocelluloses for augmenting  30.01.2015

Pr. Scientist  livestock production  

Dr. D.R. Palsania,  Watershed approach for natural resource conservation and  25.02.2015

Sr.  Scientist  livelihood security    

International trainings for IGFRI personnel:

Three IGFRI scientists received international trainings on 
different areas of  forage research through different 

Table 7.3. International Trainings and Visits of IGFRI Scientists in specialized areas of research

Sl. No. Scientist Place of visit Duration Programme

th th1. Dr P.K. Ghosh ICARDA-Rabat,  12 -17  May, 2014 ICAR-ICARDA collaborative
  Morocco  research work plan.

th th2. Dr. Ritu Mawar Turin, Italy 13  -17  July 2014 International Symposium on
    'Chemical and non-chemical soil & 
    substrate disinfestations' 

th th3. Dr. A.K. Mishra Canberra, Australia 8 -12  Sep. 2014 Joint ISNH / ISRP International
    Conference on 'Nutrition of
    herbivores’

th4. Dr. Sunil Kumar Zaragoza, Spain 27  Oct. -  International Centre for Advanced
st   1  Nov., 2014 Mediterranean Agronomic Studies

    (IAMZ-CIHEAM)  

th th5. Dr. D.R. Malaviya Bangkok, Thailand 30  Oct -  12  Asian Maize Conference on
st   1  Nov. 2014 "Maize for Food, Feed, Nutrition

    and Environmental Security" 

th6. Dr. M.K. Srivastava Utah, U.S.A. 14  Nov. 2013 -  DBT CREST Fellowship,  Soils &
th   14  Nov. 2014 Climate Department, Utah State

    University 

th7 Dr. Sultan Singh Townsville, Australia 15  Aug. 2014 -  Australian Endeavour Research
th   14  Feb., 2015 Fellowship, CSIRO Animal Food

    and Health Sciences, Qld   
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overseas fellowship and another four scientists attended 
different international conferences, symposiua, and 
seminars during 2014-2015 (Table 7.3).

Capacity building for forage resource development: 

Three sponsored training courses were organized at 
IGFRI in various areas related to forage production, 
utilization and conservation. Participants from different 

State Agriculture Universities, KVK's, and non 
government. agencies attended those sponsored trainings 
given by expert resource persons on subject.
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Table 7.4. Sponsored Training programme on forage resource development

Sl. No. Programme Sponsored by No. of Duration
   participants
 

th1. Grassland and fodder management  Forest Department  23 27 - 29  Nov., 2014
 in forest area Patna, (Bihar) 

th2. Improved fodder production and  Hathras, (U.P) 20 19 - 24  Jan., 2015
 grassland development 

th3. Winter School on "Livestock based  ICAR, New Delhi. 25 28 Jan.-17  Feb., 2015
 integrated farming systems for 
 enhancing resource use efficiency and 
 improving livelihood of  small and 
 marginal farmers" 
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Training cum exposure visits at IGFRI, Jhansi

Indian Grassland and Fodder Research Institute, Jhansi 
has kept open its doors for all those who had keen interest 
on fodder production and the related technologies. 
During the year, total 521 farmers, personnel from non 

govt. organizations visited IGFRI and interacted with the 
experts in related subject through different sponsored 
visits. Besides, regular visits farmers, students and 
teachers to IGFRI and its research farm were attended by 
our staff  and experts. 

Table 7.5. Training cum Exposure Visits

S. No. Name and Address Date No. of visitors

1. CAFRI Trainees from Bihar 06-08-2014 30

2. Farmers of  Lalitpur from  Catholic Seva Samaj, Jhansi  24-09-2014 60

3. Students from K.V. 3, Jhansi 10-09-2014 38

4. Students of  B.Sc. (Forestry) from College of  Forestry, Orissa  26-09-2014 51
 University of  Agriculturs  and Technology Bhubneswar  (Orissa) 

5. Students of  B.Sc. (Forestry), Forestry College, Ponnampet, (Karnataka) 05-11-2014 50

6. Forest Officers from Bihar in Training Programme during  28-11-2014 23
th 27-29  Nov 2014 (Bihar) 

7 Trainees of  ICAR-CAFRI, Jhansi 17-12-2014 30

8 Students of  College of  Agriculture, RVSKVV, Gwalior (M.P.) 31-01-2015 23

9 Deputy Director, Kisan Kalyan Krishi Vikas, Sagar (M.P.) 26-02-2015 35

10 SDO, Khilchipur, Rajgarh (M.P.) 28-02-2015 8

11 Deputy Director, Kisan Kalyan Krishi Vikas, Anuppur (M.P.) 13-03-2015 16

12 Army Officers from NDEHMS, RVC Meerut (U.P.) 13 &14-3-2015 6

13 SDO, Kisan Kalyan Krishi Vikas, Balaghat (M.P.) 20-03-2015 60

14 Deputy Director, Kisan Kalyan Krishi Vikas, Tikamgarh (M.P.) 23-03-2015 60

15 Deputy Director, Kisan Kalyan Krishi Vikas, Guna (M.P.) 24-03-2015 13

16 SDO, Kisan Kalyan Krishi Vikas, Vidisha (M.P.) 25-03-2015 18

Training for ARS Probationers at IGFRI

As per the guidelines of  NAARM, Hyderabad, IGFRI 
organized and managed trainings for ARS probationers 
both for IGFRI and other Institute. One ARS probationer 
has done his one month orientation programme at IGFRI, 

Jhansi and another one done part of  his orientation at 
IGFRI. Two ARS probationers from CAZRI, Jodhpur 
have done their three months subject matter attachment 
training at IGFRI.

IGFRI Annual Report 2014-15



Table 7.6. Training for ARS Probationers

Name of Scientist  Discipline ARS FOCARS Sponsoring Instt. Duration
thSevanayak D. Plant Physiology 99  FOCARS IGFRI, Jhansi 09-04-2014 to 08-05-2014
thM. Uthappa Agroforestry 99  FOCARS CAFRI, Jhansi 02-05-2014 to 08-05-2014
thRahul Dev Economic Botany 99  FOCARS CAZRI, Jodhpur 12-05-2014 to 11-08-2014

thM. Suresh Kumar Agroforestry 100  FOCARS CAZRI, Jodhpur 14-09-2014 to 13-02-2015
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Dissertation Submitted: One student of  RS &GIS from Allahabad University has submitted his dissertation at IGFRI 
during 2014-15.

Fig. 7.1. On campus training

Fig. 7.2. Training on Agricultural Practices Fig. 7.3. Inauguration of on campus training at IGFRI

Fig. 7.4. Training on Bio-safety measures 
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Dixit A.K., C.S. Sahai, R.K. Agrawal, S.K. Das and T. 
Kiran Kumar. Energy productivity and use efficiency 
under modern tillage practices in fodder - food 
cropping system. p16. 

Dwivedi K.K., R. Katiyar, A. Radhakrishna and P. 
Kaushal. Agrobacterium – mediated transformation of  
Cenchrus ciliaris (L.) using seeds as explants source. 
p42.

Ghosh P.K. and S.K. Mahanta. Grasslands: a potential 
carbon sink. pp11-14.

Gupta C.K., D. Vijay and M.K. Srivastava. Biochemical 
changes in gamma irradiated and GA3 treated fodder 
seeds during storage. p61.

Kiran Kumar T., D.R. Palsaniya, Manoj Chaudhary, 
A.K. Dixit, G. Prabhu and R. Srinivasan. Tillage and 
mulching effects on productivity and weed dynamics 
in fodder sorghum based cropping systems under 
rainfed condition. pp14-15.

Krishna A., Vinit Kumar, H.C. Pandey, S. Ahmed and 
Vikas Kumar. Power of  hydrogen (pH) and Electric 
conductivity (EC) on soil quality. p19.
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Kulkarni N.S. and Vinod Kumar. Studies on pollinator 
fauna, influence of  pollination and role of  bee 
attractants in influencing the seed yield and yield 
parameters of  lucerne (Medicago sativa). pp58-59.

Kulkarni N.S. Seasonal incidence of  insect pests and their 
relationship with weather parameters in lucerne 
(Medicago sativa). p.43.

Kumar R.V., H.V. Singh, Sunil Kumar, A.K. Roy and P.K. 
Ghosh. Performance and productivity of  grasses and 
legumes with different fodder tree based silvipasture 
system. p28.

Kumar Sunil, A. K. Shukla, A. K. Rai and A. Ahmed. 
Performance of  guava based hortipasture system in 
degraded land through in -situ moisture conservation. 
p7.

Kumar Sunil, Ramesh Singh, A.K. Shukla and Sunil 
Kumar. Performance of  aonla based hortipasture 
system in degraded land through in-situ moisture 
conservation.p8.

Kumar Vikas, Khem Chand and H.C. Pandey. Economic 
impact of  improved fodder technology in oat (Avena 
sativa L.) over the farmers livelihood. p76.

Kushwaha B.P., S.B. Maity, Sultan Singh, K.K. Singh and 
A.K. Misra. Bhadawari: An ideal buffalo for rearing 
under grazing system. p68.

Mahanta S.K. and M.M. Das. Compensatory growth in 
female calves kept under feed restriction followed by 
re-alimentation. p67.

Maity A., N. Natarajan D. Vijay. Antimicrobial property 
of  nanoparticles (NPs) during seed treatment. p57.

Maity S.B., B.P. Kushwaha, A.K. Dixit and Sultan Singh. 
Effect of  organic forage feeding on milk yield and 
quality of  sahiwal, gir and tharparkar cows. pp68-69.

Meena S.L., S.S. Meena and R.P. Nagar. Influence of  soil 
moisture conservation techniques on the 
performance of  fodder crops under semi-arid 
environments. p23.

Nagar R.P., S.L. Meena and S.S. Meena. Impact of  
growth promoters on seed yield and quality in anjan 
grass (Cenchrus ciliaris). p59.

Palsaniya D.R. Watershed approach for climate change 
resilience and livelihood security. p26.

Radotra Sudesh, R. Bhar and A. Kanan. Forage and 
animal production practices in Kangra valley of  
Himachal Pradesh. p66.

Rai S.K., Sunil Kumar and D. Deb. Analyzing climatic 
risk to forage cowpea production in semi-arid region 
of  India: Effects of  cultivar and planting date. p27.

Ram S.N., A.K. Roy, A.K. Shukla, M.M. Das and A. 
Ahmed. Productivity of  buffel, dhawalu and guinea 
grass in association with Hardwickia binata. p25.

Sah R.P., M. Chakraborty, K. Prasad, M. Pandit, S. 
Ahmed, A. Kumar, P. Mohapatra and A. Kumar. 
Development of  stay green dual purpose maize (Zea 
mays L.) hybrids for drought condition. p40.

Sah R.P., S. Ahmed, D.R. Malaviya, N.K. Shah and P. 
Saxena. Identification of  promising maize genotypes 
for dual purpose. p40.

Satyapriya, H.V. Singh, K.K. Singh, T. Singh and S. 
Ahmed. Participatory variety selection in oat and its 
impact on scaling up seed dissemination and varietal 
diversity. p73.

Saxena P. and R.B. Bhaskar. Integrated disease 
management practices for root rot & dry root rot in 
cowpea (Vigna unguiculata (L) Walp). p38.

Shah N.K., R.B. Bhaskar, R. Mawar, M.I. Azmi and P.K. 
Tyagi. Efficacy of  various IPM modules on biotic 
stress factors in cowpea + NB Hybrid fodder 
production system. p36.

Sharma P., P.N. Dwivedi and P.K. Pathak. Comparative 
analysis of  feeding value added fodder products and 
green fodder. p65.

Shivakumar B.G. and S.R. Kantwa. Enhancing fodder 
productivity, water use efficiency and economic 
returns during summer season in semi-arid tropics of  
Karnataka. p30.

Shukla P., G. Sahay and T. Singh. Genetic variability of  
Sem (Lablab purpureus  (L.) Sweet) and Butterfly pea 
(Clitoria ternatea Linn.) genotypes. p48.

Shukla S., R.P. Sah, S. Ahmed, P. Kaushal, A.K. Rai, M. 
Choudhary and P. Shukla. Screening for salinity 
stress tolerance in oat (Avena sativa L.). p32.

Singh A.K. and P. Saxena. Performance of  barley 
germplasm for green matter yield at full earhead 
formation stage. p34.

Singh J.B., P. Saxena, K.C. Pandey and P. Behari. Degree 
day requirement for black Aphids (Aphis craccivora) 
incidence on lucerne in semi-arid region. p24.

Singh K.K., M.M. Das and S.B. Maity. Effect of  berseem 
– wheat straw based silage on intake and utilization 
of  nutrients in crossbred calves. p62.

Singh T., D.R. Malaviya, P. Kaushal and R.B. Bhaskar. 
Creation of  novel variability through wide 
hybridization in berseem (Trifolium alexandrinum L). 
p47. 
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Vijay D. and C.K. Gupta. Studies on seed set 
enhancement in Chrysopogon fulvus. p60.

Vinod Kumar and B.G. Shivakumar. Participatory fodder 
seed production experiences in Karnataka. p58.

National symposium on, 'Agricultural diversification 
for sustainable livelihood and environmental 
security', at PAU Ludhiana, November 18-20, 
2014.

Kiran Kumar T., Manoj Chaudhary, D.R. Palsaniya, 
A.K. Dixit, G. Prabhu and Anita Kumari. 
Productivity and weed dynamics of  fodder sorghum-
based cropping systems as influenced by tillage under 
rainfed situation in central India. p800.

Kumar Sunil, T. Kiran Kumar, J.B. Singh and Anita 
Kumari. Inference of  climate resilient forage 
production systems under rainfed situation. p575. 

