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PREFACE
Despite the incidence of pandemic (COVID-19) that disrupted and impacted all sectors of the 
economy, agriculture is the only savior to register apositive growth of 3.4% during the �rst 
quarter of 2020-21. Wheat, the most important Rabi season crop, served a pertinent role in 
progressing the nation towards economic growth as well as ensuring food and nutrition 
security. For the 2019-20 Rabi season, wheat production has registered an all-time highest 
output of 107.86 million tonnes and production of barley estimated at 1.72 million tonnes. 
Though the national lockdown was implemented since March 25, 2020, which coincided with 
the Rabi crops harvest, relaxation was given to agriculture and related activities that 
incapacitated the supply side disruptions leading to record production as well as procurement 

of 38.99 million tonnes in wheat being a major staple food crop. Unlike the past, Madhya Pradesh overtook Punjab in 
wheat procurement during 2020. With the mounting uncertain situation owing to the pandemic, ICAR-Indian Institute 
of Wheat and Barley Research, Karnal has taken proactive steps by strengthening the multi-disciplinary and multi-
location research to enhance and sustain the production and productivity of wheat and barley crops. 

Among the series of glorious achievements in 2020, the prominent one is the dedication of four wheat varieties to the 
nation as bioforti�ed varieties by the Hon'ble Prime Minister of India commemorating the World Food Day. During the 
year 2020, the All-India Wheat and Barley Research Workers meet was held successfully at Karnal in virtual mode owing 
to the pandemic. In the online meeting, the Varietal Identi�cation Committee has recommended10 wheat varieties and 
one barley variety for different production conditions. To cater the seed demand from the farmers, ICAR-IIWBR strives its 
best to offer yeoman service in strengthening the seed sector. During the pandemic, online seed delivery portal has 
been established and seeds of latest wheat and barley varieties booked by the farmers were disseminated across the 
country. To equip with the pandemic, the institute transformed its outreach activities, advisories and extension services 
to virtual mode by capitalizing the social media and other digital platforms. The institute brought several accolades 
during the reporting period including the Krishi Sansthan Samman Award by the Mahindra Group for outstanding 
contribution in transforming the Indian agriculture from shortage to surplus. Also, I congratulate and appreciate all the 
staff members who have been bestowed with awards and recognitions in various research and development platforms.

Despite many achievements against all production odds, 2020 has its own challenge in the form of pandemic. On a 
personal note, I take this opportunity to thank and express my sincere gratitude to Dr. T. Mohapatra, Secretary DARE and 
DG(ICAR); Dr. T.R. Sharma, DDG (Crop Science), Dr. D.K. Yadava, ADG (Seeds), Dr. Y.P. Singh, ADG (F&FC), Dr. H.S. Dhaliwal, 
Chairman RAC and members of RAC for providing valuable guidance and suggestions towards implementation of 
various research programmes.  I appreciate the cooperators of AICRP on Wheat and Barley and staff of ICAR-IIWBR for 
their tremendous support during the pandemic to overcome all disruptions showcasing consistent progress in wheat 
and barley improvement. Finally, I applaud the entire fraternity of wheat and barley researchers for accomplishing their 
duties tirelessly which is being re�ected as signi�cant achievements in this annual report.

Stay Safe and Take Utmost Care.

                         GP Singh
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dk;Zdkjh�lkjka'k
Qly lqèkkj

Ÿ Qly lhtu 2019&20 ,d ,sfrgkfld o"kZ jgk] ftlesa dqy 107-59 
fefy;u Vu xsgw¡ dk fjd‚MZ mRiknu gqvk vkSj ns'k us xsgw¡ dh vc rd 
dh fjd‚MZ mRikndrk 3508 fdyksxzke@gsDVs;j çkIr dhA 

Ÿ dsaæh; çtkrh; foekspu lfefr  }kjk xsgw¡ dh 11 uÃ fdLeksa ¼8 czsM 
$3 dfB;k xsgw¡½ dks ns'k ds fofHkUu mRiknu fLFkfr;ksa vkSj —f"k 
ifjfLFkfr;ksa ds fy, vfèklwfpr fd;k x;kA 

Ÿ xsgw¡ d s dyq  15 vkuoq fa 'kd LV‚d dk s ikni tuuæO; ita hdj.k lfefr 
}kjk iathdj.k ds fy, vuq'kaflr fd;k x;k] ftlesa ls 7 vkuqoaf'kd 
LV‚d laLFkku }kjk  fodflr fd, x,A 

Ÿ laLFkku ds teZIykTe fjlkslZ ;wfuV ¼GRU½ us fofHkUu laLFkkuksa vkSj 
foÜofo|ky;ksa ls 451 u;s tuuæO; çkIr fd,] ftlesa CIMMYT] 
eSfDldk s l s Hkkjrh; xgs  ¡w dh 264 Hk w & çtkfr;k ¡ vkjS  18 ,fQM çfrjkès kh 
tuuæO; Hkh 'kkfey gSaA laLFkku us vuqlaèkku mís';ksa dh iwÆr ds fy, 
2282 xsgw¡ ds tuuæO; dks ns'k ds fofHkUu ekaxdrkZvksa dks çnku fd, 
rFkk 350 xsgw¡ dh mUur ykbuksa dks CykLV jksx ds ijh{k.k ds fy, 
ckaXykns'k vkSj cksyhfo;k Hkstk x;k A laLFkku esa 523 u, tuuæO;ksa 
dks 38 DUS y{k.kksa ds fy, oÆ.kr fd;k x;k A

Ÿ iwoZ&çtuu ifj;kstuk ds varxZr o"kZ 2020 ds nkSjku xsgw¡ dh taxyh 
çtkfr;ksa tSls fFkuksikÃje csljfcde vkSj ,ftyksIl isjsfxzuk ds lkFk 
czsM xsgw¡ ds ladj.k }kjk xsgw¡ dh vkuqoaf'kd fofoèkrk c<+kÃ x;hA xsgw¡ 
esa tLrk dh vfèkd ek=k ds fy, dj.k iks"k.k 1 vkSj ykSg rRo dh 
vfèkd ek=k ds fy, dj.k iks"k.k 2 vkuqoaf'kd LV‚d fodflr ,oa 
iath—r fd, x,A

Ÿ o"kZ 2020 ds nkSjku Hkkjr ds mÙkj&if'peh eSnkuh {k=ksa ij ifj;kstuk 
ds varxZr] mÙkj& if'peh eSnkuh {ks=ksa ds mPp mRiknd okrkoj.k ds 
fy, xsgw¡ dh Çlfpr] vxsrh cqokÃ ds fy, mPp mit nsus okyh çtkfr 
Mh-ch-MCY;w-303 ¼dj.k oS".ko½ dk fodkl fd;k x;k FkkA dsaæh; 
çtkrh; foekspu lfefr  }kjk xsgw¡ dh çtkfr Mh-ch-MCY;w-187 ds {ks= 
foLrkj dh flQkfj'k mÙkj&if'peh eSnkuh {k=ksa esa Çlfpr] vxsrh 
cqokÃ ds fy, Hkh dh x;hA ifj;kstuk ds rgr mPp ty mi;ksx 
n{krk ds fy, ,d vkuqoaf'kd LV‚d Mh-ch-MCY;w-166 dk fodkl fd;k 
x;k FkkA

Ÿ Hkkjr ds mÙkj& iwoÊ eSnkuh {k=ksa ij ifj;kstuk ds varxZr o"kZ 2020 
ds nkSjku] xsgw¡ esa CykLV jksx ds fy, çfrjksèkh ,d vkuqoaf'kd LV‚d 
ch-vkj-MCY;w-3806 dh igpku dhA 

Ÿ m".k {ks=ksa ds fy, xsgw¡ lqèkkj ifj;kstuk ds varxZr] o"kZ 2020 ds 
nkSjku] gfj;k.kk jkT; ds Çlfpr] le; ij cqokÃ {k=ksa ds fy, mPp 
mit nsus okyh çtkfr Mh-ch-MCY;w-,p-221 dk fodkl fd;k x;k FkkA 
blds vfrfjä nsj ls cksÃ xÃ ifjfLFkfr;ksa esa mPp volknu ewY;] 
Hkwjk jrqvk vkSj djuky caV ds fy, çfrjksèkh ,d vkuqoaf'kd LV‚d Mh-
ch-MCY;w-278 dk Hkh fodkl fd;k x;k FkkA

Ÿ gkbfczM xsgw¡ lqèkkj ifj;kstuk ds varxZr 16 lh-,e~-,l- lzksrksa dks 
cuk, j[kk vkSj 46 fofoèk uÃ lh-,e~-,l- ykbuksa dk fodkl fd;k 
x;k vkSj ç;ksxkRed ladj dk gsVªksfVd iksVsaf'k;y ds fy, ewY;kadu 
fd;kA

Ÿ xsgw¡ dh xq.koÙkk çtuu ifj;kstuk ds varxZr Hkkjr ds çk;}hih; {k=ksa 
esa le; ij cqokÃ ds fy, ,d mPp mit nsus okyh dfB;k xsgw¡ dh 
fdLe Mh-Mh-MCY;w-48 dk fodkl fd;k x;kA blds vykok lq[kk 
lgu ds fy, ,d vkuqoaf'kd LV‚d D;w-,l-Vh-1910 dk Hkh fodkl 
fd;k x;k FkkA

Ÿ tSo çkS|ksfxdh lewg us fofoèk 483 thukse okbM ,lksfl,'ku iSuy 
¼th-MCY;w-,-ih-½ ds ekè;e ls Hkwjs] ihys vkSj dkys jrqvk ds çfrjksèk dks 
fu;af=r djus okys D;wVh,y {ks=ksa dh eSÇix dhA thu {ks=ksa ls ghV 
jsLiksaflos thu vkèkkfjr SSRs (cg-SSR) ekdZj dk fodkl fd;k x;kA 
oukZfyts'ku thu ds dk;kZRed ekdZj uker% Vrn-B1, Vrn-D1] vkSj 
Vrn-B3 ds lkFk dqy 400 Hkkjrh; xsgw¡ dh thuksVkbÇix dh xÃ FkhA 
fofoèk xsgw¡ dh fdLeksa esa lw[ks vkSj xeÊ ds ruko lfg".kqrk ds fy, 
cSDVhfj;k ds thu dh fMQjsaf'k;y vfHkO;fä] fo'ys"k.k ,oa vè;;u 
fd;k x;k FkkA lw[kk vkSj xeÊ ruko lfg".kqrk ds fy, ,d vkuqoaf'kd 
LV‚d vkj-MCY;w-5 dk Hkh fodkl fd;k x;k FkkA

Ÿ çdk'k la'ys"k.k ds egRoiw.kZ ekinaMksa ds fy, tuuæO;ksa ds igpku 
dh x;h] vkj-MCY;w-ih-&2018&31 o vkj-MCY;w-ih-&2018&32 dh 
igpku c<+rs rki ds çfr lfg".kq okys tuuæO; ds :i esa dh x;h A

Ÿ thu vkSj thukse laiknu dh CRISPR / CAS9 dk ç;ksx xsgw¡ esa iSnkokj 
vkSj vtSfod ruko lfg".kqrk y{k.kksa esa lqèkkj djus ds fy, fd;k tk 
jgk gSA ladj cht mRiknu ds fy, xsgw¡ esa TaMS thu 1 dks de dj 
ds ck¡> uj ykbuksa dk fodkl fd;k tk jgk gSA

Ÿ laLFkku us xsgw¡ dh 9 fdLeksa dk dqy 4284-6 dqary çtud vkSj Vh-
,y- chtksa dk mRiknu fd;k vkSj bu ds forj.k ls yxHkx 2-85 
djksM+ dk jktLo çkIr gqvkA laLFkku us dksfoM&19 egkekjh ds nkSjku 
fdlkuksa dks lqjf{kr cht forj.k ds fy, xsgw¡ cht iksVZy cuk;kA 

Qly lqj{kk  

Ÿ fdlkuksa ds [ksrksa esa jksx vkSj dhVksa dh fLFkfr dh fu;fer fuxjkuh 
Hkkjrh; xsgw¡ ,oe tkS vuqlaèkku laLFkku] djuky ds rRokèkku esa 
fofHkUu ,tsafl;ksa tSls fd —f"k lg;ksx vkSj fdlku dY;k.k foHkkx] 
jkT; ds  —f"k foÜofo|ky;] jkT; —f"k foHkkxksa] dsohds] fdlku vkfn 
ds la;qä ç;klksa ds }kjk dh xÃA Qly lhtu 2019&20 esa ihys 
jrqvk dh igyh ?kVuk dh fjiksVZ iatkc ds :iuxj ftys ds vkuaniqj 
lkfgc Cy‚d esa panslj vkSj nksjksyh ¼gsByh½ esa fnukd 26-12-2019 dks 
xsgw¡ dh fdLe ,p-Mh- 3086] ih-ch-MCY;w- 677 vkSj MCY;w-,p- 711 ls 
çkIr gqÃA

Ÿ xsgw¡ ds >kSadk@CykLV jksx ds fy, ckaXykns'k lhek ds lkFk lkFk 
if'pe caxky esa losZ{k.k fd;s x, vkSj if'pe caxky esa xsgw¡ ds >kSadk 
vFkok CykLV jksx dh ?kVuk dh dksÃ fjiksVZ ugÈ feyhA tcfd dqN 
LFkkuksa ij Hkwjk jrqvk vkSj gsM LdSc dk fuEu Lrj dk laØe.k ns[kk 
x;kA

Ÿ çkjfEHkd ikni lqj{kk tkap ulZjh ¼vkÃ-ih-ih-,l-,u-½ esa dqy 1324 
çfof"V;k¡ vkSj ikni lqj{kk tkap ulZjh ¼ih-ih-,l-,u-½ esa 397 
çfof"V;k¡ dh çeq[k chekjh o dhVksa ds fy, tk¡p dh xÃ vkSj bl 
vkèkkj ij çfof"V;ksa dks mit ijh{k.kksa ds lkFk&lkFk fdLeksa ds :i esa 
igpku vkSj tkjh djus ds fy; tk¡pk x;kA
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Ÿ ns'k ds fofHkUu xsgw¡a mRiknd {ks=ksa esa fLFkr 20 çtuu dsaæksa ds lkFk 
fofHkUu jksxks ds fy, çfrjksèk lzksrksa dh dqy 27 çfof"V;k¡ lk>k dh 
xb±A fofHkUu çtuu dsaæksa }kjk çfrjksèk lzksrksa dk 50-0% rd mi;ksx 
çtuu esa fd;k x;kA

Ÿ Qly l= 2019&20 ds nkSjku] dksfoM&19 ds ifj.kkeLo:i dsoy 
gfj;k.kk] jktLFkku vkSj mÙkjk[kaM ls cgqr de la[;k esa uewus ,d= 
fd, x,A dqy feykdj 50-5% uewus laØfer ik, x,A gfj;k.kk ds 
uewuksa esa lokZfèkd laØe.k ¼57-8%½ ik;k x;kA

Ÿ xsgw¡ ds >kSadk vFkok CykLV jksx ds [krjs ls fuiVus ds fy, ,oa 
ckaXykns'k ls >kSadk vFkok CykLV jksx ds ços'k dks jksdus ds fy,] 
dBksj laxjksèk viuk;k x;k tcfd eqÆ'knkckn vkSj ukfn;k ftys esa   
Þ xsgw¡ dh Nqêhß ds lkFk&lkFk ckaXykns'k lhek ds 5 fdyksehVj esa ̂xsgw¡ 
jfgr {ks=* ds çfrcaèk dks gVk dj jkT; ljdkj us mlds LFkku ij 
oSdfYid Qly ;kstuk dks ykxw fd;k gSA

Ÿ xsgw¡ >kSadk vFkok CykLV jksx çfrjksèkh lzksrksa dh igpku ds fy,] 
varjkZ"Vªh; eôk vkSj xsgw¡ lqèkkj dsaæ ds ekè;e ls tslksj] ckaXykns'k 
vkSj cksyhfo;k esa dqy 350 Hkkjrh; xsgw¡ dh fdLeksa vkSj vfxze çtuu 
lkexzh dh tkap dh xÃA if'pe caxky ds jksx laHkkfor {ks=ksa esa mxkus 
ds fy, ikap çfrjksèkh fdLeksa dh igpku dh xÃ gS] ftuesa Mh-ch-MCY;w-
187] ,p-Mh-3249 vkSj ,p-Mh-2967 ¼Çlfpr vkSj le; ij cqokÃ gsrw½ 
vkSj Mh-ch-MCY;w-252 vkSj ,p-Mh-3171 ¼lhfer ÇlpkÃ vkSj le; ij 
cqokÃ gsrw½ dks laLrqr fd;k x;kA blds vykok ,d uÃ >kSadk vFkok 
CykLV jksx çfrjksèkh fdLe ,p-Mh-3293 ¼ lhfer ÇlpkÃ vkSj le; ij 
cqokÃ gsrw½ igpku dh xÃ gSA

Ÿ u, doduk'kh jlk;uksa dk ewY;kadu ihyk jrqvk] pwÆ.ky vkflrk vkSj 
xsgw¡ ds gsM LdSc jksxksa ds f[kykQ fd;k x;k gSA

Ÿ ¶yxS  LeV dod ¼;jq kfs llfVl ,xkz is kÃjh½ d s Rofjr irk yxku s d s fy, 
ihlhvkj vkèkkfjr Mk;Xukfs LVd fdV fodflr dh xÃ gAS  ;-q  ,xkz is kÃjh 
dk irk yxku s d s fy,] çtkfr fof'k"V çkbejk as d s nk s lVs  (UA&17F/ 
UA–519R vkjS  UA–15F/UA–562R) dk s Øe'k% vkra fjd mRdh.k Z Lils j 
¼ITS½ Mh,u, l s fodflr fd;k x;k] tk s ;-q  ,xkz is kÃjh d s fy, fof'k"V gAS

Ÿ fofHkUu xsgw¡ mxkus okys {ks=ksa ls ckbiksyfjl lksjksfdfu;kuk ds ,d= 
vkblksysV~l esa vkÃVh,l vuqØe.k ds mi;ksx ls vkuqoaf'kd 
ifjorZu'khyrk dk vè;;u fd;k x;kA vkuqoaf'kd fo'ys"k.k esa nks 
vyx&vyx oa'kkoyh ds lkFk 59 gSyksVkbi ds vfLrRo dk irk pyk] 
ftles rhu eq[; gSyksVkbi dÃ ,dy gSyksVkbi ls f?kjk gqvk 
LVkj&tSlh lajpuk usVodZ cukrs gS tks dqy vkcknh esa mPp 
mRifjorZu dh vko`fÙk dks n'kkZrk gSA H&3 gSIyksVkbi lHkh ikap {ks=ksa 
esa çeq[k :i esa ns[kk x;kA

Ÿ djuky ftys ds dqN xk¡o tSls dqatiqjk] lqHkjh] jlhuk vkSj gtokuk 
vkfn esa xsgw¡a ds ,fQM vkSj xqykch rukcsèkd dk eè;e ntsZ dk laØe.k 
ns[kk x;kA ykMok] ;equkuxj] uwjiqj csnh] vkuaniqj lkgsc] cuwj] 
vHk;ku dyka jksiM+ vkSj ct:j esa i.kZ ekgw] nhed vkSj xqykch 
rukcès kd dk fuEu nt Zs dk lØa e.k n[s kk x;k] tcfd cujw  d s dNq  fgLlk as
e as i.k Z ,fQM {kfr nt Z dh xÃA ,fQMl~  l s çHkkfor [krs k as e as dkDs lhufs yM 
chVy~ l d s fxMkj ¼xCz l½ vkjS  o;Ld vDlj n[s k s tkr s gAS

Ÿ ,fty‚Il dh 198 çfof"V;kas dh eôk iÙkh ekgw ds f[kykQ tkap dh 
xÃ vkSj mlesa ls nl çfof"V;ksa us çfrjksèkh çfrfØ;k n'kkZÃA

Ÿ Fkk;esFkksDl‚e ds lkFk fefJr Çtd lYQsV ds ,d ;k nks fNMdko 
xsgw¡a esa ekgw dh vkcknh dks çHkkoh <ax ls de dj nsrs gSaA blh rjg] 
Çtd lYQsV dks fcuk fdlh çfrdwy çHkko ds çksfidksukt+ksy $ 
Fkk;esFkksDlke ds lkFk feyk;k tk ldrk gSA xsgw¡a esa dhVuk'kd vkSj 
doduk'kh ds lkFk fefJr Çtd lYQsV ds ,d ;k nks fNMdko ls 
dksDlhusfyM ijHk{kh ij Hkh dksÃ çfrdwy çHkko ugÈ iM+kA

Ÿ ijh{k.k fd, x, dkcZfud ;kSfxdksa tSls fduhekL=] czEgkL=] 
vXU;kL=] ns'ki.kÊ] fdf.or eD[ku nwèk vkSj xksew= esa ls czEgkL= @  
7-5% vU; dkcZfud mipkjksa dh rqyuk esa lcls çHkkoh ik;k x;kA 
tSfod mipkj çk—frd 'k=qvksa ds fy, lqjf{kr ik, x, vkSj mudh 
vkcknh ij cgqr de çfrdwy çHkko ns[kk x;kA

Ÿ chVk&lkbQyfFkzu 9% $ bfeMkDyksfçM 21% ¼lksykseu½] ySECMk 
lkbgyksfFkzu 5% Ãlh @ 500 feyh@gsDVs;j] bfeMkDyksfçM 17-8 
,l,y @ 400 feyh@gsDVs;j vkSj chVk&lkbQyÝhu 25 ,llh @ 
1450 feyh@gsDVs;j dks ekgw ds fu;a=.k ds fy, leku :i ls çHkkoh 
ik;k x;kA

Ÿ i.kZ ekgw vkSj nhed ds }kjk ikjaifjd tqrkÃ esa uqdlku vfèkdre Fkk] 
tcfd tM+ ekgw vkSj xqykch ruk csèkd dk laØe.k 'kwU; tqrkÃ 
ç.kkyh esa lcls vfèkd FkkA ,uMhohvkÃ vkSj dSuksih rkieku ds lkFk 
ekgw dh vkcknh ds chp lacaèk Hkh bu tqrkÃ ç.kkfy;ksa ds rgr vè;;u 
fd;k x;k Fkk vkSj ;g ik;k x;k fd ,uMhohvkÃ dk ekgw cgqrk;r ds 
lkFk ldkjkRed lacaèk Fkk vkSj dSuksih rkieku ds lkFk udkjkRed 
lglacaèk FkkA

Ÿ fofHkUu tkS dh fdLeksa dks HkaMkj.k dhVkas ds f[kykQ tk¡pk x;k vkSj 
ik;k fd vktkn] ch,p,l &352] vacj] dsnkj] ch,p,l &266] chds 
&306] ch,p &959] ch,p &946] vkj &56] chth &105 vkSj chlh;w 
&2241] HkaMkj.k dhVksa ds fy, lfg".kq ikÃ xÃA

lalk/ku çcU/ku

Ÿ eDdk&xsgw¡& ewax dh ç.kkyh esa ,d nh?kZdkfyd tqrkbZ ç;ksx us ladsr 
fn;k fd xsgw¡ dh Qly tqrkbZ vkSj vo'ks"k çca/ku ls çHkkfor ugha FkhA 
iks"kd rRo çca/ku ds chp xsgwa vukt dh mit vuqlaf'kr ek=k esa 
jklk;fud moZjdksa$ +ns'kh [kkn ¼NPK + 10 Vu çfr gsDVs;j FYM 
¼62-23 fDoaVy çfr gsDVs;j ½½ ds vkosnu ds lkFk vf/kdre FkhA 

Ÿ cqokbZ dh nks frfFk;ksa vkSj nks tqrkbZ ds fodYi ¼lh, vkSj lhVh½ ds 
rgr nl xsgw¡ fdLeksa ds çn'kZu dk ewY;kadu fd;k x;k FkkA ifj.kkeksa 
ls irk pyk gS fd le; ij cqokbZ ¼15 uoacj½ dh rqyuk esa vxsrh  
cqokbZ ¼25 vDVwcj½ dh xsgwa esa iSnkokj dkQh csgrj FkhA thuksVkbIl esa] 
chvkbZ,l, 927] ihchMCY;w 723] ,pMh 2967 vkSj chvkbZ,l, 921 
csgrj mit FksA 

Ÿ djuky ds xkao dSeyk esa jksVjh fMLd fMªy] VcksZ gSIih lhMj vkSj 
lqij lhMj dk mi;ksx djds pkoy vkSj xUus ds vo'ks"kksa ds çca/ku ds 
fy, fdlkuksa ds [ksrksa esa QhYM çn'kZu fd, x,A lqij lhMj dk 
mi;ksx djds xsgw¡ dh cqokbZ ds ifj.kke mRlkgtud ik, x,A 

Ÿ xsgw¡ dh mRikndrk c<+kus ds fy,] 16 thuksVkbIl dk ewY;kadu 150% 
RDF + 15 Vu FYM çfr gsDVs;j ds lkFk VSad feDl ds :i esa nks Lçs 
Dykjs fedoVS @Dykjs fs edoVS  Dykjs kbM ¼fygkfs lu½ @ 0-2% $+  Vcs dq kus ktkys  
¼Q‚fydqj 430 ,llh½@ 0-1% okf.kfT;d mRikn [kqjkd ds lkFk 
fd;k x;k] bu fdLeksa esa ls Mh-ch-MCY;w-187] ,p-Mh- 3086] Mh-ch-
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MCY;w-303 vkSj Mh-ch-MCY;w-329 us] Øe'k% 75-86] 74-83] 74-49 vkSj 
74-31 fdoaVy çfr gsDVs;j mRikndrk ds  lkFk] mit esa vU; 
fdLeksa ls csgrj FkhA 

Ÿ lesfdr iks"k.k çca/ku esa] tc 15 Vu çfr gsDVs;j dh nj ls ns'kh [kkn 
dks vuqlaf'kr ek=k esa jklk;fud moZjdksa ¼150%60%40 fdyksxzke 
,uihds çfr gsDVs;j½ ds lkFk feykdj ç;ksx fd;k x;k rks lcls 
vf/kd mRikndrk ntZ dh x;h vkSj blds ckn vuq'kaflr 
,uihds$gjh [kkn mi;ksx }kjk nwljs LFkku ij vf/kdre mRikndrk 
feyhA vdsys Q‚LQksjl] iksVk'k ;k Q‚LQksjl$iksVk'k ds mi;ksx us 
iw.kZ fu;a=.k dh rqyuk esa xsgwa dh mRikndrk esa dksbZ lq/kkj ugha fd;kA 

Ÿ mPp mit nsus okyh çtkfr;k¡ ¼,p-Mh-2967] ,p-Mh-3086] MCY;w-ch-2] 
vkSj MCY;w-,p-1105½ xsgw¡ ds tSfod mRiknu esa] ns'kh [kkn 10 ls 30 
Vu çfr gsDVs;j ds mi;ksx }kjk iSnkokj esa fu;a=.k mipkj dh rqyuk 
esa lkFkZd o`f) gqbZ] ysfdu ;g mRikndrk jklk;fud moZjdksa 
¼,uihds 150%60%40½ dh flQkfj'k [kqjkd dh rqyuk esa lkFkZd :i ls 
de ik;h x;hA  ns'kh [kkn ds mi;ksx us feêh ds HkkSfrd&jklk;fud 
xq.kksa dks vuqlaf'kr ek=k esa jklk;fud moZjdksa ¼150%60%40 fdyksxzke 
,uihds çfr gsDVs;j½ ds mipkj dh rqyuk esa dkQh lq/kkj fd;kA 

Ÿ xsgw¡ ds ckn ewax dh [ksrh us 10&12 fDoaVy çfr gsDVs;j dh iSnkokj nh 
vkSj blds vo'ks"k feVVh esa  feykus ls /kku dh Qly esa 50 çfr'kr 
ukbVªkstu dh cpr gqbZ vkSj e`nk HkkSfrd jklk;fud xq.kksa esa lq/kkj ds 
vykok vf/kdre /kku dh iSnkokj gqbZA /kku ds vo'ks"kksa dks e`nk esa 
feykus ds ekeys esa] xsgw¡ dh Qly esa ukbVªkstu fLFkjhdj.k çHkko dks 
de djus ds fy, 25 çfr'kr vfrfjä ukbVªkstu dh vko';drk Fkh 
vkSj blds mi;ksx ls vf/kdre xsgw¡ dh mit feyh A 

Ÿ nkyksa ds vUr%Qlyhdj.k esa xsgw¡ dh Qly ds lkFk eDdk ds lkFk 
ewax] mM+n] pkoy vkSj Xokj us flLVe mRikndrk vkSj lalk/ku 
mi;ksx n{krk esa lq/kkj fd;kA vf/kdre Hkw&rqY;kad vuqikr ¼1-71½  
eDdk + pkoy & xsgw¡ mipkj ds rgr çkIr fd;k x;kA 

Ÿ vkB Qly vuqdeksaZ dh rqyuk esa irk pyk fd eDdk&vkyw& xsgw¡ ¼16-
49 Vu çfr gsDVs;j½ vkSj eDdk& xsgw¡ & ewax ¼16-17 Vu çfr gsDVs;j½ 
ds rgr ekih xbZ mRikndrk xsgw¡ rqY;kad iSnkokj ¼WEY Vu çfr 
gsDVs;j½ ds :i esa vU; Qly vuqdeksaZ dh rqyuk esa lkFkZd :i ls 
dkQh vf/kd FkhA 

Ÿ gSyfDlQsu$¶yqfDlik;j 200-6 ¼6-1$194-5½ xzke çfr gsDVs;j] 
esV~l¶yqj‚u$dkjQsaVªktksu 5$20 xzke çfr gsDVs;j vkSj 
gsykfDlQsu$¶yksjsll 12-76 xzke çfr gsDVs;j ds la;kstu ds :i esa 
ç;ksx fd;k x;k Fkk] tks xsgw¡ esa ik;s tkus okys fofo/k O;kid 
[kjirokj ouLifr;ksa ds fu;a=.k ds fy, çHkkoh FksA bu [kjirokj 
ukf'k;ksa ds la;kstu us xsgw¡ vkSj tkS esa vPNk p;u fn[kk;k gSA blds 
vykok] rhu 'kkduk'kh la;kstu] gSyfDlQsu $ ¶yksjklqye $ 
dkjQsaVªktksu us [kjirokj ouLifr;ksa ds fu;a=.k esa lq/kkj fd;k 
ftlesa lYQksukby ;wfj;k 'kkduk'kh çfrjks/kh #esDl MsaVsVl dk 
fu;a=.k Hkh 'kkfey gSA

Ÿ eSVlYQ;wjku çfrjks/kh #esDl MsaVsVl vkSj psuksiksfM;e ,Yce ds 
fu;a=.k ds fy, 2] 4&Mh] dkjQsaVªktksu] vkblksçksVqjksu vkSj 
¶yqfDlik;j çHkkoh ik, x,A 

Ÿ xsgw¡ esa ikbjksDlklYQ+ksu$eSVlYQ;wjku 125$4 xzke çfr gsDVs;j] 
ikbjksDlklYQ+ksu$isaMhesFkkfyu 125$1000 xzke çfr gsDVs;j vkSj 

isaMhesFkkfyu$esfVªC;wftu 1250$300 xzke çfr gsDVs;j  tekoiwoZ 
rFkk  Dy‚fMusQksi ;k fiuksDlkMsu  ds lkFk esfVªC;wftu VSad feJ.k 
dk teko mijkar mi;ksx fofo/k çdkj ds [kjirokjksa ds fu;a=.k esa 
çHkkoh FksA

Ÿ lh/ks chts x, /kku esa cqokbZ  ij fcLik;fjcSd$isaMhesFkkfyu rnqijkUr 
QsuksDlkçksi+$ bFkksDlhlY¶;qjksu dk mi;ksx fofo/k çdkj ds 
[kjirokjksa dks fu;af=r djus esa çHkkoh FksA 

Ÿ cgq'kkduk'kh izfrjks/kd Qysfjl ekbZuj vkSj ,- yqMksfoflvkuk 
¼DyksfMukQ‚i] fiuksDlkMsu vkSj lYQkslY¶;qjksu ds f[kykQ½ ds 
çca/ku ds fy, ikbj‚DlklYQksu vkSj esfVªC;wftu dks çHkkoh ik;k 
x;kA 

Ÿ uks&fVy flLVe dks cqvkbZ ;k fctkbZ iwoZ mi;ksx gksus okyh fofHkUu 
[kjirokjukf'k;ksa ¼isaMhesFkkfyu$ esfVªC;wftu ;k vdsys esfVªC;wftu 
;k ikbjksDlklYQ+ksu$eSVlYQ;wjku½ ds lkFk  la;kstu ds ,dh—r 
mi;ksx ls  xsgw¡ esa Qysfjl ekbuj dk çHkkoh :i ls fu;a=.k gqvk A 

Ÿ mPp ty mi;ksx n{krk ijh{k.k esa xsgw¡ ds 30 thuksVkbi esa ls Mh-ch-
MCY;w-110] Mh-ch-MCY;w-222] Mh-ch-MCY;w-173] Mh-ch-MCY;w-243 vkSj Mh-
ch-MCY;w-166 okaNuh; ty mi;ksx n{krk dh  21-5 ls 26-6 fdyksxzke 
çfr feeh lhek esa ik, x,A 

xq.koÙkk vkSj ewyHkwr foKku

Ÿ pikrh xsgw¡ ¼Vh- ,LVhoe½ ds dÃ thuksVkÃil tSls ,p-Mh-2967] Mh-
ch-MCY;w-303 vkSj ,p-vkÃ-1634 vPNh xq.koÙkk pikrh cukus ds fy, 
mi;qä ¼pikrh Ldksj >7-9@10½ ikÃ xÃ FkhA 

Ÿ czsM xsgw¡ ds dÃ thuksVkÃil tSls ,p-Mh-3059] Mh-ch-MCY;w-173] 
MCY;w-,p-1124] vkSj ,p-Mh-3298 mPp xq.koÙkk okyh iko jksVh ¼yksQ 
vk;ru >600 lh lh½ ds fy, mi;qä ikÃ xÃA

Ÿ mPp vk.kfod Hkkj XywVsfuu lc ;wfuV~l ykslh esa layXu Xyw , 1] Xyw 
ch1 vkSj Xyw Mh1 dks psd lfgr vHkh ,-oh-Vh- çfof"V;ksa esa igpkuk 
x;kA 

Ÿ xq.koÙkk;qä  ikLrk vkSj mPp çksVhu dh ek=k ds fy, dfB;k xsgw¡ dh 
fdLe ;w-,-,l-446] vkSj Mh-Mh-MCY;w-48 csgrj ikÃ xÃA ikLrk 
mRiknksa ds fy, okaNuh; inkFkZ mPp ihyk o.kZd ¼>7-5 ih-ih-,e½ ds 
fy, fdLesa Mh-Mh-MCY;w-47 vkSj MCY;w-,p-Mh-964 csgrj ikÃ xÃA Vh- 
,LVhoe vkSj Vh- M;qje dh dÃ çfof"V;ksa esa ykSg vkSj tLrk dh ek=k 
40-0 ih-ih-,e~ ls T;knk ik;h xÃ] tksfd gky gh esa fodflr xsgw¡ dh 
fdLeksa dh csgrj iks"k.k xq.koÙkk dks n'kkZÙkk gSA

Ÿ ns'k ds 10 LFkkuksa ij mxk;h xÃ D;w lh ,l ,u dh 52 çfof"V;ksa dks 
çksVhu dh ek=k] volknu eku] gSDVksyhVj otu] tLrk vkSj ykSg dh 
ek=k ds fy, vkdyu fd;k x;kA

Ÿ gky gh esa fodflr xsgw¡ dh fdLeksa esa volknu eku ¼>60 lh lh½ esa 
egRoiw.kZ lqèkkj ik;k x;k A tksfd n'kkZrk gS fd ;s fdLesa iko jksVh ds 
fy, mi;qä gSaA

Ÿ fofHkUu larfr ¼800 ykbusa½] foeksfpr fdLesa ¼300 ykbusa½] E;wVsaV 
ykbusa ¼1000½] lefUor dk;ZØe dh ykbusa ¼2000½ dk ewY;kadu 
xq.koÙkk ;qä inkFkZ vkSj iks"k.k xq.koÙkk ds fy, fd;k x;k A 

