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Preface

IGFRI is now in its Golden Jubilee year and is contributing as a nodal
institute in the field of research and development in forage resource
management and utilization.  Institute is growing in the upward direction to
achieve new heights with the prime objective of balancing integration of all
relevant fields of fodder research for comprehensive forage resource
development.

The efforts made by the institute is relevant in the context of emerging
scenario in livestock sector and various bioresources contributing to feed
and forage inputs. Multi-disciplinary approaches have been the key tool to

generate wholesome technologies related to forage production and utilization.  Basic and strategic
researches in plant breeding and genetics with biotechnological interventions and biochemical
tools have always proved to play an important role in forage resource improvement.  Through
institute and externally aided research programmes funded by DST, DBT, NAIP, ICAR etc.,
consistent efforts were made to attain the excellence in research, training and technology transfer
related to grasslands, pasture and fodder crop improvement, production and utilization. Institute
has made phenomenal growth in seed production of improved varieties and it€s marketing during
the year. Innovations like use of radiography in studies on formation of pure germinating seeds in
grasses, detection of insect damage of seed, dehusking of grass seeds using common cotton
beating machine and high density nursery concept & low cost in-vitro seedling production in NxB
hybrid were most encouraging.

Institute is in the way of celebrating its Golden Jubilee on November 1, 2012 and on this occasion
it is a great pleasure to thank all the previous Directors and staff of the Institute, for their
contributions throughout the journey, without whose contributions we would not have achieved
such heights and the honour of celebrating proud golden jubilee.

I am immensely thankful to Dr. S. Ayyappan, Secretary DARE and Director General, ICAR; Dr.
Swapan Kumar Datta, Deputy Director General (Crop Sciences); Dr. R.P. Dua, Assistant Director
General, (Food and Forage Crops), for extending their consistent support and guidance to this
Institute from time to time. IGFRI is especially thankful to ICAR and ASRB for providing many
new scientist during the year.

I also thank all the scientific, technical, administrative and supporting staff including the casual
labourers who have made significant contribution as a team.

I am thankful to Ex Director of the Institute, Project Coordinator, AICRP and all head of
divisions for their valuable contributions. I also thank all the members of editorial committee for
devoting time, energy and skill for bringing out this annual report timely as a source of
information on activities and achievements of the institute.  Thanks are also extended to Dr. B.K.
Bhadoria, Chairman PMER & HRD, Dr. Satyapriya, Shri GP Nigam, Shri AK Saxena and Shri
Shailendra Sinha for dedicated efforts for publication of this Annual Report.

(P. K. Ghosh)
Director



dk;Zdkjh lkjka”k

Pkkjk Qly lq/kkj

fir`nzO; lao/kZu %

nyguh; pkjs ds laxzfgr fi=sd esa 261 izosf”k;ksa rFkk vukt pkjs esa 39 izosf”k;ksa dks
fofHkUu varjkZ’Vªh; rFkk jk’Vªh; L=ksrksa ls izkIr dj ”kkfey fd;k x;kA

,eVh,l ekWM;wy dk fMftVkbZts”ku %

,eVh,l ekMW;wy esa miyC/k firǹzO;ksa dh lHkh tkudkfj;kWa tSls &pkjk Qlyksa ds uke]
iztkfr;ksa dh la[;k] izosf”k;ksa dh la[;k] cht mRiknu dk o’kZ rFkk cht dh ek=k bR;kfn dks
fMftVkbt dj laLFkku dh csolkbV ls tksM+k x;kA

fir`nzO; laj{k.k %

vkbZ th ,Q vkj vkbZ] >kalh pkjk Qlyksa dk ,u,th,l dsUnz gksus ds dkj.k vukt
pkjs] nyguh; pkjk] ?kklksa] pkjk o`{kksa ds 145 iztkfr;ksa dh 8027 izosf”k;ksa dk izca/ku djrk gS
ftlesa LFkkuh; rFkk ckgjh izosf”k;ksa] fi=nzO;ksa rFkk mPprj czhfMax ifDr;ka “kkfey gSaA

fir`nzO; ewY;kadu %

esfMdkxks iztkfr %

esfMDl dh 20 fofHkUu iztkfr;ksa dh 60 ckgjh firǹzO;ksa dk ewY;kadu fd;k x;kA
p;fur izos”kh bZlh 541685] bZlh 547751] bZlh 541643&2 rFkk bZlh 541633 FksA

cktjk %

cktjk dh 273 ifDr;ksa dk ewY;kadu fd;k x;k ftlesa 20 iafDr;ka vPNh ik;h x;hA
ftUgsa uSfi;j ¼esy isjsUV½ ds lkFk ladj.k djk;k x;kA ,e ,l iafDr fodkl ds fy, , 5
lkbVksIykTe iafDr ds lkFk ladj.k djk;k x;kA fdV~V rFkk iRrh /kCck jksx ds izfr nl
izfrjks/kh iafDr;ksa dks igpkuk x;kA

iztuu ,oa iztkfr fodkl

Tokj %

dksj dysDlu dk fodkl rFkk Áek.khdj.k %

26 xq.kkRed rFkk ek=kRed xq.kksa ds vk/kkj ij 538 izosf”k;ksa dk ewY;kWdu dj dksj
dysD”ku cuk;k x;kA cuk;s x;s dksj dysD”ku esa 97 izfr”kr fopj.k”khyrk lhek leLr
dysD”ku esa miyC/k ikbZ x;h rFkk lHkh 14 ek=kRed xq.kksa esa lokZf/kd fofo/krk ns[kh x;hA

Ckgqx.k iRrh jksx rFkk dhV O;kf/k izfrjks/kh iafDr;ksa dh igpku %

Rkhu izosf”k;ksa vkbZ th 02&495] ,lth,l&81 rFkk ,th,l&114 esa nks o’kZ ds ewY;kadu
mijkUr cgqxq.k iRrh jksx ds izfr izfrjks/kdrk ns[kh x;hA

”kq’d lfg’.kqrk ds fy, tSojlk;fud ewY;kWdu% ”kq’d lfg’.kqrk ds fy, 25 LVsxzhu Tokj rFkk
fcuk LVs xzhu Tokj ifDr;ksa dks ewY;kafdr fd;k x;kA fcuk LVsxzhu Tokj dh vis{kk LVs xzhu
Tokj esa ifRr;ka vf/kd pkSM+h] yEch rFkk vPNh o`f) o vf/kd tSo Hkkj okyh jghA LVsxzhu Tokj



dh rhu ifDr;ksa us f}mn~ns”kh; xq.kksa dk izn”kZu fd;k D;ksafd HkqV~Vs idus rd og gjh cuh
jghA

eDdk %

ftvk est o ftvk esfDldkuk ds e/; ladj.kksa dk ewY;kadu %

gjs pkjs ds fy, 35 dzklksa esa ls 12 dzkl us vQzhdu Vky ¼psd½ dh vis{kk vPNk
izn”kZu fd;kA izjksg.k vfHkO;fDr 6&50 izfr”kr] ”kk[kk,a 1&57 izfr”kr izjksg.k rFkk ”kk[kk,a
1&57 izfr”kr] izjksg.k rFkk ”kk[kk,a 1&28 izfr”kr izFkDdj.k larfr esa ik;s x;sA ftvk
esfDldkuk ¼fVvkslsUV½ rFkk ftvk est ds dzkl ds ckn pquh gqbZ 10 ifDr;ksa dks cSddzkl larfr
f}rh; izkIr djus ds fy, iz;ksx fd;k x;kA

uk”khdhV rFkk O;kf/k izfrjks/kdrk %

{ks=h; iz;ksxksa esa dYVhoj 1@ 56] vkj&7] vkj&20] ts,pVhvks 4&1@ 4& 2@ 4&3
MhQksfylVj rFkk yhQ QksYMj eq[;r% ghjksykbQl fuxzksjsfifyVl ds izfr e/;e lfg’.kq FksA
151 czhfMax eSVsfj;y esa ls 20 iafDr;kW lHkh izeq[k dhVksa ds izfr e/;e lfg’.kq Fkha A

tbZ %

,d dVkbZ {ks=h; iz;ksx %

ifDr;k tSls bZlh&246193] ,uthch&8650] othih&58] bZlh246194] ihvkbZ&497840]
vkbthvks 2&75] bZlh 246197] rFkk bZlh 498707&1 us ;wihvks&212 ¼psd½ dh vis{kk vf/kd gjk
pkjk fn;kA vkbZthvks 3&264] bZlh 246197] ,uthch&4245] chthih&11] vkbZthvks&3&471]
bZlh 209527] vkbzthvks 3&267] chthih 65] bZlh 209493] vkbZthvks 3&456] ,uthch 4871
iafDr;ks us dsUV ¼psd½ dh vis{kk vf/kd ”kq’d inkFkZ dh ek=k ik;h x;hA

f}mn~ns”kh; {ks=h; iz;ksx %

vkbZthvks 2&68] chthih 15] chthih] 34] vkbZthvks&62] chthih 61] vkbZthvks 2&89
rFkk chthih&40 iafDr;ksa us vf/kd gjk pkjk fn;kA iafDr;kaW bZlh 473000 vkbZthvks 2&89]
chthih 10] lhvkbZ&9413] bZlh 28804] bZlh 246127] bZlh 425120] bZlh 605830] vkbZthvks
2&71] bZlh 605831] vkbZthvks 2&65 bZlh 246123 rFkk bZlh 605837 us vf/kd ”kq’d pkjk rFkk
cht fn;kA

cgq dVkbZ {ks=h; iz;ksx %

iafDr;ka ,uthch&4472&1] ,uthch&4245] bZlh 4438] ,uthch 6345] ,uthch&4871
rFkk ,uthch 4462&1 us psd iztkfr dh vis{kk vf/kd gjk pkjk fn;kA tcfd iafDr;kWa ,uthch
4245] bZlh 4438] vkbZthvks 2&65] ,uthch 4462&1 rFkk ,uthch 4882&2 esa vf/kd ”kq’d
inkFkZ feykA

,vkbZlhvkj ih iz;ksxksa esa vkbZth,QvkjvkbZ dh tbZ izosf”k;ksa dk izn”kZu %

vkbZHkkaVh dh ,dy dVkbZ okyh izos”kh ts,pvks&2010&1 us dsUnzh; {ks=] nf{k.k {ks= rFkk
vf[ky Hkkjrh; Lrj ij vf/kd gjk pkjk o ”kq’d inkFkZ mRiknu fn;kA

,HkhVh ,dy dVkbZ izos”kh ts,pvks&2009&2 us mRrj&if”pe {ks=] dsUnzh; {ks=] izos”kh
ts,pvks 2009&2 rFkk ts,pvks 2009&1 us mRrj&iwoZ {ks= esa psd dh vis{kk Js’Brk fn[kk;hA
jk’Vªh; Lrj ij izos”kh ts,pvks 2009&2 us 'kq"d inkFkZ mRiknu esa Js’Brk fn[kk;hA



,ohVh cgqdVkbZ ts,pvks&2009&3 us igkM+h rFkk dsUnzh; {ks= rFkk jk’Vªh; Lrj ij ”kq’d inkFkZ
mRiknu esa Js’Brk j[khA

mxk;h tkus okyh nygus %

Ykksfc;k%

Ckh,y&2 x bZlh 4216] bZlh 4216 x ch,y&2 rFkk ;wihlh 5287 x ch,y&2 dzklsl esa
tud dh vis{kk izfr ikS/kk tSoHkkj vf/kd feykA

Ckjlhe %

vUrZtkrh; ldjksa esa larfr mUufr %

,Q&2 ih<+h esa cht mRiknu vUrZtkrh; ldjksa tks Hkzw.k ls fodflr gq, Vh-,ystsUMªhue
iztkfr QkWyh x Vh oslhD;wyksle] Vh ,ystsUMªhue iztkfr QkWyh x Vh ysikfl;e rFkk Vh
,ystsUMªhue iztkfr ojnku x Vh ysikfl;e ls izkIr gq,A

Ckkgjh fi=nzO; ewY;kadu %

Uko izos”kh 21 ckgjh iafDr;ksa dk ewY;kadu fd;k x;kA nks iafDr;k¡ QkWyh ds leku
tcfd vU; eLdkoh ds leku FkhA

vkj vkbZ ,y rFkk ,u vkbZ ,y dk fodkl %

vkj vkbZ ,y fodflr djus ds fy, ,Q&7 ih<+h esa vUrtkZrh; ladj larfr ¼Vh-
,ystsUMªhue x Vh- ,ijVe] Vh-,ystsUMªsue x Vh jslwfiusVe½ ds 415 ,dy ikS/kks dks yxk;k
x;kA mPp ikap iRrh xq.k j[kus okyh ikS/kksa dh 425 ,dy ikS/k larfr dks ”kq) czhfMax iafDr;ka
,oa ,u vkbZ ,y fodflr djus ds fy, yxk;k x;kA

vUrtkZrh; vuq:irk %

Vh-,systsUMªhue ds QkWyh rFkk esLdkoh bdksVkbZi dks Vh- jslwfiusVe] Vh-osflD;wyksle] Vh-
ysIiklse rFkk vh- lcfVjsfu;e ls ladfjr djk;k x;kA QkWyh bdksVkbZi dks eghyk tud ds
:i esa  ladj.k djkus ij feys lHkh Hkzww.k fo”kq) ladfjr FksA tcfd eLdkoh bdksVkbZi ojnku
dks efgyk tud ds :i esa iz;ksx djus ij vkHkklh ladfjr Hkzw.k Hkh izkIr gq,A Vh-,ystsUMªhue
rFkk Vh- ,siDVe ¼nksuksa tud ihys cht vkoj.k½ us ,Q&2 larfr esa ,Q&1 ds lkFk dqN
i`FkDdr̀ vUrtkZRh; ladjksa esa dkyk cht vkoj.k ik;k x;kA

jsat rFkk nyguh; ?kklsa

isfuflVe izladj.k %

Hkzw.kiks’k bafEizV izHkko ns[kus ds fy, dks”k &tuufoKku LVkd mRifRr gsrq d`f=e ijkx.k
dk iz;kl fd;k x;kA cktjk ¼ 2 ,u&4 ,Dl = 28½ rFkk ih- LdwosewysVe ¼2 ,u &8 ,Dl&56½
ds e/; ySafxad ,dy&1 ¼2 ,u & 42½ dk nksuksa tud ds lkFk iwoZ ladj.k djkus ij ,fyu
iafDr;ka izkIr dhA ySafxd ih- ywde rFkk ih Ldsyeje ds e/; rFkk vfeFkqutuu ,Q&1 ladj.k
}kjk izkIr tula[;k o’kkZ vk/kkfjr ifjfLFkfr;ksa rFkk mPp izjksg.k ,oa pkjs ds fy, ewY;kafdr
fd;k x;k rFkk cgqo’khZ; ikS/ks izkIr fd;s x;sA

vfHktuu la/kkj.k %



tbZ dh 7 iztkfr;ksa dk 574 fd-xzk- U;wfDy;l cht rFkk yksfc;k dh 4 iztkfr;kasa dk 23-5 fd-
xzk- cht mRiknu fd;k x;kA

tuufoKku rFkk tSo izkS|ksfxdh

jsat ?kklsa %

isfuflVe Xywde ds ,iksfe;ksVhd vUrtkZrh; ladj esa iznf”kZr Hksnh; thu dk VªklfdzIVke
fo”ys’k.k %

ySafxd isfuflVe Xywde ¼lefi=sd 81 , A½ rFkk mlds vUrtkZrh; ladj.k ¼ohlh&1
thvks½ esa Hkzw.kiks’k vkoj.k ¼bZ,l½ fodkl ds fy, iznf”kZr Hksnh; thu dk rqyukRed VªklfdzIVkse
fo”ys’k.k fd;k x;kA chlh&1 th vks us foHkkftr ,iksfevksfll la?kVd dks iznf”kZr fd;k
ysfdu ikFkksZtsusfll dk izn”kZu ugha fd;kA ekbdzks,sjs fo”ys’k.k }kjk 96 VªkUlfdzIV ds fy,
Hksnh; izn”kZu dks ns[kk x;k ftlesa ls 45 us chlh&1 thvks dslh 2&QksYM baMD”ku fn[kk;kA
bl ifj.kke dks DysUVhVsfVo fj,y VkbZe ikWfyejst psu fj;sDlu }kjk oS/k ik;k x;kA fofHkUu
v.Mk”k; fodkl ds le; izn”kZu ds fy, 8 p;fur mPphdr̀ VªkUlfdzIV ¼lh 2-5 QksYM½ dks
ohlh 1 th vks rFkk 81 , 1 ds e/; dk v/;;u fd;k x;kA  flfydks esafix }kjk irk pyk
fd 13 VªkUlfdzIV pkoy xw.klw= 2 {ks= ij fLFkr Fkstks fd ,iksLiksjh yksdl tSlk fd czsdsfj;k
fcztsUFkk rFkk ikLisye uksVsVe ds fluVsfud FkkA bu VªkUlfdzIV ds iznf”kZr izdkj ls irk pyk
fd ,iksfevksfVd ¼ isfude&izdkj ,iksLiksjl½ bZ,l fodkl esa lfufgr FksA

fxuh ?kkl esa ,Q lh ,l ,l %

ch III larfr dh mPp vko`fRr izkIr djus ds fy, QykslkbVksehfVªd lhM Ldzhu }kjk
,d gsDlkIyk;M iafDr ¼2 ,u & 6 ,Dl & 48½] ,Q lh ,l ,l 86 dks igpkuk x;kA ?kfVr
,oa v?kfVr eknk tud xsfeVl ,oa ?kfVr 3 ,Dl eknk xsfeVl ds lkFk fu'kspu gksus ij 8
,Dl iafDr ¼2 ,u & 8 ,Dl &64½ rFkk }kjk uksoy Iyk;Mh okys 7 ,Dl ¼2 ,u &56½ rFkk 11
,Dl ¼ 2 ,u& 88½ ikS/ks izkIr gq,A

lsadzl flfy;sfjl esa ,iksfeDll dk ,fiftusfVd fu;a=.k %

,Q&2 eSfiax tula[;k dk , ,Q ,yih fo”ys’k.k djus ij ,iksfeDVd rFkk ySafxd
lsadzl flfy,fjl ikS/ks esa ,d iksfyeksfQZd cS.M ¼0-75 dsch] ,iksfedfVD ikS/ks esa mifLFkr½ ns[kk
x;kA bldks fjVªksVªkUlikstku ds Hkkx ds :i esa igpkuk x;k rFkk bls fjVªks lh 105 dk uke
fn;k x;kA bl fjVªksVªkUlikstku ¼0-3 ds ch½ dk ,d NksVk Hkkx ,iksfedfVd rFkk ySafxd ikS/kksa
esa ik;k x;kA ySafxad ikS/ks esa izkIr fjVªksQszesaUV ¼0-3 dsch½ dks gkbijfeFkkbysVM ik;k x;kA
ySafxd ikS/ks ds fjVªksQzsxusUV esa 95 izfr”kr ls vf/kd flLVksflu vo”ks’k feFkkbZysVsM FkkA tcfd
,iksfedfVd ikS/ks esa 35 izfr”kr gh feFkkbZysVsM flLVksflu vo”ks’k ik;k x;kA ySfaxd ikS/ks ds
feFkkbZys”ku esa ckjg QksYM o`f) lh,p,p LFkku ij ns[kh x;hA

,l,lvkj ekdZj ds fy, lsadzl iznf”kZr flDosUl Vsx dh MsVk ekbfuax %

Lkh,ih 3 izksxzke }kjk 21] 729 bZ,l Vh flDosUl ls 3812 dkWUVhxl rFkk 7331
flaxysVul dks laxzfgr fd;k x;kA ihbZvkj ,y fLdzIV }kjk 2774 ;wuhd ekbdzkslsVsykbVl 10
chih ftudh exsfVQl lhek 1 ls 6 Fkh fpfUgr dh x;hA



Pkkjk Qly laj{k.k

Ykksfc;k esa tM+ foxyu jksx tfVyrk %

Ykksfc;k esa lw=d`fe dh jksdFkke ds fy, 20 izfr”kr vj.Mh ds cht ds pw.kZ ls
chtksipkj izHkkoh jgk ftlls lw=d`fe;ksa ds izdksi esa 49 izfr”kr dh deh ns[kh x;h rFkk gjk
pkjk ds mRiknu eas 19-7 izfr”kr o`f) ns[kh x;hA

Lk?ku pkjk mRiknu i)fr esa ,dhd`r thouk”kh izca/ku %

jch dh izFke cqokbZ ¼vDVwcj ekg dk rr̀h; lIrkg½ ds le; Fkk;ksfeFksDle $
isuflD;wjkWu 0-5 xzke@ fd-xzk- cht½ ls chtksipkj rFkk bfeMkDyksfizM $ VsC;wdksuktksy ¼0-025
izfr”kr lkUnzrk dh nj ls½ fNM+dko dks l?ku pkjk mRiknu i)fr ¼cjlhe $ eLVMZ $ usfi;j
cktjk gkbfczM½ ds tM+ xyu jksx ds izdksi] ekgwa ds izdksi rFkk lw=d`fe;ksa dh la[;k dks
lkFkZd iw.kZ Lrj rd ?kVk;k rFkk gjk pkjk mRiknu esa c<+ksRrjh gqbZA [kjhQ esa yksfc;k$ usfi;j
cktjk gkbfczM dh f}rh; cqokbZ ¼tqykbZ dk izFke lIrkg½ ftlesa Fkk;ksfeFkkDle us isuflD;wjku
¼0-5 xzke izfr fd-xzk- lhM½ ls chtksipkj rFkk bfeMkDyksfizM $ VsC;wdkWuktksy 0-025 izfr”kr
lkUnzrk dh nj ls fNM+dko djus ij izHkkoh ik;k x;kA

Ckht rduhdh %

Yk¨fc;k rFkk Tokj cht laxzg %

Ykksfc;k rFkk Tokj esa cht laxzg fofHkUu QQwanuk”kd] dhVuk”kd rFkk ouLifrdksa dh
izHkkfork dk rhu o’kksaZ rd ewY;kadu djus ij ik;k x;k fd dkcsZUMkfte QQwanhuk”kd 0-25
izfr”kr dh nj ls QQawafn;ksa ds fy, izHkkoh jgk rFkk bfeMkDyksfizM] 0-6 xzk- izfr fd-xzk- dhVksa
ds izfr izHkkoh jgkA ouLifrd T;knk izHkkoh ugha ik;s x;s o fu;a=d ds leku FksA

lqyHk ,Dl jsfM;ksxzkQh %

nhukukFk ?kkl ¼isfuflVe isfMflysVe½] fxuh ?kkl ¼isfude esfDlee½] vatu ?kkl
¼lsaudzl flfy,fjl½] yEik ?kkl ¼gsVjksiksxkWu duVksjVl½] dzkblksiksxkeu Qqyol] czsdsfj;k
MhdecsUl rFkk Mk;dsUFkh;e ,u;wysVe ?kklksa esa Hkjs cht rFkk vkiwfjr chtksa  dk fu/kkZj.k djus
ds fy, lqyHk ,Dl&js jsfM;ksxzkQh dk iz;ksx fd;k x;kA Hkjs gq, nkuksa dh lhek 6&44 izfr”kr
jgh ftldk dh HkkSfrd nyu lR;kiu Hkh fd;k x;kA ;g fof/k nyguh fot®a tSls ywluZ]
cjlhe rFkk bf.MxksQsjk esa dhV izdksi ds irk yxkus esa Hkh lgk;d gqbZA

ysft;wjl chtkdqaj.k %

izkjfEHkd v/;;u lsirk pyk fd 12 osa fnu nksuksa rjg ds ,dy ,oa f=xq.k iq’idksa esa
vadqj.k ns[kk x;kA

lqccwy cht xq.k %

Qy dh yEckbZ ,oa pkSM+kbZ cht@ Qy dh la[;k] cht dh yEckbZ ,oa pkSM+kbZ dk izs{k.k
lqccwy dh rhu iztkfr;ksa ds&8] ds&636 rFkk ,l&24 esa ns[kk x;kA



ikni ,oa Ik”kq lacaf/kr foHkkx

dkcZfud Ik”kq/ku mRiknu i)fr

vdkcZfud Qly Ik)fr dh rqyuk esa dkcZfud izca/ku ds varxZr 15&41 izfr”kr vf/kd
pkjk mRiknu gqvkA rFkk dqy ”kq"d inkFkZ dh iSnkokj Hkh 10&15 izfr”kr vf/kd jghA

Fkkjikjdj] fxj rFkk lkghoky xk;ksa dk dkcZfud iz.kkyh esa vkSlr nqX/k mRiknu dze”k%
1722] 1338 vkSj 2007 fd-xzk- ik;k x;k tcfd vdkcZfud iz.kkyh ds rgr ;g dze”k% 1592]
1246 vkSj 1864 fd-xzk- izfr O;kar jgkA nksuksa Ik)fr;ksa eas nqX/k mRiknu rqyuh; ik;k x;kA

Lkkbyst f[kykbZ %

Xkh"e _rq esa cfN;ksa dks dM+oh rFkk tbZ ds feJ.k ls rS;kj lkbyst f[kykus ls muesa
”kq"d inkFkZ dh xzg;rk ¼26-8 izfr”kr½ rFkk vkSlr nSfud Hkkj òf) ¼28-2 izfr”kr½ dM+oh rFkk
nkuk vk/kkfjr f[kykbZ dh rqyuk esa vf/kd ik;h x;hA

iks"kdrk ewY;kadu %

cVjk rFkk [ksljh ds Hkwls ds uewuksa esa dSfYl;e ¼0-90&1-54 izfr”kr½ rFkk dksckYV ¼ 0-
53&0-71 fe-xzk-@fd-xzk-½ dh ek=k Ik”kqvksa dh jkstkuk dh vko”;drkvksa dh iwfrZ ds fy, Ik;kZIr
FkhA tcfd QkLQksjl] rkaok rFkk tLrs dh ek=k vi;kZIr Fkh] ftls iwjd ds :Ik esa fn;k tkuk
pkfg,A

tbZ dh fdLe ,osuk lVkbok iztkfr ts,pvks&822 ¼13-65] 4-20 rFkk 1-176 fd-xzk- izfr
2 ykbu½ dk gjk pkjk] lw[kk pkjk rFkk cht mRiknu ,osuk eSxuk ¼2-48] 1-15 rFkk 0-097 fd-
xzk- izfr 2 ykbu½] ,osuk ykUxhxywfel ¼10-80] 2-13 rFkk 0-313½ ,oa ,osuk LVsjhfyl ¼9-90] 2-
68 rFkk 0-067 fd-xzk-@ 2 ykbu½ dh rqyuk esa vf/kd ik;k x;kA

jkseaFkh Ik”kqvksa dh f[kykbZ izca/ku %

LVkbyks gekVk vkSj LVkbyks LdSczk ehy dks nq/kk: xk;ksa ¼ 5&6 yhVj izfrfnu nw/k
mRiknu½ ds nkuk feJ.k esa leku iwjd izksVhu ds vk/kkj ij 50 izfr”kr ljlksa dh [kyh dks
de fd;k tk ldrk gSA

PkjkbZ vkSj lw[ks pkjs vk/kkfjr xk;ksa dks t© rFkk ljlksa dh [kyh dks 1%1 ds vuqikr esa
iwjd ds rkSj ij mi;ksx djus ls vdsys tkS ;k [kyh dh rqyuk esa nqX/k mRiknu esa 16-7
izfr”kr dh o`f) ik;h x;hA

Nk;kehy dks cdfj;ksa ds nkuk feJ.k esa 50 izfr”kr rd izfrLFkkfir fd;k tk ldrk
gSA blls muds iks"kd rRoksa dh mi;ksfxrk rFkk o`f) nj ¼56 xzk-@fnu½ esa dksbZ varj ugha ik;k
x;kA

feFksu mRiknu %

Hkkjrh; Ik”kqvksa }kjk dqy feFksu mRiknu 9-10 Vh-th- FkkA ftlesa dze”k% ns”kh xk;ksa]
ladj xk;ksa] HkSlksa ] cdfj;ksa rFkk HksM+ksa dk ;ksxnku 46-0] 4-46] 41-40] 3-20 vkSj 2-10 izfr”kr gSA

Xksgwa dk Hkwlk rFkk nkuk ds la;qDr vkgkj ls Hknkojh HkSlksa ¼42-78 xzk-@fd-xzk- nw/k ½ us
eqjkZ HkSlksa ¼49-96 xzk-@fd-xzk- nw/k ½ dh rqyuk esa de feFksu mRlftZr fd;kA

Oku&pjkxkg Ik)fr esa pjkbZ %



Oku pjkxkg Ik)fr;ksa esa] lcls T;knk ”kq"d inkFkZ dk mRiknu ¼3-58 Vu@gs-½ cks;s x;s
pjkxkg esa ik;k x;kA mlds ckn dze”k% jhlhMsM pjkxkg ¼2-96 Vu@gs-½ rFkk izkd`frd pjkxkg
¼2-34 Vu@gs-½ dk LFkku ik;k x;kA pjkbZ ds nkSjku HksM+ o cdfj;ka viuk c<+okj dsoy ?kklksa
ds c<+okj rd gh lkekU; cuk, j[k ikrh gS A rFkk pkjkxkg ds ouLifr gzkl ds lkFk gh muds
otu esa fxjkoV gksus yxrh gSA

QkEkZ e”khujh ,oa dVuksRrj rduhd %

cjlhe ds fy, cht fMªy dk fodkl %

dsUnzh;- d`f"k vfHk- lLFkkua-] Hkksiky ds lg;ksx ls cukbZ xbZ ,d cht fMªy dk cjlhe
ds eghu cht ä dks cksus dk ijh{k.k fd;k x;kA blds }kjk 40 ls-eh- iafDr nwjh ij 10 fdxzk-
@gs- cjlhe dh cqokbZ dh xbZA cqokbZ ds 15 fnu ckn cjlhe dk vkSlr ikS/k ?kuRo 181-1 izfr
oxZ ehVj FkkA vkSlr gjk pkjk mit dze”k% izFke ,oa f}rh; dVkÃ esa 198 dq-@gs- rFkk 215
dq-@ gs- ik;k x;kA

lw[kk pkjk la?kuhdj.k %

pyk;eku ,oa iz{ks= csyj ?kkl] ?kkl$Tokj] ?kkl$eDdk vkSj LVkbyks ds xV~Bj cukus
ds fy, ijhf{kr fd;s x;sA iz{ks= csyj ds mi;ksx gsrq igys VSªDVj pkfyr dVj&ckj gkjosLVj
}kjk pkjk Qly dks dkV dj [ksr esa lw[kus fn;k x;kA bu e”khuksa }kjk lcls T;knk xV~Bj
izkd`frd ?kkl ds cuk, x, blds ckn ?kkl$Tokj] ?kkl$eDdk ,oa LVkbyks ds xV~Bj cusA
iz{ks= csyj us pyk;eku fLFkfr esa lcls T;knk 874 xV~Bj ?kkl ds cuk, ftlls 95 dq-@?kaVk
dh {kerk ikbZ xbZA xV~Bjksa dk vf/kdre ?kuRo 109-2 fdxzk-@D;wfcd eh] iz{ks= csyj }kjk
[kM+h fLFkfr esa pykus ij ik;k x;k ftlds ckn pyk;eku csyj }kjk 104-8 fdxzk-@ D;wfcd
eh] dk ?kuRo izkIr gqvkA

flfDde esa iksLV gkjosLV izfdz;k,a %

flfDde esa iksLV gkjosLV izfdz;kvksa ds ckjs esa tkuus ds fy, iwohZ flfDde vkSj nf{k.kh
flfDde ftys esa losZ{k.k fd;k x;kA /kku dh Qly ekuo Je ds iz;ksx ls nkarsnkj gafl;k
}kjk dkVh tkrh gSA dVh gqbZ Qly dks djhc 5 fdxzk- ds xV~Bj cukdj xksykdkj <sj esa 200
ls 500 fdxzk- rd bdVBk dj fn;k tkrk gS ftldh ckn esa xgkbZ ¼Fkzsflax½ dh tkrh gSA /kku
ds iqvky dks ;k rks tehu ij [kqys esa ;k ydM+h ds IysVQkeZ  ij laxzfgr fd;k tkrk gSA
eDds ds HkqV~Vksa dks FkksM+k lk [kksydj 5&6 dh la[;k esa ,d lkFk cka/k ysrs gSa fQj mUgsa jLlh
ij ;k ckyduh dh nhokj ij yVdk nsrs gSaA eDds ds dVs gq, gjs ikS/ks dks tkuojksa dks f[kykus
rFkk mldh naMh dks bZa/ku ds dke esa iz;ksx fd;k tkrk gSA Ik”kqvksa dks f[kykus ds fy, dkVs x,
gjs pkjs ds lkFk frygu [kyh] eDds dh nfy;k ,oa vU; eksVs nkuksa dh nfy;k ds lkFk idk
dj fn;k tkrk gSA

Ik”kq ?kj j[k j[kko %

Ik”kq ?kj vPNs ls O;ofLFkr gSa ,oa gj ,d dk;Z elyu dqV~Vh djus] idkus] Ik”kqvksa dks
f[kykus] bZa/ku ydM+h j[kus] gjk pkjk j[kus bR;kfn dk lqfuf”pr LFkku gS ,oa lcls t:jh Bksl
,oa nzc vof”k"Vksa dks bdV~Bk djus ds fy, [kkn xM~<s dk mi;ksx fd;k tkrk gSA Ik”kq ew= dks
ukfy;ksa }kjk [kkn xM~<s rd ys tk;k tkrk gSA dqN Ik”kq ?kj nks ryksa esa uhps Ik”kq vkSj mij
pkjs dks j[kus ds fy, cuk, x, gSaa tks Vhu dh Nr ds gsSaA chp esa foHkktu gsrq ydM+h ds iVjksa
dk iz;ksx fd;k x;k gS ftlds Åij pkjs dks lqjf{kr j[kus dh txg gSA



Pkkjs xV~Bj dk HkaMkj.k %

LkaLFkku ds vfodkuxj fLFkr {ks=h; vuqla/kku laLFkku esa [kstjh iRrh ¼70
izfr”r½$lsUdzl ?kkl ¼30 izfr”r½ rFkk lsUdzl ?kkl ¼100 izfr”r½ ds xV~Bj pyk;eku csyj ls
cuk dj dejs esa HkaMkfjr fd;s x;sA lsUdzl ?kkl esa dPph izksVhu dh ek=k nksuksa gh fLFkfr;ksa
xV~Bj ,oa [kqys esa N% eghus ckn leku ikbZ xbZA [kstjh ds la?kuhdr̀ xV~Bj esa N% eghus esa
dPph izksVhu ugha cnyh ¼15-24 ls 15-16 izfr”kr½ tcfd [kqys esa ;g FkksM+h lh de ¼15-22 ls
14-31 izfr”kr ik;h x;hA

Qly mRiknu foHkkx

Lakj{k.k tqrkbZ

de flapkbZ dh n”kk esa pkjk [kk|kU; Qly mRiknu ra= ¼Tokj$yksfc;k& cM+k xsgwa½ dk
xsgwa lerqY; mit iwjs ra= dh ,d tSlh jgh ijEijkxr tqrkbZ ijEijkxr cqokbZ pdz ¼94-93
dq@ gs-½ ijiEijkxr tqrkbZ&”kwU; tqrkbZ ¼94-86 dq-@ gs-½ ,oa ijEijkxr tqrkbZ&de ls de
tqrkbZ ¼94-47 dq-@ gs-½ tcfd ,dkUrj o’kZ esa xehZ esa tqrkbZ djus ls vf/kdre mit ¼90-47
dq-@ gs-½ izkIr gqbZ vkSj fcuk xehZ dh tqrkbZ ds 86-80 dq-@ gs- mit izkIr gqbZA

laHkkO; Qly ;kstuk %

cqUnsy[k.M esa o’kkZ vk/kkfjr n”kk esa pkjk vk/kkfjr Qly ra= lqccwy$fry$ewax] &pkjk
tkS$vylh ¼232-24 dq-@ gs-½ vkSj lwccwy$ fry$mM+n& xsgwa $ljlksa ¼230-58 dq-@gs-½ gjk
pkjk lerqY; mit ,d tSlh ik;h x;hA

v/kZ ”kgjh {ks= ds fy;s pkjk mRiknu ra= %

jch dh ekSleh pkjk vk/kkfjr ra= esa ukbVªkstu dh c<+h gqbZ ek=k nsus ls ukbVsªV dk
ladyu cjlhe ds ikS/ks esa c<+k ik;k x;k tks fd vf/kdre 6340 ihih,e ukbVªkstu dh 200
izfr”kr ek=k ds lkFk feykA ladj gkFkh ?kkl vk/kkfjr cgqo’khZ; Qly ra= ?kkl$yksfc;k esa
133 izfr”kr ukbVªkstu dh laLrqr ek=k Mkyus ls 823-2 dq- ?kkl$157-05 dq- yksfc;k gjk ;k
141-6 dq- $26-8 dq- ”kq’d inkFkZ izkIr gqvkA blls vf/kdre ukbVªsV dk ladyu 433 ihih,e
ladj gkFkh ?kkl esa ,oa 6170 ihih,e yksfc;k ds ikS/kksa 200 izfr”kr ukbVªkstu dbZ ckj Mkyus ds
mijkar ik;k x;k A

iks’kd rRoksa ds dkcZfud ,oa vdkcZfud Jksrksa dk nh?kkZ;h izHkko %

dkcZfud [kknksa ds iz;ksx djus ls Hkwfe dh fofHkUu xgjkbZ esa dqy dkcZu ,oa Hkwfe dk dqy
tSfod dkcZu QzsDlu esa izHkkoh o`f) ikbZ xbZA dkcZfud [kkn nsuk can djus ls dkcZfud dkcZu
0-93% vDVwcj 2011 esa tcfd tqykbZ 2010 esa 0-54% izkjfEHkd ek=k esa yxkrkj deh ikbZ xbZA

vEyh; Hkwfe esa iks’kd rRoksa dk laj{k.k%

lgthoh ose] ,tsVksosDVj] lwMkseksukl] ,lijftyl rFkk osflyl iztkfr;ksa dks jksM
dsfYl;e QkLQsV ds lkFk iz;ksx djus ls yksfc;k rFkk eDdk dh 188-7 € 133 ¼30-2 € 3-8½
,oa 145 € 19-7 ¼31-1 € 4-1½ xzk- izfr iksV gjk ¼”kq’d½ pkjk mRiknu izkIr gqvkA tksfd
lk[;dh; ds vk/kkj ij lgthoh $100 izfr”kr laLrqr QkLQsV KH2PO4 :i esa nsus ds cjkcj
ik;h x;hA



e`nk esa lw{e iks’kd rRo deh dk izca/ku %

lw{e iks’kd rRoksa ,oa osl ls cht dh izkbfeax 100 izfr”kr laLrqr lw{e iks’kd rRo
ek=k ds cjkcj Fkh ftlls tbZ ,oa Tokj esa 50 izfr”kr lw{e iks’kd rRo moZjdksa dh ek=k esa
cpr dh tk ldhA [kjhQ ¼Tokj$yksfc;k½ vr% Qly esa 50 izfr”kr de lw{e iks’kd rRo dh
vis{kk jch dh Qly esa vo”ks’k izHkko 100 izfr”kr laLrqr ik;kA ¼tsM,u%lh;w%,e,u%%20%5%10
fdxzk-@gs-½vf/kdre ik;h xbZA

pus dh tqrkbZ ,oa flapkbZ %

fcuk flapkbZ dh n”kk esa ?kVh gqbZ tqrkbZ djus ij 14-187 dq-@ gs- vkSj ijiEijkxr
tqrkbZ ds varxZr 15-5 dq-@ gs- pus dh mit izkIr gqbZA nks flapkbZ;ka ”kk[kk;sa fudyus ,oa Qyh
okyh voLFkk esa djus ls pus dh mit 16-75 dq-@ gs- gqbZ tks fd ,d flapkbZ esa 15-59 dq-@
gs- rFkk fcuk flapkbZ 10-74 dq-@ gs- mit izkIr gqbZA xkscj dh [kkn 5 Vu@ gs- dh nj ls rFkk
xa/kd 20 fd-xzk-@ gs dh nj ls nsus ij 12-55 rFkk 12-44 dq-@ gs- vf/kd mit izkIr gqbZA

ty miHkksx {kerk %

usfi;j cktjk ladj$cjlhe dks iks’kdrk ds dkcZfud Jzksr ij mxkus ls pkj dVkb;ksa esa
ty mi;ksx {kerk dze”k% 14-64] 33-62] 44-48 vkSj 19-37 fd-xzk- Mh,e@ gs- ik;k x;kA

lkekftd foKku

lkekftd vkSj O;kogkfjd vuqla/kku

fdlkuksa  dh lkekftd & vkfFkZd fLFkfr ds mik;ksa esa i'kq/ku vk/kkfjr [ksrh ds vH;kl
ds ladsrdksa dks vafre :i fn;k x;k] vkSj Ldksj vkcafVr dj fo'ks"kKksa ls mudh cgqewY; lykg
vkSj jk; ds fy, Hkstk gSA

v/;;u çHkko

çkS|ksfxdh çn'kZu {ks=ksa esa fdlkuksa }kjk pkjk Qlyksa dks viukuk

• Tokj dks 16-0% ] tbZ dks 15-4% ] eDdk dks 13-3% vkSj yksfc;k dks 9-3% ds ckn lokZf/kd
cjlhe ¼24-0%½ Qly dks viuk;k x;kA

• vf/kdre çlkj vuqikr] 1%6-2 cjlhe esa ] 1%5-43 yksfc;k esa] 1%5-29 tbZ esa ] 1%4-85 ,eih
pjh esa vkSj 1%04 Tokj] ds ckn ¼1%7½ eDdk esa ik;k x;k A

 vkokjk i”kqvksa dk caqnsy[kaM {ks= esa ik, tkus ds fy, mRrjnk;h eq[; :i ls v'kq) cht]
fuEu Hkwfe ds ckn pkjk Qlyksa dks u viukuk ik;k x;kA

vuqla/kku lgHkkfxrk

fofHkUu {ks=ksa esa fdlkuksa ds [ksrksa esa jch pkjs dh mUur fdLeksa dk çn'kZu

• cqansy cjlhe&2 us fgekpy izns”k] iwohZ mRrj izns”k] cqansy[kaM¼e/; izns”k½] cqansy[kaM ¼mÙkj
çns'k½] jktLFkku es lcls vPNk çn'kZu dj dze”k% 924] 877] 868] 843 ,oa 444 dqa@gs- gjk
pkjk mRikfnr fd;k A ojnku iztkfr us iwohZ mÙkj çns'k esa lokZf/kd ¼849-0½] cqansy[kaM ¼781-2½
mÙkj çns'k] e/; çns'k cqansy[kaM ¼770-0½ vkSj fgekpy çns'k ¼768-3½ dqa@gs- gjk pkjs dk
mRiknu fn;k A



• tbZ dh ts,pvks&99&2 iztkfr us iwohZ mRrj izns”k] fgekpy izns”k] caqnsy[kaM ¼mRrj izns”k½]
caqnsy[kaM¼e/; izns”k½ esa dze”k% 605] 571] 503] 504 dqa@gs- gjk pkjk ds mRiknu ds lkFk iztkfr
ts,pvks&822 ¼570] 525] 452] 444 dqa@gs- gjk pkjk½ ds ckn lcls vPNk izn”kZu fd;kA ,oa
jktLFkku esa 402 dqa@gs- gjs pkjs  dk mRiknu fn;kA

• /kkjokM+ ¼dukZVd½ esa Ykw;luZ dh vkj,y&88 iztkfr us vkuan&2 ¼393½ ,oa Vh&9¼370½ dqa@gs-
gjs pkjs ds ckn 949 dqa@gs- gjk pkjk dk mRiknu fn;kA

• fgekpy çns'k] iwohZ mÙkj çns'k] cqansy[kaM vkSj jktLFkku esa fdlkuksa ds [ksrksa esa  ,d lky esa

56-1% gjs pkjs ,oa 40-3% lw[ks pkjs ds ckn lkUnz ds fy, vf/kdre ?kkVk ¼74-7%½ ns[kus dks
feykA

pjkxkg ,oa ou pjkxkg izca/ku

”khrks’.k vYikbu p:Hkwfe dk ewY;kadu %

tEew dk”ehj] fgekapy izns”k] flfDde ,oa v:.kkpy izns”k esa ikbZ tkus okyh p:Hkwfe
dh mRikndrk ,oa pjokgk leqnk; dh vkthfodk esa egRo dks ns[kus ds fy, thvkbZ,l ,oa
fjeksV lsfUlax dh enn ls xgu losZ{k.k ,oa tehuh gdhdr dks tkuk x;kA

vUos’k.k losZ&iz{ks= losZ{k.k %

o"kZ 2011 ds tqykbZ] vxLr ,oa uoEcj ekg esa eukyh ls ysg] tEew ,oa d”ehj jkT; esa
fLFkr yn~nk[k iz{ks= ds pkUxFkkx {ks=] ysg&dkjfxy ,oa lkuekxZ& esa ekStwn p:Hkwfe dk
losZ{k.k fd;k x;kA ;g ik;k x;k fd pkUxFkkax ”khrks’.k p:Hkwfe dk lcls cM+k {ks= gS tksfd
yn~nk[k iz{ks= esa gSA ysg ls dkjfxy ds jkLrs esa cgqr ls cM+s cM+s p:Hkwfe ds {ks= gSaA ”khrks’.k
ds igkM+h {ks= tSls ykgqy ,oa LQhrh] ysg ,oa dkjfxy esa lSfyDl iztkfr;ksa dh ckgqY;rk gSA
rni”pkr ikiqyj ,oa jksfofu;k iztkfr ekStwn gSA p:Hkwfe esa QsLrqdk iztkfr dh ckgqY;rk gSA
blh izdkj p:Hkwfe esa lQsn Dyksoj] yky Dyksoj] vYQk&vYQk] lkbizl flCckfYM;k bR;kfn
iztkfr;ksa dks Hkh ns[kk x;kA

ikS/kksa ds uewus dk fo”ys’k.k ,oa pkjk mit dk vkadyu %

p:Hkwfe dh dzwM izksVhu 8-41 ls 14-17 izfr”kr dschp rFkk vkSlr dzwM izksVhu 10-68
izfr”kr ik;k x;kA gjk pkjk dh mRikndrk 2-125 ls 6-385 Vu izfr gsDVj ds chp] vkSlru 3-
907 Vu izfr gs- ik;k x;kA ”kq’d pkjk mRiknu 0-680 ls 1-993 Vu@gs- ds chp] vkSlru 1-17
Vu@gs ik;k x;kA

Hkkjrh; pjkxkg ,oa pkjk vuqla/kku laLFkku }kjk LihVqd ysg esa fodflr lkbV %

,uVhih ih ifj;kstuk ds varxZr LihVqd esa lkbZV dk fodkl fd;k x;kA yqfiu]
MSDVhyhl] vYQk&vYQk] jkbZ?kkl dh cqokbZ dh x;h ftudk vadqj.k vPNk jgk ,oa vPNh rjg
fodflr gks jgs gSaA vkSlru gjk pkjk 8-84 Vu@gs- rFkk lw[kk pkjk 2-35 Vu dze”k% ik;k x;kA

lwccwy dh p;fur fdLeksa dk izca/ku %

rhljs o’kZ lwccwy ds p;u ,l&10 }kjk 96-2 izfr”kr thfor {kerk] 6-5 ehVj mapkbZ
dks vkadk x;kA 2x2 ehVj dh nwjh ij LFkkfir ,l&10 fdLe dh 1-5 ehVj mapkbZ ij NaVkbZ
djus ls 18-5 Vu dqy tSo mRiknr rFkk 7-4 fdxzk- lw[kh izfr@o{̀k izkIr gqbZA 4x4 ehVj ij
LFkkfir p;u ds&636 }kjk lokZf/kd 10 ”kk[kk;sa ,oa 5 Qfy;ksa okyh ”kk[kk,a ik;h x;hA



ijrh nygu dk ewY;kadu %

vkfFkZd :i ls egRoiw.kZ xq.kksa esa fofHkUurk tSls tSo mRikn] thfor jgus dh {kerk@
n{krk ,oa iq’iu dks ns[kus gsrq 14 p;fur iztkfr;ksa dk v/;;u fd;k x;kA vkbZ ,yvkjvkbZ
bfFkiksfi;k }kjk 155 izosf”k;ksa dk tks 46 iztkfr;ksa ,oa 14 tsujk ds vuq:i vkrs gSa] dks mxk;k
x;kA Mkfypkl lsfjlhvl] jk;uksdkslhek bysxUl ,oa jk;udksfl;k MsUlhQksfy;k dk vadqj.k
ugha gks ik;kA iwjkfj;k Qsflvks ysbMlZ ds 5 izosf”k;ksa esa e/; ekpZ rd iq’iu ugha gqvkA 46
iztkfr;ksa esa 3 iztkfr lh/ks c<+us okys] nks v)Z lh/ks c<+us okys] 18 yrkokyh rFkk ”ks’k QSyus
okyh ik;h x;hA

?kklksa esa ekbdksjkbtk dh fofHkUurk %

Lkcls T;knk vjol dqyj ekbdksjkbtk vatu ?kkl ds tM+ksa dh e`nk esa ¼239-4 € 7-4½
mlds ckn yEik ¼223 € 7-11½ fxuh ?kkl ¼208-8 € 5-67½ vkSj eNkSjh ?kkl esa ¼206-4 € 4-67½
ik;k x;kA ?kklksa ds lkFk Xyksel iztkfr dk lg laca/k xhxk Liksj ls T;knk ik;k x;kA

Okkf’kZd pkjk Qlyksa dh o`f) ,oa mRiknu izk:i %

f}mnns”kh; Tokj dk gkbijLisDVªy fjQysDVsUl cqokbZ ds 50 fnu ckn] nSfgd ifjiDork
,oa dVkbZ iwoZ fy;k x;kA gfjfrdk , ,oa ch vkSj x.ku o.kZdze lwpdkad ¼,uMhohvkbZ½ ds chp
laca/k ik;k x;kA ;fn gfjfrdk o’kZ dze c<+rs gSa rks ,u MhohvkbZ Hkh c<+rk gSA tbZ ds ikpa
fdLeksa dh cqokbZ ds 45] 65 ,oa 95 fnu ckn gkbijLisDVªy vkadMk fy;k x;kA gjhfrdk , ,oa
ch vkSj 680 ,u ,e rjax ds chp ds vuqikr dk laca/k ?kukRed ik;k x;kA

dpukj ,oa lqccwy vk/kkfjr ou pjkxkg i|fr %

LFkkiuk ds ikap o’kZ ckn ] lqccwy ¼,l&24½ ,oa dpukj esa dze“k% 73 izfr”kr ,oa 44
izfr”kr thou {kerk ikbZ xbZA lqccwy dh o`f) ¼6-6 eh- ÅapkbZ] 10-28 lseh vk/kkj O;kl] 8-29
lseh Mh-ch-,p- rFkk 3-9 ehVj ?ksjko ik;k x;kA dpukj esa o`f) vis{kkd`r de ¼ÅapkbZ 4-32eh-]
vk/kkj O;kl 9-70 lseh] Mhoh,p 6-65 lseh rFkk ?ksjko 2-95 eh- FkkA pkjk mRiknu vatu ?kkl
,oa dSfjfc;uk LVkbyks }kjk dpukj ds lkFk 5-49 Vu ”kq’d Hkkj@gs- rFkk lqccwy ds lkFk 3-98
Vu ”kq’d Hkkj@gs- izkIRk gqvkA Qqyok ?kkl LVkbyks fl;kczkuk }kjk dpukj ds lkFk 4-65 Vu
”kq’d Hkkj@gs izkIr gqvk tcfd blh ?kkl la;kstu }kjk lqccwy ds lkFk 4-83 Vu ”kq’d Hkkj@gs-
izkIr gqvkA lqccwy vk/kkfjr ou pjkxkg esa vf/kd e`nk xq.k mRFkku ¼8-9 izfr”kr 0-15 lseh ij
rFkk 20 izfr”kr 15&30 lseh xgjkbZ] vis{kkdr̀ dpukj vk/kkfjr ou pjkxkg ¼2izfr”kr dkcZu
0&15 lseh rFkk 16-37 izfr”kr 15&30 lseh e`nk xgjkbZ] ls ik;k x;kA

vatu o{̀k vk/kkfjr ou pjkxkg %

ijh{k.k ds PkkSFks o’kZ vatu o`{k ds ,oa dSfjfc;uk LVkbyks ds la;kstu }kjk vUr% Qly
djus ij lkFkZd :i ls vf/kd ¼8-16 Vu ”kq’d Hkkj@gs-½ mit izkIr gqbZA vis{kkdr̀ QqYkok ?kkl
,oa dSfjfc;uk LVkbyks ¼5-92 Vu ”kq’d Hkkj@gs-½ rFkk vatu ?kkl ,oa dSfjfc;uk LVkbyks ¼7-
12Vu ”kq’d Hkkj@gs-½A QSys gq, xM~<ksa ds mipkj ls vatu ò{k dh ÅapkbZ ¼3-02eh-½ ,oa  vk/kkj
O;kl ¼6-70 lseh½ esa vis{kkdr̀ fu;af=r ¼fcuk ca/kh ,oa xM~<s ds ½ vatu o{̀k¼ÅapkbZ 2-75 eh- ,oa
vk/kkj O;kl 6-07 lseh ½dh rqyuk esa lkFkZd o`f) gqbZA



cgq&iztkfr vk/kkfjr ou pjkxkg %

egqvk] ikdj]ccwy ,oa ”kgrwr esa 88 izfr”kr ls vf/kd thou {kerk ikbZ xbZA ikS/kksa dh
o`f) ikdj ¼ÅapkbZ 114-25 lseh vk/kkj O;kl 2-69 lseh ½] egqvk ¼ÅapkbZ 60-29 lseh vk/kkj O;kl
1-43 lseh ½] ”kgrwr¼ÅapkbZ 178-76 lseh vk/kkj O;kl 2-83 lseh ½ ,oa ccwy esa ¼ÅapkbZ 180-76
lseh 2-79 lseh vk/kkj O;kl ½ ik;k x;kA

vatu o{̀k vk/kkfjr f=Lrjh; ou pjkxkg i|fr %

izFke o’kZ esa vatu o`{k ,o rhu >kfM+;ksa dh thforrk 97 izfr”kr ikbZ xbZA lHkh >kfM+;ksa
esa csj dh ÅapkbZ lkFkZd :i ls [ksj o`{k ¼23-2 lseh½ ,oa ?kksV¼18-73 lseh½ dh vis{kkdr̀  vf/kd
¼51-96lseh½ ikbZ xbZA

vkaoyk vk/kkfjr m|ku pjkxkg i|fr %

Hkwfe ,oa ty laj{k.k ijh{k.k ds ikapos o’kZ isM+ksa dh ÅapkbZ 2-98&3-45 eh- ds chp ikbZ
xbZA lokZf/kd Qy dh mit ¼3-41 Vu@gs-½ QSys gq, xM~<ksa ds lkFk rFkk U;wure mit¼1-65
Vu@gs½ iRFkj ds eYp ls mipkfjr@”kq’d ò{k ds lkFk ikbZ xbZA pkjs dk mRiknu 5-15&8-95
Vu@gs ik;k x;kA vDVwcj ekg esa e`nk esa mifLFkr ueh QSys gq, xM~<s okys mipkj ds lkFk
0&15 lseh dh xgjkbZ ij 40 izfr”kr rFkk 15&30 lseh dh xgjkbZ ij 53 izfr”kr vf/kd ikbZ
xbZA tcfd uoEcj ekg esa blh xgjkbZ ij 22 ,oa 24 izfr”kr vf/kd ueh ikbZ xbZ FkhA

vkaoys ds nwljs ijh{k.k ds rhljs o’kZ QSys gq, xM~<s ds mipkj ds lkFk vkaoys ds o`{k esa
lokZf/kd o`f) ¼2-7eh- ÅapkbZ] 6-1 lseh] vk/kkj O;kl rFkk 2-1 eh-½ ?ksjko ekik x;kA isM+ksa ds
lkFk vUr% pkjs dh mit 12-4 izfr”kr vf/kd ¼9-48 Vu ”kq’d Hkkj@gs½ vkadh xbZA vis{kkd`r
”kq) ik”pj ¼7-62Vu ”kq’d Hkkj@gs-½ QSys gq, xM~<ksa ds mipkj ls ik”pj dk mRiknu lkFkZd
:i ls vf/kd ¼10-3 Vu ”kq’d Hkkj@g-s½ ik;k x;kA

ve:n vk/kkfjr m|ku pjkxkg i|fr %

ijh{k.k ds ikapos o’kZ yfyr fdLe esas ”osrk fdLe ¼2-96 Vu@gs-½ dh rqyuk esa 17
izfr”kr vf/kd Qy mRiknu ¼3-47 Vu@gs-½ izkIr gqvkA fu;a=.k dh rqYkuk ¼2-81 Vu@gs-½ esa
QSys gq, xM~<s ds mipkj ls vf/kd Qy mRiknu ¼3-83 Vu@gs-½ izkIr gqvkA QSys gq, xM~~<s ds
mipkj ls fu;af=r ¼7-22 Vu ”kq’d Hkkj@gs-½dh rqyuk es lkFkZd vf/kd pkjk mRiknu¼ 8-26 Vu
”kq’d Hkkj@gs-½ a izkIr gqvkA

csy vk/kkfjr m|ku pjkxkg i|fr %

ijh{k.k ds pkSFks o’kZ fofHkUu mipkj ds varxZr csy ds ikS/k dh vkbZ 2-41&285 ehVj
rFkk vk/kkj ij ekSVkbZ 5-94&7-15 lseh ikbZ xbZA lokZf/kd o`f) LVksu eYp ds lkFk ns[kus dks
feyhA ikS/k dk ?ksjko 1-52&1-82 eh- vkadk x;k] lokZf/kd QSyko QSys gq, xM~<ksa ds varxZr ik;k
x;kA lokZf/kd pkjk mRiknu ¼6-98 Vu ”kq’d Hkkj@gs-½ QSys gq, xM~<ksa dss mipkfjr rFkk lcls
de fu;a=.k ¼5-16Vu ”kq’d Hkkj@gs-½ ds varxZr ik;k x;kA

beyh vk/kkfjr m|ku pjkxkg i|fr%

ijh{k.k ds rhljs o’kZ fofHkUu mipkj ds varxZr beyh ds ikS/k dh ÅapkbZ 1-49 &1-92
eh- rFkk vk/kkj ij ekSVkbZ 3-40&4-69 lseh ikbZ xbZA lokZf/kd o`f) QSys gq, xM~<ksa ds lkFk
ns[kus dks feyhA lokZf/kd ikS/k dk ?ksjko ¼1-49 eh-½ QSys gq, xM~<ksa ds lkFk rFkk lcls de ¼0-
89eh-½ fu;fer mipkj ds lkFk ik;k x;kA



ou pjkxkg esa lw{e tho %

lw{e tho dod] thok.kq] ,oa ,DVhuksekbflV~l dh la[;k dk dpukj ,oa vkaoyk
vk/kkfjr i|fr ds varxZr v/;;u fd;k x;k A flrEcj ekg esa lw{etho dod] thok.kq ,oa
,DVhuksekbflV~l dh vf/kdre la[;k 6-26]100-57 rFkk  93-99 dze”k% vatu ?kkl esa ikbZ xbZA
rRi”pkr LVkbyks fl;kczkuk esa ¼3-25] 91-95 vkSj 88-8@xzke eǹk½ rFkk vkaoyk esa ¼3-06] 36-93
,oa 27-95@xzk-ènk½ ikbZ xbZA lw{etho dh la[;k esa deh vDVwcj ekg ls vkjEHk ls gksdj twu
ekg esa lcls de jg tkrh gS rFkk o’kkZ gksus ds rqjar ckn c<+us yxrh gSA blh izdkj dpukj
vk/kkfjr cht i|fr esa Hkh lw{e tho dh lcls vf/kd la[;k vatu esa] mlds ckn dpukj]
Qqyok ?kkl rFkk LVkbyks dh tM+ dh e`nk esa tqykbZ ,oa vxLr ds eghus esa ikbZ xbZA

vf[ky Hkkjrh; vuqla/kku lefUor ifj;kstuk ¼pkjk Qlysa½

pkjk Qly lq/kkj %

jch 2010&11] 10 ikni iztuu ijh{k.k] nks ,d o"khZ; ¼cjlhe vkSj tbZ½ rFkk nks
cgqo’khZ; ¼fjtdk vkSj Vky QslD;w½ pkjk çtkfr;ksa ds 52 çfof"V;ksa dks muds psd ds lkFk
lfEefyr djrs gq, 5 fofHkUUk vapyksa ds 30 LFkkuksa essa lapkfyr fd;k x;kA gksugkj ykbuksa d¨
mUur fd;k x;kA [kjhQ 2011 esa 4 okf’kZd ,oa 6 cgqo’khZ; pkjk iztkfr;ksa dks 16 fofHkUu ikni
iztuu ijh{k.k 42 dsUnzksa ij lapkfyr fd;k x;kA ,d o’khZ; pkjk iztkfr;ksa esa cktjk] yksfc;k]
jkblchu rFkk lks;kchu ,oa cgqo’khZ; iztkfr;ksa esa fxuh ?kkl] lsadzl  flfy,fjl] ch,u gkbfczM]
lsVsfj;k ,ulsIl] ysL;wjl flaMhdl rFkk lsadzl lsfVxsjl dk ewY;kadu fd;k x;kA

pkjk Qly mRiknu %

jch 10&11 ds nkSjku pkjk Qly mRiknu ds fofHkUu igyqvksa ij fofHkkUu d`f’k
tyok;qoh; {ks=ksa esa 22 LFkkuksa ij vuqla/kku dk;Zdze fd, x, A [kjhQ 2011  ds nkSjku 13
fofHkUu ijh{k.kksa dks lefUor rFkk fofufnZ’V mn~ns”; gsrq 21 LFkkuksa ij lapkfyr fd;k x;kA
lkFk gh mi;qDr laLrqfr dh xbZA

pkjk Qly lqj{kk %

jch 10&11 esa cjlhe] Y;wluZ vkSj tbZ jksxjksf/krk rFkk dhV ,oa ikS/k O;kf/k ds
ewY;kadu] QSyko rFkk ladze.krk ds lek/kku ds fy, vkuan] Hkqous'oj] fglkj] gSnjkckn] >kalh]
yqf/k;kuk] ikyeiqj] vkSj jkgqjh esa ijh{k.k fd, x,A çeq[k [kjhQ pkjk Qlyksa esa dhV O;kf/k;ksa
ds QSyko] jksxjksf/krk] dhV izca/ku laca/kh ijh{k.k vkuan] Hkqous'oj] fglkj] gSnjkckn] >kalh]
yqf/k;kuk] ikyeiqj] vkSj jkgqjh dsUnzksa ij fd, x,A

iztuu cht mRiknu %

d`f’k lgdkfjrk foHkkx] Hkkjr ljdkj ds }kjk jch 2010&11 esa iztuu cht mRiknu
gsrq 277-4 dqUry dh ekax dh xbZ Fkh ftlesa 24 fdLeksa dk cht mRiknu djuk Fkk ftlesa tbZ
¼8½] cjlhe ¼8½] fjtdk ¼5½ vkSj xksHkh ljlksa ¼3½ rFkk bldk vkoaVu jkT; —f"k
fo'ofo|ky;ksa@Hkkjrh; —f"k vuqla/kku ifj"kn laLFkkuksa ds nl dsUæksa ds fy, fd;k x;k FkkA
lexz :i ls 363-11 dqary iztuu cht dk mRiknu gqvk tksfd ekax dh vis{kk ¼30-74% vf/kd½
FkkA d`f’k lgdkfjrk foHkkx] Hkkjr ljdkj ds }kjk [kjhQ 2011 esa 5 izeq[k Qlyksa vFkkZr eDdk]
yksfc;k] cktjk] Tokj vkSj jkblchu dh 31 fdLeksa dks iztud cht mRiknu gsrq 360-57 dqary
dh ekax dh xbZ rFkk bl ekax dks jkT; —f"k fo'ofo|ky;ksa@Hkkjrh; —f"k vuqla/kku
ifj"kn@xSj ljdkjh laxBuksa ds 12 dsUnzksa dks vkcafVr fd;k x;kA lexz :i ls iztud cht
dk mRiknu 150-51 dqary jgk tksfd ekax ds vuq:i 58% de jgkA