Ram S.N. and B.K. Trivedi. 2014. Effect of  weed control 
on quality forage productivity of  Guinea grass 
(Panicum maximum Jacq.)-legume intercropping 
system. p360.

National seminar on, 'Status of land resources: 
Challenges & remedies (with special reference to 
Bundelkhand region)', organized by Bundelkhand 
University, Jhansi, November 28, 2014.

Palsaniya, D.R. and Sunil Kumar. Enhancing access to 
fodder through watershed approach. p 105.

Rai S.K. and D.R. Palsania. Evaluation of  CROPGROW 
model and assessing the impact of  climate change on 
productivity. p107. 

Books/Book Chapters

Ghosh P.K. and D. Vijay. 2014. Challenges and prospects 
of  certified seed production in fodder crops. In: 

thSouvenir, 7  National Seed Congress on Quality seeds for 
successful agriculture (Eds. S.S. Tomar, M. Yasin, M.D. 
Vyas, S.S. Bhatnagar and D.K. Srivastav). Bhopal 
(India). September 25-27, 2014. pp54-62.

Ghosh P.K. and S.K. Mahanta. 2014. Forage resource 
development in India: Looking ahead. Agriculture Year 
Book. pp134-140.

Ghosh P.K., D.R. Palsaniya,  A.K. Rai and Sunil Kumar. 
2015. Strategies for higher nutrient use efficiency and 
productivity in forage crops. In: Nutrient Use Efficiency 
- from Basics to Advances, Springer (India). pp329-342.

Ghosh P.K., H.V. Singh, Satyapriya, S.K. Mahanta, R.V. 
Kumar, P. Sharma, M.M. Das and Archana Singh. 
2014. Fodder trees: A potential feed resource during 
drought and lean period in India. ICAR-IGFRI 
Jhansi. pp1-170. 

Gupta C.K. 2014. Utilizing rhizospheric interaction for 
enhanced crop production and nutrient acquisition. 
In: Integrated Nutrient Management for Quality Forage 
Production. (Eds. Sunil Kumar, A.K. Rai, D. R. 
Palsaniya, A. K. Dixit, Srinivasan R., G. Prabhu and 
Anita Kumari). ICAR-IGFRI, Jhansi (India). pp142-
146.

Kannan, A., R. Bhar, S. Radotra, B. Singh, G. Mal, R. 
Sharma, V.K. Sharma and T.K. Bhat. 2014. Tree  
fodder resources of  Himachal Pradesh, In: Tree 
Fodder Resources of  Himachal Pradesh, Uttarakhand and 
Jammu & Kashmir (Eds. R. Bhar, A. Kannan, T.K. 
Bhat, D.N. Kamra, A.K. Verma and P. Singh). ICAR-
IVRI Regional Station, Palampur, India. pp6-33.

Kim D-W, G.K. Agrawal, R. Rakwal, S. Ahmed and J.S. 
Rohilla. 2014. Genomic methods for improving 
abiotic stress tolerance in crops. In: Plant 
Biotechnology: Experience and Future Prospects (Eds. 
Agnes Ricroch, Surinder Chopra, Shelby J. Fleisher). 
Springer, New York. pp35-42.

Misra A.K. and S.K. Mahanta. 2015. Cultivated forages 
for ruminant production: the Indian scenario. In: Eco-
responsive feeding and nutrition: Linking livestock and 
livelihood (Eds. A.K. Pattanaik, A.K. Verma, S.E. 
Jadhav, N. Dutta and B.N. Saikia). Animal Nutrition 
Association, Izatnagar (India). pp44-56.

Vijay D. and D.R. Malaviya. 2014. Forage grass seed 
production. In: Grassland and fodder management in 
forest areas (Eds. Satyapriya, Vikas Kumar, N.S. Ekka 
and Khem Chand). ICAR-IGFRI, Jhansi (India). 
pp44-48.

Vijay D. and D.R. Malaviya. 2014. Forage seed 
production: current status and future strategies. In: 
Souvenir, National Symposium on climate resilient forage 
production and its utilization (Eds. R. Srinivasan, J.B. 
Singh, D. Vijay, Shahid Ahmed, B.P. Kushwaha, P. 
Saxena, Sadhana Pandey, H.C. Pandey, N.K. Shah, 
Satyapriya, A.K. Dixit and Sunil Kumar). Range 
Management Society of  India. pp74-78.

Vijay D., C.K. Gupta, A. Maity and D.R. Malaviya. 2014. 
Innovations in grass seed production technology. In: 
New frontiers in hybrid seed production and genetic purity 
testing (Eds. N. Sasidharan, K. Patil and J. Patel). 
Anand Agricultural University, Anand, Gujarat 
(India). pp180-186.

Vijay D. and D.R. Malaviya. 2015. Issues related with 
seed production aspects of  range grasses and 
legumes. In: 5 days-Advanced training in fodder seed 
production technologies (Eds. D.K. Agrawal, R.K. 
Singh, K. Bhoja Raja Naik and S.M. Pillae Gowda). 
ICAR- Directorate of  Seed Research, Mau UP 
(India). pp1-6.
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Technical Bulletins (English/Kannada)

Dixit A.K., A. Kumar, K.K Singh, A.K. Rai, M.M. Das, 
P. Sharma, A.K. Misra, S.B. Maity and M.K. 
Srivastava. 2014. Chaya: A tropical shrub - Alternate 
source of  feed and fodder. ICAR-IGFRI, Jhansi. pp1-
30.

Kumar Sunil, D.R. Palsaniya, B.G. Shivkumar and S.N. 
Ram. 2014. Stylosanthes production and utilization in 
India. ICAR-IGFRI, Jhansi. pp1-28.

Kumar Sunil, D.R. Palsaniya, A.K. Dixit, T. Kiran 
Kumar, M.M. Das and G. Prabhu. 2015. Livestock 
based Integrated Farming Systems for Enhancing 
Resource use Efficiency and Improving Livelihood 
of  Small and Marginal Farmers. Winter School Study 
Material E - Compendium, Indian Grassland and 
Fodder Research Institute, Jhansi- 284003, Uttar 
Pradesh, India., pp1-2120.

Kumar Vinod, B.G. Shivakumar, and Nagaratna Biradar. 
2014. Mavinatotadalli Mevina Belegala Beejotpadane. 
November 2014. ICAR-IGFRI SRRS, Dharwad. 
pp1-4.

Mahanta S.K., K.K. Singh, M.M. Das and A.K. Misra. 
2014. Nutritional profile of  improved fodder 
varieties. ICAR-IGFRI, Jhansi (India). pp1-26.

Pathak P.K., S.K. Singh, C.S. Sahay, A. Ahmed and R.K. 
Sharma. 2014. Post-harvest technologies on “Feed 
and fodder products for entrepreneurship 
development”. ICAR-IGFRI Jhansi. pp1-8.

Satyapriya, Vikas Kumar, N.S. Ekka and Khem Chand. 
2014. Grassland development and fodder 
management in forest area. ICAR-IGFRI Jhansi. 
pp1-77.

Singh Archana, H.V. Singh, Sunil Kumar, S.N. Ram, N.S. 
Ekka, J.P. Singh, R.V. Kumar and P.K. Ghosh. 2014. 
Grassland in India: Status and potential. ICAR-IGFRI 
Jhansi. pp1-36.

Singh J.P., M.M. Das, Satyapriya, J.B. Singh and S.K. 
Mahanta. 2014. IGFRI Profile. ICAR-IGFRI, 
Jhansi. pp1-28.

Srinivasan R., J.B. Singh, D. Vijay, S. Ahmed, B.P. 
Kushwaha, P. Saxena, Sadhna Pandey H.C. Pandey, 
N.K. Shah, Satyapriya, A.K. Dixit and Sunil Kumar. 
2014.  Souvenir: 'National symposium on climate 
resilient forage production and its utilization' 
organized by RMSI & BCKV, November 13-14, 
2014, Kalyani, WB. pp1-121.

Vijay D., D.R. Malaviya, C.K. Gupta, A. Maity, V. K. 
Wasnik, Vikas Kumar and D. Bahukhandi. 2014. 
Quality forage seed production and availability – 
IGFRI footprint. Technical Bulletin. ICAR-IGFRI 
Jhansi. pp1-36.

Popular articles (Kannada/English)

Biradar Nagaratna, B.G. Shivakumar and Vinod Kumar. 
2014. Mavina totadalli mevina bele (Fodder crops in 
mango orchards). Sirisamrudhi 18(7-8):35-36.

Biradar Nagaratna. 2014. Labhadayak udyam: Kudure 
menthe elehindi tayarike (Profitable venture-Lucerne 
leafmeal production). Sirisamrudhi  1(1):9-10.

Kulkarni N.S. and B.G. Shivakumar. 2014. Kuduregaste 
alla e menthe. Krishi Munnade  27(10):6-8.

Kulkarni, N.S. and B.G. Shivakumar. 2014.  
Hullugavalugalu. Nava Nada Karnataka. Deepavali and 
Rajyotsava Special Issue. pp33-34.

Maity A., D. Vijay, C.K. Gupta, V.K. and D.R. Malaviya. 
2014. Field standards for seed production of  forage 
crops. www.krishisewa.com

Nagar R.P.  and S.S. Meena. 2014. Growth promoters' 
foliar sprays for quality seed production of  anjan. 
ICAR News 20(3):22. 

Nagar R.P., S.L. Meena and S.S. Meena. 2014. Treatment 
effects on seed hardness in Clitoria ternatea. ICAR 
News 20(1):16-17. 

Prabhu G., Srinivasan R., D.R. Palsaniya, R. Sujay 
Anand, Manoj Chaudhary and T. Kiran Kumar. 
2014. Bioassay: A technique to assess selectivity of  
herbicides. Agrobios Newsletter XIII(07). pp19-20.

Pramanik P., D.K. Sharma and A. Maity. 2014. 
Environmental benefits of  conservation agriculture. 
Indian Farming  64(8):26-30.

Shivakumar B.G.  and N.S. Kulkarni. 2014. Besigeyalli 
mevina korathe nigabeke. Krishi Munnade  27(5):13-16.

Shivakumar B.G. and M.D. Martur. 2014. Mevina 
Samartha Balake. Krishi Munnade  27(10):19-21.

Wasnik V.K., D.R. Malaviya, A. Maity, D. Vijay and C.K. 
Gupta. 2014. Bundel Guinea-2: A promising fodder 
crop variety. www.krishisewa.com

Popular articles (Hindi): 

lk/kuk ik.Ms; ,oa vkj-ds- oekZ- 2014- xk; ,oa HkSal ds uoTkkr cPPk¨a 
dk ikyu i¨"k.k- d`"kd nwr] tqykÃ 22&28] 2014- i`"B 10-

vkj.ds- oekZ] lk/kuk ik.Ms; ,oa jkt dqekj “kekZ- 2014- Ik'kqv®a eas 
g®us okys çeq[k j®Xk dkj.k Yk{k.k ,oa cpko- d`"kd nwr] twu 
17&23] 2014- i`"B 10-

jktho dqekj vxzoky] izkschj dqekj Äks’k ,oa ftrsanz cgknqj flag- 
2014- lfnZ;ksa esa Hkjiwj pkjk & Hkjiwj nw/k- [kkn if=dk- 55¼09½ 
i`"B 29&37- 

nkuk jke iylkfu;k¡] lquhy dqekj ,oa Jhfuoklu vkj- 2014- v/kZ 
“kq’d {ks=ksa esa Tokj pkjk izca/ku- Tokj lkSjHk- Tokj vuqla/kku 
funs”kky;] gSnjkckn- i`’B 39&41-
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“;ke lqanj ehuk ,oa jktsanz izlkn ukxj- 2014 “kq’d ,oa v/kZ&”kq’d 
{ks=ksa ds fy, pjkxkg Qlysa ,oa izca/ku- [kkn if=dk 
55¼6½%47&49-

gdq eq jkt y- [kfcdZ j] vfuckuZ  e[q kth]Z  ekfud yky jk;] fueyZ  pna kz  ,o a
vfu:) erS h- 2014- iorZ h; {k=s k as e as txa yh tkuojk as l s df̀’k e as gkus  s
okyh {kfr ,o a fuokj.k d s mik;- df̀’kokfudh vkykds ] dnas hz ; 
,xkz &s QkjW Ls Vhª  vulq /a kku lLa Fkku] >kl¡ h- i’̀B 36&39- 