Ÿ Fe vkSj Zn ds Lçs dk ewY;kadu rhu o"kksZ rd fd;k x;k rFkk ;g ik;k 
x;k fd Lçs }kjk xsgw¡ ds nkuksa esa ykSg vkSj tLrs dh ek=k dks c<+k;k tk 
ldrk gSA 
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Ÿ xsgw¡ dh nks çtkfr;ksa dk vadqfjr voLFkk esa VªkalfØiVke fo'kys"k.k 
dj ykSg vkSj tLrk ds vo'kks"k.k ls lEcafèkr thuksa dh igpku dh 
x;hA ih-ch-MCY;w- 502 dh i`"BHkwfe vkSj mPp QkÃVst+ Lrj ¼>2200 
fd-xzk-½ ls fodflr ,Q+ ] ,Q ] ch-lh  ,oa  ch-lh  larfr dk p;u 2 3 1 2

vkSj vxzxeu fd;k x;kA

Ÿ th-ih-lh-ch 1 thu okyh xsgw¡ dh ykbu vkSj ,p-Mh- 2967 ds ladj.k 
ls fodflr vkj-vkÃ-,y dh ,Q+  larfr dks mPp çksVhu] ykSg vkSj 7

tLrs ls lEcafèkr vuqlqpdksa dh igpku ds fy, mxk;k x;k A

Ÿ xsgw¡ dh Hkw çtkfr uigy ls Xyw&Mh 1 Mcy uy dks mPp mRiknd 
okyh çtkfr;ksa tSls ih-ch-MCY;w- 373] ;w-ih- 2425] jkt- 3765] Mh-ih-
MCY;w 50 vkSj ,p-Mh- 2967 esa v.kqlwpdksa vkSj ekbØks ysoy ifj{k.k ds 
mi;ksx ls LFkkukarfjr fd;k x;kA orZeku esa fodflr lkexzh fofHkUu 
pj.kksa ds ifj{k.k esa gS vkSj ,d ykÃu dk iathdj.k ds fy, vkosnu Hkh 
fd;k x;k gSA     

Ÿ mÙkj if'peh eSnkuh {ks= dh 19 xsgw¡ dh fdLeksa dk Qsukfyd dh ek=k 
rFkk dqy ,aVh vkDlhMsaV {kerk ds fy, vkdyu nks LFkkuksa yqfèk;kuk 
vkSj iaruxj ij fd;k x;kA LFkku dk çHkko ,aVh vkDlhMsaV ij cgqr 
T;knk fn[kkA

Lkkekftd foKku

Ÿ jch Qly l«k 2019&20 ds nkSjku ns'k Hkj esa ,d&,d ,dM+ ds 1468 
vfxze iafDr izn'kZu 83 leUo;d dsUnzksa }kjk vk;ksftr fd, x,A bu 
izn'kZuksa esa xsgw¡ dh mUur fdLesa ¼pikrh] dfB;k ,oa [kiyh½] jksVkosVj] 
'kwU; tqrkbZ@gSIih lhMj ,oa tSo moZjdksa ds lkFk&LkkFk Qly 
mRiknu dh lexz flQkfj'kksa dks p;fur fdlkuksa ds [ksrksa esa iznÆ'kr 
fd;k x;kA xsgw¡ ds vfxze iafä izn'kZuksa dks ns'k Hkj ds 19 jkT;ksa esa 
1607 fdlkuksa ds 1479-52 ,dM+ {ks=Qy ij vk;ksftr fd;k x;kA

Ÿ xsgw¡ ds vf/kdre vfxze iafä izn'kZu mÙkj izns'k ¼190½ esa blds ckn 
fcgkj ¼142½ esa vk;ksftr fd, x,A vf/kdre mit ykHk ef.kiqj ¼59-
52%½ esa blds ckn vle ¼35-12%½ ,oa >kj[kaM ¼32-23%½ esa ntZ 
fd;k x;kA mUur fdLeksa ds dkj.k vf/kdre mit ykHk mÙkjh 
ioZrh; {ks= ¼23-94%½ esa blds ckn mÙkj iwohZ eSnkuh {ks= ¼21-55%½] 
e/; {ks= ¼15-67%½] izk;}hih; {ks= ¼10-43%½ ,oa mÙkj if'peh eSnkuh 
{ks= ¼08-07%½ esa ntZ fd;k x;kA

Ÿ e/; {ks= ds bUnkSj dsUnz ij dfB;k xsgw¡ dh mUur iztkfr ,pMh 8759 
ls vkSlr mit 67-60 dqary@gsDVs;j izkIr gqbZ] tcfd izk;}hih; 
{ks= ds iwuk dsUnz ij MkbZdksde xsgw¡ dh mUur iztkfr ,e,lh,l 
3949 ls vkSlr mit 40-00 dqUry@gsDVs;j izkIr gqbZA

Ÿ mÙkjh ioZrh; {ks= ds vYeksM+k dsUnz ij ckjkuh xsgw¡ dh mUur fdLe 
oh,y 967 dh vkSlr mit 37-17 dqUry@gsDVs;j ntZ dh xbZ] tks 
fd tk¡pd fdLeksa ls egRoiw.kZ :i ls vf/kd FkhA ckjkuh xsgw¡ dh 
mUur fdLe ,p,l 542 ls [kqMouh ,oa jktkSjh dsUnz ij Øe'k% 33-58 
dqUry@gsDVs;j ,oa 30-28 dqUry@gsDVs;j izkIr gqbZ] tks fd tk¡pd 
fdLeksa ,ldsMCY;w 355 vkSj oh,y 829 dh rqyuk esa egRoiw.kZ :i ls 
vf/kd FkhA e/; {ks= ds mTtSu dsUnz ij xsgw¡ dh mUur fdLe 
MhchMCY;w 110 dh vkSlr mit 71-40 dqUry@gsDVs;j Fkh tks fd 
tk¡pd fdLe ,pvkbZ 1544 ls egRoiw.kZ :i ls vf/kd Fkh tcfd 
izk;}hih; {ks= ds fuQkM dsUnz ij o"kkZ vk/kkfjr fLFkfr esa xsgw¡ dh 
mUur fdLe ,uvkbZ,MCY;w 3170 dh vkSlr mit 41-90 
dqUry@gsDVs;j izkIr dh xbZA 

Ÿ vkSlru vfxze iafä izn'kZu esa xsgw¡ dh uohu fdLeksa ,oa rduhdksa ds 
dkj.k ,d #Ik;s dh ykxr ij 2-78 #Ik;s dh vkenuh izkIr gqbZ tcfd 
izpfyr iztkfr;ksa ds lkFk ;g vkenuh 2-47 #Ik;s FkhA fofHkUu jkT;ksa 
tSls xqtjkr ls ysdj rfeyukMq rd ;g vkenuh 3-74 :i;s ls 1-88 
:i;s rd jghA ogha e/; {ks= ls mÙkjh igkM+h {ks= esa ;g vkenuh 3-32 
:i;s ls 2-38 #Ik;s rd jghA ubZ rduhdksa ds rgr vÆtr vk; gSIih 
lhMj ds iz;ksx ls 3-71 #Ik;s Fkh] tcfd [kiyh xsgw¡ ds mi;ksx ls   
1-88 #Ik;s ns[kh xbZA vfxze iafä izn'kZu esa izfr gsDVs;j ykHk dh 
x.kuk ls ;g Kkr gksrk gS fd lcls vf/kd izfr gsDVs;j ykHk xqtjkr 
¼93444 #i;s½ esa] blds ckn e/; izns'k ¼85402 #i;s½ ,oa ubZ fnYyh 
¼84547 #i;s½ esa ntZ fd;k x;kA fdlkuksa ds [ksrksa esa iznÆ'kr dh xbZ 
xsgw¡ mRiknu rduhsdksa ds varxZr ;g ns[kk x;k fd vkSlru ,d ubZ 
xsgw¡ dh fdLe ;k mRiknu rduhd ds mi;ksx ls 63690 #i;s izfr 
gSDVj ykHk izkIr gqvkA blds vfrfjDr xsgw¡ ds vfxze iafä izn'kZu ds 
vaxhdj.k ls ubZ vuqeksfnr fdLeksa ¼707 #i;s½ ds mi;ksx ls çfr 
dqUry xsgw¡ mRiknu djus ij izpfyr fdLeksa ¼798 #i;s½ dh rqyuk esa 
vis{kk—r de fuos'k dh vko';drk gksrh gSA 

Ÿ lHkh {ks=ksa dh lexz ck/kkvksa ds fo'ys"k.k ls irk pyrk gS fd vkodksa 
dh mPp dher] NksVh tksr] eaMwlh ¼Qsysfjl ekbuj½] Jfedksa dh 
vuqiyC/krk] ubZ laLrqr fdLEkksa ds cht dh vuqiyC/krk] vlkef;d 
o"kkZ] xsgw¡ dh de dher] ugjh flapkbZ lqfo/kkvksa dk vHkko] Hkwfe ty 
Lrj esa fxjkoV ,oa Ñf"k ;a=ksa dh mPp fdjk;k nj dks xsgw¡ mRiknu ,oa 
mRikndrk dks izHkkfor djus okyh izeq[k ck/kkvksa ds :Ik esa ekuk x;kA

Ÿ jch Qly l= 2019&20 ds nkSjku tkS ds 231 vfxze iafä izn'kZu ns'k 
Hkj ds 6 jkT;ksa( fgekpy izns'k] mÙkj izns'k] iatkc] gfj;k.kk] 
jktLFkku ,oa e/; izns'k ds 20 leUo;d dsUnzksa }kjk vk;ksftr fd, 
x,] ftudk vk;kstu 251 fdlkuksa dh 237 ,dM+ {ks=Qy ij fd;k 
x;kA bu izn'kZuksa esa tkS dh mUur fdLeksa dks Qly mRiknu dh 
lexz flQkfj'kkas ¼flapkbZ izca/ku] iks"k.k izca/ku] [kjirokj fu;U=.k 
,oa chtksipkj bR;kfn½ ds lkFk iznÆ'kr fd;k x;kA 

Ÿ ns'k esa tkS dk vfèkdre mit ykHk mÙkj izns'k ¼31-05%½ esa] blds 
ckn fgekpy izns'k ,oa e/; izns'k ¼23-31%½ esa ntZ fd;k x;k] tcfd 
lcls de mit ykHk gfj;k.kk ¼5-95%½ esa izkIr gqvkA

Ÿ mÙkjh ioZrh; {ks= ds ctkSjk dsUnz ij tkS dh iztkfr ch,p,l 400 dh 
vf/kdre vkSlr mit 30-58 dqUry@gsDVs;j Fkh] tcfd mÙkj iwohZ 
eSnkuh {ks= ds fetkZiqj dsUnz ij tkS dh iztkfr vkjMh 2907 dh vkSlr 
mit 52-88 dqUry@gsDVs;j ,oa mÙkj if'peh eSnkuh {ks= ds nqxkZiqjk 
dsUnz ij tkS dh izTkkfr vkjMh 2907 dh vkSlr mit 65-15 
dqUry@gsDVs;j ikbZ xbZA e/; {ks= ds fofn'kk dsUnz ij vkjMh 2899 
dh vf/kdre vkSlr mit 50-55 dqUry@gsDVs;j ntZ dh xbZA

Ÿ tkS ds vfxze iafä izn'kZu esa ubZ iztkfr;ksa ls izpfyr iztkfr;ksa dh 
rqyuk esa 12 izfr'kr vf/kd vkenuh izkIr gqbZA ns'k ds vusd jkT;ksa ds 
fofHkUu dsUnzksa ij vfxze iafä izn'kZu ,oa tk¡pd IykWV ds chp izfr 
#i;s ykxr ij vÆtr vk; esa egRoiw.kZ vUrj ns[kus dks feykA 
izn'kZuksa ds ek/;e ls izfr #i;s ykxr ij lokZf/kd vkenuh mÙkj 
izns'k ¼4-50 #i;s½ esa] blds ckn iatkc ¼3-58 #i;s½ ,oa gfj;k.kk ¼2-58 
#i;s½ esa vÆtr dh xbZA vfxze iafä izn'kZu esa izfr gsDVs;j ykHk dh 
x.kuk ls irk pyrk gS fd lcls vf/kd izfr gsDVs;j ykHk jktLFkku 
¼62654 #i;s½ esa] blds ckn mÙkj izns'k ¼62269 #i;s½ esa ,oa iatkc 
¼60003 #i;s½ esa izkIr fd;k x;kA tkS esa izfr #Ik;s ykxr ls izkIr 
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vkenuh fofHkUu mRiknu {ks=ksa esa] lokZf/kd mÙkj iwoÊ eSnkuh {ks= ¼4-50 
#i;s½ esa] blds ckn mÙkj if'peh eSnkuh {ks= ¼2-89 #i;s½ ,oa e/; 
{ks= ¼2-29 #i;s½ esa izkIr gqbZA mRiknu ykxr dh x.kuk ls ladsr 
feyrk gS fd mÙkj çns'k ¼mÙkj if'peh eSnkuh {ks=½ esa mRiknu dh 
ykxr lcls de ¼442 #i;s izfr dqary½ Fkh] tks fd de ifjpkyu 
ykxr ds lkFk c<+s gq, mit Lrjksa ds dkj.k FkhA 

Ÿ lHkh {ks=ksa dh lexz ck/kkvksa ds fo'ys"k.k ls irk pyrk gS fd 
'kkduk'kh izfrjksf/krk] vkodksa dh mPp dher] Hkwfe ty Lrj esa 
fxjkoV] tkS dh de dher] ugjh flapkbZ lqfo/kkvksa dk vHkko] NksVh 
tksr] Jfedksa dh vuqiyC/krk] Qly fodkl ds nkSjku rkieku esa 
mrkj&p<+ko] Ñf"k ;U=ks dh mPp fdjk;k nj ,oa eaMwlh ¼Qsysfjl 
ekbuj½ dks ns'k dh tkS mRiknu ,oa mRikndrk dks izHkkfor djus 
okyh izeq[k ck/kkvksa ds #i esa ekuk x;kA

Ÿ jch Qly l= 2019&20 ds nkSjku HkkÑvuqi&Hkkjrh; xsgw¡ ,oa tkS 
vuqla/kku laLFkku] djuky }kjk gfj;k.kk ds djuky ftys ds jEck ,oa 
cqVkuk rFkk dq:{ks= ftys ds chM+ vehu] Qrqgiqj] fetkZiqj ,oa 
nc[ksM+h xkaoksa ds 20 fdlkuksa ds 20 ,dM+ [ksrksa esa xsgw¡ dh mUur 
fdLeksa MhchMCY;w 187] ,pMh 3226 ,oa ,pihchMCY;w 01 ds vfxze 
iafä izn'kZu vk;ksftr fd, x,A 

Ÿ Qly l= 2019&20 ds nkSjku HkkÑvuqi&Hkkjrh; xsgw¡ ,oa tkS 
vuqla/kku laLFkku] djuky] Ñf"k ,oa fdlku dY;k.k eU=ky; ,oa 
lEcfU/kr dsUnzksa ds fo'ks"kKksa ds ny }kjk fuQkM ukfld] iwuk] bEQky] 
dY;k.kh] osÇyxVu] èkkjokM+] esjB] 'kkeyh] lgkjuiqj] eqt¶Qjuxj] 
fcykliqj] txnyiqj] dk¡ds jk¡ph] eksjkcknh jk¡ph] iwlk leLrhiqj] 
jhok] iUuk vkSj tcyiqj dsaæksa }kjk vk;ksftr vfxze iafä izn'kZuksa dk 
voyksdu fd;k x;kA

Ÿ o"kZ 2015&16 ls 2019&20 ds nkSjku *gfj;k.kk esa 'kwU; tqrkbZ vk/kkfjr 
pkoy&xsgw¡ ç.kkyh dk funku* uked ifj;kstuk ds varxZr v/;;u 
ds fy, gfj;k.kk ds djuky] ;equkuxj] dSFky vkSj jksgrd ftyksa ds 
420 fdlkuksa dk p;u fd;k x;k FkkA bl v/;;u esa iwoZ vkSj iksLV 
fof/k] ykHkkFkhZ vkSj xSj&ykHkkFkhZ fof/k;ksa dk mi;ksx djds buds çHkko 
dk vkdyu fd;k x;kA djuky] ;equkuxj vkSj dSFky ftyksa esa 'kwU; 
tqrkbZ fof/k dh rqyuk ijEijkxr i)fr ls dh xbZ] tcfd jksgrd 
ftys esa 'kwU; tqrkbZ ds ykHkkfFkZ;ksa dh rqyuk xSj&ykHkkfFkZ;ksa }kjk dh 
xbZA bl v/;;u ls irk pyk gS fd vf/kdka'k fdlku ¼39-67½ 31&40 
o"kZ dh vk;q oxZ ds Fks tcfd 41&50 o"kZ dh vk;q oxZ ds fdlku 32-
33% FksA dqy uewuk fy, x, 85-67 izfr'kr fdlku 50 o"kZ ls de vk;q 
ds FksA ;g gfj;k.kk dh —f"k esa ;qokvksa dh Hkkxhnkjh dks n'kkZrk gSA 
buesa ls vf/kdka'k fdlku ¼36-33%½ eSfVªd ,oa mPprj ek/;fed ¼22-
33%½ f'k{kk çkIr Fks] dsoy ikap çfr'kr fdlku gh fuj{kj FksA 
vf/kdrj fdlkuksa ¼88-33%½ dk eq[; O;olk; —f"k Fkk] yxHkx 9-67 
izfr'kr fdlku —f"k ds lkFk&lkFk Msjh ls tqM+s FksA tcfd 32-33% 
fdlkuksa us Msjh dks lgk;d O;olk; ds :i esa viuk;k gqvk FkkA 
fdlkuksa dks Hkwfe dh tksr ds vk/kkj ij Js.khc) djus ij ;g ns[kk 
x;k fd muesa ls ,d cM+k oxZ ¼60%½ 10 ,dM+ ls vfèkd Hkwfe okyk 
Fkk] tcfd 2-67 izfr'kr fdlku lhekar Js.kh ds varxZr FksA vf/kdka'k 
fdlkuksa ds fy, flapkbZ dk eq[; lzksr uydwi FkkA v/;;u ds fy, 
p;fur fd, x, {ks= esa ikuh dh xq.koÙkk lkekU; FkhA Hkwfe dh moZjrk 
mPp ls e/;e Js.kh ds lkFk feêh e/;e ls Hkkjh FkhA xsgw¡ dh Qly dh 
cqokbZ ds fy, vius [ksr dh lQkbZ djus ds fy, Qly ds vo'ks"kksa dks 
tykus okys fdlkuksa dh la[;k dkQh de ns[kh xbZA ,sls fdlkuksa dh 

yxkrkj ?kVrh la[;k dk dkj.k jkT;ksa ds —f"k foHkkx }kjk dh xbZ 
igy dks ekuk tk jgk FkkA bl v/;;u ds rgr ;g ik;k x;k fd 99-
33 izfr'kr fdlkuksa us xsgw¡ dh cqokbZ ds fy, 'kwU; tqrkbZ rduhd dks 
viuk;kA xsgw¡ dh cqokbZ ds fy, 'kwU; tqrkbZ lhM fMªy ;k VcksZ gSih 
lhMj ;k 'kwU; tqrkbZ e'khu dk mi;ksx fd;k x;kA /kku dh lh/kh 
chtkbZ okyh çkS|ksfxdh ¼Mh,lvkj½ dks 32-67 izfr'kr fdlkuksa us 
viuk;k tcfd 58-67 izfr'kr fdlkuksa }kjk nksuksa rduhdksa dks 
viuk;k x;kA v/;;u esa ;g ns[kk x;k fd dLVe gk;fjax 'kqYd 
'kwU; tqrkbZ lhM fMªy ds fy, #i;s 600&700+] VcksZ gSih lhMj ds fy, 
#i;s 1000&1200 rFkk Mh,lvkj ds fy, #i;s 900&1000 izfr ,dM+ 
FkkA ;fn dksbZ Hkh fdlku bu e'khuksa dks [kjhnuk pkgrk gS] rks og 50 
izfr'kr lfClMh dk ykHk mBk ldrk gSA vxj ;g e'khusa dLVe 
gk;fjax dsaæksa ds fy, [kjhnh tkrh gSa] rks 80 izfr'kr lfClMh dk ykHk 
izkIr dj ldrs gSaA bu çkS|ksfxfd;ksa dks yksdfç; cukus ds fy, 
gfj;k.kk ljdkj dh ;g ,d etcwr igy gSA 

Ÿ 'kwU; tqrkbZ dh fLFkfr esa lcls vf/kd mi;ksx esa ykbZ tkus okyh xsgw¡ 
dh fdLe ,pMh 2967 Fkh] vkSj bls 91-95 izfr'kr fdlkuksa }kjk 
viuk;k x;k FkkA xsgw¡ dh fdLe ,pMh 3086] 28-19 izfr'kr fdlkuksa 
}kjk lcls vf/kd viukbZ tkus okyh nwljh fdLe FkhA blds 
vfrfjDr MCY;w,p 1105 ¼8-05%½] MhchMCY;w 88 ¼5-37%½ vkSj vU; 
fdLeksa ¼,pMh 2851] ,pMhlh,lMCY;w 18 ,oa ihchMCY;w 723½ dks 
dsoy 3-02% fdlkuksa }kjk gh viuk;k x;k FkkA 

Ÿ 'kwU; tqrkbZ rduhd ds çHkko dk v/;;u dbZ ekinaMksa ds vk/kkj ij 
djus ij ;g ik;k x;k fd 80-54% fdlkuksa us eglwl fd;k gS fd xsgw¡ 
dh Qly dh cqokbZ ds fy, ikjEifjd tqrkbZ dh rqyuk esa de le; 
yxrk gSA vf/kdka'k fdlkuksa ¼84-56%½ }kjk ,d gh cht nj ,oa 
moZjd dh leku ek=k ¼57-38½ dk mi;ksx djus ij csgrj vadqj.k 
¼55-37%½ ns[kk x;kA ysfdu dqN fdlkuksa us vuq'kaflr ek=k dh 
rqyuk esa de ¼13-9%½ ;k vf/kd ¼22-82%½ ek=k dk mi;ksx fd;kA

Ÿ vf/kdka'k fdlkuksa ¼71-47%½ }kjk 'kwU; tqrkbZ ds rgr ladjh iÙkh 
okys [kjirokjksa dh la[;k esa deh dks Hkh ns[kk x;k] tcfd cgqr de 
fdlkuksa ¼2-01%½ ds [ksrksa esa o`f) ns[kh xbZA fdlkuksa ¼28-51%½ ds ,d 
oxZ dks [kjirokjksa dh vkcknh esa dksbZ varj ugha feykA 20 izfr'kr 
fdlkuksa ds [ksrksa esa 'kwU; tqrkbZ viukus ij [ksrksa esa pkSM+h iÙkh okys 
[kjirokjksa dh la[;k esa o`f) ntZ dh xbZ] ysfdu vf/kdka'k fdlkuksa 
¼32-21%½ us dksbZ cnyko ugha ns[kkA 'kwU; tqrkbZ ds rgr dqy 
[kjirokjksa dh vkcknh esa deh ns[kh xbZ vkSj vf/kdka'k fdlkuksa ¼94-
97%½ us vius [ksrksa esa bldk vuqHko fd;kA ijEijkxr fof/k ls 
chtkbZ fd, x, xsgw¡ dh rqyuk esa vf/kdka'k ¼82-55%½ fdlkuksa }kjk 
'kwU; tqrkbZ rduhd }kjk xsgw¡ dh chtkbZ ds rgr ikuh dh de 
vko';drk eglwl gqbZA vf/kdka'k fdlkuksa ¼94-97%½ us ;g ik;k fd 
;g rduhd ykxr çHkkoh gS] ftlls cM+s iSekus ij vf/kd iSnkokj 
izkIr dh xbZ gSA ;)fi ;g mit ykHk 2&3 dqary çfr gsDVs;j FkkA 
buesa ls ,d cM+s fdlkuksa ds lewg ¼91-95%½ us ik;k fd nksuksa 
ifjfLFkfr;ksa esa Qly vof/k esa dksbZ cnyko ugha gqvk gSA 

Ÿ fdlkuksa ds ,d cM+s lewg ¼93-62%½ }kjk e`nk ekinaMksa ij 'kwU; tqrkbZ 
dk ,d vU; çHkko Hkh ns[kk x;k fd thjks fVyst rduhd dks viukus 
ls Hkwfe dh moZjrk ds Lrj esa o`f) gksrh gSA buesa ls vf/kdka'k fdlkuksa 
¼83-22%½ us ik;k fd chtkbZ ds nkSjku /kku ds vo'ks"kksa dks 'kkfey 
djus ds dkj.k thjks fVyst rduhd dks viukus ls [ksrksa esa tSfod 
vkSj dkcZfud rRoksa esa o`f) gqbZ gSA Hkwfe dh ty/kkj.k {kerk esa o`f)] 
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Qly ds fxjus esa deh ,oa VfeZuy xehZ ls cpko dks Øe'k% 88-93] 
92-285 ,oa 93-96 izfr'kr fdlkuksa }kjk ns[kk x;kA 'kwU; tqrkbZ dks 
fujUrj viukus ds dkj.k e`nk ds HkkSfrd&jklk;fud xq.kksa esa Hkh o`f) 
ns[kh xbZ gAS  bu lHkh fu"d"kk Za s d s vk/kkj ij ;g dgk tk ldrk g S fd 
'kUw ; trq kb Z rduhd xgs  ¡w mxku s oky s fdlkuk as d s fy, ,d ojnku gAS  
/kku&xgs  ¡w ç.kkyh l s lEcfU/kr leL;k d s fuokj.k grs  w 'kUw ; trq kb Z rduhd 
viuku s d s fy, fdlkuk as dk s vklkuh l s ifsz jr fd;k tk ldrk gAS

Ÿ o"kZ 2019 ds nkSjku ̂tyok;q ifjorZu ds izfr xsgw¡ ,oa tkS ds detksj 
¼e/;e laosnu'khy Js.kh½ {ks=ksa ls mit varjky] lalk/ku mi;ksx ,oa 
vuqdwyu j.kuhfr;ksa dh igpku^ uked ifj;kstuk ds varxZr 
lkekftd&vkfFkZd fo'ks"krkvksa ij iwohZ mÙkj çns'k ds iz;kxjkt 
¼bykgkckn½ vkSj xkthiqj ftyksa ds 200 xsgw¡ ,oa 100 tkS mRiknd 
ifjokjksa ls vkadM+s ,df=r fd, x,A 

Ÿ xsgw¡ ds lanHkZ esa] iz;kxjkt esa mit varjky&1 udkjkRed ¼&8%(&4 
dqary@gsDVs;j ½ ik;k x;k tcfd bykgkckn esa mit varjky&2 
mPpre ¼148-63%( 28-89 dqary@gsDVs;j ½ FkkA lalk/ku mi;ksx 
iSVuZ ds fo'ys"k.k ls ladsr feyrk gS fd iwohZ mÙkj çns'k ds iz;kxjkt 
vkSj xkthiqj ftyksa ds chp lalk/kuksa ds mi;ksx esa egRoiw.kZ varj 
ekStwn gSA iwohZ mÙkj çns'k ds bu p;fur {ks=ksa esa cht dk mi;ksx 
vuq'kaflr ek=k ls vf/kd fd;k x;k Fkk] tcfd moZjdksa dk mi;ksx 
vuq'kaflr ek=k ls de ;k vf/kd fd;k x;k FkkA lHkh vknkuksa tSls 
[kkn@tSo&moZjdksa ij fd, x, O;; esa egRoiw.kZ varj ns[kk x;kA

Ÿ ifj.kkeksa ds fufgrkFkZ ls ladsr feyrk gS fd xsgw¡ dh p;fur voLFkk,a 
tSls&iq"iu] nqX/k voLFkk ,oa nkuk l[r gksuk ,oa iduk ekSle 
folaxfr;ksa ds çfr laosnu'khy gSA tkS ds lanHkZ esa] QqVko] iq"iu] nqX/k 
voLFkk ,oa nkuk l[r gksuk ,oa nkuksa dh idus dh voLFkk ekSle 
folaxfr;ksa ds çfr laosnu'khy gSaA 

Ÿ vkadM+ksa dk Ldksfjax fo'ys"k.k b'kkjk djrk gS fd ubZ çkS|ksfxfd;ksa] 
mUur fdLeksa ds chtksa dk vaxhdj.k] vf/kd tSfod [kknksa dk mi;ksx] 
Hkwty ds ek/;e ls iwjd flapkbZ] flapkbZ dh xgjkbZ ;k vko`fÙk ,oa 
chek ds izfr fdlkuksa esa tkx:drk dk Lrj cgqr de FkkA vkdM+ksa ds 
fo'ys"k.k us iwohZ mÙkj çns'k ds fdlkuksa ds e/; fo'ks"k :i ls laj{k.k 
—f"k ds fy, tyok;q LekVZ [ksrh dh çFkkvksa vkSj vuqdwyu j.kuhfr;ksa 
ds ckjs esa tkx:drk c<+kus dh vko';drk dk ladsr fn;k gSA

Ÿ o"kZ 2019&20 ds nkSjku vkfnoklh mi&ifj;kstuk ¼Vh-,l-ih- 
ifj;kstuk½ ^foLrkj f'k{kk ,oa fodkl dk;ZØeksa ds ek/;e ls 
tutkfr;k as dh lkekftd&vkfFkdZ  fLFkfr ,o a vkthfodk e as l/q kkj^ d s
vra xrZ  fuEufyf[kr vkB dUs nkz  as dk s 'kkfey fd;k x;k Fkk tk s bl idz kj g%aS  
ykgkyS  ,o a fLifr ¼fgekpy inz 's k½] ygs ] [kMq ouh ¼tEe w ,o a d'ehj½] 
tcyijq  ¼e/; inz 's k½] mn;ijq  ¼jktLFkku½] fcyklijq  ¼NÙkhlx<½+ ] jkp¡ h 
¼>kj[kMa ½ ,o a /kkjokM + ¼dukVZ d½A o"k Z 2019&20 d s nkjS ku bl ifj;kts uk 
d s vra xrZ  fofHkUu Vh-,l-ih- xfrfof/k;k as dk s ijw k fd;k x;kA bl 
ifj;kts uk d s vra xrZ  [kMq ouh] tcyijq ] mn;ijq ] fcyklijq ] /kkjokM + vkjS  
jkpa h dæas k as ij Øe'k% 66] 50] 60] 43] 60 ,o a 23 fdlkuk as d s [krs k as ij xgs  ¡w
Qly d s çn'kuZ k as dk vk;kts u fd;k x;kA vkfnoklh mi&ifj;kts uk 
¼Vh-,l-ih- ifj;kts uk½ d s rgr inz 'kuZ k as d s fy, xgs  ¡w dh cgs rj fdLek as d s
chtk as dh vkifw r Z dh xbAZ  xgs  ¡w mRiknu rduhd ij 13 çf'k{k.k dk;ØZ ek as
dk vk;kts u [kMq ouh ¼2½] fcyklijq  ¼2½] /kkjokM + ¼1½] ygs  ¼4½ vkjS  ykgkyS  
vkjS  Lihfr ¼4½ dæas k as ij fd;k x;kA bl ifj;kts uk d s vra xrZ  fofHkUu 
dsUnzksa }kjk tkx:drk f'kfoj] çn'kZuh ,oa ,Dlikstj ;k=kvksa dk 

vk;kstu fd;k x;kA bl vof/k ds nkSjku rhu çdk'ku [kqMouh ¼1½ 
vkSj /kkjokM+ ¼2½ dsaæksa ij çdkf'kr fd, x,A o"kZ 2020 ds fy,] ctV 
esa lgk;rk vuqnku ds rgr /kujkf'k dks eatwj fd;k x;k gS ,oa tkjh 
fd;k x;k gSA

Ÿ mijksä xfrfof/k;ksa ds vfrfjä] laLFkku dh lkekftd foKku bdkbZ 
}kjk] ljdkj ds izeq[k fodkl dk;ZØeksa tSls&esjk xk¡o esjk xkSjo] 
fdlkuksa dh vk; nksxquh djus] lkW;y gsYFk dkMZ ds izfr tkx:drk 
iSnk djus vkfn ls lEcaf/kr xfrfof/k;ksa dk leUo; fd;k tkrk gSA 
bl vof/k ds nkSjku HkkÑvuqi&Hkkjrh; xsgw¡ ,oa tkS vuqla/kku laLFkku 
esa 3 izf'k{k.k dk;ZØe] 2 tkx:drk dk;ZØe@fdlku fnol ds 
vykok 2 nwjn'kZu ¼Vsyhfotu½ dk;ZØeksa esa Hkkx ysus ,oa fofHkUu 
fgr/kkjdksa dh 21 Hkze.k ;k«kkvksa ds leUo; vk;ksftr fd, x,A 
ftlds vUrZxr fdlkuksa dks xsgw¡ ,oa tkS dh [ksrh ds fofHkUu igyqvksa 
ij lykg nh xbZA 600 ls vf/kd fdlkuksa@m|fe;ksa@vU; 
fgr/kkjdksa dks fofHkUu IysVQkeZ ds ek/;e ls muds iz'uksa ds mÙkj 
iznku fd, x,A bl Qly l«k ds nkSjku fdlkuksa dks ekSle ,oa lL; 
fØ;kvksa ls lEcfU/kr LkkIrkfgd ijke'kZ Hkh tkjh fd, x,A

 tkS lqèkkj 

Ÿ ns'k esa tkS dk 1-69 fefy;u Vu mRiknu 6-18 yk[k gS- {ks=Qy ls  
27-3 dq-@gS- dh vkSlr mit ls çkIr fd;k x;k gSA

Ÿ çLrkfor 86 mit ewY;kadu ijh{k.kksa esa ls 84 ijh{k.kksa dk vk;kstu 
fd;k x;k Fkk vkSj fo'ys"k.k ds ckn] dsoy 78 ijh{k.k ¼çLrkfor dk 
91%] vk;ksftr dk 95%½ fjiksVZ ds fy, vPNs ik, x,A jch 
2019&20 ds nkSjku ;s ijh{k.k 11 eq[; dsaæksa vkSj 30 vU; ijh{k.k 
dsaæksa ¼vkÃ-lh-,-vkj-] ,l-,-;w vkSj jkT; —f"k foHkkx lfgr½ esa fd, 
x, FksA

Ÿ 12 dsaæksa }kjk ;ksxnku fd, x, lHkh 97 ijh{k.k çfof"V;ksa esa] o"kkZ 
vkèkkfjr ¼eSnkuh vkSj igkM+h½] Çlfpr ¼eSnkuh½ vkSj yo.kh; feêh dh 
fLFkfr;ksa ds rgr lefUor mit ijh{k.kksa esa 24 orZeku çtkfr;ksa ds 
lkFk ewY;kadu fd;k x;k FkkA

Ÿ o"kZ ds nkSjku laLFkku }kjk fodflr de chVk XywdUl ¼nkus vkSj oksVZ 
esa½ ,oa vU; xq.kksa okyh ,d ekYV tkS dh fdLe ÞMh-MCyw-vkj-ch-182ß 
mÙkj&if'peh eSnkuh {ks=ksa esa [ksrh ds fy, tkjh dh xÃ gSA ;g 
çtkfr orZeku ekYV ,oa ch;j m|ksx dh vko';drkvksa dh iwÆr djus 
esa l{ke gSA

Ÿ vyx&vyx ijh{k.kksa esa mit ds fy, N% tuuæO;ksa] vkÃ-ch-okÃ-
Vh&,p~ vkÃ 2019&20 ¼çfof"V la[;k 6] 11 vkSj 13½ vkSj th-,l-okÃ-
Vh-2019&20 ¼çfof"V la[;k 10] 11 vkSj 15½ fofHkUu LFkkuksa ij csgrj 
ikÃ xb±A

Ÿ ,d vkuqoaf'kd LV‚d ÞMh-MCyw-vkj-ch-207ß ihyk jrqvk ds fy, 
çfrjksèkd gksus ds lkFk vPNk 1000 nkuksa dk otu vkSj de çksVhu 
ek=k ds fy, ,u-ch-ih-th-vkj }kjk iath—r fd;k x;kA

Ÿ lefUor vuqlaèkku dsaæksa dh enn ls 526-97 dq- ds vkosnu ij 28 tkS 
fdLeksa ds 997-25 dq- çtud cht dk mRiknu vk;kstu fd;k x;kA