Executive Summary
Weather & Crops
In 2011, setting of southwest monsoon was delayed by about 10 days over Andaman Sea.
However, it set over Kerala 3 days before its normal date of onset. Subsequently it
covered the entire country on 9th July, 6 days earlier than its normal date. The withdrawal
started from west Rajasthan with a delay of more than 3 weeks. Subsequently, it
withdrew from most parts of northwest India and most parts of Uttar Pradesh, in last
week of September.
The total rainfall during March, 2011- Feb, 2012 was 1077.7 mm in 54 rainy days as
compared to its long period average of 908.6 mm.  In the pre-monsoon season, heavy
rainfall occurred (462.7 mm) during three consecutive weeks (24, 25 and 26th SMW) in
15 rainy days.  The rainfall during 27- 31st SMW was 309.8 mm in 16 rainy days.  In the
early August, the rainfall distribution was conducive for crops and the two consecutive
weeks recorded 111.4 mm of rainfall. However, the following two consecutive weeks (34
and 35th SMW) recorded scanty rainfall causing intermittent drought. The rainfall during
monsoon season was 592.7 mm against the long period average (721.5 mm). Post
monsoon (October ‚ November) season did not receive any rainfall.
Mean annual maximum and minimum temperatures were lower by 0.58 and 0.69oC than
their corresponding normal. In kharif crop growing season (27 to 39th SMW), maximum
temperature was lower from their corresponding normal temperature in the range of 0.66
to 1.1oC. In rabi season, both maximum and minimum temperatures were in general
higher during 45th to 50th SMW in the range of 0.66 to 4.0oC from their normal values.

Mean annual evaporation rate (5.16 mm/day) was slightly lower by 1.3% than the normal
(5.24 mm/day). Mean annual morning relative humidity was almost similar to its normal
value. Mean annual afternoon relative humidity was higher by 11.8% from its normal
value (42.5%). Mean annual bright sunshine (7.7 hrs) was slightly higher by 3.75 % from
its normal (7.6 hrs) and varied from 1.9 hrs in 32nd SMW to 10.4 hrs in 2nd SMW. Mean
annual wind velocity (4.64 km/hr) did not differ from its normal (4.6 %).

Forage Crop Improvement

Plant Genetic Resources

Germplasm enrichment: Existing gene pool of leguminous forage was enriched by 261
accessions and cereal forage by 39 accessions procured from various international and
national sources.

Digitization of Mid Term Storage (MTS) module: All the information (name of forage
crop, number of species, number of accessions, year of seed production, placement in
gene bank and quantity of seed etc.) on available germplasm maintained in MTS module
has been converted in silico language and linked to Institute website.

Germplasm conservation: IGFRI, Jhansi, being the National Active Germplasm Site
(NAGS) for forage crops, maintains 8,027 accessions representing 145 species including
cereal forages, forage legumes, grasses, fodder trees, and encompasses indigenous
accessions, exotic accessions, germplasm stocks and advanced breeding lines.



Germplasm evaluation

Medicago species: Total 60 exotic germplasm lines of annual medics belonging to 20
different species were evaluated. The selected productive accessions were EC541685,
EC547751, EC541643-2 and EC541633.

Pearl millet: 20 good performing lines out of 273 evaluated were selected in Pearl millet
and hybridization was attempted with napier as male parent. For MS line development,
hybridisation was done with A5 cytoplasm lines. Ten promising rust and leaf spot
resistant lines were identified.

Breeding and cultivar development

Cultivated cereals

Sorghum

Development and validation of core collection: A core collection based on the passport
information was established based on 26 qualitative and quantitative traits recorded on
538 accessions. The constituted core collection represents the 97% of the variability
range available in the entire collection and captured the maximum diversity for all the 14
quantitative traits.

Identification of multiple foliar disease and insect pest resistance lines: Three
accessions namely IG 02-495, SGS-81 and SGS-114 exhibited multiple foliar disease
resistance after two years of evaluation.

Biochemical characterization for drought tolerance: Twenty five lines, comprising of
stay green sorghum (SGS) and non SGS lines were evaluated for drought tolerance. SGS
lines have longer and broader leaves and better growth and higher forage biomass as well
as higher brix value than non-SGS lines. 3 SGS lines showed dual purpose trait as they
remained green even after full maturation of cobs.

Maize

Evaluation of crosses between Zea mays x Zea mexicana: Out of 35 crosses, 12
performed better than check (African tall) for green fodder yield. Tillering expression
ranged from 6-50 (%), branching from 1-57 (%), tillering and branching from 1-28 (%) in
segregating progenies. 10 selected lines were used to produce backcross generation
second (BC2) after crossing Zea mexicana (teosinte) and Zea mays.

Insect pest and disease resistance: In station trials, cultivars 1/56, R-7, R-20 and JH ‚
Teo 4-1/4-2/4-3 were moderately tolerant to leaf folder, and defoliators particularly
Hieroglyphus nigrorepletus. Out of 151 breeding materials, 20 lines were moderately
tolerant to major insect pests.

Oats

Single cut station trial: The lines EC-246193, NGB-8650, BGP-58, EC246194, PI-
497840, IGO2-75, EC246197 and EC498707-1 gave higher green fodder yield than the
best check UPO-212. The lines, IGO3-264, EC246197, NGB-4245, BGP-11, IGO3-471,



EC209527, IGO3-267, BGP-65, EC209493, IGO3-456, NGB-4871 gave higher dry
matter yield than best check Kent.

Dual purpose station trial: The lines IGO2-68, BGP-15, BGP-34, IGO2-62, BGP-61
IGO2-89 and BGP-40 give high green fodder yield. The lines EC473800 IGO2-89
BGP10 CI-9413 EC28804 EC246127 EC425120 EC605830 IGO2-71 EC605831 IGO2-
65 EC246123 and EC605837 showed high dry fodder and seed yield.

Multi-cut station trial: Lines NGB-4472-1, NGB-4245, EC4438, NGB-6345, NGB-
4871 and NGB-4462-1 showed better green fodder yield than check variety. Higher dry
matter was observed in NGB-4245, EC4438, IGO2-65, NGB-4462-1 and NGB-4882-2.

Performance of IGFRI oat entries in AICRP trials

In IVT single cut, entry JHO-2010-1 in Central Zone, South Zone and All India level
exhibited superiority for green forage yield and dry matter yield.

In AVT single cut, entry JHO-2009-2 in North-West Zone, Central zone, entries JHO-
2009-2 and JHO-2009-1 in North-East Zone registered their superiority over best check.
At the national level, entry JHO-2009-2 recorded superiority over best national check for
GFY & DMY.

In AVT (Multi cut), JHO-2009-3 in Hill & Central zones and at National level recorded
superiority for DMY.

Cultivated legumes

Cowpea: Three crosses, BL-2 x EC 4216, EC 4216 x BL-2 and UPC 5287 x BL-2
showed better performances than the parents for biomass/plant (g) of parents.

Berseem

Generation advancement of interspecific hybrids: Seeds in F2 generation were obtained
by selfing interspecific hybrids of T. alexandrinum var. Fahli  T. vesiculosum, T.
alexandrinum var. Fahli x T. lappaceum, and T. alexandrinum cv Wardan  T.
lappaceum developed through embryo rescue.

Exotic Germplasm Evaluation: Newly introduced 21 exotic lines were evaluated. Two
lines were close to Fahli ecotype while rest behaved as Mescavi ecotypes.

Development of RILs and NILs: 415 single plants of the interspecific cross progenies
(T. alexandrinum x T. apertum; T. alexandrinum x T. resupinatum) in F7 generation were
grown to develop RIL. 425 single plant progenies of plants with high expression of
pentafoliate trait were grown under selfing condition to develop true breeding lines and
also NIL for pentafoliate trait.

Interspecific compatibility: Fahli and Mecavi ecotypes of T. alexandrinum, were
crossed with T. resupinatum, T. vesiculosum, T. lappaceum and T. subterraneum. In the
crosses involving Fahli ecotype as a female parent all the rescued embryos were true-
hybrids. Whereas, Mescavi ecotype (cv Wardan) when used as female parent,
pseudohybrid embryos were also identified. Some of the segregants of interspecific
hybrid between T. alexandrinum and T. apertum (both parents with yellow seed coat)
expressed black seed colour with F1in F2 progenies.



Range grasses and legumes

Pennisetum hybridization: Artificial pollinations were attempted to generate
cytogenetic stocks to understand endosperm imprinting effects. Backcrossing of a sexual
F1 (2n=42) between pearl millet (2n=4x=28) and P. squamulatum (2n=8x=56) was made
with both the parents to obtain alien addition lines.   A sibbed population derived from
cross between a sexual and an apomictic F1 between P. glaucum and P. squamulatum was
evaluated for fodder potential under rainfed conditions and high tillering and perennial
plants were selected.

Maintenance breeding: About 574 kg of nucleus seed of 7 oats varieties and 23.5 kg
nucleus seed of 4 cowpea varieties were produced.

Genetics and Biotechnology

Range grasses

Transcriptome analysis of differentially expressed genes in apomeiotic interspecific
hybrid of Pennisetum glaucum: A comparative transcriptome analysis of differentially
expressed genes during embryo sac (ES) development in sexual Pennisetum glaucum
(genotype 81A1) and its interspecific hybrid (BC1GO) was done. BC1GO exhibited the
partitioned apomeiosis component but lacked parthenogenesis. By macroarray analysis,
differential expression pattern of 96 transcripts were identified, 45 of which showed C2-
fold induction in apomeiotic BC1GO. The results were validated by quantitative real-time
polymerase chain reaction to have a comparative expression profiling of eight selected
up-regulated transcripts (C2.5-fold) between BC1GO and 81A1 at different phases of
ovule development. In silico mapping demonstrated that 13 transcripts were located onto
rice chromosome 2, region syntenic with the apospory locus as reported in Brachiaria
brizantha and Paspalum notatum. The expression patterns of these transcripts suggest
involvement in floral development during apomeiotic (Panicum-type aposporous) ES
development.

FCSS in guinea grass: Flow cytometric seed screen (FCSS) identified a hexaploid line
(2n=6x=48), FCSS 86, to produce very high frequency of BIII progenies. Plants with
novel ploidies, 7x (2n=56) and 11x (2n=88) were recovered from an 8x line (2n=8x=64)
through fertilization of reduced and unreduced female gametes, respectively with a
reduced 3x male gamete.

Epigenetic control of apomixis in Cenchrus ciliaris: A polymorphic band (0.75 Kb,
present in apomictic plants) between apomictic and sexual C. ciliaris plants was observed
on AFLP analysis of the F2 mapping population. It was indentified to be a part of
retrotransposon and named as Retro-C105. A smaller portion of the retrotransposon (0.35
Kb) occurred in both apomictic and sexual plants. The retro fragment (0.3 Kb) in sexual
plant was found to be hypermethylated. More than 95% cytosine residues in the retro
fragment was found to be methylated in sexual plant, compared to only 35% of the
methylated cytosine residues in apomictic plant. Twelve-fold increase in methylation was
observed at CHH site in sexual plant.

Data mining of Cenchrus Expressed sequence tags (EST) for SSR markers: 3812
contigs and 7331 singletons from 21,729 EST sequences were assembled using the CAP3
program. Using PERL scripts, 2774 unique microsatellites >10 bp with motifs ranging in



length from 1 to 6 were identified. AG/CT and CCG/CGG were the most abundant di and
tri motifs respectively.

Forage Crop protection

Root rot complex of cowpea: The most effective treatment among all the botanicals
used, was castor seed powder @25% and 10% seed treatments resulting 49% decrease in
nematodes incidence and increased 19.7% green fodder yield in cowpea.

Integrated pest management in intensive forage production system: In Rabi, Ist

sowing date (3rd week of October) in combination with seed treatment of thiomethoxam +
pencycurone (@ 0.5gm/kg seed) along with foliar spray of imidacloprid + tebuconazole
(@ 0.025% conc.) was found to be the most effective IPM module in intensive forage
production system (Berseem mixed with mustard + NB hybrid) significantly reducing
root rot intensity, aphid population and plant parasitic nematodes with an increase in
GFY over control. During Kharif, in Cowpea + NB hybrid,  the 2nd sowing date (1st week
of July) in combination with seed treatment of thiomethoxam + pencycurone (@
0.5gm/kg seed) along with foliar spray of imidacloprid + tebuconazole (@ 0.025% conc.)
was found to be the most effective.

Crop Production

Conservation tillage: After two year, in fodder-food cropping system (sorghum +
cowpea - duram wheat) under limited irrigation conditions, wheat equivalent yield
(WEY) of the whole system was similar under conventional tillage ‚ conventional tillage,
CT-CT rotation  (94.93 q/ha), conventional tillage ‚ zero tillage, CT-ZT (94.86 q/ha), and
conventional tillage ‚ minimum tillage, CT-MT (94.80 q/ha), whereas alternate year
summer ploughing treatment gave higher WEY of the system (90.47 q/ha) than without
summer ploughing (86.80 q/ha).

Contingent Crop Planning: In Bundelkhand, in rainfed conditions of fodder based
cropping system the total green fodder equivalent yield was similar in Subabul + Sesame
+ Green gram    ( F) - Barley + Linseed (232.24 q/ha) and Subabul + Sesame + Black
gram- Wheat + Mustard (230.58 q/ha).

Forage production system for peri urban areas: In seasonal forages based system
during Rabi season 2010-11, the application of higher doses of nitrogen increased the
nitrate accumulation in berseem plants, maximum being (6340 ppm) with 200% dose of
nitrogen. In hybrid napier based perennial cropping system  the maximum biomass yield
of grass + cowpea increased upto application of 133% of recommended dose of nitrogen
(823.2 q grass + 157.05 q cowpea green or 141.6 q grass + 26.8 q cowpea dry matter/ha).
Maximum nitrate accumulation in plants was recorded with split application of 200% N
(4337 ppm in hybrid Napier grass and 6170 ppm in whole plant of cowpea).

Long term impact of organic and inorganic sources of nutrients

Application of organic manures caused significant increase in the total carbon, organic
carbon and soil biomass carbon fractions in soil samples drawn from different depth.
Withdrawal of manure application caused continuous decline in OC (%) to 0.93% in
October, 2011 which is 0.54% less than the initial value in July, 2010.



Enhancing nutrient acquisition under acid soils: Application of consortia of VAM,
Azotobacter, Pseudomonas, Aspergillus and Bacillus species in combination with tri-
calcium phosphate produced 188.7±13.3 (30.2±3.8) and 145±19.7 (31.1±4.1) g /pot green
(dry) forage yield of cowpea and maize, respectively, which was statistically at par with
consortia + 100% of recommended P through KH2PO4.

Soil micronutrient deficiency management: Treatments of seed priming with
micronutrients and VAM application were at par with 100% recommended dose (RDM -
Zn:Cu:Mn :: 20:5:10 kg/ha), resulting in 50% saving of the micronutrient fertilizer
recommended for oat and sorghum. Residual effect of 100% RDM of micronutrient in
Rabi was significantly higher than the other treatments having 50% reduced level of
micronutrients in kharif sorghum + cowpea intercropping system.

Tillage and irrigation of chickpea: Under irrigated conditions, the grain yield of
chickpea in reduced tillage (14.87 q/ha) treatment was at par with conventional tillage
(15.50 q/ha). Two irrigations (one each at branching and podding stage) in chickpea
recorded significantly higher grain yield (16.75 q/ha) than one irrigation (15.59 q/ha) and
no irrigation (10.74 q/ha). Application of FYM @ 5t/ha and sulphur @ 20 kg/ha gave
significantly higher grain yield (12.55 and 12.44 q/ha) than their respective controls.

Water use efficiency: The water use efficiency of the napier bajra hybrid + berseem
under organic nutrition was worked out to be 14.64, 33.62, 44.48 and19.37 kg dm/ ha mm
for four cuts, respectively. The ET was estimated 157.1, 103.5, 129.5 and 205.5 mm for
these cuts. Under inorganic nutrition, the water use efficiency of the system worked out
to be 13.62, 26.65, 38.64 and 15.54 kg dm/ ha mm for four cuts, respectively. ET was
estimated 160.1, 104.3, 129.4 and 206.5 mm for these cuts.

Calibration of the CROPGROW model : The genetic coefficients of the four  varieties
of forage cowpea (BL-1,BL-2, EC-4216 and Kohinoor) was determined based on field
experiment.The time from emergence to first flower was 44 photothermal days for BL-2
followed by Kohinoor (37.2 photothermal days). Similarly, the photothermal days from
first seed to physiological maturity varied from 27.2 to 40.2 being highest for BL-2. The
water productivity varied from 15.4 to 18.8 kg (DM)/ ha per mm, being highest for BL-1
and lowest for Kohinoor.

Grassland & Silvipastoral  Management

Assessment of temperate/ alpine pasture: Extent, condition and production estimate of
temperate/ alpine pastures along with livelihood support of pastoral communities was
done for Jammu & Kashmir, Himachal Pradesh, Sikkim and Arunachal Pradesh using
GIS and remote sensing techniques supported with intensive field survey and Ground
truthing.

Exploration-Field Survey: The exploration was conducted during July, August and
November, 2011 at various sites in the pasturelands from Manali to Leh, Changthang area
of Ladakh region of J&K, Leh - Kargil to Zozila and from Sonmerg - Srinagar to Jammu.
Changthang pasture is largest pastures in the cold desert part of the Ladakh region.
Enroute to Kargil from Leh, several big patches of alpine pastures were observed. The
valley area of Lahaul & Spiti, Leh and Kargil valey areas were dominated by Salix spp.
followed by Poplar and Robinia. Festuca is the most dominant species observed in the



alpine pastures. White clovers, red clover, Alfalfa, Cyperus, Sibbaldia were some of the
species observed in the pasturelands.

Plant samples analysis and forage estimation: Average CP of natural pasture lands was
10.68% varying from 8.41 to 14.17%, average GFY was 3.907t/ha, varying between
2.125 to 6.385 t/ha, the average dry weight was 1.175t/ha ranging between 0.680 to 1.993
t/ha at different locations.

Site developed by IGFRI at Spituk in Leh: Salix plantation is well established at NTPP
experimental site, Spituk. Lupin, Dactylis, Alfalfa, Rye grass sown in the area have
germinated and established very well. The average green and dry forage production was
observed to be 8.84 t/ha and 2.35t/ha respectively

Management of promising cultivars of Leucaena leucocephala: At the age of 3 years,
best survival (96.2%), best height (647 cm) was obtained by selection S-10. The total
above ground biomass (18.52 t/ha dry) and  leaf biomass (7.4 kg/tree dry) was maximum
in selection S-10 at the pollarded height of 1.5 m in 2x2 m spacing. Maximum number of
coppice shoots and pod bearing shoots, 10 and 5 per plant respectively, was found in
variety K636 in 4x4 m spacing.

Evaluation of range legumes for quality forage: Wide variation for nine agro-
economic traits including biomass, survivability and flowering was observed in 14
selected range legume species. 155 accessions of 46 species belonging to 14 genera of
range legumes procured from ILRI, Ethiopia, were raised. Dolichos sericeous, Rhyncosia
elegans and R. densiflora failed to germinate. Five accessions of Puraria phaseoloides
did not flower till mid March. Out of the 46 species, 3 sp. were of erect type, 2 of semi-
erect type, 18 climbers and rest were of semi prostrate to spreading type.

Diversity of AMF in grasses: Maximum arbuscular association (239.4±7.40) was
recorded with Cenchrus ciliaris followed by Heteropogon contortus (223±7.11),
Panicum maximum (208.8±5.67) and Iseilema laxum (206.4±4.67). Glomus species
association was highest followed by Gigaspora.

Growth and production modeling of annual fodder crops: Hyperspectral reflectance
of dual purpose sorghum was recorded at 50 DAS, at physiological maturity and before
harvesting. The relation between calculated spectral index (NDVI) and ratio of
chlorophyll A&B shows an increasing trend in pigment content with the increase in
NDVI values.  Hyperspectral data were recorded on five released varieties of Oat at 45,
65 and 95 days after sowing. The scatter plot between ratio of measured Chl A and Chl B
and reflectance at 680 nm wavelength suggests a good positive correlation.

Bauhinia and Leucaena based silvipasture system

After five years of establishment Leucaena leucocephala (S-24) exhibited better survival
(73%) and growth performance (Height-6.6 m, collar diameter-10.28 cm, d.b.h.-8.29 cm
and canopy diameter-3.93 m) as compared to Bauhinia malabarica (survival-44%,
Height-4.32 m, collar diameter-9.78 cm, d.b.h.-6.65 cm and canopy diameter-2.95 m).
Pasture combination of Cenchrus ciliaris and S. hamata produced 5.49 DMT/ha forage
under Bauhinia silvipasture and 3.98 DMT/ha under Leucaena silvipasture whereas
Chrysopogon fulvus with S. seabrana produced 4.65 DMT/ha under Bauhinia and 4.83



DMT/ha under Leucaena silvipasture system. Leucaena silvipasture exhibited more
enhancements in organic Carbon (8.9 % at 0-15 cm and 20% at 15-30 cm soil depth) as
compared to Bauhinia based silvipasture (2 % at 0-15 cm and 16.37 % at 15-30 cm soil
depth).

Hardwickia binata based silvopasture system: In fourth year, intercropping of Panicum
maximum with Stylosanthes hamata recorded significantly higher dry forage yield (8.16
t/ha) as compared to intercropping of Chrysopogon fulvus with S. hamata (5.92 t/ha) and
Cenchrus ciliaris with S. hamata (7.12 t/ha) in association with H. binata. Height and
collar diameter of H. binata (3.02 m and 6.70 cm) increased significantly in staggered
trenches as compared to control treatment (without bund and trenches 2.75 m and 6.09
cm) respectively.

Multi species silvipasture system: Mean plant height and collar diameter of Ficus
infectoria, Madhuca  latifolia, Morus alba and Acacia nilotica were  114.25 and 2.69
60.19 and 1.43, 178.66 and 2.83, and 180.76 and 2.97 cm respectively.  All four tree
species, showed more than 88% average survival.

Hardwickia binata based three tier silvopasture systems: In first year, survival of H.
binata and all three shrub species were more than 97%. Among shrub, Ziziphus
mauritiana recorded significantly higher height (51.96 cm) as compared to Acacia
catechu (23.30 cm) and Z. xylopyrus (18.73 cm).

Aonla based hortipastoral system: During the fifth year, tree height varied from 2.98-
3.45 m. Fruit yield was higher in contour staggered trenches (3.41 t /ha) and lowest in
stone mulch (1.65 t /ha). Dry matter yield ranged from 5.15 to 8.95 t/ha. Moisture content
at both depths (0-15 and 15- 30 cm) under contour staggered trenches was about 40 and
53 per cent higher than the control during October, however, it was 22 and 24 per cent
higher during November 201.

Guava based hortipastoral system: During 5th year, Lalit produced  higher fruit (3.47
t/ha) as compared to Shweta (2.96 t/ha). Forage production with staggered trenches was
significantly higher (8.26 t/DM ha) as compared to control (7.22 t DM/ha).

Bael based hortipasture system: During fourth year, Tree canopy varied from 1.52-1.84
m with maximum in staggered trench. Forage production was maximum in staggered
trench (6.98 t DM/ha) and minimum in control (5.16 t DM/ha).

Tamarind based hortpasture system: In third year, tree height, tree canopy, collar
diameter and forage production were maximum in staggered trench and minimum in
control.

Microflora in silvi and hortipasture system: Maximum microbial population of fungi,
bacteria and actinomycetes (6.26, 100.57 and 93.99) respectively was isolated in
September from Cenchrus ciliaris followed by Stylosanthes seabrana (3.25, 91.95 and
88.80) and aonla (3.06, 36.93 and 27.95). In Bauhinia based system maximum microbial
population was isolated from Cenchrus ciliaris followed by Bauhinia, Chrysopogon
fulvus and Stylosanthes rhizosphere soil in July and August.

Seed Technology



Cowpea and Sorghum seed storage: Evaluation for efficacy of fungicides, insecticides
and botanicals during seed storage of cowpea and sorghum seeds up to three years
revealed that the fungicide carbandazim @0.25% to be most effective in controlling fungi
and Imidacloprid @0.6g/kg to control the stored pests. Botanicals were least effective and
were at par with control.

Soft x-ray radiography: Soft x-ray radiography method was used for determination of
filled and unfilled seeds in Deenanth grass (Pennisetum pedicellatum), Guinea grass
(Panicum maximum), Anjan grass (Cenchrus ciliaris), Lampa grass (Heteropogon
contortus), Chrysopogon fulvus, Brachiaria decumbens, Dichanthium annulatum. The
filling ranged from 6 ‚ 44%, which was verified by physical dehusked method also. Soft
X-ray radiography was also found useful in detecting insect infestation in leguminous
seeds of Lucerne, Berseem and Indigofera.

Lasiurus seed germination: Preliminary studies showed that by 12th day the germination
was complete in both single and triple floret seeds.

Subabul seed characters: Significant variations among fruit length, fruit width, number
of seeds/fruit, seed length, seed width and test weight, were observed among the three
varieties of Subabul i.e. K8, K636 and S24

Plant and Animal Relationship

Organic livestock production: Fodder production was higher (green 15-41%, dry 10-
15%) in organic system in all the crop rotations as compared to inorganic system of
management. Tharparkar, Gir and Sahiwal cows had average lactation yield of 1722,
1338 and 2007 kg, respectively under organic management and 1592, 1246 and 1864 kg,
respectively under inorganic management, showing non-significant difference between
the systems.

Silage feeding: Feeding of sorghum stover-oat silage improved feed intake (26.8%) as
well as average daily gain (28.2%) in heifers during summer.

Nutritional evaluation: Ca (0.90-1.54%) and Co (0.53-0.71 ppm) were adequate in
Batra (Pisum sativum var. arvense) and Khesari (Lathyrus sativus) to meet the dietary
needs of cows, whereas phosphorus, copper, and zinc were deficient necessitating dietary
supplementation.

Green fodder, straw and seed yields (kg/ 2 row) from Avena magna (2.48, 1.15 and
0.097), A. longiglumis (10.80, 2.13 and 0.313) and A.  sterilis (9.90, 2.68 and 0.067) were
lower than A. sativa cv JHO-822 (13.65, 4.20 and 1.160).

Large ruminant feeding

 Stylosanthes hamata and S. seabrana meals can replace the concentrate mixture at
50% level on iso-nitrogenous basis in wheat straw based diets of lactating
crossbred cows.

 Mixture of barley and mustard cake (1: 1 ratio) was better supplement than either
barley or mustard cake to improve (16.7%) milk yield in cows reared on grazing
and low quality forages.



 Bhadwari buffalo calves attained a growth rate between 350-400 g/d at 25 % less
nutrients green berseem based diets with limited energy supplementation.

Small ruminant feeding: Chaya fodder meal can be used to replace 50% CP of
concentrate mixture without affecting nutrient utilization, rumen metabolites and growth
performance (56 g/ day) in Bundelkhandi kids.

Methane production: Estimated methane emission from Indian livestock was 9.10 Tg,
where contribution of indigenous cattle, crossbred cattle, buffaloes, goat and sheep was
46.0, 6.46, 41.40, 3.20 and 2.10%, respectively. In composite diets of wheat straw and
concentrates, methane production (g/kg milk) was less in Bhadawari buffaloes (42.78)
than Murrah (49.96).

Grazing in silvopasture systems: Herbage yield (t DM/ha) was maximum in sown
pasture (3.58) followed by reseeded (2.96) and natural (2.34) pastures when compared
among the silvipasture stands. Adult goats and sheep grazing on those pastures
maintained their body weights with positive impact only during the growth period of
herbages.

Farm Machinery & Post Harvest Technology

Development of seed drill for Berseem: A seed drill designed and developed in
collaboration with CIAE Bhopal had sown the berseem seed at a rate of 10 kg/ha with
row to row distance at 40 cm. Average plant stand after 15 DAS was 181.1 per square
meter. The average green fodder yield during 1st cut and 2nd cut was 198 q/ha and 215
q/ha respectively.

Forage hay densification: Field baler in moving condition bales maximum number (806
bales per h) of natural grasses at a capacity of 92 q/h. In case of natural grasses, field
baler in stationary condition achieved maximum density (109.6 kg/m3) of bale followed
by field baler in moving condition (109.3 kg/m3) and movable baler (105.4 kg/m3).

Post harvest activities in Sikkim: In East and South Sikkim, Paddy crop were harvested
manually using serrated sickles and bundles of approximately 5kg is stacked in open field
in round shape heap having capacity range of 200-500kg for threshing by bullock trading
in later months. The paddy straw is stored either on ground without any protection from
weather or on raised wooden platforms. Maize cobs are manually harvested and the cover
is partially opened and 5-6 cobs are tied together and hanged over a rope or boundary/
balcony of their houses. The harvested green plant of maize is fed after chopping whereas
dried stalk of maize is used as fuel. The chopped green feed material along with oil seed
cake, maize grits and other coarse grain grits/concentrates/cattle feed are cooked and fed
to the livestock.

Cattle shed management and manure preparation: The cattle shed is well organized
and well defined in view of place of feeding, cooking of feed material, Chaffing of green
feed material, placement of dry roughages/crop residues, placement of fuel wood, and
disposal of solid and liquid wastes into the manure pit.  The urine of cattle is channelized
to a urine pit or into the manure pit. The manure is usually carried in a basket on the back
supported by a strip on the forehead. Two stories cattle shed cum fodder storage shed
using wooden planks as roofing for cow shed and tin shed for the safety of fodder is
constructed.



Storage of fodder bales: Bales of Khejri leaf (70%) + Cenchrus
straw and Cenchrus straw were made by mobile baling machine at
Avikanagar. CP content of Cenchrus grass in both baled and loose
form remains more or less similar after six months storage at room
condition.
Social Sciences

Social and behavioral research

To measure socio-economic status of farmer€s practicing livestock based farming
indicators were finalized, allotted the scores and sent to the experts for their valuable
advice and opinion.

Impact studies

Adoption of forage crops by the farmers in technology demonstrating areas.
 The highest adoption (24.0%) was observed in Berseem followed by 16.0% in

Sorghum, 15.4% in Oats, 13.3% in Maize and 9.3% in Cowpea.
 The highest spread ratio (1:7) was found in Maize followed by 1:6.2 in Berseem,

1:5.43 in Cowpea, 1:5.29 in Oats, 1:4.85 in MP Chari and 1:4 in Sorghum.
 The stray cattle were found as the main reason in Bundelkhand responsible for non

adoption of forage crops followed by impure seeds and degraded lands.

Participatory Research

Performance of improved varieties of rabi fodder at farmers fields in different
regions

 Variety Bundel Berseem-2 performed best in Himachal Pradesh followed by Eastern
U.P, Bundelkhand (M.P), Bundelkhand (U.P), Rajasthan and produced 924, 877, 868,
843and  444 q/ha GFY respectively. Variety Wardan ranked highest in Eastern UP
(849.0) followed by Bundelkhand U.P (781.2), M.P Bundelkhand (770.0) and
Himachal Pradesh (768.3) q/ha GFY.

 Variety JHO-99-2 of Oat performed best in Eastern U.P, H.P., Bundelkhand (U.P),
Bundelkhand (M.P), and produced 605, 571 503, 504 q/ha GFY respectively followed
by JHO-822 (570, 525, 452, 444 q/ha GFY) and 402 q/ha GFY in Rajasthan

 Variety RL-88 of Lucerne produced 949 q/ha GFY in Dharwad (Karnataka) followed
by Anand-2 (393) and T-9(370) q/ha GFY.

 The highest deficit (74.7%) was observed for concentrate followed by 56.1% of green
fodder and 40.3 percent of dry fodder in a year at farmers€ fields in H.P., Eastern U.P.,
Bundelkhand and Rajasthan.

AIRCP(FC)

Forage crop improvement: In Rabi 2010-11, ten breeding trials of two annuals
(Berseem and oat) and two perennial (Lucerne and Tall fescue) forage species comprising
52 test entries alongwith their respective checks were conducted at 30 locations placed in
five zones. Promising lines were advanced. In Kharif 2011, sixteen breeding trials of four
annual and six perennial forage species including test entries with their respective
national and zonal checks were conducted at 42 Centres located in five zones. The forage



species evaluated were Pearl millet, Cowpea, Rice bean and Soybean in annuals and
Guinea grass, Cenchrus ciliaris, Bajra Napier hybrid, Setaria anceps, Lasiurus sindicus
and Cenchrus setigerus in perennials.

Forage crop production: In Rabi 10-11, research programme on various forage crop
production aspects was undertaken at 22 sites in different agro-climatic zones. During
Kharif 2011, 13 trials for coordinated and location specific purpose were conducted at 21
sites. Suitable recommendations were made.

Forage crop protection: In Rabi 10-11, trials  to understand the occurrence and
abundance of major pests and diseases, evaluation or improved breeding materials of
berseem, lucerne and oat for resistance to pest and diseases and pest management were
conducted at Anand, Bhubaneswar, Hisar, Hyderabad, Jhansi, Ludhiana, Palampur and
Rahuri. Forage crop Protection trial in major Kharif forages included pest occurrence,
evaluation of breeding material to pest and disease resistance and pest management.
These were conducted at Anand, Bhubneshwar, Hisar, Hyderabad, Jhansi, Ludhiana,
Palampur and Rahuri centres.

Breeder seed production: In Rabi 2010-11, the indent for Breeder Seed Production
(277.74 q) was received from DAC, GOI for 24 varieties viz., Oat (8), Berseem (8),
Lucerne (5) and Gobhi Sarson (3) and allotted to ten centers of the SAUs/ICAR institutes.
Overall Breeder Seed Production was 363.11q (30.74 percent higher). In kharif 2011,
indent for breeder seed production (360.57 q) in received from DAC, GOI for 31 varieties
in five major forage crops viz., Maize, Cowpea, Pearl millet, Sorghum and Ricebean and
allotted to twelve centres of SAUs/ICAR/NGOs. The over all breeder seed production
was 150.51q (approximately 58 % less).

Seed Production
The total seed production at IGFRI during Rabi 2010-11 and Kharif 2011 was 777.0
quintals

Technologies Assessed and Transferred
399 fodder technology demonstrations were conducted in Rajasthan, Himachal Pradesh,
Bundelkhand UP, Bundelkhand MP and Karnataka.
62 exposure visits/training & extension activities like Kisan Mela, Mahila Krishak
Gosthi, Visits, Scientist-farmers interface, etc. alognwith various other activities were
organized.

Visits Abroad
Scientist from IGFRI (Dr. A.K. Roy, Dr. S. K. Mahanta, Dr. Sultan Singh, Dr. Suresh
Kumar, Dr. P.N. Dwivedi, Dr. D.R. Malaviya, Dr. Anil Kumar, Dr. Archana Singh)
visited abroad to attend Conferences/workshops/trainings.
Publication
27 research papers in refereed journals with NAAS rating greater than 6.0 and 12 papers
in NAAS rating less than 6.0 were published.  Several manuals, leaflets, technical
bulletins, training manuals, extension folders, extension leaflets, IGFRI publications etc.
were also published.



Projects
 105 Approved ongoing projects; 3 inter-institutional collaborative projects and 14

externally funded projects were carried out during the year.

Foundation Day, National Symposium/seminar, Kisan Mela, Mahila Gosthi
 The 50th Golden Jubilee foundation day of the institute was celebrated on November 1,

2011. Dr.  C. R. Hazra, Ex.-Vice Chancellor, IGKV, Raipur and Ex. Agriculture
Commissioner, Govt. of India was the Chief Guest of the function.

 IGFRI and RMSI organized National Symposium on ƒForage resource and livestock
for livelihood, environment and nutritional security„ at Indian Grassland & Fodder
Research Institute, Jhansi from September 10-11, 2011.

 IGFRI and RMSI alongwith Department of Animal Husbandry, Uttar Pradesh
organized the National Seminar on ƒAnimal disease control and healthy livestock
production„ on March 22, 2012.

 Kisan Mela was organized on March, 29, 2012 at IGFRI, Jhansi and large number of
farmers from UP, MP and other adjoining states participated.

 Mahila Krishak Gosthi was organised on March 20, 2012 at village Birguan of
Baragaon block, Jhansi. More then 200 women farmers engaged in agriculture and
animal rearing activities participated.

 National Group Meet on AICRP on Forage Crops, Rabi 2011-12 was organized at
IGFRI, Jhansi during 08-09, September, 2011. Scientists€ form different coordinated
Centres across the country participated.

Administration
 The total staff strength as on 31.03.2012 was 308 (Scientist: 81; Technical: 96;

Administrative: 41; Skilled supporting staff: 90)
 Promotions during the year- Scientific cadre: 2; Technical cader: 16; Promotion on

Tehnical post: 4; Administrative cadre: 3; Direct recruitment in Junior Clerk:1; Direct
recruitment in skilled supporting staff: 2.
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Chapter 1
Introduction

Indian Grassland and Fodder Research Institute was established at Jhansi under the Ministry of Food
and Agriculture, Government of India in November 1962. The Institute was transferred under the
administrative control of Indian Council of Agricultural Research w.e.f., April 1, 1966. Since its
inception the Institute is engaged in carrying out research of basic, strategic and applied nature on all
aspects of fodder production and utilization. Started with various multi-disciplinary research
divisions, the Institute is reorganized with its present seven divisions viz., Crop Improvement; Crop
Production; Grassland and Silvipasture Management; Plant Animal Relationship; Seed Technology;
Farm Machinery and Post Harvest Technology; Social Science. Institute has three regional research
stations located at Avikanagar (CSWRI campus) in Rajasthan, Dharwad (Tegur in Karnataka) and
Srinagar (CITH campus) (temporarily located in CSKHPKV campus Palampur), for undertaking
research for different climates of arid, semi-arid and temperate regions, respectively. Coordinating
Unit of All India Coordinated Research Project for Forage Crops (AICRP-FC) is also housed at
IGFRI. This was added in 1970 to coordinate multi-location testing programme at national level
involving different agro-ecological conditions. Presently, AICRP (FC) has 21 coordinating centers at
various locations of the country undertaking trials on forage crop improvement, production, crop
protection and breeder seed production etc. Institute is well supported by the administrative and
central support units/sections.

IGFRI is conducting, collating and coordinating research, training and transfer of technology
programs, in the fields of cultivated forage crops, grassland, silvi-hortipasture, seed production
technology, farm tools and implements, post harvest technology, forage based sustainable feeding
system and nutrient utilization by large and small ruminants.

Year 2011-12 was the final year of the 11th Plan. Research projects were evaluated for further
continuance in the 12th Plan with valuable inputs of Institute€s Research Advisory Committee and
Institute Management Committee.

Variety Release proposal for Pearl millet PM05-02 was submitted to CVRC, 10 novel genetic stock of
berseem were submitted for registration, 96 gene sequences were identified for apomixes components
and deposited in NCBI Gene Bank. Institute has significantly contributed for the assessment of
temperate/alpine pasture. Extent, condition and production estimate of temperate/ alpine pastures
along with livelihood support of pastoral communities was done for Jammu & Kashmir, Himachal
Pradesh, Sikkim and Arunachal Pradesh using GIS and remote sensing techniques supported with
intensive field survey and Ground truthing. Participatory research approach was adopted and
performance of improved varieties on farmers field in various parts of the country; viz., Himachal
Pradesh, Rajasthan, Karnataka, Eastern UP and Bundelkhand parts of UP and MP, was studied. A
seed drill for berseem was designed and developed in collaboration with CIAE Bhopal has played a
significant role in efficient sowing of berseem. Post harvest activities were taken up in East and South
Sikkim.

A number of scientists visited abroad for exchanging expertise in their field of specialization. It is
worth mentioning that Institute has got an opportunity to host the prestigious International Rangeland
Congress (IRC) and International Grassland Congress (IGC) in 2015 jointly under the aegis of IGFRI
and Range Management Society of India (RMSI).
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Chapter 2
Weather and crops

In 2011, setting of southwest monsoon was delayed by about 10 days over Andaman Sea
However, it set over Kerala 3 days before its normal date of onset. Cross-equatorial flow
strengthen  over Arabian Sea and the northward movement of a vortex in the form of an
upper air cyclonic circulation along the trough of the west coast caused monsoon to  advance
rapidly and thus  covered entire country. Subsequently, there had been a rather steady
advance during 15th • 26th June in association with the formation of a deep depression over
the northwest Bay of Bengal and its gradual west-northwestward movement. Thus, the
southwest monsoon covered the entire country on 9th July, 6 days earlier than its normal date
of 15th July. The withdrawal started from west Rajasthan with a delay of more than 3 weeks
as the normal date of withdrawal from extreme western parts of Rajasthan. Subsequently, it
withdrew from most parts of northwest India and most parts of Uttar Pradesh, in last week of
September. Weekly weather parameters for the period of March 2011 to February 2012 of
Jhansi were analysed.

Rainfall Pattern
The total rainfall during the year (March, 2011- Feb, 2012) was 1077.7 mm in 54 rainy days.
The year received excess rainfall by 18.7 % from its long period average (908.6 mm).  The
seasonal rainfall deficiency or excess is illustrated in Fig. 1. In the pre-monsoon season,
heavy rainfall occurred (462.7 mm) during three consecutive weeks (24, 25 and 26th SMW)
in 15 rainy days and the rainfall during the pre-monsoon season was in excess by 347.7 %
from its long period average (110.2 mm).
The monsoon was active during the whole July due to strong mid latitude wave activities
which had significant rainfall distribution over the Bundelkhand region and the rainfall
during 27- 31st SMW was 309.8 mm in 16 rainy days.  In the early August, the rainfall
distribution was conducive for crops and the two consecutive weeks recorded 111.4 mm of
rainfall. However, the following two consecutive weeks (34 and 35th SMW) recorded scanty
rainfall and the deficiency was more than 80% and causing intermittent drought to almost all
crops. The rainfall during monsoon season was 592.7 mm and rainfall deficiency from the
long period average (721.5 mm) was 17.7%. Post monsoon (October • November) season did
not receive any rainfall against its normal (42.0 mm) and deficit was 100%. Winter
(December to February) season received one good storm during 1st SMW with 41.6 mm of
rainfall and it, was conducive to rabi crops.

Weekly rainfall distribution pattern along with percent departure from normal during the
standard meteorological weeks (SMW) of monsoon season is shown in Fig. 2. Jhansi region
received first showers in 21st (21-27 May) SMW with 16.2 mm of rainfall in one rainy day.
Further, monsoon activity becomes intensified during 24th SMW. Also, the monsoon was
dynamic in the beginning of the season and heavy rainfall occurred (430.4 mm) in 14 rainy
days during 25 - 26th SMW and rainfall was in excess by more than 500% from their long
period average. Rainfall distribution during seven weeks (27-33rd SMW) ranged from 32.4 to
94.6 mm.  A dry spell of two weeks i.e. 34th (20-26 August) and 35th (27 August-2
September) SMW occurred due to non occurrence of rainfall (Fig.2). Ensuing two weeks
(36th to 37th SMW) received rainfall of 57.2 and 97.4 mm respectively and these were above
their normal values. Cumulative rainfall during the active monsoon period (21 to 39th SMW)
was 1084.6 mm and it was excess by 50.3 % from its long period average (721.5 mm).
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Temperature
Seasonal anomaly of maximum and minimum temperature is presented in Fig.3. Mean annual
maximum and minimum temperatures were lower by 0.58 and 0.69 oC than their
corresponding normal. In the pre-monsoon season, maximum temperature was significantly
higher and lower by 1.52oC and 2.43oC from their normal values.  In monsoon season,
minimum temperatures were significantly higher by 1.1oC from the normal temperature (23.7
oC), however maximum temperature did not show any deviation from its normal (33.1 oC).
The trends of maximum and minimum temperature were opposite during post-monsoon
season as compared to monsoon season. The winter season was comparatively cooler than the
normal year, as maximum and minimum temperatures were significantly lower in the range
of 0.65 to 1.7 oC from the normal.
In kharif crop growing season (27 to 39th SMW), maximum temperature was lower from their
corresponding normal temperature in the range of 0.66 to 1.1oC during early part of the
season (27 to 32nd SMW). Minimum temperatures during these weeks were also lower from
their normal values. Both maximum and minimum temperatures were higher during 33rd to
43rd SMW except for few weeks in the range of 0.96 to 2.2oC (Fig. 4).

In rabi season, both maximum and minimum temperatures were in general higher   during
45th to 50th SMW in the range of 0.66 to 4.0oC from their normal values. Further, 11 weeks
(51-9 SMW) experienced lower maximum temperature from their normal as low as 5oC
during 1st week of January. Minimum temperaturet oscillated between 3.8 to -5.1oC during
51th to 9th SMW.  Above all, the year was cooler than the normal year since it experienced
lower (-228.5oC days) growing degree days
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Fig. 1. Seasonal rainfall departure from its normal
during 2011-12 at Jhansi

Fig.2. Weekly rainfall distribution pattern during
2011 at Jhansi

Fig. 4. Weekly anomaly pattern of maximum and
minimum temperature at Jhansi

Fig. 3. Seasonal anomaly in maximum (MaxT) and
minimum (MinT) temperatures at Jhansi

Fig. 5. Seasonal actual (A) and
normal (N) evaporation at

Jhansi
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Evaporation
Mean annual evaporation rate (5.16 mm/day) was slightly lower by 1.3% than the normal
(5.24 mm/day). In pre-monsoon season, the evaporation rate (8.34 mm/day) was lower by 8.2
%   against its normal 9.1 mm/day (Fig. 5). In the post monsoon season the atmospheric water
demand was significantly higher by 29% as compared to their corresponding long period
average. It was at par during winter season. Weekly evaporation rate/day was lower in the
range of 0.9 to 1.5 mm/day during the period  (27 to 32nd SMW) from its normal value.
Thereafter, the atmospheric water demand was as high as 47 % from the normal water
demand.
Relative humidity pattern
Mean annual morning relative humidity was almost similar to its normal value. However,
seasonal relative humidity showed fluctuations from their normal values. Morning relative
humidity was slightly higher during pre monsoon and monsoon season in the range of 2 to
5%, whereas, it was lower from their corresponding normal during post monsoon and winter
season in the range of 3.5 to 4.5% (Fig. 6a). Mean annual afternoon relative humidity was
higher by 11.8% from its normal value (42.5%). Relative humidity (afternoon) was higher in
all the season except post monsoon season in the range 9 to 25% from their normal (Fig. 6b).

Fig. 6. Seasonal pattern of relative humidity in (a) morning and (b) afternoon at Jhansi

Sunshine hours
Mean annual bright sunshine (7.7 hrs) was slightly higher by 3.75 % from its normal (7.6

hrs) and varied from 1.9 hrs in 32nd SMW to 10.4 hrs in 2nd SMW. Seasonal bright sunshine
hours were slightly higher from their respective normal values. In monsoon season bright
sunshine hours varied from 1.9 hrs in 32nd SMW to 8.9 hrs in 38th SMW with a mean of 5.5
hrs. Post monsoon and winter season also experienced higher sunshine by 2 to 8.0 % from
normal, respectively (Fig.7).

Wind Velocity
Mean annual wind velocity (4.64 km/hr) did not differ from its normal (4.6 %). Wind velocity
was lower in the range 4.4 to 7.4 % during post monsoon and monsoon season. However, it
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was significantly higher by 49% during post monsoon season. Similarly, it was slightly higher
by 8% in the winter season.
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Weather at Dharwad
The IGFRI Southern Regional Research Station, Dharwad is located in low altitude hills
spread between the coastal eco-zone and plains of Deccan plateau in the Semi Arid Zone of
the country. The soils are deep black to medium loamy with neutral to alkaline reaction.
Although rains are received both from South-Western monsoon and North-Eastern monsoon,
the former is more predominant than the latter. The high rainfall months are June to
September. During 2011-12 total rainfall was 900 mm spread over 70 days at Saidapur farm
and 1087 mm spread over 76 rainy days. The maximum temperature was   36.80 C and
minimum was 11.40C. The maximum relative humidity 95% and a minimum of 14% were
observed during the year.
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Fig.7. Seasonal actual (A) and normal  (N)
bright hours of sunshine at Jhansi

Fig. 42. Mixed herd grazing in silvopasture
system

Fig. 39.   Field baler in operation

Fig. 42. Mixed herd grazing in silvopasture
system

Fig. 39.   Field baler in operation
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Chapter 3
Research Achievements

3.1 Crop Improvement

3.1.1 Collection, evaluation and conservation of forage genetic resources

Germplasm enrichment

Existing gene pool of leguminous forage was enriched by 261 accessions and cereal forage
by 39 accessions from various international and national sources. It includes 27 of Trifolium,
24 of Lathyrus, 155 of range legumes, 22 of Napier & Bajra from exotic sources and 25 of
range legumes, 30 of lablab bean, 23 of Medicago species at Dharwad and 17 of Bajra from
indigenous sources.
At Dharwad, Twenty three exotic germplasm collections from Margot Forde Forage
Germplasm Centre, New Zealand, consisting of M. sativa accessions (15), M. falcate(04), M.
varia (02) and M. sativa x M. falcata accessions (02) were procured.

Digitization of Mid Term Storage (MTS) module
All the information (name of forage crop, number of species, number of accessions, year of
seed production, placement in gene bank and quantity of seed etc.) on available germplasm
maintained in MTS module has been converted in silico language and put on IGFRI web-site
for access and sharing.

Fig. 9. Schematic representation of digitized information on germplasm holding (Crop wise) in MTS module, as summarized
in MS Excel format

Germplasm conservation
Indian Grassland and Fodder Research Institute, Jhansi, is the National Active Germplasm
Site (NAGS) for forage crops. It maintains more than 8,027 accessions representing 145
species belonging to 21 important forage crops including cereal forages, forage legumes,



IGFRI ANNUAL REPORT 2011-12 Page 8

grasses and fodder trees which encompasses indigenous and exotic accessions, germplasm
stocks and advanced breeding lines (Table 1).