Training/Extension material/leaflets/folders (Hindi) - 

Hkk-d`-v-i-&Hkkjrh; pjkxkg ,oa pkjk vuqla/kku laLFkku] >k¡lh

lk/kuk ik.M;s ] fodkl deq kj] foukns  deq kj oklfud] [kes pUn- 2014- 
Ñ’kd efgykvk as grs  q pkjk mRiknu ,o a i”kiq kyu dh fof/k;k-¡  xkz e & 
jkfS utk] vxLr 30 l s flrEcj 4] 2014- i’̀B 1&83-

fodkl dqekj] lR;fç;] lk/kuk ik.Ms;] uwj lyhe ,Ddk] eatw lqeu 
,oa [ksepUn- 2015- mUur pkjk mRiknu ,ao pjkxkg fodkl 
mUur pkjk mRiknu ,ao pjkxkg fodkl ij gkFkjl ds fdlkuksa 
ds fy, vk;ksftr ifjd’kZ.k dk;ZØe- tuojh 18&25] 2015- & 
O;k[;kuekyk- i`’B 1&114-

lk/kuk ik.Ms;] lquhy dqekj] eatw lqeu] lR;fç;] iq#’kksÙke “kekZ] 
fodkl dqekj] jktdqekj “kekZ ,oa t;çdk”k mik/;k;- 2014- 
d`’kd efgykvksa gsrq funsZf”kdk % Qy] lCth ,oa nw/k ds 
ifjd’kZ.k dh fof/k;k¡- ifjd’kZ.k iqfLrdk- i`‘B 1&254-

lk/kuk ik.Ms;] iq:"kksRre 'kekZ] ,-ds- nhf{kr] lR;fiz;] g’kZo/kZu 
flag] ,l-,u- jke] t;çdk”k mik/;k; ,oa vkj-ds- 'kekZZ- 2014- 
Pkkjk rduhdh pkVZ& Pkkjk mRiknu ,oa Lkaj{k.k rduhfd;k¡-

eta  w leq u] luq hy lBs ] lk/kuk ik.M;s ] lR;fç;] [kes pUn] fodkl deq kj] 
v”kkds  deq kj] i:q "kkRs re 'kek]Z  t;çdk”k mik/;k; ,o a uhjt 
deq kj ncq -s  2014- d’̀kd efgykvk as grs  q Qy] lCth ,o a vuktk as dk 
J.s khdj.k ij nk s fnolh; ifjd’k.Z k dk;ØZ e- flrEcj 16&17] 
2014 d s vra xrZ  ifjd’k.Z k funfZs ”kdk- i‘̀B 1&36-

eatw lqeu] lquhy dqekj] lk/kuk ik.Ms;] [ksepUn ,oa fodkl dqekj- 
2014- ikSf’Vd lajf{kr Qy ,oa is; inkFkZ- i`’B 1&14-

eatw lqeu] lquhy dqekj] lk/kuk ik.Ms;] [ksepUn ,oa fodkl dqekj- 
2014- Lokfn’V ,oa mÙke vpkj- i`’B 1&8-

nsosUæ jke ekyoh;] Mh- fot;] lh-ds- xqIrk] fouksn dqekj oklfud] 
vfu#) eSrh] vkseçdk”k flag ,oa jktdqekj flag- ̂cjlhe cht 
mRiknu dh “kL; fØ;k;sa*- Hkk-d`-v-i- cht ifj;kstuk% d`f’k 
Qlyksa ,oa eRL; ikyu esa chtksRiknu-

lR;fç;] vfu#) eSrh] fouksn dqekj oklfud] lh-ds- xqIrk] Mh- 
fot;] lh-ds- xqIrk] jkt diwj flag] gjh”k pUæ ik.Ms; ,oa 
d`’.k fcgkjh lgxy- 2014- ^pkjk &Tokj cht mRiknu dh 
“kL; fØ;k;saa*- Hkk-d`-v-i- cht ifj;kstuk% d`f’k Qlyksa ,oa 
eRL; ikyu esa chtksRiknu-

lR;fç;] fouksn dqekj oklfud] lh-ds- xqIrk] vfu#) eSrh] Mh- 
fot;] gjh”k pUæ ik.Ms; ,oa t; çdk”k mik/;k;- 2014 
^yksfc;k cht mRiknu dh “kL; fØ;k;saa*- Hkk-d`-v-i- cht 
ifj;kstuk% d`f’k Qlyksa ,oa eRL; ikyu esa chtksRiknu-

Mh- fot;] lh-ds- xqIrk] nsosUæ jke ekyoh;] fouksn dqekj oklfud] 
vfu#) eSrh] lR;fç;] ,y-.u- flag] vkseçdk”k flag ,oa 
fnus”k dqekj- 2014- ̂fxéh ?kkl cht mRiknu dh “kL; fØ;k;sa*- 
Hkk-d`-v-i- cht ifj;kstuk% d`f’k Qlyksa ,oa eRL; ikyu esa 
chtksRiknu-

nsosUæ jke ekyoh;] lh-ds- xqIrk] Mh- fot;] fouksn dqekj oklfud] 
vfu#) eSrh] vkseçdk”k flag ,oa jkt diwj flag- 2014- ̂tbZ 
cht mRiknu dh “kL; fØ;k;sa*- Hkk-d`-v-i- cht ifj;kstuk% 
d`f’k Qlyksa ,oa eRL; ikyu esa chtksRiknu- Hkk-d`-v-i-
&Hkkjrh; pjkxkg ,oa pkjk vuqla/kku laLFkku] >k¡lh-

iq:"kksRre “kekZ] lR;fiz;] lk/kuk ik.Ms;] vfouk”k pUnz] vkj-ds- 
“kekZ] t; izdk”k mik/;k;- Tokj- 

iq:"kksRre “kekZ] lk/kuk ik.Ms;] lR;fiz;] vkj-ds- “kekZ] t; izdk”k 
mik/;k; ,oa vfouk”k pUnz- eDdk- 

iq:"kksRre “kekZ] lk/kuk ik.Ms;] lR;fiz;] vkj-ds- “kekZ] t; izdk”k 
mik/;k; ,oa vfouk”k pUnz- cktjk- 

iq:"kksRre “kekZ] lk/kuk ik.Ms;] lR;fiz;] vkj-ds- “kekZ] t; izdk”k 
mik/;k; ,oa vfouk”k pUnz- fxuh-

iq:"kksRre “kekZ] lR;fiz;] lk/kuk ik.Ms;] vfouk”k pUnz] vkj-ds- 
“kekZ] t; izdk”k mik/;k;- uSfi;j ?kkLk-

iq:"kksRre “kekZ] lR;fiz;] lk/kuk ik.Ms;] vfouk”k pUnz] vkj-ds- 
“kekZ] t; izdk”k mik/;k;- Ik'kqIk¨"k.k ds fYk;s Lka?kfur vkgkj 
Cykkd- 

iq:"kksRre “kekZ] lk/kuk ik.Ms;] lR;fiz;] vkj-ds- “kekZ] t; izdk”k 
mik/;k; ,oa vfouk”k pUnz-  Yk¨fc;k-

iq:"kksRre “kekZ] lR;fiz;] lk/kuk ik.Ms;] vfouk”k pUnz] vkj-ds- 
“kekZ] t; izdk”k mik/;k;- Pkkjk Lkaj{k.k fof/k;ka ,oa 
mi;¨fXkrk-
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Plant genetic resources and genetic improvement of 
forage crops 

(Programme Leader : Dr V.K. Yadav)

CI 1.6: Collection, evaluation, documentation and 
conservation of  forage crops germplasm

 CI 2.6: Genetic improvement of  sorghum under 
different use patterns

 CI 2.7: Development of  dual purpose maize

 CI 2.8: Development of  high yielding dual and 
multicut fodder oats

 CI 2.9: Genetic improvement of  pearl millet 
(bajra) and bajra- napier (BN) hybrids for higher 
biomass production

 CI 2.10: Genetic improvement of  barley for forage 
and grain yield

 CI 2.11: Genetic improvement for dual-purpose 
stay-green pearl millet

 R S J & K 1 . 1 :  C o l l e c t i o n ,  e v a l u a t i o n ,  
characterization and documentation of  temperate 
forage germplasm

 RSA13:Germplasm enrichment, evaluation, 
maintenance and genetic improvement of  forage 
crops for arid, semi-arid regions

GSM 1.17:  Evaluation of  range legumes of  semi-
arid region for quality forage 

 GSM 1.18:  Strengthening and digitization of  
herbarium fodder value plant

 RRCP 9:Evaluation and maintenance of  perennial 
forage grasses and legumes in Mid Himalyan 
region

 RSD 25: Breeding cowpea of  different use pattens

 Flagship Programme : Pre-breeding in major 
fodder crops for widening their genetic base

Abiotic stress management and climate resilient fodder 

(Programme Leader : Dr Sunil Kumar)

CI 4.5: Genetic improvement of  guinea grass for 
higher biomass production and tolerance for 
abiotic stresses 

Chapter 9

Approved Programmes and Projects

 CI 7.11 Biochemical and molecular approach for 
characterization of  drought tolerant forage 
sorghum

 RSD 12: Breeding for forage yield quality, biotic 
and abiotic tolerance in alfalfa (Medicago/sativa L.)

 RSA15 :Gene specific allele mining in Cenchrus 
with special emphasis on abiotic stress tolerance

 CP 2.1.13:Fodder based contingent crop planning 
modules for rain-fed semi-arid region.

 CP2.1.14: Climate resilient forage production 
system under rainfed situation

 CP 2.3.12: Studies of  crop growth simulation 
model for fodder cowpea using CERES- grain 
cowpea model for agronomic management and to 
study the impact of  projected climate change on its 
productivity in semiarid region of  India.

 CP 3.3.1: Identification and characterization of  
root architecture traits associated with high 
biomass under different cutting regimes in oat and 
guinea grass 

 Flagship programme : livestock based integrated 
farming systems for sustainable productivity and 
income of  farmers in semi-arid region of  central 
India

Molecular genetics, biotechnological and physiological 
approaches of research on forage crops 

(Programme Leader : Dr. P. Kaushal)

CI 5.4: Basic studies on apomixis and generating 
cytogenetic stocks in Pennisetum and Panicum 
agamic complex

 CI 6.8: Development of  molecular markers 
database in forage grasses with special reference to 
stress responsive EST-SSRs

STR 3.10 : Biochemical analysis of  forage seeds 
during post harvest storage

RSD 24: Physiological evaluation of  perennial 
legumes for forage potential

 Flagship Programme : Advance research on 
Apomixis
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Diversification and sustainable intensification of 
fodder production in different land use system including 
grasslands 

(Programme Leader : Dr. R.V. Kumar)

RSA 10: Evaluation of  Promising neem strains 
under agri-silvi-pasture system in the semi-arid 
conditions

GSM 3.11:  Silvipasture system for round the year 
top feed and fodder availability

 GSM 3.12: Evaluation of  shrubs in Hardwickia 
binata based three tier silvopasture systems under 
semiarid rainfed situation  

 GSM3.14. Productivity of  Hardwickia binata based 
silvopasture systems under moisture conservation 
practices in rainfed condition 

 GSM 4.12.1: Productivity of  aonla based 
hortipastoral system under different soil and water 
conservation practices. Phase II (2012-17) 

GSM 4.12.2  :  Establishment of  aonla based 
hortipastoral system with different soil and 
moisture conservation practices under rainfed 
situation

GSM 4.14: Studies on tree pasture interaction and 
productivity of  guava based Horti-Pastoral System 
with moisture conservation measures(II Phase 
2013-2018)

 GSM 4.19 Studies on microflora of  Bahaunia and 
aonla based silvi-hortipasture system

RSD 23: Agro-ecological evaluation of  different 
horti-pastoral systems for peninsular India

RSJ&K 4.1: Augmenting forage resource 
availability through development of  hortipasture 
systems

 RSJ&K 4.2: Establishment and Evaluation of  
A l m o n d  b a s e d  h o r t i p a s t o r a l  S y s t e m  
in Karewa uplands of  Kashmir

 CP 1.1.8: Market led fodder production 
technology for profit maximization in peri-urban 
agglomeration

 GSM 1.19: Resource inventory and mapping of  
grasslands at Jharkhand using GIS remote sensing

Flagship Programme : Amelioration of  
temperate/ alpine pastures for livelihood support 
to pastoral communities

 Flagship Programme : Enhancing forage 
production in common property resources 
including forest command areas and assessment 

of  the critical requirement of  green forage for 
efficient utilization in dairy animal production. 

Managing natural resources and soil health for 
sustainable fodder production 

(Programme Leader : Dr. B.G. Shivkumar)

 CP 1.1.11: Effect of  long-term organic and 
conventional nutrient management on soil fertility 
and sustainability of  cropping system 

 CP3.1.2: Development of  phosphate solubilising 
biofertlizer suitable for fodder crops of  problem 
soils 

 GSM 4.18: Evaluation of  substrate dynamics for 
integrated nutrient management  in bael based 
hortipastoral system

 CP 1.5.2: Resource conserving technologies 
(RCT's) for improved productivity and soil health 
in fodder sorghum based cropping systems under 
limited irrigation 

 CP 1.4.6:Evaluation of  selected herbicides for 
development of  IWM module in forage crops 

 CP 1.1.12: Integrated nutrient management in 
Napier bajra hybrid based cropping system  for 
sustainable fodder production and soil health.

 Flagship programme : Synthesis and Application 
of  P, Fe and Zn Nanoparticles for Increased 
Fodder and Seed Production

 Flagship Programme: Potential of  nano zinc oxide 
on zinc bioavailability and its effect on blood 
biochemical changes in sheep 

Enhancing seed production, development of seed 
standards and study on seed biology

(Programme Leader : Dr. D.R. Malaviya)

 RSA 14: Evaluation for seed yield and quality in 
Cenchrus species in different seasons under semi-
arid environment .

 STR 3.13: Crop management practices for 
maximising seed production in cowpea and oat

 STR 3.14: Chemical weed control in Berseem for 
seed production

 STR 3.15: Morpho-phenological studies of  seed 
setting and germination in tropical range grasses

STR 3.16: Enhancing forage seed quality through 
coating and pelleting

 STR 3.17: Identification of  physiological and 
harvesting maturity stage in Dinanath and 
Berseem crop
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 RSD 16: Optimizing seed production and seed 
standardization protocols in range grasses and 
legumes 

 RSD 22: Physiological interventions for 
improving seed yield in Brachiaria species

Nutritional evaluation of forage resources & improving 
crop - livestock production systems 

(Programme Leader : Dr. A.K. Misra)

PAR 3.1: Methane production potential of  tropical 
fodders/feeds vis-à-vis efficacy of  tree foliages 
secondary metabolites for defaunation and 
methanogenesis

 PAR 4.1: Performance of  mixed herd of  sheep and 
goats under grazing in different silvopasture 
systems

 PAR 4.2: Long term effect of  different grazing 
intensities on soil health and pasture-animal 
productivity 

 PAR 4.3: Endozoochorus dispersal of  seeds 
through sheep and goat faecal pellets: Recovery, 
germinability and emergence of  range grasses, 
legumes and shrubs species.