Ÿ ICAR–IIWBR djuky esa eè;e vofèk ds HkaMkj.k e‚Mîwy dh lqfoèkk 
esa] tkS ds dqy 8239 tuuæO;ksa dk laj{k.k vkSj j[kj[kko fd;k tk 
jgk gSA jch 2019&20 ds nkSjku dqy 498 tuuæO; ykbuksa dk iqu% 
mRiknu fd;k x;k vkSj 652 dk vknku&çnku fd;k x;kA
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Ÿ nkus esa chVk ,ekbyst xfrfofèk vkSj ekYV Mk;LVsfVd ikoj ds chp 
,d etcwr lacaèk ik;k x;k gSA

Ÿ nks thuksVkbIl lywi ,l-,-MCyw-,y-3167 vkSj lywi-fo-d-oh-ch-9953 
dks ekÇYVx xq.koÙkk ewY;kadu esa cgqr de oksVZZ chVk XywdUl ek=k ds 
fy, igpkuk x;k gS] tcfd Mh-MCyw-vkj-ch-182 nkus vkSj ekYV 
,DlVªsDV dk ,d vPNk la;kstu Fkk] tks fd fofHkUu çdkj ds 
okf.kfT;d [ksrh ds :i esa vko';d FkkA

Ÿ pkj ,-oh-Vh- çfof"V;k¡ ¼Mh-MCyw-vkj-ch-182] Mh-MCyw-vkj-ch-196] Mh-
MCyw-vkj-ch-197 vkSj ih-,y-908½ vkSj psd ¼Mh-MCyw-vkj-ch-101] Mh-
MCyw-vkj-ch-123] Mh-MCyw-vkj-ch-160] vkj-Mh-2849 vkSj ch-,p-902½ 
dk tkS fof'k"V vk.kfod ekdZjksa ¼46 ,l-,l-vkj-½ dk mi;ksx djds 
,-oh-Vh- ijh{k.k 2019&20 esa vkuqoaf'kd fofHkUurk fo'ys"k.k djus ds 
fy, lkr xq.klw=ksa dks doj djus okys ,l-Vh-,l-ekdZj ds mi;ksx 
}kjk vk.kfod Lrj dh fofHkUurk ikÃ xÃA

Ÿ fofHkUu ÇlpkÃ Lrj ds lkFk gkbMªkstsy dk ewY;kadu mÙkj if'peh 
eSnkuh Hkkx ds 'kq"d {ks=ksa esa fd;k x;k vkSj blds ifj.kkeLo:i iwlk 
gkbMªkstsy @ 2-5 fdyksxzke çfr gS- vkSj U;w gkbMªkstsy @ 2-5 fdyksxzke 
çfr gS- fcuk gkbMªkstsy fLFkfr;ksa dh rqyuk esa csgrj ik, x;sA nks 
ÇlpkÃ ds lkFk gkbMªkstsy vkSj rhu ÇlpkÃ fcuk gkbMªkstsy ds lkFk 
mit cjkcj Fkh vkSj blfy, gkbMªkstsy ds mi;ksx ls ge ,d ÇlpkÃ 
ikuh ¼6 yk[k yhVj½ dks cpk ldrs gSaA ewY;kadu ds nks o"kks± ds ckn] 
ikuh dks cpkus vkSj vfèkd mRiknu ds fy, 'kq"d {ks=ksa esa gkbMªkstsy 
ds mi;ksx dh flQkfj'k dh tkrh gSA

Ÿ mÙkj ioZrh; {ks=ksa  esa] ikjaifjd tqrkÃ vkSj 'kwU; tqrkÃ $ vo'ks"k ls 
cjkcj dk mRiknu çkIr gqvk vkSj 'kwU; tqrkÃ ls Js"B FksA feêh dh 
moZjrk esa vo'ks"kksa ds egRo ds dkj.k cqokÃ ds le; lalkèkuksa dk 
fuekZ.k vkSj cpr] mÙkj ioZrh; {ks= esa tkS cqokÃ ds fy, 'kwU; tqrkÃ $ 
vo'ks"kksa dh flQkfj'k dh tkrh gSA 

Ÿ mÙkj&if'peh {ks= esa Çtd ds e`nk ç;ksx vkSj i.kZ fNMdko ijh{k.k esa 
Çtd lYQsV @ 25 fdxzk@ gS- mit ds fglkc ls csgrj ik;k x;kA 
blesa fcuk Çtd ç;ksx dh rqyuk ls 14-6 çfr'kr vfèkd iSnkokj gqÃA 
mÙkj&ioZrh;] mÙkj&iwoÊ rFkk eè;&{ks= esa ÇtdlYQsV@ 25 fdxzk 
@ gS- ds lkFk i.kZ fNMdko ¼0-5% Çtd lYQsV çkjafHkd nqXèk voLFkk 
ij½ vU; lHkh mipkjksa dh rqyuk esa csgrj ikÃ x;hA bu rhuksa {ks=ksa  
esa fcuk Çtd vkosnu dh rqyuk esa Çtd Mkyus  ls 12-6&14-0% 
vfèkd mit dk mRiknu ik;k x;kA

{ks=h; dsUnz] ¶ykojMsy] f'keyk ¼fgåizå½  

Ÿ Hkwjk jrqvk ds fy, izfrjksf/k thu ,yvkj80 dh xsgw¡ dh iztkfr yksdy 
gksxks ds 2Mh,l xq.klw= ij igpku  dh x;hA ;g thu Hkkjr esa ik;s 
tkus okys iDlhuh;k fVªVhlhuk ds izeq[k izHksnksa ds fy, izHkkoh gSA  
bl thu ls tqMs gq, vkf.od ekdZjksa dh lgk;rk ls bl thu dks xsgw¡ 
dh vU; iztkfr;ksa esa Mky ds Hkwjk jrqvk izfrjks/k dh fofo/krk dks 
c<k;k tk ldrk gSA ;g thu Hkkjr esa igpkuk x;k NVok jrqvk 
izfrjks/kh thu gSA

Ÿ bl o"kZ Hkkjr esa xsgw¡ mxk;s tkus okys {ks=ksa esa jrqvk jksxks dks cgqr de 
ns[kk x;kA mRrj Hkkjr ds dqN jkT;ksa ds dqN LFkkuksa ij ihyk jrqvk 
ns[kk x;kA Hkwjk jrqvk dks egkjk"Vª] xqtjkr] dukZVd] e/; izns'k esa 
dqN LFkkuksa ij ns[kk x;kA izk;}hih; Hkkjr ds dqN {ks=ksa esa xsgw¡ vkSj 
tkS ds ruk jrqvk dks ns[kk x;kA O;kOkkgkfjd :Ik esa ;g o"kZ jrqvk 

jfgr o"kZ jgk A pkSng Hkkjrh; jkT;ksa ,oa usiky ls bl o"kZ xsgw¡ ,oa tkS 
jrqvk ds  897  uewuksa dks fo'ysf"kr fd;k x;kA bu uewuksa esa ihys] Hkwjs 
vkSj dkys jrq,s ds Øe'k% 305] 465 vkSj 127 uewus 'kkfey gSaA ihyk 
jrqvk izfrjks/kh thUl okbZvkj 5]10]13]15]16] vkSj okbZvkj ,lih] 
rukjrqvk ds ,lvkj26] ,lvkj27] ,lvkj31] ,lvkj32] ,lvkj35] 
,lvkj39] ,lvkj40] ,lvkj43] Vhlh3 vkSj  ,lvkjVh,eih vkSj 
Hkwjk jrqvk ds ,yvkj 24],yvkj25] ,yvkj29] ,yvkj32] ,yvkj39] 
,yvkj42] ,yvkj45 vkSj ,yvkj47 Øe'k% ihys] dkys vkSj Hkwjs jrq, 
ds  izHksnksa ds fy, izHkkohjgsA iDlhuh;k LVkbZQkjfel ds lkr izHksnksa 
esa 238,l119 lcls izeq[k izHksn Fkk ftldks 44-06 izfr'kr uewuksa esa 
ns[kk x;kA izHksn 46,l119 dks 33-2 izfr'kr tcfd 110,l119 dks 
18-98 izfr'kr uewuksa esa  ns[kk x;kA iDlhuh;k xfs eful Vhª Vhlkb Z d s
iHz kns 11 dk s lokfZ /kd 88-2 ifz r'kr ueuw k as e as n[s kk x;k bld s Ik'pkr iHz kns  
40, dk s 4-7 ifz r'kr ueuw k as e as n[s kk x;kA iDlhuh;k fVVª hlhuk d s iHz kns k as
77&9¼121vkj60&1½ vkjS  77&5 ¼121vkj63&1½ dks Øe'k 50-3 vkSj 28-
2 izfr'kr uewuksa esa ns[kk x;kA

Ÿ xsgw¡ ,oa tkS dh 3500 ls vf/kd izfof"V;ksa esa ikS/k voLFkk esa jrqvk 
izfrjks/kdrk dk vkdyu ihyk] dkyk vkSj Hkwjs jrqvk ds izHksnksa ds  
f[kykQ fd;k x;kA bu izfof"V;ksa esaa ,ohVh dh 137] ,uchMh,l,u 
dh 160 vkSj iztudksa vkSj vU; lzksrksa  ls izkIr izfof"V;ka 'kkfey gSA 
xsgw¡ dh fdlh Hkh ykbZu esa lHkh jrqvk ds izHksnksa ds fy, izfrjks/kdrk 
ugha ns[kh x;hA  ihchMCY;w813 dkys vkSj ihys jrq, ds fy, izfrjks/kh 
ik;h x;h tcfd ,pvkbZ 1641] ,pvkbZ 1642 vkSj ,e,lh,l 6752 
iRrh vkSj ruk jrqvk ds fy, izfrjks/kh FkhA vU; 20 izfof"B;ka iRrh 
jrqvk rFkk 4 izfof"B;ka ruk jrqvk ds  fy, izfrjks/kh ik;h x;hA blds 
vykok 25 izfof"B;ka ftuesa ,lvkj31@,yvkj26@okbZvkj9 thu 
Fks] dks ruk jrqvk ds fy, izHkkoh ns[kk x;kA 4 okbZ vkj thUl 
¼okbZvkj2] okbZvkj 9] okbZvkj , vkSj okbZvkj 18½ dks ,ohVh dh 25 
ykbZuksa esa vkadk x;kA blh izdkj nl ,yvkjthUl ¼,yvkj 1] 
,yvkj 29] ,yvkj 3] ,yvkj 10] ,yvkj 13] ,yvkj 18] ,yvkj 
23] ,yvkj 24] ,yvkj 26] vkSj ,yvkj34½ dks 112 ykbuksa esa vkSj 13 
,l vkj thUl ¼,lvkj 2],lvkj5] ,lvkj 7ch] ,lvkj 8,] ,lvkj 
8ch] ,lvkj 9ch] ,lvkj 9b] ,lvkj 9] ,lvkj 11] ,lvkj 13] 
,lvkj 28] ,lvkj 30 vkSj,lvkj 31½ dks 122  ,ohVh ykbZuksa esa 
ns[kk x;kA

Ÿ ,ohVh dh fdlh Hkh ykbZu esa Hkwjs vkSj ihys jrq,s ds fy, cfj"B ikS/k 
voLFkk esa izfrjks/kdrk ugha ns[kh x;hA MhchMCY;w187 esa cfj"B ikS/k 
voLFkk esa ihys jrq, ds rhuksa izHksnksa rFkk Hkwjs jrq, ds 77&5 izHksn ds 
fy, izfrjks/kdrk dh igpku dh x;hA blh rjg ,pMh3086 esa ihys 
jrq, ds lHkh izHksnksa rFkk Hkwjs jrq,s ds izHksn 104&2 ds fy, rFkk ,pMh 
3332 esa ihys jrq, ds lHkh izHksnksa rFkk Hkwjs jrq, ds izHksn 77&5 rFkk 
77&9 ds fy, izfrjks/kdrk ns[kh x;hA ,uchMh,l,u dh dksbZ Hkh 
ykbZu tkS ds lHkh jrqvk izHksnksa ds fy, izfrjks/kh ugh FkhA ckjg ykbZuksa 
esa Hkwjs rFkk ihys jrq, ds fy,  ,d ykbZu esa ihys vkSj ruk jrqvk ds 
fy, tc fd pkj ykbZuksa esa Hkwjs vkSj dkys jrq, ds fy, izfrjks/kdrk 
ns[kh x;hA blds vykok 16 iafDr;ksa esa ihys jrqvk ds fy,  2 esa ruk 
jrqvk ds fy, rFkk 22 esa Hkwjk jrqvk  ds fy, izfrjks/kdrk ns[kh x;khA 
bchMh,l,u dh  44 esa ls fdlh Hkh izfof"B esa rhuksa jrqvk jksxks ds 
fy, izfrjks/kdrk ugha ns[kh x;hA gkykafd 9 izfof"B;ka Hkwjs vkSj ihys 
jrq, ds fy,] 1 dkys vkSj ihys jrqvk ds fy, vkSj 2 Hkwjs vkSj dkys 
jrq, ds fy, ifz rjk/s kh ik;h x;hA  vyx&2 jrvq k d s fy, 19 ykbuZ k as e as
ifz rjk/s kdrk n[s kh x;h A  bue as l s 10 ifa Dr;k as e as ihy s jr,q  d s fy,] ,d e as
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dky s jr,q  d s fy, vkjS  8 e as Hkjw  s jr,q  d s fy, ifz rjk/s kdrk n[s kh x;hA

Ÿ Hkwjk jrqvk izfrjks/kh thu ,yvkj68 ftldks xsgw¡  vkSj jksx tud ds 
O;ogkj ds vk/kkj ij ugha igpkuk tk ldrk gS dks bl thu ls tqMs 
gq, vkf.od ekdZj dh lgk;rk ls xsgw¡  dh  102 es ls 34 izfof"B;ksa esa 
igpkuk x;kA Mh-,u-,- esa cgq:irk ds vk/kkj ij dkys jrq, ds  29 
izHksnksa] ihys jrq, ds 11 izHksnksa rFkk Hkwjs jrq, ds 5 u;s izHksnksa dks 
oxhZd`r fd;k x;k vkSj buds chp iz;kZIr cgq:irk ns[kh x;hA

Ÿ fofHkUu jrvq k jkxs k as d s 120 l s vf/kd iHz kns k as dk s thfor rFkk vfrU;Uw re 
¼&196 fMxhz  l½S  voLFkk e as lja f{kr fd;k x;kA Hkkjr e as xgas  ¡w  ,o a tk S d s
jrvq k jkxs k as d s v/;;u d s fy, 45 oKS kfudk@as dUs nkz  as dk s jrvq k jkxs k as d s
chtk.kvq k as dh vkifrw  Z dh x;hA de egRoi.w k Z iHz kns k as dk s nh/kdZ kfyu HkMa kj.k 
e as j[kk x;k gAS  xgs  ¡w d s jkxs k s dh ?kVuk ,o a ilz kj d s v/;;u d s fy, xgs  ¡w  
jkxs  fujh{k.k uljZ h ¼x-s jk-s fu-u-½ vkjS  lkd Z n's kk as e]as  jkxs  fu;U=.k dk s Øe'k 
Hkkjr d s 37 l s vf/kd vkjS  lkd Z n's kk as e as  28 LFkkuk as ij vk;kfs tr fd;k 
x;kA bu {k=s k as e as fdlh Hkh fcekjh dk  T;knk idz kis  ugh a FkkA

{ks=h; dsUæ nkyax eSnku ¼ykgkSy vkSj Lihrh½

Ÿ xsgw¡ ds 9000 vkSj tkS ds 2000 tuuæO; dks çk—frd ifjfLrfFk;ksa esa 
lajf{kr fd;k tk jgk gSA laj{k.k dks –<+rk çnku djus ds fy, ,d 
vyx ls HkaMkj.k d{k dh LFkkiuk dh tk jgh gSA

Ÿ ykgkSy& Lihrh ds —"kdksa  dh vk; c<+kus ds fy, tutkrh; 
mi;kstuk ds rgr ,d f=fnolh; çf'k{k.k dk;ZØe dk vk;kstu 
Hkkjrh; xsgw¡ ,oa tkS vuqlaèkku laLFkku] djuky esa fd;k x;kA bl 
çf'k{k.k dk;ZØe esa ?kkVh ds 45 fdlkuksa us Hkkx fy;k A

Ÿ nkykax eSnku ç{ks= esa ÇlpkÃ dh leL;k ls fuiVus ds fy, ÇlpkÃ 
foHkkx] fgekpy çns'k }kjk ÇlpkÃ ikÃi ykÃu dh ejEer dk dk;Z 
iw.kZ fd;k x;kA

cht ,oa vuqlaèkku ç{ks=] fglkj 

Ÿ o"kZ 2020 ds nkSjku dqy 1011-65 dqary  xsgw¡ ,oa tkS ds çtud cht 
dk mRiknu fd;k x;k] ftlesa ls 765-5  dqary cht xsgw¡ dh rhu 
çtkfr;ksa ¼MCY;w-ch 2] Mh-ch-MCY;w- 173 vkSj Mh-ch-MCY;w- 252½ dk Fkk 
vkSj 'ks"k 246-1 dqary cht tkS dk Fkk A

Ÿ ç{ks= us 47-24 dqary xsgw¡ rFkk tkS ds feJ.k dk mRiknu fd;k] ftlls 
dqy ̀  67053 jktLo çkIr gqvk A

Ÿ ç{ks= dh e`nk esa dkcZfud va'k dks c<+kus ds fy, [kjhQ ekSle esa <sapk 
mxk;k x;k A

laLFkku dh vU; xfrfof/k;k¡

Ÿ o"kZ ds nkSjku laLFkku us IykaV fMlhl eSustesaV ij ,d jk"Vªh; 
lsEiksfl;e] OghV çksMD'ku VsDuhd ij czsu LVksÉex ls'ku] Mh-;w-,l- 
ij vUrjkZ"Vªh; dk;ZØe] fMftVy QhYM cqd ij jk"Vªh; dk;Z'kkyk 
vk;ksftr dhA 

Ÿ 59oÈ vf[ky Hkkjrh; xsgw¡ vkSj tkS 'kksèkdrkZvksa dh cSBd dk vk;kstu 
opqZvy eksM esa vxLr 24&25] 2020 dks+  fd;k x;kA 

Ÿ funs'kd] Hkkjrh; xsgw¡ ,oa tkS vuqlaèkku laLFkku] djuky dh vè;{krk 
esa laLFkku }kjk laLFkku vuqlaèkku ifj"kn dh cSBd dk vk;kstu 
11@02@2020 vkSj 29@10@2020 dks fd;k x;kA

Ÿ laLFkku us viuk LFkkiuk fnol] xkaèkh t;arh mRlo] LoPNrk 
i[kokMk ds lkFk&lkFk ;ksx fnol] vUrjkZ"Vªh; e`nk fnol] lÇoèkku 
fnol bR;kfn euk;kA 

Ÿ o"kZ 2020 esa laLFkku dks —f"k laLFkku lEeku iqjLdkj ls lEekfur 
fd;k x;kA laLFkku ds funs'kd] Mk- th-ih- Çlg dks Mk- ,-ch- tks'kh 
eSeksfj;y iqjLdkj] vkmVyqd vkmVLVsaÇMx oSKkfud iqjLdkj] —f"k 
esa vkmVLVsaÇMx yhMjf'ki iqjLdkj ls lEekfur fd;k x;kA

Ÿ laLFkku ds oSKkfudksa dks Mk- ,e-oh- jko eSeksfj;y iqjLdkj] ,l- 
ukxjktu eSeksfj;y iqjLdkj] çksQslj egkfre Çlg eSeksfj;y 
iqjLdkj ls lEekfur fd;k x;kA

Ÿ laLFkku us o"kZ 2020 ds nkSjku yxHkx 82 'kksèk i= jk"Vªh; ,oa 
vUrjkZ"Vªh; tujy esa çdkf'kr fd;s rFkk 7 iqLrdsa Hkh çdkf'kr dhA

Ÿ o"kZ ds nkSjku Jh lat; HkkfV;k] laln lnL; ¼djuky½] Jh lat; 
Çlg] lfpo ¼Hkk-—-vuq-i- uÃ fnYyh½] Mk- ,-ds- Çlg] miegkfuns'kd 
¼—f"k foLrkj½] Mk- vkj-lh- vxzoky miegkfuns'kd ¼f'k{kk½] Mk- ds-fo- 
çHkq] vè;{k] ikS- fd- ,oa —- v- la-çk-] uÃ fnYyh] Mk- vfuy tks'kh] 
laLFkkid gSLdks] Mk- eueksgu Çlg pkSgku] funs'kd] jk-Ms-vuq-la- 
djuky] Mk- lej Çlg] midqyifr] egkjk.kk çrki ckxokuh 
foÜofo|ky;] djuky bR;kfn x.kekU; O;fä;ksa us laLFkku dk nkSjk 
fd;kA
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EXECUTIVE SUMMARY

CROP IMPROVEMENT

Ÿ The crop season 2019-20 has been a landmark year in 
achieving the record production of 107.59 million tonnes 
of wheat and highest productivity of 3508 kg/ha.

Ÿ ICAR-IIWBR was  instrumental  in  the release and  
noti�cation  of  11  new  wheat  varieties  (8 bread  +  3  
durum  wheat)  by CVRC for  commercial cultivation in 
different wheat growing regions of the country.  

Ÿ ICAR-IIWBR developed and registered 7 novel genetic 
stocks out of total 15 wheat germplasm recommended  
for  registration  by  the  Plant Germplasm  Registration  
Committee  of  the ICAR-NBPGR, New Delhi.

Ÿ The Germplasm Resources Unit (GRU) at ICAR-IIWBR 
acquired 451 accessions from various institutes 
including 264 land races of Indian wheat and 18 aphid 
resistance lines from CIMMYT, Mexico. Institute also 
supplied 2282 accessions of wheat to various indenters 
across the country for research purposes. Additionally, 
350 advanced lines were exported to Bangladesh and 
Bolivia for screening against wheat blast disease. The 
GRU also characterized 523 new germplasm accessions 
for 36 DUS traits.

Ÿ The pre-breeding project during  2020 created novel  
genetic  variability  by  hybridization  of bread  wheat   
with  wild  species  like  Th. bessarabicum and Ae. 
peregrina etc. Developed two novel genetic stocks for 
high grain zinc (Karan Poshan 1) and iron (Karan Poshan 
2) concentration. 

Ÿ The  project  on  wheat improvement for high productive 
environments of north-western plains of  India, 
developed a high yielding wheat cultivar DBW 303  
(Karan Vaishnavi)  for  irrigated,  early sown condition  of  
NWPZ.  The committee also recommended the area 
extension of wheat variety DBW187 (Karan  Vandana) to  
irrigated,  early sown conditions  of  NWPZ. A novel 
genetic stock DBW 166 for high water use efficiency was 
also developed under the project. 

Ÿ The  project on wheat  breeding  for eastern  region  
identi�ed  a  novel  wheat blast resistance germplasm  
BRW3806. 

Ÿ Wheat improvement  for warmer  areas  project 
developed  a  new  high  yielding wheat  variety, DBWH  
221  for  timely sown  irrigated conditions of  the Haryana 
state. Also developed a novel genetic stock DBW 278 for 
high sedimentation value under very late sown 

conditions of northern plains along with resistance to 
leaf rust, Karnal bunt and loose smut.

Ÿ Hybrid  wheat  project  maintained  16  CMS sources and 
46 diversi�ed new CMS lines during 2020  and  evaluated  
experimental  hybrids  for their heterotic potential. 

Ÿ Wheat quality breeding project developed a high 
yielding durum wheat variety (DDW 48) for timely sown 
conditions of PZ. Also developed a novel germplasm 
QST1910 for drought tolerance. 

Ÿ The biotechnology group mapped novel QTL regions 
controlling resistance to brown, yellow and black rusts 
through 483 diverse GWAS panel. Also identi�ed novel 
QTLs for Karnal bunt resistance in wheat. Developed 
heat-responsive gene-based SSRs (cg-SSR) markers from 
genic regions. A total of 400 Indian wheat cultivars were 
genotyped with functional markers of vernalization 
genes viz.  Vrn-B1, Vrn-D1 andVrn-B3. Differential 
expression analysis of bacterial genes in contrasting 
wheat genotypes for drought and heat stress tolerance 
was performed. Developed a novel drought and heat 
stress tolerance wheat genotype RW5.

Ÿ The germplasm donors for important photosynthesis 
parameters were identi�ed through physiological 
screening. RWP-2018-31 and RW-2018-32 were   
identi�ed as  heat  tolerance germplasm  through  
screening  under  multi-location heat  tolerance  trial.

Ÿ The novel CRISPR/Cas9 technique of gene and genome 
editing is being used to improve yield and abiotic stress 
tolerance traits in wheat. Knock down of TaMS1 gene in 
wheat to develop male sterile lines for hybrid seed 
production is also underway.

Ÿ A total of 4284.6q breeder and TL seed of 9 wheat 
varieties was produced at ICAR-IIWBR and an amount of 
approximately  2.85  crores  of  revenue  was generated 
by  distribution  of  improved  quality seed  to various 
stakeholders. The institute created the wheat seed portal 
for safe seed distribution to farmers during COVID-19 
pandemic.

CROP PROTECTION

Ÿ The disease and pest situation in farmers �elds was 
monitored by regular surveys and networking with 
different agencies DAC & FW, ICAR, SAUs, State 
Agriculture Departments, KVKs, Farmer's etc. The �rst 
occurrence of yellow rust in crop season 2019-20 is 
reported from the three �elds in Anandpur Sahib block of 
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District Rupnagar in villages Chandesar and Darolli 
(Hethlii) on varieties HD3086, PBW677 and WH 711 on 
26.12.2019.

Ÿ The surveys were also conducted in West Bengal along 
Bangladesh border for wheat blast and found no report 
of wheat blast occurrence in West Bengal whereas in 
some place leaf rust and head scab has been reported at 
low intensity.

Ÿ A total 1324 entries in IPPSN and 397 entries in PPSN 
were screened against rusts. 

Ÿ A set of 27 entries with con�rmed sources of multiple 
disease resistance were shared with 20 breeding centers 
located in different agro climatic zones of the country.

Ÿ During 2019-20, 2438 grain samples collected from 
Haryana, Rajasthan and Uttarakhand were analyzed for 
Karnal bunt infection. The 50.5% samples were found 
infected with maximum per cent infection from Haryana 
(57.8%).

Ÿ To combat the threat of wheat blast and check entry of 
blast from Bangladesh, strict quarantine has been 
observed in Murshidabad and Nadia district as well as 5 
Km along the Bangladesh border. 

Ÿ For identi�cation of wheat blast resistant sources, a total 
of 350 Indian wheat varieties and advance breeding 
material were screened at Jessore, Bangladesh and 
Bolivia through CIMMYT. Six resistant varieties namely 
DBW187, HD3249, HD2967 (irrigated and timely sown), 
DBW252, HD 3171 (restricted irrigation and timely 
sown), and HD 3293 (restricted irrigation and timely 
sown) have been identi�ed for NEPZ on the basis of 
resistant to wheat blast.

Ÿ New chemical has been evaluated against yellow rust, 
powdery mildew and head scab diseases of wheat.

Ÿ PCR based diagnostic assay for quick detection of �ag 
smut fungus (Urocystis agropyri) has been developed.  To 
detect U. agropyri, two sets of species speci�c primers 
namely UA-17F/UA-519R and UA-15F/UA-562R were 
developed from internal transcribed spacer (ITS) DNA 
region, which amplify the region of 503 and 548 bp, 
respectively, and speci�c to only U. agropyri.

Ÿ Genetic variability in Bipolaris sorokiniana was studied 
by using ITS sequencing of isolates collected from 
different wheat growing zones.  Genetic analysis 
suggested the existence of two distinct lineages and 59 
haplotypes with three major haplotypes which showed 
star-like structure network surrounded by several single 
haplotypes, revealing high frequency of the mutations 

in total analyzed population. H-3 haplotype was 
observed predominant and prevalent in all the �ve 
zones.

Ÿ Moderate to severe incidence of wheat aphid and pink 
stem borer was observed in some villages like Kunjpura, 
Subhari, Racina and Hajwana of Karnal district. 
Incidence of foliar aphid, termites and pink stem borer 
was also recorded in Ladwa, Yamunanagar, Noorpur 
Bedi, Anandpur Saheb, Banur, Abhiyana Kalan Ropar 
and Bajrur, whereas, foliar aphid damage was recorded 
in some parts of Banur. The grubs and adults of 
coccinellid beetles were seen frequently in �elds infested 
with aphids.

Ÿ Amongst 198 Aegilops accessions screened against the 
corn leaf aphid (CLA) Rhopalosiphum maidis (Fitch), ten 
accessions viz., Ae. ovata 23, Ae. tauschii accession 
nos.15, 59, 3758, 14336, 14338, 3761, 9795, 3806 and 
13757 gave resistant response to corn leaf aphid 

Ÿ One or two sprays of ZnSO  mixed with thiamethoxam 4

effectively reduced the aphid population. Similarly, 
ZnSO  can also be mixed with propiconazole + 4

thiamethoxam without any adverse effect. The 
coccinellid predators were also not adversely affected by 
application of one or two sprays of ZnSO mixed with 4 

insecticides and fungicides at reproductive stages of 
wheat crop.

Ÿ Amongst the tested organic formulations viz., 
Neemastra,  Bramhastra,  Agniastra,  Deshparni, 
Fermented butter milk and Cow urine, Bramhastra 
@7.5% was found to be the most effective treatment as 
compared to other tested organic treatments. The 
organic treatments were found safer to natural enemies 
and little effect was seen on their population as 
compared to check of  insecticide spray with 
Thiamethoxam 25 WG. 

Ÿ Beta-Cy�uthrin 9%+ Imidacloprid 21% (Solomon), 
Lambda cyhalothrin 5% EC @ 500 ml/ha, Imidacloprid 
17.8 SL @ 400 ml/ha and Beta-cy�uthrin 25 SC @ 1450 
ml/ha were also found equally effective for checking 
aphid population. 

Ÿ Incidence of foliar aphids and termite damage was 
maximum in conventional tillage whereas root aphid 
and pink stem borer infestation were highest in zero 
tillage system. Relationship between aphid population 
with NDVI & canopy temperature was also studied under 
these tillage systems and it was found that NDVI had 
positive correlation with aphid abundance and with 
canopy temperature had negative correlation.
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Ÿ Barley genotypes viz., Azad, BHS352, Amber, Kedar, 
BHS169, BK306, BH959, BH946,R-56,BG-105 and 
BCU2241 were found promising against storage insect-
pests.

RESOURCE MANAGEMENT

Ÿ In a long term tillage experiment in maize-wheat-green 
gram systems indicated that the wheat crop was not 
affected by tillage and residue management. Among 
nutrient management wheat grain yield was maximum 
with application of Rec. NPK + 10 t/ha FYM (62.23 q/ha).

Ÿ The performance of ten wheat varieties under two dates 
of sowing and two tillage options (CA and CT) were 
evaluated. Results showed that mean wheat yield of 

thearly sowing (25  Oct) was signi�cantly better compared 
thto timely sown (15  Nov.). Among genotypes, BISA 927, 

PBW 723, HD 2967 and BISA 921 were better yielder.

Ÿ Field demonstrations were conducted at farmers' �elds 
for in-situ management of rice and sugarcane residues 
using Rotary Disc Drill, Turbo Happy Seeder and Super 
Seeder at Kaimla village of Karnal. The results of the 
wheat sown using Super Seeder was found encouraging.

Ÿ For maximizing wheat productivity, out of 16 genotypes 
evaluated, DBW 187, HD 3086, DBW 303 and DBW 329 
were better yielder with 75.86, 74.83, 74.49 and 74.31 
q/ha, respectively, under 150% RDF + 15t FYM/ha along 
with two sprays as tank mix- Chlormequat chloride  
(Lihocin) @ 0.2% + tebuconazole (Folicur 430 SC) @ 0.1% 
of commercial product dose.

Ÿ Integrated nutr ient mangement consist ing of 
application of recommended doses of chemical 
fertilizers (NPK 150:60:40) with 15 t/ha FYM was found 
the highest yielder and it was followed by recommended 
NPK + green manuring. Sole use of P, K or PK did not 
improve the wheat productivity compared to absolute 
control.

Ÿ In organic production of HYVs (HD 2967, HD 3086, WB-2, 
and WH 1105) of wheat, the yield increased with increase 
in FYM dose from 10 to 30 t/ha in comparison to control 
but the productivity remained signi�cantly lower than to 
recommended doses of chemical fertilizers (NPK 
150:60:40). Use of FYM improved the soil physico-
chemical properties of the soil as compared to control 
and recommended NPK.

Ÿ Green gram cultivation after wheat produced 10-12 q/ha 
pulse yield and its residue incorporation saved 50 % 
nitrogen to rice crop and produced maximum rice yield 
besides improving the soil physico-chemical properties. 

In case of rice residue incorporation, additional of 25 % 
more N was needed to reduce the immobilization effect 
to wheat crop and produced maximum wheat grain yield.

Ÿ Intercropping of pulses viz. green gram, black gram, 
cowpea and clusterbean with maize in sequence with 
wheat crop improved the system productivity and 
resource use efficiency. Maximum LER was obtained 
under treatments Maize + Cowpea-wheat (1.71).

Ÿ Comparing of eight cropping sequence revealed that 
system productivity measured as wheat equivalent yield 

-1(WEY t ha ) was signi�cantly higher under Maize-Potato-
-1Wheat (16.49 t ha ) and Maize-Wheat-Greengram (16.17t 

-1ha ) rotations than others.

Ÿ Herbicide combinations of Halauxifen+ �uroxypyr 
200.6(6.1+194.5) g/ha, metsulfuron + carfentrazone 
5+20 g/ha and Halauxifen + �orasulam 12.76 g/ha 
applied as post emergence were effective for control of 
diverse broadleaved weed �ora in wheat. These 
herbicide combinations have shown good selectivity in 
wheat and barley. Further, three herbicides combination, 
halauxifen + �orasulam + carfentrazone improved the 
range of weed �ora control including control of sulfonyl 
urea herbicide resistant Rumex dentatus.

Ÿ For control of metsulfuron resistant Rumex dentatus and 
Chenopodium album 2,4-D, carfentrazone, isoproturon 
and �uroxypyr were found effective.

Ÿ Pyroxasulfone + metsulfuron 125+4 g/ha, Pyroxasulfone 
+ pendimethalin 125+1000 g/ha and pendimethalin + 
metribuzin 1250+300 g/ha as pre-emergence and tank 
mixture of Clodinafop/pinoxaden with metribuzin as 
post emergence were found effective for control of 
diverse spectrum of weeds in wheat.

Ÿ In Direct Seeded Rice, bispyribac+pendimethalin at 
sowing fb fenoxaprop+ ethoxysulfuron were effective in 
controlling broad spectrum weeds.

Ÿ For management of Multiple Herbicide Resistant P. minor 
and A. ludoviciana (against clodinafop, pinoxaden and 
sulfosulfuron) pyroxasulfone and metribuzin were found 
effective.

Ÿ Integration of no-till system in combination of various 
pre seeding herbicides (Pendimethalin+metribuzin or 
metribuzin alone or pyroxasulfone + metsulfuron) 
effectively controlled the P. minor in wheat.

Ÿ Out of 30 wheat genotypes tested for higher water use 
efficiency, DBW 110, DBW 222, DBW 173, DBW 243 and 
DBW 166 were found among genotypes with desirable 

-1water use efficiency ranging from 21.5 to 26.6 kg mm . 
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QUALITY AND BASIC SCIENCES

Ÿ In bread wheat (T.aestivum), genotypes having good 
chapati making quality (score >7.9/10.0) such as 
HD2967,  DBW303 and HI1634 were identi�ed.

Ÿ Bread wheat genotypes namely HD3059, DDW173, 
WH1124 and HD3298 showed high bread quality with 
loaf volume >600cc. 

Ÿ High molecular weight glutenin subunits encoded at 
Glu A1, Glu B1 and Glu D1 loci were identi�ed in all the 
AVT entries including checks.

Ÿ Durum wheat variety UAS446, and DDW48 showed 
better pasta quality and grain protein content. DDW47 
and WHD964 were identi�ed for high yellow pigment 
content (>7.5 ppm), which is a highly desirable trait for 
pasta products.

Ÿ Several aestivum and durum entries of AVT exhibited 
high iron and zinc content (>40.0 ppm) indicating better 
nutritional quality in recently developed wheat entries.