Table 1: Total germplasm conserved in Mid Term Storage (MTS) module

Group Genus/Crop No. of species Germplasm holding
Cereals Avena 20 1390

Sorghum 1 725
Zea 1 388
Pearl millet 2 186

Legumes Trifolium 29 985
Vigna 4 587
Cymopsis 1 230
Stylosanthes 4 92
Lablab 1 122
Desmanthus 1 15
Clitoria 1 26
Medicago 57 429

Grasses Pennisetum 9 207
Panicum 1 704
Chloris 1 47
Chrysopogon 1 135
Cenchrus 7 585
Sehima 1 237
Dichanthium 1 529
Heteropogon 1 371

Trees Leucaena 1 37
Total 145 8027

Germplasm evaluation
Medicago species
Sixty exotic germplasm lines of annual medics belonging to 20 different species were
evaluated during rabi 2010-11 for important forage contributing traits viz., days to 50%
flowering, DMY, GFY,  plant height, number of leaves/plant, number of primary, secondary
and tertiary branch/plant. The most productive accessions were EC541685 (GFY 70.3 g/plant
and DMY 15.3 g/plant) followed by EC547751 (GFY 57 g/plant and DMY 11.9 g/plant),
EC541643-2 (GFY 49.1 g/plant and DMY 9.9 g/plant) and EC541633 (GFY 45.5 g/plant and
DMY 9.7 g/plant). GFY and DMY had positive significant association with plant height
(p<0.01), number of leaves/plant (p <0.01) and number of secondary branches/plant (p<0.01).

At Dharwad, Ninety five germplasm lines collected from Maharastra (25), Rajasthan (35),
Old collections (21),Dharwar (14) alongwith three Checks (Anand-2, RL-88 & Co-1) were
evaluated. The mean GFY yield ranged between 12.82 to 92.5 (q/ha) and DMY of 2.83 to
20.58 (q/ha) when compared to the grand mean of the checks viz., 63.92 and 16.11 (q/ha)
respectively for GFY and DMY in 2 cuts during the season.  Four germplasm lines performed
better than that of the checks varieties.

At Dharwad, twenty three exotic accessions along with Anand-2, RL-88 and Co-1 were
grown in pots for further adaptation and evaluation. Out of 15 M. sativa accessions, 11
flowered and 4 are still in vegetative phase of growth (Fig. 10a to 10f). Five of the accessions
belong to M. falcata (4 nos.), M. sativa x M. falcata (2 nos.) and M. varia (1 no.) did not
germinate.  Attempts are being made to cross these Medicago sativa accessions viz.,
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Weevlchek (EC 697041), Vernal (EC 697035), Polish Ecotype (EC 697023) and Drylander
Alfalfa (EC 697034) yielded 3 to 13 per cent capsule set (Fig. 10g & 10h).

a                                     b c                                   d

.

e f g h

Fig. 10. Medicago sativa and M. varia accessions flowering under Dharwad conditions

a. Polish ecotype flowers b. Weevlchek flowers c. RL 88 & Vernal flowers
d. Drylander alfalfa flowers e. Crau plant f. Crau flowers
g. Crau x RL 88 & Anand 2 crossesh. DWR selection x exotic accessions crosses

Pennisetum
Selection and hybridisation
20 best performing lines were selected in Pearl millet and hybridisation was tried with napier
as male parent. For MS line development, hybridisations were done with A5 cytoplasm.
Establishment of Napier
58 lines were established and 36 flowered with viable pollen.
Screening of Pearl millet for disease resistance
Rust and leaf spot- 10 most promising resistant lines were identified (Fig. 11.).

Fig. 11. Resistant and susceptible leaves
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Lablab bean
30 newly introduced accessions of lablab bean (Lablab purpureus) were characterized for
morphological traits and multiplied for further evaluation.

Brachiaria
At Dharwad, 28 germplasm lines of Brachiaria were evaluated for fodder yield and flowering
pattern. On an average there were 4-6 spikelets in an inflorescence bearing 20-40 florets. B.
jubata had more spikelets (12) as compared to B. brizantha 26646 (5). B. brizantha had
average 30 florets per spikelet, whereas B. jubata had average 15 florets per spikelet. Within
a floret there were bisexual and staminate flowers and first stamen in the bisexual flower
emerges first followed by stigma (after 1-2 days) which was followed by opening of
staminate flowers (after one day).

Six Brachiaria genotypes viz. B. decumbens (Signal grass), B. ruziziensis (Kennedy), B.
brizantha (cv MG-4), B. brizantha (cv Marandu), Brachiaria hybrid (Mulato) and Brachiaria
accession 26110 is being evaluated in RBD with three replications. Signal grass recorded
higher and Kennedy lower rate of CO2 assimilation rates. The conductance value was highest
in Signal grass and low in Kennedy and Mulato. The presence of small fine hairs on leaves
could be responsible for the low conductance values in these genotypes (Table 2).

Table 2: Comparative photosynthetic traits of Brachiaria genotypes
Genotypes A Gs Ci Number of

tillers
Plant height

Marandu 29.67±2.62 b 0.208615±.043 b 150.7±17.45 a 68.66±24 a 52.66±19 b
Mulato 28.57±3.26 bc 0.164317±.018 b 73.88±23.85 b 72.83±28 a 44.16±13 b
MG-4 28.4±1.522 bc 0.208678±.007 b 136.10±13.62 a 105.16±20 a 95±17 a
Kennedy 24.76±1.11 c 0.171809±.006 b 129.84±13.20 a 103.33±23 a 75±6 a
Signal grass 35.80±3.84 a 0.289014±.015 a 144.21±26.35 a 95.33±21 a 81.66±11 a
26110 28.50±2.60 bc 0.195959±.052 b 112.69±31.48 a 87.5±14 a 71±6 a
A (rate of CO2 assimilation, µ moles m-2s-1), Gs (stomatal conductance, µ moles m-2s-1), Ci
(Rate of internal CO2, µ moles mol-1) recorded at 1500 PPFD (photosynthetic photon flux
density, µ moles m-2s-1). Mean values are presented with ± standard error. Mean separation
by DMRT at 5% level.

3.1.2 Breeding, genetics, evaluation and cultivar development

3.1.2.1 Cultivated cereals

Sorghum

Development and validation of core collection
A core collection was established based on the passport information and data on 26
qualitative and quantitative traits recorded on 538 accessions (224 indigenous landraces, 140
advanced breeding lines and 174 exotic accessions). About 10 % (or at least one accession)
was randomly selected from each of the cluster to constitute a core collection of 71
accessions, which is 13.2% of the entire collection. Validation through different statistical
measures viz. comparison of means, variances, frequency distribution, diversity indices, and
multivariate analysis and correlation studies revealed that the core collection has captured the
total variation available in entire collection. A comparison of range for 14 quantitative traits
revealed that the constituted core collection represents the 97% of the range (average of all
traits) available in the entire collection and there were no significant differences between the
means of the core and entire collection as revealed by the Newman-Keul test (Table 3).
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Variance of entire and core collection were homogeneous for all the quantitative traits (P>
0.05) resulting in zero variance difference (VD %).

Table 3: Range, mean and variance of different quantitative traits entire and core collections of forage
sorghum

Traits Range MeanA VarianceB

Entire Core Entire Core Entire Core F- value F
probabi
lity

Days to 50%
flowering

51-99 53-99 74.5a 74.3a 131.8 123.3 0.28 0.599

Plant height(cm) 114-386 118-386 237.8a 234.3a 1345.7 1719.3 1.57 0.210

Leaf length(cm) 95-32 91-32 68.8a 67.7a 159.2 222.7 2.05 0.153

Leaf width (cm) 2.3-7.8 2.3-7.3 7.09a 7.93a 9.92 13.8 2.93 0.087

Stem girth (cm) 0.80-2.63 0.89-2.40 1.55a 1.58a 0.10 0.11 0.10 0.755

Total soluble
solids (%)

4.0-19.0 5.0-18.4 11.0a 10.59a 6.23 7.55 1.13 0.288

Leaf stem ratio 0.10-0.57 0.10-0.53 0.32a 0.34a 0.10 0.10 0.94 0.331

Green fodder
yield/plant

76 - 866 140-863 385.5a 391.3a 19214.5 25742.8 2.7 0.107

Dry fodder
yield/plant

15.4-173.3 18.3-172.6 74.5a 77.6a 865.3 1154.9 2.82 0.0935

Days to maturity 92-144 92-144 112.2a 112.5a 167.7 176.8 2.45 0.118

Panicle
length(cm)

8.6-43.2 10-43.2 21.5a 22.3a 38.5 44.2 0.55 0.462

1000 grain weight
(gm)

15-37.4 15.4-37.4 28.04a 28.08a 31.6 44.2 5.34 0.021

Anther length
(mm)

1.1-3.3 1.3-3.2 2.25a 2.21a 0.19 0.19 0.01 0.935

Identification of multiple foliar disease resistance lines in sorghum
Based on the field screening under natural disease incidence conditions in kharif 2010, 43
accessions were identified as resistant and moderately resistant to foliar diseases
(anthracnose, zonate leaf spot, sooty stripe and leaf blight). These accessions were again
evaluated in kharif, 2011 using similar infection conditions and also tested under artificial
epiphytotic conditions. Out of the 43 accessions tested, 40 accessions exhibited moderately
resistant to highly susceptible reactions over the years.  However, three accessions namely IG
02-495, SGS-81 and SGS-114 were constantly rated as highly resistant over the two years of
study to all the four foliar diseases and exhibited multiple foliar disease resistance (Fig. 12).
The resistant check CSV 15 showed resistance response (up to 10% leaf area covered) to
anthracnose, leaf blight and sooty stripe however, moderate resistance to zonate leaf spot
over the two years of the study.  Likewise, a highly susceptible and susceptible response was
observed for the susceptible check ‚Rampur local€ for all the four foliar diseases during both
the years. During both the years, development and spread of all the foliar diseases were very
slow and consistent in accessions IG 02-495, SGS-81 and SGS-114 indicating their stability
for multiple resistance for foliar diseases. The mean AUDPC values were very high for
anthracnose (277.5), zonate leaf spot (300), leaf blight (120) and sooty stripe (90) in
susceptible check ‚Rampur local€.
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Fig. 12. Photographs depicting the multiple disease resistance reaction of the three accessions (SGS-81,
SGS-114 and IG-02-495) along with suceptible (Rampur local) and resistant checks (CSV-15).

Evaluation of forage sorghum against insect pests
Sixty three entries in four co-coordinated trials (AICRP) of sorghum (dual purpose) were
evaluated against shoot fly (Atherigona varia soccata), stem borer (Chilo partellus), Leaf
folder (Marasmia trapezalis) and defoliator (Hieroglyphus nigrorepletus) pests under natural
infestation conditions. Six entries (SPH-1695, SPH-1697, SPH-1698, SPH-1700, SPV-1700)
showed moderate tolerance. In another trial (IVT multicut sorghum), two entries (SPV-2107
& SPV-2108) showed moderate tolerance out of twelve entries were evaluated against shoot
fly (Atherigona varia soccata) incidence.
Development of intervarietal crosses in dual purpose sorghum
A total of 21 crosses were developed through half diallele utilizing 7 dual purpose varieties
for the identification of transgressive segregants.

Biochemical characterization of drought tolerance
Twenty five lines, selected from first year screening experiment, were evaluated for drought
tolerance. These comprise of both stay green sorghum (SGS) and non SGS lines. Various
photosynthetic pigments viz., chlorophyll, carotenoids and phaeophytins were estimated and
analyzed to evaluate the effect of drought on photosynthetic efficiency and thereby yield. The
relative contribution of chlorophylls to total pigment pool showed little variation among these
lines. Flowering was delayed in some lines, a desired trait to be used as fodder in drought
prone areas.
SGS lines have longer & broader leaves and better growth than non-SGS lines. SGS-163 has
longest leaves followed by SGS-89 and SGS-154. The brix percentage of SGS lines was
found to be higher than non-SGS lines. SGS-144 SGS-89 and SGS-168 have brix value of
more than 16% (Table 4). Data suggest that these SGS lines may yield better forage biomass
and will tolerate the drought stress in an effective manner. In addition three SGS lines (SGS-
33, SGS-45 and SGS-118) remained greener even after the cobs maturity, suggesting that
these lines may be used as dual purpose sorghum.
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Table 4: Morphological traits of sorghum germplasm
S. No. Germplasm name Leaf length Leaf width Brix %
1 IG-02-377 44.67 5.5 12.4
2 IG-02-380 43.67 5.0 3.0
3 IG-03-510 54.00 3.5 8.1
4 IG-03-285 57.00 4.5 6.4
5 IG-03-316 42.67 5.5 5.7
6 IG-03-320 63.33 6.0 7.8
7 SGS-328-2 57.00 4.5 12.7
8 IG-03-515 58.67 6.5 14.4
9 EC-507876 52.67 7.5 10.3
10 EC-507882 66.33 7.0 6.7
11 EC-507889 69.33 6.5 13.1
12 EC-507889-2 52.33 6.0 9.7
13 SGS-9 66.33 7.0 15.7
14 SGS-96 75.67 8.0 12.0
15 SGS-101 64.67 7.0 14.2
16 SGS-144 66.00 5.5 16.3
17 IG-02-498 59.33 6.0 14.4
18 SGS-154 74.66 5.5 15.7
19 SGS-89 78.33 5.0 16.1
20 SGS-163 91.66 6.0 15.1
21 SGS-168 64.00 6.0 16.0
22 SGS-177 54.33 6.5 11.1
23 IG-02-418 58.33 6.5 12.1
24 IG-03-436 49.00 5.0 14.2
25 SGS-195 57.67 5.0 9.4

Multicut sweet sorghum hybrids
At Dharwad, evaluation of 36 sorghum hybrids (6 x 6) was done along with their parents
(maintainer and pollen parents) for different forage and quality traits. Identified six promising
segregants (275 A x EC 507897, 281 A x NRCS 376, 281 A x GD 6519, 324 A x PC 507880,
339 A x NRCS 376 and 686 A x NRCS 378) of sweet sorghum in F2 generation based on
morphological characters and brix values.

Maize
Development of inbred lines
Advancement of generations (from S3 to S4) was carried out for inbred line development in
fodder maize variety African tall and teosinte.

Crossing programme
Interspecific hybridization of Zea mays x Zea mexicana
Evaluation of crosses: Evaluation of thirty five F1s revealed that twelve line performed
better than check (African tall) for green fodder yield, 16 lines for plant height, 6 for number
of leaves, 21 for stem girth, and one each for leaf length and breadth, respectively.
segregating progenies for tillering and branching: Progenies (F3) of 16 plants segregating
for tillering and branching showed that tillering expression ranged from 6-50 (%), branching
from 1-57 (%), tillering and branching from 1-28 (%) and typical normal plants were 28-97
(%). Eight materials showed good expression for tillering and branching.
Backcross of Zea mays and Zea mexicana: Ten selected lines were used to produce BC2

generation.
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Station trial
A station trial comprising of 9 entries was carried out including 2 checks, African tall and J-
1006, in RBD with three replications. 50% flowering, five entries showed 1.0-9.0 %
superiority for green fodder yield over the best check, African tall. Four entries showed better
plant height (268-298 cm), leaf length (91-100 cm) and leaf breadth (7.5-10 cm). Only one
entry (IGMF-6) produced higher DMY (263.9g) over the best check African tall.
A station trial comprising of six entries was carried out including check, African tall in RBD
with three replications. 50% flowering, one entry (IGMF-12) showed 20.0 percent superiority
for green fodder yield over the best check African tall. Two entries (IGMF-12 & 14)
produced high DMY over the best check.
In another station trial, three entries (IGMF-10,13 & 15) out of five showed 6-48 percent
superiority for green fodder yield over the best check, teosinte. Three entries (IGMF- 10, 15
& 16) produced higher DMY (4-15%) than the best check.

Insect-pest tolerance
In station trials, cultivar 1/56, R-7, R-20, JH • Teo 4-1/4-2/4-3 were moderately tolerant to the
attack of leaf folder, Cnaphalocrosis medinalis and defoliators particularly Hieroglyphus
nigrorepletus. Out of 151 various breeding materials, 20 lines were moderately tolerant to the
attack of major insect pests. 124 lines were moderately susceptible to both the major pests.

A total of 86 lines including station trials (17 lines), F1s (35 lines), back cross (10 lines),
segregating materials (13nos.), selfs (11nos.) and 6 seed multiplication materials were
screened against major diseases under natural epiphytotic conditions at Jhansi. The lines
showed mild to moderate incidences of southern leaf blight (Dreschlera maydis), Northern
leaf blight (Helminthosporium tuarcicum) and Banded Leaf and sheath blight (Rhizoctonia
solani). None of the lines showed field resistance to these diseases.

Oats
Station trials
Single cut: Fifty two lines including five checks were evaluated in RBD with three
replications. The lines IG02-75, EC246197 and EC498707-1 gave 5-37 % increase in GFY
than the best check UPO-212. An increase in DMY (5-11%) over the best check Kent was
observed in lines, EC209527, IGO3-267, BGP-65, EC209493, IGO3-456 and NGB-4871.
Dual purpose: Sixty lines were evaluated along with two checks in three replications in
RBD. The lines, IGO2-89 and BGP-40 gave high green fodder yield. The lines 37/19-1,CI-
9263, EC4438 and EC425120 showed high fodder and seed yield.
Multi-cut: Twenty one lines including four checks were evaluated in RBD with three
replications. The lines, EC4438, NGB-6345, NGB-4871 and NGB-4462-1 gave 5-20 %
increase in green fodder yield than check variety. High dry matter (5-9%) than check variety
was observed in NGB-4462-1 and NGB-4882-2. A high leaf stem ratio was observed in NGB
4462, PI-497840, IGO2-65, NGB-8650, IGO-536, NGB-7253, NGB-7022, EC-28804, CI-
9308, BGP-14, EC-497807-1 and NGB-4871 which ranged from (0.41-0.59).

Germplasm maintenance: Twenty germplasm lines of different Avena species were
rejuvenated. Seventeen chlorophyll mutant lines were also maintained.

Guinea grass
Ligno-cellulosic constituents in germplasm
At Dharwad, ninety nine germplasm lines of Panicum maximum evaluated in an augmented
RBD with two checks (Hamil & Riversdale). The green fodder yield ranged from 12.5 -
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435.0 q/ha and dry matter yield 2.6 - 105.8 q/ha at 15 days harvest. GFY ranged from 5-250
q/ha and DMY 1.45 • 70.2 q/ha at 30 days harvest. GFY ranged from 2.3 - 342.6 q/ha and
DMY 0.04 • 122.3 q/ha at 45 days harvest. Quality analysis revealed that the range for crude
protein is 13.25 to 22.83 %; NDF 57.39 to 76.04 %; ADF 18.36 to 42.69 %; lignin 1.38 to
9.85 %, cellulose 13.74 to 37.47 %; hemi-cellulose 25.05 to 67.28 % at 15 days harvest.
Similarly at 30 days harvest the range for crude protein is 7.86 to19.26 %; NDF 69.03
to82.13 %; ADF 34.17 to 52.86 %; lignin 1.06 to 8.10 %; cellulose 26.14 to48.34 % and
hemi-cellulose 19.97 to 44.07 %.

3.1.2.2 Cultivated legumes
Cowpea
Hybridization: In F2 generation three crosses were evaluated with parents in RBD. Crosses
showed better performance than the parents. Biomass/plant (g) of parents was, BL-2
(119.93), UPC 5287(104.67) and EC4216 (156.05) and of crosses range was, BL-2 x EC4216
(190.80-194.70), EC4216 X BL-2 (121.10-184.40), UPC5287 x BL-2 (171.90-176.80). A
crossing programme for Rhizoctonia root rot resistance [EC 548850 (Resistant) X UPC 5286
(susceptible)] was carried out and two pods were harvested.

Berseem
Generation advancement of Trifolium interspecific hybrids: Selfed seeds of interspecific
hybrids of T. alexandrinum var. Fahli  T. vesiculosum, T. alexandrinum var. Fahli x T.
lappaceum, and T. alexandrinum cv Wardan  T. lappaceum developed through embryo
rescue were sown in field for generation advancements. Seeds in F2 generation have been
harvested.
Exotic germplasm evaluation: New introduction of 21 exotic lines of berseem were
evaluated. Of these the last two were close to Fahli type ecotype while rest behaved as
Mescavi ecotypes as observed through its basal and secondary branching pattern. EC 671616,
EC 671605, EC 671619, EC 671610, EC 671625 and EC 671618 were found promising. EC
671625 showed presence of long conical inflorescence close to T. apertum. Six accessions
showed segregation for various traits.
Development of RILs and NILs: 415 single plants of the interspecific crosses (T.
alexandrinum x T. apertum; T. alexandrinum x T. resupinatum) in F7 generation were grown
in net house in order to develop RIL of berseem.
208 single plant progenies of T. alexandrinum x T. apertum segregating for seed coat colour
and other traits were also raised in net house for getting homozygous lines for trait of interest.
425 single plant progenies of plants with high expression of pentafoliate trait were grown and
selfed to develop true breeding lines and to develop NIL for pentafoliate trait.

Interspecific compatibility of Trifolium alexandrinum ecotypes

Fahli and Mescavi ecotypes of berseem were crossed with T. resupinatum, T. vesiculosum, T.
lappaceum and T. subterraneum. Hybridity test revealed that, in the crosses involving Fahli
ecotype as a female parent all the rescued embryos were true-hybrids. However, wherein
Mescavi ecotype (cv Wardan) was used as female parent; pseudohybrid embryos were also
identified. It was observed that there are more chances of success to develop interspecific
hybrids of T. alexandrinum when Fahli ecotype is used as female parent as compared to
Mescavi (cv Wardan) ecotype. As an alternative breeding strategy, Fahli may be used as a
bridge ecotype for transfer of genes from wild species of Trifolium to commonly cultivated
berseem clover (Trifolium alexandrinum var Mescavi).
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Berseem with black seed coat
Some of the segregants of interspecific hybrid between T. alexandrinum and T. apertum (both
parents with yellow seed coat) expressed black seed coat colour in F2 progenies. The trait
displayed varied degree of expressivity. Repeated cycles of artificial selection coupled with
selfing in insect proof net house were carried out in these progenies. Heritability of the
character (black seed coat) displayed progressive improvement with advancement of
generation. After six generations of selfing, the character showed high heritability (>90%) in
the progenies, although with varying degree of expressivity.

Lucerne
Drought tolerance: At Dharwad, RL-88 plants with different leaf morphology (orbicular,
obcordate and ovate) were planted in replication for drought tolerance study. Flowering was
7-9 days early in plants with obcordate leaves as compared to plants with ovate leaves and it
was 10 days late in orbicular as compared to plants with obcordate leaves. The green fodder
yield per plant was lower for plants with orbicular leaves than the other two types. Abaxial
side had lesser number of stomata compared to adaxial side. More number of stomata was
present on orbicular and ovate leaves compared to obcordate leaves. Hence orbicular leaves
lost more water compared to obcordate and ovate leaves (Fig.13).
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Fig. 13. Leaf water loss (%) in RL-88 plants with varying leaf Morphology
Screening lucerne genotypes for drought tolerance

At Dharwad, In 98 available germplasm of Medicago sativa, SLW values ranged from 0.004-
0.0021. Seven genotypes recorded SLW values more than 0.004 and three genotypes
recorded SLW values less than 0.0025. However out of 35 Rajasthan collections only four
recorded SLW values more than 0.0031. The remaining Rajasthan collection had SLW values
ranging between 0.0031 to 0.0021.

Disease and insect-pest resistance: At Dharwad, Twenty seven lucerne annual exotic
Medicago accessions comprising nine species were screened against resistance to aphids
Acyrthosiphon pisum. Medicago scutellata EC 541685, EC 541686, EC 547739 and EC
547741 were found to be highly resistant and no incidence of aphids was noticed. Genotypes
like M. polymorpha, M. soleirolii and M. truncatula were found to be resistant (up to 10%
insect incidence). M. suffruticosa, M. orbicularis and M. polymorpha were moderately
resistant (11-25%). Aphid population was active throughout January to March with highest
population of 310 aphids/stem (> 20 inches long) during third week of February.

Promising polycross F6 generation selections: At Dharwad, three accessions selected in
advanced cycle II- F6 generation selfed materials, were sown in Rabi 2010-11 under isolation,
for further multiplication and evaluation.  In one of the accessions about 1.75kg of seeds were
obtained, and the same is being evaluated as a new composite entry for lucerne AICRP
perennial trial - 2012 rabi season.
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Stem weevil resistance
Intervarietal hybridization at Dharwad: ƒWeevlchek„ is a resistant variety and is found to
be remarkably similar for weevil feeding resistance, leafhopper resistance, and bacterial wilt
resistance. The pollen fertility in Weevlchek was 84.32 per cent. In intervarietal hybridization
by hand emasculation and pollination, the pollen reached the ovules and fertilization occurred
in 40 - 44 hours after pollination (HAP) in Anand 2 and 46-54 HAP in RL 88.  In direct
crosses, where Indian varieties were used as a female parent, the capsule formation ranged
14.04-37.93 per cent and seed set was 1.06 and 0.21 per cent in Anand 2 and RL 88,
respectively. However, the reciprocal crosses (Weevlchek x Anand 2 or RL88) did not yield
any viable seeds. In these crosses, pod formation was observed (11 per cent) with one or two
ill filled and shrivelled seeds.  However, to obtain more number of healthy hybrid plants in
direct crosses, mature seeds were grown in standard artificial tissue culture medium under
controlled environmental conditions and 53 healthy plants were obtained.  These hybrid
plants (Fig. 14a & 14b) upon selfing and segregating progenies obtained will be subjected to
weevil feeding test. Best performing clones will be combined into a synthetic lucerne cultivar
in near future.

Fig.14. Hybrid plants of Anand 2 x Weevlchek (EC 697041).
a. Hybrid plants under in vitro conditions   b.  Hybrid plants after hardening

Interspecific hybridization at Dharwad
Interspecific hybridization with Medicago sativa var. RL 88 x M. scutellata germplasm
accessions-EC 541685 was attempted (1287 flowers).  Five pods and three seeds
formations were obtained (Figure 15.).  The seeds were sown under in vitro conditions
and 2 of the seeds germinated till date.  Among the two germinated seeds, one was
showing thick shoot formation without root initiation.  The second seedling was also
thick stemmed with proper root growth.  Further growth and evaluation of the putative
hybrid seedlings is in progress.

Fig. 15. RL 88 x M. scutellata crosses and putative hybrid seedlings
a. Crossed pods    b. Putative hybrid seeds    c. Hybrid seedlings under in vitro conditions
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3.1.2.3. Range grasses and legumes
Pennisetum
Maintenance and advancement of germplasm: The germplasm lines and
genetic/cytogenetic stocks in Pennisetum and Panicum were advanced. These included
tetraploid pearl millet (male sterile TA4 and its maintainer T1, inbreds T2, T3-1 and T4, and a
pigmented tetraploid stock), diploid male sterile pearl millet (A1, A4, A5, Av and Aegp

cytoplasms and their maintainers), and diploid line with a pigmented phenotypic marker.
Segregating populations derived from sexual and apomictic taxa in pearl millet and in guinea
grass were also maintained, alongwith the registered Ploidy series in guinea grass represented
by 3x, 4x, 5x, 6x, 8x and 9x cytotypes.

Hybridization in pearl millet lines and interspecific hybrids to generate cytogenetic
stocks: Cross pollinations were attempted between diploid and tetraploid pearl millet to
generate 3x as well as to understand endosperm imprinting effects. Seed set was extremely
poor in these crosses, including reciprocals. Some putative hybrid seeds were obtained, to be
tested next year for hybridity. Backcrossing of a sexual F1 (2n=42) between pearl millet
(2n=4x=28) and P. squamulatum (2n=8x=56) was made with both the parents in a view to
obtain alien addition lines. Seeds were recovered from these crosses for testing in
forthcoming season.

Characterization of hybrids between pearl millet and P. squamulatum: A sibbed
population derived from cross between a sexual and an apomictic F1 between P. glaucum and
P. squamulatum was evaluated for their fodder potential under rainfed conditions. From a
total of 81 plants evaluated, 10 better performing plants (high tillering, perennial) were
selected, and presently being subjected to studies on seed formation including the mode of
reproduction.

Performance of IGFRI entries in AICRP trials
Oats
In IVT single cut, entry JHO-2010-1 showed superiority over best check in CZ (7.1%), SZ
(19.7%) & National level (5.2%) for GFY (q/ha) and CZ (13.1%), SZ (20.4%) &National
level (6.7%) for DMY (q/ha). Another entry JHO-2010-2 showed superiority over best check
in SZ (10.1%) for GFY (q/ha). In green forage production potential (q/ha/day), entry JHO-
2010-1 registered superiority over National check Kent. In quality parameters, JHO-2010-1
for CPY (q/ha) recorded superiority over check.
In AVT single cut, entry JHO-2009-2 showed superiority over best ckeck in NWZ (13.5%),
NEZ (8.8%), CZ (2.7%) & National level (8.9%) for GFY (q/ha) and NWZ (7.1%), NEZ
(3.8%), CZ (5.9%) & National level (8.6%) for DMY (q/ha). Another entry JHO-2009-1
showed superiority over best check in NEZ (4.8%) for GFY (q/ha) and HZ(4.5%), NEZ
(3.8%) & CZ (8.1%) for DMY (q/ha). In green forage and dry matter production potential
(q/ha/day), entry JHO-2009-2 registered superiority over best national check. For evaluation
against plant height (cm), entry JHO-2009-2 recorded superiority over best national check. In
quality parameters, entries JHO-2009-2 and, JHO-2009-1 for CPY (q/ha) and entry JHO-
2009-2 for CP content (%) recorded their superiority with respect to check.

In AVT (Multi cut), entry JHO-2009-3 showed superiority over best check in HZ (5.3%), CZ
(5.3%) & National level (5.9%) for DMY (q/ha). For forage production potential (q/ha/day),
entry JHO-2009-3 was best performer for GFY (5.07q/ha/day) and DMY (1.20q/ha/day). For
CPY, entry JHO-2009-3 (10.6 q/ha) was recorded good performer.
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3.1.2.4. Nucleus seed production/ maintenance breeding
Nucleus seed of following varieties were produced - Oat - JHO-851 (15Kg), JHO-822
(25Kg), JHO-99-1 (82Kg), JHO-99-2 (272Kg), JHO-2000-4 (130Kg), KENT (25Kg) and
UPO-212 (25 Kg); Cowpea - BL-1(12 Kg), BL-2(2.5 Kg), Kohinoor (2 Kg) and EC4216
(7Kg); Guar - BG-1(15 Kg), BG-2 (8 Kg) and BG-3 (6 Kg).

3.1.2.5. AICRP trials at IGFRI

Crop Trial Entries
Sorghum AHT GS and DP 20

IHT GS and DP 12
AVT GS and DP 10
IVT GS and DP 21
IVT SC 13
IAVHT MC 12
Evaluation of local checks 19

Oats IVTO - Single cut (SC) 16
AVTO - Single cut (SC)-1 11
AVTO - Single cut (SC)-2 6
AVTO - Single cut (SC)-2 (Seed) 6
IVTO - Multi-cut (MC) 10
AVTO • Multi-cut MC)-1 8

Berseem IVTB 8
Forage Pearl millet IVTPM 7

AVTPM 5
Guinea Grass VTGG-2009 (3rd Yr.) Perennial 7
Cenchrus ciliaris VTCC-2008 (4th Yr.) Perennial 6

Cenchrus setigerus VT C.setigerus-2010 (2nd Yr.) Perennial 8

Forage Soybean AVT-2 (Soy) 4

Forage Cowpea IVTC 9

AVTC-1 5

3.1.3. Genetics and Biotechnological apporaches
Cereals and Range grasses
Pennisetum
Transcriptome analysis of differentially expressed genes during embryo sac
development
To identify genes involved in the apomeiosis, a comparative transcriptome analysis of
differentially expressed genes during embryo sac (ES) development in a sexual Pennisetum
glaucum (genotype 81A1) and its apomeiotic (aposporic) non-parthenogenetic interspecific
hybrid (BC1GO) was investigated in a collaborative DBT project. BC1GO exhibited the
partitioned apomeiosis component, whereby the second apomixis component viz.,
parthenogenesis was completely lacking. A total of 96 non-redundant transcripts were
recovered using suppression subtractive hybridization and classified into 11 different
categories according to their putative functions. Amongst the identified transcripts, many of
them belonged to unknown function (40%) followed by those involved in protein
metabolism, stress response, pollen/ovule/embryo development, and translation/protein
modification process (Fig. 15). A data search of transcriptional profiling in other apomictic
species revealed that 75% of the differentially expressed transcripts have not been reported in
previous studies. Macroarray analysis showed differential expression pattern of 96
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transcripts, 45 (47%) of which showed C2-fold induction in apomeiotic BC1GO. Further, the
obtained results were validated by quantitative real-time polymerase chain reaction to have a
comparative expression profiling of eight selected up-regulated transcripts (C2.5-fold)
between BC1GO and 81A1 at different phases of ovule development. In silico mapping
demonstrated that 13 transcripts were located onto rice chromosome 2, region syntenic with
the apospory locus as reported in Brachiaria brizantha and Paspalum notatum. The
expression patterns of these transcripts showed a significant difference at differentiating
megaspore mother cell and gametogenesis stages thereby suggesting their involvement in
floral development during apomeiotic (Panicum-type aposporous) ES development.

Guinea grass
FCSS and Ploidy series in guinea grass
Self pollinated seeds from plants representing ploidy series of guinea grass were subjected to
flow cytometric seed screen (FCSS) to estimate the reproductive pathway of seed
development and recovery of novel ploidies. A total of 183 progenies were analysed derived
from 10 plants representing 5x, 6x, 8x and 9x ploidies. A ploid line (2n=6x=48), FCSS 86,
was identified to produce very high frequency (24%) of BIII progenies. Plants with novel
ploidies viz., 7x (2n=56) and 11x (2n=88), not reported earlier were recovered from an 8x
line (2n=8x=64) through fertilization of reduced and unreduced female gametes, respectively
with a reduced 3x male gamete. These plants were characterized through morphology and
flow cytometery (Fig. 16).

Fig.15. Functional classification of genes
differentially expressed in apomeiotic
library

Fig. 16. Flow cytometric estimation of ploidy of a
7x (upper panel) and an 11x (lower panel) plant.
Peak 1 is the plant sample and Peak 2 is internal
control (P. squamulatum)
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Cenchrus
Epigenetic control of apomixis in Cenchrus ciliaris
A polymorphic band (0.75 Kb, present in apomictic plants) between apomictic and sexual
Cenchrus ciliaris plants was observed on AFLP analysis of the F2 mapping population. Based
on the in silico analysis, the DNA fragment was indentified to be a part of retrotransposon
and named as Retro-C105. A smaller portion of the retrotransposon (0.35 Kb) was found to
be present in both apomictic and sexual plants, and this was used to study DNA methylation
status in apomictic and sexual plants to depict epigenetic control on apomixis. Difference in
DNA methylation status between apomictic and sexual plants was indicated by Chop-PCR
(Fig. 17). Methylation status indicated by the Chop-PCR was confirmed by sequencing
bisulfite-converted genomic DNA (bisulfite treatment converts unmethylated cytosine to
uracil) with 11-fold coverage (Fig. 18). PCR walking on genomic DNA provided the exact
nucleotide sequence of the retrotransposon and helped in explaining the Chop-PCR results.
The retro fragment (0.3 Kb) in sexual plant was found to be hypermethylated. More than as
95% cytosine residues in the retro fragment was found to be methylated in sexual plant,
compared to only 35% of the methylated cytosine residues in apomictic plant. Twelve-fold
increase in methylation was observed at CHH site in sexual plant. A minor increase in
methylation at CG sites in sexual plant was also observed, however, no difference in
methylation at CHG sites was observed (Fig. 19). This finding indicates involvement of
epigenetic regulation of apomixis in plants; however detailed studies would be required to
decipher the exact mechanism.

Fig. 17. Sequence alignment (partial) of bisulfite modified Retro-C105. (A) Multiple sequence alignment of
bisulfite modified DNA from apomictic plant along with the Retro-C105 reference sequence. (B) The bisulfite
modified sequence from sexual plant aligned with the reference sequence. Unmethylated cytosine in the
reference sequence (converted into T in the treatments) is marked with arrow.

A

B
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Fig. 18. Methylation status at CG and non-CG sites of Retro-C105. (A) Hypermethylation of cytosine residues
at CHH sites in sexual plant. (B) Considerably low methylation level in apomictic plant at all sequence contexts.
H represents either Adenine, Cytosine or Thymine.

(Fig. A) (Fig. B)

Fig. 19. Identification of SSR markers from EST database of Cenchrus ciliaris

Clustering and assembly of and identification of SSRs
A total of 11,143 valid sequences corresponding to 3812 contigs and 7331 singletons from
21,729 EST sequences were assembled using the CAP3 program. Using a PERL script,
perfect and compound microsatellites >10 bp with motifs ranging in length from 1 to 6 were
identified. A minimum unit size of ten for mono-nucleotide repeats, six for a di-nucleotide
repeat and five for tri, tetra, penta and hexa-nucleotide repeats was set to detect EST-SSR
loci. Of 11,143 sequences screened, 1880 (16.87%) contained specified nucleotide repeats
yielding 2774 unique SSRs. The Mononucleotide repeats (~67%) were the most abundant
followed by tri-nucleotide (~24%) and dinucleotide (~7%) repeats.  A/T was the most
frequent motif representing 55% of the mononucleotide repeats. Among the di-nucleotide
repeats the motif AG/CT had the highest frequency (~64%) followed by AC/GT (~18%) and
AT/AT (~14%). Among tri-nucleotides, CCG/CGG was the most abundant motif
representing 50% of the repeats followed by AGC/CTG (~16%) and AGG/CCT (~14%).
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(GFY 86.38 t/ha i.e.14.6% increase) and seed treatment with NSP @ 50gm/kg seed + foliar
spray of NSKE @ 3 % (GFY 80.27 t/ha i.e.7.5% increase).
In Kharif, the same IPM modules were studied for the management of biological stress
factors in Cowpea + NB hybrid. The IInd sowing date (1st week of July) in combination with
seed treatment of thiomethoxam + pencycurone (@ 0.5gm/kg seed) along with foliar spray of
imidacloprid + tebuconazole (@ 0.025% conc.) was found to be the most effective IPM
module as this combination significantly reduced biotic pressure on the crop [11.8%
reduction in the root rot (Rhizoctonia bataticola) intensity ,75.0% reduction in leaf spot
(Cercospora cruenteae), 61.5% reduction in flea beetle (Pagria signata) incidence, 52.8%
reduction in semilooper (Plusia nigrisigna) damage, 32.4% in grasshopper (Hieroglyphus
nigrorepletus) damage and 51.19% reduction in plant parasitic nematodes (Meloidogyne
incognita) in cowpea and 75.0% reduction in leaf blast (Pyriculareae graceae) and 33.8%
reduction in grasshopper (Hieroglyphus nigrorepletus) damage in NB hybrid ]. This
treatment gave maximum GFY (65.43t/ha, an increase of 18.04% over control). This was
followed by seed treatment with thiram + carbendazim + carbofuran and spray of endosulfan
(@0.07%) + mancozeb (@0.09%) (GFY 60.76t/ha i.e. 9.28% increase), seed treatment with
tricho XP (@ 5gm/kg seed) + foliar spray of azacel @ 0.15%conc. (GFY 59.90 t/ha i.e.
8.07% increase) and seed treatment with N S P @ 50gm/kg seed + foliar spray of NSKE@ 3
%( GFY 56.47 t/ha i.e.1.88% increase).

Integrated disease management for root rot & dry root rot in cowpea (Vigna
unguiculata (L) Walp.

A field experiment was conducted to evaluate three bioagents (Trichoderma harzianum, T.
viride and Aspergillus niger), four fungicides (pencycuran, tebuconazol, bavistine and
thiram) in various combinations including two checks ( one recommended practice and one
untreated control) against root rot (Rhizoctonia solani) and stem/dry rot (Macrophomina
phaseolina) of cowpea. Pencycuran @ 0.7 ml/Kg as seed treatment + tebuconazol @ 0.7% as
spray was found most effective followed by the seed treatment of pencycuran @ 0.7%
(alone) for the management of root rot (R. solani) of cowpea reducing the mortality  by 46.67
and 44.44 %, respectively and reducing  the stem/dry rot (M. phaseolina) incidence by
38.46% and 30.77 %, respectively (Table 5).

Table 5: Efficacies of bioagents and fungicides against root and stem/ dry rot of cowpea.

S.N. Treatments % control over check

Root rot Stem/dry rot

1 S. T. T. harzianum 5gms/Kg seed treatment 31.11 23.08

2 S. T. T. virede 5gms/Kg seed treatment 13.33 15.38

3 S. T. A. niger 5gms/Kg seed treatment 13.33 7.69

4 S.T.  Pencycuran 0.7 ml/Kg seed treatment 44.44 30.77

5 S. T. Tebuconazole 0.7 ml/Kg seed treatment 15.56 23.08

6 S.T. Pencycuran     @0.7 ml/Kg S. T. + spray tebuconazol 0.7% 46.67 38.46

7 S.T. T. harzianum 5gms/Kg S.T.  + spray tebuconazol 0.7% 35.56 29.23

8 S. T. T. virede 5gms/Kg S.T. + spray tebuconazol 0.7% 13.33 23.08

9 S.T. A. Niger 5gms/Kg S.T. + spray tebuconazol 0.7% 8.89 20.00

10 Treated Check Thiram (@2gms/Kg S. T. +  Spray 0.2%
Bavistin) 40.00 23.08

11 Untreated Check 0.00 0.00



IGFRI ANNUAL REPORT 2011-12 Page 25

3.2. Management of production resources for enhanced fodder productivity
3.2.1. Cultivated fodder
3.2.1.1. System synthesis
Long term impact of organic and inorganic sources of nutrients
In a long term experiment (since 2004), the effect of conventional and organic  nutrient
management strategies on crop yield and soil properties   of guinea grass (Panicum maxicum)
+ cowpea - berseem (Trifolium alexandrinum) intercropping system was studied. Soil of the
experimental site was deep Typic Haplustepts having sandy loam texture, 0.2%,  192, 9.9 and
135 kg/ha  organic carbon, available N, P, and K, respectively. Twelve treatments
combinations consisted of T1-control, T2-recommended inorganic fertilizer dose (200 kg N +
50 kg P2O5 + 50 kg K2O/ha to guinea grass and 20 kg N + 80 kg P2O5/ha to berseem), T3-
recommended FYM levels (500 q FYM to guinea and 300 q FYM to berseem/ha/ year), T4,
T5, T6 - 25%, 50 & 75% reduction in FYM doses to both guinea grass and berseem T7-full to
Guinea and 25% reduction in berseem, T8-withdrawl of manure application (received 75 t/ha
FYM since last 5 years) , T9- Full to Guinea in kharif season, T10- Full to berseem 25%
reduction to Guinea, T11- Full to Guinea, 25% reduction to berseem in alternate years and
T12 -full to berseem + 25% organic+75% inorganic to guinea. The recommended dose of the
FYM to the guinea and berseem crops calculated on the N and P equivalent basis were
applied in Kharif and Rabi season, respectively. Maximum forage yield (2438.8 q green or
307.0 q dry matter/ha) was recorded when berseem and guinea grass were manured with
recommended dose of FYM 300 and and 500 q/ha, respectively. With the build up of soil
fertility due to FYM application in the 7th year of the experimentation dry matter yield (236.0
q/ha) obtained with 75% reduced level of FYM (200 q/ha) was equivalent to the yield (245.9
t/ha) obtained in 100% recommended dose of fertilizers but significantly less than the 100%
FYM treatment (307.0 t dry matter/ha). Application of FYM caused increase in OC, available
N and K and soil microbial activity. There was significant increase in the total carbon,
organic carbon and soil biomass carbon fractions in soil samples drawn from different depth.
Withdrawal of manure application (T8) caused continuous decline in OC (%). The OC
obtained in the October, 2011 was 0.93%, which is 0.54% less than the initial value in July,
2010 (Fig. 21).   All the layers also showed change in soil pH.
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Fig. 21. Seasonal change in organic carbon content of soil due to different nutrient management since 2004

3.2.1.2. Seasonal forage production system for peri urban areas
In peri-urban areas the farmers /livestock keepers€ requirements are potentially more in
comparison to the available resources, which encourage indiscriminate and non-judicious use
of inputs. The study was undertaken 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 accumulation in forages. The study consisted of five nutrient



IGFRI ANNUAL REPORT 2011-12 Page 26

management modules [Recommended dose of nutrients (RDN), RDN with split application
of N (A), 133% of (A), 167% of (A) and 200% of (A)] and three harvesting intervals of
berseem (20, 25 and 30 days). The treatments were implied on sorghum + cowpea - berseem
+ chinese cabbage system. During Rabi season 2010-11, the application of concomitant
higher doses of nitrogen increased the nitrate accumulation in berseem, maximum being
(6340 ppm) with 200% of (A). The biomass yield increased upto 167% of nitrogen
application (611.33 q green or 80.47 q DM/ha). The shortening of the harvesting interval at
25 days (612.2 q/ha) remained at par with recommended 30 days harvesting interval (600.6
q/ha) in terms of the green fodder yield, however, early harvesting at 25 day interval (82.81 q
/ha) reduced the dry matter yield by 5.9%.  During Kharif 2011-12  application of 133% of
(A) to sorghum + cowpea recorded significantly higher yield (376.0 q green or 60.9 q dry
matter/ha). However, the nitrate accumulation in plants increased upto 200% N application of
(A): 4527 pm in sorghum and 7245 ppm in cowpea.
Perennial forage production system for peri urban areas
In the perennial grass based round the year fodder production system, five nutrient
management modules [Recommended dose of Nutrients, RDN with split application of N *
(A), 133% of (A), 167% of (A) and 200% of (A)] and four harvesting intervals (20 days for
NB hybrid & 25 days for berseem; 20 days for NB hybrid & 30 days for berseem; 30 days for
NB hybrid & 25 days for berseem; and 30 days for NB hybrid & 30 days for berseem) were
evaluated on napier bajra hybrid+ cowpea-berseem system.
The results during Rabi 2010-11, indicated that the yield of berseem grown in the interspaces
of hybrid napier increased upto 167% nitrogen application (372.23 q green or 50.32q dry
matter/ha). The maximum nitrate content in berseem plants (5652 ppm) was recorded with
application of 200% dose of nitrogen. During Kharif season, two rows of cowpea weres
grown in the interspaces of hybrid napier.  Both the crops responded to increase in nitrogen
application upto 133% of (A) in case of biomass yield (823.2 q grass + 157.05 q cowpea
green or 141.6 q grass + 26.8 q cowpea dry matter/ha). Maximum nitrate was recorded in
plots receiving RDN with split application of 200% N [(4337 ppm in hybrid napier grass and
6170 ppm in whole plant of cowpea (at harvest)].

3.2.1.3. Fodder production under rainfed condition
Tillage management practices in fodder-food cropping system
In fodder-food system (Sorghum + cowpea - duram wheat), a field experiment was started
from Kharif 2009 which comprised of nine kharif and rabi tillage practices i.e. CT-CT:
Conventional tillage (Kharif, K) - Conventional tillage (Rabi, R), CT-MT: Conventional
tillage (K)- Minimum tillage (R), CT-ZT: Conventional tillage (K)- Zero tillage (R), MT-CT:
minimum tillage (K)- Conventional tillage (R), MT-MT: Minimum tillage (K)- Minimum
tillage (R), MT-ZT: Minimum tillage (K)- Zero tillage (R), ZT-CT: Zero tillage (K)-
Conventional tillage (R), ZT-MT: Zero tillage (K)- Minimum tillage (R) and ZT-ZT:  Zero
tillage (K)- Zero tillage (R) and two levels of summer ploughing i.e. WST: without summer
ploughing and AST: alternate year summer ploughing in strip plot design with three
replications.
Under limited irrigation conditions (one pre-sown and two at most critical stages) during rabi
season 2010-11, all the tillage rotations recorded statistically similar grain yield of duram
wheat but CT-ZT rotation recorded highest grain yield (42.65 q/ha). Reduced (RT) and zero
tillage (ZT) duram wheat recorded statistically similar grain yield (41.50 q/ha in RT and ZT
both) and straw yield (63.51q/ha in RT and 61.98 q/ha ZT) with CT (41.50 q/ha grain and
64.58 q/ha straw).  Similarly, statistically at par grain yield of duram wheat was recorded
between WST (40.15 q/ha) and with AST (41.58 q/ha).
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On the basis of green fodder yield of sorghum + cowpea obtained during Kharif 2010 and
wheat grain and straw yield from Rabi 2010-11,  wheat equivalent yield (WEY) of the whole
system was highest under CT-CT (94.93 q/ha) followed by CT-ZT (94.86 q/ha) and CT-MT
(94.80 q/ha) whereas treatment ZT-ZT recorded lowest WEY (84.81 q/ha). AST gave higher
WEY of the system (90.47 q/ha) than without summer ploughing (86.80 q/ha).
During kharif 2011, the total green fodder yield was almost similar in all the tillage
treatments (CT-CT: 196.46, CT-MT: 197.16, CT-ZT:193.16, MT-CT:180.70, MT-
MT:204.24, MT-ZT:206.10, ZT-CT:190.41, ZT-MT:191.05 and ZT-ZT:183.09 q/ha) but
MT-MT (204.24 q/ha) and MT-ZT (206.10 q/ha) had superiority over rest of the treatments.
In case of summer ploughing treatment, AST gave higher green fodder yield (202.63q/ha)
than WST (184.56 q/ha).

Fig. 22. Conventional tillage Fig. 23. Minimum tillage Fig. 24. Zero tillage

Fig. 25.Conventional tillage Fig. 26. Minimum tillage Fig. 27. Zero tillage
1-3 15DAS and 4-6 at maximum tillering stage.

Fodder based contingent crop planning modules for rainfed semi-arid region
A field experiment was  initiated in kharif 2010 under two situations viz., timely onset of
monsoon (Contingent crop planning module I) and delayed onset of monsoon (Contingent
crop planning module II) under early/late cessation of monsoon with/without intermittent dry
spell management strategies. Due to the timely onset of monsoon during 2010, contingent
crop planning module-I was tested in ten fodder based efficient cropping systems viz. S1:
Sorghum, fodder (F) - Chickpea (Farmers practice), S2: Sesame + Blackgram - Fallow
(Farmers practice), S3: Sorghum (F) + Cowpea (F) - Batra + Safflower, S4: Sesame +
Greengram (F)- Chinese cabbage (F) + Safflower, S5: Sesbania (F) + Sorghum (F) + Guar
(F) - Lentil + Linseed, S6: Subabul (F) + Sesame + Greengram (F) - Barley + Linseed, S7:
Dual purpose sorghum + Cowpea (F) - Chickpea + Mustard, S8: Sesame + Blackgram -
Chickpea + Mustard, S9: Sesbania (F) + Dual purpose sorghum + Guar (F) • Wheat +
Mustard and S10: Subabul(F) + Sesame + Blackgram - Wheat + Mustard under improved
crop management package with/without intermittent dry spell management strategies.
Under different fodder based cropping system during Kharif 2011, the total green fodder
equivalent yield was higher in S6 (232.2 q/ha) and S10 (230.6 q/ha) whereas lowest green
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fodder equivalent yield (115.18 q/ha) was recorded by S2. Similarly adoption of intermittent
dry spell management strategy (in situ weed mulching) recorded 10.93 percent higher green
fodder equivalent yield than without management strategies (182.8 q/ha).

Influence of moisture conservation techniques at Avikanagar
First year results of the experiment showed that the individual crops yielded higher green
fodder in their sole stands. The highest forage yield was obtained under sole pearl millet
(4.50 t/ha) followed by pearl millet with cluster bean (4.11 t/ha) and C. ciliaris with
clusterbean (3.86 t/ha) might be due to their morphological characteristics. Maximum soil
moisture was conserved in the deeper layers under straw mulching irrespective of crops and
cropping systems. The crop combination of C. ciliaris with Clitoria ternatea conserved more
soil moisture than rest of the crops and crop combinations (Table 6).

Table 6: Moisture content (%) in different layers as influenced by moisture conservation techniques and
cropping systems

Treatment Depth (cm) CC CB PM CT CC+CB CC+CT CB+PM Mean

Control 0-30 2.48 1.63 1.84 2.85 2.06 4.37 2.23 2.50

30-60 3.61 3.23 2.51 3.92 2.96 2.66 3.67 3.22

60-90 4.26 3.83 2.92 3.70 5.41 4.78 3.29 4.03

Dust mulch 0-30 2.75 2.54 2.48 2.41 3.12 2.77 2.26 2.62

30-60 2.19 2.74 2.75 3.72 4.61 5.01 3.73 3.54

60-90 6.34 3.91 2.90 4.74 3.10 5.92 3.20 4.30

Straw mulch 0-30 6.70 1.90 2.45 3.59 2.34 4.97 1.87 3.40

30-60 4.64 3.56 2.22 5.03 3.32 6.23 2.26 3.89

60-90 3.95 4.40 5.26 4.47 3.21 6.38 5.52 4.74

FYM 0-30 2.04 2.20 1.96 3.65 3.56 4.85 2.06 2.90

30-60 3.42 3.22 6.18 4.29 2.14 4.58 3.31 3.88

60-90 3.96 4.92 3.73 3.92 4.62 4.83 5.58 4.51

Mean 3.86 3.17 3.10 3.86 3.37 4.78 3.25

CC= Cenchrus ciliaris, CB= Cluster bean, PM= Pearl millet, CT= Clitoria ternatea

3.2.1.4 Resource management studies
Soil micronutrient deficiency management
Twelve treatment combinations viz. T1-Control-NPK , T2- 100% recommended dose (20 kg
Zn, 10 kg Mn and 5 kg Cu) of micronutrient (RDM), T3-10t FYM /ha, T4-50% RDM+ 5t
FYM/ha, T5-50% RDM + seed coating, T6-50% RDM + seed priming, T7-50% RDM +
VAM, T8-50% RDM+VAM + seed priming, T9-50% RDM+VAM + seed coating, T10-50%
RDM+ VAM + 5t FYM, T11-50% RDM+5t FYM +VAM + seed priming, T12-50% RDM+ 5t
FYM+VAM+ seed coating were evaluated in  sorghum + cowpea - oat cropping system. In
the succeeding oat crop T8 produced maximum 573.3 q/ha green and 101.9 q/ha dry forage
yield. Treatments with seed priming and VAM application were at par with 100% RDM,
resulting in 50% saving of the micronutrient fertilizer recommended for these crops. The
residual effect of different treatment applied in rabi season were evaluated in kharif on
sorghum + cowpea intercropping system. Residual effect of 100% recommended dose
(Zn:Cu:Mn :: 20:5:10 kg/ha) of micronutrient was significantly higher than the other
treatments having 50% reduced level of micronutirents. The green fodder yield of sorghum +
cowpea in 100% RDM treatment was 326 q/ha. The residual effect of VAM application was
also clearly visible.  VAM applied treatments showed significantly higher biomass
production (253.4 q/ha) than the non VAM counterparts (240.3q/ha).
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Standardization of agro-techniques for newly released varieties of fodder crops
Two oat (Avena sativa) varieties (JHO-99-1 and JHO-99-2) under  three levels of fertility
(75, 100 and 125% recommended dose of fertilizers) under three irrigation schedules (0.8, 1.0
and 1.2 IW:CPE ratio) were evaluated during rabi season. Both the varieties (JHO 99-1 and
JHO 99-2) of oat did not differ significantly in respect to green fodder yield (GFY), dry
fodder yield (DFY) and water use efficiency (WUE). Irrigation scheduling at 1.0 IW:CPE
ratio increased the GFY and DFY by  8.43% and 6.04% respectively over 0.8 IW:CPE ratio
(331.26, 50.61 qt/ha). Further increase of irrigation did not influence GFY and DFY. Highest
water use efficiency (38.47 kg dry matter / ha mm) was found when irrigation was scheduled
at 0.8 IW:CPE ratio. Application of 125% RDF resulted in 9.23 and 1.22 q/ha increase in
GFY (366.48 q/ha) and DFY (54.76 q/ha) as compared to 100% RDF. WUE also increased
with graded application of fertilizers. The significant response of irrigation scheduling (0.8
and 1.0 IW: CPE) on GFY was observed upto 100 % RDF whereas at 1.2 IW:CPE ratio
irrigation scheduling response was found upto 125% RDF.