 PAR 5.3: Development of  nutritionally balanced 
and economic feeding system for livestock through 
cereal-legume intercropping.

 Inter-institutional collaborative programmes : 
Improvement in nutritional quality & yield of  
grasses and utilization of  non-conventional fodder 
resources for higher livestock production

Mechanization & maximizing utilization, conservation 
and fortification of feed and fodder resources 

(Programme Leader : Dr. P.K. Pathak)

AE 2.1: Development of  value added feed 
products for different categories of  livestock and 
their storage

AE 3.1: Evaluation of  water resources for efficient 
utilization in enhancing productivity of  forage 
crops

 AE 4.1: Development of  greenhouse dryer 
utilizing optimum solar energy for fodder crop

Social, economic, policy and translational research 

(Programme Leader : Dr. Khem Chand)

SS 2.04: Technology gap analysis of  fodder 
production technology in Bundelkhand region

 RSD 15: Participatory fodder production under 
mango in orchards

 SS 2.05: Capacity - building of  farm women on 
animal rearing practices  

 SS 2.06: Scaling up of  fodder technologies at 
farmer's field (ADARSH CHARA GRAM)

Tribal sub- plan (TSP): Jhansi, Avikanagar & 
Srinagar

 SS 3.02: Livelihood improvement of  farmers 
through quality seed production   of  fodder crops

 Flagship Sub programme : National initiative on 
fodder technology demonstration (NIFTD)

Biotic stress management and forewarning 

(Programme Leader : Dr. Pradeep Saxena)

CP 2.3.11: Forewarning models for major pests of  
cowpea and berseem

 RSD 19: Studies on insect fauna and its influence 
on forage and seed yield in lucerne

 RSD 25: Studies on insect pests of  cowpea and 
their management

 CI 3.10: Genetic improvement of  berseem for root 
rot resistance, late maturity and biomass

 CI 8.27: Collection and characterization of  
biodiversity in insect pests, pathogens and 
nematodes of  fodder crops

 GSM 2.9: Diversity of  arbuscular mycorrhizal 
fungi associated with grasses and its role in forage 
production

Inter-institutional projects

 IIP-4: Improvement in nutritional quality and 
yield of  grasses and utilization of  non-
conventional fodder resources for higher livestock 
production

 Inter-institutional Project with IVRI, Palampur “ 
Evaluation of  locally available plants for feeding 
of  hill animals'’

Externally funded projects

 Network Project of  Buffalo: Performance 
recording and improvement of  Bhadawari 
Buffaloes 

 AMAAS: Development of  PGPR Inoculant 
Bioformulations for Rhizosphere Management in 
Enhancing Biomass of  Fodder Crops

 ICARDA-ICAR Col laborat ive  Projec t :  
Enhancing fodder and nutritional security of  
livestock in semi arid regions of  India through 
Opuntia, Lathyrus and Vicia sps.
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 National Initiative on Climate Resilient 
A g r i c u l t u r e  ( N I C R A ) :  Te c h n o l o g y  
Demonstrations in a Participatory Action 
Research mode

NICRA-Strategic Research : Imact assessment of  
climate change on fodder production, grazing and 
angelan & ecosystem and mitigation strate ges.

 CRP 1.1:Dryland system: Enhancing productivity 
and managing risks through diversification, 
sustainable intensification and integrated 
agroecosystem approaches

 NFBS&FARA: Low ovule to seed ratio in range 
grasses: Genetical and physio-chemical basis.

 Ploidy regulated expression of  genes  involved in 
mega gametophyte development, apomixis and its 
component traits (DST)

 Identification of  ovule and embryosac specific 
promoters and their validation in transgenic 
Cenchrus ciliraris, (DBT)

 Developing guidelines for conduct of  DUS testing 
for Oat, Cowpea and Guinea gras (PPVFRA)

 Enhancing grasspea production for safe human 
food, animal feed and sustainable rice-based 
production system (Phase-II), NFSM scheme, 
DAC

 Integrated farming system for sustainable rural 
livelihood  in undulating and rainfed areas of  
Jhabhua and Dhar district of  Madhya Pradesh, 
NAIP Component 
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grazing lands and human resource development. He 
appreciated the efforts of  IGFRI staff  for creating a good 
scientific ambience at IGFRI. While welcoming the 
dignitaries, retired scientists and the staff, Dr. P. K. Ghosh, 
Director, detailed the progress made during the last year in 
the field of  technology up-scaling, forage improvement & 
varieties developed, livestock development and the new 
initiatives of  the institute both at national and 
international level. Six books/ bulletins on different 
aspects of  forage research were released on this occasion. 
Dr. S.K. Datta, DDG(CS), ICAR gave the presidential 
speech and all the guests of  honor, Dr. Arvind Kumar, Dr. 
S.K. Dhyani and Dr. Ashutosh Sarker also addressed the 
gathering.

An interactive session with the QRT of  the Institute on, 
'Avenues in Forage Research', with the existing scientists 
and retired scientist was conducted at the Institute on 

ndNovember 1. On 2  November, a fodder day cum farmers 
fair, visit to experimental fields and outreach programmes 
of  IGFRI was conducted. More than 200 farmers of  
Bundelkhand region participated in exhibition and krishak 
- vaigyanik gosthi. While welcoming the farmers,       Dr. 
P.K. Ghosh suggested them to take full advantage of  
ATIC and IGFRI technologies. 

rdICAR-IGFRI, Jhansi Celebrated 53  Foundation Day 
stFoundation Day of  IGFRI Jhansi celebrated on 1  

November 2014, where Prof. Panjab Singh, Ex Secretary 
DARE and DG ICAR and also the present Chairman of  
the QRT of  the Institute, graced the occasion as the Chief  
Guest. Dr. S.K. Datta, DDG (CS) ICAR presided over the 
function. Dr. Arvind Kumar, Vice Chancellor RLBCAU, 
Dr. S.K. Dhyani, Director ICAR-NRCAF and Dr. 
Ashutosh Sarker, Regional Coordinator, ICARDA, New 
Delhi were the guests of  honor. Other members of  QRT 
IGFRI; Dr. C.L. Acharya, Ex Director IISS Bhopal, Dr. 
P.S. Pathak, Ex Director IGFRI, Retired Head of  
Divisions, Scientists, Technical, Ministerial and 
supporting staff  of  IGFRI were cordially invited to grace 
the function. Scientists/staff  of  IGFRI and NRCAF were 
also present on the occasion. 

Inaugural session held in the Auditorium of  the Institute 
where Dr. Panjab Singh, the chief  guest delivered the 
Foundation Day Lecture. Dr. Singh highlighted the 
importance of  genetic amelioration and associated 
technology, farm mechanization & post-harvest 
technology, nutritional evaluation of  forage resources, 
capacity building, GHGs from livestock, enhancement of  
forage productivity, improvement of  grasslands/ pasture/ 

Chapter 10

Events and Meetings
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In his opening remarks, Dr. S. Ayyappan stressed over the 
importance of charting a path diagram having specific 
actionable points on enhancing fodder production in the 
country. He emphasized the synergy between different 
organizations and institutions working on fodder issues. Dr. 
P.K. Ghosh, Director, IGFRI detailed the prominent 
research achievements and technologies that are being 
adopted by the farmers in different parts of  the country. He 
also delineated the major initiatives of  IGFRI like Forage 
Based Integrated Farming Systems for Semi-Arid region, 
National Initiatives on Fodder Technology Demonstrations 
though 100 Krishi Vigyan Kendras, National Mission for 
Sustaining Himalayan Ecosystem. Dr. K.M.L. Pathak 
highlighted the need for giving importance toconcurrent 
enhancement of  crop residue while undertaking research 
on grains for human consumption. Dr. Swapan K. Datta 
advised that IGFRI should also stick to its research strength 
particularly on improvement of  forage crop productivity 
and application of nano technologies in forage research. Dr. 
A.K. Sikka, suggested for inter-linking of all institutions 
working on forage production. 

Hon'able DG alongwith other dignitaries also visited 
IGFRI central research farm to see the activities of  
experiments and research.

Cerebration on Fodder Issues held at ICAR-IGFRI

A summit on 'Cerebration on Fodder Issues', under the 
Chairmanship of  Dr. S. Ayyappan, Secretary, DARE and 
Director General, ICAR, New Delhi was held at ICAR-
Indian Grassland and Fodder Research Institute, Jhansi 
on November 17, 2014. The summit was attended by Dr. 
A.K. Sikka, DDG (NRM), Dr. Swapan K Datta, DDG 
(CS), Dr. K.M.L Pathak, DDG (AS) and Dr. Arvind 
Kumar, VC, Rani Lakshmi Bai Central Agricultural 
University. Other participants attended the meeting 
included Dr. B. Prakash, ADG (AN & P), Dr.  J.S. 
Chauhan, ADG (Seeds), ICAR, Dr. B. Mohan Kumar, 
ADG (AA&CC), Dr. Gaya Prasad, ADG (AH) from 
ICAR; Dr. A. K. Srivastava, Director, NDRI, Karnal, Dr. 
R. K. Singh, Director, IVRI, Bareilly, Dr. T. P. Rajendran, 
OSD, NIBSM, Dr. M. M. Roy, Director, CAZRI, 
Jodhpur, Dr. S.K. Agarwal, Director, CIRG, Mathura, Dr. 
S.M.K. Naqvi, Director, CSWRI, Avikanagar, Dr. N. P. 
Singh, Director, ICAR research Complex, Goa, Dr. 
Rajendra Prasad, Director, DSR, Mau, Dr. S.K. Dhyani, 
Director, NRCAF, Jhansi, Dr. P.S. Minhas, Director, 
NIASM, Baramati and scientists from various ICAR 
institutes. The Head of  Divisions/PC(FC)/scientists of  
IGFRI and NRCAF, Jhansi also attended the summit.

Inauguration of Fodder Technology Park at the Institute 

Dr. S. Ayyappan, Hon'ble DG ICAR and Secretary DARE 
inaugurated the Fodder Technology Park at the Military Padav area 

thof the Institute on November 17 , 2014. Dr.  A.K. Sikka, DDG 
(NRM), Dr. Swapan K. Datta, DDG (CS), Dr. K.M.L Pathak, 
DDG (AS) and other participants of  the meet, “Cerebration of 
Fodder Issues”, were also present during the function. Dr. P.K. 
Ghosh, Director extended hearty thanks to Hon'ble DG ICAR and 
to all the dignitaries present during this auspicious occasion. Dr. 
Ayyapan, also did plantation during the programme.
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Dr. P.S. Pathak, Dr. P.K. Ghosh and Dr. Sunil Kumar were 
also present. Dr. S.K. Dhyani, Director, NRCAF Jhansi 
participated in the meeting as a special invitee. All the Head 
of Divisions, Officer Incharges Regional Research Stations 
(Avikanagar, Dharwad, Srinagar) also participated in the 
RAC and presented the achievements of  respective 
division/RRS. The meeting was followed by the field visit, 
to observe the experiments and crops.

st21  Research Advisory Committee Meeting of the 
Institute

stThe 21  meeting of RAC of ICAR-IGFRI held at the 
Institute during May 7-8, 2014. The meeting was presided 
over by the Chairman of RAC, Dr. Y.S. Ramakrishna, Ex 
Director, CRIDA, Hyderabad and Dr. E.A.H. Roberts 
Chair on NRM Tea Research Association, Tocklai 
Experimental station, Jorhat. The other members of  RAC,

IRC meeting of the Institute

The IRC of the Institute held at IGFRI during May 19-23, 
2014. All the Heads of Divisions, Incharges of RRSs and all 
the scientists attended the IRC.  Each of the Institute 

Research Projects was presented by the individual scientists 
and the same were reviewed by the IRC. Number of 
project/scientist retained to 4-5.
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attainability of  targets of  each project and made specific 
recommendations which could be used for midcourse 
corrections, if  required, in the respective projects. 
Chairman urged the scientists to ensure their regular visit 
to the research farm and having a closer interaction 
amongst.

PMC

The PMC, to assess and monitor the progress of  research 
projects for rabi 2014-15, conducted a visit during 
February 26-28, 2015. Dr. P.K. Ghosh, Director & 
Chairman PMC alongwith the  members of  the PMC 
visited the research programmes/experiments of  various 
divisions of  the Institute and emphasized to ensure the 

One day Bio-safety training at ICAR-IGFRI

One day Bio-safety Training on, “Safe and sustainable use of  chemicals 

and biological agents”, was organized at ICAR-Indian Grassland and 

Fodder Research Institute, Jhansi on May 24, 2014. Thirty five 

participants, involved in handling with chemicals and biological agents 

for laboratory research such as research scholars, research fellows and 

technical staff  from IGFRI and NRCAF, attended the training. In this 

training, lectures were delivered by external and internal experts on 

'Bio-safety level in research laboratory/medical laboratory', 

'Transgenics -do's and don'ts', 'Safe and sustainable use of  chemicals 

and biological agents and biological safety for lab & field research'. Lab 

demonstration for safe handling of  hazardous chemicals and basic 

safety procedures were also conducted in the training.
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Dr. S.K. Dhyani, Director ICAR-NRCAF, Jhansi was also 
invited in the meeting, to participate and share his 
experiences. Dr. P.K. Ghosh, Director ICAR-IGFRI, 
Jhansi welcomed the dignitaries and briefed the salient 
achievements of  the institute for the period 2008-13.

Presentations were made by respective HDs, RRS 
Incharges and PC (FCU), before the QRT. Day long 
deliberations were followed by the field visits on the next 
day.