Ÿ Quality Component Screening Nursery (QCSN) of 52 
entries from 10 locations was evaluated for grain 
appearance, protein content, sedimentation volume 
and hectolitre weight and Fe and Zn content.

Ÿ Recently developed wheat varieties showed signi�cant 
improvement in sedimentation value (>60 cc) across the 
zones indicating strong gluten in the newly developed 
varieties and thus suitable for bread quality. 

Ÿ Large numbers of segregating generations (800), 
released varieties (300), mutant populations (1000), 
coordinated samples (2000) were evaluated for quality 
traits utilizing micro-level tests and desirable genotypes 
were selected for further advancement during 2020-
2021 crop season.  

Ÿ Three years evaluation of foliar spray of Fe and Zn 
exhibited signi�cant increase in the grain Zn and Fe 
content indicating that agronomic bio-forti�cation can 
be very effective way of increasing Fe and Zn content in 
wheat.

Ÿ Transcriptome analysis of two Indian wheat genotypes 
conducted at seedling stage provided new insight of 
understanding mechanism of Fe and Zn absorption, 
translocation and accumulation. Several differentially 
expressed genes were identi�ed with upregulation and 
involved in Phytosiderophore synthesis under Fe/Zn 
de�ciency conditions in wheat.

Ÿ F , F  BC  and BC  generations of crosses involving high 2 3 1 2

phytase (>2200 FTU/kg)mutant lines developed in the 

background of PBW502 and high Fe and Zn lines were 
grown during 2019-20 for further advancement and 
selection. This will lead to improved bioavailability of 
micronutrients in wheat to human beings.

Ÿ RILs (F ) of a cross between a wheat line containing Gpc-7

B1gene and high yielding variety HD 2967 are at F  stage 8

and grown during 2020-21. These will be used for 
identi�cation of molecular markers associated with high 
grain protein content and Fe & Zn concentrations.

Ÿ Glu-D1 double null of NAP HAL is being transferred into 
high yielding backgrounds of wheat such as PBW373, 
UP2425, Raj3765, DPW50, HD2967 using molecular 
markers and microlevel tests. Materials with desirable 
traits are at different stages of development. One of the 
improved lines has been submitted for germplasm 
identi�cation.

Ÿ 19 wheat varieties of NWPZ were analysed for phenolic 
content and total antioxidant capacity in terms of DPPH 
radical scavenging activity from two locations namely 
Ludhiana and Pantnagar and it showed large variations 
and signi�cant effect of the environment on antioxidant 
levels.

SOCIAL SCIENCES

Ÿ During 2019-20, 1468 Wheat Frontline Demonstrations 
(WFLDs) of one acre each were conducted through 83 
cooperating centres covering 1479.52 acres area of 1607 
farmers in 19 states. Technologies such as improved 
wheat (T.aestivum, T.durum and T. dicoccum) varieties 
with complete package of practices, rotavator, zero 
t i l lage/happy seeder  and bio - fer t i l i zer  were 
demonstrated at the selected farmers' �elds.

Ÿ The maximum number of WFLDs were conducted in UP 
(190) followed by Bihar (142).  The maximum per cent 
yield gain was observed in Manipur (59.52%) followed 
by Assam (35.12%) and Jharkhand (32.23%). The per 
cent yield gain due to improved varieties over checks 
was highest in NHZ (23.94%) followed by NEPZ (21.55%), 
CZ (15.67%), PZ (10.43%) and NWPZ (08.07%).

Ÿ In case of improved durum varieties, the variety 
HD8759(d) gave an average yield of 67.60 q/ha at Indore 
centre in CZ. In PZ, the variety MACS3949 (d) gave an 
average yield of 40.00 q/ha at Pune center. 

Ÿ In NHZ, at Almora centre, improved rainfed variety 
VL967 yielded 37.17 q/ha which was higher than the 
check varieties. Improved rainfed variety HS542 gave 
signi�cantly higher yield of 33.58 q/ha and 30.28 q/ha at 
Khudwani and Rajouri centres against check varieties 
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SKW355 and VL829, respectively. In CZ, DBW110 gave 
71.40 q/ha yield at Ujjain center, which was signi�cantly 
higher than the check variety HI1544. In PZ, NIAW3170 
yielded 41.90q/ha under rainfed condition at Niphad 
centre.

Ÿ Wheat FLDs gave ₹2.78 per rupee of investment in 
comparison to the check varieties (₹2.47). The returns per 
rupee of investment from wheat FLDs ranged from ₹3.74 
(Gujarat) to ₹1.88 (Tamil Nadu) across states, ₹3.32 (CZ) to 
₹2.38 (NHZ) across zones and ₹3.71 (Happy Seeder) to 
₹1.88 (Dicoccum wheat) across technologies. The pro�t 
per hectare in FLDs was highest in Gujarat (₹93444), 
followed by Madhya Pradesh (₹85402) and New Delhi 
(₹84547). On an average, with the adoption of a new 
wheat variety or production technology, a farmer earns 
₹63690/ha. Further, ₹707 have to be spent to produce a 
quintal of wheat through new technology against 
₹798(farmer's practices: check plots).

Ÿ High cost of inputs, small land holding, Phalaris minor, 
non-availability of labour, non-availability of seed of 
newly released varieties, untimely rain, low price of 
wheat, lack of canal irrigation facility, decline of water 
table, higher customer hiring rate for �eld operations 
were perceived as major constraints in wheat production 
in the country. 

Ÿ During 2019-20, 231 Barley Frontline Demonstrations 
(BFLDs) of one acre each were conducted by 20 
cooperating centers across six states namely, HP, UP, 
Punjab, Haryana, Rajasthan and MP, covering 237 acres 
area of 251 farmers. Improved barley varieties with 
complete package of practices (irrigation management, 
nutrient management, weed control, seed treatment 
etc.) were demonstrated.

Ÿ The highest per cent gain in barley yield was recorded in 
UP (31.05 %) followed by HP and MP (23.31%). The lowest 
gain in yield was reported in Haryana (5.95 %).

Ÿ In NHZ, barley variety BHS400 was the average highest 
yielding (30.58 q/ha) variety at Bajaura centre. In NEPZ, 
RD2907 at Mirzapur (52.88 q/ha), RD2907 at Durgapura 
(65.15 q/ha) in NWPZ and RD2899 at Vidisha (50.55 q/ha) 
in CZ were the highest average yielding varieties.

Ÿ BFLDs gave around 12% pro�t per hectare in comparison 
to the check. Under BFLDs, Uttar Pradesh registered the 
highest returns per rupee of investment (₹4.50) through 
demonstrations, followed by Punjab (₹3.58) and Haryana 
(₹2.58). The pro�t per hectare in BFLDs was highest in 
Rajasthan (₹62654), followed by Uttar Pradesh (₹62269) 
and Punjab (₹60003). The returns per rupee of 

investment were highest in the NEPZ (₹4.50), followed by 
NWPZ (₹2.89) and CZ (₹2.29). Cost of production 
indicated that it was least (₹442 per quintal) in Uttar 
Pradesh (NWPZ) owing to less operational costs coupled 
with increased yields levels. 

Ÿ Resistance against herbicides, high cost of inputs, 
decline in water table, low price of barley grain, lack of 
canal irrigation facility, small land holding, non-
availability of labour, temperature �uctuation during 
crop growth, higher customer hiring rate for �eld 
operations and Phalaris minor were perceived as major 
production constraints in barley.

Ÿ ICAR-IIWBR conducted 20 wheat FLDs using varieties 
DBW187, HD3226 and HPBW01 with a complete package 
of practices over 20 acres area at twenty farmers' �elds in 
the villages namely Ramba and Butana in Karnal District 
and villages Bid Amin, Fatuhpur, Mirzapur and Dabkheri 
in Kurukshetra District of Haryana state.

Ÿ The ICAR-IIWBR team accompanied by the experts from 
the Ministry of Agriculture & Farmers Welfare and the 
concerned centres, monitored the FLDs conducted by 
Niphad Nasik, Pune, Imphal, Kalyani, Wellington, 
Dharwad, Meerut, Shamli, Saharanpur, Muzaffarnagar, 
Bilaspur, Jagdalpur, Kanke Ranchi, Morabadi Ranchi, 
Pusa Samastipur, Rewa, Panna and Jabalpur centres. 

Ÿ The study under the project 'Diagnosis of zero tillage 
based rice-wheat system in Haryana' was conducted in 
Karnal, Yamunanagar, Kaithal and Rohtak districts of 
Haryana during 2015-16 to 2019-20. A total of 420 
farmers were selected for this study. The impact was 
studied by using pre and post method and bene�ciary 
and non-bene�ciary methods. In Karnal, Yamunanagar 
and Kaithal districts zero tillage method was compared 
with conventional method whereas in Rohtak district the 
impact was studied by comparing bene�ciaries of zero 
tillage with non-bene�ciaries. The study revealed that 
majority (39.67%) of the respondent farmers belonged 
to 31-40 years age group followed by 41-50 years age 
group (32.33%). A total of 85.67% of the sampled farmers 
were below 50 years of age. It shows the involvement of 
youth in agriculture of Haryana. Only �ve percent of the 
farmers were illiterate. Majority (36.33%) of them were 
matriculate and 10+2 (22.33%). Agriculture was the 
primary occupation of 88.33% of the farmers and 9.67 
were involved in dairying along with agriculture. 
Dairying was the subsidiary occupation of 32.33% of the 
farmers.  Out of 300 farmers, majority (60%) were in large 
category (>10 acres of land holding). Only 2.67% were 
under marginal category. Tube well was the main source 
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of irrigation for majority of the farmers. Quality of water 
was normal in the study area and the soil was medium to 
heavy with high to medium fertility. Few farmers were 
found burning crop residue to get their �eld clear for 
sowing of wheat crop but their number was quite low. 
With the State Department of Agriculture initiatives the 
number was continuously decreasing. Under the study it 
was found that 99.33% of the farmers adopted zero 
tillage method for sowing of wheat. They used either 
zero till seed drill or turbo happy seeder for sowing of 
wheat. Direct seeded rice technology was adopted by 
32.67% of the farmers and 58.67% of the farmers 
adopted both technologies at their farm. It was 
observed that for zero till seed drill, custom hiring 
charges were ` 600-700/acre, for turbo happy seeder     
` 1000-1200 and for DSR  ̀  900-1000. If any farmer wants 
to purchase these machines, he can avail 50% subsidy, 
but if these machines are purchased for custom hiring 
centres then they can avail 80% subsidy. This is a strong 
initiative by Haryana Government to popularise these 
technologies in the state. 

Ÿ The most frequently used wheat variety under zero 
tillage conditions was HD 2967 and was adopted by 
91.95% of the farmers. HD 3086 was the second most 
commonly used wheat variety by 28.19% farmers. The 
other varieties were HD 1105 (8.05%), DBW 88 (5.37%) 
and others (HD 2851, HDCSW 18 and PBW 723) only 
3.02%. 

Ÿ The impact of zero tillage technology was studied on a 
number of parameters and it was found that 80.54% of 
the farmers felt that it takes less time in comparison to 
conventional tillage for sowing of wheat crop. Majority 
(84.56%) have used same seed rate, observed better 
germination (55.37%), applied similar quantity of 
fertilizer (57.38). But some of the farmers used less 
(13.9%) and more (22.82%) than the recommended 
dose. 

Ÿ It was also observed by majority of farmers (71.47%) that 
there was decrease in number of narrow leaf weeds 
under zero tillage, increase by 2.01% farmers and 
28.51% farmers did not �nd any difference in weed 
population. In case of broad leaf weeds there was 
increase in number in zero tillage �elds and was 
recorded by 20% farmers but majority (32.21%) 
observed no change. There was decrease in overall weed 
population under zero tillage and 94.97% observed it in 
their �elds. Majority (82.55%) felt less water requirement 
under zero tillage wheat than conventionally sown 
wheat. Most of the farmers (94.97%) found it cost 

effective and large majority harvested more yield i.e. 2-
3q/ha under zero tillage. A large majority (91.95%) of 
them observed that there was not any change in crop 
duration under both the conditions. 

Ÿ Impact of zero tillage on soil parameters was also 
recorded and was found that fertility status has 
increased due to adoption of ZT and was experienced by 
93.62% farmers. Majority of them (83.22%) found 
increased organic carbon content in soil of ZT �elds due 
to incorporation of rice residue during sowing. 
Increased moisture retention capacity was observed by 
88.93%, less lodging by 92.285 and avoidance of 
terminal heat by 93.96% farmers. Soil physic-chemical 
properties also enhanced due to continuous adoption 
of zero tillage. It could be inferred from all �ndings that 
zero tillage technology is a boon for wheat farmers and 
with its adoption majority of the problem associated 
with rice- wheat system can easily be addressed. 

Ÿ In this project 'Identifying yield gaps, resource use and 
adaptation strategies in vulnerable regions of wheat and 
barley production against climate change', primary data 
on wheat production particulars and socio-economic 
characteristics of farm households were collected 
during 2019 from 200 wheat and 100 barley producers 
across two randomly selected districts of Eastern Uttar 
Pradesh viz., Allahabad and Ghazipur (moderate 
vulnerable category). 

Ÿ In the case of wheat, the Yield Gap I was found to be 
negative in Allahabad (-8 % : -4 Q/ha) and the Yield Gap II 
was highest in Allahabad (148.63 % : 28.89 Q/ha). 
Analysis of resource use pattern indicated that there 
exists signi�cant difference in the use of resources 
between Allahabad and Ghazipur districts of Eastern 
Uttar Pradesh. Seeds were used more than the 
recommended doses. Fertilizers were used either below 
or above the recommended doses across the selected 
farms. Among all inputs, expenditure incurred on 
manure/bio-fertilizer showed a signi�cant difference.

Ÿ  The implications of the results indicate that wheat crop 
is sensitive to weather anomalies during �owering, 
milking and dough stage in the selected study regions. 
In the case of barley, the identi�ed sensitive crop growth 
stages are: tillering, �owering, grain hardening and 
ripening. 

Ÿ The scoring analysis indicated that the awareness level 
was too low with respect to adaptation strategies and 
poor access to the technologies and very poor adoption 
rate barring improved management with new crop 
varieties, application of more organic manures, 
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supplemental irrigation through groundwater, irrigation 
depth/frequency and insurance. The analysis indicated 
the need for increasing the awareness of climate smart 
farming practices and adaptation strategies among the 
farmers in Eastern Uttar Pradesh, especially with 
conservation agriculture.

Ÿ Under the TSP project, the following eight centers were 
included for the year 2019-20, namely, Lahaul & Spiti 
(HP), Leh (J&K), Khudwani (J&K), Jabalpur (MP), Udaipur 
(Rajasthan), Bilaspur (Chhattisgarh), Ranchi (Jharkhand) 
and Dharwad (Karnataka). During 2019-20, different TSP 
activities were carried out. The demonstrations on wheat 
crop were conducted with complete package of 
practices at 66, 50, 60, 43, 60 and 23 farmers' �elds at 
Khudwani, Jabalpur, Udaipur, Bilaspur, Dharwad and 
Ranchi centers,  respectively.  Under TSP wheat 
demonstrations, the seeds of improved wheat varieties 
were supplied. Thirteen training programmes on wheat 
production technology were conducted at Khudwani (2), 
Bilaspur (2), Dharwad (1), Leh (4) and Lahaul & Spiti (4) 
centers. Three Awareness camps/Exhibitions/ Exposure 
visits were organised. Three publications, one at 
Khudwani and two at Dharwad center were published. 
Under the 'Grant in Aid-General' head in budget, funds 
have been approved and released for the year 2020.

Ÿ Apart from the above activities, Social Sciences unit 
coordinates the Government �agship development 
programmes like 'Mera Gaon Mera Gaurav' scheme, 
activities pertaining to doubling farmer income, creating 
awareness on soil health cards etc. During the period, 
different activities likes training programmes (3), 
awareness programmes (2) were organised at ICAR-IIWBR 
apart from participation in 7 exhibition/outreach 
programmes and 2 TV programmes and 21 coordination 
visits of various stakeholders. The farmers were advised on 
various aspects of wheat and barley cultivation. More than 
600 farmers/entrepreneurs/others stakeholders were 
provided replies to their queries via multiple platforms. 
Weekly advisories were also issued to the farmers on 
weather and cultural practices during the crop season.

BARLEY IMPROVEMENT

Ÿ A production of 1.69 MT of barley from an area of 6.18 
lakh ha was achieved in the country during 2019-20 with 
average productivity of 27.3 q/ha.

Ÿ Out of 86 yield evaluation trials proposed, 84 trials were 
conducted and after the analysis, only 78 trials (91% of 
proposed, 95% of conducted) were found good for 
reporting. These trials were conducted at 11 main 

centres and 30 testing centres (including ICAR, SAUs and 
State Department of Agriculture) during Rabi 2019-20. 

Ÿ In all 97 test entries contributed by 12 centres, were 
evaluated against 24 checks in the coordinated yield 
trials under rainfed (plains and hills), irrigated (plains) 
and saline soils conditions.

Ÿ A malt barley variety DWRB182 with low levels of grain 
and wort beta glucans content was released for 
cultivation in North Western Plain Zone.

Ÿ A genetic stock DWRB207 with resistance to stripe rust 
coupled with good 1000 grain wt. and low protein 
content was got registered with NBPGR.

Ÿ Breeder seed production of 997.25q of 28 barley varieties 
was organized against the indent of 526.97q with help of 
coordinated research centers. 

Ÿ Six germplasm lines namely, BYT-HI (2019-20) (entry nos. 
th6, 11 and 13) and 7  GSBYT (2019-20) (entry nos. 10, 11 

and 15) were found superior in ICARDA nurseries under 
multi-locational evaluation.  

Ÿ A total of 8239 accessions of barley are being conserved 
and maintained in medium term storage facility in 
module at ICAR-IIWBR, Karnal. A total of 498 germplasm 
lines were rejuvenated during rabi 2019-20 and 652 were 
exchanged.

Ÿ There is a strong correlation between grain beta amylase 
activity and malt diastatic power.

Ÿ Two genotypes SLOOP SA WL 3167 and SLOOP VIC VB 
9953 have been identi�ed for very low wort beta glucans 
content in malting quality evaluation, while DWRB182 
was a good combination of grain and malt traits with 
other traits required as a variety for commercial 
cultivation.

Ÿ Application of Pusa Hydrogel and a New Hydrogel @ 2.5 
-1kg ha  resulted in signi�cantly higher grain yield as 

compared to control conditions. One irrigation water (6 
lac litre/ha) can be saved by use of the hydrogel by 
producing same level of yield.

Ÿ In NHZ, conventional tillage and zero tillage+residue 
were at par and superior to zero tillage alone. Being the 
importance of residue in soil fertility build up and saving 
of resources at the time of sowing, zero tillage + residue is 
recommended for barley sowing in NHZ. 

Ÿ Soil application with zinc sulphate @ 25 kg/ha was found 
superior as compared to all soil and foliar application in 
NWPZ. In NHZ, NEPZ and CZ, soil application with zinc 
sulphate @ 25 kg/ha followed by foliar application (0.5% 
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zinc sulphate) at heading and early milk stage was found 
superior compared to all other treatments. 

Ÿ Different malt barley varieties produced maximum yield 
under 60 kg per ha after which crop lodged due to rain 
and high winds at the time of maturity and affected the 
yield adversely under higher nitrogen doses (> 60 
kg/ha). 

Ÿ Four AVT entries (DWRB182, DWRB196, DWRB197 and 
PL908) and checks (DWRB101, DWRB123, DWRB160, 
RD2849 & BH902) were characterized at molecular level 
to analyze genetic variability in advanced varietal trials 
2019-20 using barley speci�c molecular markers (46 
SSR/STS markers covering seven chromosomes).  

REGIONAL STATION, SHIMLA

Ÿ Lr80, a widely effective leaf rust resistance gene was 
identi�ed in 2DS chromosome of wheat land race, Local 
Hango. It confers resistance to all the predominant and 
virulent pathotypes of Puccinia triticina in India. Tightly 
linked markers will help in its precise transfer to wheat 
germplasm and increase the diversity for leaf rust resistance. 

thThis is the 6 rust resistance gene designated from India. 

Ÿ There was no report of any major rust epidemic in wheat 
growing areas in India. Stripe (yellow) rust was observed 
in localized �elds of some areas in Northern India. Leaf 
(brown) rust was recorded sporadically in some areas 
from Maharashtra, Karnataka, Gujarat and Madhya 
Pradesh. There were few reports of stem (black) rust of 
wheat and barley in farmer's �eld from some areas of 
Peninsular India. Practically it was another rust free 
wheat year. A total of 897 samples of three rusts of wheat 
and barley were analyzed during the year from fourteen 
Indian states, and Nepal. These samples comprise 305, 
127 and 465 samples of stripe, stem and leaf rusts, 
respectively. Stripe rust resistance genes Yr5, Yr10,Yr13, 
Yr15, Yr16 and YrSp; stem rust resistance genes Sr26, Sr27, 
Sr31, Sr32, Sr35, Sr39, Sr40, Sr43, SrTt3  and SrTmp; and leaf 
rust resistance genes Lr24, Lr25, Lr29, Lr32, Lr39, Lr42, Lr45 
and Lr47 were effective against the population of 
Puccinia striiformis f. sp. tritici (Pst), P. graminis tritici (Pgt) 
and P. triticina (Pt) populations, respectively. Pathotype 
238S119 of P. striiformis was the most predominant 
among the seven pathotypes and was observed in 
44.06% samples. The population of 46S119 has declined 
to 33.2% followed by 110S119 in 18.98% of the samples.   
Pathotype 11 of P. graminis tritici was the most occurring 
pathotype and was observed in 88.2% of the samples 
followed by 40A in 4.7% samples. Pathotype 77-9 
(121R60-1) followed by 77-5 (121R63-1) were the most 

widely prevalent pathotypes of P. triticina and were 
found in 50.3% and 77-5(28.2%) samples, respectively.

Ÿ Seedling resistance evaluation of more than 3500 wheat 
and barley lines was conducted against an array of 
pathotypes of Pgt, Pt and Pst, having predominance and 
different avirulence/virulence structures. These lines 
include 137 of AVT I and II, 160 of NBDSN and EBDSN, and 
lines received from Breeder's and other sources.

Ÿ Resistance to all the rusts was not observed in any wheat 
line. PBW813 was resistant to stem and stripe rusts. 
Whereas HI1641, HI1642 and MACS6752 were resistant 
to leaf and stem rusts. Twenty other lines were resistant 
to leaf and 4 to stem rust only. In addition, 25 lines having 
Sr31/Lr26/Yr9 were resistant to stem rust. Four Yr genes 
(Yr2, Yr9, YrA, andYr18) were inferred in 95 advance wheat 
lines. Similarly,Ten Lr genes viz. Lr1, Lr2a, Lr3, Lr10, Lr13, 
Lr18, Lr23, Lr24, Lr26 and Lr34 were characterized in 112 
lines and thirteen stem rust resistance genes (Sr2, Sr5, 
Sr7b, Sr8a, Sr8b, Sr9b, Sr9e, Sr11, Sr13, Sr24, Sr28, Sr30 and 
Sr31) were characterized in 122 AVT lines. 

Ÿ APR to both leaf and stripe rusts was not observed on 
any wheat line. DBW187 possessed APR to all the three 
pts. of Pst and pt. 77-5 of Pt. Likewise HD3086 conferred 
APR to Pst and pt.104-2 of Pt whereas HD3332 to Pst and 
pts.77-5 and 77-9 of Pt.

Ÿ None of the NBDSN lines was resistant to all the rusts of 
barley.  Twelve lines were resistant to both leaf and stripe 
rusts, one to stem and stripe rusts whereas 4 to leaf and 
stem rusts. In addition, 16 lines were resistant to stripe, 2 
to stem and 22 to leaf rust only.In EBDSN, none of the 44 
lines had resistance to three rusts. However, 9 lines were 
resistant to leaf and stripe rusts, 1 to stem and stripe 
rusts, 2 to leaf and stem rusts. Resistance to individual 
rust was observed in 19 lines. Of these 10 lines showed 
resistance to stripe, one to stem and 8 to leaf rust only. 

Ÿ Lr68 which cannot be identi�ed through host pathogen 
interactions was identi�ed through a tightly linked 
marker in 34 of the 102 wheat accessions evaluated. 
DNA polymorphism studies were conducted on 
selec ted pathotypes of  three rusts.Sufficient 
polymorphism was observed in 29 pathotypes of P. 
graminis tritici, 11 pathotypes of P. striiformis and 5 new 
pathotypes of P. triticina.

Ÿ National repository of more than 120 pathotypes of 
different rust pathogens was maintained in live culture 
as well as cryo-preserved. Nucleus/bulk inoculum of 
different pathotypes of rust pathogen was supplied to 
45 Scientists/centers for conducting wheat and barley 
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rust research elsewhere in India. Less important and 
avirulent pathotypes have been put under long term 
storage. To monitor, the occurrence/spread of diseases, 
wheat disease monitoring nursery (WDMN/TPN) and 
SAARC wheat disease monitoring nursery were 
organized and conducted at more than 37 locations in 
India and 28 locations across the six SAARC countries, 
respectively. There was not major outbreak of any 
disease in the region.

REGIONAL STATION DALANG MAIDAN (Lahaul & Spiti)

Ÿ About 9000 wheat accessions and 2000 barley 
accessions are being conserved and maintained under 
natural conditions in the station building. 

Ÿ Department of Irrigation & Public Health,  Govt. of 
Himachal Pradesh repaired the irrigation pipeline from 
Chokerling Nallah in Gondhla to RS Dalang Maidan. 

Ÿ Under Tribal Sub Plan, a three days training programme 
was organized for farmers of Lahaul-Spiti at ICAR-IIWBR, 
Karnal.

SEED AND RESEARCH FARM, HISAR

Ÿ A total of 1011.65 quintals of wheat and barley breeder 
seed was produced during the season. Of which 765.5 
quintal breeder seed of three wheat varieties while 
246.1 quintal breeder seed of barely varieties was 
produced.

Ÿ A total of 47.24 quintals of wheat and barley mixture was 
generated, which fetched a revenue of  ̀  67053.

Ÿ To improve the soil productivity, Sesbania (dhaincha) 
was grown as green manure crop in 185 acres of land 
during the kharif season.  

OTHER INSTITUTIONAL ACTIVITIES

Ÿ During the year, institute organized National Symposium 

on Disease Management, Brainstorming session on 
Wheat Production Technology, International Workshop 
on DUS testing in Wheat and Barley and National 
Workshop on Use of Digital Field Book.

th
Ÿ The institute organized 59  All India Wheat and Barley 

Research Workers' Meet in virtual mode from August 24-
25, 2020.

Ÿ Two Institute Research Council meetings were organized 
under the chairmanship of Dr. GP Singh, Director, ICAR-
IIWBR, Karnal on 11/2/2020 and 29/10/2020.

Ÿ Institute celebrated Foundation day, Gandhi Jayanti 
Utsav, Swachhata Pakhwada, International Day of Yoga, 
World Soil Day, Constitutional Day etc.

Ÿ During the year, institute got Krishi Sansthan Samman 
Award-2020. Dr. GP Singh, Director, ICAR-IIWBR, Karnal 
received Dr. AB Joshi Memorial Award, Outlook 
Outstanding Scientist Award-2020 and National Award 
for Outstanding Leadership in Agriculture. Institute's 
scientists won various prestigious National Awards like 
Dr. MV Rao Memorial Award, S Nagarajan Memorial 
Award-2020, Professor Mahatim Singh Memorial Award-
2020. 

Ÿ Institute's scientists published around 82 research 
papers in various national and international journals of 
repute. 

Ÿ Many dignitaries including Shri Sanjay Bhatia, 
MP(Karnal); Shri Sanjay Singh, Secretary, ICAR, N. Delhi, 
Dr. AK Singh, DDG (Agri. Extension), ICAR, N. Delhi; Dr. RC 
Agarwal, DDG (Agri. Education), ICAR, N. Delhi; Dr. KV 
Prabhu, Chairperson, PPV&FRA, N. Delhi; Dr. Anil Joshi, 
Founder HESCO; Dr. MS Chauhan, Director, NDRI, Karnal 
and Dr. Samar Singh, VC, Maharana Pratap Horticultural 
University, Karnal visited the institute.
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1. CROP IMPROVEMENT

Table 1.1: Wheat varieties released by CVRC during 2020

Release of new varieties for different zones/states

Central released varieties

During the year 2020, the Central Sub-Committee on 
Crops Standards, Noti�cation and Release of Varieties for 

th thAgricultural Crops (CVRC) in its 84  and 85  meeting 
recommended the release and noti�cation of eight bread 
wheat varieties, namely NIAW3170, CG1029, DBW303, 
HD3298, HD3293, HI1633, HI1634, WH1270; and three 
durum wheat varieties namely MACS4058, DDW48, 
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SN Variety Areas of  Developed by Prod. condition Grain yield (q/ha) Special features
  adoption   Potential Average

Bread Wheat 

1 DBW 303 NWPZ ICAR-IIWBR,  IR, ES, High  97.40  81.20 Resistance to yellow
  (Karan Vaishnavi)  Karnal fertility        and brown rust. High 
        grain protein content 
        (12.1%), good 
        Chapatti quality

2 WH 1270 NWPZ CCSHAU, Hisar IR, ES, High  91.5  75.85 R esistance to yellow 
    fertility    and brown rusts

3 HD3298 NWPZ ICAR-IARI, VLS, IR 47.40  39.00 Grain protein (12.12 %);  
    N. Delhi     Fe:43.1ppm, Chapatti 
        quality (7.78) and 
        Bread quality (7.27)

4 NIAW 3170  NWPZ&PZ MPKV-ARS,  TS, RIR 71.70   51.1  Soft grains, good 
 (Phule Satwik)  Niphad  (NWPZ), (NWPZ),  biscuit spread factor 
     44.30 (PZ) 36.80(PZ) (NWPZ:10.18; PZ:9.34) 

5 HD 3293 NEPZ ICAR-IARI, TS, RIR 60.70  39.30 Resistant to Black and  
   N. Delhi     Brown rusts;  good 
        Chapatti quality; 
        tolerance to heat stress

6 CG 1029  CZ IGKV RS,  LS, IR 94.90  52.10 Resistant to Black and   
 (Kanishka)  Bilaspur     Brown rusts;  good 
        Chapatti quality; 
        tolerance to heat stress

7 HI 1634  CZ ICAR-IARI (RS),  LS, IR 95.70  51.60 Good Chapatti 
 (Pusa Ahilya)  Indore     quality, highly 
        resistance to brown 
        and black rusts

8 HI 1633  PZ ICAR-IARI (RS),  LS, IR 65.80  41.70 Nutritionally rich  
 (Pusa Vani)  Indore     variety (Protein: 12.4%, 
        Iron : 41.66 ppm and 
        Zinc: 41.1ppm, Highly   
        resistant to black rust

Durum wheat

9 NIDW 1149 PZ MPKV-ARS,  TS, RIR 36.80  29.70 Attractive grains and 
   Niphad     resistance to brown rust 
        and yellow rust

10 DDW 48 PZ ICAR-IIWBR,  TS, IR 72.00 47.40   Protein: 12.1 %, yellow 
   Karnal     pigment: 5.6 ppm, high 
        pasta acceptability, 
        resistance to brown rust
11 MACS 4058  PZ ARI, Pune TS, RIR 37.10 30.60 Highly resistance to leaf 
        and stem rusts, protein 
        content (12.8%) 



NIDW1149 for different production conditions in various 
z o n e s  ( Ta b l e  1 . 1 ) .  T h e  S u b - C o m m i t t e e  a l s o 
recommended the extension of areas For adoption of 
DBW187 (Karan Vandana) and WB2 (under denomination 

thWB02 (Rajendra Gehoon 3) in 85  meeting to irrigated, 
early sown high fertility condition of NWPZ and Bihar 
state, respectively. 

Parentage of CVRC released varieties

1.   DBW303:WBLL1*2/BRAMBLING/4/BABAX/LR42/ /BABAX* 
2 /3/SHAMA*2/5/PBW343*2/ KUKUNA*2//FRTL/PIFED

2.   WH1270: SHA7//PRL/VEE#6/3/FASAN/4/HAAS8446/2*TRC 
H/4/WHEAT//2*FASAN/5/CBRD/KAUZ/6/MILAN/AMSEL/7/
FRET2*KUKUNA/8/2*WHEAT/SOKOLL

3. HD3298: CL1449/PBW343//CL882/HD2009

4. NIAW3170 (Phule Satwik): SKOLL/ROLF07

5. HD3293: HD2967/DBW46

6. CG1029 (Kanishka): HW 2004/ PHS 725

7. HI1634 (Pusa Ahilya): GW 322/PBW 498

8. HI1633 (Pusa Vani): GW 322/PBW 498

9. NIDW1149 (d): NIDW295/ NIDW15

10. DDW48 (d): HI8498/PDW233//PDW291

11. MACS4058 (d): MACS3125/AKDW2997-16//MACS3125

State released varieties

Five wheat varieties namely GW 499, GW 1339(durum), VL 
Gehun 2015, Chattisgarh Hansa Wheat (CG 1023) and MP 
3465 were recommended for noti�cation by the Central Sub-

Committee on Crops  Standards, Noti�cation and Release of 
Varieties for Agricultural Crops for different production 
conditions prevailing in the named states (Table 1.2).

Parentage of SVRC released varieties

1. GW 499 : CLN 3/PHR 1007 // GW 336

2. GW 1339 (Durum): DDW04/4/MEMO/YAV//AVK/3/RD 214

3. VL Gehun 2015: Sale 6

4. Chattisgarh Hansa Wheat (CG 1023): 
BOW/VEE/5/ND/VG9144//KAL/BB/3/YACO/4/CHIL/6/CASK
OR/3/CROC_1/ AE SQUARROSA 
(224)/OPATA/PASTOR//MILAN/KAUZ/3/BAV92

5. MP 3465: 
NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/KACHU/
6/KACHU

Registration of new genetic stocks

During the year 2020, �fteen genetic stocks of wheat were 
found suitable for registration by the Plant Germplasm 
Registration Committee for traits like disease resistance to 
rusts and spot blotch, higher protein content, water use 
efficiency, heat tolerant, drought tolerant,  high grain iron 
and zinc content. The genetic resources unit of the IIWBR, 
Karnal multiplies the seeds of these registered genetic 
stocks and supplies to breeder across the country for use in 
wheat improvement (Table 1.3). 

Genetic resources for wheat improvement

Germplasm exchange

During 2020, 451 accessions were obtained from various 
institutes including 264 land races of Indian wheat and 18 

CROP IMPROVEMENT

Table 1.2: Wheat varieties released by SVRC during 2020

SNo. Variety Developed by State Production   Yield (q/ha)  Special features

     condition Potential  Average   

1. GW 499  Wheat Research  Gujarat LS,IR 59.90  46.02 Resistance to brown and  
  Station (SDAU),       black rusts
  Vijapur

2. GW 1339  Wheat Research  Gujarat TS,IR 67.60  49.60 Yellow pigment: 5.5 ppm 
 (Durum) Station (SDAU),       
  Vijapur

3. VL Gehun ICAR-VPKAS,  Uttarakhand TS, RF for 36.67  19.88  Sedimentation value:
 2015 Almora hills organic      60ml, resistance to
    cultivation     yellow and brown rusts

4. Chattisgarh  IGKV RS,  Chattisgarh TS,IR 42.0  32.14 Chapati score: 8.06 &  
 Hansa Wheat  Bilaspur      Zinc: 40.4ppm
 (CG 1023)

5. MP 3465 JNKV, Jabalpur Madhya  TS, RIR 73.2  59.41 Resistant to brown and 
   Pradesh     yellow rust,    high protein

Table 1.3: Genetic stocks registered during 2020

Resistant to black, brown and yellow 
rusts; and �ag smut.

Resistant to leaf and stripe rusts; Karnal 
bunt and �ag smut.

High sedimentation value under very late 
(January) sown conditions of northern 
plains. Resistance to leaf rust, Karnal bunt 
and �ag smut.

High grain zinc content (78.4ppm).

Resistant to all the patho types of brown 
rust except 77-8 due to presence of 
genes Lr19/Sr25

Early maturity with high yield

High water use efficient genotype with 
low drought susceptibility index. Heat 
tolerant genotype

Heat tolerant genotype with lower grain 
yield reduction under heat stress

Drought as well as heat stress tolerance 
genotype

High grain protein content (14.4%)

High number of grains per spike >60 
along with high thousand grains weight 
and iron content (>42 ppm).