Pearl millet (Pennisetum glaucum) variety ‚AVKB-19€ was evaluated for  3 purposes (P1:
grain; P2: fodder and P3: fodder + grain) in 3 different fertility levels (75%, 100% and 125%
recommended dose of fertilizers) with and without splitting of nitrogenous fertilizer. Results
indicated that maximum fodder equivalent yield (522.40 q/ha) was found when this variety
was grown for fodder + grain i.e. harvesting for green fodder at 50 days after sowing and left
for grain formation. The increment in yield was 47.46 and 23.87 per cent over P1 and P2,

respectively. Among fertilizers level 125% RDF produced maximum fodder equivalent yield
(477. 9 q/ha), which is 9.85 percent higher over 100% RDF.
Two guinea grass (Panicum maximum) varieties Bundel Guinea-1 (BG-1) and Bundel
Guinea-2 (BG-2) was grown with sole as well as intercropped with cowpea (Vigna
unguiculata) - berseem (Trifolium alexandrinum). Four nitrogen management practices (N1:
40 kg N/ha after each cut; N2: 40 kg N/ha in two split after each cut; N3: 30 kg N/ha after
each cut; N4: 30 kg N/ha in two split after each cut) in guinea grass were evaluated. Kharif,
2011 results showed that BG-2 produced 9.28 and 12.64 per cent higher GFY (521.54 q/ha)
and DFY (132.16 q/ha) over BG-1 in sole, while both the variety of guinea were statistically
at par in intercropping with cowpea. Forty kg N/ha in two split after each cut proved the best
and recorded 503.42 q green and 128.51 q dry matter / ha. The increase in green and dry
forage yield was 5.19 and 7.39 per cent, respectively over N1.

3.2.1.5 Enhancement of production from problem soils

Rhizospheric interactions for enhancing nutrient acquisition under acid soils
A consortium of VAM, Azotobacter, Pseudomonas, Aspergillus and Bacillus species were
evaluated for increasing the P availability to maize and cowpea fertilized with two levels of
FYM (0 and 50 q/ha) and 5 levels of P viz. P1- No P, P2- 50% of recommended P through
K2HPO4, P3-100% of recommended P through KH2PO4, P4- 100% of recommended P
through K2HPO4 + lime and P5-100% of recommended P through tri-calcium phosphate
(TCP). Green (252.5 g/pot) and dry (87.5 g/pot) forage yield of oat obtained in consortia +
TCP treatment was significantly higher than the control but it was at par with KH2PO4 +
lime. Consortia application in combination with TCP produced 188.7±13.3 (30.2±3.8) and
145±19.7 (31.1±4.1) g /pot green (dry) forage yield of cowpea and maize, respectively.
Green and dry biomass produced in the consortia + TCP fertilized maize and cowpea was
statistically at par with consortia + 100% of recommended P through KH2PO4.
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Soil solution chemistry
Three salinity level (4, 8 and 12 dS/m), soil having initial pH of 10.92, 10.83 and 10.88 were
amended with gypsum to bring the soil pH at 8.05, 8.23 and 8.34, respectively. Subsequent
amendment with FYM, pressmud and poultry manure showed significant improvement in the
biomass production of oat over the unamended control. Amongst the amendments the poultry
manure (72.9 g/pot) was significantly better than the FYM (55.3 g/pot) and pressmud (66.1
g/pot). After ameliorating the soil pH in the range of 8.8-9.3 through application of gypsum
and manures, pots were planted with guinea grass (cv. Bundel Guinea -2), napier grass (cv.
IGFRI-6) and para grass.

3.2.1.6 Agromet  based studies
Evapotranspiration studies
In Rabi 2010-11, berseem was sown in between interspaces of hybrid napier in and around
lysimeters. The evapotranspiration (ET) for intercropping system of hybrid napier + berseem
during four cuts was 157.1, 103.5, 129.5 and 205.5 mm for organic manure and 160.1, 104.3,
129.4 and 206.5 mm for inorganic fertilizers, respectively. The green and dry biomass during
four cuts were 18.34, 27.52, 35.50 and 16.27 t/ha and 2.30, 3.48, 5.76 and 3.98 t/ha for
organic manure and 17.46, 21.01, 31.37 and 12.73 t/ha and 2.18, 2.78, 5.00 and 3.21 t/ha for
inorganic fertilizers, respectively of the system. The water use efficiency (WUE) of the
system was 14.64, 33.62, 44.48 and 19.37 kg dm/ha mm for organic and 13.62, 26.65, 38.64
and 15.54 kg dm/ ha mm for inorganic, respectively.
During Kharif 2011, organic manure in the form of FYM was applied @ 500 q/ha before
onset of monsoon.  Five cuts of hybrid napier were taken at an interval of 30, 30, 32, 29 and
34 days. The ET during these cuts was 236.8, 186.5, 157.4, 143.1 and 161.5 mm for organic
and 246.9, 193.7, 159.6, 144.0 and 159.6 mm for inorganic fertilizers whereas green and dry
yield was 25.3, 22.5, 18.9, 10.7 and 10.1 t/ha and 4.0, 3.8, 3.3, 2.1 and 2.0  t/ha in organic and
19.6,17.8, 15.4, 10.4 and 8.9 t/ha and 3.3, 3.0, 2.8, 2.1 and 1.8  t/ ha for inorganic  fertilizers,
respectively. The water use efficiency (WUE) during these cuts was 16.89, 20.38, 20.97,
14.68 and 12.38 kg dm/ha mm and 13.37, 15.49, 17.54, 14.58 and 11.26 kg dm/ha mm for
organic and inorganic respectively.

Weather-pest and disease interaction
In kharif 2011, a field trial was conducted to study the weather-disease interaction in cowpea
(var. BL-2 & UPC-607) with three sowing dates and four replications. The stem rot disease
appeared in fields with low severity of 0.2 to 0.3% and 0.1% in UPC-607 & BL-2
respectively, during first week of August. The prevailing mean temperature and relative
humidity during the preceding week was 30.3oC and 84%, respectively, for disease initiation.
The maximum severity level was observed to be 17.8 and 25.4% in BL-2 & UPC-607,
respectively. In UPC-607, the maximum severity ranged between 21.9 to 25.4% in different
sowing dates. Weather-disease interaction showed that the previous week maximum
temperature (r=0.55 to 0.60), mean temperature (r=0.42 to 0.57) and   sunshine (r=0.62 to
0.73) contributed positively towards stem rot development in UPC-607 for three sowing
dates. Empirical relationship between the stem rot severity(y) and maximum temperature(x)
for first sowing date, can be explained by polynomial equation y = -0.526x2 + 38.67x -
685.03(R² = 0.97).
In Rabi, a field trial was conducted to monitor the weather-disease interaction in berseem
(var. Wardan & Bundel Berseem-3) with four replications and three sowing dates. Weekly
observations for weather and stem rot disease severity were recorded. The incidence of stem
rot started during 52nd Standard meteorological week (SMW) and the disease continued upto
7th SMW. The preceding week, minimum (r= -0.64) and mean temperature (r= -0.42) were
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negatively related to the disease development. The maximum infection of stem rot disease
will take place at Tmin=4.8oC and Tmean=12.1oC during crop growth period.

Calibration of CERES-Cowpea model
A field experiment was carried out during kharif season of 2010 with four varieties (BL-1,
BL-2, EC-4216 and Kohinoor) with two   dates of sowing. The maximum grain yield (1398
kg/ha) was obtained in Kohinoor followed by EC-4216 (866 kg/ha). Phenological (date of
first flower, first pod, first seed, end of MS node and physiological maturity) and biometric
(periodical leaf and stem weight, LAI, SLW, number of seed per pod, grain yield)
observation were recorded. These values were used for the calculation of genetic coefficients
of the four varieties of forage crops using Genetic Coefficient Calculator (GENCAL). The
time from emergence to first flower was found to be 44 photothermal days for BL-2 followed
by Kohinoor (37.2 photothermal days), since BL-2 is a long duration variety. Similarly, the
photothermal days from first seed to physiological maturity varied from 27.2 to 40.2 being
highest for BL-2 (Table 7). The water productivity varied from 15.4 to 18.8 kg (DM)/ ha per
mm, being highest for BL-1 and lowest for Kohinoor.

Table 7: Genetic coefficient related to development for different varieties of forage cowpea

Parameters* BL-1 BL-2 EC-4216 Kohinoor

CSDL 12.8 12.8 12.8 12.8

PPSEN 0.294 0.294 0.294 0.294

EM-FL 32.8 44.0 33.0 37.0

FL-SH 5.6 6.0 5.6 5.6

FL-SD 11.2 11.2 11.2 10.2

SD-PM 27.2 40.2 32.2 38.2

FL-LF 18.0 22.0 18.0 20.0

*CSDL: Critical Short Day Length below which reproductive development progresses with no day length
effect (for short day plants) (hour)
PPSEN  : Slope of the relative response of development to photoperiod with time (positive for short day
plants) (1/hour)
EM-FL: Time between plant emergence and flower appearance (photothermal days)
FL-SH : Time between first flower and first pod (photothermal days)
FL-SD : Time between first flower and first seed  (photothermal days)
SD-PM : Time between first seed  and physiological maturity (photothermal days)
FL-LF : Time between first flower  and end of leaf expansion(photothermal days)

Specific leaf area (SLAVR) of BL-1 was recorded to be 260 cm2/g followed by Kohinoor
(250 cm2/g). Maximum size (three leaflets) of leaf varied from 280 to 350 cm2. Maximum
daily growth fractioned to seed + shell (XFRT) is in Kohinoor and minimum in EC-4216
(Table 8). Maximum weight per seed (WTSPD) varied from 0.1132 to 0.125 g. Number
of seed per pod varied from 12 to 18 being highest and lowest for Kohinoor and EC-4216,
respectively.



IGFRI ANNUAL REPORT 2011-12 Page 32

Table 8: Genetic coefficient related to growth for different varieties of forage cowpea

*LFMAX : Maximum leaf photosynthesis rate (mg)
SLAVR : Specific leaf area of cultivar    (cm2/g)
SIZLF : Maximum size of full leaf (three leaflets) (cm2)
XFRT  : Maximum fraction of daily growth that is partitioned to seed + shell
WTPSD : Maximum weight per seed (g)
SFDUR : Seed filling duration for pod cohort (photothermal days)
SDPDV: Average seed per pod
PODUR  : Time required for cultivar to reach final pod load under optimal
THRESH :The maximum ratio of (seed/(seed+shell)) at maturity.

3.3 Grassland and silvi/hortipasture management
3.3.1. Range resource inventory
Amelioration of temperate/ alpine pasture for livelihood support to pastoral
communities.
Extent, condition and production estimate of temperate/ alpine pastures along with livelihood
support of pastoral communities were assessed for Jammu & Kashmir, Himachal Pradesh,
Sikkim and Arunachal Pradesh using GIS and remote sensing techniques supported with
intensive field survey and ground truthing.

Exploration-Field survey: The exploration was conducted during the months of July,
August and November, 2011 at various sites in the pasturelands from Manali to Leh,
Changthang area of Ladakh region of J&K, Leh - Kargil to Zozila and from Sonmerg -
Srinagar to Jammu. From Manali to Leh (Spiti-Sarchu-Indus valley) pastures were observed
on both sides of the hills in Lahaul, Sarchu and Pang valley.

The migratory routes of the Sarchu pasturelands were studied with reference to graziers, their
herds/socio-economic status/grazing routes etc. Changthang pasture is largest pastures in the
cold desert part of the Ladakh region. Village Mamgyal Tundup is located in the vicinity of
the Tsomoriri Lake where about 110 nomads families with their animals were camped.
Enroute to Kargil from Leh, several big patches of alpine pastures were observed. About 200
Bhakarwal (nomadic graziers) graze their sheep, goats and other livestock between Drass and
Zozila pass. The valley area of Lahaul & Spiti, Leh and Kargil were dominated by the Salix
spp. followed by Poplar and Robinia. Festuca is the most dominant grass species. White
clover, red clover, Alfalfa, Cyperus, Sibbaldia were some of the species observed in the

Parameters* BL-1 BL-2 EC-4216 Kohinoor

LFMAX 2.1 4.5 2.4 2.5

SLAVR 260 240 238 250

SIZLF 300 350 280 340

XFRT 0.159 0.130 0.125 0.170

WTPSD 0.1132 0.1217 0.1250 0.1155

SFDUR 21.9 21.9 21.9 21.9

SDPDV 14.0 12 12 18

PODUR 6.0 6.0 6.0 6.0

THRESH 75 75 75 75
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pasturelands. Other important grasses viz; Carex (longma), Elymus, Kobresir, Eurotir,
Caragana, Ranunculus, Pediculeres (lokruserpo), Pedunailares (toma), Utrica hypirbora
(zatsot) and Arabia euchroma (demok) etc. were widely observed in the cold desert of
Ladakh region.

Soil of temperate/ alpine pasturelands
Soil samples from twenty sites (GPS point 1-20) at approximately 15cm depth were analyzed.
It reveals that the percent organic carbon (OC) was low near Jispa valley and Sarchu at GPS
point G4 (0.055%) and high at G9 (1.17%) and G19 (1.16 %) near Ramsoo. Most of the soils
were alkaline in nature (pH 6.46 - 9.08) except for GPS points G1 & G2 (Pahalgam) and G3
(Daksumt, near Sinthen top) where soils were by and large neutral. Electrical conductivity
(EC) of the soil was low (G13 0.05dsm-1) at Tsochun and high at Wakha towards Kargil (G18
0.74 dsm-1), which shows the highly sandy and heavy nature of soil. Bulk density of the soil
near Tsomriri  (G14- 1.67 gm/cc) was found highest at glaciated land towards Rupsu valley at
G9 (1.18 gm/cc) and lowest at G11 Sarchu plain. The available nutrients in the soil, mainly N
content in the most of the soil was found low except for Pahalgam (G2-329.28 kgha-1),
Darcha (G5-327.71 kgha-1) and Wakha (G18-310.78 kgha-1), P content in most of the soil
was in the medium range near Tsochun (G13-8.73 kgha-1) and Tsomoriri (G14-8.02 kgha-1)
whereas it was deficient near Jispa  (G4- 6.97 kgha-1).

Plant samples analysis and forage estimation
Total fourteen sites (GPS locations - P1 to P14) were selected for the plant sampling. The
average CP of natural pasture lands was 10.68% (table GSM 1), which varied from 8.41 to
14.17% at different locations. Highest CP was recorded at Sarchu plain (P2-14.71%),
Tsomoriri lake (P12-13.55%) and Wakha (P7-13.28%), while Sarchu plain (P6), near
killangsarai (P11) and valley near ramsoo (P9) had lowest CP 8.14% (8.41). NDF varied in
the range of 59.5% (P7-Wakha) to 73.61% (P9-near ramsoo valley), with an average of
66.66%. ADF varied in the range of 32.94% (Sarchu plain) to 48.28% at near Sarchu plain
(P3) and near killangsarai (P1). The average fresh weight of plant/grass sample of natural
pasture lands was 3.907t/ha, which varied in the range of 2.125 to 6.385 t/ha, correspondingly
the average dry weight of the plant/grass sample was found 1.175t/ha which varied in the
range of 0.680 to 1.993 t/ha at different locations (Table GSM 1).

NTPP site adopted by IGFRI at Spituk in Leh

Soil analysis from seven sites (N01 to N07) revealed that the soil was mostly alkaline in
nature having pH of 7.68 to 9.52, electrical conductivity varied from 0.08 to 27.0 dsm-1.
Organic carbon (%) varied in the range of 0.05 to 1.58. In general, soil was deficient in N
content, poor to medium in available P. Site N07 had highest available P (37.8 kgha-1) and
high N (582.7 kgha-1). GPS locations N01 (77.06 kgha-1), N02 (70.87 kgha-1), N03 (51.07
kgha-1) were poor in available K, however rest of the locations were high in available K. It
was observed that Salix plantation is well established at NTPP experimental site, Spituk.
Lupin, Dactylis, Alfalfa, Rye grass sown in the area have germinated and established very
well. The average green and dry forage production was observed to be 8.84 t/ha and 2.35t/ha
respectively (Table 9).
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Fig. 28. Pasture site development at Spituk, Leh Fig. 29. Sheep grazing in Changthang, Ladakh

Fig.30. Nomadic tent with grazing animals near Drass Fig.31. Goat grazing in Changthang, Ladakh

Table 9: Plant samples analysis and forage estimation

GPS
Coding

Place /Site
Location

Altitud
e

Location
Name

FW
(t/ha)

DW
(t/ha) CP (%)

NDF
(%)

ADF
(%)

Hemicellu
lose (%)

Cellulos
e (%)

Ligni
n (%)

P1
N32.83533
E77.46521 4501 m

Near
killangsarai 4.102 1.094 9.14 66.51 48.28 18.23 34.84 6.1

P2
N32.90977
E77.58440 4306 m Sarchu plain 6.385 1.993 14.17 64.19 40.17 24.02 27.25 5.23

P3
N32.92299
E77.59792 4282 m

near Sarchu
plain 3.403 1.134 12.04 66.75 32.94 33.81 23.73 5.63

P4
N33.33948
E78.38630 4088 m

Near
killangsarai 2.840 0.795 12.44 70.33 41.14 29.19 26.97 5.99

P5
N33.12696
E78.33628 4737 m Sarchu plain 2.125 0.680 12.01 68.27 43.86 24.41 33.38 4.92

P6
N34.37124
E76.39301 3351 m

near Sarchu
plain 3.553 1.009 8.41 70.96 48.06 22.9 29.2 9.17

P7
N34.37494
E76.38389 3324 m Wkaha 4.333 1.329 13.28 59.5 38.68 20.82 25.52 4.06

P8
N34.41766
E75.87405 3030 m Dandal 5.680 1.676 9.37 60.21 43.69 16.52 26.08 9.64

P9
N33.34016
E75.19141 3208 m

Valley near
Ramsoo 2.679 0.697 7.32 73.61 45.74 27.87 31.45 7.02

P10
N34.05465
E75.36089 2447 m Pahalgam 2.479 0.722 9.33 68.9 38.21 30.69 22.07 9.33

P11
N32.83662
E77.46523 4482 m

Near
killangsarai 5.711 1.756 8.14 65.02 43.11 21.91 29.88 4.78

P12

N33.01250
0
E78.26401 4531 m

Near
Tsomoriri lake 3.962 1.503 13.55 62.31 37.76 24.55 24.85 5.6

P13
N33.00908
E78.25976 4531 m

Near
Tsomoriri lake 4.269 1.138 9.16 69.95 46.39 23.56 26 10.69

P14
N32.96893
E78.26382 4554 m

Way to
Karzok 3.184 0.930 11.21 66.7 37.18 29.52 27.71 3.1

Average 3.907 1.175 10.68 66.66 41.80 24.86 27.78 6.52
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Table 10: Soil Physiochemical properties and biomass estimation at Spituk, Leh.
Physical Properties Available N,P,K (Kgha-1) Biomass

GPS
Code pH

EC
(dsm-

1)
OC
(%)

N
P K

FW
(t/ha)

DW
(t/ha)

N01 9.18 0.12 0.11 84.99 8.56 77.06 8.10 2.31
N02 9.04 0.08 0.055 70.87 7.13 68.1 5.65 1.40
N03 9.31 0.18 0.055 25.72 5.21 51.07 6.83 1.70
N04 8.63 0.28 0.469 252.13 18.51 347.2 5.85 1.45
N05 7.68 0.3 0.856 272.52 22.73 539.39 18.33 5.37
N06 9.52 27 0.124 181.89 19.36 624.06 7.95 1.98
N07 7.85 1.78 1.587 582.67 37.8 1417.47 7.77 2.21

Avera
ge - - - - - - 8.84 2.35

A survey on sheep and goats was undertaken at Bani and Duggen in Kathua district of J&K.
the total sheep and goat population in the blocks is 1,06,210 and 49,210 respectively. Bani
block has more population of sheep (77,141) and goat (28,740) than Duggan block Sheep
(29,040) and goat (20,470). The crossbred sheep population was more than local sheep in
both the blocks. The wool production in Bani and Duggen Blocks was 859.00 and 345.00 kg,
respectively.

The village level Survey at Leh was also undertaken in the village: Nang, Block and Distt-
Leh. The altitude of the village is 11,678 ft to 12646 ft. The number of households in the
village are 70 and male & female population is 215 & 181, respectively. The Productive and
Unproductive pasture area in the village is 10.52 acres and 19.51 acres, respectively. The
livestock detail include Yak (1), Dzo (65), Dzomo (19), Cows (175),ox (4), Sheep (4),
donkey (64).

Migration: Migration takes place during May and June and graziers return during the months
of September and October.

Grazing system and forage availability in northern Chhattisgarh
Ground truthing data was collected with the help of GPS from 136 places of 4 distrcits
namely Koria, Surguja, Korba & Jashpur. After the supervised classification of IRS P4 LISS-
III satellite imagery using Erdas Imaging software following data has been estimated viz;
Dense forest 581493 ha, Moderate forest 379458 ha, open forest 1147246 ha, grasslands
601897 ha, water body 30733.8 ha, agriculture land 463306 ha, coal mines 168419 ha, others
1855.2ha and unclassified land 3198299 ha. Estimated average green fodder yield from study
area was 755.27 g/m2 and dry fodder yield 30 g/m2

Evaluation of range legumes for yield and quality attributes.
Fourteen selected range legume species were evaluated in nine agro-economic traits in three
replications along with two checks (Stylosanthes hamata and S. seabrana). According to
survival period in the harsh climate of Bundelkhand region, these sixteen species were
classified into four groups, namely G1 containing all the perennial species viz., Clitoria
ternatea, Macroptilium atropurpureum, Lablab purpureus, Atylosia scrabaeoides, Rhyncosia
minima, Arachis glabrata, Arachis hagenbeckii, Canavalia gladiata, Canavalia virosa,
Desmenthus virgatus; G2 containing four species surviving from July to May viz.,
Centrosema pubescence, Cajanus cajan, Stylosanthes seabrana, Stylosanthes hamata.
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However, G3 (July-March) and G4 (July-January) contains one species namely M. pruriens
and M. uniflorum, respectively.

Canavalia virosa showed maximum plant height followed by C. gladiata, M. pruriens, D.
virgatus and L. purpureus. Cajanus cajan (658.7g) and D. virgatus (530g) gave maximum
fresh biomass but these two species are of woody nature and edible part is only leaf and twigs
as compared to other herbaceous species (whose aerial part is edible) such as A.
scarabaeoides (320.7g) and M. pruriens (230g). M. uniflorum have highest number of leaves
per plant (836) followed by D. virgatus (432), M. atropurpureum (340) and C. pubescens
(336). However, leaf /stem ratio was highest in A. hagenbeckii (4.1-9.9/ 1.8-4.3), A. glabrata
(6.2-8.7/ 1.2-3.4). C. cajan (246.7g) and D. virgatus (170.4g) gave highest dry biomass
because of their hardy stem. Among herbaceous species, A. scarabaeoide (112.3g), M.
pruriens (94.8g), L. purpureus (57.5g), M. atropurpureum (52.8g) and M. uniflorum (43.7g)
were found promising for dry biomass.

Table 11: Germination & growth habit of exotic accessions (ILRI Ethiopia) of range legumes

S.
No.

Genera (number
of species)

Species Accessi
ons

Growth habit

1. Arachis (2) duranensis, pintoi 2 Semi-prostrate
2. Aeschynomene

(5)
americana, brasiliana, falcata,
sensitiva, scabra

18 Erect & Spreading

3. Calopogonium
(1)

mucunoides 05 Spreading

4. Canavalia (4) brasiliensis, ensiformis, gladiata,
virosa

07 Climber

5. Centrosema (3) pubescence, macrocarpum,
virginianum

10 Climber

6. Chamecrista (1) rotundifolia 01 Spreading
7. Dolichos sericeous 01 -
8. Lathyrus (3) aphaca, cicera, ochrus 08 Semi-erect to

spreading
9. Macroptillium

(2)
atropurpureum, lathyroides 09 Erect & climber

10. Macrotyloma
(3)

africanum, axillare, daltoni 12 Climber

11. Neonotonia (1) whitii 05 Climber
12. Puraria (1) phaseoloides 05 Climber
13. Rhyncosia (7) densiflora, Elegans,

malacophylla, minima, reticulata,
sublobata, totta

16 Climber, erect

14. Stylosanthes
(11)

calcicola, capitata, guinensis,
humilis, ingrata, leiocarpa,
macrocarpa, macrocephala,
mexicana, scabra, viscose

37 Prostrate,
spreading to semi-
erect

15. Zornea (5) brasiliensis, diphylla, glabra,
glochidiata, latifolia

19 Prostrate to
spreading

155 accessions of 46 species belonging to 14 genera of range legumes have been procured
from ILRI, Ethiopia, and grown for seed multiplication and adaptation trial in the Kharif
season of 2011-12. All the accessions germinated except Dolichos sericeous, Rhyncosia
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elegans and R. densiflora. Five accessions of Puraria phaseoloides did not flower till mid
March. Out of the 46 species grown, 3 sp. were of erect type, 2 of semi-erect type, 18
climbers and rest were of semi prostrate to spreading type (Table 11).

Strengthening and digitization of herbarium of forage species.
Home page design of digital herbarium has been prepared. Digitization of herbarium has been
standardized through photography technique. Ten per cent of the existing herbarium has been
digitized but due to very old plant archives, the good quality of digitized images was not
achieved. 1086 voucher specimens from grassland species archives belonging to 185 species
and 50 genera of grass family are being categorized. About 175 new specimens of grasses,
range legumes, veterinary medicinal plants and other associated species has been collected
during exploration visits of natural grasslands. New species were also identified through
standard literature and preserved using herbarium techniques for digitization.

3.3.2. Revegetation of degraded rangelands/ wastelands and grazing management

Management of promising cultivars of Leucaena leucocephala
Growth: At the age of 3 years, out of 4 pollarded subabul (Leucaena leucocephala)
selections, the best survival (96.2%) was obtained by selection S-10 in both 4x4 m and 2x2 m
spacing. Maximum height (647 cm) was observed in S-10 in 4x4 m spacing. The collar
diameter (7.7 cm) and diameter at breast height (5.8 cm) was also found better in S-10 in the
same spacing at 1.5 m pollarded height. The total above ground biomass (18.52 t/ha dry) and
leaf biomass (7.4 kg/tree dry) was found maximum in selection S-10 at the pollarded height
of 1.5 m in comparison to 2.0 m height, in 2x2 m spacing.

Coppice growth: Coppice shoots were observed in all 4 selections viz. K636, S10, S22 and
S24 after pollarding at 1.5 m and 2.0 m height. Maximum number of coppice shoots and pod
bearing shoots were 10 and 5 per plant respectively, in variety K636 in 4x4 m spacing.
Maximum height (317 cm) was observed in selection S22 in 2x2 m spacing while maximum
basal diameter was recorded in selection S10 (2.9 cm) in 4x4 m spacing at 2.0 m pollarding
height.

Established pasture
Diversity of AMF in grasses and their role in forage production

Rhizosphere soils of fifteen grasses were collected at two growth stages i.e. active growth
(June to September) and flowering stage (October to January). Maximum arbuscular
association (239.4 ± 7.40) was recorded with Cenchrus ciliaris followed by Heteropogon
contortus (223 ± 7.11), Panicum maximum (208.8 ± 5.67) and Iseilema laxum (206.4 ± 4.67).
Among arbuscular mycorrhiza, Glomus species association was highest followed by
Gigaspora.  Frequency of Acoulospora and Scutellospora was variable in respect of
association with root of different grasses (Table 12).

Studies on microflora in silvi and hortipasture system
Rhizosphere soil samples of Aonla based system showed higher microbial (fungi, bacteria
and actinomycetes) population from grass rhizosphere as compared to tree.  Maximum
population of fungi, bacteria and actinomycetes (6.26, 100.57 and 93.99) respectively was
isolated in September from Cenchrus ciliaris followed by Stylosanthes seabrana (3.25, 91.95
and 88.80) and Aonla (3.06, 36.93 and 27.95).   Microbial population started decreasing from
October till June and again started increasing after onset of monsoon.  Similarly in Bauhinia
based system maximum microbial population was recorded from Cenchrus ciliaris followed
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by Bauhinia, Chrysopogon fulvus and Stylosanthes rhizosphere soil in the months of July and
August.

Table 12: Mycorrhizal species associated with rhizosphere soil of different grasses

Mycorrhizal spore per 100 gram soil Mycorrhizal species (%)
Name of grass Active growth

stage
Flowering
stage

Glom
us

Gigasp
ora

Acaulo
spora

Scutello
spora

Unide
ntifie
d

Cenchrus ciliaris 239.4  ± 7.40 105 ± 3.16 47 22 13 8 10
Panicum  maximum 208.8 ± 5.67 95 ± 5.10 39 26 11 8 16
Chrysopogon  fulvus 153.4 ± 6.11 64.2 ± 3.77 45 20 16 8 11
Pennisetum pedicellatum 177.4 ± 7.23 71 ± 2.74 31 25 13 13 18
Andropogon  gayanus 146.2 ± 7.05 62.2 ± 4.32 42 40 8 6 3
Heteropogon contortus 223 ± 7.11 106.6 ± 6.80 35 44 8 4 9
Bothriochloa intermedia 116 ± 9.77 42.6 ±3.65 49 27 6 8 10
Paspalum notatum 154.2 ± 5.22 69 ± 5.57 33 42 8 7 9
Iseilema laxum 206.4 ± 4.67 89 ± 6.08 33 36 9 10 12
Brachiaria brizantha 110 ± 7.81 53.2 ± 3.56 34 47 8 7 4
Chloris gayana 157.8 ± 3.96 61.4 ± 7.16 34 27 10 11 18
Setaria  sphacelata 139.2 ± 5.89 50 ± 6.20 31 40 5 14 10
Cenchrus setigerus 231.6 ± 6.19 103. ± 86.38 47 18 10 7 19
Sehima nervosum 190.4 ± 6.19 77.2 ± 7.79 45 24 11 9 11
Vetiveria zizanoides 186.8 ± 4.32 75.4 ± 5.55 29 36 11 9 15

Growth and production modelling of selected annual fodder crops
Information on hyperspectral reflectance of dual purpose sorghum was collected at regular
interval with sample plots representing the crop at flowering stage, with sparse germination,
as well as with good healthy growth. Data was collected at 50 DAS, at physiological maturity
and before harvesting. The mean reflectance at 3 crop stages clearly suggests different crop
conditions (Fig. 32a).  Leaf samples were also collected to study the photosynthetic pigments.
The NDVI was calculated using the formulae NDVI = (NIR - VIS/NIR + VIS, where
wavelength of VIS was 600-700 nm and NIR was 700-900 nm. The relation between
calculated spectral index (NDVI) and ratio of chlorophyll A&B were analysed through scatter
plot. It shows an increasing trend in pigment content with the increase in NDVI values (Fig.
32b).

Fig. 32a.  Wavelength vs reflectance at 3 crop
stages

Fig. 32b.  Scatter plot of ChlA/ChlB vs NDVI
(670,800)
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Five released varieties of Oat, namely JHO-851, JHO-99-1, JHO-99-2, JHO-2000-4 and
JHO-822 were selected for recording hyperspectral data. The data were collected 3 times at
around 45, 65 and 95 days after sowing. The difference in reflectance at these 3 stages is
presented in Fig. 32c. The scatter plot between the ratio of measured Chl A and Chl B and
reflectance at 680 nm wavelength suggests a good positive correlation (Fig. 32d).

3.3.3. Sustainable silvipastoral systems for rangelands/ wastelands

Bauhinia and Leucaena based silvipasture system
Tree growth performance: After five years of establishment in silvopasture system
Leucaena leucocephala (S-24) exhibited better survival (73%) and growth performance
(Height-6.6 m, collar diameter-10.28 cm, d.b.h.-8.29 cm and canopy diameter-3.93 m) as
compared to Bauhinia malabarica (survival-44%, height-4.32 m, collar diameter-9.78 cm,
d.b.h.-6.65 cm and canopy diameter-2.95 m).

Pasture production: Pasture combination of Cenchrus ciliaris and S. hamata produced 5.49
DM T/ha forage under Bauhinia silvopasture and 3.98 DMT/ha under Leucaena silvipasture
where as Chrysopogon fulvus with S. seabrana produced 4.65 DM T/ha under Bauhinia and
4.83 DMT/ha under Leucaena silvipasture system.

Leafy fodder: By pruning 0.44 DMT/ha leafy fodder was obtained from Bauhinia
malabarica trees and 0.520 DMT/ha leafy fodder from Leucaena trees in their respective
silvopasture systems. Sesbania sesban hedge produced 0.73 DMT/ha leafy fodder and L.
leucocephala hedge produced 1.13 DMT/ha when clipped at 1.0 m height.

Changes in soil nutrients status: After five years of establishment of silvopastures,
Leucaena based silvopasture exhibited more enhancement in organic ‚C€ (8.9 %  at 0-15 cm
and 20% at 15-30 cm soil depth) as compared to Bauhinia based silvopasture (2 % at 0-15 cm
and 16.37 % at 15-30 cm soil depth). Similar trends were recorded with respect to available N
and K at both of the soil depths whereas available P was higher at 0-15 and lower at 15-30
cm soil depth (Table 13).

Fig. 32c.  Wavelength vs reflectance at 3 crop stages Fig.32d. Scatter plot of ChlA/ChlB vs reflectance (680)
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Table 13: Changes in soil nutrients status after five years of establishment of silvopastures
Silvopasture
s Initial nutrients status

Final nutrients status
(*changes in %)

Org. C
(%)

Avail. N
(kg/ha)

Avail. P
kg/ha)

Avail. K
kg/ha)

Org. C
(%)

Avail. N
(kg/ha)

Avail P
(kg/ha)

Avail. K
(kg/ha)

Soil depth 0-15 cm
Bauhinia 0.42 206.183 15.667 237.358 0.429

*(2.0)
254.749

(23.5)
15.963

(2.0)
346.715

(46.0)
Leucaena 0.38 197.008 14.663 189.908 0.414

(8.9)
249.523

(26.6)
16.620
(13.3)

306.022
(61.0)

Soil depth 15-30 cm
Bauhinia 0.41 200.150 14.651 357.333 0.468

(16.4)
243.303

(21.6)
13.033

(-7.9)
352.576

(-1.3)
Leucaena 0.372 187.550 14.964 210.933 0.447

(20.0)
235.967

(25.8)
13.404
(-10.4)

329.168
(56.0)

Hardwickia binata based silvopasture system
In fourth year of experiment, intercropping of Panicum maximum with Stylosanthes hamata
recorded significantly higher dry forage yield (8.16 t/ha) as compared to intercropping of
Chrysopogon fulvus with S. hamata (5.92 t/ha) and Cenchrus ciliaris with S. hamata (7.12
t/ha) in association with H. binata. Height and collar diameter of Hardwickia binata (3.02 m
and 6.70 cm) were increased significantly by the construction of staggered trenches as
compared to control treatment (without bund and trenches 2.75 m and 6.09 cm) respectively
(Table 14).

Table 14: Growth of Hardwickia binata and forage yield under different treatments

Treatments
Hardwickia binata Dry forage yield (t/ha)

Height
(m)

Collar
diameter (cm)

Grasses S. hamata Total

Intercropping
C. ciliaris + S. hamata 2.91 6.54 5.89 1.23 7.12
C. fulvus + S. hamata 2.78 6.60 4.09 1.83 5.92
P. maximum + S. hamata 2.87 6.04 7.44 0.72 8.16
CD (P=0.05) NS 0.51 0.16 0.13 0.19
Moisture conservation measures
Control (without bund & trenches) 2.75 6.09 5.10 1.11 6.21
Trench 3.02 6.70 6.05 1.27 7.32
Bund 2.80 6.40 6.28 1.40 7.68
CD (P=0.05) 0.19 0.51 0.16 0.13 0.19

Round the year top feed management system
All four tree species, showed more than 88% survival. Mean plant height of Ficus infectoria
was 114.25 cm with mean collar diameter of 2.69 cm. Similarly, plant height and collar
diameter of Madhuca latifolia, Morus alba and Acacia nilotica were 60.19 and 1.43, 178.66
and 2.83, and 180.76 and 2.97 respectively.  Maximum 1.34 kg per plant from prune tree was
obtained from Morus followed by Acacia (1.32), Ficus (0.42). Maximum forage production
(11 to 20.5 t/ha green forage) was obtained from guinea followed by Chrysopogon fulvus (7
to 15 t/ha), Clitoria (7.33 to 11.33 t/ha) and Stylosanthes seabrana (5 to 6.83 t ha)
respectively (Table 15).
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Table 15: Growth parameters of fodder trees and green fodder production from grass and legumes

Hardwickia binata based three tier silvopasture systems
In first year of experiment, survival of Hardwickia binata and all the three shrub species was
more than 97%. Among shrub species Ziziphus mauritiana recorded significantly more height
(51.96 cm) compared to Acacia catechu (23.30 cm) and Ziziphus xylopyrus (18.73 cm).
During first year mean height of H. binata was 35.01 cm and was not affected significantly
by different treatments.
Estimation and validation of biomass model of selected fodder tree and shrub species :
The data, collected in National Carbon Project (NCP) for Vegetation Carbon Pool
Assessment (VCP) under ISRO Geosphere Biosphere Program (IGBP), containing different
biometric or physiological characters of several tree and shrub species grown at different
districts representing the Central Highland physiographic zone of Uttar Pradesh and Madhya
Pradesh is being used as secondary data. This data base is rearranged according to the need of
the current project and the tree and shrub species grown at selected districts (like Chhattarpur,
Vidisha, Datia, Guna, Banda, Hamirpur, Jhansi etc.) of MP and UP are classified according to
their NDVI values.

Evaluation of Neem based silvi-pastoral systems at Aviknagar
Neem based silvipastoral system with Cenchrus ciliaris and Stylosanthes hamata was
evaluated under polythene mulch and different row ratio in semi-arid region. Significant
difference was observed in plant height, collar diameter, diameter at breast height, canopy
spread, green foliage and protein yield of neem due to application of polythene mulch over no
mulch. The tree growth characters were not influenced significantly by intercropping of
pasture crops. The tree canopy was spread 6% more in N-S direction over E-W direction.
Over all 41-42% more foliage yield of neem tree was obtained in the mulch treatment over no
mulch. Plant height of C. ciliaris was maximum in the row ratio of 1:2 while green fodder,
dry fodder and protein yield was more under 2:2 row proportion. The plants of S. hamata
attained greater height under the row proportion of 2:2, however, green, dry fodder and
protein yield was more in row ratio of 1:2 (Table16).
The rainfall use efficiency was recorded higher in C. ciliaris + S. hamata (2:2) followed by
A. indica with polythene mulch + [C. ciliaris + S. hamata (2:2)] and A. indica + [C. ciliaris +
S. hamata (2:2)]. The production efficiency (PE) was greater in A. indica with polythene
mulch + [C. ciliaris + S. hamata (2:2)] followed by A. indica + [C. ciliaris + S. hamata (2:2)]
and C. ciliaris + S. hamata (2:2). The highest net returns and benefit: cost (B:C) ratio was
under A. indica with polythene mulch + [C. ciliaris + S. hamata (2:2)] followed by A. indica
+ [C. ciliaris + S. hamata (2:2)] and C. ciliaris + S. hamata (2:2). Thus it was concluded that
C.  ciliaris + S. hamata grown in 2:2 row ratio under neem plantation with polythene mulch
was most productive and remunerative forage production system.(Fig. 33).

Growth parameters Pruned
fodder
weight

(kg/ tree)

Average green fodder production under different
tree combination (t/ha)

Tree Plant
height
(cm)

Collar
diamete
r (cm)

Surviv
al (%)

Chrysopog
on fulvus

Panicum
maximum

Clitoria
ternatea

Stylosa
nthes
seabran
a

Ficus
infectoria

114.25 2.69 97.69 0.42 10.83 16.33 11.33 6.83

Madhuca
latifolia

60.19 1.43 88.89 0.06 7.33 11.00 7.33 5.50

Morus alba 178.66 2.83 91.44 1.34 7 17 7.5 5
Acacia
nilotica

180.76 2.97 99.77 1.32 15 20.5 10 6
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Table16: Plant height, green, dry fodder and protein yield of Cenchrus ciliaris and Stylosanthes hamata as
influenced by row ratio under neem plantation (mean of 3 years)

Treatment Plant height (cm) Green fodder yield
(kg/ha)

Dry fodder yield
(kg/ha)

Crude protein
yield (kg/ha)

C.
ciliaris

S.
hamata

C.  ciliaris S.
hamata

C.  ciliaris S.
hamata

C.
ciliaris

S.
hamata

T3 69.6 35.0 2391 199 804 74.3 68.4 9.3
T4 76.1 29.6 1384 317 471 105.3 40.0 13.2
T5 71.8 36.0 2734 246 879 75.3 74.8 9.4
T6 78.2 29.1 1599 348 507 102.7 43.1 12.8
T7 67.3 35.3 2990 249 703 60.3 59.8 7.6
T8 73.3 29.2 1721 338 407 96.0 34.6 12.0
SE(m)± 2.00 0.77 263.00 27.30 77.33 8.27 6.58 1.03
CD (P=0.05) 6.08 5.09 785.67 81.33 231.10 24.63 19.64 3.08

T1 A. indica alone; T2 A. indica with polythene mulch; T3 A. indica + [C. ciliaris + S.hamata
(2:2)]; T4 A. indica + [C. ciliaris + S. hamata (1:2)]; T5 A. indicawith polythene mulch + [C.
ciliaris + S. hamata (2:2)]; T6 A. indicawith polythene mulch + [C. ciliaris + S. hamata
(1:2)]; T7 C. ciliaris + S. hamata (2:2); and T8 C. ciliaris + S. hamata(1:2).
Fig. 33. Rainfall use efficiency (RUE), production efficiency (PE) and B:C ratio of the system

Evaluation of Khejri based silvi-pastoral systems at Avikanagar
The non-spiny khejri saplings acquired from CIAH, Bikaner were planted in spacing of 6x6
m with 6 plants in each treatment in kharif 2011. The range grasses viz. Cenchrus ciliaris and
C. setigerus and range legumes viz. Clitoria ternatea and S. hamata were sown in the same
season. The survival percent in khejri plants was poor (61%).

Table 17: Growth parameters of eleven Neem strain during 2011-12 at avikanagar
Neem strain Plant

height (cm)
Canopy spread  (cm) Average canopy

spread (cm)
Stem diameter (cm)

NS EW Collar Breast ht.
Local neem 257 134 132 133 4.2 3.2
Neem strain-1 341 191 186 188 5.8 4.8
Neem strain-2 366 204 202 203 6.5 5.2
Neem strain-3 393 231 225 228 6.9 5.5
Neem strain-4 366 212 200 206 6.1 4.6
Neem strain-5 382 226 209 218 6.7 5.3
Neem strain-6 387 177 170 173 5.5 4.3
Neem strain-7 365 199 196 197 5.9 5.0
Neem strain-8 380 207 201 204 6.7 5.5
Neem strain-9 395 226 215 220 7.0 5.8
Neem strain-10 378 216 207 211 6.4 5.1
Mean 358 202 195 198 6.2 5.0
Sem (±) 16.0 16.1 14.2 14.6 0.29 0.27
CD (5%) 47.1 47.6 41.9 43.1 0.85 0.78
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Evaluation of promising Neem strains under agri-silvi-pasture system at Aviknagar
Avikanagar, Rajasthan in semi arid condition, ten Neem strains obtained from NRCAF,
Jhansi was planted in 2009 under agri-silvipasture system and evaluated for genetic
divergence and to find out suitable strain for this region. Pearl millet (AVKB-19) and
clusterbean (BG-1) as cultivated fodder crops and Cenchrus ciliaris (IGFRI-3108) as pasture
have been used. The C. ciliaris grass could not establish well so data have not been
considered. There was no significant difference for dry fodder and grain yield of pearl millet
and clusterbean under different Neem strains as compared to control (pasture alone). The
average dry fodder and grain yield was 7971and 849 kg/ha for pearl millet and 3344 and 796
kg/ha for clusterbean respectively. Significant difference among the Neem strains was
observed and strain-9 was found best on the basis of all parameters studied viz. plant height
(395 cm), canopy spread (220 cm) and stem diameter (collar 7.0 and breast height 5.8 cm)
followed by strain-3 and strain-5 (Table 17).

3.3.4. Sustainable hortipastoral systems for drylands/ rangelands/ wastelands
Aonla based hortipastoral system with soil and water conservation
During the fifth year of experiment, tree height varied from 2.98-3.45 m. The maximum
collar diameter was recorded with contour staggered trenches (10.5 cm) and minimum in
stone mulch (8.03 cm). Fruit yield was higher in contour staggered trenches (3.41 t /ha)   and
lowest in stone mulch (1.65 t /ha). Pasture dry matter yield ranged from 5.15 to 8.95 t/ha in
different moisture conservation treatments in three cub. Moisture content at both depths (0-15
and 15- 30 cm) under contour staggered trenches was about 40 and 53 per cent higher than
the moisture available in control during the month of October, however, it was 22 and 24 per
cent higher during November 2011 (Table 18).

Table 18: Growth of aonla under different soil and water conservation measures
Treatment Plant growth Fruit

yield
(t/ha)

Dry matter yield ( t/ha)
Height
(m)

Collar dia.
(cm)

Canopy spread
(m) C. ciliaris S. seabrana Total

T1 3.45 10.5 3.36 3.41 7.38 1.57 8.95
T2 3.21 10.3 3.03 3.23 6.60 1.40 8.00
T3 2.98 8.03 2.28 1.65 6.20 1.05 7.25
T4 3.17 9.37 2.81 2.07 5.70 1.15 6.85
T5 2.99 8.66 2.81 2.61 3.95 1.20 5.15
Mean 2.56 9.37 2.86 2.60 5.96 1.27 7.24
CD at 5 % 0.12 0.087 0.14 0.75 0.25 0.15 0.91

T1contour staggered trenches, T2 continuous contour trenches, T3 deep basin stone mulch, and T4

vegetative barrier T5 control

Aonla based hortipastoral system
In the 3rd year, better plant growth (2.7 m height, 6.1 cm collar diameter and 2.1 m canopy
spread) was observed with staggered trenches. Pasture production was 12.4 % higher (9.48 t
DM/ha) with tree association compared to sole pasture (7.62 t DM/ha). Among soil and water
conservation treatments staggered trenches produced significantly higher yield (10.3 t
DM/ha) as compared to sole pasture.

Guava based hortipastoral system with different soil and water conservation
During the 5th year, Latit produced 17 percent higher fruit (3.47 t/ha) as compared to Shweta
(2.96 t/ha). Among soil and water conservation treatments staggered trenches produced
significantly higher fruit yield (3.83t/ha) as compared to control (2.81 t/ha). Forage
production with staggered trenches was significantly higher (8.26 t/DM ha) as compared to
control (7.22 t DM/ha) (Table 19).
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Table 19: Fruit and forage production in guava based hortipastoral system
Treatment Shweta Lalit Pasture

yield
(DM
t/ha)

Height
(m)

Collar
diameter
(cm)

Canopy
Spread
(m)

Fruit
yield
(t/ha)

Height
(m)

Collar
diameter
(cm)

Canopy
Spread
(m)

Fruit
yield
(t/ha)

T1 2.96 8.0 3.56 3.13 3.14 8.56 3.77 3.76 7.70
T2 3.25 8.0 3.58 4.07 3.16 8.73 4.10 4.51 8.26
T3 2.74 7.0 2.99 2.27 2.42 6.23 2.91 2.96 6.49
T4 2.75 7.0 3.07 2.63 2.55 7.22 3.45 2.99 7.22
T5 2.93 7.9 3.3 2.68 2.93 7.32 3.57 3.13 -
T6 - - - - - - - - 6.30
Mean 2.93 7.58 7.58 2.96 2.84 7.61 3.56 3.47 7.19
CD at 5% 0.187 0.07 0.072 0.39 0.17 0.095 0.068 0.46
T1- Vegetative barrier, T2- Staggered trenches,T3 -Stone mulch in basin, T4 -Guava+ pasture without soil and

moisture conservation, T5 -sole guava, T6 -sole pasture

Bael based hortipasture system
During the fourth year, tree height ranged from 2.41-2.85 m in different treatments with
maximum in stone mulch (2.85 m). Collar diameter varied from 5.94• 7.15 cm  with
maximum in stone mulch (7.15 cm). Tree canopy varied from 1.52-1.84 m with maximum in
staggered trench (1.84 m). Forage production was maximum in staggered trench (6.98 t
DM/ha) and minimum in control (5.16 t DM/ha) (Table 20).

Table 20: Growth and forage yield of bael based hortipastoral system
Treatment Tree growth Forage yield (t

DM/ha)Height (m) Collar diameter
(cm)

Canopy
(m)

T1 2.65 6.91 1.84 6.98
T2 2.85 7.15 1.82 5.59
T3 2.48 6.15 1.72 5.73
T4 2.41 5.94 1.52 5.16
T5 2.43 6.34 1.59 ---
T6 --- --- --- 5.25
CD (P=0.05) NS 1.36 NS 1.41
Varieties (Bael)
CISH B-2 2.65 6.68 1.80 5.76
NB-9 2.47 6.31 1.59 5.69
CD (P=0.05) NS NS NS NS
T1 Staggered trenches, T2 Stone mulch, T3 water retaining chemical T4 control (without moisture conservation),
T5 sole bael and T6 sole pasture.

Tamarind based hortpasture system
In third year, tree height varied from 1.49-1.92 m with maximum in staggered trenches (1.92
m), collar diameter ranged from 3.40 • 4.69 cm with maximum in staggered trench (4.69 cm)
and minimum in control (3.40 cm). Tree canopy was maximum in staggered trench (1.49 m)
and minimum in control (0.89 m). Forage production varied from 4.06-5.99 t DM/ha with
maximum in staggered trenches (5.99 t DM/ha) and minimum in control (4.06 t DM/ha.).

Micro flora and microfauna of hortipasture system at Dharwad
Under horti-pasture system, mango leaf hopper Amritodus atkinsoni activity was noticed
during October to January coinciding with the flowering season. Their incidence started
declining after the fruit set. However, sapota leaf webber Nephopteryx eugraphella activity
was seen after the onset of monsoon and during August-September.  Microbial analysis of
farming system block revealed that the soils are poor in beneficial organisms.
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3.5 Seed production technologies
3.5.1 Seed standards and germination enhancement

X-ray radiography-quick method for determining seed setting in grasses
Seed germination is very low in most of the range grasses which is mainly due to low rate of
seed setting during seed formation. Soft x-ray radiography method was used for
determination of filled and unfilled seeds. Filled seeds were seen as shining, whitish, while
unfilled or partially filled seeds as dull gray or dark. The seeds of Deenanth grass
(Pennisetum pedicellatum), Guinea grass (Panicum maximum), Anjan grass (Cenchrus
ciliaris), Lampa grass (Heteropogon contortus), Chrysopogon fulvus, Brachiaria decumbens,
Dichanthium annulatum etc. were tested for their filled/ unfilled status (Fig. 34). In all the
grasses, filling ranged from 06 to 44 percent, which was verified by physical dehusking
method of seed also. Hence, for experiments with large number of samples this method is
reliable and quick.

Fig. 34. Seeds of different grass species: (A) Sehima nervosum, (B) Pennisetum pedicellatum-BD-1, (C) P.
pedicellatum-BD-2, (D) Heteropogon contortus, (E)Cenchrus ciliaris-CAZRI-2178, (F)C. ciliaris-
CAZRI-75, (G)Panicum maximum € BG-2, (H) P. maximum € BG-2-DC.

Hormonal treatment in Guinea grass:
External application of IAA @ 25, 50 and 100
ppm at inflorescence emergence stage in
Panicum maximum (var. BG-2) was found to
substantially increase germination. It indicated
that  auxin (IAA) improves formation of pure
germinating seeds resulting in improved
germination. Maximum germination (45 %)
was recorded with 100 ppm dose of IAA.

Seed setting in Dinanath grass:
Number of florets per panicle and number of florets with well developed seeds was counted
manually in the two released varieties BD-1 and BD-2 which were distinctly marked for
single floret and three florets per sessile spikelet respectively. The percent of well developed
seeds per panicle was found to be 96% and 92% in BD-1 and BD-2 varieties respectively.
However, interestingly when the seed was harvested along with fluff (normal harvesting
practice) at maturity by gentle tapping of panicles, only 20-60 % of fluff were observed to

DCB

HGFE
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have the seed inside which was also revealed by soft X-ray radiography. The naked seeds i.e.,
without fluff  obtained showed 93% germination. Thus, formation of pure germinating seed
(PGS) in Deenanath was found to be >90%. While studying the reasons for less PGS in bulk
harvest, it was observed that a lot of PGS is being dropped during harvesting due to its floral
structure. Thus the stage of harvest at physiological maturity is very crucial in optimizing
recovery of PGS. In this context it is necessary to develop physiological and harvesting
maturity indices for bulk harvesting of Deenanath grass.

Fig. 35. Deenanath grass seed: A. with fluff; B. without fluff; C. Single floret of var BD-1;  D. Single floret
of var BD-2; X ray radiograph of BD-1 (E) and BD -2 (F).

Germination in Lasiurus scindicus
The preliminary studies on duration of germination test indicated that the seed germination
was complete in 12 days as measured in terms of radical emergence equal to length of the
seed in both single and triple floret seeds. Further germination studies seeds on husked and
de-husked seeds showed higher germination percentage, speed of germination and coefficient
of rate of germination (CRG) in dehusked seeds where as the mean germination time is more
in case of husked seeds (Table 21). The coefficient of uniformity of germination (CUG) is
almost similar in both the types. The lower rates of germination percentage, CRG and speed
of germination along with increased mean germination time in dehusked seeds may be due to
highly compact structure of triple floret husked seeds as well as absence of caryopsis in some
of the fluff.

Table 21: Germination parameters of dehusked and husked Lasiurus seed
Seed type Germination

%
Speed of
germination

Mean germination
time

CRG CUG

Dehusked 48 57.5 8.69 11.5 0.096
Husked 34 28.9 9.47 10.6 0.109

Seed yield potentiality of different Lucerne cultivars at Dharwad
In 3rd year of experimentation, the mean number of pods per plant (12.23) and highest seed
yield per plot (379.5 g) was recorded in cv. Anad-3 sprayed with Boron @ 150 ppm
compared to control treatment. The highest seed yield per plant was recorded in RL-88
sprayed with KNO3 followed by Boron spray. In general, spraying of micronutrients (Boron
and KNO3) has increased the seed setting and seed yield per plot over control.

Seed germination in range legumes at Dharwad
The seeds of six range legumes were subjected for purity analysis and germination tests on
top of paper (TP) and between papers (BP) (Table 22).
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Table 22:  Physical purity and germination in different range legumes

Species Purity (%) Germination (%)
BP TP

Macroptilium atropurpureum 97.5 55 50
Stylosanthes scabra 70.0 36 25
Stylosanthes guianensis 85.0 65 38
Stylosanthes seabrana 75.0 38 30
Desmanthes virgatus 96.50 32 25
Clitoria ternatea 98.0 59 45

3.5.2. Seed storage  and disease pest
Effect of pesticides for major pest and pathogens in stored seeds:
The seeds of two varieties each of cowpea (BL-1 and BL-2) and sorghum (PC-6 and PC-23)
were stored after treating them with fungicides and insecticides including botanicals. In third
year of storage, it was observed that the 3 different doses of Benomyl, TMTD, Carbandazim,
Malathion, Imidacloprid & Deltamethrin provided better results than the untreated control.
Best result was obtained in 0.25 percent carbandazim treatment where 75.1, 80.4, 75.1 and
78.2 percent seeds were found protected from the fungi in cowpea BL1, BL2 and Sorghum
PC6 and PC23 varieties respectively. Among the insecticides, Imidacloprid @ 0.6ml/kg
better protected the stored seeds from bruchids in cowpea (83.4 and 84.6 percent in BL-1 and
BL-2) and beetles in sorghum (78.2 and 80.4 percent in PC-6 and PC-23). The botanicals
were found least effective for controlling the pests in 3rd year of storage. Seed germination
was also affected by the protectants which resulted in increased seedling length and vigour
(Table 23).