Visit to IGFRI Jhansi

The first meeting of  Quinquennial Review Team (QRT), 
to review the work done at ICAR-IGFRI & AICRP (FC) 
during the period 2008-2013, held at IGFRI during June 
08-09 June, 2014. The meeting was convened under the 
Chairmanship of  Dr. Panjab Singh, former DG, ICAR & 
Secretary DARE and former VC, BHU, Varanasi. Dr. P.S. 
Pathak, Dr. K.K. Dutta, Dr. C.L. Acharya and Dr. J.P. 
Yadvendra, members of  QRT IGFRI were also present. 

Visit to RRS Avikanagar

The QRT for IGFRI and AICRP-FC headed by Dr. Panjab 
Singh, Former 
DG ICAR & 
Secretary DARE 
and Former VC, 
BHU alongwith 
Dr. P.K. Ghosh, 
Director IGFRI, 
Dr. A.K. Roy, PC 
(FCU) and other 
m e m b e r s  o f  

QRT, reviewed the work done during last six years at AICRP-
FC centre, SKRAU, Bikaner and WRRS, Avikanagar on 

thAugust 4 , 2014. The team appreciated the outcome and 
emphasized for popularization of available fodder 
production technology and seed production of promising 
varieties. The team also visited research farm of the WRRS, 

thAvikanagar on August 5 , 2014 and appreciated experiments 
on quality seed production of Cenchrus grass, fodder 
production under silvi - pasture system and initiative on 
grassland development and participatory seed production 
through Goushalas.  

Visit to RRS Dharwad

The QRT under the Chairmanship of  Dr. Panjab Singh 
and the members; Dr. P.K. Pathak, Dr. C.L. Acharya, Dr. 
J.P. Yadavendra, Dr. K.K. Datta, Dr. Sunil Kumar 
Member Secretary, alongwith Dr. P.K. Ghosh, Director, 
IGFRI visited SRRS, IGFRI Dharwad during October 19-
21, 2014. Team visited farmer's field near Belgaum and the 
efforts of  the centre were appreciated. Dr. B.G. 
Shivakumar, Principal Scientist & OIC, made brief  

presentation on salient findings of  the projects, existing 
linkages, success stories etc. 

thOn 20  October, team visited the Tegur farm and farmer's 
field. Team met the VC of  UAS Dharwad and had an 
interaction. Team also visited laboratory-cum-office 
building of  SRRS, IGFRI, followed by visit to 

stexperimental fields. On 21  October, team visited the 
fields at Red Dane project at UAS, Dharwad and had a 
quick visit to the farms of  UAS, Dharwad.

IGFRI Annual Report 2014-15

QRT (2008-2013) of ICAR-IGFRI  



125

visited RRS Srinagar during September 3-6, 2014. Team had 
discussion over the progress of the centre and viewed the 
experimental fields. Dr. Dilip Kumar Verma, Principal 
Scientist & OIC, made brief presentation on salient 
achievements and progress of the centre.

Visit to RRS Srinagar

The QRT; Dr. Panjab Singh, Chairman and the members; Dr. 
C.L. Acharya, Dr. J.P. Yadavendra, Dr. K.S. Ramchandra, Dr. 
K.K. Datta, Dr. Sunil Kumar Member Secretary, alongwith 
Dr. P. K. Ghosh, Director IGFRI and Dr. A.K. Roy, PC (FCU) 

The QRT IGFRI meetings were also held as per the following schedule: 

Places Period

BAIF  Urulikanchan, MPKV Rahuri August 2-3, 2014

NDUAT Faizabad September 29-30, 2014

BCKV Kalyani November 12-15, 2014

AAU Anand & Bhuj December 21-24, 2015

PJTSAU Hyderabad, Kochi, KAU Vellayani February 19-23, 2015

AAU Jorhat March 19-21, 2015

National Group Meet, Rabi 2014-15 of  All India 

Coordinated Research Project on Forage Crops & 

Utilization was organized with the objectives to review the 

accomplishments of  technical programme executed during 

rabi 2013-14, at different coordinating and cooperating 

centres and formulate technical programme for rabi 2014-

15, as well as to discuss future thrust areas for fodder 
thresearch under 12  plan. The meeting was jointly organized 

by Indian Council of  Agricultural Research and PAU, 

Ludhiana during August 26-27, 2014. The meeting was 

attended by the scientists engaged in forage research 

working under coordinating and collaborating centres 

located at different SAUs, ICAR institutes and NGOs. 

Representatives of  seed companies, state Department of  

Animal Husbandry and officers from other related 

departments also participated in the programme. These  

important stake holders contributed in the development 

of  programme and linkages strengthening future course 

of  action. Scientists from IGFRI, electronic and print 

media of  the region also participated in the meet. The 

national group meet members discussed and planned 

future strategies for improving the forage productivity, 

quality, nutritive value to address the regional and 

national forage security for the livestock. 

National Group Meeting – Rabi 2014 of All India Coordinated Project of Forage Crops &Utilization

IGFRI Annual Report 2014-15



126

A consultative group meet on, “Commercialization of  
feed and fodder products for entrepreneurship 
development”, was organized on November 06, 2014 at 
ICAR-IGFRI, Jhansi. Dr. Avinash Chandra Pandey, 
Vice Chancellor, Bundelkhand University was the chief  
guest of  the meet. Dr. Sudhir Bhargav, Member, 
Governing Body of   ICAR, was the guest of  honor in 
this group meet. The meet was attended by Scientists 
from IGFRI, Jhansi; Representatives of  CIAE, Bhopal, 
CIPHET, Ludhiana and IVRI, Bareilly; Milk 
Federations of   UP, MP and Rajasthan; Banking Sector 
from NABARD, Dewas (MP), PNB, Jhansi (UP); 
Progressive Farmers' group including  Shyam Kripa 
Kamdhenu Dairy Chitrakoot (UP) and Din Dayal 
Shodh Sansthan Chitrakoot (MP), Krishna Goushala, 
Jhansi (UP) and Sonkatchh Agroproducers Comp. Ltd., 

Sonkatchh, Dewas (MP) and Industries related to farm 
machinery and processing from Kanpur, Jaunpur and 
Jhansi. The major recommendations were to provide 
technical support and training for setting up the feed pellet 
technology plant, to two progressive groups' viz., Shyam 
Kripa Kamdhenu Dairy, Chitrakoot (UP) and Din Dayal 
Shodh Sansthan, Chitrakoot (MP) for commercialization 
in collaboration with CIAE, Bhopal, NABARD agreed to 
provide funds under 'Potential Linked Credit Plan' for 
establishing Agriculture Consultative Group in Devas and 
Sihore (MP) to be implemented by farmer's association 
and NGO’s and also agreed to provide fund for 
training/capacity building in fodder production, 
conservation and utilization technology. This meet was 
first of  its kind and proved to be a milestone for 
commercialization of  technology.

Consultative group meet on "Commercialization of Feed and Fodder products for entrepreneurship Development”
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A national level consultation meeting on, “Quality 
fodder seed production and availability: Opening new 

thvistas”, was organized on November 7 , 2014 at 
ICAR-IGFRI Jhansi. Inaugural Session was chaired 
by Dr. P.K. Ghosh, Director, IGFRI and Dr. Sudhir 
Bhargav, Member, Governing Body of   ICAR, was the 
Chief  Guest on the occasion. Dr. S. Rajendra Prasad, 
Director, DSR Mau, Dr. M.M. Roy, Director CAZRI, 
Jodhpur, Dr. Malavika Dadlani, Ex-JDR IARI, Dr. 
R.K. Chowdhary, Ex-PD NSP, Dr. J.P. Yadavendra, 
Ex-Prof. (Forage Breeding) also participated in the 
meeting. This one day national level meeting was 
organized involving different stakeholders from 
National Seeds Corporation, State Seed Development 
Corporations, Milk Federations, Non-Governmental 
Organizations, Central & Regional Fodder Seed 

Production Farms, DAC and DAHD of  Ministry of  
Agriculture, SAUs, Forest Department. Farmers and 
Private sector also participated in this, to have an open 
discussion and to iron out the difficulties in various 
stages of  production and availability. There were three 
sessions; SESSION-I: Varietal Status and linkages for 
seed chain strengthening, SESSION-II: Forage seed 
production technologies, problems and prospects, 
SESSION-III: Role of  private partnership for fodder 
seed avai labi l i ty,  and the Plenary Session.  
Presentations on seed production status available new 
technologies and production constraints were made 
followed by thorough discussion leading to some 
valuable commitments by different stakeholders for 
the improvement of  fodder seed availability. The 
stakeholders were impressed with the forage seed 
technologies developed by IGFRI. National and State 
Seed Corporations committed to take up fodder seed 
production on large scale. The forest department 
personnel showed interest to have MOU with IGFRI 
for technical guidance in forage/ seed production in 
forest wastelands. Unanimously, it was agreed to form 
a Forage Seed Consortium with IGFRI as nodal 
agency to take up fodder seed issues at regular intervals 
through review meetings and discussions.

National level consultation meeting on Quality fodder seed production and availability: Opening new vistas 

Birth centenary of Dr. P.M. Dabadghao, first OSD of IGFRI Jhansi 

The institute was established in the year 1962 and has 
celebrated its Golden Jubilee a couple of  years back. Dr. 
P.M. Dabadghao was the first OSD of ICAR-IGFRI Jhansi. 

th13  January 2015 was the birth centenary of  Dr. 
Dabadghao, who witnessed the foundation of ICAR-
IGFRI. To commemorate his valuable contribution in 
planning and execution of laying the foundation of IGFRI 
and also looking into his valuable contribution in the field of 
grassland research and development, the Institute 

organized a P.M. Dabadghao Memorial Lecture at ICAR-
thIGFRI Jhansi on January 13 , 2015. The Memorial Lecture 

was delivered by Dr. M.M. Roy, Director ICAR-CAZRI, 
Jodhpur. Dr. P.K. Ghosh, Director presided over the 
function. Dr. S.K. Dhyani, Director ICAR-NRCAF Jhansi, 
retired scientists of  IGFRI, present scientists and staff  of  
IGFRI participated in the function. Deliberations by the 
participants, especially those of retired scientists brought 
the function lively of past beautiful memories.
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A brain storming session on knowledge management 
was organized at IGFRI during August 22-23, 2014. Dr. 
R. Singh, Director DKMA, Dr. Anil Sharma, PRO, Dr. 
S.K. Joshi, Business Manager DKMA, Dr. Aruna T. 
Kumar, Editor and Dr. S.K. Soam, Head NAARM 
graced the session. Dr. P.K. Ghosh, Director IGFRI, 
inaugurated the session. All the staff  of  IGFRI 

participated. Useful discussion on recent technological 
advanced  in  knowledge  management  were  
elaborated/presented by the guests. The guests also 
visited the Institute museum and put forth their 
views/suggestions for its upgradation. Exhibition 
management during IGC 2015 at New Delhi was also 
discussed.
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Brain storming session on knowledge management

Sponsored training course was organized in various areas 
related to “Forage production, Utilization and 
Conservation”. Twenty three (23) participants from forest 
Department, Patna, Bihar attended the training during 
November 27-29, 2014 at IGFRI.

Training course and winter school organized at IGFRI

A winter school was organized by IGFRI on, “Livestock 
based integrated farming systems for enhancing resource use 
efficiency and Improving livelihood of small and marginal 

thfarmers”, during January 28  to February 17, 2015.
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Monthly seminars and Guest Lecture at ICAR-IGFRI

The Institute scientists (11) delivered monthly seminars 
during the year. A guest lecture was delivered by Dr. B. B. 
Singh, Visiting Professor Texas Univ. USA on, “Food 

stSecurity in India and World in the 21  century”, on 10 
June 2014 before the scientists of  the Institute.

IMC of the Institute
stThe 41  meeting of  Institute Management Committee 

(IMC) of  ICAR-IGFRI Jhansi was held at IGFRI on 
thFebruary 07 , 2015. The meeting was convened under the 

chairmanship of  Dr. P.K. Ghosh, Director ICAR-IGFRI. 

Other members; Dr. J.S. Chauhan, I/c ADG (FFC) 

ICAR, Dr. Jagdish Singh, Head Basic Science Division, 

IIPR Kanpur, Dr. P.S. Basu, PS, IIPR Kanpur, Dr. A.K. 

Tripathi, PS IISS Bhopal, Dr. Sujay Rakshit, PS DSR, 

Hyderabad and Dr. A.K. Misra, I/c SAO and Member 

Secretary attended the meeting. Heads of  divisions, 

PC(FC) and AFAO IGFRI also attended the meeting. 

Research achievements of  the Institute were briefed by the 

Director to the IMC. The agenda items were discussed in 

the meeting and recommendations were made for the 

approval of  the council.
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The launching of, "Swacch Bharat Mission" a nation-wide 
programme by the Hon'ble Prime Minister of  India, took 

ndplace all over India on October 2 , 2014.  Following the 
same programme as per directives from the ICAR vide 
circular no. GAC/21-46/2014-Cdn. dated September 

th25 , 2014, a grand programme was initiated at ICAR-
IGFRI Jhansi too, with lot of  enthusiasm. It was 
inaugurated by Dr. P.K. Ghosh Director of  the Institute 
and started with the oath ceremony, “Swacchata oath”, 
taken by all the employees of  the Institute in which 
everybody promised his commitment to devote at least 2 
hours per week for cleaning activity and promoting the 

Launching of 'Swacch Bharat Mission' celebrated at ICAR-IGFRI Jhansi

cause of  the same. Many of  the family members of  the 
staff  also took part in the programme. After the oath, 
employee assembled in the front of  the community center 
of  the Institute, with brooms in hands started cleaning of  
the premises. The cleanliness drives lasted for 3 hours 
during the day. Relatively unattended portions of  the 
colony in Type I and Type II quarters were cleaned 
thoroughly. The garbage was disposed of  suitably. Since 
then, the cleanliness drive is continuing at ICAR-IGFRI 
and its regional stations once every week for 2 hours. 
ICAR-IGFRI staff  is participating in the programme with 
full devotion.
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The national festivals like Independence Day 2014, Gandhi 
Jayanti 2014 and Republic Day 2015 were observed in the 
Institute with full enthusiasm and joy, National Flag hoisted. 