High grain protein content (14.33%) 
along with high iron content (49 ppm) 
and zinc content (43.5ppm).
Drought tolerance genotype with low 
drought sensitivity

aphid resistance lines from CIMMYT, Mexico. Institute also 
supplied 2282 accessions of wheat to various indenters for 
research purposes. 

Export

After taking the approval from DARE/ICAR, 350 advance 
lines of wheat were exported to Bangladesh and Mexico 
through NBPGR/CIMMYT for screening against wheat blast 
at hot spot locations in Bangladesh and Bolivia.

Characterisation

A total of 523 indigenous and exotic accessions comprising 
460 accessions of T. aestivum, 49 accessions of T. durum, 12 of 
T. dicoccum and one each of triticale and sphaerococcum 
were evaluated and characterized as per DUS testing 
guideline for 36 characters during 2019-20. A wide range of 
variation was observed for days to heading (88-136 days); 
plant height  (72-151cm); �ag leaf length (18.8-48.2 cm); 
1000 grains weight (8-49.10); spike length (5.5-17 cm); 

CROP IMPROVEMENT

High grain iron content (62.9ppm).

SN Genotype Registration  National ID  Developing Centre  Traits  
  number number

1 HI8791 INGR20005 IC635014 ICAR-IARI (RS), Indore  
      

2 HI1619 INGR20006 IC635015 ICAR-IARI (RS), Indore

3 DBW278 INGR20007 IC635016 ICAR-IIWBR, Karnal

4 DBW166 INGR20008 IC635017 ICAR-IIWBR, Karnal

5 RWP-2017-21 INGR20009 IC635018 ICAR-IIWBR, Karnal

6 RW5 INGR20010 IC635019 ICAR-IIWBR, Karnal

7 Karan Poshan INGR20011 IC635020 ICAR-IIWBR, Karnal
  1 (33/2/1)

8 Karan Poshan INGR20012 IC635021 ICAR-IIWBR, Karnal
  2 (98/3)

9 HS628 INGR20013 IC635022 ICAR-IARI Regional 
    Station, Shimla

10 GW2014-596 INGR20014 IC633422 Wheat Research Station
     (SDAU), Vijapur

11 GW2010 288 INGR20015 IC623434 Wheat Research Station 
    (SDAU), Vijapur

12 UP2994 INGR20016 IC635426 GBPUA&T, Pantnagar

13 QST1910 INGR20017 IC635697 ICAR-IIWBR, Karnal

14 GW2012-475 INGR20081 IC633421 Wheat Research Station 
    (SDAU) Vijapur

15 GW2010-321 INGR20082 IC633420 Wheat Research Station 
    (SDAU), Vijapur

Early maturity with high yield
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NIDW1149 for different production conditions in various 
z o n e s  ( Ta b l e  1 . 1 ) .  T h e  S u b - C o m m i t t e e  a l s o 
recommended the extension of areas For adoption of 
DBW187 (Karan Vandana) and WB2 (under denomination 

thWB02 (Rajendra Gehoon 3) in 85  meeting to irrigated, 
early sown high fertility condition of NWPZ and Bihar 
state, respectively. 

Parentage of CVRC released varieties

1.   DBW303:WBLL1*2/BRAMBLING/4/BABAX/LR42/ /BABAX* 
2 /3/SHAMA*2/5/PBW343*2/ KUKUNA*2//FRTL/PIFED

2.   WH1270: SHA7//PRL/VEE#6/3/FASAN/4/HAAS8446/2*TRC 
H/4/WHEAT//2*FASAN/5/CBRD/KAUZ/6/MILAN/AMSEL/7/
FRET2*KUKUNA/8/2*WHEAT/SOKOLL

3. HD3298: CL1449/PBW343//CL882/HD2009

4. NIAW3170 (Phule Satwik): SKOLL/ROLF07

5. HD3293: HD2967/DBW46

6. CG1029 (Kanishka): HW 2004/ PHS 725

7. HI1634 (Pusa Ahilya): GW 322/PBW 498

8. HI1633 (Pusa Vani): GW 322/PBW 498

9. NIDW1149 (d): NIDW295/ NIDW15

10. DDW48 (d): HI8498/PDW233//PDW291

11. MACS4058 (d): MACS3125/AKDW2997-16//MACS3125

State released varieties

Five wheat varieties namely GW 499, GW 1339(durum), VL 
Gehun 2015, Chattisgarh Hansa Wheat (CG 1023) and MP 
3465 were recommended for noti�cation by the Central Sub-

Committee on Crops  Standards, Noti�cation and Release of 
Varieties for Agricultural Crops for different production 
conditions prevailing in the named states (Table 1.2).

Parentage of SVRC released varieties

1. GW 499 : CLN 3/PHR 1007 // GW 336

2. GW 1339 (Durum): DDW04/4/MEMO/YAV//AVK/3/RD 214

3. VL Gehun 2015: Sale 6

4. Chattisgarh Hansa Wheat (CG 1023): 
BOW/VEE/5/ND/VG9144//KAL/BB/3/YACO/4/CHIL/6/CASK
OR/3/CROC_1/ AE SQUARROSA 
(224)/OPATA/PASTOR//MILAN/KAUZ/3/BAV92

5. MP 3465: 
NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/KACHU/
6/KACHU

Registration of new genetic stocks

During the year 2020, �fteen genetic stocks of wheat were 
found suitable for registration by the Plant Germplasm 
Registration Committee for traits like disease resistance to 
rusts and spot blotch, higher protein content, water use 
efficiency, heat tolerant, drought tolerant,  high grain iron 
and zinc content. The genetic resources unit of the IIWBR, 
Karnal multiplies the seeds of these registered genetic 
stocks and supplies to breeder across the country for use in 
wheat improvement (Table 1.3). 

Genetic resources for wheat improvement

Germplasm exchange

During 2020, 451 accessions were obtained from various 
institutes including 264 land races of Indian wheat and 18 

CROP IMPROVEMENT

Table 1.2: Wheat varieties released by SVRC during 2020

SNo. Variety Developed by State Production   Yield (q/ha)  Special features

     condition Potential  Average   

1. GW 499  Wheat Research  Gujarat LS,IR 59.90  46.02 Resistance to brown and  
  Station (SDAU),       black rusts
  Vijapur

2. GW 1339  Wheat Research  Gujarat TS,IR 67.60  49.60 Yellow pigment: 5.5 ppm 
 (Durum) Station (SDAU),       
  Vijapur

3. VL Gehun ICAR-VPKAS,  Uttarakhand TS, RF for 36.67  19.88  Sedimentation value:
 2015 Almora hills organic      60ml, resistance to
    cultivation     yellow and brown rusts

4. Chattisgarh  IGKV RS,  Chattisgarh TS,IR 42.0  32.14 Chapati score: 8.06 &  
 Hansa Wheat  Bilaspur      Zinc: 40.4ppm
 (CG 1023)

5. MP 3465 JNKV, Jabalpur Madhya  TS, RIR 73.2  59.41 Resistant to brown and 
   Pradesh     yellow rust,    high protein

Table 1.3: Genetic stocks registered during 2020

Resistant to black, brown and yellow 
rusts; and �ag smut.

Resistant to leaf and stripe rusts; Karnal 
bunt and �ag smut.

High sedimentation value under very late 
(January) sown conditions of northern 
plains. Resistance to leaf rust, Karnal bunt 
and �ag smut.

High grain zinc content (78.4ppm).

Resistant to all the patho types of brown 
rust except 77-8 due to presence of 
genes Lr19/Sr25

Early maturity with high yield

High water use efficient genotype with 
low drought susceptibility index. Heat 
tolerant genotype

Heat tolerant genotype with lower grain 
yield reduction under heat stress

Drought as well as heat stress tolerance 
genotype

High grain protein content (14.4%)

High number of grains per spike >60 
along with high thousand grains weight 
and iron content (>42 ppm).

High grain protein content (14.33%) 
along with high iron content (49 ppm) 
and zinc content (43.5ppm).
Drought tolerance genotype with low 
drought sensitivity

aphid resistance lines from CIMMYT, Mexico. Institute also 
supplied 2282 accessions of wheat to various indenters for 
research purposes. 

Export

After taking the approval from DARE/ICAR, 350 advance 
lines of wheat were exported to Bangladesh and Mexico 
through NBPGR/CIMMYT for screening against wheat blast 
at hot spot locations in Bangladesh and Bolivia.

Characterisation

A total of 523 indigenous and exotic accessions comprising 
460 accessions of T. aestivum, 49 accessions of T. durum, 12 of 
T. dicoccum and one each of triticale and sphaerococcum 
were evaluated and characterized as per DUS testing 
guideline for 36 characters during 2019-20. A wide range of 
variation was observed for days to heading (88-136 days); 
plant height  (72-151cm); �ag leaf length (18.8-48.2 cm); 
1000 grains weight (8-49.10); spike length (5.5-17 cm); 

CROP IMPROVEMENT

High grain iron content (62.9ppm).

SN Genotype Registration  National ID  Developing Centre  Traits  
  number number

1 HI8791 INGR20005 IC635014 ICAR-IARI (RS), Indore  
      

2 HI1619 INGR20006 IC635015 ICAR-IARI (RS), Indore

3 DBW278 INGR20007 IC635016 ICAR-IIWBR, Karnal

4 DBW166 INGR20008 IC635017 ICAR-IIWBR, Karnal

5 RWP-2017-21 INGR20009 IC635018 ICAR-IIWBR, Karnal

6 RW5 INGR20010 IC635019 ICAR-IIWBR, Karnal

7 Karan Poshan INGR20011 IC635020 ICAR-IIWBR, Karnal
  1 (33/2/1)

8 Karan Poshan INGR20012 IC635021 ICAR-IIWBR, Karnal
  2 (98/3)

9 HS628 INGR20013 IC635022 ICAR-IARI Regional 
    Station, Shimla

10 GW2014-596 INGR20014 IC633422 Wheat Research Station
     (SDAU), Vijapur

11 GW2010 288 INGR20015 IC623434 Wheat Research Station 
    (SDAU), Vijapur

12 UP2994 INGR20016 IC635426 GBPUA&T, Pantnagar

13 QST1910 INGR20017 IC635697 ICAR-IIWBR, Karnal

14 GW2012-475 INGR20081 IC633421 Wheat Research Station 
    (SDAU) Vijapur

15 GW2010-321 INGR20082 IC633420 Wheat Research Station 
    (SDAU), Vijapur

Early maturity with high yield
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Developing novel germplasm resources through pre-
breeding 
A number of crosses were attempted involving wild 
accessions and the released varieties, and this year, twenty-
one F s were treated with colchicine for chromosome 1

doubling  so that some fertile seed are harvested.  Ten lines 
along with 6 checks were evaluated under timely irrigated, 

timely rainfed and late irrigated conditions for drought and 
heat tolerance and disease incidence. Based on the drought 
susceptibility index, three crosses namely, PBW-698 / EC- 
787010 (Neodur/Th.bessarabicum), NIDW-15 / (Chinese 
spring/Ae. speltoides), and DBW-39 / EC-78-7009 (Karim/ 
Th.bessarabicum) were highly tolerant under rainfed 
conditions (Table 1.6) where as for heat tolerance, �ve 

spikelets/spike (14-28); grains per spike (8-91); and grain 
weight/spike (0.0.48-3.58g). The promising accessions 
identi�ed for individual and multiple traits are given below:

Days to heading and maturity:  During 2019-20, none 
of the accessions were earlier than check variety WR 544. 

Plant height: Two accessions showed dwarfness and 
recorded plant height <80cm. These were EC 582321 and 
EC 582349, while seven accessions namely E 83, E 192, E 
271, E344, E 395, E 630 and E 1971 recorded plant height 
more than 150cm. 

Flag leaf length: Three accessions namely E 4035 (d), E 
10156, EIGN (2006-07)10 recorded �ag leaf length > 
40.0cm. 

Spike length: Ten accessions namely EIGN I (2006-07) 90, 
IC 212176A, EC 582316, EC 582330, E 581 (Triti), E 641, E 
1053, E 3249, E 3477 and E 4508 had ear length > 13.5cm.

Spikelets/ spike: During 2019-20, four accessions EC 
582316, EC 582322, E 4363(dicoccum), E 4687 
(dicoccum) had spikelet per spike equal to 26 and days 
to heading <117 days. Some of the accessions (EC 
582305, EC 582360, EC 582363, EC 582421, EC 582427, EC 
493711, E 192, E 261, E 395, E 901, E 1001, E 1971 & E 2061) 
also have spikelet per spike equal to or >26 but they are 
late in maturity.

Grains number/ spike:   Eight accessions IC 212176A, 
EIGN I (2006-07) 16, EIGN I (2006-07) 43, EC 582234, EC 
582245, EC 582316, E 2075 and E 2345 had more than 70 
grains per spike.

Grain weight/ spike: Four accessions (IC 212176A, EIGN I 
(2006-07) 16, EIGN I (2006-07) 43 & EC 582234) had grains 
weight/spike more than 3.5g. 

Thousand grains weight: During 2019-20, none of the 
entries had thousand grains weight > 50g but nine 
entries (E 282, E 3414 (Dur), E 3477, EIGN I (2006-07) 9, 
EIGN I (2006-07) 12, EIGN I (2006-07) 13, EIGN I (2006-07) 
23, EIGN I (2006-07) 25 and EIGN I (2006-07)) 40 had 1000 
grains weight >45g.

Accessions with multiple yield contributing traits: 
The IC 212176 A and EIGN I (2006-07) 16 were found 
promising for multiple yield traits. 

Registration of varieties with  PPV&FRA

Three wheat varieties namely DBW 222, DBW 252, and DDW 
47 were registered under extant category by the PPV&FRA, 
New Delhi vide registration number REG/2020/23, 
REG/2020/24, and REG/2020/25, respectively.

DUS testing in wheat

 A total of  6 candidate varieties (W 2019-1-  SRW 111, SRW 303, 
SRW 404 , SRW 252, SRW 231) of bread wheat were tested 
against 22 reference varieties. Similarly one durum wheat 
variety (Malav 221) was tested against 8 reference varieties. In 
grow-out test, 60 farmers' varieties of bread wheat and four 
farmers of durum were tested against 88 and 7 reference 
varieties, respectively. Data of all the centres viz. Karnal, Indore 
and Dharwad was compiled, analyzed and submitted to 
PPV&FR Authority for making decision regarding registration.

Contribution of entries in coordinated trials

A total of three entries were contributed to different station 
trials (timely sown, late sown, restricted irrigation) 
conducted in different zones of the country. One entry DBW 
359  is promoted from station trial to NIVT5A and NIVT 5B. 

Pre-breeding for wheat improvement 

Selection efficiency and the effectiveness, both are directly 
correlated with the variability available in the genepool of 
any crop. In wheat partiticularly, the variability is narrowing 
down and therefore the yield levels are stagnating. Pre-
breeding is an important tool for diversifying the gene pool 
and creating genetic variability in wheat and the wild 
relatives of wheat may provide a greater scope for 
introgressing the alien genes through wide hybridization. 
Keeping it in view, the evaluation and hybridization 
program involving wild sources is being carried at IIWBR. 

Hybridization with non-conventional germplasm

Every year, non-conventional and wild sources are used in 
crossing program to diversify the gene pool and this year 
more than 300 cross-combinations were attempted, to 
introgress the desirable genes particularly for biotic and 
abiotic stress tolerance, into Indian wheat varieties. 

Characterizing variation for various agronomical, 
physiological and quality traits in pre-breeding crossing 
block

We have designed our crossing block in such a way that it has 
maximum diversity in parents for various traits and sowing 
was done in a staggered way so that pollens are available at 
right time. In some cases the photoperiod was enhanced to 
18 hours for early �owering. The table (Table 1.4) given 
represents the variability for various traits in the crossing block.

Use of Indian dwarf wheat T. sphaerococcum

As per the suggestions from RAC and QRT team, we have 
used ancient Indian dwarf wheat (T. sphaerococcum) in our 
program to improve the quality of our released varieties. 
Some of the selected crosses have been listed in the table 1.5.

Table 1.4: Variability for various traits in the crossing block

Character    Genotypes   Checks 
   Mean  Range  Mean  Range 

Days to �owering (days)   80  64-93  80  76-83 

Plant height (cm)   99  55-125  101  98-105 

Spike length (cm)  11.58  9.50-15.80  10.64  9.80-11.20 

Tillers per meter (no.)   103  69-145  113  105-126 

1000 grain weight (gm)   37.93  31.00-50.40  37.63  35-55.10 

Protein content (%)   12.63  10.50-15.56  12.16  11.83-15.37 

Moisture content (%)   9.76  9.24-10.27  9.98  9.70-10.27 
0Canopy temperature at heading stage ( C)  15.74  13.70-18.25  17.22  16.63-17.44 

Chlorophyll content at heading stage (ind.)  47.48  40.95-56.05  45.11  43-47.56 

NDVI at heading stage   0.81  0.72-0.87  0.84  0.83-0.85 
0Canopy temperature at anthesis stage ( C)  21.43  18.60-24.65  23.12  22.74-23.40 

Chlorophyll content at anthesis stage (ind.)  50.04  43.05-57.25  51.06  48.63-54.71 

NDVI at anthesis stage   0.81  0.71-0.86  0.82  0.79-0.84 

Grain yield (gm)  2134  1072-3525  2765  2300-3061 

Table 1.5: Important T. sphaerococcum crosses with bread and durum wheat genotypes

S.No. Cross Name  Traits

1 T. sphaerococcum / Pavon 76 High protein 

2 T. sphaerococcum / HI8498 High protein

3 T. sphaerococcum / DBW 88 High protein

4 T. sphaerococcum / GW322 / HD2967 High protein

5 T. sphaerococcum / HD2967 // Polonicum / HI8498 High protein

6 T. sphaerococcum / WH1105 / WH1105 Yield

7 T. sphaerococcum / HD 2967 High yield 

8 HD2967 / T. sphaerococcum (EC10511) High yield 

9 T. sphaerococcum / HI8498 / Dicoccum High tillering

10 T. sphaerococcum / DBW90 / HD 3086 Drought tolerance 

11 T. sphaerococcum (EC10511) / DBW 90 Drought tolerance 

12 T. sphaerococcum / PBW 550*2 Early maturity

13 T. sphaerococcum (EC10511) / HD 3086 High zinc 

14 T. sphaerococcum / Pavon 76 / HD3086 High zinc 

15 T. sphaerococcum / HI8498 / HI8737 // HI 8737 Grain appearance

16 T. sphaerococcum / DBW88 / WH1105 / DM 7 Medium height 
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Developing novel germplasm resources through pre-
breeding 
A number of crosses were attempted involving wild 
accessions and the released varieties, and this year, twenty-
one F s were treated with colchicine for chromosome 1

doubling  so that some fertile seed are harvested.  Ten lines 
along with 6 checks were evaluated under timely irrigated, 

timely rainfed and late irrigated conditions for drought and 
heat tolerance and disease incidence. Based on the drought 
susceptibility index, three crosses namely, PBW-698 / EC- 
787010 (Neodur/Th.bessarabicum), NIDW-15 / (Chinese 
spring/Ae. speltoides), and DBW-39 / EC-78-7009 (Karim/ 
Th.bessarabicum) were highly tolerant under rainfed 
conditions (Table 1.6) where as for heat tolerance, �ve 

spikelets/spike (14-28); grains per spike (8-91); and grain 
weight/spike (0.0.48-3.58g). The promising accessions 
identi�ed for individual and multiple traits are given below:

Days to heading and maturity:  During 2019-20, none 
of the accessions were earlier than check variety WR 544. 

Plant height: Two accessions showed dwarfness and 
recorded plant height <80cm. These were EC 582321 and 
EC 582349, while seven accessions namely E 83, E 192, E 
271, E344, E 395, E 630 and E 1971 recorded plant height 
more than 150cm. 

Flag leaf length: Three accessions namely E 4035 (d), E 
10156, EIGN (2006-07)10 recorded �ag leaf length > 
40.0cm. 

Spike length: Ten accessions namely EIGN I (2006-07) 90, 
IC 212176A, EC 582316, EC 582330, E 581 (Triti), E 641, E 
1053, E 3249, E 3477 and E 4508 had ear length > 13.5cm.

Spikelets/ spike: During 2019-20, four accessions EC 
582316, EC 582322, E 4363(dicoccum), E 4687 
(dicoccum) had spikelet per spike equal to 26 and days 
to heading <117 days. Some of the accessions (EC 
582305, EC 582360, EC 582363, EC 582421, EC 582427, EC 
493711, E 192, E 261, E 395, E 901, E 1001, E 1971 & E 2061) 
also have spikelet per spike equal to or >26 but they are 
late in maturity.

Grains number/ spike:   Eight accessions IC 212176A, 
EIGN I (2006-07) 16, EIGN I (2006-07) 43, EC 582234, EC 
582245, EC 582316, E 2075 and E 2345 had more than 70 
grains per spike.

Grain weight/ spike: Four accessions (IC 212176A, EIGN I 
(2006-07) 16, EIGN I (2006-07) 43 & EC 582234) had grains 
weight/spike more than 3.5g. 

Thousand grains weight: During 2019-20, none of the 
entries had thousand grains weight > 50g but nine 
entries (E 282, E 3414 (Dur), E 3477, EIGN I (2006-07) 9, 
EIGN I (2006-07) 12, EIGN I (2006-07) 13, EIGN I (2006-07) 
23, EIGN I (2006-07) 25 and EIGN I (2006-07)) 40 had 1000 
grains weight >45g.

Accessions with multiple yield contributing traits: 
The IC 212176 A and EIGN I (2006-07) 16 were found 
promising for multiple yield traits. 

Registration of varieties with  PPV&FRA

Three wheat varieties namely DBW 222, DBW 252, and DDW 
47 were registered under extant category by the PPV&FRA, 
New Delhi vide registration number REG/2020/23, 
REG/2020/24, and REG/2020/25, respectively.

DUS testing in wheat

 A total of  6 candidate varieties (W 2019-1-  SRW 111, SRW 303, 
SRW 404 , SRW 252, SRW 231) of bread wheat were tested 
against 22 reference varieties. Similarly one durum wheat 
variety (Malav 221) was tested against 8 reference varieties. In 
grow-out test, 60 farmers' varieties of bread wheat and four 
farmers of durum were tested against 88 and 7 reference 
varieties, respectively. Data of all the centres viz. Karnal, Indore 
and Dharwad was compiled, analyzed and submitted to 
PPV&FR Authority for making decision regarding registration.

Contribution of entries in coordinated trials

A total of three entries were contributed to different station 
trials (timely sown, late sown, restricted irrigation) 
conducted in different zones of the country. One entry DBW 
359  is promoted from station trial to NIVT5A and NIVT 5B. 

Pre-breeding for wheat improvement 

Selection efficiency and the effectiveness, both are directly 
correlated with the variability available in the genepool of 
any crop. In wheat partiticularly, the variability is narrowing 
down and therefore the yield levels are stagnating. Pre-
breeding is an important tool for diversifying the gene pool 
and creating genetic variability in wheat and the wild 
relatives of wheat may provide a greater scope for 
introgressing the alien genes through wide hybridization. 
Keeping it in view, the evaluation and hybridization 
program involving wild sources is being carried at IIWBR. 

Hybridization with non-conventional germplasm

Every year, non-conventional and wild sources are used in 
crossing program to diversify the gene pool and this year 
more than 300 cross-combinations were attempted, to 
introgress the desirable genes particularly for biotic and 
abiotic stress tolerance, into Indian wheat varieties. 

Characterizing variation for various agronomical, 
physiological and quality traits in pre-breeding crossing 
block

We have designed our crossing block in such a way that it has 
maximum diversity in parents for various traits and sowing 
was done in a staggered way so that pollens are available at 
right time. In some cases the photoperiod was enhanced to 
18 hours for early �owering. The table (Table 1.4) given 
represents the variability for various traits in the crossing block.

Use of Indian dwarf wheat T. sphaerococcum

As per the suggestions from RAC and QRT team, we have 
used ancient Indian dwarf wheat (T. sphaerococcum) in our 
program to improve the quality of our released varieties. 
Some of the selected crosses have been listed in the table 1.5.

Table 1.4: Variability for various traits in the crossing block

Character    Genotypes   Checks 
   Mean  Range  Mean  Range 

Days to �owering (days)   80  64-93  80  76-83 

Plant height (cm)   99  55-125  101  98-105 

Spike length (cm)  11.58  9.50-15.80  10.64  9.80-11.20 

Tillers per meter (no.)   103  69-145  113  105-126 

1000 grain weight (gm)   37.93  31.00-50.40  37.63  35-55.10 

Protein content (%)   12.63  10.50-15.56  12.16  11.83-15.37 

Moisture content (%)   9.76  9.24-10.27  9.98  9.70-10.27 
0Canopy temperature at heading stage ( C)  15.74  13.70-18.25  17.22  16.63-17.44 

Chlorophyll content at heading stage (ind.)  47.48  40.95-56.05  45.11  43-47.56 

NDVI at heading stage   0.81  0.72-0.87  0.84  0.83-0.85 
0Canopy temperature at anthesis stage ( C)  21.43  18.60-24.65  23.12  22.74-23.40 

Chlorophyll content at anthesis stage (ind.)  50.04  43.05-57.25  51.06  48.63-54.71 

NDVI at anthesis stage   0.81  0.71-0.86  0.82  0.79-0.84 

Grain yield (gm)  2134  1072-3525  2765  2300-3061 

Table 1.5: Important T. sphaerococcum crosses with bread and durum wheat genotypes

S.No. Cross Name  Traits

1 T. sphaerococcum / Pavon 76 High protein 

2 T. sphaerococcum / HI8498 High protein

3 T. sphaerococcum / DBW 88 High protein

4 T. sphaerococcum / GW322 / HD2967 High protein

5 T. sphaerococcum / HD2967 // Polonicum / HI8498 High protein

6 T. sphaerococcum / WH1105 / WH1105 Yield

7 T. sphaerococcum / HD 2967 High yield 

8 HD2967 / T. sphaerococcum (EC10511) High yield 

9 T. sphaerococcum / HI8498 / Dicoccum High tillering

10 T. sphaerococcum / DBW90 / HD 3086 Drought tolerance 

11 T. sphaerococcum (EC10511) / DBW 90 Drought tolerance 

12 T. sphaerococcum / PBW 550*2 Early maturity

13 T. sphaerococcum (EC10511) / HD 3086 High zinc 

14 T. sphaerococcum / Pavon 76 / HD3086 High zinc 

15 T. sphaerococcum / HI8498 / HI8737 // HI 8737 Grain appearance

16 T. sphaerococcum / DBW88 / WH1105 / DM 7 Medium height 
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c ro s s e s  n a m e l y  P B W- 6 9 8 / E C -  7 8 7 0 1 0  ( N e o d u r / 
T h . b e s sarabicum ) ,  DBW-39 /  EC-78-7009 (Karim/ 
Th.bessarabicum), Ae. peregrina /532653// WH 1105, Ae. 
kotschyii/532653//WH 1105, DBW-39 / (Highbury/Ae mutica) 
w e r e  t o l e r a n t .  D B W - 3 9  /  E C - 7 8 - 7 0 0 9  ( K a r i m / 
Th.bessarabicum), PBW-698 / EC- 787010 (Neodur/ 
Th.bessarabicum) were tolerant to both stresses (Table 1.6).

Chromosomal constitution of F s1

F s developed from the wild crosses are generally sterile and 1

set no seed due to various reasons like chromosome 
instability and aberrations. The seed of some of F s were 1

subjected to GISH/FISH analysis and it was found that 
two crosses had chromosome anomalies. Whereas line 
no 623 (PBW703 / EC787014 (CS/Th.bessarabicum) had 
one additional chromosome i.e. 2n = 43 (Fig.1.1), 
a n o t h e r  l i n e  n o .  6 2 0  ( P B W 7 0 2  /  E C 7 8 7 0 1 4 
(CS/Th.bessarabicum) had 2n = 42 but one chromosome 
was substituted (Fig. 1.2).

Status of resistance to diseases in accessions of wild 
relatives of wheat

Data on disease incidence in accessions of wild relatives of 
wheat was recorded three years (2017-18, 2018-19 and 
2019-2020). Data on seedling resistance of these lines was 
also generated at Flowerdale centre (Table 1.7). Initially the 
accessions were subjected to mixture of races and the 
tolerance was noted. However the SRT data on speci�c lines 

were generated using prevalent races at Shimla during 
2018-19 and 2019-20. The data given in table revealed that 
10 accessions of Ae tauschii and three of Ae. speltoides are 
resistant to black rust, one accession of Ae. geniculata and 
nine accessions of Ae. speltoides are resistant to brown rust. 
Two accessions of Ae. speltoides namely 3581 and 3598 are 
resistant to both black and brown rusts whereas accession 
35 is resistant to all three rusts. 

Table 1.7: SRT data for accessions of wild relatives in wheat (Mixture of races during 2017-18 and speci�c races during 2018-19 
and 2019-20)

Black rust
2Table 1.6: Grain yield (g/m ), drought susceptibility index (DSI) and heat susceptibility index (HSI) in colchicine 

treated wild crosses 

TSIR=Timely sown irrigated, ROS=Rainout shelter, LSIR= Late sown irrigated

2Cross details   Grain yield (g/m )  
DSI HSI   TSIR ROS LSIR  

PBW 702/ (Highbury/Ae. mutica) 316.5 220.2 250.0 1.00 1.37

DBW 39 / EC787009 (Karim/ Th.bessarabicum) 469.7 340.0 464.0 0.91 0.08

Ae.peregrina226/Halberd WILD 371 / DBW 90 339.3 186.0 95.0 1.48 4.70

Ae. kotschyii/532653//WH 1105 422.2 276.7 389.5 1.13 0.51

NIDW 15 / (Chinese spring/Ae. speltoides) 490.7 364.8 304.8 0.84 2.47

DBW 39 / (Highbury/Ae. mutica) 501.3 330.5 449.0 1.12 0.68

Ae.peregrina /532653// WH 1105 407.0 272.8 397.0 1.08 0.16

Ae.peregrina /532653//DBW 14 367.2 249.5 310.2 1.05 1.01

PBW703 / EC787014 (CS/Th.bessarabicum) 396.7 251.5 340.2 1.20 0.93

PBW698 / EC 787010 (Neodur/Th.bessarabicum) 450.8 340.5 448.0 0.80 0.04

HD 2967  434.2 338.8 393.8 0.72 0.61

WB 02  510.5 304.5 477.7 1.33 0.42

HD 2932  441.5 351.3 384.7 0.67 0.84

PBW 723  546.7 363.3 494.8 1.10 0.62

DBW 173  504.7 348.2 524.2 1.02 -0.25

AKAW 4627  313.3 269.3 131.3 0.46 3.79

Fig. 1.1: Detection of 1R addition in line 623 by using probes: Bio- 
pSc119 (green) and Dig- rye genomic DNA (red)

Fig. 1.2: Detection of 1R substitution in line 620 by using probes: 
Bio- pSc119 (green) and Dig- rye genomic DNA (red)

Species  Acc. No  2017-18     2018-19     2019-20            
  Tr mix  gr mix St mix  11 40A 295 11 21-1 40A 40-2 40-3 34 117-6  295
  (brown) (Black) (Yellow)

Ae.  3571 ;1 0; _ ; ; ; ; 1P0; 1P0; 1P0; ;1 0; - 1P0;

speltoides 35 ; 0; 1P0; 2- 1P; 2- 1P0; 0; ; - 0; ;- ;- 1P;

-do- 3598 0; 0; 3 0;   1Po; ; ; ;1 1P0; ;N - - 1P0;

Ae.  5 2+ 0; 3+ 2- ; 2- 0; 0; ;- 2 22+ 2-- ;- ;1

tauschii  6 3+ 3+ 3+ 2- ;1 ;1 0; ;1 ; 1p3+ 2p0; ;- ;1 ;-

-do- 9822 3+ 3 3+ ; ; ; 2-- 0; ; 2-- 2- 0; ;- 0;

-do- 3758 0; 1P0 3+ 2= 1Po; 2- 2-- 2- 0; 12 2- 1p0; 0; ;

-do- 13780 3+ 0; 3 ; ; ; 2- 1p0; 0; ;1 2+ 1P0; ;- 0;

-do- 3757 3 2 3- 2- ; 2- - 1p; 0; 0; - ;- ;1 2-

-do- 9787 2+ ; _ 1P; ; ;1 1p0; ;- ; 0; ;- - 1p0; 1p0;

-do- 3784 _ 2+ 3+ 2- ; 2- 1p0; 0; ; 0; 22+ 0; 0; -

-do- 3769 2+ 3+ 3+ 2- 2= 2- 22+ ; 0; - - 1p0; 1p; -

-do- 14338 2+ 2- 3+ 2- 1P2- 1P2- 22+ ;1 0; 12 22+ ;1 - ;

Brown rust

Species  Acc. No  2017-18     2018-19     2019-20            
  Tr mix  gr mix St mix  12-5 77-9 104-2 12-5 77A 77-1 77-5 77-9 104-2 104-3 162-2
  (brown) (Black) (Yellow)

Ae.     EC- 3 2 3+ 0; 2 ; ;1 ; ;1 ; ;1 ; ;12+ ;
geniculata 596421

Ae.  3571 ;1 0; _ 0;   0; 0; 0; 0; 0; - 0; 0; 0;

speltoides 3599 0 ; _ 0; ; ;                

-do- 3596 ; ;1 _     ; - - ;1 - - 0; 0; -

-do- 3581 ; ;1 3+ 0; ; ; ; ; 0; 0; 0; 0; - 0;

-do- 3582 ; 0; 1P0; 0; 0; 0; 0; ; 0; 0; 0; 0; 0; 0;

-do- 3583 0; ;1 3+ 0; ;1 ; - - 0; 0; 0; 0; 0; -

-do- 3590 ; ; 3+     0; - - - 0; 0; 0; - -

-do- 3595 0; 0; 3+ 0; 0;   0; 1 0; 0; 0; ; 0; 0;

-do- 3598 0; 0; 3   0; ; 0; 0; - 0; 0; 0; - 0;

-do- 3595 0; ; _   ;1 ; 0; - 0; 0; - - 0; -
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c ro s s e s  n a m e l y  P B W- 6 9 8 / E C -  7 8 7 0 1 0  ( N e o d u r / 
T h . b e s sarabicum ) ,  DBW-39 /  EC-78-7009 (Karim/ 
Th.bessarabicum), Ae. peregrina /532653// WH 1105, Ae. 
kotschyii/532653//WH 1105, DBW-39 / (Highbury/Ae mutica) 
w e r e  t o l e r a n t .  D B W - 3 9  /  E C - 7 8 - 7 0 0 9  ( K a r i m / 
Th.bessarabicum), PBW-698 / EC- 787010 (Neodur/ 
Th.bessarabicum) were tolerant to both stresses (Table 1.6).

Chromosomal constitution of F s1

F s developed from the wild crosses are generally sterile and 1

set no seed due to various reasons like chromosome 
instability and aberrations. The seed of some of F s were 1

subjected to GISH/FISH analysis and it was found that 
two crosses had chromosome anomalies. Whereas line 
no 623 (PBW703 / EC787014 (CS/Th.bessarabicum) had 
one additional chromosome i.e. 2n = 43 (Fig.1.1), 
a n o t h e r  l i n e  n o .  6 2 0  ( P B W 7 0 2  /  E C 7 8 7 0 1 4 
(CS/Th.bessarabicum) had 2n = 42 but one chromosome 
was substituted (Fig. 1.2).

Status of resistance to diseases in accessions of wild 
relatives of wheat

Data on disease incidence in accessions of wild relatives of 
wheat was recorded three years (2017-18, 2018-19 and 
2019-2020). Data on seedling resistance of these lines was 
also generated at Flowerdale centre (Table 1.7). Initially the 
accessions were subjected to mixture of races and the 
tolerance was noted. However the SRT data on speci�c lines 

were generated using prevalent races at Shimla during 
2018-19 and 2019-20. The data given in table revealed that 
10 accessions of Ae tauschii and three of Ae. speltoides are 
resistant to black rust, one accession of Ae. geniculata and 
nine accessions of Ae. speltoides are resistant to brown rust. 
Two accessions of Ae. speltoides namely 3581 and 3598 are 
resistant to both black and brown rusts whereas accession 
35 is resistant to all three rusts. 