Table 23: Effect of fungicides and Insecticides including botanicals for major pest and pathogens in
storage seeds of cowpea and sorghum

Crop/
Variety

Para
meter
s

Benomy
l
@0.25
%

TMTD
@
0.25%

Carbenda
zim @
0.25%

Malathio
n @
2.0g/kg

Imidaclopri
d @
0.6ml/kg

Deltameth
rin @
40ml/kg

Neem
Leaves
@ 5g/kg

Parthen
ium
leaves
@ 5g/kg

Contro
l

Cowpea
/BL1

A 73.7 74.2 75.1 73.4 76.8 75.4 63.8 60.4 56.2
B 71.8 72.4 72.8 78.2 83.4 78.6 65.4 61.8 52.6
C 70.2 70.8 72.4 78.3 81.6 80.2 60 58.2 50.4
D 14.7 15.2 15.8 16.1 16.6 16.6 14.6 14.4 13.6
E 1031.94 1076.16 1143.92 1260.63 1354.56 1299.2 876 838.08 685.44

Cowpea
/BL2

A 76.8 78.8 80.4 79.4 82.6 79.8 68.8 64.2 63.2
B 74.6 75.8 75.4 80.3 84.6 80.6 66.8 61.6 60.4
C 76 76 81 80 83.2 80 65.4 60.2 60
D 15.9 16 16.3 16.4 16.6 16.8 15.2 13.7 13.8
E 1208.4 1216 1320.3 1312 1381.12 1344 994.08 824.74 828

Sorghum
/PC6

A 70.7 72.2 74.2 75.5 75.6 75.4 60.4 60.2 52.2
B 72.1 71.3 75.1 74.8 78.2 76.8 62.6 57.4 50.4
C 70 70 73 72 77.8 74.2 60.4 55.6 50
D 14.8 14.8 15 16.1 16.6 16.1 14.6 13.8 13.5
E 1036 1036 1095 1159.2 1291.48 1194.62 881.84 767.28 675

Sorghum
/PC23

A 72.5 76.8 78.2 74.4 77.6 76.8 66.2 62.2 56.8
B 73.4 79.8 80.3 76.4 80.4 78.6 64.6 60.8 56.2
C 74.2 75 76.4 76.8 78.8 78.2 62.2 60.8 55.8
D 15.2 15.3 15.8 16.3 16.4 16.3 14.2 13.3 13.4
E 1127.8 1147.5 1207.1 1251.8 1292.3 1274.7 883.2 808.6 747.7

A-Percent seeds protected from fungi,       B-Percent seeds protected from insect-pests,      C-Percent
germination,      D-Seedling length (cm), E-Seedling vigour index Carbendazium • Active ingredient • 50% ai,
TMTD • 70% ai, Benlate • 50% ai Malathion • 5% ai., Imidacloprid-17.8% a.i., Deltamethrin-2.8% a.i.
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Detection of pest-pathogen infestation in seeds using soft x-ray radiography
To find out the insect infestation seeds was exposed to soft x- ray beam and viewed on the
monitor/screen simultaneously. The seeds infested with insect pest were seen as dark or dark
brown and the healthy ones as shining white (Fig.1). The infestation and presence of insect in
the seeds were confirmed with Lacto phenol test. Maximum seed infestation (20.0%) was
recorded in Lucerne (Medicago sativa) and Berseem (Trifolium alexandrium var. wardan,
19.0%) while minimum 8.0% was observed in Berseem (T. alexandrium var. JHB-146)
followed by 10.0% in Neel (Indigofera astragonaloba). Pest infestation in other forage
legumes was recorded between 11 to 18%.

Fig. 36. Forage legume seeds as seen on computer screen after exposing in X-rays showing pest infested and
healthy seeds, (A) Indigofera astragonaloba, (B) Medicago sativa, (C) Trifolium alaxandrinum (Berseem-
wardan-), (D) Clitoria ternatea

3.5.3. Seed quality studies in subabul
Fruit and seed characteristics of subabul varieties
The fruit and seed morphology of three major varieties of Peruvian type of subabul viz., K8,
K636 and S24 was studied in 5x4m spacing. In the fifth year of establishment, significant
variations among fruit length, fruit width, number of seeds/fruit, seed length, seed width and
test weight, were observed among the three varieties. The K-8 variety has significantly lower
number of seeds/ fruit and seed to fruit ratio than K-636 and S-24. The fruit length, seed
length and seed width were highest in K8 followed by S24 and K 636. No significant
difference was observed in fruit weight and seed weight among the three varieties (Table 24).

Table 24: Fruit and seed characters of varieties of subabool.

Variety Fruit
length
(cm)

Fruit
width
(cm)

Number
of
seeds/fruit

100
seed wt
(g)

Seed
length
(mm)

Seed
width
(mm)

K 8 20.55 2.22 15.29 6.22 9.14 5.87
K 636 17.26 2.03 19.00 5.29 8.52 4.76
S 24 19.31 1.89 17.87 6.32 8.85 5.36

The correlation studies by combining data from all the three varieties have indicated that fruit
length was negatively correlated with no. of seeds/ fruit. The test weight of K 636 was
lowest. This variety was also marked for high seed to fruit ratio indicating that with formation
of large number of seed the test weight is decreased, which was supported by negative
correlation between these two characters. Thus, negative correlation of fruit length and test
weight with number of seeds/ fruit is useful in selecting selecting plants with large fruits and
more test weight.
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3.5.4. Economics of forage seed production
Economics of Berseem (cv Bundel Berseem -2) and Sorghum ( cv MP Chari) forage
production of the marginal farmers in Tikamgarh district of M.P. was analysed. The average
cost of production of Berseem was Rs 36996.12 per hectare. The average forage yield was
1137.33 q/ha. The cost of cultivation was Rs 33 per quintal. Although, in general, the forage
crop is grown for domestic animals in the region, the estimated market value of  produce at
Rs 100 per quintal was found to be Rs 113733.33 / ha. Thus, the B:C ratio was 3.08.
In  forage Sorghum (MP Chari), the average cost was found as Rs. 21410.62/ha. The cost of
cultivation was Rs. 41/quintal. The imputed marketed value of the produce as Rs 100 per
quintal was Rs. 53300.0/ha. The per hectare net return and the B:C ratio was Rs 30889.38 and
2.45 respectively.
The Berseem (Wardan) seed production at Central Farm, showed the average cost of
production as Rs. 54322.27, the average ungraded seed yield as 251.24 kg/ha. Per hectare
gross return, net return and B:C ratio (when green fodder value is taken as Rs 50/q that is cost
of production per quintal) was Rs 564330.78/ha, Rs. 1107.47  and 1.02 respectively. The per
hectare gross return, net return and B: C ratio (when green fodder value is taken as Rs 100/q
that is market cost of produce) was Rs 87197.47/ha, 31874.12 and 1.58 respectively. (Table
25).

Table 25: Economics of forage & seed production in Sorghum & Berseem
Crop variety Cost of

Cultivation
Rs/ha

Gross
Return, Rs/ha

Net return,
Rs/ha

B:C ratio

Sorghum - forage MP
Chari

21410.62 52300.00 30889.38 2.45

Berseem Forage BB-2 36996.12 113733.3 76737.21 3.08
Berseem seed
production

Wardan 54322.27 87197.45 31874.12 1.58

3.5 Farm machinery and post harvest technologies for enhanced forage productivity
and conservation

3.5.1 Development and evaluation of farm machinery
3.5.1.1 Inter Institutional Collaborative Project
Development of a seed drill for berseem (IGFRI, Jhansi and CIAE, Bhopal)

A seed drill was designed, developed and tested for sowing berseem seed in
collaboration with CIAE, Bhopal. Fine fluted rolls were used as metering mechanism for
regulating the seed rate of berseem.  The seed drill was manufactured at IGFRI, Jhansi and
tested rigorously for sowing berseem in rabi 2010 and 2011.

The design of seed drill was finalized taking in to account the crop parameters,
machine parameters and operating parameters. The machine was made mounted type on 3
point hitch system having B type pin, chisel type spring loaded soil opening tines (suitable for
hard rocky terrain operation), separate seed boxes for each metering mechanism, low (40 cm)
metering mechanism height from ground level, a separate fertilizer box with agitator and
power transmissions systems to metering mechanisms and agitators of fertilizer box. The
provision was kept to change the metering mechanism from fine fluted roll to coarse fluted
roll enabling the seed drill to sow coarse grain like wheat, maize and gram as well as fine
seeds like berseem etc.
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Fig. 37. Berseem Seed drill Fig. 38. Line sowing of Berseem crop

The berseem seed drill was able to sow the seed in row at a seed rate of 10 kg/ha of berseem.
Row to row distance was kept at 40 cm. Average plant stand from 15 places after 15 DAS
was 181.1 per square meter. The line sowing (Fig. 38.) of crop allowed manual weeding in
between two rows of crop. Manual spade weeding was done once at 22 DAS. The average
green fodder yield during 1st cut and 2nd cut was 198 q/ha and 215 q/ha respectively.

3.5.1.2 Forage utilization machinery
Forage hay densification

Movable and field balers operated by 26.1 kW capacity tractor were tested for baling
different crop residues and natural grasses for 2nd consecutive year. Movable baler pulled by
single point hitch of tractor has the advantage to bale at place where material is stored.
Movable baler gets power supply using a flat belt and pulley arrangement attached behind the
tractor and compacts hay material by mechanical ram. Galvanized iron (GI) wire of 3 mm
diameter was used to tie each bale manually inside the machine at two places. Hay material
was fed manually. Field baler makes bales of harvested dry hay/crop residues spread in the
field. A tractor drawn cutter bar fodder harvester harvested the crop and left the cut material
to dry in the range of 8.97 to 11.0 per cent (wet basis) moisture content. Finger and reel
assembly of field baler lifted the hay material from the field and feed it in the slider path of
compression drum while operation. The height of rolling finger from the ground level was
adjustable during operation using double action hydraulic control valve of tractor. Field baler
was hinged with single point hitch of tractor and simultaneously power was fed from the PTO
shaft of tractor. While operation, the baler was put in rear offset of tractor using hydraulic
system. The field baler was also operated in the stationary condition where the material was
fed manually in to the finger and reel mechanism from the heap of hay material near baler.

Maximum capacity of machine
(number of bales/h) were observed with
natural grasses followed by mixture of
natural grasses and sorghum hay, mixture of
natural grasses and maize and stylo legume
(Table 26). For a single material (natural
grasses), field baler in moving condition
bales maximum number (806 bales per h) of
bales with a capacity of 92 q/h. Maximum
density (109.6 kg/m3) of bale was achieved
by field baler in stationary condition in case
of natural grasses followed by field baler in
moving condition (109.3 kg/m3) and movable

Fig. 42. Mixed herd grazing in silvopasture
system

Fig. 39.   Field baler in operation
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baler (105.4 kg/m3).  Fuel consumption was more (3.5 l/h) with field baler in both moving
and stationary condition compared to that of movable baler (3.0 l/h). Manpower requirement
for movable baler and field baler in stationary condition was maximum (5 nos.) including
tractor driver (Table 27).

Table 26: Number of bales formed per hour and their average weight by baling machines
S
No.

Crop Av.
moist
ure,
%

(wb)

Movable baling
machine

Field baler in moving
condition

Field baler in
stationary condition

No. of
bales/h

Av.
weight of
bale, kg

No. of
bales/h

Av.
weight of
bale, kg

No. of
bales/h

Av.
weight of
bale, kg

1. Natural grasses 9.89 142 12.4 806 9.8 502 10.1
2. Sorghum hay with

natural grasses
10.32 142 11.9 809 10.8 451 9.8

3. Maize hay with
natural grasses

10.86 136 11.7 786 10.8 462 11.1

4. Stylo legume hay 8.97 84 5.4 454 5.2 480 6.2

Table 27: Attributes of operation for densification of natural grasses
Particulars Movable baling

machine
Field baler in moving

condition
Field baler in

stationary condition
Average density, kg/m3 105.4 109.3 109.6
Compaction ratio 2.62 2.72 2.73
Fuel consumption l/h 3 3.5 3.5
Man power requirement 5 2 5
Average number of bales formed /h 142 806 502
Average baling capacity, q/h 16 92 62

3.5.2 Post harvest practices and storage system of feed and fodder resources Post
harvest activities in Sikkim

A survey was conducted in Gairy Gaon and Lower & Upper Assam Lingzey villages
of East Sikkim District and Tarku and Temi villages of South Sikkim to know the post
harvest activities of farming community in the Sikkim.
Post harvest Operations: Maize and rice are the important cereal crops grown in Sikkim.
Paddy crop were harvested manually using serrated sickles and bundles of approximately 5kg
(full of hand) is made, gathered and stacked one over another in round shape by making a
large heap in open field having capacity range of 200-500kg. The stored crops are threshed in
later months by bullock trading. After threshing the grains are collected, dried and stored.
The crop residues (paddy straw) are stored on ground along with a bamboo pole or a tree in
the center without any protection from weather. Few farmers also stacked them on raised
wooden (made by bamboo or wooden planks) platforms using the height of the terraces in
one side and two supporting bamboo poles on another side. In maize crop the cobs are
manually harvested, the cover is partially opened to tie 5-6 cobs together and hanged on
boundary/ balcony of their houses. The grains are separated from the dried cobs by beating
and grits or flour is produced as per weekly requirement. The harvested green plant of maize
is fed after chopping whereas dried stalk of maize is used as fuel. Paddy straw was used in
feeding and bedding of the cattle. Interaction indicates that the agricultural operation in the
Sikkim are performed on sharing basis in all the villages and always start from the farmers
staying in the lower hill.

In Sikkim, animals are fed with green materials viz. vegetable wastes, tree leaves,
roots, fruits and tender stem of banana or from forest resources. These materials are carried
from the forest on their back 3 times in a day in a bamboo basket weighing 30-50kg and
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chopped using chaff cutter (power/manual) or a special hand operated cutter similar to a
nutcracker or an axe. The chopped green feed material along with oil seed cake, maize and
other coarse grain grits/concentrates/cattle feed are cooked in a ‚Pan€ on ‚chulha€ placed
separately in another room/shed and fired by the forest wood. Many farmers couldn€t reply
the reason behind it except some of them told this as traditional practice or increased
palatability/ digestibility. Use of dry crop residues as a feed material is not uncommon though
they fall short and generally straw of paddy and ragi are being used extensively that too
limited to 2-3 months only. Wheat straw feeding was not seen in Sikkim.
Cattle shed management and manure preparation: Cattle shed is made up of tin shed and
is well organized at every farmers€ house in view of place of feeding, cooking, chaffing,
placement of dry and green feed materials and fuel wood and the disposal of solid and liquid
wastes. The cow urine is channelized to either a urine pit separately or into the manure pit.
The solid waste is swept from the cattle shed into the manure pit either constructed by
digging the pit along the complete length of the shed or if it is at height, the height of the
terrace along the length of the shed is used to make the pit. The manure is carried in a basket
on the back supported by a strip on the forehead from the cowshed to their agricultural fields.
Two storied cattle shed cum fodder storage shed is constructed with wooden planks roofing
for cowshed and tin shed for the safety of fodder.

3.5.3 Nutritional quality assessment of stored crop residues
Storage of fodder bales
Bales of Khejri leaf (70%) + Cenchrus straw and Cenchrus straw were made by mobile
baling machine at regional research station, IGFRI, Avikanagar (Rajasthan) and were stored
under room condition. Samples of loose and baled material were taken and analyzed to assess
the change in the quality during storage. CP content of Cenchrus grass in both baled and
loose form remains similar (Table 28) after six months storage. In case of  khejri leaves, the
CP content was constant (15.24 vs 15.16%) in densified form and moderately deteriorated in
loose form (15.22 vs14.31%) during storage.

Table 28: Storage study of grass bales at IGFRI regional station Avikanagar
Feed resources Moisture% CP EE CF NFE NDF ADF Ash

June, 2011
Cenchrus straw (Baled) 5.82 5.27 2.73 26.55 55.75 66.41 48.74 9.70
Cenchrus straw (loose) 5.85 5.25 2.73 26.48 55.85 66.45 48.77 9.69
Khejri leaf (baled) 8.33 15.24 3.21 17.14 53.59 47.23 35.44 10.82

Khejri leaf (loose) 8.71 15.22 3.22 17.16 53.51 47.29 35.41 10.89
Feed resources Moisture% CP EE CF NFE NDF ADF Ash

December, 2011
Cenchrus straw Baled 7.43 5.13 2.72 26.67 55.76 66.92 48.76 9.72
Cenchrus straw loose 7.62 5.07 2.73 26.70 55.80 66.91 48.82 9.70
Khejri leaf baled 8.22 15.16 3.20 17.23 53.53 47.26 35.44 10.88

Khejri leaf loose 9.31 14.31 3.21 17.86 53.69 47.35 35.41 10.93
CP= Crude Protein, EE= Ether Extract, CF=Crude Fibre, NFE=Nitrozen free Extract, NDF= Neutral Detergent
Fibre, ADF= Acid Detergent Fibre

3.5.4 Development and testing of berseem € chicory seed separator
Pneumatic type seed grader developed and preliminary test conducted at CIPHET, Ludhiana.
The capacity of machine was 51kg/h with highest recovery in Outlet2 having 75% purity. A
prototype on the principle of rolling resistance was also designed and is under fabrication at
CIPHET, Ludhiana.
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3.5.5 Evaluation of water resources for efficient utilization
Evaluation of water resources of central research farm-IGFRI Jhansi was planned in a micro
watershed mode. The study area delineated with the help of Shuttle Radar Topographic
Mission, 90m x 90m grid data downloaded from CGIAR web site. This Micro-watershed
located between 25029€45„ N to 25033€25„ N latitude and 78030€20„ E to 78035€05„ E
longitude and covers an area of 2167.25 ha including central research farm of IGFRI. The
Pahuj River, a tributary of Sind passes in the middle of the micro watershed from south end
to north. A canal network also lying in the study area. The contour height ranges from 206 m
to 241 m above mean sea level (MSL) and the general slope varies from south to north
direction. The region is characterized as hot semi arid eco region with average annual rainfall
of 890 mm, which is mainly received during southwest monsoon period. Soils of the zone are
predominantly mixed red and black and in some patches alluvial. The land utilization pattern
in the region is 20% area under double cropping, 40% in Kharif, 30% exclusively in Rabi and
rest in grasslands, shrubs, fallow etc.,

3.6. Plant animal relationship

3.6.1. Evaluation of organic livestock production system
Organic milk production   programme was continued after the standardization of organic
protocol and processes for organic feed and fodder production. Indigenous cattle viz.,
Tharparkar, Sahiwal and Gir were incorporated in the system considering their wide
adaptability and disease resistance.

Soil status under organic conversion of conventional field
Benchmark profiles of soil were taken for available NPK and soil mineral.  Soil was clay
loam with water holding capacity of 49.08% in organic soil and 42.21% in inorganic soil.
Soil pH was reduced in inorganic fields after five years of organic fertilization (Table 29).
Nitrogen &  Organic C (%) increased in the organic field while  in the inorganic system it
reduced. Available K content increased in both the fields after five year of production.
Increase in available soil minerals was more in organic fields than inorganic fields.

Table 29: Soil status of field after five years of organic fertilization

Attributes Organic field Inorganic field
Initial After 5 years of

organic fertilization
Initial After 5 years of organic

fertilization

pH 7.45 7.46 7.71 7.03

EC(dsm-1) 0.17 0.13 0.18 0.08

Org. C(%) 1.129 1.360 1.101 0.787

Avl.N (kg ha -1) 335.4 359.31 308.10 276.09

Avl.P (kg ha -1) 12.18 16.67 10.89 17.62

Avl K(kg ha -1) 151.2 423.50 145.6 400.92

Avl S (ppm) 12.56 13.66 11.21 11.66

Avl Ca (ppm) 0.279 0.309 0.267 0.279

Avl Mg (ppm) 13.27 17.88 13.12 17.06

Avl Zn (ppm) 0.978 1.228 0.923 1.033

Avl Cu (ppm) 0.776 0.836 0.756 0.980

Avl Fe (ppm) 24.29 34.06 26.35 30.80

Avl Mn (ppm) 11.29 13.53 11.09 11.13
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Crop rotation and fodder production
In organic field, nutrients (Table 30) were supplied through FYM and Vermicompost on the
basis of NPK requirement as per recommendation.  In inorganic field, required NPK were
applied through urea, SSP and DAP. Standard seed rate and sowing process were followed in
the all fields.

Table 30: Quality of compost

Compost N (%) P (%) K (%) Mg (ppm) Fe (ppm) C (ppm)

Vermicompost at
5 week

1.68 1.18 0.66 66 8.6 9.4

FYM at 3 month 0.87 .036 0.04 68 9.4 9.5

Round the year feed and fodder was ensured following the crop rotation viz.  Maize + Cow
pea- Berseem -Maize (R1); Sorghum (multicut) - Oat - Sorghum (R2), Guinea+cow pea-
Guinea+Berseem -Guinea  (R3) and for grain with fodder Jowar-Barley • Jowar (R4) starting
from Kharif followed by Rabi and Zaid. Fodder production was higher (15 to 41%)  in
organic system in different crop rotations. Total DM yield were also 10-15% under organic
production than inorganic. The crude protein (CP) content (%) was higher in organic fields
compared to inorganic field for forage like berseem (25.39 vs 22.29), multicut sorghum (7.46
vs 6.03), cow pea (18.69 vs 17.20), maize (10.23 vs 9.92) and guinea (7.62 vs 6.35). (Table
31).

Table 31: Average (5 years) green fodder yield (t/ha) in different crop sequences

Crop sequences Organic system Inorganic system Percent increase

1.Maize+Cowpea-Berseem-Maize 262.42±6.94 185.96±4.24 41.11

2.Sorghum-Oat-Sorghum 173.5±9.23 149.87±8.75 15.76

3. Guinea+Cowpea/Berseem 132.91±9.02 101.06±6.87 31.51

4.Sorghum-Barley-Sorghum 96.5±7.80 &

3.0±0.22 (grain)

83.5±10.12 &
2.7±0.22 (grain)

15.56, 11.1(grain)

5.Sesame+Mustard 1.17±0.12 0.92 ± 0.23 27.0 (grain)

Livestock production
Tharparkar, Gir and Sahiwal cattle were raised solely on produced feed and fodder grown on
organic and inorganic fields. Dietary supplementation of  leguminous fodder as green or
conserved hay/silage reduced concentrate requirements by 30-40%. Tharparkar, Gir and
Sahiwal average lactation yield was 1722.7, 1338.1 and 2007.8 kg, respectively, in organic
group and 1592.1, 1246.9 and 1864.3 kg, respectively under inorganic group  with average
fat  content (%)  of 4.91, 4.08 and 4.40, respectively, without any significant different
between the systems.

Organic certification
Gurgaon Organic system of IGFRI was certified for 4.5 ha organic field, feed and fodder
production by Organic certification agency SGS India Pvt Ltd, (Table 32). Annual organic
milk production will be 29200 lit from 533.75 MT of organic feed and fodder produced from
the system. IGFRI has organic certificate for milk, animal feed and fodder.
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Table 32: Certification characteristics of feed, fodder and milk
Sl no Products & organic code Status Crop/

product type
area Est. Quantity

(MT)
1 Barley whole( 10030090) organic Main 2.50 6.25
2 Berseem(14049090) organic Main 1.00 180.00
3 Berseem(14049090) organic Inter crop - 25.50
4 Cowpea(07089000) organic Intercrop - 9.00
5 Guinea grass( 14049090) organic Main 0.30 42.00
6 Jowar(10082019) organic Main 3.0 195.00
7 Maize fodder(14049090) organic Main 0.50 37.50
8 Mustard(12075010) organic Inter crop - 1.0
9 Oat fodder(14049090) organic Main 0.50 37.50
10 Cow milk Full organic - Organic

cow
29200.00(lit)

3.6.2. Nutritional evaluation
Evaluation of Avena species
Eleven Avena species along with 5 varieties of Avena sativa were evaluated for their CP,
fiber contents and  yield (Tables 33).   CP contents in fodder (50% flowering) from A.
magna, A. sterilis and A. barbata (17.34, 12.49 and 12.44) were higher than the cultivated
varieties of A. sativa (JHO 822, JHO 99-2, UPO 212, Kent 6.98 %).  NDF, ADF, cellulose
and lignin were relatively low in A. magna (58.93, 33.94 28.05 and 3.71), A. sterilis (59.65,
39.42, 33.10 and 4.82) than other Avena species and cultivated varieties of A. sativa (65.52-
71.03, 42.57.45.50, 31.43-38.22 and 4.62-5.97 %), respectively. CP contents in fodder of
Avena species (60 DAS) were higher from A. magna (18.61), A. sterilis (21.62), A.
longiglumis (19.47), A. barbata (20.69), A. fatua (22.02), A. eriantha (20.09) than cultivated
varieties of Avena sativa (13.17-17.42%). CP contents in straw of A. magna (8.54) A. sterilis
(9.02), A. longiglumis (8.32) and A. fatua (9.36) were higher than oat varieties (4.27.7.76 %).
CP in A. magna, A. longiglumis, A. sterilis and others seeds (11.61-14.34) was higher by 1-
1.5 % than the cultivated varieties (10.95-13.2).  NDF, ADF and cellulose contents of seeds
differ widely amongst Avena species than cultivated cultivars.  CP contents in whole grains
of A. magna, A. longiglumis and A. sterilis was lower (7. 57, 12.58 and 9.76) than the seed
without husk (22.13, 13.69%). CP in whole grain and grains/seeds without husks was 10.83,
8.32 and 16.57, 11.25 % respectively in Kent, JHO-822 cultivars.

Table 33: Protein contents of fodder and seeds/grains of Avena species

Species Fodder Seed
60 DAS 50%

flowering
Straw Ground Whole Without husk

A.magna 18.61 17.34 8.54 12.03 7.57 22.13

A. longiglumis 19.47 11.92 8.32 12.28 12.58 23.69

A. sterilis 21.62 12.49 9.02 11.92 9.76 -

A. sativa var. JHO822 14.33 9.31 8.00 11.11 10.83 16.57

A. sativa var. Kent 13.24 6.98 6.98 10.95 8.32 11.25

Green fodder and dry matter yield along with seed yield was significantly lower in different
Avena species than cultivated Avena sativa cultivars. Green, straw and seed yield from A.
magna (2.48, 1.15 and 0.097), A. longiglumis (10.80, 2.13 and 0.313) and A. sterilis (9.90,
2.68 and 0.067) was lower than Kent (14.97, 4.42 and 1.150) and JHO-822 (13.65, 4.20 and
1.160).
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Table 34: Green fodder, straw and seed yield of Avena species

Results revealed that as the green, straw and seed yield of Avena species is lower than the
cultivated oat varieties and CP is low and below production ration level, grains/seeds from
evaluated Avena species cannot be used as replacer of  concentrate mixture.

Evaluation of sorghum stover-oat silage

Fourteen Tharparkar heifers (average weight 138 kg) randomly divided into 2 groups of 7
animals in each, were fed on dry sorghum stover and concentrate mixture based ration
(control T1), while the heifers of group T2 were offered conserved forage prepared by mixing
dry sorghum stover, oat and molasses along with concentrate mixture (58:40:2) for a period
of 90 days (April-July). The results showed heifers (T2) had a higher (p<0.05) roughage
intake (2.40 kg/d) compared to the stover fed group (T1:1.11 kg/d). Higher roughage intake in
T2 resulted in a higher total DMI (4.30 kg/d) than T1 (3.39 kg/d) (Table 35). Nutrient
digestibility was similar between groups except ADF and CF which were lower (p< 0.05) for
stover-based diet (T1). Average daily weight gain was (p< 0.05) higher in T2 (458.73 g/d)
than T1 (357.14 g/d) (Table 8). The cost of feed/kg gain in T1 and T2 were Rs. 70.15 and Rs.
57.10, respectively. Thus the stover-oat silage could be used as summer forage as it has a
positive effect on DM intake as well as average daily gain in heifers during summer.

Table 35: Intake and utilization of nutrients in growing heifers fed stover silage
Parameters T1 T2

Intake of dry matter and nutrients
DM intake (kg/d)* 3.39a 4.30b

Roughage intake (kg)* 1.10a 2.40b

Concentrate intake (kg) 2.29 1.90
DMI % body weight (kg)* 2.46a 2.95b

CP intake (g/d) 406.0 461.2
TDN intake (kg/d) 2.12 2.89
Digestibility coefficient of nutrients (%)
DM 66.08 64.75
OM 67.67 67.28
CP 66.29 61.83
NDF 55.69 56.98
ADF* 49.20a 56.43b

CF* 62.47a 68.69b

EE 75.83 75.89
NFE* 72.28b 68.08a

Plane of nutrition (%)
DCP 7.20 6.68
TDN 65.54 67.53

Avena species Yield kg/ row (2 cuts)
Time of harvest

50% flowering (kg/2
row)

Yield at harvest 2row

GFY DMY GFY DMY Straw Yield Seed Yield
A. magna 1.97 0.25 2.48 0.37 1.15 0.097
A. sterilis 3.70 0.39 9.90 1.48 2.68 0.067
A. longiglumis 5.46 0.71 10.80 1.40 2.25 0.313
A. sativa var. KENT 8.58 1.22 14.97 3.25 4.42 1.150
A. sativa var. JHO-822 7.19 1.02 13.65 4.00 4.20 1.160
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Table 27: Growth performance and feeding cost in heifers fed stover silage

Parameters T1 T2

Initial body weight (kg) 138.14 138.71
Final body weight (kg) 170.28a 180.00b

Weight gain (kg) 32.14a 41.28b

Average daily gain (g) 357.14a 458.73b

Cost of feed/kg gain (Rs.) 70.15b 57.10a

Means bearing different superscript in a row differ significantly (p<0.05)
T1 = sorghum stover and concentrate mix.
T2= Sorghum sttover, oat, molasses (58:40:2)

Macro and micro minerals in Pisum and Lathyrus spp.

Macro (Ca, P and Mg) and micro  (Cu, Zn, Fe, Mn and Co) mineral content of the Batra
(Pisum sativum var. arvense) and Khesari (Lathyrus sativus) samples were analyzed to
determine the adequacy of these minerals for livestock dietary needs of livestock. Calcium
contents were sufficient (0.90-1.54%) to meet the livestock requirements. However, P was
extremely lower (0.05-0.06%) and Mg was marginally lower (0.17-0.18) in both types of
straw samples as compared to their required levels of .022 and 0.20 percent, respectively.
Both the straw samples were deficient in Cu, Zn and Mn, while sufficient in Co to meet the
dietary needs of dairy animals (Table 36). Concentration of Fe in these roughage samples was
many folds higher than its required levels of 50 ppm. From the results it is evident that only
Ca and Co was adequate to meets the dietary needs whereas P, Cu, and Zn were deficit.

Table 36: Macro and micro mineral content of straw
Straw Ca

(%)
P

(%)
Mg
(%)

Cu
(ppm)

Zn
(ppm)

Fe
(ppm)

Mn
(ppm)

Co
(ppm)

Batra (n=7)

(P. sativum)

0.90
+0.01

0.05
+0.00

0.17
+0.00

3.90
+0.13

24.96
+0.06

318.47
+8.37

21.86
+0.54

0.53
+0.04

Khesari
(n=20)
(L. sativus)

1.54
+0.05

0.06
+0.00

0.18
+0.00

5.10
+0.17

26.35
+0.48

365.45
+4.11

22.79
+0.71

0.71
+0.12

Critical

levels*

0.30 0.22 0.20 8.00 30.00 50.00 40.00 0.10

*Mc Dowell et al. (1993)

3.6.3. Anti-quality factors and methane emission
Polyphenolics in top feeds
Leaves from 5 trees/shrubs species viz. Bael (Aegle marmelos), Mahua (Madhuca longifolia),
Chakhedi (Secureneia virosa), Jangal jalebi (Pithecellobium dulce) and Jatropha (Jatropha
curcas) were collected from NRC on Agro forestry, Jhansi in winter season 2011 and
evaluated for chemical constituents (Protein, fiber contents, EE and ash) and plant
polyphenoles (condensed tannins, phenols, proanthocynidines). CP contents (%) were lowest
in Mahua (8.35) and highest in Jangal jalebi (16.42), while NDF, ADF, cellulose and lignin
contents were lower in Bael (27.14, 19.03, 12.46 and 6.72)  and Chakhedi (29.29, 21.40,
16.97 and 4.27) and highest in Mahua (52.08, 34.41, 18.43 and 14.32%). NDF bound protein
(NDIP) was lowest in Bael (28.77) and highest in Mahua (60.32%). J. curcusa, M. longifolia
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S. virosa, A. marmelos and P. dulce were found to contain total phenols as 4.85, 7.75, 8.25,
1.48 and 2.285 % respectively.  The condensed tannins were 163.65, 11.3, 215.65, 46.65, and
7.33 mg/g respectively. The total proanthocyanidins in J. curcusa, M. longifolia, S. virosa,  A.
marmelos and P .dulce were 70.89, 35.13, 181.35, 7.11 and 12.47 mg/g respectively. The
aqueous acetone extract of all 5 plants leaves on column chromatography on sephadex LH-20
separately yielded two types of proanthocyanidins and their efficacy for antimethanogenic
properties is being evaluated.

Methane emission from Indian livestock
Enteric CH4 emission estimation was made from feeding systems (diets) for different animal
functions (maintenance, production and growth) prevailing in different agro ecological
regions (AERs) of India using livestock population 2003. Intake, digestibility and CH4

emission factors were used for ruminant species of different age group determined from
feeding systems/diets.  Animal€s DMI was relatively higher on production diets/feeding
systems than growth and maintenance diets. Intake from diets of AER9, AER6 and AER10
was higher than AER1 and AER8. DM digestibility of production diets was higher and
diets/feeding systems differ in DMD amongst AERs. Methane production (ml g-1) from
production diets in animal species tended to be more than growth and maintenance diets.
Goat produced more CH4 (ml g-1) from diets, while CH4 production from diets of AER4-
AER7 was higher and lower from AER10. Methane production (g kg DDM-1) and % energy
loss as CH4 varied significantly amongst diets, animal species and AER. Methane emission
factor (g/d) was highest for male working buffalo stock (189.61) and lowest for female
indigenous cattle < 1y (20.70).  Contribution of female animals stock was more than male
except indigenous cattle where males contributed more (53.60) than females (46.40 %).
Methane emission (Fig. 40) was higher from AER6 (1.57) and AER7 (1.56) and lowest from
AER 10 (0.0 6 Tg). Methane production (Fig. 41) from Indian livestock was 9.10 Tg CH4

form enteric fermentation where contribution of indigenous cattle, crossbred cattle, buffaloes,
goat and sheep was 46.0, 6.46, 41.40, 3.20 and 2.10% respectively.

Fig. 40. Methane emission from Fig. 41. Methane emission from
different agro ecological regions different livestock species

3.6.4. Small ruminant production
Chaya fodder meal as protein source
Twenty-four growing Bundelkhandi goat kids (weighing 9.21 kg) were randomly blocked
according to body weight into 3 groups of 8 animals in each, however for conducting the
digestibility cum metabolism trial 5 kids were selected from each group. All the kids were fed
diets consisting of dry grass and concentrate mixture. In the concentrate mixture of groups T1,
T2 and T3, 0, 50% and 80% crude protein (CP) was replaced with Chaya fodder meal
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(Cnidoscolus aconitifolius). Feed intake (g/kgW0.75) was similar in T1 (60.90), T2 (62.01) and
T3 (61.16). DM, OM, CP, EE and NFE digestibility (%)were higher (p<0.05) in T1 and T2

than T3. Total VFA, and TCA-precipitable-N was higher (p<0.05) in T1 and T2, while reverse
was true for pH and ammonia-N. N balance (g/d) was significantly lower in T3 (1.88) than T1

(3.77) or T2 (3.40). Average daily gain (g) was higher (p<0.05) in T1 (54.17) and T2 (55.70)
than T3 (40.63). It indicated that inclusion of Chaya fodder meal by replacing 50% of total CP
of concentrate mixture did not affect the N balance, however, when over 80% CP of
concentrate mixture was replaced with Chaya fodder meal, the urinary N excretion increased
significantly (p<0.05). It was observed that 50% CP from concentrate mixture could be
replaced by Chaya fodder meal, cheaply without affecting nutrient utilization, rumen
metabolites and growth performance in Bundelkhandi kids.

Mixed herd grazing of sheep and goats
A mixed herd grazing of sheep and goats (Fig.
42) was continued in 9 ha of established
silvipasture stands, comprising of natural,
reseeded and sown pastures of 3 ha each for
evaluation of productive performances as
system. In second year of the study, the soils
of all the three systems (Table 10) were of
lower pH (6.06-6.18) and showed normal salt
concentration. Organic carbon contents were
low (0.44-0.48%). Fertility status of the soil
was poor with less available nutrient contents.
Available nitrogen (<194kg/ha) and
potassium (<123kg/ha) contents were low
whereas available phosphorous content was in
medium range (12.9-14.9 kg/ha).

Natural pasture was dominated by Sehima-Heteropogon grasses, and pasture reseeded with
Cenchrus ciliaris, Cenchrus setigerus and Stylosanthes hamata etc was also dominated by
Sehima-Heteropogon grasses. Sown pasture was dominated by C. ciliaris and S. hamata. The
tree components were in equal proportion among the silvipasture stands and comprised of
Acacia nilotica, Azadirachta indica, Dalbergia sissoo and Dichrostachys cinerea and planted
in 4 paddocks of 0.75 ha each. Among the pasture stands, maximum herbage yield (t DM/ha)
was attained in sown pasture (3.58) followed by reseeded (2.96) and natural (2.34) pastures.
Similarly the CP content of herbage mass was also higher in sown pasture (7.11%) compared
to reseeded (6.70%) and natural (6.65%) pastures. However, NDF, ADF and cellulose
contents of herbage mass were statistically comparable among the pasture stands.

A mixed herd of 45 numbers of sheep and goats each, divided into 3 equal groups, were
allowed to graze on those three different types of silvipastures during the growing (August-
October) and post-growing (November to February) seasons of herbages. All the
experimental grazing adult goats (Fig. 43) and sheep (Fig. 44) maintained their body weights
with positive impact during the growth period of herbages. However, during the post-growth
period of herbages animals lost their body weight and required concentrate feeds as strategic
supplements to regain their lost weight.

Fig. 42. Mixed herd grazing in silvopasture
system

Fig. 39.   Field baler in operation
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Table 37: Performances of different silvopasture systems
Attributes Sivopasture systems

Natural Reseeded Sown
Soil status
pH 6.18 ± 0.04 6.13 ± 0.04 6.06 ± 0.06
EC (mhos cm-1) 0.023 ± 0.003 0.025 ± 0.002 0.034 ± 0.008
Organic C (%) 0.48 ± 0.03 0.47 ± 0.02 0.44 ± 0.01
Available  N (kg ha-1) 189.2 ± 4.28 193.8 ± 4.09 184.4 ± 2.40
Available P (kg ha-1) 14.9 ± 0.45 13.1 ± 0.59 12.9 ± 0.37
Available K (kg ha-1) 122.3 ± 6.40 115.0 ± 5.30 115.7 ± 7.82
Herbage yield and quality
Yield (t DM ha-1) 2.34 ± 0.08 2.96 ± 0.08 3.58 ± 0.20
CP (%) 6.65 ± 0.07 6.70 ± 0.11 7.11 ± 0.16
NDF (%) 83.10 ± 0.75 82.60 ± 0.89 81.84 ± 0.93
ADF (%) 57.05 ± 1.19 56.02 ± 1.44 53.71 ± 1.08
Cellulose (%) 44.60 ± 1.18 44.01 ± 0.73 43.89 ± 0.68

Fig. 43. Changes in body weight of experimental goats Fig. 44. Changes in body weight of experimental sheep

Performance of sheep and goats
Indigenous goats and sheep are kept at Small Ruminant Unit of the Institute to conduct
experiment on evaluation of feed and fodders and assessing the production performance of
the animals. The herd strength of Bundelkhandi goats and Jalauni sheep flock was 226 and
215, respectively as on 01.01.2011 and 148 and 126, respectively as on 31.12.2011 (Table
38). From the breedable female goats in the herd, there were 69 births during the year in
goats. There were a total of 41 deaths and 106 goats were sold off realizing a revenue of Rs.
219419/-. In case of sheep, there were 82 births during the year from breedable females. The
overall mortality was 21 and 150 sheep were sold off during the year realizing a revenue of
Rs. 267684/-.

Table 38: Status of sheep and goat flocks
Parameters Goats Sheep

Male Female Total Male Female Total

Strength as on 1-1-2011 88 138 226 77 138 215

Birth 32 37 69 35 47 82

Death 18 23 41 8 13 21

Sale (no.) 48 58 106 55 95 150

Strength as on 31-12-2011 54 94 148 49 77 126

Sale value (Rs.) 219414 267684
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3.6.5. Large ruminant production
Replacement of concentrate mixture with stylo meals
Stylosanthes hamata and S. seabrana were harvested at flowering stage of its second year of
growth. Dry matter (DM) yield and crude protein yield in S. hamata and S. seabrana were
3.02 and 4.40 t/ha and 488 and 651 kg/ha, respectively. The harvested materials were then
dried and threshed into stylo meal. Fifteen crossbred lactating cows (325.6 ± 8.60 kg) were
divided into 3 equal groups (G1 to G3) and were assigned to one of the three dietary
treatments. All the experimental cows were offered wheat straw ad libitum as basal roughage.
G1 animals were offered concentrate mixture as per requirement (ICAR, 1998), while it was
replaced with S. hamata and S. seabrana meals at 50% level on iso-nitrogenous basis in G2

and G3, respectively. DMI (% body wt) was comparable among the groups and varied from
2.64 to 2.74. DMI (g/kgW0.75) was 117.9, 114.6 and 111.3 in G1, G2 and G3, respectively.
DM digestibility (%) ranged from 58.73 to 60.20 and OM digestibility from 60.67 to 62.57%
in G1, G2 and G3 groups, respectively. CP digestibility was 54.19% in G1, 55.19% in G2 and
54.32%, respectively. NDF digestibility (%) was also similar in G1, G2 and G3 groups. Similar
was the trend with respect to ADF digestibility. DCP intake was comparable and the values
varied from 549 to 578 g among the groups. Milk yield and milk composition was
comparable among diets. Nutritive value of S. hamata and S. seabrana meals was similar
and those meals can replace 50% of concentrate mixture on iso-nitrogenous basis in wheat
straw based diets of lactating crossbred cows.

On-farm urea treatment technology of wheat straw
A prototype for urea treatment during threshing operation was developed under DST project.
It is simple and continuous type solution spray attachment, mounted on the thresher. It treats
the straw as the threshing operation progresses without involving extra man power. The cost
of treatment as calculated with the developed prototype is half of the manual method (Rs
25.72/q vs. Rs 49.98/ q). The developed prototype was tested on station as well as farmers
field. About 200 quintals of wheat/ oat straw at farm and 50 quintals at each farmer€s field
was treated. Farmers who can make small investment for the solution spray gadgets can
easily adopt the developed technology.

Strategic supplements in milch cows
An on-farm trial was conducted in Bilta village to demonstrate the improved effect of limited
supplementation of mixture of two concentrate feed ingredients (energy and protein sources)
vis-à-vis single feed ingredients (either energy or protein source) in milch cows. For this 15
Famers were selected on their willingness to participate and ownership of at least two milch
cows in early to mid-lactation. Based on the traditional feeding and grazing practices, body
weight, milk yield, stage of lactation and parity, the animals (30) were divided into two equal
treatment groups, T1 (Control: farmers feeding practice including single unit of concentrate
feed supplement) and T2 (Experimental: farmers feeding practice + concentrate mixture
supplement). The feeding of selected animals consisted of 5 to 8 hours daily grazing and
supplementation of wheat straw/ maize stovers (kadbi) and small quantity (@ around 300 g)
of single unit available concentrate. The experimental group received in addition to grazing
and straws/ stover supplementation, a regular supply of about 300 g of barley and mustard
cake mixture (1:1 ratio)  per animal daily during the whole period (150 days) of study.
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Table 31: Performances of grazing milch cows
Attributes Treatment group

T1 (Control) T2 (Experimental)
Milk yield (kg)
Total yield* 287 b ± 17.9 334 a ± 13.4
Daily yield* 1.91 b ± 0.11 2.23 a ± 0.09
Milk composition (%)
Total solids 13.22 ± 0.10 13.69 ± 0.39
Fat 5.17 ± 0.27 5.24 ± 0.20
Protein 4.16 ± 0.15 4.23 ± 0.08
Blood metabolites
Plasma glucose (mg/ dl) 52.88 ± 1.08 53.18 ± 1.30
Plasma protein (g/ dl) 7.48 ± 0.22 7.54 ± 0.14
Plasma urea-N (mg/dl) 17.52 ± 0.43 15.59 ± 0.60
Cost-benefit analysis
Return from sale of milk*(Rs.) 6305 b ± 394 7352 a ± 295
Additional return over control(Rs.) - 1047
Daily net return 6.98
Means bearing different superscripts in a row differ significantly (* P < 0.05)

Milch cows supplemented with mixture (contained 21.2% CP) of barley and mustard cake
produced around 16.7% more milk than those of without supplementation (Table 31). The
increase in milk yield was significantly (P<0.05) different. However, mixture of barley and
mustard cake supplementation did not influence milk composition. Cost-benefit analysis
(based on milk sold @ Rs 22 per kg) indicated that return/ benefit due to supplementation of
mixture on per animal basis was around Rs. 6.98 when compared to the traditional feeding
systems. Thus a mixture of (1: 1 ratio) barley and mustard cake was better supplement than
either barley or mustard cake, when fed to milch cows reared on grazing and low quality
forages.

Level and source of nutrition in buffalo calves
In a feeding experiment 15 Bhadawari female calves (77.47±6.92 kg and 11.0 months age)
divided equally into  3 dietary groups (G1, G2 and G3) were offered wheat straw- berseem-
concentrate based diets for more than 3 months to evaluate the response of nutrients level and
source on intake, nutrients digestibility, rumen metabolites and growth.  Calves in G1 were
offered protein and energy as per standard norms of ICAR 1995, while in G2 and G3 calves
were given 25 % less nutrients (protein and energy) than G1.  In G2 50 % of concentrate
mixture was replaced with green berseem, while in G3 100 % of concentrate mixture was
replaced with berseem and given additional 500 g wheat bran as energy source.  DMI (g/Kg
w 0.75) was 86.97, 77.47 and 79.18 in G1, G2 and G3, respectively.  DM, CP, NDF, ADF and
cellulose digestibility of calves on different diets was similar. Calves were in positive N
balance on all diets; however N retention was higher in G1 than G2 and G3 dietary groups.
Total N and ammonia N concentration in rumen liquor of calves was higher in G1 (132.43
and 14.87) than G2 (78.40 and 11.66) and G3 (89.6 and 12.13 mg/100ml), while TVFA
concentration was 100.0, 110.0 and 90.0 meq/l in G1, G2 and G3 dietary group, respectively.
Blood metabolites (glucose, protein and urea) were similar in calves of all the groups. The
growth rate of calves was higher in G1 (410.0) than G2 (377.2) and G3 (350.0) dietary group,
respectively. Study showed that there was no effect of nutrients level and source on calves
intake and nutrients digestibility, however rumen liquor N contents and growth rate were
higher in G1. Calves of more than 70 kg body weight and 9 months of age can attain a growth
rate between 350-400 g/d at 25 % less nutrients than ICAR norm requirements , however to
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achieve this growth with legume green fodder there is need to supplement the diet with
energy source.

Performances of Bhadawari buffaloes
Average lactation length (LL), lactation milk yield (LMY), 305 or less days lactation milk
yield (LY 305), peak yield (PY), days to attain peak yield (PYD) and milk per day of
lactation (MYPDL) were recorded as 292.37±4.9 days, 1266.91±26.21 kg, 1227.66±23 kg,
7.00±0.10 kg, 54.59±4.08 days and 4.35±0.07 kg, respectively. Season of calving had a
significant effect on LL, LMY and LY305.  Overall average milk fat and solid not fat (SNF)
were 7.82±0.03 and 10.84±0.04 per cent respectively. Stage of lactation had a significant
effect on milk fat and SNF. Parity had a significant effect on SNF but not on fat. Average
lactation milk yield (Fig. 45) and milk fat/SNF (Fig. 46) varied in different parities and stages
of lactation, respectively. Study on methane production was conducted on Bhadawari and
Murrah buffaloes in wheat straw concentrate based diet and it was observed that methane
production was less in Bhadawari (CH4g/kg DDMI = 34.96, CH4 g/kg milk=42.78) than
Murrah (CH4g/kg DDMI= 41.88, CH4 g/kg milk=49.96).

Fig. 45. Lactation milk yield (LY kg) in Fig. 46. Average milk FAT % & SNF% in
different parities different stage of lactation

3.7.1. Social and behavioral research
Development and standardization of scale to measure socio-economic status of farmer•s
practicing livestock based farming
Total fourteen indicators were finalized. The scores were allotted for three out of 14  indicators
and sent to the experts for their valuable advice and opinion (Table 39).

Table 39:  Score Card to measure the socio-economic status of livestock farmers
Indicators Score Indicators Score Indicators Scor

e
Total
Score

Category of
Socio
economic
status

Education Occupation Family Income
Per Month (Rs)

Professional 10 Job+dairy+
agriculture

10 …20000 10 26 • 30 (I) Upper

Graduate or
Post-Graduate

8 Dairy+
agriculture

7 15000 • 19999 9 16 • 25 (II)Upper
Middle

Intermediate or
Post-High-
School Diploma

5 Agriculture 5 10000-14999 7 11 • 15 (III) Lower
Middle

High School
Certificate

4 Skilled worker 4 75000• 9999 4 5 • 10 (IV) Upper
Lower

Middle School
Certificate

3 Semi-skilled
worker

3 5000 • 7499 3 < 5 (V) Lower

Primary School
or Literate

2 Unskilled
worker

2 3000 • 4999 2

Illiterate 1 landless 1 †2000 1
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Impact studies
Extent of adoption of improved fodder production technology in technology
demonstrating areas
The highest adoption (24.0%) was observed in Berseem
followed by Sorghum 16.0%), Oats 15.4%, Maize 13.3% and
and Cowpea 9.3%. Only 1.3% adoption was observed in Grasses
((Napier/Guinea/Stylo) in the technology demonstrating areas.
Spread ratio in forage crops
The highest spread ratio (1:7) was found in Maize followed by
1:6.2 in  Berseem, 1:5.43 in Cowpea, 1:5.29 in Oats, 1:4.85 in
MP Chari and 1:4 in Sorghum. In case of grasses it was 1:3.85
only.
Spread Effect in different forage crops
The highest spread effect (8.44) was observed in Maize
followed by 5.66 Berseem, 1.71 in oats, 1.33 in Sorghum, 1.30
in Cowpea, 0.66 in MP Chari. Only 0.18 in Grasses
(Napier/Guinea/Stylo in terms of increased area in hectare.

Reasons for non adoption of forage crops in Bundelkhand

The stray cattle was found to be the main reason responsible for non adoption of forage crops
followed by impure seeds, degraded lands, non-availability of seed of improved varieties in the
market, less irrigation facilities, no market for sale of forage seeds and small holdings as per
the rank order.

3.7.2. Participatory Research

Performance of improved varieties of rabi fodder at farmers fields in different regions

Berseem
Under on farm trials, the variety Bundel Berseem-2 performed best in Himachal Pradesh
followed by Eastern U.P, Bundelkhand (M.P), Bundelkhand (U.P.), Rajasthan and produced
924.0, 877.0, 868.5, 842.7 and  443.6 q/ha GFY respectively. The variety Wardan ranked best
in Eastern U.P. (849.00) followed by Bundelkhand U.P. (781.2), Bundelkhand  M.P. (770.0)
and Himachal Pradesh (768.3) q/ha GFY.

Oat
Under on farm trials, the variety JHO-99-2 performed best in Eastern U.P, H.P., Bundelkhand
(U.P.), Bundelkhand (M.P.), and produced 604.7, 571.0, 504.5, 504.0 q/ha GFY respectively
followed by JHO-822 (570.0, 525.3, 452.0, 444.0 q/ha GFY) and 402.25 q/ha GFY in
Rajasthan. The JHO-851 produced 444.0 q/ha GFY which was higher than JHO-822 in
Rajasthan.

Lucerne
Under on farm trials, variety RL-88 of Lucerne produced 949.4 q/ha GFY in Dharwad
(Karnataka) followed by Anand-2 (393.1) and T-9 (370.0).
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3.7.3. Livestock holding and forage availability

Average deficit of fodder in a year at farmers• fields

The highest deficit (74.7%) was observed for concentrate followed
by 56.1% of green fodder and 40.3 percent of dry fodder in a year
at farmers€ fields in H.P., Eastern U.P., Bundelkhand and
Rajasthan.

Size of herd
The Size of herd involves highest 8 numbers of milch cows followed by dry cows (7.5), milch
buffalo (4.8), drought animals (3.58) and dry buffalo (3.44) in H.P., Eastern U.P.,
Bundelkhand and Rajasthan.

Fodder storage by the farmers

The 60 percent farmers, on an average, stored 389.58 quintals Kadbi of Sorghum, Maize, Pearl
millet and Paddy straw. 45 percent farmers stored straw of different crops (177.1 quintals).
Highest average green fodder (15.58 kg) is offered to milch buffaloes per day per animal by
the farmers followed by milch cows (12.61 kg), drought animals (13.50 kg), dry buffaloes
(12.44Kgs) and dry cows (09.31 kg.). The highest dry fodder, (11.90 kg) is offered to drought
animals followed by 11.78 kg to dry buffaloes, milch buffaloes (11.04), dry cows (8.93) and
milch cows (8.34). Concentrate offered per day per animal is 2.75 kg to milch buffalo,
followed by milch cows (2.15 kg), drought animals (1.89 kg), dry cows (1.41 kg) and dry
buffaloes (1.25 kg) in H.P., Eastern U.P., Bundelkhand and Rajasthan.

Survey for Stylosanthes seed production:
At Dharwad, a survey of seed production in Anantpur district, Andhra Pradesh, was done in
2002/03 and the similar survey was taken up in 2012 to understand the factors underlying the
continuity of production of Stylosanthes seeds or otherwise by the farmers of Anantpur.
Focus group discussions with the farmers and traders, checklists guided interviews with the
frontline workers were used to collect information from 17 villages. Reduction in the
Stylosanthes seed production (SSP) area from 400 ha to 150 ha in this decade (2002-2012)
was evident in all the villages surveyed and rate of reduction was reported more from 2007
onwards. Major share in the input cost is that of labour and the wages of labour in a decade
almost tripled. However, price of stylo seeds remained almost constant in the corresponding
decade (Table 40). Price of the groundnut, a competing crop for stylo in the area, however
plummeted significantly in the corresponding period. This has affected the benefit cost ratio
of SSP (2.90 to 1.27, table 1) making groundnut cultivation more remunerative. There is
significant reduction in SSP area in Palasamudram village (160 ha to 10 ha), which was an
important village for SSP both for production and trading purpose. Much of the SSP area in
the village was purchased by AP Govt for Special Economic Zone affecting SSP farmers.
Increase in labour wages is attributed to many work opportunities for them in and around the
area. NREGA works attract more labour affecting the labour availability for SSP activities.
Conversely, lack of market information/intelligence about seed demand, poor quality of stylo
seeds, unorganized small and marginal SSP farmers, vast network of traders across the
country are the important reasons for the price of stylo seeds being remained constant over a
decade. Decrease in the area under SSP has many implications on availability of stylo seeds
for multifunctional uses in the country at larger level and on the livelihood of small and
marginal farmers of Anantpur in particular. The study thus calls for necessary technological
and policy interventions in the region if it has to be sustained in the future.
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Table 40: Cost benefit analysis of Stylo seed production
Factors Rs./ha

(2012)
Rs./ha
(2002)

Input variable cost (per acre)
Seed* 0.00 0.00
Human labour 15000.00 6000.00
Bullock labour/ Machine labour 3250.00 1250.00
Farm yard manure 3000.00 1500.00
Fertiliser 2315.00 1437.50
Interest on working expense 942.50 407.50
Fixed cost
Land rent 7500.00 3750.00
Land revenue 0.00 0.00

Total cost 32007.50 14345.00
Out put

Seed yield (kg/ac) 2000.00 2000.00
Price of seed (Rs./kg) 18.00 18.00
Fodder yield (kg/ac) 2250.00 2250.00
Price of fodder (Rs./kg) 5.00 2.50
Gross returns 47250.00 41625.00
Net returns 15242.50 27280.00
Input out put ratio 1.27 2.90

*Fallen seeds germinate and give good crop stand. So cost of seeds taken as zero
Farmers€ don€t spray any pesticide. So cost of pesticide is not included
Cost Imputed for owned land rent Rs. 3000
Govt of Andhra Pradesh does not levy any land revenue

Fig.47.  Stylo seed grower and trader, M. Suryanarayana   Reddy of Palasamudram village in his
stylo field

i. Forage Technology Demonstrations (Front Line Demonstrations on forage crops)
(Workers: Nagaratna Biradar)

In the year 2011-12, demonstrations were taken up in 20 farmers€ fields in Belgaum and
Bijapur districts of Karnataka. Panicum maximum (jacq.) in Belgaum and Perennial
fodder sorghum in Bijapur district. Average green fodder yield obtained by the
demonstration farmers over 3 cuts of Guinea was 109 t/ha and Perennial sorghum was
98 t/ha.
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Fig. 48. OIC-SRRSD addressing farmers Fig. 49. Smt.Mallawwa Malagi of Muttagi
in the field day to upscale the technology village in her perennial fodder sorghum demo

plat

3.9.  All India Coordinated Research Project on Forage Crops
3.9.1. Forage Crop Improvement
3.9.1.1.  Rabi 10-11
Varietal Yield and Quality Evaluation: In Rabi 2010-11, ten breeding trials of two annuals
(Berseem and oat) and two perennial (Lucerne and Tall fescue) forage species comprising 52
test entries alongwith their respective checks were conducted at 30 locations placed in five
zones.

Berseem
In IVT, there were five entries along with two national and three zonal checks. For GFY,
entry HFB-165-1 (3.99%) in North-West Zone, entries JHB-10-1 (8.2%) and JB-03-17
(8.0%) in North-East Zone and HFB-165-1 (5.3%) and BL-150 (4.4%) in Central Zone
proved their superiority with respect to respective zonal or national check. Similarly for
DMY, entry JB-03-17 (8.9%) in North-East Zone exhibited superiority over best check. In
AVT-1, two test entries, HFB-6-6 and HFB-30 exhibited their superiority over check.