Activities of children participation in the drawing competitions, 
cultural programmes, field events for staff members and their 
family/children were organized during the year.

Celebration of National festivals in the Institute

Independence Day 2014

Gandhi Jayanti 2014

Republic Day 2015
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fnukad 20 ekpZ 2015 dks Hkkjrh; pjkxkg ,oa pkjk 
vuqla/kku laLFkku] >kalh esa ,d Rkduhdh ,oa e”khujh 
izn”kZu esyk dk vk;kstu fd;k x;kA bl esys dk mn~ÄkVu 
Mk- izkschj dqekj Äks'k] funs”kd Hkkjrh; pjkxkg ,oa pkjk 

vuqla/kku laLFkku ,oa Mk- f”ko dqekj /;kuh] funs”kd 
dsanzh; d`f’k okfudh vuqla/kku laLFkku us la;qDr :i ls 
fd;kA bl volj ij vkl ikl ds xkaoksa ls cM+h la[;k esa 
fdlkuksa us Hkkx fy;kA

Rkduhdh ,oa e'khujh izn'kZu esyk

A police chouki at CR Farm of  the Institute is inaugurated 
by Shri Shiv Sagar Singh, SSP, Jhansi on September 26, 
2014. During his visit to the Institute, he had an overview 
of  the research activities of  IGFRI. He visited ATIC and 
appreciated the activities specifically undertaken by the 
institute for the farmers. 

SSP Jhansi visited the Institute

laLFkku esa  fnuk¡d 27 vDVwcj ls 1 uoEcj] 2014 rd lrdZrk 
tkx:drk lIrkg dk vk;kstu fd;k x;kA ftldk  'kqHkkjEHk 
laLFkku ds funs'kd M‚- ih-ds- ?kks"k dh v/;{krk esa “kiFk xzg.k 
ds lkFk fd;k x;kA bl volj ij laLFkku ds lHkh oSKkfudksa] 
vf/kdkfj;ksa ,oa deZpkfj;ksa usa Hkkx ysrs gq, bZekunkjh] 
lR;fu’Bk ,oa tkx:drk dh “kiFk yhA lIrkg ds nkSjku 
vusd dk;ZØeksa dk vk;kstu fd;k x;kA

lrdZrk tkx:drk lIrkg
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Dr. P.K. Ghosh, Director, IGFRI, Jhansi along with the 
team members of  project and all Head of  Divisions 
visited the Adarsh Chara Gram on July 7, 2014, January 
31, 2015. The main aim of  the visit was to prepare 

farmers for, “Contingent Plan for Drought”, to extend 
the “Initiatives taken by IGFRI” to the farmers and to 
review of  project activities.

Visits  to Adarsh Chara Gram were conducted for the 
trainees; of  Inter-institutional programme on September 
9, 2014; IWMP programme on January 21, 2015; and 
winter school on February 2, 2015

Dr. J.S. Chauhan, ADG (Seed), ICAR along with project 
team visited the Adarsh Chara Gram on February 7, 2015.  
He appreciated the initiatives of  IGFRI, interacted with 
farmers and provided valuable suggestions for 
improvement.
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laLFkku esa ç'kklfud deZpkfj;ksa gsrq fgUnh dk;Z'kkyk dk vk;kstu
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laLFkku esa  fnukad 30-05-2014 dks fgUnh ds çpkj&çlkj o mlds çxkeh ç;ksx gsrq 
ç'kklfud deZpkfj;ksa ds fy, ,d fnolh; fgUnh dk;Z'kkyk dk vk;kstu fd;k x;kA 
ftldk  'kqHkkjEHk laLFkku ds funs'kd M‚-ih-ds- ?kks"k dh v/;{krk esa dk;Z'kkyk ds eq[; 
vfrfFk oäk M‚ txnh'k [kjs] iwoZ çkpk;Z th-,l-ih-th- dkyst] lqyrkuiqj] m-ç- }kjk 
fof/kor nhi çTtoyu ds lkFk fd;k x;kA çkjEHk esa çHkkjh] jktHkk"kk Jh vkj-ch-HkkLdj 
us dk;Z'kkyk esa Hkkx ysus okys çfrHkkfx;ksa o mifLFkr tuksa dk Lokxr Hkk"k.k ls Lokxr 
dj] lafo/kku esa jktHkk"kk fganh esa dk;Z djus gsrq fn, x, çko/kkuksa ij çdk'k MkykA 
rRi'pkr laLFkku ds lgk;d funs'kd ¼jktHkk"kk½ Jh ds'ko nso us dk;Z'kkyk dk mís'; o 
mldh :ijs[kk çLrqr dhA dk;Z'kkyk ds çFke l= esa vfrfFk oäk M‚ txnh'k [kjs us 
dgk fd fgUnh Hkk"kk le`) Hkk"kk;h ijEijk fy, gq, gS] vc vko';kdrk gS orZuh lq/kkj 
vkSj blds Li"V ç;ksx dhA mUgksaus Hkk"kkbZ nklrk dc rd ij viuk oDrO;  fn;kA 
blh Øe esa vfrfFk oäk Jherh vpZuk xqIrk] jktHkk"kk vf/kdkjh] lsUVªy cSad v‚Q bafM;k 
us ljdkjh dkedkt ;wfudksM ij djus vkSj bldh mi;ksfxrk ij çdk'k MkykA 
dk;Z'kkyk ds f}rh; l= esa vfrfFk oäk  M‚ jkeukjk;.k 'kekZ  ofj"B lkfgR;dkj ,oa 
iwoZ ofj"B fpfdRlk ltZu] ftyk fpfdRlkly;] >‚lh us fgUnh dk fodkl] çpkj vkSj 
bldh 'kCnkoyh dh ckjhfd;ksa ij çdk'k MkykA blh l= esa lgk;d funs'kd ¼jktHkk"kk½ 
Jh ds'ko nso }kjk  çfrHkkfx;ksa dks jktHkk"kk uhfr] ç'kklfud o dEI;wVj dh 'kCnkoyh 
ij rS;kj dh xbZ ç'ukoyh dk  vH;kl djok;kA dk;Z'kkyk ds 
mn~?kkVu l= esa mifLFkr ofj- ç'kklfud vf/kdkjh ,oa 
dk;kZy;k/;{k Jh jkds'k Hkkj}kt us dgk fd jktHkk"kk fgUnh  ds 
lkFk vkReh; cks/k gksus ls  bldk ç;ksx djuk lgt o ljy gSA 
v/;{kh; lacks/ku esa laLFkku ds funs'kd M‚- ih- ds- ?kks"k us 
laLFkku esa  jktHkk"kk fgUnh esa  fu"ikfnr dk;ksaZ  o vk;ksftr 
dk;Z'kkyk dh ljkguk dh A lkFk gh mUgksa~us jktHkk"kk foHkkx }kjk 
Þdß {ks= ds fy, tkjh funsZ'kksa dk mYys[k djrs gq, mudk 
'krçfr'kr ikyu djus dk vkg~oku fd;kA dk;kZ'kkyk ds 
m|kVu l= esa vkeaf=r laLFkku ds lHkh foHkkxksa ds 
foHkkxk/;{kx.k us viuh xfjeke;h mifLFkr nhA 

fnukad 15 ls 23 flrEcj] 2014 rd laLFkku esa fganh lIrkg dk 
vk;kstu fd;k x;kA bl fgUnh lIrkg esa fgUnh ds 
çpkj&çlkj vk Sj jktHkk ’ k k fgUnh ds çfr 
vf/kdkfj;ksa@deZpkfj;ksa esa mRlkgo/kZu gsrq fofHké 
çfr;ksfxrk;sa vk;ksftr dh xbZA fnuk¡d 15-09-2014 dks elkSnk 
,oa fVIi.kh ys[ku çfr;ksfxrk vk;ksftr dh xbZA fnuk¡d 16-
09-2014 dks fgUnh lIrkg dk fof/kor~ mn~?kkVu ,oa “kiFk 
xzg.k dk dk;ZØe dk vk;kstu fd;k x;kA bl dk;ZØe esa 
eq[; vfrfFk ds #i esa vkeaf=r th-,l-ih-th- dkyst] 
lqYrkuiqj ¼m-ç-½ ds lsokfuo`r çkpk;Z çks- txnh”k [kjs us bl 

laLFkku esa fganh lIrkg dk vk;kstu

fgUnh lIrkg dk “kqHkkjEHk fof/kor~ nhi çTtoyu ds lkFk 
fd;kA eq[; vfrfFk us fgUnh lkfgR; ij çdk”k Mkyrs gq, 
fgUnh dh ljy “kCnkoyh dk ç;ksx djus ij cy fn;kA lkFk 
gh mUgksaus laLFkku esa lEié gks jgs fgUnh ds dke&dkt dh 
Hkwfj&Hkwfj ç”kalk dhA bl dk;ZØe esa Hkkjrh; d`f’k vuqla/kku 
ifj’kn~ ds egkfuns”kd MkW- ,l- v¸;Iiu }kjk Hksts x;s lans”k 
dk Hkh okpu fd;k x;kA dk;ZØe dh v/;{krk laLFkku ds 
funs”kd MkW- ih-ds- ?kks’k us djrs gq, mUgksaus mifLFkr lHkh 
vf/kdkfj;ksa@deZpkjhx.kksa dks viuk vf/kd ls vf/kd 
dke&dkt fgUnh esa djus dh “kiFk xzg.k djok;hA v/;{kh; 
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mn~cks/ku esa mUgksaus dgk fd gekjs ns”k dh viuh Hkk’kk tks gekjs 
xkSjo dk çrhd gS] gesa lEeku djuk gSA fgUnh gekjh jktHkk’kk 
gSA gekjk laLFkku ̂d* {ks= esa gksus ds dkj.k gesa jktHkk’kk foHkkx 
}kjk fu/kkZfjr “kr&çfr”kr y{; dks çkIr djuk gSA Jh 
ds”konso laLFkku ds lgk;d funs”kd ¼jktHkk’kk½ us lHkh ds 
çfr viuk vkHkkj O;ä fd;kA fnuk¡d 17-09-2014 dks 
“kks/k&i= iksLVj çn”kZu çfr;ksfxrk dk vk;kstu fd;k x;kA 
fnuk¡d 18-09-2014 dks fgUnh esa fuca/k ys[ku çfr;ksfxrk dk 
vk;kstu fd;k x;kA  fnuk¡d 19-09-2014 dks Lojfpr 
dforkikB@Hkk’k.k çfr;ksfxrk dk vk;kstu fd;k x;kA blh 
Øe esa fiNys o’kks± dh Hkkafr bl fgUnh lIrkg ds nkSjku Hkh 

fgUnh esa ekSfyd ys[ku dh ,d çfr;ksfxrk dk vk;kstu fd;k 
x;kA ftlesa çFke rhu iqjLd`r ys[kksa dks iwoZ dh rjg laLFkku 
dh pkjk if=dk esa çdkf”kr fd;k tkuk çLrkfor fd;k x;kA 
ys[k dk fo’k; ^Hkkjr esa i”kqikyu rFkk pkjs dk ifjn`”; ,oa 
Hkfo’; dh laHkkouk,a* j[kk x;kA fnuk¡d 23-09-2014 dks fgUnh 
lIrkg dk lekiu@iqjLdkj forj.k dk;ZØe lEié gqvkA 
laLFkku ds funs”kd MkW- ih-ds- ?kks’k us fgUnh lIrkg ds nkSjku 
vk;ksftr fofHké çfr;ksfxrkvksa esa fit;h çfr;ksfx;ksa dks ,oa 
o’kZHkj vf/kd fgUnh esa dkedkt djus okys vf/kdkfj;ksa @ 
deZpkfj;ksa dks Le`frfpUg @ udn iqjLdkj ,oa ç”kfLr&i= 
nsdj lEekfur fd;kA

Various events at RRS of ICAR-IGFRI Avikanagar

Rajbhasha activity 

Ms. Niranjan Kaur, DS 
(Estt. & IC) and Dr. 
Puran Singh, Assistant 
Director (OL) of  ICAR, 
N ew  D e l h i  v i s i t e d  
I G F R I - W R R S ,  

thAvikanagar on May 29 , 
2 0 1 4  a n d  t o o k  a n  
overview of  the work and activities related to Rajbhasha.  

Farmers Training

A visit of  a group of  20 
farmers sponsored by the 
KVK, Bansthali, Niwai, 
Tonk was conducted at 
R R S - I C A R - I G F R I  

thAvikanagar on May 17 , 
2014. A lecture on 
“Fodder  product ion 
technologies under semi-arid conditions” was delivered to 
them and they were shown the experimental fields.

Kisan Gosthi

A k i s a n  go s t h i  was  
organized for promoting 
f o d d e r  p r o d u c t i o n  
technologies, in Lasadiya 
village, Teh. Fagi, Jaipur. 
Sarpanch of  the village 
a l s o  g r a c e d  t h e  
programme. 30 farmers 
participated in the gosthi. Seed of  pearl millet, clusterbean 
and cenchrus grass were distributed for conducting FTDs 
in this village during kharif 2014. During rabi season, 
FTDs on berseem and oats were also conducted in this 
village.