Table 1.7: SRT data for accessions of wild relatives in wheat (Mixture of races during 2017-18 and speci�c races during 2018-19 
and 2019-20)

Black rust
2Table 1.6: Grain yield (g/m ), drought susceptibility index (DSI) and heat susceptibility index (HSI) in colchicine 

treated wild crosses 

TSIR=Timely sown irrigated, ROS=Rainout shelter, LSIR= Late sown irrigated

2Cross details   Grain yield (g/m )  
DSI HSI   TSIR ROS LSIR  

PBW 702/ (Highbury/Ae. mutica) 316.5 220.2 250.0 1.00 1.37

DBW 39 / EC787009 (Karim/ Th.bessarabicum) 469.7 340.0 464.0 0.91 0.08

Ae.peregrina226/Halberd WILD 371 / DBW 90 339.3 186.0 95.0 1.48 4.70

Ae. kotschyii/532653//WH 1105 422.2 276.7 389.5 1.13 0.51

NIDW 15 / (Chinese spring/Ae. speltoides) 490.7 364.8 304.8 0.84 2.47

DBW 39 / (Highbury/Ae. mutica) 501.3 330.5 449.0 1.12 0.68

Ae.peregrina /532653// WH 1105 407.0 272.8 397.0 1.08 0.16

Ae.peregrina /532653//DBW 14 367.2 249.5 310.2 1.05 1.01

PBW703 / EC787014 (CS/Th.bessarabicum) 396.7 251.5 340.2 1.20 0.93

PBW698 / EC 787010 (Neodur/Th.bessarabicum) 450.8 340.5 448.0 0.80 0.04

HD 2967  434.2 338.8 393.8 0.72 0.61

WB 02  510.5 304.5 477.7 1.33 0.42

HD 2932  441.5 351.3 384.7 0.67 0.84

PBW 723  546.7 363.3 494.8 1.10 0.62

DBW 173  504.7 348.2 524.2 1.02 -0.25

AKAW 4627  313.3 269.3 131.3 0.46 3.79

Fig. 1.1: Detection of 1R addition in line 623 by using probes: Bio- 
pSc119 (green) and Dig- rye genomic DNA (red)

Fig. 1.2: Detection of 1R substitution in line 620 by using probes: 
Bio- pSc119 (green) and Dig- rye genomic DNA (red)

Species  Acc. No  2017-18     2018-19     2019-20            
  Tr mix  gr mix St mix  11 40A 295 11 21-1 40A 40-2 40-3 34 117-6  295
  (brown) (Black) (Yellow)

Ae.  3571 ;1 0; _ ; ; ; ; 1P0; 1P0; 1P0; ;1 0; - 1P0;

speltoides 35 ; 0; 1P0; 2- 1P; 2- 1P0; 0; ; - 0; ;- ;- 1P;

-do- 3598 0; 0; 3 0;   1Po; ; ; ;1 1P0; ;N - - 1P0;

Ae.  5 2+ 0; 3+ 2- ; 2- 0; 0; ;- 2 22+ 2-- ;- ;1

tauschii  6 3+ 3+ 3+ 2- ;1 ;1 0; ;1 ; 1p3+ 2p0; ;- ;1 ;-

-do- 9822 3+ 3 3+ ; ; ; 2-- 0; ; 2-- 2- 0; ;- 0;

-do- 3758 0; 1P0 3+ 2= 1Po; 2- 2-- 2- 0; 12 2- 1p0; 0; ;

-do- 13780 3+ 0; 3 ; ; ; 2- 1p0; 0; ;1 2+ 1P0; ;- 0;

-do- 3757 3 2 3- 2- ; 2- - 1p; 0; 0; - ;- ;1 2-

-do- 9787 2+ ; _ 1P; ; ;1 1p0; ;- ; 0; ;- - 1p0; 1p0;

-do- 3784 _ 2+ 3+ 2- ; 2- 1p0; 0; ; 0; 22+ 0; 0; -

-do- 3769 2+ 3+ 3+ 2- 2= 2- 22+ ; 0; - - 1p0; 1p; -

-do- 14338 2+ 2- 3+ 2- 1P2- 1P2- 22+ ;1 0; 12 22+ ;1 - ;

Brown rust

Species  Acc. No  2017-18     2018-19     2019-20            
  Tr mix  gr mix St mix  12-5 77-9 104-2 12-5 77A 77-1 77-5 77-9 104-2 104-3 162-2
  (brown) (Black) (Yellow)

Ae.     EC- 3 2 3+ 0; 2 ; ;1 ; ;1 ; ;1 ; ;12+ ;
geniculata 596421

Ae.  3571 ;1 0; _ 0;   0; 0; 0; 0; 0; - 0; 0; 0;

speltoides 3599 0 ; _ 0; ; ;                

-do- 3596 ; ;1 _     ; - - ;1 - - 0; 0; -

-do- 3581 ; ;1 3+ 0; ; ; ; ; 0; 0; 0; 0; - 0;

-do- 3582 ; 0; 1P0; 0; 0; 0; 0; ; 0; 0; 0; 0; 0; 0;

-do- 3583 0; ;1 3+ 0; ;1 ; - - 0; 0; 0; 0; 0; -

-do- 3590 ; ; 3+     0; - - - 0; 0; 0; - -

-do- 3595 0; 0; 3+ 0; 0;   0; 1 0; 0; 0; ; 0; 0;

-do- 3598 0; 0; 3   0; ; 0; 0; - 0; 0; 0; - 0;

-do- 3595 0; ; _   ;1 ; 0; - 0; 0; - - 0; -
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Bio-forti�cation for Zinc, Iron, and Protein contents 
through introgression in agronomic base in wheat

The wild germplasm and the already developed amphiploids 
were used in crossing program to improve Indian varieties 
for micronutrients. The high yielding promising lines were 
involved in crossing program. Out of  200 cross 
combinations fourteen genotypes were selected and 
evaluated for two years at two locations Hisar and Karnal. 
Two checks one durum (HI 8498) and the other bread wheat 
check (DBW 187) were used for the comparison of Zinc, Iron 
and protein contents. Zinc and Iron estimations were 
performed using an Oxford instruments X-Supreme 8000 
�tted with 10 place auto sampler, holding 40 mm Aluminum 
vials. While the protein was estimated non destructive 
spectra machine and was calculated at 12 per cent moisture 
level. The mean of two years at each location Hisar and 
Karnal was calculated and is presented in the Table 1.8. 

All the fourteen genotypes were found superior with regards 
to Zinc, Iron and Protein contents as compared to the bread 
wheat check DBW 187. While ten genotypes were found 
superior for all the three traits in comparison to the durum 
check HI 8498. Highest protein content ie 18.9% was found in 
BFKW-4 (Highbury /S. anatolicum (P 208/142) followed by  
BFKW-10 and BFKW-5. Similarly highest Zn content ie 54.3 

ppm was found in BFKW-3 followed by BFKW-7 (54.2 ppm). 
The iron content was found in BFKW-10 (53.8 ppm followed 
by BFKW-7 (54.2 ppm). All these genotypes are now stable 
being utilized in our crossing programme. 

Sharing the segregating material with cooperating 
centers

Pre-breeding program at ICAR–IIWBR is developing speci�c 
crosses involving non-conventional parents and sharing 
this diverse material to cooperating centers. During the 
period ten populations were shared with cooperating 
centers across the country through segregating nursery 
(SSN). The parents involved were having quality traits, 
tolerance to biotic and abiotic stresses. In addition to it the 
�xed lines were also shared through National Genetic Stock 
Nursery and Bioforti�cation Nursery (Table 1.9). 

Genotypes contributed to national coordinated trials

Out of the material developed in the project, each year a 
number of �xed lines are evaluated under yield trials. This 
year one genotype DBW 322 has been promoted to 
advance varietal trial of restricted irrigation in NEPZ and 
other genotype DBW 234 has been promoted to NIVT 1B 
trial. One genotype DBW 281 was shared for high yield 
station trial. 

Table 1.10: Genotypes promoted to national trials

Entry name Pedigree  Promoted to

DBW234  Synth 99/UP 2425/   NIVT-1B 

  FLW 22//PBW 502

DBW322  PBW175/Ae. Ovata/ AVT-RI-NEPZ

  /PBW175

Table 1.9 : Sharing of material through SSN

Entry  Pedigree 

SSN-1  Synthetic 67/ PBW 502  (heat  tol.) 

SSN-2  Synthetic 400 / PBW 502 (heat  tol.) 

SSN-3  Synthetic 107/*3DBW 17  (dis. resi.) 

SSN-4  Synthetic 26/*3PBW 502 (dis. resi., soft) 

SSN-5  New Synth 88 / PBW 343//UP 2425  (dis. resi.)) 

SSN-6  Synthetic 207 / *2PBW 502  (heat  tol.) 

SSN-7  Syn 14 / PBW 502 // Syn 59 / DBW 16// DBW 16 

SSN-8  Syn  98 / PBW 343 // Syn 59 / DBW 16 (dis. resi. soft) 

SSN-9  Syn  206 / DBW 17 / DBW 17  (dis. resi.) 

SSN-10  Syn  99 / UP 2425 / FLW 21 (dis. Resi. & soft) 

Table 1.8: Promising genotypes for high zinc, Iron and Protein content

BFKW: Bio-Forti�ed Karnal Wheat; Zn and Fe contents are in ppm while Protein content in per cent

Cross no. Cross  Karnal   Hisar   Mean
   (Mean of two years) (Mean of two years)  
   Zn Fe Protein Zn Fe Protein Zn Fe Protein

BFKW-1 Chinese. Spring / Ae. mutica (P 213004)    46.0 41.0 16.5 45.2 43.8 18.3 45.6 42.4 17.4 

BFKW-2 Macoun x Th. bessarabicum (EC787708) 47.1 45.2 16.3 48.4 46.2 17.1 47.8 45.7 16.7

BFKW-3 Pavon 76 /Ae. Mutica (P 2130012)  55.0 51.3 16.5 53.6 53.0 17.1 54.3 52.1 16.8

BFKW-4 Highbury /  S. anatolicum (P 208/142)   51.3 52.8 18.2 50.1 51.8 19.5 51.5 52.3 18.9

BFKW-5 Th. Bessarabicum (EC787708)/ cv Margarita 44.4 43.4 17.4  46.7 42.1 18.7 45.6 42.8 18.1

BFKW-6 SYN207//PBW502/16/621-50 48.6 44.3 15.2 47.4 45.8 16.0 48.0 45.1 15.6

BFKW-7 Chinese spring / Th. bessarabicum  55.1 52.5 16.5 53.2 54.1 17.7 54.2 53.3 17.1
  EC787708/HD3086

BFKW-8 PDW 314 /Cv Icarasha  43.3 42.1 15.2  43.4 40.8 15.3 43.4 41.5 15.2

BFKW-9 PARAGON/WH1105/GW322 53.6 52.2 18.5 52.6 52.0 17.5 53.1 52.1 18.0

BFKW-10 PARAGON/WH1105//DBW88 52.3 55.5 18.4 51.7 52.2 18.2 52.0 53.8 18.3

BFKW-11 Chinese spring/ cv Margarita 50.3 49.6 16.5 51.6 47.0 15.5 51.0 48.3 16.0

BFKW-12 Pavon 76 x Ae.mutica (2130012)/HD3086 51.7 50.3 18.1 50.7 51.2 17.5 51.2 50.8 17.8

BFKW-13 T. sphaerococcum (EC10511) / DBW 90 45.7 41.4 14.8  43.9 43.1 16.0 44.8 42.3 15.4

BFKW-14 T. sphaerococcum / Pavon 76 47.2 45.0 16.4 48.5 46.5 17.4 47.8 45.7 16.9

Check DBW187 (A) 35.6 37.0 13.6 36.0 37.6 13.8 35.8 37.3 13.7

Check HI8498 (D) 40.4 44.2 12.5 40.8 45.4 13.0 40.6 44.8 12.8
Wheat improvement for high productive environments 
of north-western plains of India

Release of new variety DBW303 (Karan Vaishnavi)

A new very high yielding early sown wheat variety released 
for north western India: It was released and noti�ed by 
CVRC, MoA&FW, Govt. of India vide gazette noti�cation 
number SO (E) 500 dated 29.01.2021 for commercial 
cultivation in North Western Plains Zone (NWPZ) of India 
under early sown conditions. DBW303 is a high input (150% 
RDF + FYM + growth regulators i.e. chlormequat chloride 
and tebuconazole) responsive wheat genotype, which has 
shown a signi�cant yield superiority over the checks 
HD2967 (30.3%) and HD3086 (11.7%). This variety showed 

average yield of 81.2 q/ha which is the highest mean yield 
for any wheat variety so far in India. DBW303 showed wider 
yield stability across the zone by appearing 8 times out of 12 

sttimes in the 1 non-signi�cant group and also recorded very 
high yield potential of 97.4 q/ha (Fig. 1.3). In agronomic trials 
under different input conditions, DBW303 was higher 
yielder compared to checks HD2967 and HD3086. Two 
sprays of growth regulators chlormequat chloride 50% SL @ 
0.2% + tebuconazole 250 EC @ 0.1% at �rst node and �ag 
leaf stage are recommended to realize potential of DBW303 
under early sown conditions. The growth regulators can be 
applied by tank mix application of 200 ml CCC and 100 ml 
tebuconazole (commercial product dose) in 100 litre water. 
DBW303 is having desirable plant architecture with robust 
stem and a long compact spike with high grain numbers 
and medium maturity duration. This cultivar is resistant to 
most virulent and prevalent pathotypes of yellow, brown 
and black rusts under arti�cial and natural conditions. It is 
also resistant to wheat blast and most foliar diseases. 
Resistance gene Yr2+ (yellow rust), Lr13+ (brown rust) have 
been postulated in this variety through multipathotype 
testing. DBW303 has uncharacterized Sr gene which 
imparts resistance against all the stem rust pathotypes in 
India. 

Area extension and release of DBW187 (Karan Vandana)

DBW187 is a high yielding wheat variety released through 
area extension by CVRC, MoA&FW, Govt. of India vide 
gazette noti�cation number S.O. 500 (E) dated 29.01.2021 
for cultivation in the NWPZ. The same variety was also 
released and noti�ed for commercial cultivation in North 
Western Plains Zone (NWPZ) of India under early sown 
conditions by CVRC MoA&FW, Govt. of India vide gazette 
noti�cation number SO (E) 500 dated 29.01.2021. DBW187 
was tested for two years in Special High Yield Potential Trial 
(SPL-HYPT 2018-2019 and 2019-20) under early sown high 
fertility conditions in NWPZ.  DBW187 is a high input 

Fig.1.3: Field view and some characteristic features of DBW303 (Karan Vaishnavi)

ICAR-IIWBR ANNUAL REPORT 2020 09ICAR-IIWBR ANNUAL REPORT 202008

CROP IMPROVEMENT CROP IMPROVEMENT

DBW 303 at heading stage Spike characteristics Grain characteristics

Spikelet and glumes



Bio-forti�cation for Zinc, Iron, and Protein contents 
through introgression in agronomic base in wheat

The wild germplasm and the already developed amphiploids 
were used in crossing program to improve Indian varieties 
for micronutrients. The high yielding promising lines were 
involved in crossing program. Out of  200 cross 
combinations fourteen genotypes were selected and 
evaluated for two years at two locations Hisar and Karnal. 
Two checks one durum (HI 8498) and the other bread wheat 
check (DBW 187) were used for the comparison of Zinc, Iron 
and protein contents. Zinc and Iron estimations were 
performed using an Oxford instruments X-Supreme 8000 
�tted with 10 place auto sampler, holding 40 mm Aluminum 
vials. While the protein was estimated non destructive 
spectra machine and was calculated at 12 per cent moisture 
level. The mean of two years at each location Hisar and 
Karnal was calculated and is presented in the Table 1.8. 

All the fourteen genotypes were found superior with regards 
to Zinc, Iron and Protein contents as compared to the bread 
wheat check DBW 187. While ten genotypes were found 
superior for all the three traits in comparison to the durum 
check HI 8498. Highest protein content ie 18.9% was found in 
BFKW-4 (Highbury /S. anatolicum (P 208/142) followed by  
BFKW-10 and BFKW-5. Similarly highest Zn content ie 54.3 

ppm was found in BFKW-3 followed by BFKW-7 (54.2 ppm). 
The iron content was found in BFKW-10 (53.8 ppm followed 
by BFKW-7 (54.2 ppm). All these genotypes are now stable 
being utilized in our crossing programme. 

Sharing the segregating material with cooperating 
centers

Pre-breeding program at ICAR–IIWBR is developing speci�c 
crosses involving non-conventional parents and sharing 
this diverse material to cooperating centers. During the 
period ten populations were shared with cooperating 
centers across the country through segregating nursery 
(SSN). The parents involved were having quality traits, 
tolerance to biotic and abiotic stresses. In addition to it the 
�xed lines were also shared through National Genetic Stock 
Nursery and Bioforti�cation Nursery (Table 1.9). 

Genotypes contributed to national coordinated trials

Out of the material developed in the project, each year a 
number of �xed lines are evaluated under yield trials. This 
year one genotype DBW 322 has been promoted to 
advance varietal trial of restricted irrigation in NEPZ and 
other genotype DBW 234 has been promoted to NIVT 1B 
trial. One genotype DBW 281 was shared for high yield 
station trial. 

Table 1.10: Genotypes promoted to national trials

Entry name Pedigree  Promoted to

DBW234  Synth 99/UP 2425/   NIVT-1B 

  FLW 22//PBW 502

DBW322  PBW175/Ae. Ovata/ AVT-RI-NEPZ

  /PBW175

Table 1.9 : Sharing of material through SSN

Entry  Pedigree 

SSN-1  Synthetic 67/ PBW 502  (heat  tol.) 

SSN-2  Synthetic 400 / PBW 502 (heat  tol.) 

SSN-3  Synthetic 107/*3DBW 17  (dis. resi.) 

SSN-4  Synthetic 26/*3PBW 502 (dis. resi., soft) 

SSN-5  New Synth 88 / PBW 343//UP 2425  (dis. resi.)) 

SSN-6  Synthetic 207 / *2PBW 502  (heat  tol.) 

SSN-7  Syn 14 / PBW 502 // Syn 59 / DBW 16// DBW 16 

SSN-8  Syn  98 / PBW 343 // Syn 59 / DBW 16 (dis. resi. soft) 

SSN-9  Syn  206 / DBW 17 / DBW 17  (dis. resi.) 

SSN-10  Syn  99 / UP 2425 / FLW 21 (dis. Resi. & soft) 

Table 1.8: Promising genotypes for high zinc, Iron and Protein content

BFKW: Bio-Forti�ed Karnal Wheat; Zn and Fe contents are in ppm while Protein content in per cent

Cross no. Cross  Karnal   Hisar   Mean
   (Mean of two years) (Mean of two years)  
   Zn Fe Protein Zn Fe Protein Zn Fe Protein

BFKW-1 Chinese. Spring / Ae. mutica (P 213004)    46.0 41.0 16.5 45.2 43.8 18.3 45.6 42.4 17.4 

BFKW-2 Macoun x Th. bessarabicum (EC787708) 47.1 45.2 16.3 48.4 46.2 17.1 47.8 45.7 16.7

BFKW-3 Pavon 76 /Ae. Mutica (P 2130012)  55.0 51.3 16.5 53.6 53.0 17.1 54.3 52.1 16.8

BFKW-4 Highbury /  S. anatolicum (P 208/142)   51.3 52.8 18.2 50.1 51.8 19.5 51.5 52.3 18.9

BFKW-5 Th. Bessarabicum (EC787708)/ cv Margarita 44.4 43.4 17.4  46.7 42.1 18.7 45.6 42.8 18.1

BFKW-6 SYN207//PBW502/16/621-50 48.6 44.3 15.2 47.4 45.8 16.0 48.0 45.1 15.6

BFKW-7 Chinese spring / Th. bessarabicum  55.1 52.5 16.5 53.2 54.1 17.7 54.2 53.3 17.1
  EC787708/HD3086

BFKW-8 PDW 314 /Cv Icarasha  43.3 42.1 15.2  43.4 40.8 15.3 43.4 41.5 15.2

BFKW-9 PARAGON/WH1105/GW322 53.6 52.2 18.5 52.6 52.0 17.5 53.1 52.1 18.0

BFKW-10 PARAGON/WH1105//DBW88 52.3 55.5 18.4 51.7 52.2 18.2 52.0 53.8 18.3

BFKW-11 Chinese spring/ cv Margarita 50.3 49.6 16.5 51.6 47.0 15.5 51.0 48.3 16.0

BFKW-12 Pavon 76 x Ae.mutica (2130012)/HD3086 51.7 50.3 18.1 50.7 51.2 17.5 51.2 50.8 17.8

BFKW-13 T. sphaerococcum (EC10511) / DBW 90 45.7 41.4 14.8  43.9 43.1 16.0 44.8 42.3 15.4

BFKW-14 T. sphaerococcum / Pavon 76 47.2 45.0 16.4 48.5 46.5 17.4 47.8 45.7 16.9

Check DBW187 (A) 35.6 37.0 13.6 36.0 37.6 13.8 35.8 37.3 13.7

Check HI8498 (D) 40.4 44.2 12.5 40.8 45.4 13.0 40.6 44.8 12.8
Wheat improvement for high productive environments 
of north-western plains of India

Release of new variety DBW303 (Karan Vaishnavi)

A new very high yielding early sown wheat variety released 
for north western India: It was released and noti�ed by 
CVRC, MoA&FW, Govt. of India vide gazette noti�cation 
number SO (E) 500 dated 29.01.2021 for commercial 
cultivation in North Western Plains Zone (NWPZ) of India 
under early sown conditions. DBW303 is a high input (150% 
RDF + FYM + growth regulators i.e. chlormequat chloride 
and tebuconazole) responsive wheat genotype, which has 
shown a signi�cant yield superiority over the checks 
HD2967 (30.3%) and HD3086 (11.7%). This variety showed 

average yield of 81.2 q/ha which is the highest mean yield 
for any wheat variety so far in India. DBW303 showed wider 
yield stability across the zone by appearing 8 times out of 12 

sttimes in the 1 non-signi�cant group and also recorded very 
high yield potential of 97.4 q/ha (Fig. 1.3). In agronomic trials 
under different input conditions, DBW303 was higher 
yielder compared to checks HD2967 and HD3086. Two 
sprays of growth regulators chlormequat chloride 50% SL @ 
0.2% + tebuconazole 250 EC @ 0.1% at �rst node and �ag 
leaf stage are recommended to realize potential of DBW303 
under early sown conditions. The growth regulators can be 
applied by tank mix application of 200 ml CCC and 100 ml 
tebuconazole (commercial product dose) in 100 litre water. 
DBW303 is having desirable plant architecture with robust 
stem and a long compact spike with high grain numbers 
and medium maturity duration. This cultivar is resistant to 
most virulent and prevalent pathotypes of yellow, brown 
and black rusts under arti�cial and natural conditions. It is 
also resistant to wheat blast and most foliar diseases. 
Resistance gene Yr2+ (yellow rust), Lr13+ (brown rust) have 
been postulated in this variety through multipathotype 
testing. DBW303 has uncharacterized Sr gene which 
imparts resistance against all the stem rust pathotypes in 
India. 

Area extension and release of DBW187 (Karan Vandana)

DBW187 is a high yielding wheat variety released through 
area extension by CVRC, MoA&FW, Govt. of India vide 
gazette noti�cation number S.O. 500 (E) dated 29.01.2021 
for cultivation in the NWPZ. The same variety was also 
released and noti�ed for commercial cultivation in North 
Western Plains Zone (NWPZ) of India under early sown 
conditions by CVRC MoA&FW, Govt. of India vide gazette 
noti�cation number SO (E) 500 dated 29.01.2021. DBW187 
was tested for two years in Special High Yield Potential Trial 
(SPL-HYPT 2018-2019 and 2019-20) under early sown high 
fertility conditions in NWPZ.  DBW187 is a high input 

Fig.1.3: Field view and some characteristic features of DBW303 (Karan Vaishnavi)
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augmented block design with four checks HD3086 (IR-TS), 
DBW187 (IR-TS), DBW90 (IR-LS) and WH1142 (RI-TS). The 
lines were planted in a plot of 4 rows of 3 m length and 20 cm 
apart. The experiment was conducted under three sowing 
conditions i.e. irrigated timely sown, irrigated late sown and 
restricted irrigation timely sown conditions during rabi 
2019-20 with all the recommended management practices 
followed to raise a good crop. Rust spreader rows were 
planted after every ninth entry. Data was recorded on days 
to heading, plant height, days maturity, lodging, 1000 
kernel-weight, grain number per spike, spike weight, yield 
per plot, yellow and brown rust (0-100 modi�ed Cobb scale). 
Yellow and brown rust severity ranged from 0-60S and 0-30S 
respectively in the test genotypes and 80S-100S on infector 
rows. Thirteen genotypes were found to be superior based 
on superior performance under three conditions as 
compared to check varieties were found promising for 
yellow and brown rust resistance, high grain number per 
spike (≥70), other yield components traits and desirable 
Agronomic traits (Table 1.11). Out of 150 tested genotypes 
for yellow and brown rust resistance, high grain number per 
spike (≥70) (GNPS), other yield components traits and 
desirable agronomic per formance, 63 lines been 
contributed to PYTs.

Creation and evaluation of segregating breeding material

A total of 445 crosses were attempted during 2019-20. 
Among them the majority were three-way/double/ 
backcrosses. A total of 357 F  s, 270 F s, 132 F , 146 F , 150 F  132 1 2 3 4 5

and 65 F  populations with more than 9000 progeny rows and 6

640 bulk populations were evaluated in yield and agronomic 
traits under high disease pressure of yellow and brown rust. 
Selections were made on the basis of disease resistance, agro-
morphological traits and yield components.

Breeding wheat genotypes for high yield in north 
eastern plains 

Identi�cation of new germplasm

Genotype BRW 3806 (NI 5439/ MACS 2496)  was developed 
at ICAR-IIWBR, Karnal, following pure line breeding method 
was selected and nominated by BAU-Sabour for testing in 
the Restricted irrigation trials under AICRP on wheat and 
barley. Genotype BRW 3806 was identi�ed to be resistant to 
wheat blast disease at Jessore, Bangladesh and Bolivia 
under arti�cial screening.  BRW 3806 was also found to be 
resistant to all the races of Puccinia graminis tritici tested at 
seedling stage having gene combination Sr28+5+ against 
stem rust. This genotype carries Yr2 against yellow rust and 
Lr13+1+ against leaf rust and submitted to ICAR-NBPGR, 
New Delhi for its registration. 

Hybridization and generation advancement

During the crop season 2019-20, The F & segregating 1s

generations and bulks were planted and selections were 
made among the promising crosses. During 2020-21, F s 1

(171) were planted along with segregating generations viz., 
F  (120 crosses including single and three way crosses), F  (18 2 2

crosses), F  (28 crosses), F  (15 crosses) and F  (27 crosses), F  3 4 5 6

(19 crosses) and Bulks (130) at Karnal. Apart from that 1500 
single spikes for different �lial generations have been 
planted.

Contribution to national trials

Based on the performance of entries in different NIVTs, three 
genotypes DBW321, DBW325 and DBW326 have been 
promoted to AVT-I. DBW321 has been promoted to �rst year 
testing in AVT-RI-TS in both NWPZ & NEPZ. DBW325 has 
been promoted to �rst year testing in AVT-RI-TS-PZ and 
DBW326 promoted to AVT-RI-TS-CZ. Based on superior 
performance in ICAR-IIWBR station trials, six genotypes 
were promoted to different NIVTs during 2020-21 i.e. DBW 
345 & DBW 362 (NIVT-1A), DBW 348 & DBW 350 (NIVT-1B), 
DBW352 (NIVT-2), DBW 355 (NIVT-3A) with parentage of 
AT TILLA*2/PBW65,  BECARD/KACHU/3/UP2338*2/ 
KK TS*2//YANAC, WH1105/KRL210,  KH65/BH1146, 
DBW88/KRL1-4, RAJ3765/BL1804, respectively. Three 
entries were evaluated in special Sal/Alk nursery during 
2019-20, out of which two entries (NEPZ18-25 and LBP-18-
23) have been promoted for evaluation in Sal/Alk trial 
during 2020-21 as DBW368 and DBW369. Also, three 
promising entries DBW 373, DBW 377 and DBW378 were 
contributed for testing in CI-HYPT (IR-ES-NW/CZ) trial 
during 2020-21.

Contribution to national nurseries

Genotype LBP 2017-2 tested in short duration screening 
nursery (SDN) during 2018-19 & 2019-20 was found 
promising in different zones on the basis of early heading, 
maturity and grain yield, has been retained for third year of 
testing. For the current crop season 2020-21, three entries 
(LBP-2019-14, LBP-2019-21 and LBP-2019-31) were 
contributed for multilocation testing in special Sal/Alk 
nursery from the programme. Similarly, two more 
genotypes (LBP-2019-22 and LBP 2019-24) were 
contributed towards drought and heat tolerance screening 
nursery (DHTSN) during crop season 2020-21. Also, one of 
the registered genetic stock (DBW150) from this 
programme is being utilized as heat tolerant check in MLHT. 
In addition, 15 entries were also contributed to segregating 
stock nursery 2020-21.

Table 1.11: Promising wheat lines identi�ed for rust resistance and yield component traits

Genotype Hd. Mat.  Ht. (cm) Yl. Rust Br. Rust GNPS Spike Wt.(g) TKW(g) GY/plot(g)

RWP1008 107 150 113 5MS 5MS 77 3.50 45.5 2171

RWP1026 112 150 106 0 10MS 76 3.44 45.3 2803

RWP1027 112 151 105 0 20MR 70 3.12 44.6 2924

RWP1053 111 153 109 5MR 10MR 89 3.91 43.9 2517

RWP1054 104 150 114 0 tMS 74 3.52 47.6 2808

RWP1056 111 153 116 10MR tMS 79 3.45 43.7 2709

RWP1061 101 149 111 tMS 5MS 73 3.21 44.0 2483

RWP1090 97 149 109 5MS tMS 70 3.00 42.8 2566

RWP1097 102 148 111 tMS tMS 78 3.34 42.8 2722

RWP1106 110 148 113 0 tMS 75 3.72 49.6 2600

RWP1107 101 146 112 10MR 5MS 84 3.75 44.6 3089

RWP1112 102 148 119 5MS tMS 77 3.55 46.1 2795

RWP1128 101 149 108 5MR tMS 87 3.88 44.6 2428

HD3086 (C) 95 144 100 10S tMS 62 2.54 41.0 2278

DBW187 (C) 101 147 104 5MS tMS 72 3.17 44.0 2695

DBW90 (C) 97 147 102 20S 10S 61 2.29 37.5 2191

WH1142 (C) 104 148 102 40S 10S 59 2.13 36.1 1950

responsive (150% RDF + FYM + growth regulators 
chlormequat chloride and tebuconazole) responsive wheat 
genotype, which has shown yield superiority over the 
checks HD 2967 (21.2%) and HD 3086 (3.9%), with an 
average yield of 75.5 q/ha and potential yield of 96.6 q/ha.  
Under early sown conditions, two sprays of growth 
regulators chlormequat chloride 50% SL (CCC) @ 0.2%+ 
tebuconazole 250 EC @ 0.1% of commercial product dose 
(tank mix application) at �rst node and �ag leaf stage are 
recommended.

This variety also showed wider yield stability across the 
stlocations as it appeared 6 times out of 12 times in 1  non-

signi�cant group. It showed less yield reduction under late 
sown condition than all the check varieties. DBW187 
showed lowest heat sensitivity index of 0.82, indicating high 
heat tolerance. It has desirable plant architecture with 
robust stem and a large compact spike, ear shape is tapering 
with intermediate density. The variety has �eld resistance 
against most virulent and prevalent pathotypes of yellow, 
brown and black rust disease of wheat. DBW187 has all the 
desirable HMW sub-units required for making of good bread 
like (5+10) Glu-D1, Glu-A1, and (17+18) Glu-B1 with Glu-1 
score of perfect 10 in comparison to other checks and 
candidate varieties. It also has high (63.3) sedimentation 
value re�ecting its strong gluten. The variety possess good 
chapati (7.6/10.0) and bread quality (7.3/10) characters 

along-with high sedimentation value (63.5). Licensing for 
seed production and marketing of this high yielding variety 
has been provided to 279 seed producers/�rms. Due to high 
yield potential coupled with wider adaptability and multiple 
disease resistance cultivar Karan Vandana has been quickly 
adopted by large number of  farmers in Northern India.

Performance of entries in national trials

DBW296 was tested in �rst year of AVT RI-TS-NWPZ 2019-20 
and showed signi�cant superior performance over all 
checks, therefore promoted to second year advanced 
varietal testing. DBW316 and DBW318 were evaluated in 
NIVT-3A and based on signi�cant yield superiority and 
disease resistance, including resistance to wheat blast both 
the entries were promoted to AVT-RI-TS-TAS-NEPZ. DBW318 
has also included in CI-HYT-IR-ES-NWPZ/CZ for evaluation. 
Based on station trials performance, DBW347 and DBW349 
have been promoted to NIVT-1B and DBW357 have been 
promoted to NIVT-3A. A total of 71 entries from the 
programme were evaluated in preliminary yield trials (PYTs) 
at ICAR-IIWBR and 36 of them were promoted to various 
multilocation station trials. A total of 15 genotypes were 
contributed for blast nursery in Bangladesh. 

Evaluation of advanced generation bulks

A set of 150 advanced bulks of bread wheat were evaluated 
for resistance to rust and yield component traits in 
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augmented block design with four checks HD3086 (IR-TS), 
DBW187 (IR-TS), DBW90 (IR-LS) and WH1142 (RI-TS). The 
lines were planted in a plot of 4 rows of 3 m length and 20 cm 
apart. The experiment was conducted under three sowing 
conditions i.e. irrigated timely sown, irrigated late sown and 
restricted irrigation timely sown conditions during rabi 
2019-20 with all the recommended management practices 
followed to raise a good crop. Rust spreader rows were 
planted after every ninth entry. Data was recorded on days 
to heading, plant height, days maturity, lodging, 1000 
kernel-weight, grain number per spike, spike weight, yield 
per plot, yellow and brown rust (0-100 modi�ed Cobb scale). 
Yellow and brown rust severity ranged from 0-60S and 0-30S 
respectively in the test genotypes and 80S-100S on infector 
rows. Thirteen genotypes were found to be superior based 
on superior performance under three conditions as 
compared to check varieties were found promising for 
yellow and brown rust resistance, high grain number per 
spike (≥70), other yield components traits and desirable 
Agronomic traits (Table 1.11). Out of 150 tested genotypes 
for yellow and brown rust resistance, high grain number per 
spike (≥70) (GNPS), other yield components traits and 
desirable agronomic per formance, 63 lines been 
contributed to PYTs.

Creation and evaluation of segregating breeding material

A total of 445 crosses were attempted during 2019-20. 
Among them the majority were three-way/double/ 
backcrosses. A total of 357 F  s, 270 F s, 132 F , 146 F , 150 F  132 1 2 3 4 5

and 65 F  populations with more than 9000 progeny rows and 6

640 bulk populations were evaluated in yield and agronomic 
traits under high disease pressure of yellow and brown rust. 
Selections were made on the basis of disease resistance, agro-
morphological traits and yield components.

Breeding wheat genotypes for high yield in north 
eastern plains 

Identi�cation of new germplasm

Genotype BRW 3806 (NI 5439/ MACS 2496)  was developed 
at ICAR-IIWBR, Karnal, following pure line breeding method 
was selected and nominated by BAU-Sabour for testing in 
the Restricted irrigation trials under AICRP on wheat and 
barley. Genotype BRW 3806 was identi�ed to be resistant to 
wheat blast disease at Jessore, Bangladesh and Bolivia 
under arti�cial screening.  BRW 3806 was also found to be 
resistant to all the races of Puccinia graminis tritici tested at 
seedling stage having gene combination Sr28+5+ against 
stem rust. This genotype carries Yr2 against yellow rust and 
Lr13+1+ against leaf rust and submitted to ICAR-NBPGR, 
New Delhi for its registration. 

Hybridization and generation advancement

During the crop season 2019-20, The F & segregating 1s

generations and bulks were planted and selections were 
made among the promising crosses. During 2020-21, F s 1

(171) were planted along with segregating generations viz., 
F  (120 crosses including single and three way crosses), F  (18 2 2

crosses), F  (28 crosses), F  (15 crosses) and F  (27 crosses), F  3 4 5 6

(19 crosses) and Bulks (130) at Karnal. Apart from that 1500 
single spikes for different �lial generations have been 
planted.