Oat (Single cut)
Results of the Initial varietal trial in Oat (single cut) comprising thirteen testing entries
revealed that for GFY, entries SKO-188 (16.9%), JO-03-99 (8.0%), SKO-170 (7.4%) and
UPO-10-1 (5.5%) in Hill Zone, entries SKO-188 (13.7%), OS-377 (9.9%), UPO-10-2 (9.5%)
and JO-03-97 (4.5%) in North-West Zone, entries JO-03-99 (13.1%) and UPO-10-2 (9.1%) in
North-East Zone, entries OS-377 (14.4%), JO-03-99 (7.8%), JHO-2010-1 (7.1%), JO-03-97
(6.2%), UPO-10-2 (6.1%), SKO-188 (6.0%) and UPO-10-1 (5.5%) in Central Zone and
entries JHO-2010-1 (19.7%), JO-03-97 (11.9%), JHO-2010-2 (10.1%), UPO-10-1 (8.9%) and
UPO-10-2 (5.7%) in South Zone registered their superiority over respective best check
whereas at national level entries SKO-188 (10.6%), UPO-10-2 (9.8%), OS-377 (9.3%), JO-
03-99 (9.0%), JO-03-97 (6.7%) and JHO-2010-1 (5.2%) exhibited their superiority.
Similarly for DMY, entries SKO-188 (15.5%), SKO-170 (10.6%), JO-03-99 (10.1%) and
UPO-10-2 (6.8%) in Hill Zone, entries UPO-10-2 (17.3%), JO-03-99 (11.3%) and SKO-188
(11.3%) in North-East Zone, entries SKO-188 (14.2%), JHO-2010-1 (13.1%), OS-377
(9.5%), UPO-10-2 (8.2%), UPO-10-1 (8.0%), JO-03-99 (6.3%) and OL-1709 (5.7%) in
Central Zone and JHO-2010-1 (20.4%), UPO-10-1 (15.5%) and JO-03-97 (6.0%) in South
Zone proved their superiority over respective best national or zonal check. Coming to the
national level, entries UPO-10-2 (9.2%), SKO-188 (7.9%), JHO-2010-1 (6.7%) and JO-03-99
(5.6%), recorded their superiority over best national check.
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In AVT-1, GFY entry SKO-148 (5.5%) in Hill Zone, entries JHO-2009-2 (13.5%) and OS-
363 (5.4%) in North-West Zone, entries JHO-2009-2 (8.8%) and JHO-2009-1 (4.8%) in
North-East Zone, entry UPO-09-2 (6.9%) in Central Zone and UPO-09-1 (9.7%) in South
Zone registered their superiority whereas at national level, entries JHO-2009-2 (8.9%) and
UPO-09-1 (4.0%) exhibited their superiority. Similarly for DMY, entry JHO-2009-1 (4.5%)
in Hill Zone, entries JHO-2009-2 (7.1%) and OS-363 (5.6%) in North-West Zone, entry
UPO-09-1 (5.3%)  in North-East Zone, entries JO-03-95 (14.9%), UPO-09-2 (9.3%), JHO-
2009-1 (8.1%), UPO-09-1 (7.9%), JHO-2009-2 (5.9%) and SKO-156 (5.8%) in Central Zone
and entry UPO-09-1 (5.7%) in South Zone proved their superiority over respective best
national check. at the national level, entries JHO-2009-2 (8.6%) and UPO-09-1 (7.9%)
recorded their superiority.

In AVT-2,  for GFY entries SKO-96 (16.1%) and SKO-133 (11.0%) in Hill Zone and JO-03-
291 (5.2%) in Central Zone proved their superiority. On all India basis, entries JO-03-291
(6.0%) and SKO-133 (5.6%) recorded their superiority over best national check OS-6.
Similarly for DMY, entries SKO-96 (12.8%) and SKO-133 (5.5%) in Hill Zone, SKO-96
(4.5%) in North-West Zone and SKO-133 (6.1%) in Central Zone exhibited their superiority
over best check.

In AVT-2 (Seed), for seed yield (q/ha), none of the entries was found superior over respective
checks at zonal or at the national level.

Oat (Multicut)
In IVT with six entries, for green forage as well as dry matter yield, none of the testing
entries exhibited their superiority at zonal or national level over best check except for entry
JO-03-309 (2.41%) in Central Zone for dry matter yield.
In AVT-1 with four entries, entries JO-03-301 (15.3%) and JO-03-307 (4.4%) in Hill Zone
and UPO-09-3 (4.1%) in Central Zone expressed their superiority for GFY over best check.
Similarly for DMY, entries JO-03-301 (10.0%) and JHO-2009-3 (5.3%) in Hill Zone and
UPO-09-3 (7.2%) and JHO-2009-3 (5.3%) in Central Zone recorded their superiority. At
national level, entries JHO-2009-3 (5.9%) and UPO-09-3 (5.7%) were best performer.

Lucerne
The varietal trial on Lucerne (Perennial) comprising nine entries in coded form along with
two national checks Anand-2 and RL-88 was established during Rabi 2009-10 at 10 centres
of the North-West, Central and South Zone.

Tall Fescue
The varietal trial in Tall Fescue grass (Perennial) comprising four entries including two
checks was initiated during Rabi 2009-10 at sub-temperate and temperate Himalayan Hill
region at Palampur, Srinagar and Almora. For GFY as well as for DMY, both the test entries
performed better with respect to zonal checks. Entries Hima-14 (14.8%) and Hima-15 (3.9%)
exhibited their superiority for GFY with respect to best zonal check Hima-1. Similarly Hima-
14 (14.6%) and Hima-15 (6.9%) registered their superiority for DMY with respect to zonal
check Hima-1.

3.9.1.2. Kharif 2011
In Kharif 2011, sixteen breeding trials of four annual and six perennial forage species
including test entries with their respective national and zonal checks were conducted at 42
Centres located in five zones. The forage species evaluated were Pearl millet, Cowpea, Rice
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bean and  Soybean in annuals and Guinea grass, Cenchrus ciliaris, Bajra Napier hybrid,
Setaria anceps, Lasiurus sindicus and Cenchrus setigerus in perennials.

Pearl Millet
IVT in forage pearl millet comprisd four entries and three national checks viz., Raj Bajra
chari-2, Giant Bajra and Avika Bajra Chari (AVKB-19) For GFY entries RBB-2 (9.7%) and
AFB-6 (2.0%) in North East Zone proved their superiority. For DMY, entry AFB-6 (3.4%) in
North West Zone, entries RBB-2 (9.7%), AFB-6 (3.2%) and AFB-7 (3.0%) in North East
Zone and entries RBB-2 (35.30%), AFB-6 (12.54%), NDFB-929 (3.98%) and AFB-7
(0.96%) in South Zone proved superiority. Whereas at national level, entries RBB-2 (5.0%)
and AFB-6 (3.9%) exhibited their superiority over best national check Giant Bajra
Results of AVT-1  comprising three entries and two national checks revealed that for GFY,
entry PAC-981 proved good performer in North-West Zone with 65.2% superiority, 2.0% in
North-East Zone, 18.4% in Central Zone and 8.5% superiority in South Zone. Other entry i.e.
RBB-1 (4.2%) proved superiority in only North West Zone. At national level too, entry PAC-
981 (28.5%) performed better than best national check. Similarly for DMY (q/ha), entries
PAC-981 (57.9%) and RBB-1 (12.7%) in North West Zone, PAC-981 (8.2%) and NDFB-904
(6.4%) in North East Zone and PAC-981 with 20.2% in Central Zone and 16.5% in South
Zone proved their superiority over best national check. Even at national level, entry PAC-981
(32.9%) was adjudged best performer.

Cowpea
In IVT with six entries along with two national checks i.e., Bundel Lobia-1 and UPC-5286
and three zonal checks i.e., Bundel Lobia-2, UPC-622 and UPC-9202, for GFY, entry UPC-
1101 (14.5%) in North West Zone, UPC-1102 (4.1%) in Central Zone and Culture-1 (0.4%)
in South Zone exhibited superiority over best national/zonal check. For DMY, entries UPC-
1101 (22.7%) and UPC-1102 (3.3%) in North West Zone, entry UPC-1102 (4.1%) in Central
Zone and entries Culture-1 (16.8%), UPC-1102 (1.8%) and UPC-1101 (1.3%) in South Zone
exhibited their superiority with respect to check.
In AVT-1, for GFY, entries RR-3 (23.0%) and MFC-09-1 (14.9%) in Hill Zone, MFC-09-1
(1.1%) in North-West Zone, RR-3 (1.9%) and MFC-09-1 (3.9%) in North-East Zone and
MFC-09-1 (2.3 and 18.8%) in Central and South Zone respectively, exhibited their
superiority whereas at national level entry MFC-09-1 (5.6%) ranked first for this character.
Similarly for DMY, entry MFC-09-1 proved superiority with 45.1 percent in Hill Zone, 3.1
percent in North East Zone and 14.0 percent in South Zone. Another entry RR-3 exhibited
superiority with 23.1 and 10.2 percent in Hill and North East Zone, respectively. Even at
national level, entry MFC-09-1 (3.1%) recorded superiority over best national check.
In AVT-2, for GFY entry MFC-08-14 proved superiority in North East Zone by 0.9 percent,
14.8 percent in South Zone and at all India level it was 11.4 percent  superior than best
national check. On the other hand entry IL-1177 was found superior by 1.6 percent in North
East Zone only.Similarly for DMY, entry MFC-08-14 (11.5%) and IL-1177 (7.7%) in North
East Zone and MFC-08-14 (15.7%) in South Zone proved superiority. At national level too,
entry MFC-08-14 (16.5%) exhibited superiority over national check.
Results obtained for varietal trial in forage cowpea for seed with two entries namely IL-1177
and MFC-08-14 clearly revealed that with respect to seed yield (q/ha), in North East Zone
entry IL-1177 (3.4%) and in South Zone, entry MFC-08-14 (10.6%) established its
superiority over national/zonal check.
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Rice Bean
In IVT comprising five entries, none of the entries excelled with respect to national check
Bidhan-2.
In AVT-1, three entries along with national check Bidhan-1 was evaluated at eight locations.
For GFY, entries BFRB-15 (6.7%), JRBJ-05-4 (0.2%) and for DMY, entries BFRB-15
(12.7%), JRBJ-05-4 (5.6%) and JRB-13 (0.6%) proved their superiority over national check
Bidhan-1.

Soybean
In AVT-2, four entries namely JSO7-21-7, ISO7-24-8, JSO7-24-1 and JSO7-24-13 were
evaluated at six locations across the country. As there is no established check for forage
soybean, performance of entries is compared over general mean for that particular character.
For GFY (q/ha), entries JSO7-24-13 (9.1%) and JSO7-21-7 (7.5%) exhibited their superiority
over general mean. Similarly for DMY JSO7-21-7 (9.2%) and JSO7-24-13 (3.6%)
established their superiority.

Sewan Grass
A varietal trial in sewan comprising seven entries was established in Kharif-2010 at five
locations of North-West Zone. Crop being perennial in nature, entries are coded. This is the
second year of evaluation and trial will be continued.

Guinea Grass
In Guinea grass, a total of two trials were undertaken in which one was established in 2008,
and second one in 2009. The trial established in 2009 will be continued. Trial established in
2008 comprised seven entries and three checks namely PGG-616, Riversdale and Bundel
Guinea-1. After compiling the data (2009-2011), results revealed that for GFY (q/ha), entries
JHGG-08-1 (17.6%) and RSDGG-2 (5.4%) and for DMY entries JHGG-08-1 (13.6%) and
TNGG-061 (12.4%) exhibited their superiority over best national check.
Cenchrus ciliaris
A varietal evaluation trial comprising four entries and two national checks namely IGFRI-
3108 and CAZRI-75 was established in Kharif-2008. Compilation of the data (2009-11),
indicated that for GFY & DMY, national check CAZRI-75 was best.

Bajra X Napier Hybrid
In Bajra x Napier hybrid, a varietal evaluation trial comprising nine entries and three national
checks namely NB-21, CO-3 and PNB-233 was established during Kharif-2008. Data
compiled over the years (2009-11), revealed that for GFY entries TNCN-074 (5.8%), BNH-3
(5.7%), and BNH-10 (1.5%) and entries BNH-3 (5.2%), TNCN-074 (5.0%) and BNH-10
(0.08%) for DMY performed superior with respect to best national check.

Setaria
In Kharif-2008, a varietal trial in Setaria anceps grass was established in Himalayan hill
region. Data compiled over the years (2009-11),  reveals that all testing entries exhibited their
superiority over check variety S-92 for green forage and dry matter yield (q/ha). Entries  S-18
(48.3%), S-20 (40.5%), PSS-1 (31.7%) and S-21 (28.9%) for GFY and entries S-18 (45.4%),
S-20 (33.3%), S-21 (27.5%) and PSS-1 (25.7%) for DMY exhibited their superiority over
check variety S-92.
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Cenchrus setigerus
In Cenchrus setigerus, a varietal evaluation trial comprising of seven entries and one check
variety namely CAZRI-76 was established in Kharif-2010.  Crop is perennial in nature and
this was the second year of evaluation and trial will be continued further.

3.9.2. Forage Crop Productiom
The programme on forage crop production was undertaken at 22 sites in different agro-
climatic zones of the country.

3.9.2.1. Rabi 2010-11
AST-1: Effect of sowing mehods and cutting management on green fodder and seed
yield in Lucerne: At Rahuri and Urulikanchan, on location mean basis both sowing methods
(broadcasting and line sowing) recorded almost equal GFY of lucerne. At both the locations
and mean basis regular cutting for two and half years and leaving for seed production at the
end (C3) resulted in better green fodder, dry matter and seed yields of lucerne crop over rest
of the cuttings.
AST-2: Effect of vegetative barriers and improved forage species on conservation of
degraded grassland: In Hill zone, vegetative barrier of Napier Bajra hybrid resulted in the
production of 287.93 q/ha green fodder, which was 6.4 % and 20.5 % more than Setaria grass
as vegetative barrier and no vegetative barrier, respectively. Among vegetative cover of
forage species Setaria + Stylosanthes (364.53 q/ha) recorded significantly higher GFY and
DMY over rest of the treatments.
AST-2: Effect of different tillage practices on productivity of forage crops in the
prevalent crop sequences: In North-West zone, at Pantnagar growing of sorghum under
conventional tillage being at par with 2 cultivation (1 disc harrow and 1 cultivator), recorded
significantly higher green fodder (2080 q/ha) over rest of the tillage practices. Whereas at
Hisar growing of sorghum in conventional tillage or 2 cultivation tillage practices  (1097 q/ha
forage equivalent yield each) being at par with 2 cultivation (rotavator), 1 cultivation (disc
harrow) and broadcasting of seed before T5 (1 cultivation through disc harrow) recorded
significantly higher forage equivalent yield over rest of the tillage practices. Similarly same
tillage practices resulted in significantly highest wheat grain yield (44.0 q/ha) over rest of the
treatments. At the same place, 2 cultivation (T2) fetched maximum net monetary returns (Rs.
84940/ha) followed by conventional tillage (Rs.84440/ha). At Ludhiana, again conventional
tillage recorded highest crude protein yield (9.76 q/ha) over rest of the treatments. Whereas
one cultivation (with rotavator) fetched highest net monetary returns (Rs. 22695/ha) among
all tillage practices.
AST-2: Effect of planting methods and forage crop combinations on fodder productivity
through moisture conservation: In Central zone, on location mean basis planting of grasses on
ridges and furrows recorded higher green fodder (686.03 q/ha) and dry matter yields (156.03
q/ha) over flat bed. Similarly, on location mean basis Cenchrus + Desmenthus combination of
grass and legume recorded highest GFY (832 q/ha) and DMY (187.1 q/ha) over rest of the
combinations.
AST-2: Effect of moisture conservation practices on production of perennial grasses: In
North-East zone at Faizabad, planting of guinea grass supplemented with soil mulch recorded
highest GFY (365.75 q/ha), DFY (99.71 q/ha) and CPY (7.99 q/ha) over rest of the
combinations, whereas guinea + live mulch (intercropping with berseem) fetched highest net
monetary returns (Rs. 24250/ha). At Jorhat, planting of Setaria resulted in higher GFY
(830.3q/ha) and DMY (177.3 q/ha) over Brachiaria and hybrid napier. The adoption of live
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or soil mulch as moisture conservation practices (being at par with each other) resulted in
significantly highest GFY, DMY and CPY over control at the same place.
At Kalyani, hybrid napier recorded higher GFY (1196.3 q/ha) and net monetary returns (Rs.
22144/ha/yr) over Brachiaria and Setaria grasses. In moisture conservation practices, live
mulch (intercropping) recorded highest GFY, DMY, CPY and net monetary returns (Rs.
15286.4 /ha/yr) over soil and no mulch at the same place. At Bhubaneswar, planting of
guinea grass supplemented with live mulch resulted in significantly higher GFY (884.17
q/ha) and DMY (172.43 q/ha) over rest of the combinations. At Ranchi, planting of Napier
hybrid realized highest GFY (1012.6q/ha) over Brachiaria and Setaria grasses. The soil or
live mulch realized higher GFY and DMY over control at same place.
AST-2: Intensive forage production through silvipasture system under rainfed
ecosystem: In South zone (Silvipasture), on location mean basis, planting of Subabul + pearl
millet + horse gram silvipasture system (T7) resulted in highest GFY (438.6 q/ha) and DFY
(90.97 q/ha) followed by Subabul + sorghum + horse gram silvipasture system.
AST-2: Cassava based sustainable alley farming system for rainfed areas of humid
tropics: In South zone at Vellayani, alley cropping system cassava + BN hybrid (T4) were at
par with  cassava + BN hybrid + fodder cowpea (T2) and cassava + BN hybrid + AMF (T3)
recorded significantly higher GFY (242.7q/ha) of BN hybrid grass over rest of the alley
cropping systems.
AST-3: Influence of nutrients (macro and micro) on forage production and quality of
berseem in North-West zone: On location mean basis (Ludhiana, Hisar and Pantnagar),
application of recommended dose of fertilizers + FYM@10 t/ha + S + Mo + B resulted in
highest GFY (736.6 q/ha), DFY (110.2 q/ha) and CPY (24.9 q/ha) of berseem over rest of the
treatments.
AST-5: Remunerative forage based cropping system for sustained productivity under
irrigated conditions: At Mandya, Maize + Cowpea (F) - Sunflower (G)-Ragi (G) cropping
sequence resulted in highest net monetary returns of Rs. 83129/ha/yr. The magnitude of
increase with this treatment was in order of 52.5, 85.4, 9.07 and 20.4 percent over Ragi (G)-
Field bean (G)-Sunflower (G), Sorghum (F)-Lucerne, Maize (G)-Maize (F)-Groundnut (S)
and BN hybrid, respectively.
AST-7: Effect of soil amendments on productivity of rice-berseem and change in soil
properties of sodic soil: Under sodic soil of  Faizabad, application of RDF + gypsum @ 75
% GR + FYM 10 t/ha produced 48.56 % more forage equivalent yield over recommended
dose of fertilizers in rice-berseem cropping system. The soil amendment treatments did not
bring any remarkable effect on soil properties in comparison to initial soil values.
AST-9: Effect of nitrogen levels on promising entries of all fescue grass: In agronomy
trial for AVT-2 in tall fescue grass, the entry EC 178182 recorded significantly highest
herbage yield with superiority of 8.8 and 13.5 % over HIMA-4 and HIMA-1 (C),
respectively.
AST-10: Effect of nitrogen levels on forage yield of promising entries of oats: In
agronomy trial for AVT-2 entries on oats, in North-West zone on location mean basis the
testing entry SKO-133 recorded highest GFY (393.7 q/ha), DFY (72.9 q/ha) and CPY (7.7
q/ha) closely followed by national check Kent. On all India mean basis none of the testing
entry surpassed the national check (Kent) for GFY and DFY. The GFY and DMY increased
consistently with increasing levels of nitrogen up to highest dose (120 kg N /ha).
AST-11: Effect of soil amendments on yield of fodder sorghum in saline-alkali soil: At
Mandya, application of RDF + FYM 10 t/ha + ZnSO4 20 Kg/ha + gypsum 500 kg/ha to
fodder sorghum being at par with RDF + FYM 10 t/ha + gypsum 500 Kg/ha. RDF + FYM 10
t/ha + elemental Sulphur 25 kg/ha (only for GFY) treatments resulted in significantly higher
GFY (200.6 q/ha) and DFY (56.9 q/ha) over rest of the treatments.
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AST-12: Banana based fodder intercropping in the homesteads of Kerala: At Vellayani,
planting of hybrid Napier with banana based intercropping system being at par with banana +
congosignal grass intercropping system (1795 q/ha) resulted in significantly highest forage
equivalent yield (1930 q/ha) over rest of the treatments. Whereas banana + cowpea
intercropping system fetched highest net monetary returns (Rs. 219216 /ha).
AST-13: Effect of tillage and nutrient management on productivity of rice-oats
cropping system: At Jorhat, adoption of conventional tillage being at par with minimal
tillage resulted in significantly higher green fodder (367.13 q/ha), CPY (8.03 q/ha) and CP
content (10.2 %) of oats over zero tillage. The application of 100 % RDF + biofertilizer being
at par with 75 % RDF + biofertilizer recorded significantly highest GFY as compared to 75
% RDF and 100 % RDF at same place. At Kalyani, conventional tillage resulted in
significantly higher GFY (478.6 q/ha), DFY (93.6 q/ha) and CPY (9.5 q/ha) of oats over
minimal and zero tillage practices. The application of 75 % RDF + biofertilizer to the oats
recorded highest GFY over rest of the treatments at the same place. Conventional tillage
again proved superiority in increasing GFY and DFY of oats at Bhubaneswar and Ranchi.
AST-14: Performance of forage crops raised through waste water under varied nutrient
levels: At Hyderabad, planting of para grass recorded significantly highest GFY (804.3 q/ha)
and DFY (141 q/ha) over BN hybrid, guinea grass and lucerne crop raised through waste
water. The application of varied recommended doses of fertilizers to forage crops did not
caused significant variation in yields and soil fertility (except N) at the same place. At
Coimbatore, the planting of cumbu Napier hybrid resulted in highest green fodder (3129.6
q/ha), DFY (555.8 q/ha) and fetched highest net monetary returns over rest of the forage
crops. The application of 100 % RDF to forage crops realized highest GFY, DFY, CPY and
net monetary returns and BC ratio over lower levels of RDF.
AST-15: Response of fodder oat to thiourea under varying irrigation schedules: At
Udaipur, application of different irrigation schedules and spray of Thiourea could not bring
remarkable improvement in yield attributes and green fodder yield of oats in comparison to
control.
AST-16: Production potential of forage crops in rice fallows under varied nitrogen
levels: At Mandya, planting of maize + cowpea intercropping system recorded highest GFY,
DFY, CPY and fetched highest net monetary returns followed by pearl millet + cowpea
intercropping system. Application of 100 % recommended dose of nitrogen to forage crops
resulted in significantly higher GFY, DFY, CPY and net monetary returns (Rs. 13841/ha) and
benefit cost ratio (2.37) as compared to lower levels of nitrogen.

3.9.2.2. Forage Crop Production-Kharif 2011
In forage crop production programme during Kharif 2011, total of 13 trials for coordinated
and location specific purpose were conducted at 21 sites under AICRP on forages crops.
Major areas of research included: Resource conservation techniques on forage production,
nutrient management in different cropping system, forage crop production with intercrop
legumes under varying seed rates, forage production with waste water under varied nutrient
levels, tillage and nutrient management in food-fodder system, quality of BN hybrid under
different growing environment and N levels, location specific research for management of
sodic soils with amendments, weed management in sorghum and testing of new genotypes
under different management for variety development.
AST2: Optimization of nitrogen for sorghum in different cropping systems: At
Ludhiana, the adopting of berseem-sorghum cropping system recorded significantly highest
sorghum fodder equivalent yield (2784 q/ha) and fetched highest net monetary returns of
Rs.80163/ha followed by wheat-cowpea-sorghum and wheat-fallow-sorghum (for SEY). At
Pantnagar, the GFY and CPY and net monetary returns of sorghum was not influenced by
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cropping systems but the highest GFY (302.8 q/ha) and net monetary returns (Rs 3715/ha) of
sorghum was recorded in sorghum-wheat cropping system. At Hisar, the highest GFY (609.7
q/ha) and net monetary returns (Rs 24060/ha) of sorghum was recorded in sorghum-wheat
cropping system. The application of 125% of recommended dose of nitrogen to sorghum
recorded higher GFY and DMY and fetched highest monetary returns over its lower levels at
these locations.
AST-3: Forage production potential of sorghum hybrid with forage legumes under
varying seed rates of intercrop: The fodder yield of multi-cut sorghum with forage legumes
(cowpea and guar/rice bean) was highest than sole sorghum at Ludhiana, Bikaner, Palampur
and Pantnagar. At Ludhiana, planting of sorghum + 100% cowpea seed rate (SR)
intercropping system recorded significantly higher green fodder yield (766.2 q/ha) over sole
sorghum (678.2 q/ha). However, it remained at par with rest of the intercropping systems
(sorghum + cowpea/guar). At Bikaner, sorghum + 100% guar seed rate intercropping system
realized highest total green fodder (829.6 q/ha) and dry matter yields (119.33 q/ha) over rest
of the intercropping systems and sole sorghum. At Pantnagar, sorghum + 50% cowpea SR
recorded highest GFY (428.2 q/ha) and fetched maximum net monetary returns (Rs12389/ha)
and benefit cost ratio (0.93) over rest of the intercropping systems and sorghum sole. At
Palampur, planting of sorghum + 75% ricebean SR intercropping system recorded
significantly highest total GFY (476.31 q/ha), DMY (100.51 q/ha) and fetched highest net
monetary returns (Rs`53173/ha), benefit cost ratio (5.48) and land equivalent ratio (1.77) over
rest of the treatments.
AST10: Chemical control of Acrachne racemosa weeds in sorghum fodder: At Ludhiana,
a field experiment was conducted to evaluate the herbicides for the control of Acrachne
racemosa weed in fodder sorghum and results revealed that weed was effectively controlled
with all the herbicide treatments. The dry weight of weeds decreased significantly with
herbicides (0.31 to 1.32 q/ha) than control (2.27 q/ha). The highest fodder yield (645.0 q/ha)
was realized with pre emergence application of atrazine @ 0.75 kg /ha-1 + stomp @ 2.5 l/ha
which was significantly superior over rest of the treatments but it remained at par with
atrazine 1.0 kg/ha-1 + stomp 2.5 l /ha (618.3 q/ha). The combination of atrazine @ 0.75 or 1.0
kg/ha + lasso 2.5 l/ha or lasso alone @ 2.5 l/ha herbicides had toxic effect on the crop.
AST12: Effect of nitrogen levels on forage yield of promising entries of Setaria grass
(AVT based): At Palampur, the entry S-20 recorded significantly highest GFY (252.36 q/ha),
DFY (77.55 q/ha) and CPY (7.52 q/ha) over rest of the entries. The growth parameters, yields
and quality (only upto 80 kg N/ha) increased consistently with increasing levels of nitrogen
upto 120 kg N/ha.
AST-13: Effect of phosphorus levels on forage yield of promising entries of cowpea: An
AVT based cowpea trial was conducted at 8 locations to findout the response of promising
entries  with  application  of  different    doses of phosphorus. On over all mean basis, Zonal
check entry UPC-622 recorded highest GFY, DFY and CPY over rest of the entries. None of
the testing entry was found superior over national or zonal checks for these parameters. The
influence of phosphorus on GFY, DFY and CPY was linear upto the highest tested rate (90
kg P2O5/ha).

3.9.3. Forage Crop Protection
The major objective of the forage crop protection trial was to understand the occurrence and
abundance of major pests and diseases, evaluation or improved breeding materials of
berseem, lucerne and oat for resistance to pest and diseases and pest management. These
trials were conducted at Anand, Bhubaneswar, Hisar, Hyderabad, Jhansi, Ludhiana, Palampur
and Rahuri. The occurrence and abundance data from different locations and their
relationship with weather parameters have been worked out and summarized as followed.
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Pest Occurrence: In berseem, the root rot disease incidences started at Bhubaneswar in the
last week of January (1.8%) and progressed up to last week of February (9.8%). At Ludhiana,
development and progression of stem rot on berseem variety BL-42 was recorded in the first
week of January when mean temperature and humidity ranged 10.2-17.80c and 74-83% and
the disease progressed rapidly (64.84% DI) under 14.4-16.60C and 81-83% mean temperature
and humidity respectively. At Palampur, root rot appeared in the first week of March and
progressed up to second week. At Jhansi, stem rot disease was at peak (16.2%) in second
week of February. At Hyderabad, maximum population of Galerucid beetle was recorded as 5
beetles/m2.

In Lucerne, thrips, jassids, white fly and aphids were found associated with the crop at
Anand. Maximum population 182 aphids/100 plants occurred in mid of February. Maximum
severity (2.6 and 2.8) of leaf spot and alfalfa mosaic was recorded at Bhubaneswar in the
month of February. At Jhansi, maximum disease severity (46.4%) occurred in the first week
of April. At Rahuri, three types of aphids (cowpea aphid, Pea aphid and spotted alfalfa aphid)
were recorded in different period of crop season.

In Oats, leaf light and sclerotium rot incidences (2.6 and 12.6%DI) were recorded at
Bhubaneswar. At Ludhiana disease progression was maximum (67.70%) in the month of
April when mean temperature and humidity ranged 17.3-25.30C and 63-75% respectively.

Evaluation of breeding material: IVT entries of Lucerne CAP-3-2 and ACP-3-1 were found
resistant to anthracnose at Jhansi. Oat single cut IVT entry UPO-10-2 showed minimum leaf
blight incidence (0-1.6 score) at all the centres except Ludhiana where all the entries were
found highly susceptible. Entries UPO-10-2, JO-03-99, JHO-2010-1, ANDO-3, UPO-10-1
and JHO-99-2 showed resistant reactions (<10 DI) against sclerotium rot at Jhansi. AVT
entry SKO-156 was found highly resistant to leaf blight at Hisar. Entry UPO-09-2 was found
least infested with aphids at Jhansi and Rahuri. AVT (SC • 2) entry SKO-96 showed
resistance to leaf light at Bhubaneswar, Hyderabad and Jhansi.

Entries SKO-96 and Palampur-1 were found resistant to powdery mildew at Palampur. Oat
multi cut entry UPO-10-3 was resistant to powdery mildew at Palampur where as UPO-212
and JO-03-309 were resistant to sclerotium rot at Jhansi. AVT multi cut entries UPO-09-3
and JHO-2009-2 were found resistant to powdery mildew at Palampur.

IVT and AVT entries of Berseem were screened for resistance to stem and root rot
diseases at Jhansi and Hisar under sick plot conditions. Entries JHB-1-1 and BB-3 were
resistant to stem rot at Jhansi and Hisar. Entries HFB-165-1, JHB-10-1, JHB-10-2, JB-03-17
and BL-22 showed resistance to root rot at Jhansi. Among AVT entries HFB-6-6 was found
resistant to root rot at Jhansi and Palampur.

Pest management: Bio intensive pest and disease management in Lucerne trial was
conducted at Anand, Hyderabad and Rahuri. The results revealed that recommended
chemical treatment prooved highly effective among all the treatments. However, application
of botanicals i.e. seed treatment with neem seed powder 50 g/kg seed followed by foliar spray
of NSKE @ 5% two week after each cut also gave considerable reduction (50%) in pest and
diseases.

In lucerne seed crop trial at Anand, Hyderabad and Rahuri, there was significant reduction in
rust disease intensity and increase in seed yield (41.76%) under protected treatment.
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Integrated disease management in white clover trial was conducted at Palampur as a location
specific trial with 10 different treatments. The results revealed that seed treatment with
bavistin 2 g/kg + Trichoderma viride 5g/kg seed + folior spray of bavistin 0.1% gave
significant reduction in powdery mildew (89%) and clover rot (80.7%) diseases and increase
in green fodder yield.

Validation of recommended treatment for disease management in oat trial was conducted at
Ludhiana, Palampur and Bhubaneswar under large field (100m2). There was significant
decrease in disease incidences (94%) and increase in green fodder and seed yield (14.3%) at
all the locations. Effect of foliar diseases on oat varieties (kent, PPL-1, OL-9, OL-125 and
OS-6 protected and unprotected) showed that there was significant reduction in diseases and
antiquality characters and increase in yield and quality characters under protected treatment.

3.9.3.2. Kharif 2011

Forage crop Protection trial in major Kharif forages included pest occurrence,
evaluation of breeding material to pest and disease resistance and pest management. These
were conducted at Anand, Bhubneshwar, Hisar, Hyderabad, Jhansi, Ludhiana, Palampur and
Rahuri centres.

Pest occurrence: Monitoring of diseases, insect pest and nematodes in Sorghum, Pearl
Millet, Maize and Cowpea revealed that at Jhansi zonate leaf spot (Gleocercospora sorghi),
anthracnose (Colletotrichum graminicola) and gray leaf spot (Cercospora sorghi), sooty
stripe (Ramulispora sorghi) and leaf blight (Helminthosporium turcicum) were
predominating diseases. Their spread and development was favoured by high humidity 80-
95% and maximum temperature ranged 30-35OC. At Ludhiana, grey leaf spot (Cercospora
sorghi) predominated and progressed steadily under RH (85%), temperature (28OC) and
reached to maximum diseases incidences (88.4%) in the first week of November. Incidences
of zonate leaf spot (Gleocercospora sorghi) were also recorded (52%) on sorghum var. SL-
44. At Bhubaneswar and Palampur, leaf spot and leaf blight incidences occurred in mild form
(3.4 and 4.0%) respectively. Among the insect pest shoot fly (Atherigona aproximata) and
aphid (Rhopalosiphum maidis) were recorded at Bhubaneswar, Jhansi and Rahuri. The
natural enemy of aphid ladybird beetle and Chrysopa cornea were also recorded at Rahuri. In
Maize and Pearl Millet shoot fly and aphid among the insect and leaf blight diseases were
predominating at Bhubaneswar, Jhansi, Ludhiana, Palampur and Rahuri.

In Cowpea root rot (Rhizoctonia spp.) disease incidences 0-40% were recorded at
Jhansi in different germplasm lines under evaluation. Other diseases like anthracnose
(Colletotricum lindimuthianum), leaf spot (Cercospora cruenta), bacterial blight
(Xanthomonas campestris cv. vignicola) and mosaic (Cowpea mosaic virus) were also
recorded with varying degree of incidences at Jhansi. At Bhubaneswar, yellow mosaic and
leaf spot with 3.6 and 2.8 grade in 1-5 scale were recorded thought out the crop season. Root
rot occurred late in the season with 20.30% diseases intensity. At Palampur, wilt/root rot
(Fusarium/Rhizoctonia spp.) were severe (15-45%) during July when high humidity (>85%)
prevailed. Leaf spot and blight (Ascochyta and Phyllosticta sp.) were other major diseases
appearing in cowpea. Flea beetle infestation (34%) and aphid population were observed
through out the crop season at Hyderabad. Moderate infestation of aphid and jassid (3-7.6/
plant) were recorded during second week of August at Rahuri.
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Evaluation of breeding material: In trial on evaluation of varietal resistance the result
revealed that cowpea entry UPC-1101 showed multiple resistance to pest and diseases at
different locations. In AVT entries UPC-622 and MFC-09-1 showed resistance to nematode
and aphid respectively at Jhansi and Rahuri centers. In Pearl Millet IVT and AVT entries
showed resistance to downy mildew at Hisar and Ludhiana. AVT entry NDFB-904 was
resistant to leaf spot (Pyricularia grisea). Rice bean entries KRB-26 and BFRB-16 showed
resistance to leaf blight and yellow mosaic virus at Bhubaneswar and Jhansi. AVT entry JRB-
13 showed resistance to leaf blight at Bhubaneswar and JRBJ-05 to yellow mosaic and
nematode at Jhansi.

Pest management: In the trial on integrated management of diseases in fodder maize
revealed that all the treatments provided superior control of leaf blight at Ludhiana and
Palampur. Whoever, T4 (Seed treatment with vitavax @ 2g/kg seed + mancozab spray @
0.25% provided maximum diseases control 42.34 and 85.71% respectively at both locations.

In trial on management of shoot fly in forage sorghum the application of imidacloprid
as foliar spray @ 0.3ml/L at 10 days after showing provided maximum reduction (>50%) in
shoot fly incidence and considerable increase in GFY and DMY at Anand, Hyderabad and
Jhansi.

A location specific trial on management of root rot of cowpea was conducted as
Bhubaneswar the results revealed that seed treatment with Trichodarma viride @ 5g/kg seed
+ FYM @ 2t/ha provided minimum diseases incidences (13%) against untreated control
(24.76%). GFY, DMY and Net monitory return/yr/ha were also significantly increased over
untreated control.

The trial on evaluation of quality parameter of cowpea as influenced by the incidences
of pest and diseases at Anand, Hyderabad, Ludhiana, Palampur and Rahuri centers, revealed
increased value of quality parameters in protected crop over the unprotected.

3.9.4. Breeder Seed Production

3.9.4.1. Rabi 2010-11

In Rabi 2010-11, the indent for Breeder Seed Production was received from DAC,
GOI for 24 varieties in four forage crops viz., Oat (8), Berseem (8), Lucerne (5) and Gobhi
Sarson (3). The allocation for producing the indented quantity of Breeder Seed i.e. 277.74
quintal was made to ten Breeder Seed producing centers of the different SAUs/ICAR
institutes. Among quantity indented for different forage crops, the maximum was for Oat
(202.10q) followed by Berseem (68.80q), Lucerne (6.40q) and minimum was for Gobhi
Sarson (0.44q).  As compared to indent in Oat (202.10.30q), the actual production was
305.33q, which was 103.23q in surplus.  But in Berseem, against the indent of 68.80 q, the
actual production was 50.00q which was deficit by 18.80 q.  In Lucerne, against the indent of
6.40q, the actual production was 6.38q i.e. 0.02q deficit.  In  Gobhi Sarson the actual
production was 0.96q more against indent of 0.44 q i.e. production was 1.40q. The overall
Breeder Seed Production was 30.74 percent higher as evident from seed production of
363.11q against the indent for 277.74q.

3.9.4.2. Kharif 2011

The indent for breeder seed production (360.57 q) in Kharif-2011 was received from DAC,
GOI for 31 varieties in five major forage crops viz., Maize, Cowpea, Pearl millet, Sorghum
and Ricebean. In comparison to earlier years Kharif indent; it was almost more than double
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for this season.  The allocation was done to twelve breeder seed producing centres of the
different SAUs/ICAR/NGOs. Maximum indent was for Sorghum (234.50 q) followed by
Maize (74.87q) and Cowpea (42.65q). In Maize, Pearl millet and Rice bean, the breeder seed
production was either higher or equal with respect to the indented quantity. In Sorghum and
Cowpea, the breeder seed production was less than the indented quantity. Coming to the crop
wise scenario, as compared to indent in Maize (74.87q), the actual production was 76.60q
(1.73q surplus), in Pearl millet against indent of 5.55q, production was 6.30q (0.75q surplus)
and in Rice bean indent and production was 3.00q. Against the indent of 234.50q in
Sorghum, the production was only 52.51q (around 77 percent less against the allocation).
Similarly in Cowpea, against the indent of 42.65q, the production was only 12.10q whuich
was around 72 percent less than the indent. The over all breeder seed production was 150.51q
against the indent of 360.57q which was 210.06q less or around 58 percent less the quantity
indented and allocated.

3.8. Farming system approach for livelihood improvement

Farming System Approach for livelihood improvement

In four FSR villages namely Radhapur, Ladpura, Bagan and Maharajpura in Niwari block of
Tikamgarh District (M.P.), improved varieties with Azotobacter and Rhizobium culture
enhanced forage yield by 16-24% in sorghum and 19-21% in cowpea.

Alternate land use system

During kharif-2011, improved varieties of 20 saplings each of guava (cv. Allahabad Safeda,
L-49), lemon (cv. Kagzilime) and Aonla (cv. N-7) were planted  in 16 farmers field in four
villages. The lemon and guava trees planted in 2008 in backyards and kitchen gardens  started
fruiting and yielded 30-40 kg/ tree during this year. The horti - based interventions
implemented are mentioned below;

1. Silvi- pasture model

The Stylosanthes hamata was harvested  from Siris/ shisham/ Subabool based silvipasture
system at Radhapur and GFY was in the range of 250-300 q/ha annually. The leaves of Siris/
shisham/subabool are also utilized by farmer for feeding the animals.

2. Agri- Horti model

The plantation of fruit trees aonla (NA-7) was done during 2007-08. The urd (Azad-1) gave
the yield of 7-10 , groundnut (Kausal) 18-24 q/ha in kharif. The wheat durum variety
(Harshita) with limited irrigation produced 30-35 q/ha grain in rabi. The fruit trees aonla
(Var.NA-7 and Krishna) are growing well.

3. Ber budding on local Jharberi

The Jharberi (Zizyphus nummularia) abundantly found on the farmers€s field bunds were
budded with the improved varieties of ber (Z. mauritiana) viz. Banarasi Karaka, Gola and
Umran) in May-June during the year. The improved varieties of ber increased the fruit yield
(30-50kg/ber tree) and generated additional income to farmers (Rs 2000-5000/yr), besides
providing fuelwood and fencing materials.

Rabi interventions-2011
During rabi - 2011, the following crop/varieties were sown by the farmers in their field

using their own produced seeds of previous year (Table 41).
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Table 41: Yield of rabi crops during 2011 at FSRP

Crops/Plants Varieties Nos. of beneficiaries/farmers Average yield q/ha

Pea VRP-9
PSV-6

15
7

24
26

Gram KWR-108
JG-16
Vijay
DCP 92-3

6
3
7
3

30
28
25
20

Mustard Pusa Bold 41 10

Wheat (Durum) Harshita 25 42

Malav kirti 12 30

HI-1539 38 50

Abha 22 31

Vidisha 23 35

Navinchandausi 35 40

Malavshakti 25 25

Poshan 25 28

Lentil DPL-15 16 7

Vegetables - - -

Chillies Pusa Jwala 27 60

Brinjal PPR 14 200

Tomato S-22
T-5
T-6

10
26
25

211
256
244

Cauliflower Maghi 27 215

Berseem JHB-146 33 600

Fig. 50. Wheat cv. Harshita and H.napier on bund in rabi 2011

Livestock component:
The goats fed on stylosanthes leaf meal @ 250 g/goat/day during lean period gained

average daily live weight of 35 gm as compared to general herd (20-25 g/day). A purebred
Tharparkar bull was placed in one of the FSR village for up-gradation of local non-descript
cows.
Farm machinery and implements

The demonstration of tractor drawn improved seed-cum-fertilizer drill  was conducted
for sowing of summer/kharif sorghum and cowpea fodder crops in FSRP which resulted in
better forage yield. Looking at the benefits, two farmers of Radhapur village and one farmers
of Bagan village purchased the seed drill of their own. It was used by 16 farmers in Kharif/
summer season.
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Demonstration on drudgery reduction
Tubular maize sheller, groundnut decorticator, groundnut stripper, improved sickle

etc. were demonstrated, which showed improved efficiency over local practice of stick
beating.
Exposure visit and capacity building

During the 2011-12, 108 farmers visited IGFRI to attend workshop-cum- Kisan
gosthi and kisan mela.
Externally funded projects:
All India Coordinated Research Project on Chickpea
Tillage and water management in chickpea

The field experiment on tillage and water management in chickpea showed that the
grain yield in conventional tillage was significantly higher (1550.1 kg/ha) than zero tillage
(1272.0 kg/ha) but it was at par with reduced tillage (1487.7 kg/ha). Two irrigation (one each
at branching and pod initiation stages) recorded significantly higher grain yield (1675.9
kg/ha) than one irrigation (1559.0 kg/ha) and no irrigation (1074.9 kg/ha). In reduced tillage
grain yield (2.86 q/ha), biomass yield (5.10 q/ha) and harvest index (56.16 %) was at par with
conventional tillage. The INM approach of nutrient management gave significantly higher
grain (3.00 q/ha) and biomass yield (5.32 q/ha) than 100% inorganic nutrient management
whereas harvest index remained unaffected due to nutrient management. In weed control
study, significantly higher grain (3.08 q/ha) and biomass yield (5.45 q/ha) was recorded by
twice manual weeding than herbicidal weed management in chickpea but harvest index
remained at par between them. Application of 60 kg P2O5/ha gave significantly higher grain
(1272.3 kg/ha) and biomass (2240.7 kg/ha) yield than without phosphorus application and it
was at par with 30 kg P2O5/ha application. Significantly higher grain and biomass yield and
harvest index were recorded due to application of 20 kg sulphur and 5 t FYM per hectare than
their respective controls.
Crop weather yield models for different agro climatic regions of Uttar Pradesh
Calibration and validation of CERES-Wheat model
A field experiment was carried out with four varieties (Halna, Malviya 234, PBW-17 and
PBW 343) of wheat in three dates of sowing (D1: 6.12. 2010, D2: 16.12.2010, D3:  29.12.
2010) with three replications. Genetic coefficients for the above wheat varieties were
determined based on detailed crop performance data on phenological events, yield and
growth attributes using GENCAL software (Table 42).

Table 42 : Genetic coefficients of Wheat cultivars

Genetic Coefficients Malviya-234 Halna PBW-17 PBW-343

P1V :Vernalization coefficient 0.5 0.5 0.5 0.5

P1D: Relative amount of photoperiod 1.4 1.0 1.5 1.5

P5 :Relative grain filling duration -2.0 -3.0 4.0 4.0

PHINT (oC days) :Phylochron interval 75 70 81 82

G1 :Kernel number per unit weight of stem 6.0 5.0 4.3 4.8

G2 : Kernel filling rate 2.0 1.6 1.2 3.0

G3 :Non-stressed dry weight of a single stem 3.5 3.0 1.4 3.0
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Simulated (Sim) anthesis date from observed (Obs) date by the model lie within the range of
± 2 days  during D2, but greatest error occurred in simulating maturity during D2 and D3 .The
grain yields of all the varieties were  predicted well by the model except PBW-17 and PBW-
343, in which the predicted yield was underestimated (15 to 19 %) by the model from the
observed yield. The simulated yields were within the tolerable limit for all the varieties
during D1 and D2. The predicted tops weight at maturity for all the varieties were
overestimated by the model in all the date of sowing within the range of 9 to 13%. Maximum
Leaf area Index (MLAI) was underestimated by the model in the range 16 to 24 %.

NICRA Project

NICRA project was started in Feb 2011 with the objective of making suitable
modification in agricultural management techniques & other strategies for stabilizing the
production in this region of climate extremes. In this region delayed onset of monsoon,
excess runoff and terminal drought at grain filling stage of wheat are the major climatic
vulnerabilities. Kadesara Kalan village in district Lalitpur was selected for the study. The
village is situated between 24o 11€ & 25o 14€ (N) latitude and 78o 10€• 79o 00€ (E) longitude.
To evaluate and validate the cafeteria of interventions 60 beneficiaries (10 marginal, 22
small, 25 medium and 3 large) were identified from the village. Varietal replacement for
climatic suitability indicated medium duration black gram variety, Uttara performed better
and recorded 19.44% higher yield (1336 kg/ha) in comparison to local. Similarly, Utkarsh
variety of groundnut matured early by 7-8 days and produced 20.14% higher yields at
farmer€s fields in comparison to Jhumku (local). The four agri- horti- pasture systems were
established on non arable lands of the beneficiaries. Among fruit trees guava recorded 78%
establishment whereas grasses Cenchrus ciliaris recorded 78% establishment in the agri-horti
pasture. A check dam has been constructed to harvest excess rainfall during the season and
recycling it for irrigation. The structure will benefit the 39 farmers in the upstream side.

Sustainable forage production through participatory cereal clover bi-cropping in mid
hills of Himalaya (Funded by GBPIHED, Almora)

White clover sward was established during Rabi 2010-11 with basal application of P & K
(30:30). White clover produced dry matter in the range of 2.80 to 3.46t/ha.

Maize grain production in cereal clover bi-cropping varied in the range of 16.18 • 26.75 q/ha.
No application of Nitrogen in white clover + wheat- maize (T2) resulted in significantly
lowest maize grain production (16.18 q/ha), however the yield was at par with 50% N
application in T4, T7 and T10 with an average yield of 18.72, 19.30 and 19.03 q/ha,
respectively. Maize grain production in 75% N application treatments was obtained 24.19
q/ha (T5), 24.66 q/ha (T8) and 23.64 q/ha (T11) and was significantly higher than 50% N and
No N application. Grain yield obtained in 75% N application were 23.71 q/ha (T1), 26.19
q/ha (T6), 25.96 q/ha (T9) and 26.75 q/ha (T12) were at par with the grain yield in 100% N
application. Grain yield data clearly indicated that about 25-30% N substitution could be
done with white clover in cereal-clover bi-cropping
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Table 43: Maize and white clover production in cereal-clover Bi-cropping
Treatment detail Maize Grain

(q/ha)
White clover
D.W (t/ha)

T1- Wheat • Maize (Standard check) - recommended NPK 23.71 -
T2- White clover + Wheat • maize (without any N fertilizer) 16.18 3.09
T3- White clover- sole - 3.64
T4 -White clover + Wheat (50% N) • Maize (50% N) 18.72 2.77
T5 -White clover + Wheat (50% N) • Maize (75% N) 24.19 2.86
T6 -White clover + Wheat (50% N) • Maize (100% N) 26.16 2.92
T7- White clover + Wheat (75% N)• Maize (50% N) 19.30 2.80
T8- White clover + Wheat (75% N)• Maize (75% N) 24.66 3.24
T-9 White clover + Wheat (75% N)• Maize (100% N) 25.96 3.11
T10- White clover + Wheat (100% N)• Maize (50% N) 19.03 3.52
T11 -White clover + Wheat (100% N)• Maize (75% N) 23.64 3.05

T12 - White clover + Wheat (100% N)• Maize (100% N) 26.75 2.95
CD (P=0.05) 3.17 NS
CV% 13.69 18.45
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Chapter 4
Seed Production

Seed Production at IGFRI during Rabi 2010-11 and Kharif 2011

Forage Crops & grasses
(in quintals)

Particular Achievement
Breeder seed 263.00
Truthfully labelled seed 514.00

Grand Total 777.00

(in lakhs)
Planting material 38 Lakh slips

Crop & variety Breeder TFL
Oat Kent 58 16.6

Oat 822 120 431.8
Oat 851 18.5 2.43
Oat 99-2 14 -
Oat 99-1 6.6 0.13
Oat 2000-4 6.63 0.09
Total 223.73 451.05
Berseem Wardan 9.29 5.00
Berseem BB-3 4.38 0.47
Berseem BB2 6.6 2.477
Total 20.27 7.947
Total Rabi 2010-11 244.00 459.00
Cowpea 3 -
Dinanath grass - 50
Maize African tall 4 -
MP Chari 15 -
Anjan grass 3108 - 0.2
Dhaman grass - 0.3
Guinea grass - 1.5
Total Kharif 2011 21 52
Grand Total 266.00 511.00
Total seed production - Breeder & TFL 777.00
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Chapter 5
Technologies Assessed and Transferred

Fodder Technology Demonstrations conducted in 2011-12
S.No Crop Variety Locations

Rajasthan H.P Bundel
Khand UP

Bundel
Khand M.P

Karnata
ka

1. Bajra AVKB-19 20 32 8 10
2. Guar B.G.-3 - - 1 -
3. MP Chari MP Chari - 32 7 8
4. Sorghum PC-6 - - 8 10
5. Lobia BL-2 - -
6. Lobia Kohinoor - 8 9 10
7. Maize African tall - 31
8. Sorghum Perennial - - 10
9. Guinea grass G.G.-1 - - 10
10. Berseem JHB-146 - - 16 3
11. Berseem Wardan - 39 21
12. Oats Jho-822 5 42 19 36
13. Lucerne T-9 2
14. Cenchrus 3108 2

Total 27 186 68 98 20
Kharif= 216
Rabi= 183
G.Total=399

Events and Visits
Extension activities
Extension activities organized Date Organizing institute /place
Kisan Mela March 29, 2012 IGFRI, Jhansi
Mahila Krashak Gosthi March 20, 2012 Vill.-Birguan, Jhansi
Farmers Meeting Oct. 13, 2011 Lalitpur, UP
Kisan Gosthi Sept. 19, 2011 IGFRI (at Kangra, Palampur, HP)
Farmers training Oct. 13, 2011 Lalitpur, UP
Visits 2011-12 50
Scientist Farmer Interface 20.08.2011 IGFRI and ASSOCHAM, New Delhi
Groundnut Field Day Nov 5, 2011 IGFRI (Kadesara kalan)
Launching workshop of NICRA
Project

March 16, 2011 IGFRI (Kadesara kalan)

Postal and telephonic enquiries 2011-12 23 in nos
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Exposure visits/Training
S No. Sponsoring organization Type of farmers/

Officials/place
Dates No.of

Farmers
/trainees
/ officials

1) Agriclinic  & agribussiness Agril.graduate (Jhansi,
Jaulan, Meerut,
Shivpuri
Hamirpur, & Kanpur
Dehat)

30.05.11 62

2) Samaj Pragti Sahyog Sansthan Officers (Bhagli, M.P.) 24.05.2011 5
3) CKC, Jhansi students 20.07.2011 69
4) CKC, Jhansi students 30.07.2011 69
5) Tara livelihood Academy farmers 29.07.2011 51
6) Srijan IWMP farmer (Jatra,

Tikamgarh, M.P)
05.08.2011 52

7) R.G. Mission for watershed
management, MP Govt

officers 26.08.2011 21

8) Teswani mahila shaktikaran
Pariyojana

Farmers 29.08.2011 25

9) Tara livelihood Academy Farmers 08.08.2011 51
10) Agril.College,Udaipur( Raj.) Farmers 05.09.2011 8
11) IWMP, MP Organised by NRCAF Farmers 06.09.2011 101
12) Agriclinic bussiness Agril.graduate trainees

(lucknow, sitapur,
Varanasi, pilibhit)

08.09.2011 62

13) MPWSRP, Chattarpur, MOP Farmers 20.09.2011 51

14) Chetriya Gram Vikash Sansthan,
Chirgaon

Self Help Group 13.09.2011 20

15) Srijan Livelihood for women, Sagar,
MP

Women farmers 24.09.2011 11

16) NRCAF, Jhansi Div.lForest Officials 25.09.2011 26

17) Tara livelihood Academy Farmers 26.09.2011 51

18) IWMP, Mahoba,  MP Organised by
NRCAF

Farmers 26.09.2011 101

19) IWMP ,Mahoba,  MP Organised by
NRCAF

Farmers 29.09.2011 101

20) PNB, Safai, Etawaha Farmers 29.09.2011 24
21) Dy.Director, Bharatpur, Rajasthan Farmers 18.10.2011 52

22) National Horticulture Mission, Datia.
Organized by NRCAF

Farmers 15.10.2011 51

23) IWMP, MP Organised by NRCAF Farmers (Mahoba) 01.10.2011 31

24) IWMP, MP Organised by NRCAF Farmers (Mahoba) 02.10.2011 31
25) IWMP, MP Organised by NRCAF Farmers (Mahoba) 03.10.2011 31
26) MP WSRPChatarpur Farmers 15.10.2011 31

27) IWMP , watershed, Organised by
NRCAF

Farmers (Mahoba) 09.10.2011 61

28) Chetriya Gramin Vikash Sansthan Farmers(Chirgaon) 05.11.2011 21
29) RVSKU, Gwalior Farmers 09.11.2011 24
30) IWMP , watershed, Organised by

NRCAF
Farmers (Mahoba) 16.11.2011 51

31) IWMP , watershed, Organised by
NRCAF

Farmers (Mahoba) 18.11.2011 51
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32) Deputy Director, Lucknow Extension Worker 26.11.2011 21

33) Kissan kalian and krishi vikash,
Tikamgarh

Farmers 29.11.2011 14

34) UPPFMPAP,Project
managementconsultant, Lucknow

Consultant team 16.11.2011 11

35) Dy. Director, Dhaulpur, Rajasthan Farmers 13.12.2011 52
36) Rajiv Gandhi Mission for watershed

management, Ashok Nagar MP Govt
Farmers 17.12.2011 23

37) Upsanchalak kiassan Kalyan and
Krishi Vikash, Shivpuri, MP
(ATAMA)

Farmers 20.12.2011 22

38) IWMP, MP Organised by NRCAF Farmers 08.01.2012 101
39) IWMP, MP Organised by NRCAF Farmers 12.01.2012 101
40) IWMP, MP Organised by NRCAF Farmers 18.01.2012 101
41) Horticultural and Food Preservation

Mission (Jalon)
Farmers 19.01.2012 52

42) Upsanchalak kissan Kalyan and Krishi
Vikas, Tikamgarh, MP (ATMA)

Farmers 19.01.2012 16

43) Deputy Director, Vety Veterinarian 18.01.2012 11

44) MPWSRP Tikamgarh, MP (ATMA) Farmers 22.01.2012 31
45) Upsanchalak kiassan Kalyan & K.