Exhibition of  fodder 
production technologies 
and sale of fodder crops 
and grasses

An exhibition stall was 
displayed during Rastriya 
bhed aunm unn mela at 
CSWRI, Avikanagar on 

thNovember 12 , 2014. 
Seed of  fodder crops, grasses and literature for fodder 
production technologies was displayed. Minister of  
Agriculture, Govt. of  Rajasthan and many farmers, dairy 
entrepreneurs and other officials visited our stall and 
appreciated the work of  RRS IGFRI Avikanagar.
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Infra-structure

Chapter 11

Good infrastructure is the backbone of  development of  an 
organisation. Various infrastructural facilities were 
developed during the year 2014-15 to support the research 

activities and provide congenial environment in the 
institute. These  are given below.
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Construction of golden jubilee  gate Construction of cement concrete road 

Live stock & drinking water tank Repair and widening  of irrigation channel

 Construction of Co room2
Repair, maintenance and finishing work of guest house and PG hostel
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Interior finishing of VIP suite

Renovation of milk shed Brick flooring in animal shed

Renovation of agronomy field laboratory Irrigation facility at IGFRI research farm 

Internal finishing of laboratory cum office buildings Exterior finishing of institute buildings



Success Stories

Chapter 12

1. Participatory Oat seed production in Bundelkhand

Demand for oat seed for fodder cultivation is increasing fast. 

Under participatory seed production programme  farmers 

from Jhansi were contacted  to produce the quality seed of 

Oat (JHO-822) in Rabi  2013-14 in Vill. Badagaun,  Jhansi 

and initially farmers spared approx 0.5 ha for the purpose 

which increased to 3 hectares in 2014-15. The farmers were 

given training on oat seed production and marketing. The 

total quality seed produced was 1.02 tonnes in 2013-14 ( i.e., 

2.27 tonnes per ha)  alongwith  equal amount of good 

quality of  straw. The farmers have sold the surplus seed to 

farmers of  Jyoti kisan Samuh of Muzzafarnagar, U.P. at Rs 

25 per kg. Thus, farmers were encouraged for oat cultivation 

and have undertaken the oat seed production in 3.0 hectares 

in 2014-15 and produced approx.  8.5 tonnes of ungraded 

seed. 
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Progressive farmer Mr Rahul  with his oat (JHO-822) seed 
crop in Village- Badagaon, Jhansi in Rabi 2013-14

Oat ( JHO-822) seed crop in Village- Badagaon, Jhansi in 
Rabi 2014-15

2.  Fodder and seed production by organized farmer 

groups 

With the rising up of  organized dairies, the demand for 

fodder has increased tremendously. Through Jyoti Kisan 

Samuh, Muzaffarnagar, U.P.,  an effort was  made to link 

the fodder production and seed production of  oat by the 

farmers . In this, the oat  ( JHO822) fodder was taken up 

by farmers   over the rented lands of  60 hectares in Jaroda 

village, Muzaffarnagar,, U.P. IGFRI has provided the 

guidance and package of  practices in Rabi 2014-15 to 

farmers group -  Jyoti Kisan Samuh- a farmer group of  

more than 400 farmers.  The farmers in the group have 

produced oat fodder and sold the green fodder to the 

organized dairy owners @ Rs 1500 per tonne.  The 

average yield of  fodder was found as 44.0 tonnes per 

hectare.   The yield was 10- 15 percent higher over the 

other prevalent local oat varieties in market.  Thus, it is 

found that instead of  selling oat directly in markets, selling 

fodder to dairy owners will provide more assured price.    

The farmers of  the group were also guided to move for oat 

(JHO-822) seed production in about 5 hectares in Tadera 

village of  Jansath block, Muzaffarnagar. This initiative 

will make the availability of  about 15.0 tonnes of  Oat 

(JHO-822) seed to the farmers for sowing in Rabi 2015-16 

along with good quality dry fodder. Thus, IGFRI oat 

variety was adopted by farmers and has improved the 

confidence of  the farmers groups on IGFRI seed and 

variety.
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Mr. Dipak Chaudhry at 60 hectares field of oat (JHO822 ) 
fodder crop in Joroda village, Muzaffarnagar in Rabi 2014-15

Farmer Mr. Yash Pal Singh with his oat ( JHO-822) seed 
crop- 1 ha in Tandera, Jansath, Muzaffarnagar

3.  Oat fodder production under Guava orchard 

Mr Mahavir Singh is a progressive farmer of  Village 

Richore in Jhansi district of  UP. He owns a 11 years old 

Guava orchard (5 x 5 meter spacing)  of  about one acre..  

In Rabi 2014-15, Mr. Singh got convinced to grow oat ( 

JHO-822) under Guava plantation. 100 kg per ha.  seed 

was sown by broadcasting. The farmer has produced 

about 12.4 tonnes (31.0 tonnes per ha) of  green fodder as 

an additional product from the orchard other than the 

guava fruits. This additional fodder from unused space 

was point of  attraction among  farmers in village. Efforts 

of  IGFRI scientists has encouraged other farmers in the 

village to follow the practice. 

     Guava orchard before sowing of Oat crop Farmer Mr. Channu Lal in guava orchard with Oat (JHO-822) 
fodder crop

4.  Capacity building of farmers for enhanced fodder 

and seed production.

A training of  76 progressive farmers from 26 villages of  

Dewas and 2 villages of  Sehore, M.P on “Fodder and 

Fodder seed production for prosperity of  farmers” was 

conducted by IGFRI in collaboration with Sokatch Agro 

Producers Co. Ltd, Sonkatch, Dewas on 24.9.14. Farmers 

were provided the 80 kg seed of  oat (JHO 822) in Rabi 

2014-15 and rooted slips of  Hybrid napier grass (IGFRI-

6). 

With the training, the farmers were highly motivated to 

grow round the year fodder crop and provide the balance 

fodder to their animals. In Rabi 2014-15, 5 farmers of  

Sonkatch, Dewas have started to grow Oat ( JHO-822) 
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over one hectare for seed from which they will have 

sufficient seed for spread to other farmers. The farmers 

were also provided about 300 rooted slips of  Hybrid 

napier grass (IGFRI-6) for multiplication and 

distribution to other farmers in Kharif  2015.  Due to 

unfavorable weather conditions one quintal of  seed 

could be recovered only. On the other hand, growth of  

Hybrid napier grass (IGFRI 6) was very good and now 

about 15000 rooted slips are ready for distribution to 

farmers in the area. 

76 farmers at Farmers Training at Sonkatch, Dewas on 
24.9.14 organised by IGFRI and SAPL, 

Sonkatch, Dewas 

Fodder Technology Demonstration in field of Mr Jayant 
Chaudhry, Sonkatch, Dewas in 2014 
Napier ( IGFRI-6)- 300 Rooted slips
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Administration and Accounts

Chapter 13

Financial Statement

IGFRI

  Rs. in lakhs

Budget Allocation Expenditure

Plan 400.36 394.05

Non-Plan 3073.00 3072.75

Total 3473.36 3466.80

The Staff Strength as on 31.03.2015

Cadre Sanctioned In Position Vacant

Research Management  01 01 -

Scientist  138 77 61

Technical  111 91 20

Administrative  72 39 33

Skilled Supporting Staff   110 60 50

Total  432 268 164

AIRCP(FC)

  Rs. in lakhs

Budget Allocation Expenditure

Plan 860.00 859.62

Departmental Promotion in respect of Scientific Technical, Administrative and Supporting Staff during the period 
st st1  April'2014 to 31  March'2015

Sl. No. Name of officer Nature of promotion Date of  office order

 Scientist

1 Dr. Sita Ram Kantwa, Sr. Scientist (Agronomy) Placement to RGP 9000 30.01.2015

2 Dr. Krishna Kumar Dwivedi, Sr.Scientist (Biotechnology) Placement to RGP 9000 30.01.2015

3 Dr. D. Vijay, Sr. Scientist (Seed Science & Technology) Placement to RGP 9000 30.01.2015

4 Dr. N.S. Ekka, Scientist (Geography) Placement to RGP 7000 30.01.2015

5 Dr. Vikas Kumar, Scientist (Agricultural Economics) Placement to RGP 7000 30.01.2015

6 Dr. Tejveer Singh, Scientist (Genetics & Plant Breeding) Placement to RGP 7000 30.01.2015

7 Dr. Chandan Kumar Gupta, Scientist (Plant Physiology) Placement to RGP 7000 30.01.2015

Technical

1 Smt. Seema Khatri T-6 to T-7/8 (01.01.2010) 26.06.2014 

2. Sh. P.C. Gahlot T-5 to T-6 (01.01.2013) 07.08.2014

3. Sh. H.K. Agrawal T-5 to T-6 (01.01.2005) 07.08.2014 

4. Sh. Ravindra Singh Chauhan T-3 to T-4 (01.10.2013) 05.11.2014
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Administrative

1. Sh. Sanjay Kumar  LDC to UDC (17.04.2014) 17.04.2014 

2. Sh. Uma Shankar, SSS SSS (Peon) to LDC 26.03.2015

Probation period

Scientists

1 Dr. Ashutosh Kumar Mall Sr. Scientist (Plant Breeding) 27.11.2014

2 Dr. Ritu Mawar Sr. Scientist(Plant Pathology) 27.11.2014

3 Dr. Srinivasan R. Sr. Scientist (Microbiology) 27.11.2014

4 Dr. Suheel Ahmad Dand Scientist (Agroforestry) 27.11.2014

5 Sh. G. Prabhu Scientist (Agronomy) 27.11.2014

6 Sh. Manjunatha, N.  Scientist (Plant Pathology) 27.11.2014

7 Sh. Vinod Kumar Wasnik Scientist (Agronomy) 27.11.2014

8 Sh. Rameshwar Prasad Sah Scientist (Plant Breeding) 27.11.2014

9 Sh. Manoj Choudhary Scientist (Soil Science) 27.11.2014

Administration

3. Sh. R.S. Negi Assistant 17.03.2014

4. Sh. Kumar Saurabh Assistant 17.03.2014

5. Km. Neha LDC 17.03.2014

6. Sh. Kashi Ram LDC 17.03.2014

7. Sh. Manohar Lal  SSS 17.03.2014

Contractual Recruitment

1 Young Professional-I 07 29.11.2014
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Distinguished Visitors

Dr. S. Ayyappan
Secretary (DARE) & Director 
General (ICAR) 
New Delhi

Dr. Panjab Singh
Ex- Secretary (DARE) & DG 
(ICAR)
New Delhi

Dr. S. K. Datta
DDG (CS) 
ICAR, 
New Delhi

Dr. A. K. Sikka
DDG (NRM)
ICAR, 
New Delhi

Dr. K. M. L. Pathak
DDG (AS)
ICAR, 
New Delhi

Dr. Rameshwar Singh
Project Director, DKMA, 
ICAR, 
New Delhi

Dr. S. K. Joshi
Business Manager, DKMA
KAB-I, ICAR 
New Delhi

Dr. Dipak Ghosh
Ex - Porf.
Chinhat, Lucknow

Dr. R. P. Dua
ADG (FFC), ICAR
New Delhi

Dr. M. M. Roy
Director, CAZRI
Jodhpur

Sh. Anil K. Sharma
CP & PRO
ICAR, KB, 
New Delhi

Dr.  R. Ramani
Director
IINRG, 
Ranchi

Dr. Ashutosh Sarker
Regional Coordinator
ICARDA, 
New Delhi

Dr. Y. S. Ramakrishna
Ex- Director, CRIDA
Chairman (RAC), IGFRI

Dr. Arvind Kumar 
VC, RLBCAU
Jhansi

Dr. J. S. Chouhan
ADG (FFC)
ICAR, 
New Delhi

Dr. M. K. Srivastava
Director, NRAT
New Delhi

Dr. R. Ramani
Director, IINRG
Ranchi

Dr. A. K. Patra
Director, IISS
Bhopal (M.P.)

Dr. James George
Project Coordinator
CPCRI, 
Trivandrum (Kerala)

Dr. D. K. Sharma
Director, CSSRI
Karnal

Dr. B. Mohan Kumar
ADG (AA & CC)
ICAR, 
New Delhi

Dr. P. S. Pathak
Ex- Director, IGFRI
Jhansi

Dr. K. N. Singh
HD (Biotech)
NDUAT, Faizabad

Dr. C. R. Hazra
Ex- VC, IGAV
Raipur

Dr. M. P. Yadav
Former VC, SVPUAST
Meerut

Dr. R. K. Srivastava
Sr. Scientist, ICRISAT, 
Hyderabad

Dr. K. K. Datta
HD/DE NDRI, Karnal

Dr. S. K. Soam
HD (ICM), NAARM 
Hyderabad

Dr. C. L. Acharya
Ex- Director, IISS
Bhopal (M.P.)

Mr. Ratnesh Kumar
Sr. AO, IISR
Lucknow

Dr. N. K. Yadava
Prof. S.K.R.A.U
Bikaner

Dr. A. K. Saxena
HOD, Div. of  Microbiology, IARI, 
New Delhi

Mr. Sushil K. Singh
Sr. AO, PDFSR
Modipuram (Meerut)
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Mr. Shitansher Kumar
AO, DRMR
Bharatpur

Dr. Aruna T. Kumar
I/C EELI, DKMA, ICAR
New Delhi

Dr. J. P. Yadavendra
QRT Member
Vadodra (Gujarat)

Dr. G. C. Munda
Ex- HOD, NRM 
ICAR-NEH
Barapani

Dr. Dinesh Chandra,
PS, CADRAD, IVRI
Izatnagar, Bareilly

Dr. K. P. Singh
PS, CADRAD, IVRI
Izatnagar, Bareilly

Dr. Mehi Lal
Ex- HOD, IISR
Lucknow

Dr. S. P. Ahlawat
PS, NRM Div.
ICAR 
New Delhi

Dr. (Mrs.) U. K. Chauhan
Dean, APS Univ.
Rewa (M.P.)