Contribution to national trials

Based on the performance of entries in different NIVTs, three 
genotypes DBW321, DBW325 and DBW326 have been 
promoted to AVT-I. DBW321 has been promoted to �rst year 
testing in AVT-RI-TS in both NWPZ & NEPZ. DBW325 has 
been promoted to �rst year testing in AVT-RI-TS-PZ and 
DBW326 promoted to AVT-RI-TS-CZ. Based on superior 
performance in ICAR-IIWBR station trials, six genotypes 
were promoted to different NIVTs during 2020-21 i.e. DBW 
345 & DBW 362 (NIVT-1A), DBW 348 & DBW 350 (NIVT-1B), 
DBW352 (NIVT-2), DBW 355 (NIVT-3A) with parentage of 
AT TILLA*2/PBW65,  BECARD/KACHU/3/UP2338*2/ 
KK TS*2//YANAC, WH1105/KRL210,  KH65/BH1146, 
DBW88/KRL1-4, RAJ3765/BL1804, respectively. Three 
entries were evaluated in special Sal/Alk nursery during 
2019-20, out of which two entries (NEPZ18-25 and LBP-18-
23) have been promoted for evaluation in Sal/Alk trial 
during 2020-21 as DBW368 and DBW369. Also, three 
promising entries DBW 373, DBW 377 and DBW378 were 
contributed for testing in CI-HYPT (IR-ES-NW/CZ) trial 
during 2020-21.

Contribution to national nurseries

Genotype LBP 2017-2 tested in short duration screening 
nursery (SDN) during 2018-19 & 2019-20 was found 
promising in different zones on the basis of early heading, 
maturity and grain yield, has been retained for third year of 
testing. For the current crop season 2020-21, three entries 
(LBP-2019-14, LBP-2019-21 and LBP-2019-31) were 
contributed for multilocation testing in special Sal/Alk 
nursery from the programme. Similarly, two more 
genotypes (LBP-2019-22 and LBP 2019-24) were 
contributed towards drought and heat tolerance screening 
nursery (DHTSN) during crop season 2020-21. Also, one of 
the registered genetic stock (DBW150) from this 
programme is being utilized as heat tolerant check in MLHT. 
In addition, 15 entries were also contributed to segregating 
stock nursery 2020-21.

Table 1.11: Promising wheat lines identi�ed for rust resistance and yield component traits

Genotype Hd. Mat.  Ht. (cm) Yl. Rust Br. Rust GNPS Spike Wt.(g) TKW(g) GY/plot(g)

RWP1008 107 150 113 5MS 5MS 77 3.50 45.5 2171

RWP1026 112 150 106 0 10MS 76 3.44 45.3 2803

RWP1027 112 151 105 0 20MR 70 3.12 44.6 2924

RWP1053 111 153 109 5MR 10MR 89 3.91 43.9 2517

RWP1054 104 150 114 0 tMS 74 3.52 47.6 2808

RWP1056 111 153 116 10MR tMS 79 3.45 43.7 2709

RWP1061 101 149 111 tMS 5MS 73 3.21 44.0 2483

RWP1090 97 149 109 5MS tMS 70 3.00 42.8 2566

RWP1097 102 148 111 tMS tMS 78 3.34 42.8 2722

RWP1106 110 148 113 0 tMS 75 3.72 49.6 2600

RWP1107 101 146 112 10MR 5MS 84 3.75 44.6 3089

RWP1112 102 148 119 5MS tMS 77 3.55 46.1 2795

RWP1128 101 149 108 5MR tMS 87 3.88 44.6 2428

HD3086 (C) 95 144 100 10S tMS 62 2.54 41.0 2278

DBW187 (C) 101 147 104 5MS tMS 72 3.17 44.0 2695

DBW90 (C) 97 147 102 20S 10S 61 2.29 37.5 2191

WH1142 (C) 104 148 102 40S 10S 59 2.13 36.1 1950

responsive (150% RDF + FYM + growth regulators 
chlormequat chloride and tebuconazole) responsive wheat 
genotype, which has shown yield superiority over the 
checks HD 2967 (21.2%) and HD 3086 (3.9%), with an 
average yield of 75.5 q/ha and potential yield of 96.6 q/ha.  
Under early sown conditions, two sprays of growth 
regulators chlormequat chloride 50% SL (CCC) @ 0.2%+ 
tebuconazole 250 EC @ 0.1% of commercial product dose 
(tank mix application) at �rst node and �ag leaf stage are 
recommended.

This variety also showed wider yield stability across the 
stlocations as it appeared 6 times out of 12 times in 1  non-

signi�cant group. It showed less yield reduction under late 
sown condition than all the check varieties. DBW187 
showed lowest heat sensitivity index of 0.82, indicating high 
heat tolerance. It has desirable plant architecture with 
robust stem and a large compact spike, ear shape is tapering 
with intermediate density. The variety has �eld resistance 
against most virulent and prevalent pathotypes of yellow, 
brown and black rust disease of wheat. DBW187 has all the 
desirable HMW sub-units required for making of good bread 
like (5+10) Glu-D1, Glu-A1, and (17+18) Glu-B1 with Glu-1 
score of perfect 10 in comparison to other checks and 
candidate varieties. It also has high (63.3) sedimentation 
value re�ecting its strong gluten. The variety possess good 
chapati (7.6/10.0) and bread quality (7.3/10) characters 

along-with high sedimentation value (63.5). Licensing for 
seed production and marketing of this high yielding variety 
has been provided to 279 seed producers/�rms. Due to high 
yield potential coupled with wider adaptability and multiple 
disease resistance cultivar Karan Vandana has been quickly 
adopted by large number of  farmers in Northern India.

Performance of entries in national trials

DBW296 was tested in �rst year of AVT RI-TS-NWPZ 2019-20 
and showed signi�cant superior performance over all 
checks, therefore promoted to second year advanced 
varietal testing. DBW316 and DBW318 were evaluated in 
NIVT-3A and based on signi�cant yield superiority and 
disease resistance, including resistance to wheat blast both 
the entries were promoted to AVT-RI-TS-TAS-NEPZ. DBW318 
has also included in CI-HYT-IR-ES-NWPZ/CZ for evaluation. 
Based on station trials performance, DBW347 and DBW349 
have been promoted to NIVT-1B and DBW357 have been 
promoted to NIVT-3A. A total of 71 entries from the 
programme were evaluated in preliminary yield trials (PYTs) 
at ICAR-IIWBR and 36 of them were promoted to various 
multilocation station trials. A total of 15 genotypes were 
contributed for blast nursery in Bangladesh. 

Evaluation of advanced generation bulks

A set of 150 advanced bulks of bread wheat were evaluated 
for resistance to rust and yield component traits in 
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Contribution to national nurseries

Total 17 entries were contributed to different station trials 
conducted under different production conditions across 
zones during 2020-21. Also, 72 advanced bulks were 
contributed to three preliminary yield trials during 2020-21 
crop season at Karnal.

Sharing of material in eastern India

During 2020-21, seven sets of North Eastern Special Trial 
(NEST) trial comprising 45 test entries along with �ve 
standard checks (DBW 39, DBW 187, DBW 107, HD 2967 and 
Raj 3765) were shared and planted at different locations 
(Sabour, Coochbehar, Kalyani, Shillongani, Ranchi, Pusa and 
Faizabad) in NEPZ for sowing and evaluation in two dates 
(timely and late sown) to identify suitable genotypes which 
are early (in �owering and maturity) and superior in yield. 

Anticipatory breeding programme for mitigating threat 
of wheat blast disease

As an activity of breeding programme, sets of special 
nursery “Anticipatory Wheat Blast Screening Nursery 
(AWBSN) consisting of 122 entries were supplied and 
planted at six locations covering three states  namely, West 
Bengal (4), Bihar (1) and Jharkhand (1) for monitoring 
incidence of wheat blast like disease.  

Evaluation of breeding lines for physiological traits

In order to identify physiological superior lines, data on 

various physiological traits (LAI, chlorophyll �uorescence 
and chlorophyll) was recorded in 24 advanced breeding 
lines. The range and mean values for the studied traits is 
given in Table 1.12. All the genotypes that were found better 
than the best check for chlorophyll �uorescence and 
chlorophyll content are listed in Table 1.13. Chlorophyll 
�uorescence had signi�cant negative correlation with LAI 
and positive with Fm. Both Fo and Fm had signi�cant 
correlation with SPAD, chlorophyll  and stomatal 
conductance (Table 1.14 ).  

Marker assisted backcross breeding for drought 
tolerance in Wheat

With the advancement in molecular marker technology, 
several drought tolerant QTLS have been mapped from 
diverse sources which are amenable to be used for marker 
assisted breeding. Among these, two QTLs (Qyld.csdh.7AL 
and Qyld.4AL) were already mapped in the genotypes SQ 1 
and Dharwad dry, respectively. In order to develop drought 
tolerant genotypes, introgression of these already identi�ed 
drought tolerance QTLs into DBW 39 and GW366 using 
marker assisted backcross breeding is underway at ICAR-
IIWBR. During the crop season 2019-20, BC F  progenies were 2 2

planted and identi�ed positive plants for introgression of 
target  QTL .  We obta ined 57  BC F  homoz ygous 2 3

progenies/lines (35plants derived from the cross DBW39 / 
SQ1 and 19 plants derived from the cross GW366 / SQ1) for 
the targeted QTLs. Seeds of BC F progenies of DBW39 x SQ1 2 3 

and  GW366 x SQ1 crosses were planted at ICAR-IWBR, Karnal. 
DNA will be isolated and foreground MAS will be conducted. 
Positive plants for target trait in homozygous condition will 
be selected. BC F  seeds of both the crosses will be harvested 2 4

during 2020-21 crop season at IIWBR and will be raised at 
Dalang Maidan to get �xed BC F  material for PYT testing.2 5

Wheat improvement for warmer areas

Release of new variety DBWH221

New variety DBWH 221 has been recommended by the 
SVRC for timely sown irrigated conditions of the Haryana 
state. DBWH 221 has 62.8q/ha mean yield and 76.1 q/ha 
potential yield in Haryana state. It showed yield level of 
61.3q/ha in on-farm trials in Haryana (Fig.1.4). DBWH 221 
being heat stress tolerant (HSI- 0.71) variety will be a 
suitable choice to mitigate climatic changes. It has shown 
quality attributes for chapatti (score 7.6), bread (score 8.3) 
and biscuit spread factor (score 8.4) thus suitable for all the 
three products (chapatti, bread and biscuit).

Hybridization and evaluation of breeding material 

A total of 286 new cross combinations were attempted 
involving diverse parents to incorporate the desirable traits 
for warmer areas. During the period under report, 279 F1s 
were evaluated for yield and component traits along with 
check varieties namely HD 3086, HD2967, MACS 6222 and 
GW 322. Heterosis over best check DBW 187 was estimated 
for yield and a wide range of -71.6 to 44.4% was observed. The 
combinations showing positive heterosis for yield are listed 
in Table 1.15. 

A total of 5726 different breeding lines developed from 
1010 diverse crosses were evaluated during 2019-20. These 
lines included advanced lines as well as segregating 
material in different �lial generations. Arti�cial epiphytotic 
conditions were created to screen the material for 

resistance to diseases especially yellow rust. From these 
lines, 6076 selections representing 829 cross combinations 
were made based on plant type, maturity period, disease 
resistance, grain weight, tillering ability and grain number 
(Table1.16 ). In addition, 57 bulks of advanced lines were 
selected for their evaluation in PYTs.   

Evaluation of advanced bulks in common PYTs: A total of 
84 advanced bulks were contributed to three common PYTs 
of the IIWBR, out of which following 21 were promoted to 
IIWBR station trials during 2019-20 (Table 1.17). 

Eva l ua t i o n  o f  t r i p l e  d wa r f  g e n o t y p e s  f o r  y i e l d 
components:  Thir ty-eight dwar f genotypes were 
evaluated during 2019-20 for yield and component traits 
along with check variety DBW 93 and two registered 
genetic stocks namely DM 6 and DM 7.  A wide range of 
variability was observed for all the traits and recorded 
grain yield ranging 23.0 to 73.8q/ha with mean trial yield 
of 45.1q/ha. These genotypes have plant height range of 
70-90 cm and higher 1000-grain weight range of 17.6 to 
57.9% over checks. The promising entries having higher 
yield and reduced plant height of less than 80 cm were 
identi�ed (Table 1.16) as potential genetic resources. 

Table 1.12: Mean and range for various physiological traits

Parameter Mean ± SE Range

Leaf area index 5.02 ± 0.102 3.00 − 6.60

Initial �uorescence (Fo) 22.30 ± 0.447 18.33 − 30.00

Maximum �uorescence (Fm) 92.79 ± 2.298 64.33 − 121.33

Chlorophyll �uorescence (CFL) 0.75 ± 0.004 0.68 − 0.83

SPAD (Chlorophyll) 39.61 ± 0.711 28.13 − 45.67

Chlorophyll content (CHL) 0.04 ± 0.001 0.0227 − 0.0465

Stomatal conductance (gs) 308.72 ± 9.565 206.93 − 406.60

Table 1.13: Promising genotypes for physiological traits

Trait Value Genotype     Check (DBW187)

LAI >5.50 NEP-TS-18-25, NEP-TS-18-34, NEP-TS-18-19   6.20

  NEP-LS-18-17, NEP-TS-18-35, NEP-TS-18-12, NEP-TS-18-19, 

Chlorophyll �uorescence >0.77 NEP-TS-18-24, NEP-LS-18-12, NEP-TS-18-4   0.731 

  NEP-TS-18-35, NEP-TS-18-12, NEP-TS-18-19, NEP- 

Chlorophyll >0.040 RI-18-2, NEP-TS-18-18, NEP-TS-18-24, NEP-RI-18-16,  0.036 

  NEP-LS-18-8, NEP-TS-18-13, NEP-LS-18-7     

Stomatal conductance >350 NEP-LS-18-12, NEP-RI-18-16, NEP-LS-18-7   405.08

Table 1.14: Pearson Correlation Coefficients among various physiological traits

* Signi�cant at p=0.05; ** signi�cant at p=0.01; CFL= Chlorophyll �uorescence (Fv/Fm), CHL= Chlorophyll, gs= Stomatal 
conductance, LAI=leaf area index

 Trait(s) LAI Fo Fm CFL SPAD CHL GS

LAI 1 0.024 -0.238 -0.321* -0.068 -0.068 0.069

Fo  1 0.718** -0.034 0.353* 0.373* 0.458**

Fm   1 0.656** 0.398** 0.411** 0.306*

Fv/m    1 0.21 0.206 -0.089

SPAD     1 0.999 0.274

CHL      1 0.27

g        1s

Fig.1.4: DBWH 221-New Wheat variety
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Contribution to national nurseries

Total 17 entries were contributed to different station trials 
conducted under different production conditions across 
zones during 2020-21. Also, 72 advanced bulks were 
contributed to three preliminary yield trials during 2020-21 
crop season at Karnal.

Sharing of material in eastern India

During 2020-21, seven sets of North Eastern Special Trial 
(NEST) trial comprising 45 test entries along with �ve 
standard checks (DBW 39, DBW 187, DBW 107, HD 2967 and 
Raj 3765) were shared and planted at different locations 
(Sabour, Coochbehar, Kalyani, Shillongani, Ranchi, Pusa and 
Faizabad) in NEPZ for sowing and evaluation in two dates 
(timely and late sown) to identify suitable genotypes which 
are early (in �owering and maturity) and superior in yield. 

Anticipatory breeding programme for mitigating threat 
of wheat blast disease

As an activity of breeding programme, sets of special 
nursery “Anticipatory Wheat Blast Screening Nursery 
(AWBSN) consisting of 122 entries were supplied and 
planted at six locations covering three states  namely, West 
Bengal (4), Bihar (1) and Jharkhand (1) for monitoring 
incidence of wheat blast like disease.  

Evaluation of breeding lines for physiological traits

In order to identify physiological superior lines, data on 

various physiological traits (LAI, chlorophyll �uorescence 
and chlorophyll) was recorded in 24 advanced breeding 
lines. The range and mean values for the studied traits is 
given in Table 1.12. All the genotypes that were found better 
than the best check for chlorophyll �uorescence and 
chlorophyll content are listed in Table 1.13. Chlorophyll 
�uorescence had signi�cant negative correlation with LAI 
and positive with Fm. Both Fo and Fm had signi�cant 
correlation with SPAD, chlorophyll  and stomatal 
conductance (Table 1.14 ).  

Marker assisted backcross breeding for drought 
tolerance in Wheat

With the advancement in molecular marker technology, 
several drought tolerant QTLS have been mapped from 
diverse sources which are amenable to be used for marker 
assisted breeding. Among these, two QTLs (Qyld.csdh.7AL 
and Qyld.4AL) were already mapped in the genotypes SQ 1 
and Dharwad dry, respectively. In order to develop drought 
tolerant genotypes, introgression of these already identi�ed 
drought tolerance QTLs into DBW 39 and GW366 using 
marker assisted backcross breeding is underway at ICAR-
IIWBR. During the crop season 2019-20, BC F  progenies were 2 2

planted and identi�ed positive plants for introgression of 
target  QTL .  We obta ined 57  BC F  homoz ygous 2 3

progenies/lines (35plants derived from the cross DBW39 / 
SQ1 and 19 plants derived from the cross GW366 / SQ1) for 
the targeted QTLs. Seeds of BC F progenies of DBW39 x SQ1 2 3 

and  GW366 x SQ1 crosses were planted at ICAR-IWBR, Karnal. 
DNA will be isolated and foreground MAS will be conducted. 
Positive plants for target trait in homozygous condition will 
be selected. BC F  seeds of both the crosses will be harvested 2 4

during 2020-21 crop season at IIWBR and will be raised at 
Dalang Maidan to get �xed BC F  material for PYT testing.2 5

Wheat improvement for warmer areas

Release of new variety DBWH221

New variety DBWH 221 has been recommended by the 
SVRC for timely sown irrigated conditions of the Haryana 
state. DBWH 221 has 62.8q/ha mean yield and 76.1 q/ha 
potential yield in Haryana state. It showed yield level of 
61.3q/ha in on-farm trials in Haryana (Fig.1.4). DBWH 221 
being heat stress tolerant (HSI- 0.71) variety will be a 
suitable choice to mitigate climatic changes. It has shown 
quality attributes for chapatti (score 7.6), bread (score 8.3) 
and biscuit spread factor (score 8.4) thus suitable for all the 
three products (chapatti, bread and biscuit).

Hybridization and evaluation of breeding material 

A total of 286 new cross combinations were attempted 
involving diverse parents to incorporate the desirable traits 
for warmer areas. During the period under report, 279 F1s 
were evaluated for yield and component traits along with 
check varieties namely HD 3086, HD2967, MACS 6222 and 
GW 322. Heterosis over best check DBW 187 was estimated 
for yield and a wide range of -71.6 to 44.4% was observed. The 
combinations showing positive heterosis for yield are listed 
in Table 1.15. 

A total of 5726 different breeding lines developed from 
1010 diverse crosses were evaluated during 2019-20. These 
lines included advanced lines as well as segregating 
material in different �lial generations. Arti�cial epiphytotic 
conditions were created to screen the material for 

resistance to diseases especially yellow rust. From these 
lines, 6076 selections representing 829 cross combinations 
were made based on plant type, maturity period, disease 
resistance, grain weight, tillering ability and grain number 
(Table1.16 ). In addition, 57 bulks of advanced lines were 
selected for their evaluation in PYTs.   

Evaluation of advanced bulks in common PYTs: A total of 
84 advanced bulks were contributed to three common PYTs 
of the IIWBR, out of which following 21 were promoted to 
IIWBR station trials during 2019-20 (Table 1.17). 

Eva l ua t i o n  o f  t r i p l e  d wa r f  g e n o t y p e s  f o r  y i e l d 
components:  Thir ty-eight dwar f genotypes were 
evaluated during 2019-20 for yield and component traits 
along with check variety DBW 93 and two registered 
genetic stocks namely DM 6 and DM 7.  A wide range of 
variability was observed for all the traits and recorded 
grain yield ranging 23.0 to 73.8q/ha with mean trial yield 
of 45.1q/ha. These genotypes have plant height range of 
70-90 cm and higher 1000-grain weight range of 17.6 to 
57.9% over checks. The promising entries having higher 
yield and reduced plant height of less than 80 cm were 
identi�ed (Table 1.16) as potential genetic resources. 

Table 1.12: Mean and range for various physiological traits

Parameter Mean ± SE Range

Leaf area index 5.02 ± 0.102 3.00 − 6.60

Initial �uorescence (Fo) 22.30 ± 0.447 18.33 − 30.00

Maximum �uorescence (Fm) 92.79 ± 2.298 64.33 − 121.33

Chlorophyll �uorescence (CFL) 0.75 ± 0.004 0.68 − 0.83

SPAD (Chlorophyll) 39.61 ± 0.711 28.13 − 45.67

Chlorophyll content (CHL) 0.04 ± 0.001 0.0227 − 0.0465

Stomatal conductance (gs) 308.72 ± 9.565 206.93 − 406.60

Table 1.13: Promising genotypes for physiological traits

Trait Value Genotype     Check (DBW187)

LAI >5.50 NEP-TS-18-25, NEP-TS-18-34, NEP-TS-18-19   6.20

  NEP-LS-18-17, NEP-TS-18-35, NEP-TS-18-12, NEP-TS-18-19, 

Chlorophyll �uorescence >0.77 NEP-TS-18-24, NEP-LS-18-12, NEP-TS-18-4   0.731 

  NEP-TS-18-35, NEP-TS-18-12, NEP-TS-18-19, NEP- 

Chlorophyll >0.040 RI-18-2, NEP-TS-18-18, NEP-TS-18-24, NEP-RI-18-16,  0.036 

  NEP-LS-18-8, NEP-TS-18-13, NEP-LS-18-7     

Stomatal conductance >350 NEP-LS-18-12, NEP-RI-18-16, NEP-LS-18-7   405.08

Table 1.14: Pearson Correlation Coefficients among various physiological traits

* Signi�cant at p=0.05; ** signi�cant at p=0.01; CFL= Chlorophyll �uorescence (Fv/Fm), CHL= Chlorophyll, gs= Stomatal 
conductance, LAI=leaf area index

 Trait(s) LAI Fo Fm CFL SPAD CHL GS

LAI 1 0.024 -0.238 -0.321* -0.068 -0.068 0.069

Fo  1 0.718** -0.034 0.353* 0.373* 0.458**

Fm   1 0.656** 0.398** 0.411** 0.306*

Fv/m    1 0.21 0.206 -0.089

SPAD     1 0.999 0.274

CHL      1 0.27

g        1s

Fig.1.4: DBWH 221-New Wheat variety
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These may be further evaluated under agronomical 
manipulations at variable inputs for yield and associated 
traits. 

Contribution to station trials

During 2019-20, twenty-two entries were contributed to 
IIWBR station trials out of which seven entries were 
promoted to NIVTs namely DBW 342, DBW 343 (NIVT 1A); 
DBW 353 (NIVT 3A), DBW 354 (NIVT 3B) and DBW 358 in two 

trials (NIVT 5A and 5B).  

Contribution to coordinated trials

During 2019-20, six entries were contributed in NIVT 1A 
(DBW 306, DBW 309), NIVT 1B (DBW 310), NIVT 2 (DBW 314), 
NIVT 3B (DBW 320) and NIVT 5A (DBW 324) and one entry 
DBW 320 has been promoted to AVT-I of PZ-LS during 2020-
21 crop season. 

Table 1.17: Evaluation of segregating material in various generations

Generations Evaluated lines (crosses)  Selected lines (crosses)

F 207  1962 

F 220  2180 (218)3 

F 2890(289)  1560(156)4 

F 1240 (124)  1140(114)5 

F 912(122)  824(108)6 

F 257(48)  176 (37)7 

Total 5726 (1010)  6076 (829)

Number of crosses in parenthesis

Table 1.18:  Promising entries in PYT during 2019-20
-1Entry Yield (q plot ) Yr Br

ST-1 (Irrigated timely sown for NWPZ/NEPZ)

DWAP TS-14 54.3 10MS 5S

DWAP TS-13 52.0 20S 5S

DWAP TS-21 51.9 10S 5S

DWAP TS-22 48.9 20MS 10S

DBW 187 (check) 47.2 TMR 0

ST-2 (Irrigated timely sown for CZ/PZ)

DWAP TS-04 47.8 40S 20S

DWAP TS-29 46.4 10MR 5S

DWAP TS-07 45.7 30MS 10S

DWAP TS-26 45.6 40S 10S

DWAP TS-28 45.5 TR 0

MACS 6222 (check) 40.3 10S 5MS

ST-3 (Irrigated late sown for NWPZ/NEPZ)

DWAP LS-06 54.2 10MS 5S

DWAP LS-07 50.1 5MR 10S

DWAP LS-11 48.6 20S 10S

DWAP LS-08 47.5 10MS 5S

DBW 173 (check) 47.7 20MS 10MS

ST-3 (Irrigated late sown for CZ/PZ)

DWAP LS-13 45.9 20MS 5S

DWAP LS-16 44.4 0 0

DWAP LS-19 40.2 20S 20S

DWAP LS-14 40.1 40MS 20S

HD 2932 (check) 36.7 10MS 10S

ST-4(Timely sown restricted irrigation condition)

DWAP RI-10 56.3 TR 0

DWAP RI-04 51.8 5MR 5S

DWAP RI-19 49.1 20MR 10S

DWAP RI-06 48.7 20MS 10MS

DBW 110 (check) 48.6 30S 20S

Sr. No. Genotype DH DM PH Yr G/S TKW  Yield (q/ha)

1 WAPD 1521 109 149 77 20S 92 36  71.3

2 WAPD 1514 103 149 75 40S 79 41 64.4

3 WAPD 1519 110 149 73 5S 79 33 61.8

4 WAPD 1513 115 147 79 20S 79 35 58.1

5 WAPD 1515 105 147 78 60S 56 33 57.8

6 WAPD 1508 89 146 70 40S 51 32 54.0

7 WAPD 1516 110 149 76 40S 67 37 53.5

8 WAPD 1510 97 145 72 5MS 64 37 50.7

C1 DBW 93 (check) 106 147 90 60S 63 42 41.7

C2 DM 6 (check) 95 145 72 80S 67 20 26.7

C3 DM 7 (check) 97 148 73 80S 54 25 36.0

Table 1.16: Performance of triple gene dwarf wheat genotypes for yield traits during 2019-20

SN. Cross  Heading Maturity Pl. Ht TGW Gr Yield %Heterosis
-1    (days)  (days)  (cm)  (g)  (g plot )  over DBW187

1 HI1605/DBW71 95 148 118 48 1102 44.4

2 HI1605/KRL1-4 95 144 112 44 1044 36.8

3 GW492/HP1968 95 147 104 47 998 30.8

4 WB2/DBWH221 102 144 106 42 984 29.0

5 DBWH221 /HD2967 101 148 95 39 960 25.8

6 WH1105/RAJ4083 100 145 105 37 912 19.5

7 DBWH221 /DBW252 99 145 107 42 894 17.2

8 HI1605/WB2 100 145 100 45 894 17.2

9 WH1105/WB2 103 147 95 40 880 15.3

10 DBW129/ HD2967 101 147 106 38 846 10.9

11 PHSL1/DBW 163 97 148 115 42 798 4.6

12 HI1544/DBW252 97 143 105 45 796 4.3

13 GW322/HI1605 102 145 109 44 792 3.8

14 MP4010/ PHSL10 94 146 123 41 786 3.0

15 GW322/FLW5 104 147 98 50 782 2.5

16 DBW90/WB2 100 148 98 42 776 1.7

 DBW 187 (check)  97 145 104 42 763 0

Table 1.15: Performance of promising heterotic crosses
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These may be further evaluated under agronomical 
manipulations at variable inputs for yield and associated 
traits. 

Contribution to station trials

During 2019-20, twenty-two entries were contributed to 
IIWBR station trials out of which seven entries were 
promoted to NIVTs namely DBW 342, DBW 343 (NIVT 1A); 
DBW 353 (NIVT 3A), DBW 354 (NIVT 3B) and DBW 358 in two 

trials (NIVT 5A and 5B).  

Contribution to coordinated trials

During 2019-20, six entries were contributed in NIVT 1A 
(DBW 306, DBW 309), NIVT 1B (DBW 310), NIVT 2 (DBW 314), 
NIVT 3B (DBW 320) and NIVT 5A (DBW 324) and one entry 
DBW 320 has been promoted to AVT-I of PZ-LS during 2020-
21 crop season. 

Table 1.17: Evaluation of segregating material in various generations

Generations Evaluated lines (crosses)  Selected lines (crosses)

F 207  1962 

F 220  2180 (218)3 

F 2890(289)  1560(156)4 

F 1240 (124)  1140(114)5 

F 912(122)  824(108)6 

F 257(48)  176 (37)7 

Total 5726 (1010)  6076 (829)

Number of crosses in parenthesis

Table 1.18:  Promising entries in PYT during 2019-20
-1Entry Yield (q plot ) Yr Br

ST-1 (Irrigated timely sown for NWPZ/NEPZ)

DWAP TS-14 54.3 10MS 5S

DWAP TS-13 52.0 20S 5S

DWAP TS-21 51.9 10S 5S

DWAP TS-22 48.9 20MS 10S

DBW 187 (check) 47.2 TMR 0

ST-2 (Irrigated timely sown for CZ/PZ)

DWAP TS-04 47.8 40S 20S

DWAP TS-29 46.4 10MR 5S

DWAP TS-07 45.7 30MS 10S

DWAP TS-26 45.6 40S 10S

DWAP TS-28 45.5 TR 0

MACS 6222 (check) 40.3 10S 5MS

ST-3 (Irrigated late sown for NWPZ/NEPZ)

DWAP LS-06 54.2 10MS 5S

DWAP LS-07 50.1 5MR 10S

DWAP LS-11 48.6 20S 10S

DWAP LS-08 47.5 10MS 5S

DBW 173 (check) 47.7 20MS 10MS

ST-3 (Irrigated late sown for CZ/PZ)

DWAP LS-13 45.9 20MS 5S

DWAP LS-16 44.4 0 0

DWAP LS-19 40.2 20S 20S

DWAP LS-14 40.1 40MS 20S

HD 2932 (check) 36.7 10MS 10S

ST-4(Timely sown restricted irrigation condition)

DWAP RI-10 56.3 TR 0

DWAP RI-04 51.8 5MR 5S

DWAP RI-19 49.1 20MR 10S

DWAP RI-06 48.7 20MS 10MS

DBW 110 (check) 48.6 30S 20S

Sr. No. Genotype DH DM PH Yr G/S TKW  Yield (q/ha)

1 WAPD 1521 109 149 77 20S 92 36  71.3

2 WAPD 1514 103 149 75 40S 79 41 64.4

3 WAPD 1519 110 149 73 5S 79 33 61.8

4 WAPD 1513 115 147 79 20S 79 35 58.1

5 WAPD 1515 105 147 78 60S 56 33 57.8

6 WAPD 1508 89 146 70 40S 51 32 54.0

7 WAPD 1516 110 149 76 40S 67 37 53.5

8 WAPD 1510 97 145 72 5MS 64 37 50.7

C1 DBW 93 (check) 106 147 90 60S 63 42 41.7

C2 DM 6 (check) 95 145 72 80S 67 20 26.7

C3 DM 7 (check) 97 148 73 80S 54 25 36.0

Table 1.16: Performance of triple gene dwarf wheat genotypes for yield traits during 2019-20

SN. Cross  Heading Maturity Pl. Ht TGW Gr Yield %Heterosis
-1    (days)  (days)  (cm)  (g)  (g plot )  over DBW187

1 HI1605/DBW71 95 148 118 48 1102 44.4

2 HI1605/KRL1-4 95 144 112 44 1044 36.8

3 GW492/HP1968 95 147 104 47 998 30.8

4 WB2/DBWH221 102 144 106 42 984 29.0

5 DBWH221 /HD2967 101 148 95 39 960 25.8

6 WH1105/RAJ4083 100 145 105 37 912 19.5

7 DBWH221 /DBW252 99 145 107 42 894 17.2

8 HI1605/WB2 100 145 100 45 894 17.2

9 WH1105/WB2 103 147 95 40 880 15.3

10 DBW129/ HD2967 101 147 106 38 846 10.9

11 PHSL1/DBW 163 97 148 115 42 798 4.6

12 HI1544/DBW252 97 143 105 45 796 4.3

13 GW322/HI1605 102 145 109 44 792 3.8

14 MP4010/ PHSL10 94 146 123 41 786 3.0

15 GW322/FLW5 104 147 98 50 782 2.5

16 DBW90/WB2 100 148 98 42 776 1.7

 DBW 187 (check)  97 145 104 42 763 0

Table 1.15: Performance of promising heterotic crosses
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Table 1.20: New diversi�ed CMS lines in Indian backgroundIdenti�cation of promising genotypes for limited 
irrigation/water scarcity conditions

A set of 70 elite lines including seven checks were 
evaluated at ten locations during 2019-20 crop season in 
replicated trials under timely sown irrigated (IR-TS) and 
restricted irrigation conditions (TS-RI). The pooled analysis 
of stress susceptibility index (SSI) and per cent reduction of 
yield under stress (Red. %) indicated wide range of 
variability in the material. The SSI ranged from 0.14 to 1.74 
with mean value of 0.99 whereas reduction percent 
ranged from 3.54% to 44.63% with mean value of 25.45%. 
The results indicated that seven genotypes that showed 
desirable SSI and Red. (%) lower than the best check 
DBW110 be used as source of water stress tolerance in the 
wheat improvement programme under limited irrigation 
conditions (Table 1.19).

Hybrid wheat

Maintenance of A, B & R lines: Total 16CMS sources and 46 
new diversi�ed CMS lines in Indian background were 
maintained through controlled pollination along with 
respective maintainer lines. The row ratio was 2B: 4A: 2B for 
maintenance of A lines. These lines showed complete male 
sterility and are ready to use for hybrid development 

programme as parental lines (Table 1.20).

Diversi�cation of A&R lines: Total 140CMS lines are in 
different BC generations of diversi�cation in the agronomic 
background of 36 Indian cultivars and >6000 spikes have 
been pollinated in this activity during 2019-20. In order to 
diversify the restorer sources, the fertility restorer lines were 
crossed with 27 diverse Indian varieties and 84 new restorer 
lines are in different generations. 

Development and evaluation of experimental hybrids: A 
total of 48 new experimental hybrids were attempted 
during 2019-20 crop season using 12 CMS lines and 4 
restorer lines in 4:2 ratios. The CMS lines were planted 
b e t w e e n  t h e  r e s t o r e r  l i n e s  a n d  t h e  s e e d s  o f 
experimental hybrids were harvested from the CMS 
lines. During this season, 46 experimental hybrids 
were evaluated at half as well as full seed rate (50 & 

- 1100kg ha ) along with two checks (HD3086 and 
HD2967) having 4 rows of 2.5m length spaced at 
20cm. A wide range of heterosis for grain yield was 
observed, but none of the  hybrid could out-yield the 
best check(DBW 187).