Vikash, Tikamgarh, MP (ATMA)
Farmers 28.01.2012 17

46) Agriclinic  & agribussiness Agril.graduate (Jhansi,
Gorakhpur,Muradabad)

31.01.2012 32

47) Upsanchalak kiassan Kalyan and
Krishi Vikash, Datia, MP (ATMA)

Farmers 04.02.2012 11

48) Dy.D., Ext, Morena, M.P-Ist batch Farmers 13.02.2012 101
49) Dy.D, Ext, Morena, M.P-2nd batch Farmers 13.02.2012 101
50) P. D., Shiekhpura, Bihar Farmers 17.02.2012 11

51) Dy.D.Hort.,Ashok Nagar, MP Farmers 29.02.2012 21

52) Project Director ATMA, Shikhpura,
Bihar

Farmers 17.02.2012 11

53) Department of Agriculture,
Chandigarh

Progressive Farmers 14.03.2012 32

54) College of Agriculture, Riwa,
JMKVV, M.P

B.Sc Agril student-IVth
year

14.03.2012 24

55) Arrmy Centre RVC, Meerut, U.P Army officials 15.03.2012 7

56) Kissan Kalyan Awam Krishi Vikash,
Sagar, M.P

SC/ST farmers 17.03.2012 32

57) MPWSRP, Shivopur, M.P Farmers 20.03.2012 22

58) Farmers€ welfare and agril.
development, Datia, M.P

Farmers 23.03.2012 11

59) Deputy Director Agriculture, Datia,
M.P

Farmers 24.03.2012 18

60) Kissan Kalyan Awam Krishi Vikash,
Gwalior, M.P

SC/ST farmers 26.03.2012 32

61) Soil and water conservation
department, Kanpur, U.P

Farmers 22.03.2012 57

62) Soil and water conservation
department, Ghatampur, U.P.

Farmers 22.03.2012 56
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Chapter 6

Recognitions &  Awards

 Dr. S.K. Mahanta, Sr. Scientist visited Dairy Research Foundation, Faculty of
Veterinary Science, University of Sydney, Camden, Australia under Endeavour
Award Program (March-July, 2011).

 Best poster presentation award for the original paper (3rd) entitled, Assessment of
production and nutrition status of grassland resources in Western Himalaya Inder
Dev, Sudesh Radotra, J.P. Singh and M.M. Roy (2011) presented in National
symposium on ƒResource Utilisation through Integrated Farming System and
Biodiversity Conservation in Drylands„ during December 20-22, 2011 organized by
Arid Zone Research Association of India and CAZRI, Jodhpur.

 Second Best poster award in the International conference on ƒClimate change and
sustainable management of natural resources„, February 5-7, 2012; ITM University,
Gwalior, M.P. for the paper presentation entitled ƒStudies on fruit and seed
morphology of subabul varieties„ by Vijay D, Gupta SK and Pandey, HC.

 Dr. Sunil Kumar was conferred as the Fellow of RMSI.

 Best poster award for Technical Session-II, given to Naveen Kumar, Sharma GD,
Sunil Kumar and Faruqui SA  for the poster  entitled ƒIntegrated nutrient management
in NB hybrid under mid hills of North Western Himalaya„ in National Symposium on
ƒForage resource and livestock for livelihood, environment and nutritional security„,
September 10-11, 2011, RMSI, IGFRI, Jhansi

 The Regional Research station, Avikanagar got first prize for exhibition on fodder
technologies during Kisan Mela organized by the CSWRI, Avikanagar on 4 Jan.
2012.

 Dr. SS Meena won best poster presentation award for research article ƒDevelopment
and characterization of white rust resistant genotype of Indian mustard„ in 1st National
Brassica Conference organized by Society for Rapeseed-mustard Research, Bharatpur
held at CCSHAU, Hisar on March 2-3, 2012.

 First Prize for poster presentation in Technical Session-III, entitled ƒKnowledge status
of farmers in relation to animal and fodder production practices in arid and semi arid
ecosystems„ by Satyapriya, P Sharma, Sadhna Pandey, NB Biradar, and S Radotra
during National symposium of RMSI, Sept. 10-11, 2011.

 Second prize for poster presentation in Technical Session-III,  ƒGender analysis in
animal rearing practices with special reference to feeding in semi arid region of India„
By Sadhna Pandey, P Sharma, Satyapriya, NB Biradar, and S Radotra during National
symposium of RMSI, Sept. 10-11, 2011.

 Encouragement award for scientific contribution in Hindi by Institute Rajya Bhasa,
cell : Drs. Maharaj singh, P. Sharma, Satyapriya and Sadhna Pandey
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 Dr Manoj K. Srivastava and his associates received the best poster award for
Technical Session-IV, for ƒBiochemical characterization of antioxidant system of
Chaya (Cnidoscolus aconitifolius)„ in ‚National Symposium on Forage Resources and
Livestock for Livelihood, Environment and Nutritional Security€ held at IGFRI,Jhansi
(September 10-11,2011)

 Dr K K Dwivedi and his associates received the second best poster award in
Technical Session-I, for ƒIdentification of ovule specific proteins associated with
apomixis and sexuality in Cenchrus ciliaris.„ in ‚National Symposium on Forage
Resources and Livestock for Livelihood, Environment and Nutritional Security€ held
at IGFRI,Jhansi (September 10-11,2011)

 Dr Manoj K. Srivastava got First prize in Masauda and Tippani Lekhan in Hindi
Pakhwada 2011.

 Dr S. Karthigeyan Best poster award for Technical Session-I for Pollen-pistil
interaction in Medicago sativa x Medicago scutellata for possible interspecific
hybridization and weevil resistance. Pub. Abstract In:  National symposium on
ƒForage Resource and Livestock for Livelihood, Environment and Nutritional
Security„, September 10-11, by Range Management Society of India, Jhansi and
Indian Grassland & Fodder Research Institute, Jhansi.
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Chapter 7

Human Resource Development

Human resource development activities within the organization for the institute personnel as
well as training to the users of forage technologies from government and non-government
organizations were accorded high priority. During the year, a number of personnel were
deputed to other specialized short training courses in the emerging areas offered by various
organizations across the country. Five sponsored training programmes were designed and
executed.

Capacity building of IGFRI Staff
On Campus
Orientation programme for following newly joined scientists was conducted by HRD unit
S. No. Name Discipline

1. Dr. D. C. Joshi Plant Breeding
2. Dr. Dibyendu Deb Ag. Statistics
3. Dr. Mukesh Choudhary Agronomy
4. Dr. Edna Antony Plant Physiology

Field Experience Training (FET) programme for AR probationers:
21 days Participatory Rural Appraisal carried out in Ravnijha village of Jhansi district under
FET programme of six ARS scientist trainees.
National level off campus capacity building of IGFRI staff
Under capacity building programme of IGFRI staff, 22 Scientists and two administrative staff
of IGFRI have received 18 specialized training programmes offered by various institute/
agencies on a wide spectrum of the topics

Participation of institute personnel in various specialized courses
S.N Name of training Duration Organization Participants
1 Workshop on Leadership for transition

to NAIS
July 1-6,
2011

NAARM Drs. M.G. Gupta and
P. K. Pathak

2 MDP on data mining and GIS for
decision support in Agril.

Aug. 1-12,
2011

NAARM,
Hyderabad

Dr. J.P. Singh

3. Techno scientific management for
scientists

Aug. 1 • 12,
2011

ASCI,
Hyderabad

Dr. Pankaj Kaushal

4 Technology volarization and
management

Aug. 3-12,
2011

ASCI,
Hyderabad

Dr. K.K. Singh

5. Prioritization of plant physiological
research for 12th five years plan

Aug. 5-6,
2011

IARI, New
Delhi

Dr. Chandan Gupta

6 Bioinformatics in Agriculture Aug.29-
Sept. 7,
2011

IASRI, New
Delhi

Dr. Kumar Durgesh

7. Pre-breeding in crop improvement Sept. 7-27,
2011

PAU, Ludhiana Dr. Mridul
Chakrborty

8 Genetics /Genomics data analysis using
SAS

Sept. 19-24,
2011

IASRI, New
Delhi

Dr. Kumar Durgesh

9. Data analysis and interpretation in farm
implementation and machinery
research using SAS

Nov. 14-19,
2011

AICRP (FIM)
CIAE, Bhopal

Dr. C.S. Sahai
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10. Instrumental techniques in agriculture
and food quality assessment

Oct. 1- 21,
2011

Junagarh Agril.
University

Dr. CK Gupta

11. Soil Carbon sequestration for climate
change mitigation and food security

Oct. 10-19,
2011

CRIDA,
Hyderabad

Dr. A.K. Rai

12. Organizational behaviour in
Government

Oct. 17-21,
2011

ISTM, New
Delhi

Shri Rakesh Kumar
and Shri Vijay
Tiwari

13. Introduction to biosystematics of
insects, mites, spiders and their
biodiversity

Nov., 14-23,
2011

Natl. Bureau of
Agril. Imp.
Insects,
Banglore

Dr. N.S. Kulkarni

14. General management programme for
women scientists

Nov. 19-
Dec. 2,
2011

ASCI,
Hyderabad

Dr. Archana Singh

15. Recent advances in designing and
analysis of experiments

Nov.29-
Dec. 19,
2011

IASRI, New
Delhi

Mr. D. Deb, Mr.
Suhail Ahmed Dand,
Mr. Mukesh
Chaudhuri

16. Workshop on ƒAgropedia„ Jan. 23,
2012

ICRISAT,
Hyderabad

Dr. N. Biradar

16. Science policy and technology
forecasting in Agriculture

Jan. 16-25,
2012

NAARM,
Hyderabad

Dr. K. Sridhar

17. Data mining using SAS Feb. 6-11,
2012

IASRI, New
Delhi

Mr. Suhail Ahmed
Dand

18. Applications on Geo-informatics and
crop simulation models in agriculture

March 13-
26, 2012

NAARM,
Hyderabad

Dr. N.S. Ekka

International trainings and visits of IGFRI Scientists in specialized area of research
Scientists Place Duration Programme

Dr. A.K. Roy Argentina and
ICARDA, Syria

April, 2-8, 2011 9Th Intl. Rangeland Congress

Dr. A.K. Roy ICARDA, Syria May 21-26, 2011 To participate in bilateral
project meeting

Dr. Anil Kumar ICARDA, Syria June 5-16, 2011 Training

Dr. Archana Singh ICARDA, Syria June 5-16, 2011 Training

Dr. D.R. Malviya Argentina April, 2-8,2011 9Th Intl. Rangeland Congress

Dr. P.N. Dwivedi Suranari Univ. of
Tech., Thailand

July, 26-29, 2011 3rd Intenational conference
on Sustainable Animal
Agriculture for Developing
countries (SAADC 2011)

Dr. Suresh Kumar California Univ.,
USA

Dec, 24 • Sept. 13,
2011

Indo-US Research
Fellowship

Dr. Sultan Singh Combodia July 14-16, 2011 Workshop on green house
gases for Asian countries

Dr. S. K. Mahanta Australia March 16-June 15,
2011

Endeavour award
programme
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HRD for Forage Resource Development
Training programmes conducted at IGFRI

S.No. Name Sponsor Duration No. of
trainees

1. Development of
grassland, Officers and
officials of Van Mandal
Dhar (M.P.),

Forest Deptt, MP 24.05.201
1

26

2. Forage production and
utilization„ for watershed
development team
members

Department of Panchayat & Rural
Development, Rajiv Gandhi Mission for
Watershed Management, Government of
Madhya Pradesh, Bhopal

August 23
to 27,
2011

22

3. Forage production and
utilization„ for watershed
development team
members

Department of Panchayat & Rural
Development, Rajiv Gandhi Mission for
Watershed Management, Government of
Madhya Pradesh, Bhopal

Sept. 26-
30, 2011

28

4. Forage production and
utilization„ for watershed
development team
members

Department of Panchayat & Rural
Development, Rajiv Gandhi Mission for
Watershed Management, Government of
Madhya Pradesh, Bhopal

21-25
Nov. 2011

24

5. Capacity building of
KVKs€ Staff on Fodder
Production and Grassland
Management,

IGFRI, Jhansi July 12-
16, 2011

17

Training cum Exposure Visits
Many training-cum-exposure visits in the area of fodder production and rangeland
development were organized for government and non government organizations and also for
some individuals. Such visitors included students, farmers, officers and forest

Organizations No. participants/
Target groups

Date

Farmers from forest deptt Baitul, M.P 12 27.06.11
Students of CKC, Jhansi 59 22.07.11
Trainees of NRCAF, Jhansi 100 18.11.11
Study tour of State Agril Marketing Institute, Lucknow 30 26.11.11
Study tour of officer trainees of 106th batch of CSWCR&TI,
Dehradun

9 01.12.11

Krsashak Mitra and Didi , Tikamgarh 8 28.12.11
College of Forestry, Pnnampet, Kodagu, Karnataka 39 13.01.12
PG students, BBC, Jhansi 04.02.12

Doctoral Research
Student Supervisor Thesis topic Status

Mrs. Poornima
Swam

Dr. M.J. Baig, Sr
Scientist
(Transferred to
CRRI, Cuttak)

Forage physiology- Elevated carbon
dioxide mediated physiological and
biochemical changes in oat.

submitted

Aparna Singh Dr. S.K. Nag Environmental contamination of feed,
fodder and animal products with
pesticide residues

submitted

Ms. Shalini Pathak Dr. D.R. Malaviya Biochemical, molecular and genetical
studies on multifoliate trait in
Trifolium alexandrinum

Awarded
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Chapter 8

List of Publication
Research papers in high rating journals (NAAS rating > 6.0)

Ahmed S, Roy AK and Majumdar AB 2011. Genetic diversity and variability analysis in Oat
(Avena sativa L.) Range Mgmt. & Agroforestry 32(2):96 -99.

Bahukhandi D, Malaviya DR and Pandey HC 2011. X-Ray Radiography-A quick method for
determining seed filling in grasses. Range Mgmt. & Agroforestry 32(2):141-143.

Bhagirath Ram, Meena SL, Devi Dayal and Shamsudheen M 2011. Genetic variability in
birdwood grass (Cenchrus setigerus) for forage yield and its component traits. Range
Mgmt. & Agroforestry 32(1):30-32

Chandra A, Tiwari KK, Nagaich D, Dubey N, Kumar S, and Roy AK 2011. Development
and characterization of microsatellite markers from tropical forage Stylosanthes species
and analysis of genetic variability and cross-species transferability. Genome 54:1016•
1028.

Das MM and Singh KK 2011. Effect of exogenous fibrolytic enzyme supplementation or
treatment of wheat straw on nutrient utilization and milk yield in crossbred cows.
Indian J. Anim.  Sci. 81(9):965-967.

Dev Inder, Radotra S, Singh JP, Pathania MS and Sareen S 2011. Role of farmwomen in
forage based livestock production system in north-western Himalaya. Range Mgmt. &
Agroforestry. 32(2):124-130

Gupta A, Singh Sultan, Kundu SS and Jha Nisha 2011. Evaluation of tropical feedstuffs for
carbohydrate and protein fractions by CNCP System. Indian J. Anim. Sci. 81(11):1154-
1160.

John G Carman, Michelle Jamison, Estella Elliott, Dwivedi KK and Tamara N Naumova
2011. Apospory appears to accelerate onset of meiosis and sexual embryo sac formation
in sorghum ovules. BMC Plant Biology 11:9.

Joshi DC, Bhaskar RB and Kumar RV 2012. Evaluation of sorghum germplasm for multiple
resistance against foliar diseases. Range Mgmt.  & Agroforestry. 32(2):144-118.

Mahanta SK, Pailan GH and Kumar Anil 2011. Supplementation of area specific mineral
mixture for calves. Indian Vet. J. 88(2):83-85.

Pailan GH, Gupta JN, Sharma P 2010. Effect of stylo meal supplementation on lactating
buffaloes: An on farm trial Indian Journal of animal sciences. Indian J.  Anim Sci. 80
(10):89-91.

Pathania MS and Dev Inder 2011. Fodder supply from public and private lands in two agro-
climatic zones of Himachal Pradesh. Indian J. Anim. Sci. 81(7):740-743.

Rai AK, Bhardwaj R, Sureja AK and Bhattacharyya D 2011. Effect of pine needles on
inorganic nitrogen pools of soil treated with fertilizers and manure under cabbage crop.
Range Mgmt. & Agroforestry 32(2):118-123

Sahu PP, Gupta S, Malaviya DR, Roy AK, Kaushal P and Prasad M 2012. Transcriptome
analysis of differentially expressed genes during embryo sac development in apomeiotic
non parthenogenetic interspecific hybrid of Pennisetum glaucum. Molecular
Biotechnology. .51:262-271

Sharma Anil, Suresh Kumar and Bhatnagar Raj K 2011. Bacillus thuringenesis protein
Cry6B (BGSC ID 4D8) is toxic to larvae of Hypera postica. Current Microbiology
62:597-605.
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Shah NK, Sahay G and Tyagi PK 2011. Field selection for resistance in Cowpea (Vigna
unguiculata (L) Walp) to major insect pests. Range Mgmt. & Agroforestry 32(2):138-
140.

Shah NK, Azmi MI and Tyagi PK 2011 Pathogenicity of Rhabditid nematodes (Nematoda:
Heterorhabditidae and Steinernematidae) to the grubs of alfalfa weevil, Hypera postica
(Coleoptera: Curculionidae). Range Mgmt. & Agroforestry 32(1) 64-67.

Shukla AK  2011. Effect of foliar application of calcium and boron on growth, productivity
and quality of Indian gooseberry (Emblica officinalis). Indian J. Agric. Sci. 81(7):628•
632.

Singh KA and Rai AK 2012. Nutrient accumulation, distribution and use efficiency in
different bamboo plant species in north-eastern hills region of India. Indian J. Agric.
Sci. 82:134• 145.

Singh K.A and  Rai, S.K. , 2011. Long term variability and trends of temperature over
various time scale at Pusa, Bihar. J. Agromet. 13(1): 77-78

Singh Sultan, Gupta A and Singh BB 2011. Effect of tree foliage supplementation to
Cenchrus ciliaris hay diet on rumen microbial population, enzyme activities and water
kinetics in sheep. Range Mgmt. & Agroforestry 32(2):113-117.

Singh Sultan, Kushwaha BP, Nag SK, Mishra AK, Bhattacharya S, Gupta PK and Singh A
2011. In vitro methane emission from Indian dry roughages in relation to chemical
composition. Curr. Sci. 101(1):57-65.

Singh VK, Singh HV, Singh Permendra and Satyapriya 2010. First report of root-knot
nematode Meloidogyne javanica infecting oat in J & K, India. Range Mgmt. &
Agroforestry 31(2):153.

Singh VK, Singh HV, Satyapriya and Singh Permendra 2010. First report of root-knot
nematode caused by Meloidogyne incognita infecting berseem in J & K, India. Range
Mgmt. & Agroforestry 31(2):154.

Srivastava MK, Yadav C, Bhat V and Kumar S 2011. Cloning and characterization of cDNA
encoding xyloglucan endotransglucosylase in Pennisetu glaucum L. African J.
Biotechnology 10(46):9242-9252.

Singh O, Khanam Z, Misra N and Srivastava MK 2011. Chamomile (Matricaria chamomilla
L.): An overview. Pharmacog. Rev. 5(9):82-95.

Yadav Chandrabhan, Anuj, Kumar S, Gupta MG and Bhat V 2011. Genetic linkage maps of
the chromosomal regions associated with apomictic and sexual modes of reproduction
in Cenchrus ciliaris. Molecular Breeding 28:doi 10.1007/s11032-011-9614-6.

Research papers in high rating journals (NAAS rating upto 5.9)

Gupta A, Singh Sultan, Kundu SS and Jha Nisha 2011. Effect of tannin and pH levels on the
in vitro dry matter digestibility and ammonia production oil cake - Acacia catechu
pellets in cattle inoculums. Indian J. Anim. Nutri. 28(2):124-130.

Kumar Anil, Natarajan S, Biradar N and Trivedi BK 2011. Evolution of sedentary
pastoralism in south India : case study of the Kangayam grassland. Pastoralism:
Research, Policy and Practice 1:7 (Springer publication).
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Kumar Durgesh, Kumarsamy S, Vinod, Kumar G and Tomar SMS 2011. Genetics of rust
resistance and cytogentic studies in a derivative of wheat (Triticum aestivum L.) x
Aegilops speltoides. Ind J. Genetics 71( 2):151-157.

Kumar S 2011. Biotechnological advancements in alfalfa improvement. J. of Applied
Genetics 52:111-124.

Kumar S and Shukla AK 2011. Fruit, forage productivity and economics of grown up aonla-
based hortipastoral system under semi-arid condition. Indian J. Agroforestry 13(1):51-
55.

Kumar Sunil, Faruqui SA, Shiva Dhar and Singh GK 2010. Harvest index, seed yield and its
attributes of forage cowpea (Vigna unguiculata L.) varieties as influenced by different
row spacing in semi-arid situations. Forage Research 35(4):193-197.

Meena BS, Pandey Sadhna, Sharma Purushottam and Tak Ata-Ul-Munim 2010.
Technological gap in feeding practices of dairy animals in Jhansi district. Journal of
Community Mobilization and Sustainable Development. 5(2):19-22.

Pandey Sadhna, Meena BS, Sharma Purushottam and Dwivedi RN 2010. Health Hazards
among Farmwomen in Different On-farm Operations. Journal of Community
Mobilization and Sustainable Development. 5(1):38-40.

Sahay CS, Thomas EV, Satapathy KK and Kumar A 2011. Laboratory evaluation of selected
animal drawn implement for state of Meghalaya. J. Agric. Engg. 48(2):42-45.

Satyapriya, Pandey Sadhna, Sharma Purushottam, Singh M, Agarwal R and Singh RP 2011.
Gender Issues in indigenous technical knowledge. The Journal of Rural and
Agricultural Research 11 (1): 83-87.

Singh Sultan, Kushwaha BP, Maity SB, Das N and Sethi RK 2010. Effect of protein source
and level on intake, nutrients digestibility and milk composition in Bhadawari
buffaloes. Indian Buffalo J. 8:48-50.

Singh Sultan and Kundu SS 2011. Comparative rumen microbial population in sheep fed
Dichanthium annulatum grass supplemented with Leucaena leucocephala and
Hardwickia binata tree leaves. Livestock Res. Rural Develop. 23(1):www.lrrd.org.pub.

Presentations/ Papers/ abstracts in International seminars/symposia
International
IXth International Rangeland Congress, April 02-08, 2011 at Rosario, Argentina
Biradar N, Kumar Anil, Natarajan S and Trivedi BK 2011. People, livestock and grasslands

of Kangayam, India. p785.

Chandra A, Roy AK and Kumar S. Characterization and germplasm enrichment of
Stylosanthes seabrana, a potential range forage legume for India. p505.

Roy AK, Malaviya DR, Tiwari R. Evaluation of Heteropogon contortus germplasm for
rangeland fodder productivity. p552

Roy AK, Zadoo SN, Pandey AK. Screening for sexual lines in Dichanthium- Bothriochloa
agamic complex. p553

Malaviya DR, Roy AK, Kaushal P, Dwivedi K, Baig MJ, Anand A and Choubey RN.
Salinity tolerance of Panicum maximum genotypes during germination and seedling
growth. p520

Malaviya DR, Roy AK, Kaushal P, Tiwari R, Chauhan R, Sharma N, Chandra A. Guinea grass germplasm
evaluation for sustained productivity under semi-arid condition. p521
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Shukla AK, Kumar Sunil and Ram SN. Performance of bael (Aegle marmelos) based
hortipasture system for sustaining productivity in semiarid agro-ecosystem. p431.

Singh JP, Radotra S and  Dev I 2011. Assessment of grassland and forage resources using
remote sensing and GIS. p453.

Singh KA.  Pasture development and management of grasslands through involvement of
communities. p782.

Sridhar K, Biradar N, Karthigeyan S and Kumar Vinod 2011. Panicum maximum Jacq.- A
potential lingo cellulosic feed stock for bioethanol. p220.

3rd International Conference on Sustainable Animal Agriculture for Developing
Countries (SAADC2011) at Suranari University of Technology, Nakhon Ratchasima,
Thailand from 26-29 July 2011
Dwivedi PN and Roy AK 2011. Feed pellets supplementation to goats during off season for

livelihood security in rural areas of Bundelkhand region of central India. p305.

International Conference on ƒInnovative approaches for agricultural knowledge management:
Global experience„, November 9-12, 2011, International Society of Extension Education,
Nagpur and ICAR, New Delhi .

Pandey Sadhna, Meena BS, Sharma P and Dwivedi RN. Effectiveness of farm implements
and hand tools for reducing the drudgery of farmwomen. p206.

3rd International Conference on Climate Change & Sustainable Management of Natural
Resources. February 05-07, 2012. ITM University Gwalior MP India.
Malaviya DR. Quality Grass Seeds • A crucial input for revegetating Vast Denuded Rangelands

of India.

Roy AK. Silvipasture system as a buffer for sustaining Iivelihood in changing climate.

Kushwaha BP. Conservation and improvement of Bhadawari buffaloes.
Satyapriya, Sharma P, Pandey HC, Singh M and Upadhaya JP. Livestock Adaptation

Strategies in context of climate change. p199.

Vijay D, Gupta SK and Pandey HC. Studies on fruit and seed morphology of subabool
varieties. p259.

Bahukhandi D, DR Malaviya DR, Saxena Pradeep and Pandey HC. Use of x-ray for observing
insect-pest infestation in leguminous forage seeds. p225.

International conference on Planet Under Pressure. March 27-31, 2012. at London
UK
Singh Archana and Singh Tejveer 2012. Potential of underutilized legumes for food and

fodder.

National
National Symposium on ‚Forage resource and livestock for livelihood, environment and
nutritional security•, September 10-11, 2011; Range Management Society of India &
Indian Grassland and Fodder Research Institute, Jhansi, Uttar Pradesh
Agrawal RK, Satyapriya, Singh JB, Singh R, Sharma P, Rai SK, Kumar S, Shukla Deepty

and Kumari Shyama. Prioritization of forage interventions in Lalitpur district of
Bundelkhand- A participatory approach. p173.
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Ahmed S and Roy AK. Evaluation of Cenchrus ciliaris lines for fodder yield contributing
traits. p53.

Ahmed S, Roy AK and Majumdar AB. Evaluating fodder oat lines for nutritional and
morphological traits. p52.

Azmi, MI, Bhaskar RB, Shah NK and Tyagi PK 2011. Management of nematodes and fungal
pathogens associated with root rot complex of berseem through botanicals. p77.

Baronia C, Roy AK, Chandra A. Effect of microwave seed treatment on hard seeded
Stylosanthes species. p7.

Bahukhandi D, Malaviya DR and Pandey HC.  X-Ray Radiography for determining seed
setting in grasses. p150.

Behari P, Singh JB and Agrawal RK. Estimation of water use efficiency and
evapotranspiration of hybrid napier under organic and inorganic nutrient sources. p73

Choudhary Mukesh and Dixit AK. Influence of fertility levels on performance of fodder oat
(Avena sativa) varieties under different irrigation schedules. p82.

Das MM and Singh KK. Effect of fibrolytic enzyme treatment of berseem straw on nutrient
utilization in sheep. p144.

Dixit AK, Agarwal RK, Das SK, Rai AK and Sahay CS. Conservation tillage management
practices in sorghum + cowpea (fodder) - durum wheat cropping system under limited
irrigation conditions. p71.

Dwivedi KK, Srivastava MK, Radhakrishna A, Bhat V,  Gupta MG  and Kaushal P.
Identification of ovule specific proteins associated with apomixes and sexuality in
Cenchrus ciliaris. p17.

Dwivedi RN, Singh M, Singh JL, Sharma RK, Upadhaya JP and Pandey S. Performance of
sorghum  improved varieties under front line demonstration in Bundelkhand region.
p171-172.

Gupta CK. Hormonal regulation of seed development in range grasses. p157.

Gupta CK, Sheokand S and Kumari S. Hormonal alleviation of polyethylene glycol induced
oxidative stress in guar (Cyamopsis tetragonoloba L. Taub). p24.

Gupta Priyanka, Yadav Shivani, Singh Archana and Roy AK. Assessment of morphological
variation in grasspea germplasm. p51.

Jain RK, Nagar RP and Kumar S. Growth performance of aonla at early stage in semi-arid
environment. p138.

Karthigeyan S,  Sridhar K,  Kulkarni NS and Sridevi O 2011.  Pollen-pistil interaction in
Medicago sativa x Medicago scutellata for possible interspecific hybridization and
weevil resistance. p9.

Kulkarni NS, Shukla  AK and Seth SK. Seasonal incidence of insect pest under hortipastoral
systems and its correlation with weather. p127.

Kulkarni NS and Shivakumar BG 2011. Micro flora and micro fauna studies in forage based
farming system. p69.

Kulkarni NS and Karthigeyan S 2011. Screening exotic annual Medicago spp. germplasm
against resistance to lucerne aphids. p21.

Kumar S, Shukla AK, Tiwari S and Singh R. Performance of aonla based hortipastoral
system with different soil & water conservation techniques. p122.

Kumar Sunil and Shukla AK. Intercropping of fodder crops with aonla plantation under
rainfed condition. p121.
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Kumar Sunil, Satyapriya, Singh JB, Singh R, Sharma P, Rai S, Agrawal RK, Shukla Deepty
and Kumari Shyama. Problem assessment of ginger cultivation in typical village of
Bundelkhand region, Kadesara Kalan: PRA Approach. p172.

Kumar Sunil, Shukla  AK and Rai AK. Evaluation of guava based hortipastoral system with
different soil & water conservation techniques under rainfed situation. p123.

Mahanta SK, Das MM and Kushwaha BP. Nutrient utilization and compensatory growth in
buffalo calves fed on total mixed rations of oat straw and concentrate. p143.

Majumdar AB, Ahmed S and Roy AK. Screening of fodder oat lines for its nutritional
quality. p146.

Malaviya DR, Roy AK, Kaushal P, Yadav A, Chakraborti M. Black seed coat colour: de
novo expression of novel trait in Interspecific hybrid derivative of Trifolium
alexandrinum x T. apertum. p38.

Naveen Kumar, Sharma GD, Sunil Kumar and Faruqui SA 2011. Integrated nutrient
management in NB hybrid under mid hills of North Western Himalaya. pp.78.

Pandey Sadhna, Sharma P, Satyapriya, Biradar N, and Radotra S. Gender analysis in animal
rearing practices with special reference to feeding in semi arid region of India. p171.

Pathak S, Malaviya DR, Roy AK, Kaushal P. Yield and yield attributes of multifoliate vis a
vis trifoliate Egyptian clover (Trifolium alexandrinum L). p40.

Rai AK, Singh KK, Das MM, Mahanta SK and Tripathi SB. Status of micronutrient in soil-
plant-livestock continuum and managing its deficiency in chain through best INM
practices. p64.

Ram SN. Forage productivity as influenced by intercropping of legumes with Guinea grass
and weed control. p94.

Sahay G, Majumdar AB, Deb D and Srivastava MK. Genetic divergence amongst elite lines
of Cowpea with respect to morphological and nutritional factors. p25.

Satyapriya, Sharma P, Pandey Sadhna, Biradar N, and Radotra S. Knowledge status of
farmers in relation to animal and fodder production practices in arid and semi arid
ecosystems. p176.

Sharma P, Pandey Sadhna, Satyapriya, Biradar N, Radotra S, Sharma RK and Upadhaya JP.
Sources of fodder supply in arid and semi arid regions. p170.

Singh Archana, Deb D and Roy AK. Conserving forage diversity through digital herbarium.
p91.

Singh HV, Kumar Sunil and Shukla AK. Soil microbial dynamics under Aonla based fodder
producing system. p125.

Singh KK, Das MM and Misra AK. Regional variability in the mineral contents of rice straw
vis-à-vis their requirement in dairy animals. p142.

Singh JB, Saxena P and Behari P. Role of weather on sorghum zonate leaf spot
(Gloeocercospora sorghi) progression. p74.

Singh Sultan, Nag SK, Kushwaha BP, Mishra AK and Singh A. Methane emission from dry
roughages in goat inoculums and its association with carbohydrate and protein
fractions. p148.

Singh Sultan, Gehrana D and Shukla GP. Genetic variability in protein, cell wall
composition, palatability attributes and energetic efficiency of sorghum hybrids. p147.
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Shah, NK, Bhaskar RB, Tyagi PK and Azmi MI 2011. Effect of various IPM modules on
biological stress factors in an intensive fodder production system.

Shivakumar BG, Kulkarni NS and Kumar Sunil 2011. Alternative niches for introduction of
forage crop in horti-pastoral systems • an exploratory review of transitional tract of
north-western Karnataka. p136.

Shukla AK and Kumar S. Performance of Tamarind based hortipastoral system with moisture
conservation. p124.

Suman Manju, Kumar Ashok, Mallayya and Singh Mahavir. Perception of farmers towards
fodder production and Live-stock Management in district Meerut UP. p174.

Sridhar K,  Karthigeyan S, Biradar N, Singh, KK and Mishra AK 2011. Crop residues as
animal feeds • quality parameters. p141.

Srivastava Manoj K, Kumar Anil, Radhakrishna A, Kumar Durgesh, Chakraborti M and
Kaushal P. Biochemical characterization of antioxidant system of Chaya (Cnidoscolus
aconitifolius). p115.

Srivastava MK, Tewari S and Chandra Amaresh. Effect of salt stress on antioxidant system in
five species of Stylosanthes. p189.

Sunil Kumar (2011) Influence of micronutrients on seed yield of berseem (Trifolium
alexandrinum L.). p152.

Vijay D. Understanding the mechanism of seed germination and its standardization in
Lasiurus scindicus. p159.

Vikas Kumar, Satyapriya, Singh M and Bahukhandi D. Economics of seed production of
berseem (Trifolium alexandrinum). p154.

Yadav A, Malaviya DR, Roy AK, Kaushal P and Chakraborti M. Interspecific cross
compatibility among different Trifolium species. p37.

Yadav Shivani, Gupta Priyanka, Singh HV, Singh Archana and Roy AK. Screening grasspea
(Lathyrus sativus L) germplasm against major insect pests and diseases. p50.

Yadav CB, Agnihotri PK, Kumar Suresh and Bhat Vishnu 2011. Development of intron
spanning gene based markers in Cenchrus ciliaris L. p30.

14th Biennial Conference of Animal Nutrition Society of India on ‚Livestock
productivity enhancement with available feed resources• November 3-5, 2011; G.B.
Pant University of Agriculture and Technology, Pantnagar, Uttaranchal
Mahanta SK and Das MM. Feed restriction and compensatory growth in female calves. p53-

54.

Majumdar AB, Das MM, Mahanta SK and Ram SN. Evaluation of Stylosanthes seabrana
meal as replacer of concentrate mixture in the ration of sheep. p239.

Misra AK, Singh KK, Khan TA, Das MM and Pailan GH. Straw quality variability and yield
projections of rice cultivars. p420-421.

Singh KK, Das MM and Maity SB. Effect of cellulase enzyme and molasses on the silage
quality of Cenchrus ciliaris grass. p413-414.

Singh S, Kushwaha BP, Nag SK, Mishra AK and Singh A. Methane production and energy
loss as mehane from dry roughages in buffalo inoculums vis-à-vis Association of
chemical entities with methane emission. p175-177.

National Symposium on ‚Agroforestry for environmental services, livelihood security
and climate resilient agriculture: Challenges and opportunities•. December 3-5, 2011;
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Indian Society for Agroforestry and National Research Centre for Agroforestry, Jhansi,
Uttar Pradesh
Agrawal RK, Satyapriya, Singh JB, Singh R, Sharma P, Rai SK, Kumar S, Kumari Shyama

and Shukla Deepty  2011. Improvisation of Agri/Horticultural interventions based on
matrix ranking. p94.

Das N and Singh S. Indian Livestock: A key contributor of green house gases (methane)
production: A myth or fact. p40.

Dixit AK, Rai AK and Kumar Anil. Effect of different planting on the establishment of chaya
(Cnidoscolus aconitifolius). p50.

Kumar S, Kumar S, Shukla AK and Singh R 2011. Pasture productivity of aonla based horti-
pasture system under different soil & water conservation Practices in Central India. p43.

Kumar S, Shukla AK, Singh HV and Satyapriya 2011. Hortipasture for nurtitioanl security
and Livelihood improvement in rainfed area. p35-36.

Kumar Sunil. IPR issues in Agroforestry. p99.

Kushwaha BP, Singh S, Maity SB, Das N and Singh KK. Bhadawari: An ideal buffalo for
resource poor farmers. p42.

Mahanta SK. Grazing management and silvopasture systems for raising small ruminant
production. p82.

Rai AK, Tripathi SN, Tripathi SB, Dixit AK and Kumar Sunil. Enhancing soil carbon
sequestration through perennial guinea grass based cropping system. p50-51.

Rai SK, Tiwari Sunil, Singh JB, Agrawal RK, Saharawat Y and Kumar T Kiran. Trend
analysis of temperature in Bundelkhand region of central India. p69.

Roy AK, Singh HV, Kumar S and Shukla AK 2011. Silvipasture system : Advantages,
adoption and prospect. p72-73.

Sahay CS, Pathak PK and Dwivedi PN 2011. Mixed cropping enabled zero till drill for
sowing in row plantations.p8.

Singh S and Singh BB. Rumen microbial population, enzyme activities and water kinetics in
goats fed Cenchrus ciliaris grass hay tree leaves diets. p35.

Singh S, Gupta A and Kundu SS. Effect of tree foliages on intake, eating pattern, nutrient
digestibility, rumen metabolite concentrations and water kinetics in goats fed
Dichanthium annulatum grass hay based diets. p34.

Suman Manju, Kumar Ashok and Singh Mahavir. Sources of information and adoption of
selected recommended technologies for jowar based agroforestry system in
Bundelkhand. p93.

Sunil Kumar, Kumar Sunil, Shukla AK and Singh Ramesh 2011. Pasture productivity of
Aonla based hortipastoral system under different soil & water conservation practices in
central India. p43.

National Symposium on ‚Resource utilization through integrated farming system and
Biodiversity Conservation in Drylands•, held during December 20-22, 2011 organized
by CAZRI at Bhuj
Dev Inder, Radotra S, Singh JP and Roy MM 2011. Assessment of production and nutrition

status of grassland resources in Western Himalaya.

Meena SL, Massawe FJ and Sparkes DL. Growth and development of bambara groundnut
(Vigna subterranean L.Verdc.) landraces.
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Radotra S and Dev Inder 2011. Participatory pasture herbage conservation through silage
making in mid-hills of Himachal Pradesh.

Shamsudheen M, Ram B, Meena SL, Kumar Arvind and Dayal Devi. Performance of crops
and grasses under varying soil depths in arid region of Gujarat.

National Seminar on ‚Animal disease control and healthy livestock production•, March
22, 2012 organised by RMSI and IGFRI at IGFRI Jhansi.
Das MM 2012. Nutritional disorders in ruminants. p8-12.

Das MM and Singh KK 2012. Enrichment of low grade roughage. p28-29.

Kaushal P 2012. Varietal development in forages. p35-36.

Kumar Sunil 2012. Forage production technology for arable lands of Uttar Pradesh. p41-46.

Kushwaha BP 2012. Bhadawari: A Buffalo for resource poor farmers. p16-18.

Mahant SK 2012. Forage based feeding systems for dairy animals. p75-79.

Maity SB 2012. Organic milk production system. p37-40.

Misra AK and Singh KK 2012. Crop resdues as feed for livestock. p19-23.

Pathak PK, Dwivedi PN and Sahay CS 2012. Post harvest technology and value addition in
forages. p30-34.

Roy AK 2012. Silvipasture system for augmenting forage resources from degraded land. p47-
50.

Sharma P 2012. Dairy development strategies for Bundelkhand region. p51-53.

Singh KK 2012. Area specific mineral for arid and semi-arid regions. p65-67.

Singh KK 2012. Fodder conservation techniques (silage and hay making). p24-27.

Singh S 2012. Top feeds in livestock production. p80-83.

Other Symposium/Seminar etc.
Kumar Ashok, Mallayya, Sharma Purushottam and Suman Manju. Problems faced by dairy

farmers in Baghpat of Uttar Predesh. 6th National Extension Education Congress on
‚Emerging models of technology application for agri-rural development€, December 17-
19, 2011, ICAR Research Complex for Old Goa, Society of Extension Education, Agra.
p305.

Kumar Sunil, Rai SK and Saharawat YS. 2012 Forages and climate change: Mitigation and
adaptation strategies. National Seminar on Indian Agriculture: Preparedness for Climate
Change, March 24-25, 2012 at NASC, Pusa, New Delhi. p138.

Kumar Sunil, Shukla AK, Satyapriya, Singh HV and Singh KA. Horti-pasture for nutritional
security and economic stability in rainfed area. National Conference on Hortibusiness
Linking farmers with Market. May 28-31, 2011. Swadesh Prem Jagriti Sangosthi,
Dehradun. p18-19

Kushwaha BP, Singh Sultan, Maity SB, Das N and Singh KK. Bhadawari buffalo, a
sustainable alternative for benefit of small scale farmers and environment. National
Symposium on ‚Role of indigenous animal genetic resources in rural food security vis-a
vis climate change€, February 24-25, 2012. BAIF, Pune

Meena SL, Meena SS and Nagar RP. Vilayati babul (Prosopis juliflora) • An alternate fodder
resource. In NAIP All India Workshop on Utilization of Prosopis juliflora: Challenge
and Opportunities. March 12-13, 2012, at CAZRI at Jodhpur.
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Meena SS, Meena PD, Singh VV and Awasthi RP 2012. Development and characterization
of white rust resistant genotype of Indian mustard. 1st National Brassica Conference
organized by Society for Rapeseed-mustard Research, Bharatpur March 2-3, 2012 held
at CCSHAU, Hisar.

Majumdar, AB, Das, MM, Mahanta, SK and Ram SN 2011. Evaluation of Stylosanthes
seabrana meal as replacer of concentrate mixture in the ration of sheep. 14Th Biennial
Conference on Livestock Productivity Enhancement with Available Feed Resources.
November 3-5, 2011. GBPUA&T, Pantnagar. p239.

Sahay CS and Pathak PK 2012. Chaffing different forage crops with tractor operated movable
chaff cutter. 46th Annual Convention of ISAE and International Symposium on Grain
Storage. February 27-29, 2012. College of Technology, G.B. Pant University of
Agriculture and Technology, Pantnagar, Uttarakhand. Paper ID No.: FMP-2012-72.

Sharma P, Roy AK, Shukla AK and Kumar Vinod. Mitigating fodder loss by provision of
feeding manger in tribal areas of MP. National Conference on ‚Demonstrated option of
improved livelihood in disadvantaged area of India€, January 20-21, 2012, NAIP and
IGKV, Raipur.

Singh JP, Dev Inder and Radotra S 2011. Use of Geo-spatial technology in assessing the
grasslands and forage resources. 12th APG National Conference on Mountain
Environment and Natural Resource Management. October 08-09, 2011. Himachal
Pradesh University, Shimla (HP).

Sridhar K, Singh S and Karthigeyan S. Analysis of fodder quality traits in sorghum
genotypes. National Seminar on Contemporary Approaches to Crop Improvement,
April 22-23, 2011 at GKVK, Bangalore. p281-282.

Sudesh Radotra,  Inder Dev and Singh JP 2011. Forage requirement and livestock production
practices in Kangra valley of Himachal Pradesh. . National symposium on Emerging
management concepts for sustainable livestock and poultry production. November 2-4,
2011. Guru Angad Dev Veterinary and animal sciences University Ludhiana (Punjab).

Suman Manju and Kumar Ashok. Gender Role in decision making towards fodder production
and livestock management. 6th National Extension Education Congress on ‚Emerging
models of technology application for agri- rural development€, December 17-19, 2011,
ICAR Research Complex for Old Goa, Society of Extension Education, Agra. p272.

Yadav CB, Anuj, Mahender Thudi, Kumar S and Bhat V 2012. Linkage disequilibrium
mapping of apomixes in Cenchrus ciliaris using AFLP markers. International
Conference on Plant Biotechnology for Food security: New Frontiers-2012. Organized
by the Society for Plant Biochemistry and Biotechnology, National Research Centre on
Plant Biotechnology. February 21-24, 2012. Pusa Campus, New Delhi India.

Lecture in training

Dev Inder and Radotra S 2011. Agro-pastoral systems in Indian Himalaya. Model Training
Course (MTC) on ƒForage resources and livestock management for livelihood
improvement of hill people„, for Developmental Officers of State departments.
November 7-14, 2011. CSK HPKV, Palampur.
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TECHNICAL/POPULAR Articles/IGFRI Newsletter
Agrawal RK, Satyapriya, Singh JB,  Rai SK, and Kumar S 2011.  NICRA: Technology

demonstration in participatory demonstration and action research project launched at
village Kadesarakala of district Lalitpur. IGFRI Newsletter 17(1).

Agrawal RK, Satyapriya, Singh JB, Sharma P, Rai SK, Kumar S and Shukla Deepty 2011.
Prioritization of technological interventions at Kadesarakala through participatory
approach. IGFRI Newsletter 17(2).

Bhadoria BK, Sharma P, Agarwal RK, Singh M, Satyapriya and Singh A 2011. Capacity
building of KVKs staff on fodder production and grassland management by IGFRI.
IGFRI Newsletter 17(2).

Biradar N 2011. Mevubele Pradeshika Samshodhana Kendra, Dharwad-ondu parichaya.
Krishi Munnade, 24(2):p22-23. (article in Kannada published in the farm magazine of
UAS, Dharwad)

Choudhary Mukesh, Kumar Sunil and Dixit AK 2011. Swine Cress: A new and common
weed in winter forage legumes. IGFRI Newsletter 17(2).

Dixit AK, Agrawal RK, Das SK, Rai AK, Sunil Kumar and Sahai CS 2011. Conservation
tillage management: A technique for sustainable fodder-food production, IGFRI News
Letter 17(3).

Dixit AK, Rai AK and Anil Kumar 2011. Suitable planting material for chaya (Cnidoscolus
aconitifolius) cultivation. IGFRI Newsletter 17(2).

Kumar Vinod and Biradar N 2011. Pashu aharakke purak mevina rani. Krishi Munnade,
24(9):21-24. (Kannada article on Lucerne published in the farm magazine of UAS,
Dharwad).

Rai AK, Tripathi SN,  Tripathi SB, Dixit AK and Sunil 2011. Organic nutrient management
of guinea grass based cropping system, IGFRI News Letter 17(3).

Satyapriya, Agarwal RK, Singh JB and Kumar Sunil 2011. Groundnut field day at NICRA
adopted village. IGFRI News Letter 17(4).

Saxena P, Bahukhandi D and Tyagi PK 2011. Anthracnose-A Predominant disease of
Stylosanthes spp. IGFRI Newsletter 17(2).

Roy AK, Shukla AK, Sharma P, Kumar Sunil and Singh HV 2010. Farmers training
programme and vaccination camp at village Khargone, Kukshi, Dhar district MP.
IGFRI Newsletter 17(1).

Books/Book Chapter/ Bulletins
Agarwal RK, Satyapriya, Singh JB, Kumar Sunil, Rai SK and Sharma Purushottam 2011. A

PRA Report of Kadeswarakala. NICRA Project, IGFRI, Jhansi. p1-48.

Agarwal RK, Satyapriya, Singh JB, Kumar Sunil and Rai SK 2012. A brief project profile on
NICRA Project.

Das N. 2011. Nutrition and care of livestock during natural disaster. Stadium Press (India)
Pvt. Ltd., New Delhi. p390.

Faruqui SA and Kumar Sunil 2011. Management of fodder resources of India In: Pandya AK
and Pandya JPN (eds.). Bio-resources management in India. Aavishkar Publishers
Jaipur. p33-46.

Gupta Priyanka and Singh Archana 2011. Centella asiatica L. : Potential and Prospects, In:
Sustainable Development, (Eds. Isaac et al.) Udeshya publisher, Fatehpur, UP Vol.1:
p150-156.
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Joshi DC, Singh UP, Kumar RV, Srivas S, Bhaskar RB and Shah NK  2011.  IGFRI Forage
Sorghum Germplasm Catalogue. Indian Grassland & Fodder Research Institute,
Jhansi, India. p1-70.

Kantwa SR, Kumar Sunil and Kumar RV 2011. Integrated nutrient management in forage
based cropping system in central India. Technical bulletin No. 4/11. AICRP on Forage
Crops, IGFRI, Jhansi. p20.

Kumar Sunil 2011. Food-forage based systems for food and nutritional security In: A.K.
Tripathi and H. Pathak (eds.). Climate change and food security in India. The Society
of Agricultural Professionals, CSAUAT, Kanpur. p210-218.

Kumar Sunil 2011.Forage based livestock production in peri-urban situation: constraints and
opportunities In: Souvenir, AICRP (FC), Department of Agronomy, OUAT,
Bhubaneswar. p202-209.

Pandey Sadhna, Pandey SN and Pandey PH 2011. Post harvest management of horticultural
crops. Kalyani publishers, B-1/1292, Rajender nagar, Ludhiyana-141008, Punjab 1-453.

Singh KA and Sunil Kumar 2011. Livestock deserves fodder and feed security In:
Agriculture Year Book 2011. Agriculture Today.  p111-115.

Singh Archana, Singh Tejveer and Singh Govind 2011. Sustainable Development through
Pigeonpea (Cajanus cajan) Farming in Bundelkhand region of India, In: Sustainable
Development (Eds. Isaac et al.) Udeshya publisher, Fatehpur, U.P., Vol.1:p145-149.

Book Chapters In: Nutrition and Care of Livestock during Natural Disaster (eds. Das et
al), Stadium Press (India) Pvt. Ltd., New Delhi.
Das MM, Mahanta SK and Misra AK 2011. Feeding strategies: Meeting the challenges

during natural calamitites. Pp123-146.

Das N 2011. Natural disaster and its impact on livestock in India. p1-14.

Das N 2011. Strategies for disaster mitigation and management. p367-386.

Das N and Das SK 2011.  Animal care during disaster. p165-174.

Kumar Anil and Singh KK. 2011. Livestock in drought and flood prone areas in India. p15-
34.

Kumar Sunil and Das SK 2011. Revitalizing feed- fodder resources during natural calamities.
p73-100.

Kushwaha BP 2011. Livestock breeds prevalent in disaster prone areas. p331-366.

Maity SB 2011. Livestock health management during natural calamities. p185-208.

Mahanta SK, Singh Sultan and Das MM 2011. Meeting water requirement of livestock
during natural disaster. p147-164.

Mahanta SK, Das N and Madhuri Bindu 2011. Preparedness for upkeep of livestock during
calamity. p175-184.

Misra AK, Singh KK and Das MM 2011. Economic importance of livestock in vulnerable
zones.p35-46.

Nag SK and Das N. 2011. Earthquake and its impact on animals. p47-57.

Singh KK, Kumar Anil and Misra AK 2011. Feed and fodder requirement and availability in
the vulnerable zones of India. p58-72.
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Training Manual
Agrawal RK, Sharma P, Satyapriya, Singh M and Bhadoria BK 2011. ƒForage production and

utilization„, for watershed development team members. Department of Panchayat &
Rural Development, Rajiv Gandhi Mission for Watershed Management, Government of
Madhya Pradesh, Bhopal. November 21-25, 2011. IGFRI Jhansi. p1-140.

Agrawal RK, Singh M, Sharma P, Satyapriya and Bhadoria BK. 2011. ƒForage production and
utilization„, for watershed development team members. Department of Panchayat &
Rural Development, Rajiv Gandhi Mission for Watershed Management, Government of
Madhya Pradesh, Bhopal. September 26-30, 2011. IGFRI Jhansi. p1-140.

Radhakrishna A, Srivastava MK, Malaviya DR, Roy AK, Gupta MG 2011. ƒTraining Manual
on Biosafety„. IGFRI Jhansi. p1-16.

Sharma P, Agrawal RK,  Singh M,  Singh A, Satyapriya and Bhadoria BK 2011. Training of
KVK staff on Fodder Production and Grassland Management, July 12-16, 2011. IGFRI
Jhansi. p1-125.