Dr. Mahtab Z. Siddiqui
IINRG, Ranchi

Dr. Ashok Kumar
PS, DMR, 
New Delhi

Dr. M. Datta
Ex- HOD, NBPGR
New Delhi

Dr. Naresh Kaushik 
CES HAU 
RRS, Bawal

Prof. Biswapati Mandal
BCKV, Kalyani (W.B.)

Dr. J. C. Tiwari
PS, CAZRI, 
Jodhpur
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Chapter 15

List of Personnel

DIRECTOR

Dr. P.K. Ghosh 

SCIENTIFIC

Division of Crop Improvement 

Dr. P. Kaushal Principal Scientist (Genetics & Cytogenetics) & Head  

Dr. M.I. Azmi Principal Scientist (Nematology) 

Dr. P. Saxena Principal Scientist (Plant Pathology)

Dr. N.K. Shah Principal Scientist (Entomology) 

Dr. V.K. Yadav Principal Scientist (Plant Breeding)

Dr. S. Ahmad Sr. Scientist (Plant Breeding)

Dr. M.K. Srivastava Sr. Scientist (Biochemistry)

Dr. K.K. Dwivedi Sr. Scientist (Biotechnology) 

Sri R.B. Bhaskar Scientist SG (Plant Pathology) upto 30.06.2014

Dr. (Mrs) G.Sahay Sr. Scientist (Genetics & Cytogenetics)

Dr. D.C. Joshi Scientist (Plant Breeding)

Dr. Tejveer Singh Scientist (Genetics)

Sri A. Radhakrishna Scientist (Biotechnology)

Dr. Kumar Durgesh Scientist (Plant Breeding)

Sri Rameshwar Prasad Scientist (Genetics)

Dr. Sevanayak D. Scientist (Plant Physiology) 

Division of Crop Production 

Dr. Sunil Kumar Principal Scientist (Agronomy) & Head  

Dr. J.B. Singh Principal Scientist (Ag. Meteorology)

Dr. R.K. Agrawal Principal Scientist (Agronomy) 

Dr. S.K. Rai Principal Scientist (Ag. Meteorology)

Dr. Sita Ram Kantwa Sr. Scientist (Agronomy)

Dr. A.K. Dixit Sr. Scientist (Agronomy)

Dr. Srinivasan R. Sr. Scientist (Microbiology) 

Dr. D.R. Palsania Sr. Scientist (Agronomy) 

Sri Pradeep Behari Scientist (Ag. Meteorology) upto 31.08.2014

Sri Mukesh Choudhary Scientist (Agronomy) 

Dr. Kiran K. Tirumala Scientist (Agronomy) 

Sri G. Prabhu Scientist (Agronomy) 

Sri Manoj Chaudhary Scientist (Soil Science)
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Dr. (Mrs) Anita Kumari Scientist (Plant Physiology) upto 30.09.2014

Division of Grassland and Silvopasture Management 

Dr. R.V. Kumar Principal Scientist (Plant Breeding) & Head 

Dr. J.P. Singh Principal Scientist (Geography) 

Dr. Shiv Nath Ram Principal Scientist (Agronomy) 

Dr. Sunil Kumar Principal Scientist (Fruit Science) 

Dr. A.K. Singh Sr. Scientist (Plant Breeding) 

Dr. Archana Singh Sr. Scientist (Economic Botany) upto 31.12.2014

Dr. H.V. Singh Sr. Scientist (Plant Pathology)

Dr. Nur Salim Ekka Scientist Sr. Scale (Geography)

Dr. Dibyendu Deb Scientist (Ag. Statistics) 

Division of Plant Animal Relationship 

Dr. A.K. Misra Principal Scientist (Animal Nutrition) & Head 

Dr. B.K. Bhadoria Principal Scientist (Organic Chemistry) upto 28.2.2015

Dr. N. Das Principal Scientist (LPM) 

Dr. S.B. Maity Principal Scientist (LPM) 

Dr. K.K. Singh Principal Scientist (Animal Nutrition)

Dr. M.M. Das Principal Scientist (Animal Nutrition)

Dr. Sultan Singh Principal Scientist (Animal Nutrition) 

Dr. S.K. Mahanta Principal Scientist (Animal Nutrition)

Division of Seed Technology 

Dr. R.V. Kumar Principal Scientist (Plant Breeding) & I/c Head

Dr. D.R. Malaviya Principal Scientist (Plant Breeding)  

Dr. D. Vijay Sr. Scientist (Seed Technology) 

Dr. C.K. Gupta Scientist (Plant Physiology)

Sri Anirudhha Maity Scientist (Seed Technology) 

Sri Manjunatha N. Scientist (Plant Pathology) 

Sri Vinod K. Wasnik Scientist (Agronomy)

Division of Farm Machinery and Post Harvest Technology 

Dr. P.K. Pathak Principal Scientist (ASPE) & Head 

Dr. P.N. Dwivedi Principal Scientist (Animal Nutrition) 

Dr. C.S. Sahay Sr. Scientist (FMP)

Sri B. Narsimlu Sr. Scientist (SWCE)

Dr. Sanjay Kumar Sr. Scientist (APE)

Sri Akram Ahmed Scientist (L & WME) 

Division of Social Science 

Dr. Khem Chand Principal Scientist (Agricultural Economics) & Head 

Dr. P. Sharma  Principal Scientist (LPM) 

Dr. (Mrs) M. Suman Sr. Scientist (Ag. Extension)

Dr. (Mrs) S. Pandey Sr. Scientist (Home Science)
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Dr. Satyapriya Sr. Scientist (Ag. Extension)

Sri Ashok Kumar Scientist SG (Ag. Statistics)

Dr. Vikas Kumar Scientist (Ag. Economics) 

AICRP (Forage Crops) Coordinating Unit

Dr. A.K. Roy Principal Scientist (Genetics & Cytogenetics) & 

 Project Coordinator 

Dr. Ashutosh K. Mall Sr. Scientist (Plant Breeding) 

Dr. (Mrs) RituMawar Sr. Scientist (Plant Pathology) 

Regional Research Station, Avikanagar (Rajasthan)

Dr. S.S. Meena Principal Scientist (Plant Breeding) & Officer-in-Charge 

Dr. R.P. Nagar Sr. Scientist (Seed Technology)

Dr. (Mrs) Divya Scientist (Ag. Biotechnology)                   upto  13.01.2015

Regional Research Station, Dharwad (Karnataka)

Dr. B.G. Shivkumar Principal Scientist (Agronomy) & Officer-in-Charge

Dr. (Mrs) N. Biradar Principal Scientist (Agricultural Extension) 

Dr. K. Sridhar Principal Scientist (Plant Breeding) 

Dr. Vinod Kumar Sr. Scientist (Seed Technology)

Dr. (Mrs) Edna Antony Sr. Scientist (Plant Physiology)

Dr. N.S. Kulkarni Sr. Scientist (Ag. Entomology) 

Regional Research Station, Srinagar (J & K)

Dr. Dilip K. Verma Principal Scientist (Genetics & PB) & Officer-in-Charge 

Dr. S. Radotra Principal Scientist (LPM)

Dr. Suheel Ahmad Scientist (Forestry)

TECHNICAL

Dr. M.S. Sharma Chief  Technical Officer & Farm Manager

Sri G.R. Deshmukh Chief  Technical Officer 

Dr. R.K. Verma Veterinary Officer 

Sri G.P. Nigam Chief  Technical Officer 

Sri O.N. Arya Chief  Technical Officer

Sri P.K. Karpe Chief  Technical Officer 

Sri J.L. Singh Chief  Technical Officer

Dr. R.K. Sharma Assistant Chief  Technical Officer  

Sri R.P. Yadava Assistant Chief  Technical Officer  

Sri P.K. Dwivedi Assistant Chief  Technical Officer  

Sri P.K. Tyagi Assistant Chief  Technical Officer  

Sri A.K. Saxena Assistant Chief  Technical Officer  

Dr. A.K. Srivastava Assistant Chief  Technical Officer  

Sri R.D. Rai Assistant Chief  Technical Officer  

Sri Avinash Chandra Assistant Chief  Technical Officer  

Sri O.P. Singh Assistant Chief  Technical Officer  
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Dr. R.S. Parihar Assistant Chief  Technical Officer  

Sri V.D. Chhabra Assistant Chief  Technical Officer  

Sri S.C. Richharia Assistant Chief  Technical Officer  

Mrs. S. Bhargawa Assistant Chief  Technical Officer  

Sri Indra Pal Singh Assistant Chief  Technical Officer  

Mrs. Seema Khatri Assistant Chief  Technical Officer  

Sri L.N. Singh Senior Technical Officer  

Sri K.P. Rao Senior Technical Officer  

Sri R.B. Bhondele Senior Technical Officer  

Sri S.D. Singh Senior Technical Officer  

Dr. D.K. Singh Senior Technical Officer  

Dr. A.K. Pandey Senior Technical Officer  

Sri J.P. Upadhyaya Senior Technical Officer  

Sri Sri Dayal Senior Technical Officer  

Sri Ram Asrey Senior Technical Officer  

Sri Mayank Bhushan Senior Technical Officer  

Sri Rajendra Singh Senior Technical Officer  

Sri B.K. Pandurangaiah    Senior Technical Officer  

Sri K.B. Sehgal Senior Technical Officer  

Sri Pratap Singh Senior Technical Officer  

Sri Iqbal Ahmad Senior Technical Officer  

Sri Vipin K. Verma Senior Technical Officer  

Sri P.C. Gehlot Senior Technical Officer  

Sri H.K. Agrawal Senior Technical Officer  

Sri Manoj K. Sharma Technical Officer  

Sri Satya Naresh Singh Technical Officer  

Sri C.B. Tripathi Technical Officer  

Sri P.N. Ahirwar Technical Officer  

Sri Sushil K. Khare Technical Officer  

Sri Dinesh Kumar  Technical Officer  

Sri S.K. Bhadoria Technical Officer  

Sri C.P. Singh Technical Officer   upto 28.02.2015

Sri N.K. Tripathi Technical Officer  

Dr. H.C. Pandey Technical Officer  

Sri O.P. Yadav Technical Officer  

Sri S.M. Singh Technical Officer  

Sri K.L. Meena Technical Officer  

Sri Rajesh K. Singh Technical Officer  

Sri U.P. Singh Technical Officer  

Sri Ami Chand Technical Officer  
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Sri Neeraj K. Dubey Technical Officer  

Sri Kapil Kumar Technical Officer  

Sri Ashok K. Singh Technical Officer  

Sri Rajesh K. Sharma Technical Officer  

Sri Mohd. Irfan Technical Officer  

Sri Harish Chandra Technical Officer  

Sri Ganga Sagar Yadav Senior Technical Assistant

Sri Raj Kapoor Singh Senior Technical Assistant

Sri Shailendra Sinha Senior Technical Assistant

Sri Prem Swaroop Senior Technical Assistant

Sri Dheeraj K. Dhingra Senior Technical Assistant

Sri R.S. Chauhan Senior Technical Assistant

Sri D.K. Niranjan Technical Assistant

Smt. Anita Srivastava Technical Assistant

Sri Pawan Kumar Technical Assistant

Sri Gopal Lal Meena Technical Assistant

Sri Haider Ali Technical Assistant

Sri Zulfikar Ali Technical Assistant

Sri Chotey Khan Technical Assistant

Sri V.K. Gupta Technical Assistant

Sri S.V. Shinde Technical Assistant

Sri Babu Lal Bairwa Technical Assistant

Sri M.K. Tripathi Senior Technician 

Sri Laxman Senior Technician

Sri Radhacharan  Technician

Sri K.K. Khare Technician

Sri H.N. Sharma Technician

Sri M.K. Vishwakarma Technician

Sri V.N. Pathak Technician

Sri Mathura Singh Technician

Sri Ramesh Technician

Sri Sivhari Technician

Sri L.K. Khare Technician upto 31.07.2014

Sri Ram Singh Technician

Sri Khubi Ram Technician

ADMINISTRATIVE

Sri Rakesh Bhardwaj Senior Administrative Officer upto 22.11.2014

Sri M.K. Mulani Finance & Accounts Officer w.e.f. 31.12.2014

Sri Keshav Dev Asstt. Director (Rajbhasha)

Sri K.K. Sharma Asstt. Administrative Officer
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Sri Rakesh Kumar Asstt. Administrative Officer

Sri Gautam Saxena Asstt. Administrative Officer

Sri Narain S. Rawat Asstt. Administrative Officer

Sri H.S. Yadav Asstt. Administrative Officer 

Sri M.C. Jetwani Asstt. Administrative Officer 

Sri Vijay K. Tiwari   Asstt. Administrative Officer 

Sri P.K. Pandey Asstt. Finance & Accounts Officer

Sri Sriansh K. Dwivedi PS

Sri A.K. Chaturvedi PS

Sri Prem Chand PS 

Smt. Kumud Bhatia  PA

Sri Ajay K. Gaur PA

Sri Jagdish Prasad PA

Sri Kriparam PA

Sri Sanjay Rajak Assistant

Sri D.K. Namdev  Assistant

Sri Chandrasekhar Assistant

Smt. Neelam Swarnkar  Assistant

Sri Arvind Yadav  Assistant

Sri R.K. Nayak  Assistant

Sri Yashpal Assistant

Sri Faiyaz Khan  Assistant

Smt. Shobita Pillai  Assistant

Sri Amit Kumar  Assistant

Sri R.S. Negi  Assistant

Sri Manav  Assistant

Sri Saurabh  Assistant

Sri V.K. Paliwal Assistant

Sri Rajendra Kumar Senior Clerk 

Smt. Shakun Baghela  Senior Clerk

Sri Sanjay Kumar  Senior Clerk

Sri Rajkumar  LDC

Ms. Neha  LDC

Sri Hariram  LDC

Sri Kashiram LDC

Sri Uma Shankar LDC

Sri H.P. Khaddar Gestetner Operator
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