Sharma P, Singh M, Singh A, Agrawal RK and Bhadoria BK. 2011. ƒForage production and
utilization„, for watershed development team members. Department of Panchayat &
Rural Development, Rajiv Gandhi Mission for Watershed Management, Government of
Madhya Pradesh, Bhopal. August 23 to 27, 2011. IGFRI Jhansi. p1-140.

fgUnh izdk”ku

ys[k

dqekjh “;kek] ”kqDyk nhIrh] vxzoky jktho dqekj ,oa lR;fiz; 2011- vuqi;qDr Hkwfe ij pkjk
mRiknuA d`f"k okfudh vkyksd 5%35&37A

mik/;k; t; izdk”k 2011- eksVs vuktksa dh egRrkA d`f"k okfudh vkyksd 5%86&87A

jk; vjfoan dqekj] dqekj lquhy] nhf{kr vuwi dqekj ,oa ik.Ms e;ad Òw’k.k 2011- leL;kxzLr eǹkvksa
esa d`f’k okfudh }kjk pkjk mRiknuA f}osnh et al. (eds.) d`f’k okfudh vkyksdA 5%28&34A

dqekj fodkl] d¨psokM latho ,oa xq#ukFku 2011- d`f’k okfudh dk cnyrk izÒko ls ykÒ vkSj
vkfFkZd fo”ys’k.kA d`f’k okfudh vkyksdA 5%17&18A

jke f”koukFk ,oa xqIrk lqjsaUnz dqekj 2011- lwccwy ls gjs pkjs dk mRiknuA [ksrh 62¼12½%32&33A

laxks’Bh

frokjh lquhy] nhf{kr vuwi dqekj ,oa pkS/kjh eqds”k 2011- ckjkuh {ks= esa pkjk mRiknu dh n”kk ,oa
fn”kk] Lekfjdk ,oa “kks/k i= lkjka”k] 13 oha jk’Vªh; d`f’k foKku laxks’Bh] ckjkuh ,oaa lhfer
flapkbZ {ks=ksa esa d`f’k okfudh rFkk i”kqikyu & leL;k o lek/kku] 21 ls 23 tuojh] 2011]
d`f’k okfudh vuqla/kku dsUnz] >k¡lh] i’̀B 33 ls 37A

izf”k{k.k eSuqvy

ik.Ms; lk/kuk] “kekZ iq:"kksRre]  lR;fiz;]  “kekZ jktdqekj] mik/;k; t;izdk”k 2012] pkjk mRiknu
,oa Ik”kq/ku izca/ku ij d`"kd efgykvksa ds fy;s izf”k{k.k A efgyk d`"kd xks"Bh xkWo& fcjxqoka
ekpZ 20] 2012 A Hkkjrh; pjkxkg ,oa pkjk vuqla/kku laLFkku] >kalh A 1&41A
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Hkkjrh; pjkxkg ,oa pkjk vuqla/kku laLFkku }kjk izdkf”kr izlkj yhQysV ,oa QksYMj

vxzoky jktho dqekj] lR;fiz;] flag ts ch] dqekj lquhy ,oa jk; lqfpr dqekj 2011- cjlhe ,d
mRd`’V pkjkA

f}osnh izdk”k ukjk;u] lR;fiz;] ikBd izÒkdkaUr] flag egkjkt ,oa lgk; panz”ks+[kj- Ik”kq vkgkj ds
fy, yhQ ehy dk mRiknu ,oa mi;ksxA

ikBd izÒkdkaUr] f}osnh izdk”k ukjk;u] lR;fiz;] lgk; panz”ks+[kj ,oa flag egkjkt- Qly vo”ks’k
vk/kkfjr pkjk cSaSdA

“kekZ iq:"kksRre] “kekZ jktdqekj] ”kqDyk v#u dqekj] flag g’kZo/kZu] flag vpZuk] dqekj lquhy ,oa jkW;
vt; dqekj 2011- xk;@HkSal ds uotkr Ik”kqvksa dk ikyu iks"k.kA

“kekZ iq:"kksRre] “kekZ jktdqekj] ”kqDyk v#u dqekj] flag g’kZo/kZu] dqekj lquhy ,oa jkW; vt;
dqekj 2011- xfHkZr Ik”kqvksa dh ns[kHkky ,oa vkgkj O;oLFkkA

“kekZ iq:"kksRre] mik/;k; t; izdk”k] lR;fiz;] flag egkjkt ,oa “kekZ jktdqekj 2011- Xokj nyguh
gjk pkjkA

“kekZ iq:"kksRre] “kekZ jktdqekj] “kqDyk v#u dqekj] flag g’kZo/kZu] flag vpZuk] dqekj lquhy ,oa jkW;
vt; dqekj 2011- nq|k: Ik”kqvksa ls vf/kd mRiknuA

”kqDyk v#u dqekj] flag g’kZo/kZu] dqekj lquhy] flga vpZuk] “kekZ iq:"kksRre ,oa jkW; vt; dqekj
2011- iihrk mxk;sa vf/kd ykHk dek,aA

”kqDyk v#u dqekj] flag g’kZo/kZu] dqekj lquhy] flga vpZuk] “kekZ iq:"kksRre ,oa jkW; vt; dqekj
2011- ou pjkxkg ls catj Hkwfe fodklA

flag egkjkt] ik.Ms; lk/kuk] “kekZ iq:"kksRre ,oa lR;fiz; 2011- Tokj ,d mi;ksxh gjk pkjkA
ik.Ms; lk/kuk] “kekZ iq:"kksRre] lR;fiz;] “kekZ jktdqekj] ,oa mik/;k; t; izdk”k 2011- ewWxQyh ls

nkuk fudkyus esa efgykvksa ds le; o Je dh cpr djus okyk ;a=A
ikBd izÒkdkaUr] f}osnh izdk”k ukjk;u] lR;fiz;] lgk; panz”ks+[kj] flga egkjkt ,oa mik/;k; t;

izdk”k 2011- Qly vo”ks"kksa ,oa pkjk Qlyksa dk la?khdj.k rFkk Hk.Mkj.kA

lR;fiz;] jMks=k lqns”k] flag egkjkt] “kekZ iq:"kksRre ,oa mik/;k; t; izdk”k 2011- cktjk ,oa
mRre gjk pkjkA

pkjk if=dk

dqekj fodkl] d¨psokM ,l] flag egkjkt] lR;fiz;] cgq[k.Mh fnokdj ,oa vxzoky jktho dqekj
2011- pkjk Qlyksa ds izekf.kr cht mRiknu djus ds fy;sA 13¼2½%35&37A

ikBd izÒkdkaUr] f}osnh izdk”k ukjk;u] lR;fiz;] lgk; panz”ks+[kj] flga egkjkt ,oa mik/;k; t;
izdk”k 2011- Qly vo”ks"kksa ,oa pkjk Qlyksa dk l?kuhdj.k rFkk Hk.Mkj.kA 13¼2½%32&34A

mik/;k; t; izdk”k ,oa lR;fiz; 2011- jch eDdk dh [ksrhA 13¼4½%39&42A

mik/;k; t; izdk”k] “kekZ iq:"kksRre ,oa lR;fiz; 2011- LoPN nqX/k mRiknu dSls djsaA
13¼2½%38&39A

Ikk.Ms; lk/kuk 2010- pkjk ,oa Ik’kq/ku dh ?kVrh mRikndrkA 12¼3½%37&38A

lR;fiz;] flag egkjkt ,oa vxzoky jktho dqekj 2010- d`f"k ds cnyrs ifjos”k esa fdlkuksa dh lsok
esa& fdlku dkWy lsUVjA 12¼3½%39&40A

mik/;k; t; izdk”k ,oa flag egkjkt 2011- tSfod [ksrh 12¼3½%29&30A

flag g’kZo/kZu] dqekj lquhy ,oa ”kqDyk v#u dqekj 2011- ekbdksjkbtk % pjkxkg Hkwfe dk mtkZ ?kjA
13¼2½%13&15A
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R;kxh iznhi dqekj] ÒkLdj jes”k ckcw] lDlsuk iznhi] ”kkg ukxs”k dqekj ,oa vkteh ,e-vkbZ- 2011-
[kjhQ esa izeq[k pkjk Qlyksa ,oa ?kklksa dk  izca/ku ,oa laj{k.kA 13¼2½%18&21A

xqIrk fiz;adk ,oa flga vpZuk 2011- Ik”kq fpfdRlk esa czkãh ,d vkS’kf/kA 13¼3½%42&43A

jke lsokukFk 2011- ikSf’Vd pkjk gsrq dsy ?kklA 13¼2½%25&26A

flga vpZuk ,oa flga rstohj 2011- vjgj ,d ikSf’Vd pkjkA 13¼2½%22&24A



IGFRI ANNUAL REPORT 2011-12 Page 107

Chapter 9

Approved On-going Projects

Crop Improvement Division
CI 1 Collection, evaluation and maintenance of genetic resources of forage crops
CI 1.5 Collection, evaluation and conservation of Genetic resources of forage legumes
(Tejveer Singh, Gitanjali Sahay, P Saxena and N K Shah).
CI 1.6 Enrichment, evaluation, conservation and documentation of genetic resources of perennial
forage grasses.
(AK Roy, S.Ahmed, NK Shah and RB Bhaskar)
CI 2 Production and quality breeding in cereal fodder
CI 2.6 Genetic Improvement of sorghum (S. bicolor) for dual purpose.
(DC Joshi, UP Singh, RV Kumar, NK Shah, RB Bhaskar and Sultan Singh)
CI 2.7 Development of dual purpose maize
(S Ahmed, M Chakraborty, DR Malaviya, MK Srivastava, P Saxena, NK Shah and MI Azmi)
CI 2.8 Development of high yielding dual and multicut fodder oats.
(S Ahmed, AK Roy and AB Mojumdar)
CI 3 Breeding superior varieties of cultivated fodder legumes
CI 3.8 Genetic improvement in fodder cowpea, Vigna ungiculata with special reference to  resistance
to pests.
(G Sahay, NK Shah, Kumar Durgesh, RB Bhaskar and AB Mojumdar)
CI 3.10 Genetic improvement of berseem for root rot resistance, late maturity and biomass.
(DR Malaviya, Tejveer Singh, P Kaushal, AK Roy, M Chakraborti and RB Bhaskar)
CI 5 Cytogenetic studies in forage and pasture species
CI 5.4 Basic studies on apomixes and generation of cytogenetic stocks in Pennisetum and Panicum
agamous complex.
(P Kaushal, DR Malaviya, AK Roy, KK Dwivedi and A Radhakrishna)
CI 6 Genetic improvement of forage species through biotechnological methods
CI 6.7 Identification of molecular markers for apomixis / sexuality in Cenchrus ciliaris
(MG Gupta, Suresh Kumar, KK Dwivedi, A Radhakrishna and P Kaushal)
CI 7 Physiological and biochemical studies in forage crop improvement
CI 7.11 Biochemical and molecular approach for characterization of drought tolerant forage Sorghum
(M K Srivastava, DC Joshi , Suresh Kumar and Chandan Gupta)
CI 8 Studies on disease, insect pests and nematodes and their management for increased forage
production
CI 8.20 Integrated disease management for root rot and dry rot in cowpea
(P Saxena, RB Bhaskar and SK Nag)
CI 8.22 Identification of resistance sources to major diseases of sorghum and berseem.
(RB Bhaskar, P Saxena, GP Shukla and DR Malaviya)
CI 8.23 Exploration of resistant mycoflora of root and stem rot patho system and development of
suitable formulation for disease management in berseem
(RB Bhaskar, KC Pandey, N Hasan and AK Rai)
CI 8.24 Integrated Pest Management in intensive forage Production System.
(NK Shah, RB Bhaskar and MI Azmi)
CI 8.25 Management of nematodes and fungal pathogens associated with root rot of cowpea.
(MI Azmi and RB Bhaskar)
CI 2.10 Genetic improvement of pearl millet (bajra) and napier-bajra hybrids for high biomass
production.
(Kumar Durgesh, Chandan Gupta and AK Mishra)
CI 2.9 Development of drought tolerant stay green forage pearl millet.
(AK Singh and SS Meena)



IGFRI ANNUAL REPORT 2011-12 Page 108

Crop Production Division
CP 1.1.9 Development of Agro-techniques for the Cultivation of Chaya (Cnidoscolus aconitifolius).
(Anoop Kumar Dixit, Arvind K. Rai and Anil Kumar)
CP 1.1.10 Standardization of Agro-techniques for newly released varieties of fodder crops.
(Mukesh Choudhary)
CP.1.1.11 Effect of long term organic and conventional nutrient management on soil fertility and
sustainability of cropping system.
(Arvind K. Rai, A.K. Dixit, Manoj Kumar Srivastava, SK Das and SK Rai)
CP 1.5.1 Tillage management practices in fodder-food cropping system for sustainable production.
(Anoop Kumar Dixit, RK Agrawal, SK Das and CS Sahay)
CP 2.1.13 Fodder based contingent crop planning modules for rainfed semi-arid region.
(Anoop Kumar Dixit, Suchit Kumar Rai and Mukesh Choudhary)
CP 1.2.11 Soil micronutrient deficiency management for quality forage and livestock production.
(Arvind K. Rai, MM Das, KK Singh and SK Mahanta)
C.P.1.4.4 Farming System Approach for livelihood improvement
(KA Singh, RN Dwivedi, JP Singh, B P  Ku sh wa ha ,  P N  Dwi ved i , Anil Kumar, CS Sahay,
Sadhna Pandey, S a t yapr iya and B Na r s i ml u )
CP.1.4.5 Post implementation impact analysis of FSRP phase-I
(Sunil Kumar, P. Sharma, Satyapriya, Maharaj Singh and Sant Kumar)
C.P. 2.1.12 Optimization of forage yield through development of suitable soil-crop-management
strategies under rainfed semi arid conditions.
(RKAgrawal, DVKN Rao and SK Rai)
CP 2.3.10 Water requirement of hybrid Napier- berseem intercropping system under organic
nutrition in semi arid region.
(Pradeep Behari, JB Singh and RK Agrawal)
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.
(SK Rai, DVKN Rao and D Deb)
CP 3.1.1 Soil solution chemistry and nutrition of fodder crops in saline • sodic soils
(DVKN Rao, SK Das and Arvind K Rai)
CP 3.2.1 Utilization of rhizospheric interactions for enhancing nutrient acquisition and use efficiency
of forage crops under acid soils.
(Arvind K Rai, SK Das, DVKN Rao and Inderdev)
CP 1.1.8 Market led fodder production technology for profit maximization in peri-urban
agglomeration.
(RK Agrawal, Mukesh Choudhary, SK Das, MM Das and Satyapriya)
CP 2.3.11 Forewarning models for major pests of cowpea and berseem.
(JB Singh, Pradeep  Saxena, Pradeep Behari)

Plant & Animal Relationship
PAR 1 Nutritional mapping of crop residues and its implication for strategic livestock feeding
(AK Misra, TA Khan, AK Rai, KK Singh, MM Das, N Biradar and K Sridhar))
PAR 2 Studies on organic feeding system for milk and meat production
(SB Maity, Anil Kumar, SK Nag, SK Das, Sultan Singh, BP Kushwaha, AK Dixit and AK Rai)
PAR 3.1 Methane production potential of tropical fodders/feeds vis-à-vis efficacy of tree foliages
secondary metabolites for defaunation and methanogenesis
(Sultan Singh, B.K. Bhadoria)
PAR 4.1 Performance of mixed herd of sheep and goats under grazing in different silvopasture
systems
(SK Mahanta, SN Ram, SK Das, Archana Singh and N Das)
PAR 5.1 Evaluation of Stylosanthes seabrana and S. hamata meal as a supplementary feed in animals
(AB Mojumdar, MM Das, SK Mahanta and SN Ram)
PAR 5.2 Evaluation of tropical grass/ stover based silage as summer forage for livestock
(KK Singh, MM Das and SB Maity)
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PAR 6.2 Utilization of chaya (Cnidoscolus aconitifolius) for efficient livestock production
(P Sharma, KK Singh, MM Das, AK Misra and SB Maity)

Seed Technology
STR 1.2 Response of Subabool (Leucaena leucocephala) varieties to nutrient management practices
for seed production.
(D Vijay and SK Gupta)
STR. 3.4 Seed Health Management in cowpea and sorghum seeds in storage.
(D Bahukhandi)
STR 3.5 Economics of forage seed production under farmers€ participatory researchand at organized
farms.
(Vikas Kumar, Satyapriya, Maharaj Singh, D Bahukhandi)
STR 3.6 Impact of forage technology on socio- economic development of farmers.
(Vikas Kumar, Maharaj Singh)
STR 3.7 Developing seed standards and enhancing seed production in forages.
(D Vijay and CK Gupta)
STR.3.8 Low input, eco-friendly storage of Forage Seeds.
(D Bahukhandi , D Vijay, Vikas Kumar)
ST 3.9 Quality Seed Production in Forage Grasses: Physiological and Biochemical interventions
(C K Gupta, M K Srivastava, D R Malaviya)
ST 3.10 Biochemical Analysis of Forage Seeds During Post Harvest Storage
(C K Gupta, D Vijay, M K Srivastava)

Grassland & Silvipastoral Management
GSM 1: Resource Inventory
GSM 1.14 Grassland Resource Inventory and improvements in hill and mountain region of India
Phase _II • Sikkim and J&K
(JP Singh)
GSM 1.15 Management of promising cultivars of Leucaena leucocephala with special reference to
seed production.
(SK Gupta)
GSM 1.16 Grazing system and forage availability in tribal region of northern district of Chhattisgarh
(NS Ekka & SN Ram)
GSM 1.17 Evaluation of range legumes of semi arid region for quality forage
(Archana Singh)
GSM 1.18 Strengthening and digitization of herbarium fodder value plant
(Archana Singh, AK Roy and Dibyendu Deb)
GSM 2: Improvement and Management of degraded rangelands/ wastelands and grazing
management
GSM 2.9 Diversity of arbuscular mycorrhizal fungi associated with grasses and its role in forage
production
(HV Singh)
GSM 2.10 Growth and production modeling of selected annual fodder crops
(D Deb, JP Singh and SK Rai)
GSM 3: Sustainable silvipastoral systems for rangelands/wastelands GSM 3.8:  Establishment
and management of silvopastures for optimizing forage availability and productivity
(MP Rai and SK Gupta)
GSM 3.10 Evaluation of Hardwickia binata based silvopasture systems under moisture conservation
practices
(SN Ram, AK Roy and AK Shukla)
GSM 3.11 Silvipasture system for fodder supply during lean period
(AK Roy, Sunil Kumar and HV Singh)
GSM 3.12 Evaluation of shrubs in Hardwickia binata based three tier silvopasture systems under
semiarid rainfed situation
(S N Ram and A K Shukla)
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GSM 3.13 Estimation and validation of biomass model of selected fodder tree and shrub species
grown under semi arid condition
(D Deb and JP Singh)
GSM 4: Sustainable hortipastoral systems for drylands/ rangelands/ wastelands
GSM 4.12.2 Interspaces utilization of grown up aonla plantation through rainfed fodder crop
(Sunil Kumar and AK Shukla)
GSM 4.12.1 Evaluation of aonla based hortipastoral system under different soil and water
conservation practices in Central India
(Sunil Kumar, Ramesh Singh, Sunil Tiwari and AK Shukla)
GSM 4.2.3 Establishment of aonla based hortipastoral system with different soil and moisture
conservation practices under rainfed situation
(Sunil Kumar and AK Shukla)
GSM 4.14 Development of guava based hortipastoral system with natural resource conservation
(Sunil Kumar, AK Shukla and AK Rai)
GSM 4.15 Evaluation of bael based hortipastoral system in relation to different moisture
conservation practices under semi arid condition.
(AK Shukla, Sunil Kumar and SN Ram)
GSM 4.16 Evaluation of tamarind based hortipastoral system in relation to different moisture
conservation practices under semi arid condition.
(AK Shukla and Sunil Kumar)
GSM 4.18 Evaluation of substrate dynamics for integrated nutrient management in bael based
hortipastoral system
(AK Shukla ,HV Singh, AK Rai and Sunil Kumar)
GSM 4.19 Studies on microflora of Bahaunia and aonla based silvi-hortipasture system
(HV Singh)

Farm Machinery & Post Harvest Technology
AE 1.2 PFT and FLD of improved implements through AICRP on FIM
1.Prototype feasibility testing of improved implements
2.Frontline demonstration of farm implements and machinery in selected region of the country
(CS Sahay)
AE 2.3 National Seed Project (Seed Processing).
(PK Pathak)
AE 2.4.1 Studies on post harvest practices, transport and storage system of feed and fodder resources
under different climatic situation in India
(PKPathak, PN Dwivedi, JBSingh, S Radotra, N Biradar and RP Nagar)
AE 2.4.2 Nutritional quality assessment of different crop residues/ fodder at different stages of post
harvest practices and storage in the country
(PN Dwivedi, PK Pathak, JB Singh, S Radotra, N Biradar and RP Nagar)

Inter Institutional Collaborative Research Projects
AE(CRP) IGFRI-CIAE 1
Development of seed drill for berseem by adopting standard components and modifying existing
design
(CS Sahay, PKPathak and VV Singh (CIAE))
AE (CRP) IGFRI-CIPHET 1
Development and testing of berseem • chicory seed separator
(PKPathak, CS Sahay and PK Barnwal (CIPHET))
CP.1.4.5 Post implementation impact analysis of FSRP phase-I
(Sunil Kumar, P Sharma, Satyapriya, Maharaj Singh and Sant Kumar)

Social Science Division

SS 1.01 Gender issues in livestock  production with emphasis on fodder production and management
(Manju Suman, Mahavir Singh, Mallayya and Ashok Kumar)
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SS 1.03 Development and standardization of scale to measure socio-economic status of a farmer
practicing livestock based farming
(Satyapriya, Maharaj singh, Purushottam Sharma, Ashok Kumar and Vikas Kumar)
SS2.01 Transfer of technology and their Evaluation
(Maharaj Singh, Satyapriya,  Purushottam Sharma, Sadhna Pandey & Ashok Kumar)
Sub project 2 SS 2.14 Adoption of forage crops by the farmers in technology demonstrating areas.
(Maharaj Singh, Satyapriya,  Purushottam Sharma,  and Sadhna Pandey)
SS 2.03 Performance of improved varieties of rabi fodder at farmers fields in different regions
(Maharaj Singh, Satyapriya, Anil Kumar, S Radotra, N Biradar, RP Nagar, Ashok Kumar )
SS1.04 Economic evaluation of feeding value added fodder products and green fodder
(P Sharma, PN Dwiedi, PK Pathak)
SS 2.05 Capacity - building of farm women on animal rearing practices
(SadhnaPandey, Purushottam Sharma, Maharaj Singh Satyapriya)

RRS Avikanagar
RSA-4 Collection, evaluation and maintenance of forage grasses and legumes in Rajasthan
(RP Nagar)
RSA-7 Aonla based horti - pastoral system under semi-arid conditions
(RP Nagar & Sunil Kumar)
RSA-8 Silvi-pastoral system under semi arid environment
Experiment: 1 Neem (Azadirachta indica) based silvi-pastoral system
Experiment: 2 Khejri (Prosopis cineraria)  based silvi-pastoral system
(SL Meena and SS Meena)
RSA-10 Evaluation of promising neem strains under agr -silvi-pasture system in the semi-arid
conditions.
(SS Meena and SL Meena)
RSA-11 Maximization of quality seed production and standardization of seed testing protocol in
range grasses and legumes.
(RP Nagar and SL Meena)
RSA-12 Influence of moisture conservation techniques on performance of different forage crops and
cropping systems under semi-arid environment.
(SL Meena and SS Meena)
RSA-13 Germplasm enrichment, evaluation, maintenance and genetic improvement of forage crops
for arid and semi-arid regions.
(SS Meena and RP Nagar)
RSA-6 Development of agronomic package of practices for dual purpose bajra variety, Avika Bajra
Chari (AVKB-19) under rainfed condition.
(RP Nagar)
Regional Research Station, Dharwad
RSD-1 Development of sweet sorghum hybrids for multicut
(K Sridhar, S Karthigeyan and Sultan Singh)
RSD-2 Evaluation of lingo cellulosic constituents in Panicum maximum germplasm
(K Sridhar, DR Malaviya, BK Bhadoria and S Kathigeyan)
RSD-4 Breeding for forage yield, quality, biotic and abiotic tolerance in alfalfa
(S. Karthigeyan, K Sridhar, Edna Antony, NS Kulkarni, Sultan Singh and UP Singh)
RSD-6 Studies on microflora and microfauna in farming system
(NS Kulkarni, Vinod Kumar, K Sridhar and N Biradar)
RSD-5 Post harvest practices, transport, storage and marketing of feed and fodder resources under
different climatic situations in India
(P.K. Pathak & Nagaratna Biradar)
RSD-15 Seed yield potentiality of Lucerne cultivars
(Vinod Kumar, DR Malaviya, K Sridhar and S Karthigeyan)
RSD-16 Optimizing seed production and seed standardization protocols in range grasses and legumes
(Vinod Kumar, K Sridhar and DR Malaviya)
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RSD-17 Development of different fruit tree based horti-pastoral system under semi-arid conditions
(PI: (BG Shivakumar, NS Kulkarni and Sunil Kumar Seth)
RSD-18 Studies On Forage Based Farming Systems Under Semi-Arid Conditions Of Southern India
(B.G. Shivakumar, NS Kulkarni and Sunil Kumar Seth)
RSD-19 Studies on role of insect fauna on seed and forage yield in lucerne, Medicago sativa
(NS Kulkarni, Vinod Kumar and S. Karthigeyan)
RSD Physiological interventions for improving seed yield in Brachiaria sp.
(Edna Antony, Vinod Kumar and K Sridhar)
RSD-20 Training needs analysis of clientele on fodder production and promotion
(Nagaratna Biradar,  Satyapriya, Sadhna Pandey and Maharaj Singh)

Regional Research Station, Srinagar (Temporarily ay Palampur)
Genetic improvement of white clover (Trifolium repens L.) for quality, persistence and higher herbage
production in the Himalayan pastures.
(Inder Dev and Sudesh Radotra)

Externally funded projects
ICAR: Network project on amelioration of temperate/alpine pastures for livelihood support to
pastoral communities
(JP Singh)

ICAR: Network project on amelioration of temperate/alpine pastures for livelihood support to
pastoral communities.
(Sudesh Radotra and Inder Dev)

GBPIHED, Almora : Sustainable forage production through participatory cereal clover bi-cropping
in mid hills of Himalaya
(Inder Dev and Sudesh Radotra)

NAIP: Goat husbandry based integrated approach for livelihood security in disadvantaged districts of
Bundelkhand region
(AK Roy, S Seth, PN Dwivedi and SN Ram)

NAIP: Integrated farming system for sustainable rural livelihood  in undulating and rainfed areas of
Jhabua and Dhar districts of Madhya Pradesh.
(AK Roy, AK Shukla, P. Sharma, PK Pathak and MP Rai)

AICRP (ICAR): Improvement of feed resources and nutrient utilization in raising animal production
(SK Mahanta and MM Das)

Network Project of Buffalo: Performance recording and improvement of Bhadawari Buffaloes
(BP Kushwaha, SB Maity and Sultan Singh)

Department of Science and Technology: Development of on-farm urea treatment technology for
nutritional upgradation of wheat straw during threshing and its evaluation in livestock
(MM Das, KK Singh, AK Misra, Anil Kumar, PK Pathak, Sadhana Pandey  and N Das)

Ministry of Environment and Forest: Development of appropriate methane emission factors for
different feeds/ forages and feeding regimens to reduce uncertainties in methane estimation
(Sultan Singh, SK Nag, AK Misra and BP Kushwaha)

AICRP-TSP (ICAR): Strategies for sustainable livelihood of tribal population through improved
livestock farming
(SK Mahanta and MM Das)
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AICRP on Chickpea
(Anoop Kumar Dixit)

National Initiative on Climate Resilient Agriculture: Technology Demonstrations in a Participatory
Action Research mode
( R K Agarwal, Satyapriya, Sunil Kumar, JB Singh, SK Rai and Ramesh Singh)

Networking project on development of crop weather yield model for different agroclimatic regions of
Uttar Pradesh (UPCAR)
(Suchit Kumar Rai)

Ploidy regulated expression of genes involved in mega-gametophyte development, apomixis and its
component traits.
(P Kaushal, MJ Baig ,KK Dwivedi , AK Roy, DR Malaviya and P Swain)
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Chapter 10

Foundation Day, National Seminar, Kisan Mela, Mahila Krishak Gosthi and AICRP
Meetings

IGFRI celebrates its Golden Jubilee Foundation Day
The 50th foundation day of the institute was celebrated on November 1, 2011. Dr.  C. R.
Hazra, Ex.-Vice Chancellor, IGKV, Raipur and Ex. Agriculture Commissioner, Govt. of
India was the Chief Guest of the function. Dr. S. K. Dhyani, Director, NRC for Agroforestry,
Jhansi, was the guest of honour. The chief guest Dr Hazra inaugurated the function and
delivered the foundation day lecture on, ƒForage resource development: current status and
future prospects„. Chief Guest reviewed the past achievement and applauded IGFRI for its
glorious journey throughout these years. He described the importance of forage resource
development activities in meeting the targeted growth of agriculture and national GDP in
ensuing five year plan. He also described the challenges being faced by this sector, regional
and seasonal imbalance in fodder availability and measures to meet in mission mode. He
emphasized that the deficit in green and dry forages can be met by participatory pasture
development, grassland management, fodder production in problem soils and non
conventional areas. He also reiterated the need of radical change in approaches to forage
resource development vis-a-vis transfer of technology along with suitable policy
interventions. Dr. Dhyani emphasized the need of convergence of the different stake holders
and institutions with similar mandate to achieve the goal of food and nutritional security in
the country. Dr. S. A. Faruqui, Director, IGFRI, Jhansi presented the report ƒYear at a
glance„ and summary of the year long activities to be organized to mark the Golden Jubilee
Year of the Institute. The guests also released the publications during this occasion. Best
worker awards to various categories of IGFRI staff for their significant contribution, best
sports person and best research paper award to the scientists were also presented at this
occasion.

IGFRI and RMSI organized National symposium
National Symposium on ƒForage resource and livestock for livelihood, environment and
nutritional security„ was held at Indian Grassland & Fodder Research Institute, Jhansi from
September 10-11, 2011. Range Management Society of India and IGFRI Jhansi jointly
organized the symposium. The symposium was inaugurated by Dr. V S Tomar, Vice
Chancellor, Rajmata Vijayraje Scindia Krishi Vishwa Vidyalaya, Gwalior. About 150
participants, attended the symposium. Selected members of the society were conferred fellow
of the society.
The two day deliberations focused on the issues like Policy perspectives for optimizing
fodder resources; Forage crop improvement; Forage based livestock production system;
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Forage seed technology; Forage production systems; Grassland, Rangeland and Forest
Resource; Silvipasture, Hortipasture and Agroforestry systems; Public-private-people
partnership; Technology transfer and Climatic change and Policy issues.
Following points emerged in two day deliberations:
 Development of forage resources and their increased production requires emphasis on

investments for organization infrastructure, support prices for forage seeds and generation
of authenticated forage resource data base in addition to formulation of appropriate policies
on export-import of forage seeds and oil seed cakes, grazing management of livestock,
utilization of edible crop residues and their quality with respect to feeding of livestock.
 Development of sustainable and cost-effective production technologies with participation of

resource poor livestock farmers for their effective use to support the problems of livelihood,
nutrition & environment.
 Strengthening of seed production-supply chain and establishment of fodder bank and proper

distribution system- as long term approach.
 Conventional breeding approaches for fodder crop improvement may suitability be

supplemented with biotechnological approaches such as developing molecular markers in
fodder crops and grasses, utilization of marker assisted selection technique for linking
important traits in fodder, transferability studies on developed markers and comparative
genomics approach using rice, maize and sorghum genome for effective time and product
management. Additionally inter institutional association€s needs to be strengthened to
utilize resources and techniques available in synergistic mode.
 Poor quality forage/crop residue based diets should be supplemented with only deficient

minerals to avoid micro-nutrient imbalances.
 Development of methane emission database on dry forages/roughages based on chemical

entities to formulate low methane producing diets of livestock
 Traditional and eco-friendly techniques like biological pelleting and endo-zoochory are to

be investigated for improvement of temperate and tropical pasture.
 Peri-urban areas have provided the scope for commercial fodder production. Issues like safe

disposal of dung and slurry, regulated use of chemicals, regulation of the fodder market and
safe use of the by product of other sectors having fodder values warrants immediate
attention of researchers and policy makers.
 The rhizospheric interaction in different component of the cropping systems should be

characterized for optimization of resource use efficiency and enhanced production of forage
crops.
 Multinutrient deficiencies are appearing in different production systems which lead to the

poor nutrition of the livestock. These deficiencies in the forage crops should be addressed
through adoption of suitable INM approach.
 Common property resources are vital for fodder production and livelihood, however,

enabling policy interventions at state level are required for common property resource and
their management.
 There is vast potential of improving livelihood through adoption of integrated farming

system modules and other natural resource management based interventions and women
empowerment.
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National Seminar on ƒAnimal disease control and healthy livestock production„ (March
22, 2012)
National Seminar on ƒAnimal disease control and healthy livestock production„ was held at
Indian Grassland & Fodder Research Institute, Jhansi from March 22, 2012. Range
Management Society of India, IGFRI Jhansi and Department of Animal Husbandry, Uttar
Pradesh jointly organized the seminar. The seminar was inaugurated by Sri Satyajit Thakur,
Commissioner, Jhansi Division, Jhansi. Dr S K Dhayni, Director NRCAF, Jhasni and Dr
Rudra Pratap, Director, Animal Husbandry, U.P. was guest of honour. Dr S A Faruqui,
Director IGFRI was chaired the inaugural session.  The seminar was attended by about 115
participants including about 100 Veterinary Officers from different districts of Uttar Pradesh,
eminent scientists from IGFRI, Jhansi; Central Institute of Research on Goats, Mathura;
DUVASU, Mathura; High Security Animal Disease Laboratory, IVRI Bhopal.
Dr S P Pachauri Prof & Head Mahatma Gandhi Veterinary College, Bharatpur, Dr Ashok
Kumar, Principal Scientist CIRG, Mathura, Dr D K Sinha, Sr Scientist IVRI Izatnagar, Dr S
Kalayasasee  and Dr Manoj Kumar Scientist, Scientist HSADL, IVRI, Bhopal; Dr Debashis
Roy, Assistant Professor and Dr Atul Saxena, Prof and Head, DUVASU, Mathura  who came
to attended seminar and delivered Key note addresses.
The two day deliberations focused on the issues Forage & healthy livestock production;
Fodder Development in Bundelkhand Region; Livestock production, improvement &
livelihood opportunities; Small ruminants for resource poor farmers livelihood improvement;
Disease diagnosis, surveillance & control programmes; Disaster Management; Diversified
animal husbandry including Piggery, Poultry, Kennel, Emu, Duck, Quail, fisheries, Rabbitary
etc.
The presentations were made in three technical sessions entitled Livestock Production;
Animal disease diagnosis, surveillance and control and Feed, Fodder and nutritional aspects.
Some of the issue which emerged crucial for development of livestock production were
Improvement of the Bovine Population of Uttar Pradesh through Reproductive Management
Tools was emphasized, Organic Milk Production System, Bhadawari buffalo for resource
poor farmers, measures to cope up with heat stress management in dairy animals, control of
Animal Diseases, Herd health, timely animal disease diagnosis, small ruminant diseases and
their containment. Regarding forage availability to make available healthy feed for livestock
the issues gaining attention were Silvipasture system for augmenting forage resources from
degraded land, forage production technologies from arable lands and forage based feeding
systems for dairy animals.

Kisan Mela organized at IGFRI, Jhansi

A  Kisan Mela was organized on March, 29, 2012 at IGFRI, Jhansi and large number of
farmers from Uttar Pradesh, Madhya Pradesh and other adjoining states participated in this
Mela. The Mela was inaugurated by chief guest Dr. S.K. Dhyani, Director, NRCAF, Jhansi
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and presidential address was delivered by Dr. S.A. Faruqui, Director, IGFRI, Jhansi. During
this occasion on ƒAgricultural exhibition„ was organized in which various agricultural
research and extension institutions viz., IISR, Lucknow, CIAE, Bhopal, CSWCSIT, RRS,
Datia, NRCAF, Jhansi, Krishi Vigan Kendra (KVK), Bharari, Jhansi and different divisions
of IGFRI participated. The exhibition depicting recent technologies/ products/ services for the
benefit of the visiting farmers was arranged. The exhibits of improved fodder production and
utilization technologies of IGFRI were depicted to motivate visiting farmers to adopt these
technologies. A scientist-farmer interactive session was also made during Kisan mela.

The farmers shown keen interest in the different improved fodder production technologies
along with technologies of other institutes and got benefitted by visiting the exhibition and
attending the Kisan Mela at this Institute.

Mahila Krishak Gosthi organised at village Birguan, Jhansi

During golden Jubilee year of IGFRI , a Mahila Krishak Gosthi was organised on March 20,
2012 at village Birguan of Baragaon block, Jhansi. More then 200 women farmers engaged in
agriculture and animal rearing activities participated. Honble Dr. S.A.Faruqui, Director,
IGFRI, Jhansi was the chief guest of this function and Dr. Surender Babu, DDM NABARD
and Dr. A.K.Chouhan, PC, KVK Lalitpur were the guest of honour. During this Ghosthi,
lecture cum demonstrations were organized on improved fodder production and utilization
technologies, animal rearing and feeding practices, drudgery reducing hand tools &
implements for farm women, crop residue enrichment and fodder conservation etc. An
exhibition of live materials viz. important fodder crops, perennial grasses, quality seeds, post
harvest technologies-complete feed block, bales, low cost feeding material for animals etc.
was displayed and demonstrated by the scientists. A research-extension-farm women
interface meeting was also organized during this occasion in which IGFRI scientists,
dignitaries from NABARD, KVKs, Local NGOs etc. participated to provide on spot solution
to the women farmers. During the discussion experts suggested various usable technologies
related to fodder production and its utilization and improved agricultural and livestock
rearing practices.
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National group meet on forage crops organized at IGFRI

National Group Meet on AICRP on Forage Crops,
Rabi 2011-12 was organized at IGFRI, Jhansi
during 08-09, September, 2011. Dr R. P. Dua
ADG (FFC) ICAR, New Delhi chaired the group
meeting. Scientists€ form different coordinated
Centres across the country participated in this
meet. During the meet, emphasis was given to
strengthen the productivity, germplasm holding
and to create
variability for
breeding new

varieties with enhanced quality and development of dual
purpose forage crop variety. Dr. S.A. Faruqui, Director &
Project Coordinator presented the summary of research
findings for Rabi 2010-11. The brief outcome of Group
Meeting is as follows:

A. Identification of High Yielding Forage Varieties :

The meeting of the Varietal Identification Committee of the AICRP-FC was held under the
Chairmanship of Dr. R. P. Dua, ADG (FFC), ICAR, New Delhi. Out of the five proposals of
three forage crops viz., Ricebean, Pearl millet and Oat, committee recommended four forage
crop varieties for respective zones

1. Ricebean : Variety  KRB-19 and JRBJ-05-2

Ricebean variety KRB-19 submitted by BCKV, Kalyani and JRBJ-05-2 submitted by
JNKVV, Jabalpur, have performed consistently superior to the check (Bidhan-1) for green
forage and dry matter yield across the locations. The KRB-19 variety has been selected from
the material collected from Tengnaupal, Manipur state whereas other variety JRBJ-05-2 has
been collected from Dindori (Madhya Pradesh). The variety KRB-19 has been identified for
release in North-East Plain zone and JRBJ-05-2 in Central zone.

2. Forage Bajra : Variety AFB-3

Forage bajra variety AFB-3 submitted by AAU Anand, showed its consistent superiority for
green forage and dry matter yield over the locations and years. The variety has been
identified for release in Haryana, Punjab and Rajasthan.

3. Oat : Variety SKO-96

Forage oat variety SKO-96 submitted by SKUAST, Srinagar, performed consistently better
than check and other qualifying entries over the locations and years for GFY, DMY and L/S
ratio. This variety is highly resistance to leaf blight and powdery mildew.  This variety has
been identified for temperate and mid altitude areas of Hills in the states of Himachal Pradesh
and Jammu and Kashmir.
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B. Forage Crop Production

1. Among different forage based cropping systems, maize + cowpea (fodder) • sunflower
(seed) - finger millet (grain) was found most remunerative (Rs 66,447/ha) cropping
sequence for Mandya region of Karnataka.

2. Sowing of lucerne under line sowing + regular cutting for green fodder and leaving for
seed production in second week of March every year was recommended for Maharashtra
to realize the highest seed yield and net monetary returns with benefit cost ratio of 2.59.

C. Forage Crop Protection
1. Seed treatment with vitavax   @ 2.5 g /kg seed + Trichoderma viride @ 5 g/kg seed

followed by foliar sprays of Propiconazole@ 0.01% at 15 days interval after the
appearance of the disease was effective in disease management in oat seed production and
high net return in oat grown for seed production.

2. For the management of root rot in oat, allocation of pitcher compost @ 3 % as soil
application at the time of sowing gives net return of Rs. 8064/- over control in agro-
climatic situation of Orissa.
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Chapter 11
Administration and Accounts

Financial Statement
IGFRI

Rs. In lakhs
Budget Allocation Expenditure
Plan 366.00 327.86
Non-Plan 2909.00 2651.36
Total 3275.00 2979.22

AIRCP(FC)
Rs. In lakhs

Budget Allocation Expenditure
Plan 1129.00 1128.48

The Staff Strength as on 31.03.2012

Cadre Sanctioned In Position Vacant
Research Management 01 0 01
Scientist 138 81 57
Technical 129 96* 33
Administrative 72 41 31
Auxiliary 01 0 01
Skilled Supporting staff 125 90 35
Total 466 308 158
* Sh. Pancham (T-3) retired on 31.03.2012

Departmental Promotion in respect of Scientific Technical, Administrative and
Supporting Staff during the period 1st April•2011 to 31st March•2012

Sl.
No.

Name of Officer Nature of
Promotion

Date of Order

Scientist Category Office Order
1. Smt. Gitanjali Sahay, Sci. (SS) to Sci. (SG) 21.03.2012
2. Sh. N.S. Ekka Scientist to Sci.(SS) 21.03.2012

Technical Office Order
1. Sh. J.P. Upadhyay T-5 to T-6 16.08.2011
2. Sh. Mayank Bhushan Pandey -do- -do-
3. Sh. Sridayal -do- -do-
4. Sh. B.K. Pandurangaih -do- -do-
5. Sh. D.K. Singh T-5 to T-6 24.08.2011
6. Sh. Dhiraj Kumar Dhingra T-3 to T-4 -do-
7. Sh. Rajesh Kumar Sharma T-4 to T-5 11.11.2011
8. Sh. Pancham T-2 to T-3 -do-
9. Sh. Ashiq Ali T-2 to T-3 -do-
10. Sh. Chhotey Khan T-2 to T-3 -do-
11. Sh. Babu Lal T-2 to T-3 -do-
12. Sh. Vishan Das T-2 to T-3 -do-
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13. Sh. Babu Lal Berwa T-2 to T-3 -do-
14. Sh. Sunil V. Sinhde T-2 to T-3 -do-
15. Sh. Laxman T-1 to T-2 -do-
16. Smt. Anita Srivastava T-2 to T-3 06.01.2012

Techncial Post (Promotion)
17. Sh. Har Narayan Sharma SSS(LA) to T-1 09.02.2012
18. Sh. Krishan Ku. Khare SSS(LA) to T-1 -do-
19. Sh. Lakhan Kishore Khare SSS(MDA) to T-1 -do-
20. Sh. Vishwanath Pathak SSS(Photo. Att.) to

T-1
-do-

21. Sh. Mahendra Kumar
Vishwakarma,

SSS(KA) to T-1 -do-

Technical (Direct Recruitment) Issued
Memorandum

1. Sh. Pawan Kumar T-3 09.05.2011
2. Sh. Gopal Lal Meena T-3 19.07.2011

Administrative Office Order
17. Sri. Gautam Saxena Asstt. to AAO 03.11.2011
18. Sri. Rakesh Ku. Chippa Sr. Clerk to Asstt. 03.11.2011
19. Sri. Makrand Singh Tomer Jr. Clerk to Sr. Clerk 29.11.2011

Administrative (Direct
Recruitment)

Issued Memorandum

1. Ku. Neha Jr. Clerk 21.05.2011
Skilled Supporting Staff Office Order

1. Sh. Hari, SSS(Safai Kar.) II- MACP Granted 31.01.2012
2. Sh. Praksh SSS(CCA) -do- -do-
3. Sh. Badri Lal Jat, SSS(Chowkidar) -do- -do-
4. Smt. Savitri, SSS (Safai Kar.) -do- -do-

Skilled Supporting Stafff (Direct
Rectt)

Issued Memorandum

1. Sh. Manohar Lal/Mohan Luhar TS to SSS(LA) 13.01.2012
2. Sh. Kashi Ram /Summer TS to SSS(Peon) 13.01.2012
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Chapter 12
Distinguished Visitors

Dr Arvind Kumar
DDG(Edu),
ICAR New Delhi

Dr A.K. Singh
DDG(NRM)
ICAR New Delhi

Dr R.P. Dua
ADG(FFC)
ICAR New Delhi

Dr J. C. Dagar
ADG(Ag/AF)
ICAR New Delhi

Dr J. S. Sandhu
ADG (Seeds)
ICAR New Delhi

Dr C. R. Hazra
Ex. Vice Chancellor
IGKV,Raipur

Prof. R. M. Singh
Professor Emeritus
BHU, Varanasi

Dr R. K. Mittal
ADG(EQR)
ICAR New Delhi

Dr P. S. Pathak
Ex ADG (AF)
ICAR New Delhi

Dr S. D. Rai
Ex. ADG
ICAR New Delhi

Dr D. Swarup
Director, CIRG
ICAR New Delhi

Dr R. Debroy
Ex Director NRCAF,
Jhansi

Dr Bhagmal
Ex Director
IGFRI Jhansi

Dr Amaresh Chandra
PS & HOD
IISR Lucknow

Dr B. Singh
Head
IVRI ,Izatnagar

Dr P.S.Chattopadhya
Head FMP
BCKVV,Kalyani

Dr R.P. Singh
Prof& Head (Department of
Agronomy)
BHU, Varanasi

Dr I. D. Tyagi
Ex Prof & Head
Ghaziabad

Dr A. Patnaik
Head ICAR Complex
New Delhi

Dr R.N. Choubey
Ex. Head CI Division
IGFRI ,Jhansi

Dr S. N. Zadoo
Ex. PS
IGFRI Jhansi

Dr G. N. Mishra
PS, ICAR
New Delhi

Dr S.K.Sharma
PS, IARI Reg. Station,
Pune

Dr DK Agrawal
PS ,KAB-2,
New Delhi

Dr S.B. Nahatkar
PS, JNKVV
Jablpur

Dr C. S. Praharaj
PS (Agronomy)
CPD, IIPR, Kanpur

Sh. S. K. Mitra
Deputy Secretary
ICAR , New Delhi

Sh. Chanchal Kumar Tiwari
Chief Secretary
Uttar Pradesh Lucknow

Dr A.K. Misra
Retd. Addl. Commisioner
Member RAC

Dr R. C. Sachan
ICRISAT
Hyderabad

Dr M. K. Singh
Sr. Scientist, CIRG
Makhdoom

Dr U.P.Singh
NASC Complex,Pusa
New Delhi

Sh K.P. Singh
Director Ministry of Railways

Dr S.K. Gupta
Vice President R&D
JK Seeds ,Hyderabad

Dr P.S. Gautum
Additional Director,
Lucknow

Dr R. C. Panday
Deputy Director,
Varanasi

Dr Marknday Singh
Deputy director ,
Gorakhpur

Dr A.K.Sah
Sr Scientist
IISR Lucknow

Sh Sharma Puran
Member RAC

Dr S. D. Kashyap
Dean , College of foresty
Bhopal

Dr Ruchi Srivastava
Visiting Scientist
ICRISAT, Hyderabad
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Chapter 13
List of Personnel

DIRECTOR

Dr. K.A. Singh Ph.D (Agronomy) upto 19.08.2011
Dr. S.A. Faruqui Ph.D (Entomology) w.e.f. 20.08.2011

SCIENTIFIC
Division of Crop Improvement
Dr. Pankaj Kaushal Principal Scientist (Biotechnology) & Head w.e.f. 10.06.2011
Dr. M.G. Gupta Principal Scientist (Genetics & Cytogenetics)
Dr. M.I. Azmi Principal Scientist (Nematology)
Dr. N. Hasan Principal Scientist (Nematology) upto 30.06.2011
Dr. U.P. Singh Principal Scientist (Economic Botany) upto 31.05.2011
Dr. Pradeep Saxena Principal Scientist (Plant Pathology)
Dr. Vijay K. Yadav Principal Scientist (Plant Breeding) w.e.f. 28.11.2011
Dr. N.K. Shah Sr. Scientist (Entomology)
Dr. A.K. Singh Sr. Scientist (Plant Breeding)
Dr. S. Ahmad Sr. Scientist (Plant Breeding)
Sri R.B. Bhaskar Scientist SG (Plant Pathology)
Dr. Suresh Kumar Scientist Sr. Scale (Biotechnology)
Dr. M.K. Srivastava Sr. Scientist (Biochemistry)
Dr. K.K. Dwivedi Sr. Scientist (Biotechnology) w.e.f. 03.06.2011
Ms. Geetanjali Sahay Scientist Sr. Scale (Genetics & Cytogenetics)
Dr. M. Chakraborthi Scientist (Plant Breeding) upto 17.11.2011
Sri D.C. Joshi Scientist (Plant Breeding)
Sri Tejveer Singh Scientist (Genetics)
Sri A. Radhakrishan Scientist (Biotechnology)
Sri Kumar Durgesh Scientist (Plant Breeding)
Sri A Raghuramarajan Scientist (Plant Breeding) during 18.09.2011 to 29.12.2011
Sri Manjunath N. Scientist (Plant Pathology) w.e.f. 23.12.2011
Sri Rameshwar PrasadScientist(Genetics) w.e.f. 23.12.2011
Sri Ashwani Kumar Scientist (Plant Physiology) w.e.f. 26.12.2011

Division of Crop Production
Dr. Sunil Kumar Principal Scientist (Agronomy) & Head
Sri R.N. Dwivedi Principal Scientist (Agronomy)
Dr. R.K. Agrawal Sr. Scientist (Agronomy)
Dr. J.B. Singh Sr. Scientist (Ag. Meteorology)
Dr. S.K. Das Scientist (Ag. Chemistry) upto 20.04.2011
Dr. S.K. Rai Sr. Scientist (Ag. Meteorology)
Dr. D.V.K.N. Rao Sr. Scientist (Soil Science) upto 16.08.2011
Dr. A.K. Rai Sr. Scientist (Soil Science)
Dr. A.K. Dixit Sr. Scientist (Agronomy)
Dr. (Mrs.) K. Bharti Sr. Scientist ( Microbiology) upto 04.04.2011
Dr. Y.S. Saharawat Sr. Scientist (Ag. Chemistry) w.e.f. 01.10.2011
Sri Pradeep Behari Scientist SG (Ag. Meteorology)
Sri Mukesh ChoudharyScientist (Agronomy)
Sri Kiran K. Tirumala Scientist (Agronomy) w.e.f. 05.09.2011
Sri Prabhu G. Scientist (Agronomy) w.e.f. 23.12.2011
Sri Vinod K. Wasnik Scientist (Agronomy) w.e.f. 23.12.2011
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Division of Grassland and Silvopasture Management
Dr. A.K. Roy Principal Scientist (Genetics & Cytogenetics) & Head
Dr. S.K. Gupta Sr. Scientist (Economic Botany)
Dr. J.P. Singh Sr. Scientist (Geography)
Dr. Shiv Nath Ram Sr. Scientist (Agronomy)
Dr. Sunil Kumar Sr. Scientist (Horticulture)
Dr. A.K. Shukla Sr. Scientist (Horticulture)
Dr. H.V. Singh Sr. Scientist (Plant Pathology)
Dr. Archana Singh Sr. Scientist (Economic Botany)
Sri Nur Salim Ekka Scientist (Geography)
Sri Dibyendu Deb Scientist (Ag. Statistics)

Division of Plant Animal Relationship
Dr. N. Das Principal Scientist (Animal Nutrition) & Head
Dr. A.B. Mojumdar Principal Scientist (Bio-chemistry) upto 30.11.2011
Dr. B.K. Bhadoria Principal Scientist (Organic Chemistry)
Dr. A.K. Misra Sr. Scientist (Animal Nutrition)
Dr. S.B. Maity Sr. Scientist (LPM)
Dr. K.K. Singh Sr. Scientist (Animal Nutrition)
Dr. M.M. Das Sr. Scientist (Animal Nutrition)
Dr. Sultan Singh Sr. Scientist (Animal Nutrition)
Dr. S.K. Mahanta Sr. Scientist (Animal Nutrition)
Dr. S.K. Nag Sr. Scientist (Agricultural Chemistry) upto 30.04.2011
Dr. Anil Kumar Sr. Scientist (LPM) upto 27.06.2011

Division of Seed Technology
Dr. D.R. Malviya Principal Scientist (Plant Breeding) & Head
Sri K.C. Pandey Principal Scientist (Entomology) upto 30.01.2011
Dr. S.M. Mishra Principal Scientist (Soil Science) upto 30.09.2011
Dr. D. Bahukhandi Sr. Scientist (Plant Pathology)
Sri D. Vijay Sr. Scientist (Seed Technology) w.e.f. 14.06.2011
Sri Vikas Kumar Scientist (Ag. Statistics)
Sri C.K. Gupta Scientist (Plant Physiology)

Division of Farm Machinery and Post Harvest Technology
Dr. P.K. Pathak Principal Scientist (ASPE) & Head w.e.f. 23.05.2011
Dr. P.N. Dwivedi Sr. Scientist (Animal Nutrition)
Sri C. S. Sahay Sr. Scientist (FMP)
Sri B. Narsimlu Sr. Scientist (SWCE)

Division of Social Science
Dr. Maharaj Singh Principal Scientist (Ag. Extension) & Head
Dr. (Mrs) M. Suman Sr. Scientist (Ag. Extension)
Dr. P. Sharma Sr. Scientist (LPM)
Dr. Satyapriya Sr. Scientist (Ag. Extension)
Dr. (Mrs) S. Pandey Sr. Scientist (Home Science)
Sri Ashok Kumar Scientist SG (Ag. Statistics)

AICRP (Forage Crops) Coordinating Unit
Dr. S.A. Faruqui Principal Scientist (Entomology) & Project Coordinator
Dr. R.V. Kumar Principal Scientist (Plant Breeding)
Dr. Sita Ram Kantwa Sr. Scientist (Agronomy)
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Regional Research Station, Avikanagar (Rajasthan)
Dr. S.S. Meena Principal Scientist (Pl. Breeding) & Officer-in-Charge w.e.f. 16.06.2011
Sri R.P. Nagar Sr. Scientist (Seed Technology) & Officer-in-Charge upto 15.06.2011
Dr. S.L. Meena Sr. Scientist (Agronomy)

Regional Research Station, Dharwad (Karnataka)
Dr. B.G. Shivkumar Principal Scientist (Agronomy) & Officer-in-Charge
Dr. (Ms) N. Biradar Sr. Scientist (Agricultural Extension)
Dr. K. Sridhar Sr. Scientist (Plant Breeding)
Dr. S. Karthigeyan Sr. Scientist (Plant Breeding)
Dr. N.S. Kulkarni Sr. Scientist (Ag. Entomology)
Dr. Vinod Kumar Scientist (Seed Technology)

Regional Research Station, Srinagar (Temporarily at Palampur)
Dr. S. Radotra Sr. Scientist (LPM) & Officer-in-Charge
Dr. Inder Dev Sr. Scientist (Agronomy) upto 24.02.2012
Dr. Suheil A. Dand Scientist (Forestry)

TECHNICAL
Dr. M.S. Sharma FM (T-9)
Sri G.R. Deshmukh TO (T-9)
Dr. R.K. Verma VO (T-8)
Sri D.K. Bhutani TO (T-7/8) upto 30.09.2011
Sri C.P. Gupta TO (T-7/8)
Sri G.P. Nigam TO (T-7/8)
Sri O.N. Arya TO (T-7/8)
Sri P.K. Karpe TO (T-7/8)
Sri Gyasi Lal TO (T-7/8)
Dr. R.K. Sharma TO (T-7/8)
Sri R.P. Yadava TO (T-7/8)
Sri P. K. Dwivedi TO (T-7/8)
Dr. Sunil Gupta TO (T-7/8) upto 30.04.2011
Sri P.K. Tyagi TO (T-7/8)
Dr. A.K. Srivastava TO (T-7/8)
Sri R.D. Rai TO (T-7/8)
Sri A.K. Saxena TO (T-7/8)
Sri J.L. Singh TO (T-7/8)
Sri Avinash Chandra TO (T-6)
Ms. Seema Khatri TO (T-6)
Sri O.P. Singh TO (T-6)
Dr. R. S. Parihar TO (T-6)
Sri V.D. Chhabra TO (T-6)
Sri L.N. Singh TO (T-6)
Sri S.C. Richharia TO (T-6)
Ms. Sandhya BhargawaTO (T-6)
Sri K.P. Rao TO (T-6)
Sri R.B. Bhondele TO (T-6)
Sri S.D. Singh TO (T-6)
Dr. D.K. Singh TO (T-6)
Dr. A.K. Pandey TO (T-6)
Sri J.P. Upadhyaya TO (T-6)
Sri Sri Dayal TO (T-6)
Sri Ram Asrey TO (T-6)
Sri Indra Pal Singh TO (T-6)
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Sri Mayank BhushanTO (T-6)
Sri S.K. Bhadoria TO (T-5)
Sri M.S. Verma TO (T-5)
Sri H.K. Agrawal TO (T-5)
Sri B.K.PandurangaiahTO (T-5)
Sri C.P. Singh TO (T-5)
Sri N.K. Tripathi TO (T-5)
Dr. H.C Pandey TO (T-5)
Sri O.P. Yadav TO (T-5)
Sri S.M. Singh TO (T-5)
Sri K.L. Meena TO (T-5)
Sri Rajesh K. Singh TO (T-5)
Sri Ram Behari TO (T-5)
Sri Pooran Singh TO (T-5)
Sri U.P. Singh TO (T-5)
Sri Ami Chand TO (T-5)
Sri Neeraj K. Dubey TO (T-5)
Sri Kapil Kumar TO (T-5)
Sri Ashok K. Singh TO (T-5)
Sri Rajesh K. Sharma TO (T-5)
Sri Mohd. Irfan TO (T-5)
Sri Mullu Lal Ayam TO (T-5)

ADMINISTRATIVE
Sri A.N. Nimje Administrative Officer
Sri A.P. Rajashekharan Asstt. Administrative Officer
Smt. Kanti Sharma Asstt. Administrative Officer
Sri K.K. Sharma Asstt. Administrative Officer
Sri Rakesh Kumar Asstt. Administrative Officer
Sri Gautam Saxena Asstt. Administrative Officer
Sri Narain S. Rawat Asstt. Administrative Officer
Sri P.K. Pandey Asstt. Finance & Accounts Officer
Sri Keshav Dev Asstt. Director (Rajbhasha)
Sri Sriansh K. DwivediPS
Sri A.K. Chaturvedi PS
Sri Prem Chand PS
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Acronyms

(F) Forage
(G) Grain
AAU Assam Agricultural University
ADF Acid Detergent Fiber
ADL Acid detergent Lignin
AICRP All India Coordinated Research Project
ANGRAU Acharya N. G. Ranga Agriculture
ARS Agricultural Research Station
AVT Advance Variety Trail
B:C Benfit:Cost
BAIF Bhartiya Agro-Industry Foundation
BAU Birsa Agricultural University
BCKV Bidhan Chand Krishi Vishwavidyalaya
CAZRI Central Arid Zone Research Institute
CCS HAU Choudhary Charan Singh Haryana Agriculture University
Chl Chlorophyll
CP Crude Protein
CPY Crude Protein Yield
CSIR Council of Scientific and Industrial Research
CSK HPKV CSK Himachal Pradesh Krishi Vishwavidyalaya
DAP Diammonium Phosphate
DAS Days After Sowing
DBT Department of Biotechnology
DCP Digestible Crude Protein
DDT Dichloro dipheny1 trichloroethane
DM Dry Matter
DMD Dry Matter Digestibility
DMI Dry Matter Intake
DMY Dry Matter Yield
DUS Distinctness Uniformity and Stability
Fw Fress Weight
FYM Farm Yard Manure
GAU Gujarat Agriculture University
GBPUAT G.B. Pant University of Agriculture and Technology
GFY Green Fodder Yield
HCH Hexacholoro Cyclophexane
IARI Indian Agricultural Research Institute
IC Indigenous Collection
ICRISAT International Crop Research Institute for Semi Arid Tropics
INM Integrated Pest Management
IVDMD In-vitro Dry Matter Digestibility
IVT Initial Varietal Trail
JNKVV Jawar Lal Nehru Krishi Vishwavidyalaya
KAU Kerala Agricultural University
MPKV Mahatma Phule Krishi Vidyapeeth
NAARM National Academy of Agricultural Research and Management
NBPGR National Bureau of Plant Genetic Resources
NDF Neutral Detergent Fibre
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NDUAT Narendra Dev University of Agricultural and Technology
OM Organic Matter
OUAT Orissa University of Agriculture and Technology
PAU Panjab Agricultural University
PTO Power Take Off
QTL Quantative Trait Loci
RAPD Random Amplified Polymorphic DNA
RAU Rajendra Agricultural University
RDF Recommended Dose of Fertilizer
RH Relative Humidity
RLI Root Lession Index
RRS Regional Research Station
SLA Specific Leaf Area
SLW Specific Leaf Weight
SNF Solid Not Fat
SSP Single Super Phosphate
SSR Simple Sequence Repeat
TDM Total Dry Matter
TDN Total Digestible Nutrient
TDNI TDN Intake
TNAU Tamil Nadu Agricultural University
UAS University of Agricultural Science
USDA United State Department of Agricultural
VAM Vesicular Arbuscular Mycorrhiza
MTS Mid Term Storage
RDM Recommended Dose of Micronutrients
CSDL Critical Short Day