SN CMS  Parentage          A - Lines        B - Lines
     Male Sterility   Days to  Plant height Days to  Plant height    
     (%)  heading  (cm) heading (cm)
1 DCMS 8 CMS 3A/DBW 17  100  99 80 99 84
2 DCMS 9 CMS 5A/DBW 17  100  99 91 102 90
3 DCMS 10 CMS 8A/DBW 17  100  100 89 103 91
4 DCMS 11 CMS 10A/DBW 17  100  99 91 99 91
5 DCMS 12 CMS 12A/DBW 17  100  103 88 103 92
6 DCMS 13 CMS 13A/DBW 17  100  104 93 104 92
7 DCMS 14 CMS 14A/DBW 17  100  100 91 103 92
8 DCMS 15 CMS 15A/DBW 17  100  100 91 105 92
9 DCMS 16 CMS 18A/DBW 17  100  99 89 100 93
10 DCMS 19 CMS 25A/DBW 17  100  100 90 99 92
11 DCMS 20 CMS 26A/DBW 17  100  99 87 99 91
12 DCMS 22 CMS 2A/DBW 16  100  103 93 105 94
13 DCMS 23 CMS 8A/DBW 16  100  103 87 105 90
14 DCMS 25 CMS 11A/DBW 16  100  104 95 105 96
15 DCMS 26 CMS 12A/DBW 16  100  104 92 105 94
16 DCMS 28 CMS 18A/DBW 16  100  103 96 105 98
17 DCMS 31 CMS 23A/DBW 16  100  103 92 105 92
18 DCMS 32 CMS 1A/PBW 502  100  103 97 103 99
19 DCMS 33 CMS 6A/PBW 502  100  103 96 103 97
20 DCMS 35 CMS 5A/DBW 55  100  104 84 103 93
21 DCMS 38 CMS 24A/DBW 55  100  105 92 105 94
22 DCMS 39 CMS 21A/DBW 55  100  105 88 106 96
23 DCMS 40 CMS 8A/DBW 60  100  91 104 93 104
24 DCMS 42 CMS 23A/DBW 60  100  91 96 97 103
25 DCMS 44 CMS 2A/CBW 38  100  99 99 105 102
26 DCMS 45 CMS 10A/CBW 38  100  98 103 98 103
27 DCMS 52 CMS 2A/UP 2338  100  99 100 105 100
28 DCMS 55 CMS 14A/RAJ 4037  100  97 101 99 103
29 DCMS 58 CMS 21A/DBW 60  100  92 102 105 109
30 DCMS 59 CMS 22A/DBW 87  100  105 99 104 100
31 DCMS 62 CMS 20A/HD 2967  100  101 97 104 100
32 DCMS 66 CMS 9A/HI 977  100  104 107 104 109
33 DCMS 68 CMS 26A/K 9006  100  98 106 97 107
34 DCMS 69 CMS 11A/NW 1012  100  101 107 101 109
35 DCMS 70 CMS 28A/PBW 550  100  91 87 90 87
36 DCMS 72 CMS 2A/RAJ 1482  100  100 94 99 97
37 DCMS 74 CMS 6A/CBW 38  100  102 103 101 107
38 DCMS 76 CMS 18A/CBW 38  100  101 102 102 100
39 DCMS 77 CMS 24A/CBW 38  100  101 103 101 110
40 DCMS 78 CMS 2A/HD 2967  100  97 107 103 107
41 DCMS 79 CMS 3A/HD 2967  100  97 103 104 104
42 DCMS 80 CMS 29A/HD 2967  100  99 100 103 102
43 DCMS 81 CMS 7A/DBW 39  100  101 104 100 106
44 DCMS 82 CMS 10A/DBW 39  100  103 97 104 96
45 DCMS 83 CMS 24A/DBW 126  100  104 93 106 91
46 DCMS 84 CMS 6A/DWAP 1102  100  104 115 103 114

Table 1.19: DSI and reduction (%) in promising drought tolerant genotypes
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     Drought Stress susceptibility index (DSI)

SN Entry 

1. DWAP 18-07 -4.89 0.91 0.12 2.59 1.21 0.85 -0.70 0.50 0.71 0.60 0.14 3.54

2. DWAP 18-12 -0.86 0.91 -22.06 3.49 0.79 0.95 0.96 -0.75 1.07 -0.08 0.15 3.96

3. DWAP 18-04 0.64 1.47 -11.56 2.24 1.30 0.28 1.34 -2.85 1.16 0.49 0.52 13.41

4. DWAP 18-38 2.51 0.00 1.11 4.17 0.55 -0.09 1.38 1.33 0.76 -0.80 0.53 13.61

5. DWAP 18-65 -1.39 -0.42 -4.12 1.35 0.91 0.56 1.11 1.90 0.79 0.15 0.63 16.15

6. DWAP 18-52 0.92 1.40 1.48 1.55 0.94 0.30 1.01 0.34 0.69 0.30 0.64 16.30

7. DWAP 18-15 -0.75 0.81 -2.54 5.03 0.61 1.28 0.84 0.47 1.05 1.45 0.66 17.01

DBW110 © -3.62 0.66 4.43 4.97 1.16 1.13 1.04 -0.13 1.16 0.80 0.66 17.04

DBW93 © 0.53 0.59 -24.67 2.68 0.83 1.52 1.23 1.25 0.79 0.90 0.70 18.05

HD2967 © 1.06 1.42 -6.52 -1.30 0.89 -0.13 1.10 -3.13 1.06 1.30 1.04 26.59

HD2932 © 1.31 0.59 8.84 0.74 0.86 1.00 0.73 1.84 0.91 0.98 1.12 28.79

GW322 © 2.65 2.15 3.58 3.46 1.11 1.77 1.11 0.84 1.01 1.07 1.25 31.99

MACS6222 © -0.44 0.68 1.72 -0.93 1.15 0.79 0.89 1.57 1.09 1.05 1.28 32.78

DBW222 © 2.02 2.23 3.61 1.27 1.43 1.18 0.77 0.05 1.18 1.01 1.29 33.05 
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Table 1.20: New diversi�ed CMS lines in Indian backgroundIdenti�cation of promising genotypes for limited 
irrigation/water scarcity conditions

A set of 70 elite lines including seven checks were 
evaluated at ten locations during 2019-20 crop season in 
replicated trials under timely sown irrigated (IR-TS) and 
restricted irrigation conditions (TS-RI). The pooled analysis 
of stress susceptibility index (SSI) and per cent reduction of 
yield under stress (Red. %) indicated wide range of 
variability in the material. The SSI ranged from 0.14 to 1.74 
with mean value of 0.99 whereas reduction percent 
ranged from 3.54% to 44.63% with mean value of 25.45%. 
The results indicated that seven genotypes that showed 
desirable SSI and Red. (%) lower than the best check 
DBW110 be used as source of water stress tolerance in the 
wheat improvement programme under limited irrigation 
conditions (Table 1.19).

Hybrid wheat

Maintenance of A, B & R lines: Total 16CMS sources and 46 
new diversi�ed CMS lines in Indian background were 
maintained through controlled pollination along with 
respective maintainer lines. The row ratio was 2B: 4A: 2B for 
maintenance of A lines. These lines showed complete male 
sterility and are ready to use for hybrid development 

programme as parental lines (Table 1.20).

Diversi�cation of A&R lines: Total 140CMS lines are in 
different BC generations of diversi�cation in the agronomic 
background of 36 Indian cultivars and >6000 spikes have 
been pollinated in this activity during 2019-20. In order to 
diversify the restorer sources, the fertility restorer lines were 
crossed with 27 diverse Indian varieties and 84 new restorer 
lines are in different generations. 

Development and evaluation of experimental hybrids: A 
total of 48 new experimental hybrids were attempted 
during 2019-20 crop season using 12 CMS lines and 4 
restorer lines in 4:2 ratios. The CMS lines were planted 
b e t w e e n  t h e  r e s t o r e r  l i n e s  a n d  t h e  s e e d s  o f 
experimental hybrids were harvested from the CMS 
lines. During this season, 46 experimental hybrids 
were evaluated at half as well as full seed rate (50 & 

- 1100kg ha ) along with two checks (HD3086 and 
HD2967) having 4 rows of 2.5m length spaced at 
20cm. A wide range of heterosis for grain yield was 
observed, but none of the  hybrid could out-yield the 
best check(DBW 187).

SN CMS  Parentage          A - Lines        B - Lines
     Male Sterility   Days to  Plant height Days to  Plant height    
     (%)  heading  (cm) heading (cm)
1 DCMS 8 CMS 3A/DBW 17  100  99 80 99 84
2 DCMS 9 CMS 5A/DBW 17  100  99 91 102 90
3 DCMS 10 CMS 8A/DBW 17  100  100 89 103 91
4 DCMS 11 CMS 10A/DBW 17  100  99 91 99 91
5 DCMS 12 CMS 12A/DBW 17  100  103 88 103 92
6 DCMS 13 CMS 13A/DBW 17  100  104 93 104 92
7 DCMS 14 CMS 14A/DBW 17  100  100 91 103 92
8 DCMS 15 CMS 15A/DBW 17  100  100 91 105 92
9 DCMS 16 CMS 18A/DBW 17  100  99 89 100 93
10 DCMS 19 CMS 25A/DBW 17  100  100 90 99 92
11 DCMS 20 CMS 26A/DBW 17  100  99 87 99 91
12 DCMS 22 CMS 2A/DBW 16  100  103 93 105 94
13 DCMS 23 CMS 8A/DBW 16  100  103 87 105 90
14 DCMS 25 CMS 11A/DBW 16  100  104 95 105 96
15 DCMS 26 CMS 12A/DBW 16  100  104 92 105 94
16 DCMS 28 CMS 18A/DBW 16  100  103 96 105 98
17 DCMS 31 CMS 23A/DBW 16  100  103 92 105 92
18 DCMS 32 CMS 1A/PBW 502  100  103 97 103 99
19 DCMS 33 CMS 6A/PBW 502  100  103 96 103 97
20 DCMS 35 CMS 5A/DBW 55  100  104 84 103 93
21 DCMS 38 CMS 24A/DBW 55  100  105 92 105 94
22 DCMS 39 CMS 21A/DBW 55  100  105 88 106 96
23 DCMS 40 CMS 8A/DBW 60  100  91 104 93 104
24 DCMS 42 CMS 23A/DBW 60  100  91 96 97 103
25 DCMS 44 CMS 2A/CBW 38  100  99 99 105 102
26 DCMS 45 CMS 10A/CBW 38  100  98 103 98 103
27 DCMS 52 CMS 2A/UP 2338  100  99 100 105 100
28 DCMS 55 CMS 14A/RAJ 4037  100  97 101 99 103
29 DCMS 58 CMS 21A/DBW 60  100  92 102 105 109
30 DCMS 59 CMS 22A/DBW 87  100  105 99 104 100
31 DCMS 62 CMS 20A/HD 2967  100  101 97 104 100
32 DCMS 66 CMS 9A/HI 977  100  104 107 104 109
33 DCMS 68 CMS 26A/K 9006  100  98 106 97 107
34 DCMS 69 CMS 11A/NW 1012  100  101 107 101 109
35 DCMS 70 CMS 28A/PBW 550  100  91 87 90 87
36 DCMS 72 CMS 2A/RAJ 1482  100  100 94 99 97
37 DCMS 74 CMS 6A/CBW 38  100  102 103 101 107
38 DCMS 76 CMS 18A/CBW 38  100  101 102 102 100
39 DCMS 77 CMS 24A/CBW 38  100  101 103 101 110
40 DCMS 78 CMS 2A/HD 2967  100  97 107 103 107
41 DCMS 79 CMS 3A/HD 2967  100  97 103 104 104
42 DCMS 80 CMS 29A/HD 2967  100  99 100 103 102
43 DCMS 81 CMS 7A/DBW 39  100  101 104 100 106
44 DCMS 82 CMS 10A/DBW 39  100  103 97 104 96
45 DCMS 83 CMS 24A/DBW 126  100  104 93 106 91
46 DCMS 84 CMS 6A/DWAP 1102  100  104 115 103 114

Table 1.19: DSI and reduction (%) in promising drought tolerant genotypes
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SN Entry 

1. DWAP 18-07 -4.89 0.91 0.12 2.59 1.21 0.85 -0.70 0.50 0.71 0.60 0.14 3.54

2. DWAP 18-12 -0.86 0.91 -22.06 3.49 0.79 0.95 0.96 -0.75 1.07 -0.08 0.15 3.96

3. DWAP 18-04 0.64 1.47 -11.56 2.24 1.30 0.28 1.34 -2.85 1.16 0.49 0.52 13.41

4. DWAP 18-38 2.51 0.00 1.11 4.17 0.55 -0.09 1.38 1.33 0.76 -0.80 0.53 13.61

5. DWAP 18-65 -1.39 -0.42 -4.12 1.35 0.91 0.56 1.11 1.90 0.79 0.15 0.63 16.15

6. DWAP 18-52 0.92 1.40 1.48 1.55 0.94 0.30 1.01 0.34 0.69 0.30 0.64 16.30

7. DWAP 18-15 -0.75 0.81 -2.54 5.03 0.61 1.28 0.84 0.47 1.05 1.45 0.66 17.01

DBW110 © -3.62 0.66 4.43 4.97 1.16 1.13 1.04 -0.13 1.16 0.80 0.66 17.04

DBW93 © 0.53 0.59 -24.67 2.68 0.83 1.52 1.23 1.25 0.79 0.90 0.70 18.05

HD2967 © 1.06 1.42 -6.52 -1.30 0.89 -0.13 1.10 -3.13 1.06 1.30 1.04 26.59

HD2932 © 1.31 0.59 8.84 0.74 0.86 1.00 0.73 1.84 0.91 0.98 1.12 28.79

GW322 © 2.65 2.15 3.58 3.46 1.11 1.77 1.11 0.84 1.01 1.07 1.25 31.99

MACS6222 © -0.44 0.68 1.72 -0.93 1.15 0.79 0.89 1.57 1.09 1.05 1.28 32.78

DBW222 © 2.02 2.23 3.61 1.27 1.43 1.18 0.77 0.05 1.18 1.01 1.29 33.05 
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Improving wheat genotypes for grain quality and end 
products

Release of new durum wheat variety DDW48

DDW48 was an indigenously developed durum wheat 
variety with the parentage of HI8498/PDW233// PDW291. It 
was released and noti�ed by the Central Sub-Committee on 
CVRC, Govt. of India vide gazette noti�cation number SO (E) 
500 dated 29.01.2021 for commercial cultivation in 
Peninsular Zone (PZ) of India (Fig. 1.5). DDW 48 has shown 
yield superiority over the checks MACS 3949 (3.3%) and UAS 

428 (5.1%). It is higher yielding (47.4q/ha) durum wheat 
variety compared to the check varieties MACS 3949 
(45.9q/ha) and UAS 428 (45.1q/ha) under timely sown 
irrigated conditions of PZ. It also registered high potential 
yield of 72.0q/ha and a stable genotype, as it appeared 17 

sttimes out of 27 in 1  non-signi�cant group. DDW48 has a 
good balance of grain yield and product quality. Besides, high 
yield potential and productivity, it has registered resistance to 
black and brown rusts thereby providing desirable resistance 
in the Peninsular Zone. The genotype is suitable for better 
pasta quality as compared to check varieties.  

Fig.1.5: A. Field view B. Grain and C. Grain characteristic features of DDW 48

New genetic stock developed and registered QST1910 
(low Drought Sensitivity Index (DSI))

QST1910 was developed at ICAR-IIWBR by crossing 
HD2967/WH1080 and registered with ICAR-NBPGR 

th(INGR20017 dated 29 September, 2020). QST1910 recorded 
the lowest Drought Sensitivity Index (DSI) in all the tested 
centers compared to the drought tolerant check varieties. 
QST1910 found to be superior with DSI of 0.65 compared to 
drought tolerant check varieties viz., DBW 110 (0.81), C 306 
(0.83), K1317 (1.36), MP 3288 (1.36), and NI 5439 (1.44). The 
percent DSI superiority of QST1910 over check varieties was 
19.8% (DBW 110), 21.7% (C 306), 31.6% (K1317), 52.2% (MP 
3288), 54.9% (NI 5439). QST1910 was also superior to all the 
5 check varieties for percent yield reduction, plant height, 
grain �lling duration, productive tillers, and days to 
heading. Thus, QST1910 would be a potential source to be 
utilized in breeding programs to develop drought tolerant 
bread wheat varieties.

Hybridization program 

During the year 2020, a total of 320 new cross combinations 
were made for different quality traits in bread wheat. Targeted 
crosses have been attempted to improve grain protein 
content (donors: HD3226, QLD46, HUWL1733, HUWL1734), 
high sedimentation value (donors: QLD112, HD3241 and 
HD3304), high iron (donors: BWL7800, BNSR1, HD3310, 

UP2994) and zinc (donors: WB02,  BWL7805, BWL7800, 
Raj4541), low grain hardness index (suitable for better biscuit 
making) (donors: QLD112, QLD84, QLD49, HS490) high 
chapatti score (donor: C306), high bread loaf volume in bread 
wheat. Various segregating material evaluated in quality 
breeding program has been presented in Table1.   

Contribution to coordinated trials/nurseries

Bread wheat: A total of 60 entries were contributed to 
different ICAR-IIWBR common PYTs during 2019-20 (25 for 
timely sown, 18 for late sown and 17 for restricted irrigated 
conditions), which were evaluated at new seed research 
farm, ICAR-IIWBR. On the basis of PYT data 15 entries were 
promoted to different station trails (ST-1: 6; ST-2: 3; ST-3: 4; 
ST-4: 2) and evaluated at multilocations. Eleven entries were 
evaluated in different station trials and based on the 
superior performance four entries promoted to different 
NIVTs (DBW 346: NIVT1A; DBW 356: NIVT 3A; DBW 360 and 
DBW 361: NIVT-5A). Also, four entries were evaluated in 
different NIVTs and promoted two entries to AVT testing 
(DBW313: AVT-NWPZ-IR-TS and   DBW317: AVT-NEPZ-IR-LS). 
One entry (DBW 374) was contributed to CI-HYPT-IR-ES. 
Seven entries were contributed to QCWBN for testing at 
different centres. A total of 15 genotypes were also 
contributed for blast nursery in Bangladesh and 10 crosses 
for segregating screening nursery (SSN).

Durum wheat:  DDW 48 and DDW 49 were evaluated in 
second year advanced varietal trial for irrigated timely sown 
conditions of peninsular zone. Based on superior yield and 
quality performance of DDW48 in the second year of 
advanced varietal trial, the genotypes has been released 
and noti�ed by CVRC for timely sown irrigated conditions of 
Peninsular Zone. DDW53 & DDW54 were tested in national 
durum trial NIVT-4 and DDW55 was tested in NIVT-5B. A 
total of 15 entries were tested in common PYTs (9 for timely 
sown and 6 for restricted irrigated conditions) and one entry 
promoted to ST-2. A total of six entries were tested in station 
trials at multilocations (ST-2: 4; ST-4: 2). On the basis of ICAR-
IIWBR station trial data DDW56 and DDW57 were promoted 
to test in NIVT-4 and DDW58 in NIVT-5B. 

Biotechnological and physiological interventions

GWAS of three rusts in a diverse spring wheat panel of 
483 genotypes

Among several important wheat foliar diseases, stripe rust 
(YR), leaf rust (LR), and stem rust (SR) have always been an 
issue of concern to the farmers and wheat breeders. 
Evolution of virulent pathotypes of these rusts has posed 
frequent threats to an epidemic. Pyramiding rust-resistant 
genes are the most economical and environment-friendly 
approach in postponing this inevitable threat. To achieve 
durable long term resistance against the three rusts, a study 
was made searching for novel sources of resistant alleles in a 
panel of 483 spring wheat genotypes. This had been a 
unique and comprehensive study where evaluation of a 

diverse panel comprising wheat germplasm from various 
categories and adapted to different wheat agro-climatic 
zones was challenged with 18 pathotypes of the three rusts 
(Fig. 1.6) with simultaneous screening in �eld conditions. 
The panel was genotyped using 35K SNP array and 
evaluated for each rust at two locations for two consecutive 
crop seasons. High heritability estimates of disease 
response were observed between environments for each 
rust type. A signi�cant effect of population structure in the 
panel was visible in the disease response. Using a 
compressed mixed linear model approach, 25 genomic 
regions were found associated with resistance for at least two 
rusts. Out of these, seven were associated with all the three 
rusts on chromosome groups 1 and 6 along with 2B. For 
resistance against YR, LR, and SR, there were 16, 18, and 27 
QTL (quantitative trait loci) identi�ed respectively, associated 
at least in two out of four environments. Several of these 
regions got annotated with resistance associated genes viz. 
NB-LRR, E3-ubiquitin protein ligase, ABC transporter 
protein, etc. Alien introgressed (on 1B and 3D) and 
pleiotropic (on 7D) resistance genes were captured in 
seedling and adult plant disease responses, respectively. 
The present study demonstrates the use of genome-wide 
association for identi�cation of a large number of favorable 
alleles for leaf, stripe, and stem rust resistance for 
broadening the genetic base (Fig. 1.7).Quick conversion of 
these QTL into user-friendly markers will accelerate the 
deployment of these resistance loci in wheat breeding 
programs. 

Fig.1.6: Pie chart representing seedling response against (a) �ve pathotypes of stripe rust (YR), (b) six pathotypes of leaf rust (LR), and (c) seven 
pathotypes of stem rust (SR) of rust association mapping panel (RAMP). The color legend on the right side of each pie chart represents the infection 
type (IT) score. The magnitude of arc length is directly proportional to the frequency of genotypes showing corresponding IT scores

A. B. C.
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Improving wheat genotypes for grain quality and end 
products

Release of new durum wheat variety DDW48

DDW48 was an indigenously developed durum wheat 
variety with the parentage of HI8498/PDW233// PDW291. It 
was released and noti�ed by the Central Sub-Committee on 
CVRC, Govt. of India vide gazette noti�cation number SO (E) 
500 dated 29.01.2021 for commercial cultivation in 
Peninsular Zone (PZ) of India (Fig. 1.5). DDW 48 has shown 
yield superiority over the checks MACS 3949 (3.3%) and UAS 

428 (5.1%). It is higher yielding (47.4q/ha) durum wheat 
variety compared to the check varieties MACS 3949 
(45.9q/ha) and UAS 428 (45.1q/ha) under timely sown 
irrigated conditions of PZ. It also registered high potential 
yield of 72.0q/ha and a stable genotype, as it appeared 17 

sttimes out of 27 in 1  non-signi�cant group. DDW48 has a 
good balance of grain yield and product quality. Besides, high 
yield potential and productivity, it has registered resistance to 
black and brown rusts thereby providing desirable resistance 
in the Peninsular Zone. The genotype is suitable for better 
pasta quality as compared to check varieties.  

Fig.1.5: A. Field view B. Grain and C. Grain characteristic features of DDW 48

New genetic stock developed and registered QST1910 
(low Drought Sensitivity Index (DSI))

QST1910 was developed at ICAR-IIWBR by crossing 
HD2967/WH1080 and registered with ICAR-NBPGR 

th(INGR20017 dated 29 September, 2020). QST1910 recorded 
the lowest Drought Sensitivity Index (DSI) in all the tested 
centers compared to the drought tolerant check varieties. 
QST1910 found to be superior with DSI of 0.65 compared to 
drought tolerant check varieties viz., DBW 110 (0.81), C 306 
(0.83), K1317 (1.36), MP 3288 (1.36), and NI 5439 (1.44). The 
percent DSI superiority of QST1910 over check varieties was 
19.8% (DBW 110), 21.7% (C 306), 31.6% (K1317), 52.2% (MP 
3288), 54.9% (NI 5439). QST1910 was also superior to all the 
5 check varieties for percent yield reduction, plant height, 
grain �lling duration, productive tillers, and days to 
heading. Thus, QST1910 would be a potential source to be 
utilized in breeding programs to develop drought tolerant 
bread wheat varieties.

Hybridization program 

During the year 2020, a total of 320 new cross combinations 
were made for different quality traits in bread wheat. Targeted 
crosses have been attempted to improve grain protein 
content (donors: HD3226, QLD46, HUWL1733, HUWL1734), 
high sedimentation value (donors: QLD112, HD3241 and 
HD3304), high iron (donors: BWL7800, BNSR1, HD3310, 

UP2994) and zinc (donors: WB02,  BWL7805, BWL7800, 
Raj4541), low grain hardness index (suitable for better biscuit 
making) (donors: QLD112, QLD84, QLD49, HS490) high 
chapatti score (donor: C306), high bread loaf volume in bread 
wheat. Various segregating material evaluated in quality 
breeding program has been presented in Table1.   

Contribution to coordinated trials/nurseries

Bread wheat: A total of 60 entries were contributed to 
different ICAR-IIWBR common PYTs during 2019-20 (25 for 
timely sown, 18 for late sown and 17 for restricted irrigated 
conditions), which were evaluated at new seed research 
farm, ICAR-IIWBR. On the basis of PYT data 15 entries were 
promoted to different station trails (ST-1: 6; ST-2: 3; ST-3: 4; 
ST-4: 2) and evaluated at multilocations. Eleven entries were 
evaluated in different station trials and based on the 
superior performance four entries promoted to different 
NIVTs (DBW 346: NIVT1A; DBW 356: NIVT 3A; DBW 360 and 
DBW 361: NIVT-5A). Also, four entries were evaluated in 
different NIVTs and promoted two entries to AVT testing 
(DBW313: AVT-NWPZ-IR-TS and   DBW317: AVT-NEPZ-IR-LS). 
One entry (DBW 374) was contributed to CI-HYPT-IR-ES. 
Seven entries were contributed to QCWBN for testing at 
different centres. A total of 15 genotypes were also 
contributed for blast nursery in Bangladesh and 10 crosses 
for segregating screening nursery (SSN).

Durum wheat:  DDW 48 and DDW 49 were evaluated in 
second year advanced varietal trial for irrigated timely sown 
conditions of peninsular zone. Based on superior yield and 
quality performance of DDW48 in the second year of 
advanced varietal trial, the genotypes has been released 
and noti�ed by CVRC for timely sown irrigated conditions of 
Peninsular Zone. DDW53 & DDW54 were tested in national 
durum trial NIVT-4 and DDW55 was tested in NIVT-5B. A 
total of 15 entries were tested in common PYTs (9 for timely 
sown and 6 for restricted irrigated conditions) and one entry 
promoted to ST-2. A total of six entries were tested in station 
trials at multilocations (ST-2: 4; ST-4: 2). On the basis of ICAR-
IIWBR station trial data DDW56 and DDW57 were promoted 
to test in NIVT-4 and DDW58 in NIVT-5B. 

Biotechnological and physiological interventions

GWAS of three rusts in a diverse spring wheat panel of 
483 genotypes

Among several important wheat foliar diseases, stripe rust 
(YR), leaf rust (LR), and stem rust (SR) have always been an 
issue of concern to the farmers and wheat breeders. 
Evolution of virulent pathotypes of these rusts has posed 
frequent threats to an epidemic. Pyramiding rust-resistant 
genes are the most economical and environment-friendly 
approach in postponing this inevitable threat. To achieve 
durable long term resistance against the three rusts, a study 
was made searching for novel sources of resistant alleles in a 
panel of 483 spring wheat genotypes. This had been a 
unique and comprehensive study where evaluation of a 

diverse panel comprising wheat germplasm from various 
categories and adapted to different wheat agro-climatic 
zones was challenged with 18 pathotypes of the three rusts 
(Fig. 1.6) with simultaneous screening in �eld conditions. 
The panel was genotyped using 35K SNP array and 
evaluated for each rust at two locations for two consecutive 
crop seasons. High heritability estimates of disease 
response were observed between environments for each 
rust type. A signi�cant effect of population structure in the 
panel was visible in the disease response. Using a 
compressed mixed linear model approach, 25 genomic 
regions were found associated with resistance for at least two 
rusts. Out of these, seven were associated with all the three 
rusts on chromosome groups 1 and 6 along with 2B. For 
resistance against YR, LR, and SR, there were 16, 18, and 27 
QTL (quantitative trait loci) identi�ed respectively, associated 
at least in two out of four environments. Several of these 
regions got annotated with resistance associated genes viz. 
NB-LRR, E3-ubiquitin protein ligase, ABC transporter 
protein, etc. Alien introgressed (on 1B and 3D) and 
pleiotropic (on 7D) resistance genes were captured in 
seedling and adult plant disease responses, respectively. 
The present study demonstrates the use of genome-wide 
association for identi�cation of a large number of favorable 
alleles for leaf, stripe, and stem rust resistance for 
broadening the genetic base (Fig. 1.7).Quick conversion of 
these QTL into user-friendly markers will accelerate the 
deployment of these resistance loci in wheat breeding 
programs. 

Fig.1.6: Pie chart representing seedling response against (a) �ve pathotypes of stripe rust (YR), (b) six pathotypes of leaf rust (LR), and (c) seven 
pathotypes of stem rust (SR) of rust association mapping panel (RAMP). The color legend on the right side of each pie chart represents the infection 
type (IT) score. The magnitude of arc length is directly proportional to the frequency of genotypes showing corresponding IT scores

A. B. C.

ICAR-IIWBR ANNUAL REPORT 2020 19ICAR-IIWBR ANNUAL REPORT 202018

CROP IMPROVEMENT CROP IMPROVEMENT



QTL mapping for Karnal bunt resistance in wheat

Karnal bunt (KB) disease of wheat, caused by the fungus 
Neovossia indica, is one of the most important challenges to 
the grain industry as it affects the grain quality and also 
restricts the international movement of infected grain. 
Genetics of Karnal bunt resistance indicates that the 
resistance is governed by one to several genes having partial 
dominance. Therefore, a study is being carried out to identify 
and characterize resistance loci (QTL) in mapping population 
(217) derived from cross KBRL22 (resistant and PBW343 
(susceptible) parent. This population was phenotyped and 
screened for Karnal bunt for two consecutive years (2015-17) 
with the mixed strains of Neovossia indica. Earheads 
inoculated with KB were harvested and scored for disease 
incidence. More than 550 SSR markers were used for the 
parental screening spanning the wheat genome. In this 
study, we identi�ed two consistent QTLs for KB resistance on 
chromosome 2B (QKB.iiwbr-2B) and on chromosome 5B 
(QKB.iiwbr-5B) accounting approximately 15% of phenotypic 
variation. The resistance at these loci was contributed by the 
parent KBRL22. The promising lines identi�ed from the 
population (on the basis of agronomy, end use quality and KB 
resistance) carrying resistance alleles at identi�ed loci, may 
be used for improving the wheat germplasm. 

Validation of heat-responsive candidate gene based 
SSR markers

Based on literature review, we have selected functionally 
characterised heat-stress responsive candidate genes from 
model plant species. The sequence information of the 
identi�ed genes were retrieved from the ensemble 
database. The sequences of genes/protein were used as 
query in database to identify the respective wheat 
orthologs. In this study, we have developed 177 heat-
responsive gene-based SSRs (cg-SSR)markers derived from 
genic regions. The SSRs were mined using BlastPrimer3 
from wheat genome for assessing genetic diversity analysis 
of 36 contrasting wheat genotypes for heat tolerance. Only, 
144 SSRs yielded unambiguous and repeatable amplicons. 
Thirty seven out of 144 SSRs were found polymorphic and 
used for analysing the genetic diversity. The average mean 
of polymorphism information content was 0.35. Number of 
alleles produced per primer varied from 2 to 6. The UPGMA 
dendrogram analysis grouped all wheat genotypes into 
four clusters and one of the cluster having heat tolerance 
genotypes (Fig. 1.8). The markers developed in this study 
has potential application in the MAS based breeding 
programs for genetic diversity analysis and developing heat 
tolerant wheat cultivars. 

Fig.1.7: Linear regression plots of �eld disease response towards (a) YR, (b) LR, and (c) SR, to favorable alleles of representative SNPs of identi�ed QTL 
in each of the 483 genotypes in the panel and averaged COI score over different environments. All regressions were highly signi�cant at P < 0.0001.

Fig. 1.8: SSRs distribution in the heat stress-responsive genes Fig. 1.9: Allelic variation at Vrn-B1, Vrn-D1 and Vrn-B3 loci
 in Indian wheat cultivars

Fig. 1.11: Heat map of rhizoplane region of contrasting genotypes 
for heat stress tolerance at anthesis stage of wheat growth
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Allelic variation at Vrn-B1, Vrn-D1 and Vrn-B3 loci in 
Indian wheat cultivars

Vernalization (Vrn) genes, photoperiod (Ppd) genes and 
genes controlling earliness per se (Eps) determine �owering 
and heading times and have a signi�cant in�uence on the 
adaptability of wheat cultivars to diverse environmental 
conditions. The three major vernalization genes Vrn-A1, Vrn-
B1 ,  and Vrn-D1 are located on the homeologous 
chromosomes 5A, 5B, and 5D and Vrn-B3 is located on 
chromosome arm 7BS. Four-hundred Indian wheat cultivars 
were genotyped with functional markers of vernalization 
genes viz. Vrn-B1, Vrn-D1 and Vrn-B3. At VRN-B1 locus, 
59.74% cultivars were found to possess Vrn-B1 allele and 
40.25% cultivars have vrn-B1. At VRN-D1 locus, 55.05% 
cultivars have Vrn-D1 allele and 44.95% have vrn-D1 allele 
(Fig.1.9).  All the cultivars screened with functional marker 
for VRN-B3 were found to possess vrn-B3 allele.   

Differential expression of bacterial genes in contrasting 
wheat genotypes for drought and heat stress tolerance

During the crop season 2019-20, �ve contrasting wheat 
genotypes each for drought stress tolerance and sensitivity 
were planted under rain out facility of ICAR-IIWBR, Karnal. 
The rhizospheric soil sampling along with plant roots was 
done at booting and anthesis stage of growth, and 
rhizoplane soil was precisely removed from each genotypes 
and processed for metagenomic analysis for �nding the up-
and down regulation of genes of bacterial micro�ora. 
Drought stress tolerant genotype DBW 110 showed highest 
up -regulat ion of  S t a p h y l o c o c c u s  s a p r o p h y t i c u s , 
Methylotenera mobilis, Luteibacter rhizovicinus and S. 
succinus, followed by Dyella marensis and Comamonas. Up-
regulation of Comamonas and Dyella marensis along with 

Streptomyces mirabilis and S. mashuensis genes was also 
recorded in C 306 genotype. Another drought tolerant 
genotype NI 5439 also exhibited high numbers of up-
regulated bacterial genes of Brevibacillus laterosporus, S. 
mashuensis and Cystobacterineae unclassi�ed. Opposite to 
it, the drought sensitive mega variety HD 2967 exhibited 
low level of up-regulated genes of different bacteria and in 
majority cases it was of bacterial genera with lesser or no 
known plant growth promoting activities (Fig.1.10). Among 
sensitive genotypes, HUW 234 exhibited high up-
regulation of Agromyces mediolanus, Sinorhizobium, 
A d h a e r i b a c t e r ,  T r a c h e l o m o n a s  v o l v o c i n o p s i s , 
Paenibacillaceae and Paenibacillus, while Sphingomonas 
yebuuchiae in both HUW 234 and HD 2733.

Similarly �ve contrasting wheat genotypes each for heat 
stress tolerance and sensitivity were planted under 
Temperature Controlled Phenotypic Facility of ICAR-IIWBR, 
Karnalduring the crop season 2019-20. The sampling and 
processing for metagenomic analysis was done as was done 
for the contrasting drought tolerant and sensitive 
genotypes. A distinct pattern of up-regulated and down-
regulated bacterial genes was recorded in group of heat 
sensitive and tolerant genotypes. More numbers of 
bacterial genera were active in tolerant genotypes than 
s e n s i t i v e  g e n o t y p e s .  B a c t e r i a l  g e n e s  f r o m 
Methylobacteriaceae, Nitrosomonadaceae, Rickettsiaceae, 
Massilia albidi�ava and Sorangium cellulosum were active in 
majority of the tolerant genotypes, while of genes of BSV 43, 
B P C 0 1 5 _ u n c l a s s i � e d ,  F B P _ u n c l a s s i � e d , 
C0119_unclassi�ed, S-BQ2-57_unclassi�ed, Bacillus 
endophyticus and Candidatus Konbacter were speci�cally 
up-regulated in sensitive genotypes (Fig.1.11). 

Fig. 1.10: Heatmap of rhizoplane region of contrasting genotypes 
for drought stress tolerance at anthesis stage of wheat growth



QTL mapping for Karnal bunt resistance in wheat

Karnal bunt (KB) disease of wheat, caused by the fungus 
Neovossia indica, is one of the most important challenges to 
the grain industry as it affects the grain quality and also 
restricts the international movement of infected grain. 
Genetics of Karnal bunt resistance indicates that the 
resistance is governed by one to several genes having partial 
dominance. Therefore, a study is being carried out to identify 
and characterize resistance loci (QTL) in mapping population 
(217) derived from cross KBRL22 (resistant and PBW343 
(susceptible) parent. This population was phenotyped and 
screened for Karnal bunt for two consecutive years (2015-17) 
with the mixed strains of Neovossia indica. Earheads 
inoculated with KB were harvested and scored for disease 
incidence. More than 550 SSR markers were used for the 
parental screening spanning the wheat genome. In this 
study, we identi�ed two consistent QTLs for KB resistance on 
chromosome 2B (QKB.iiwbr-2B) and on chromosome 5B 
(QKB.iiwbr-5B) accounting approximately 15% of phenotypic 
variation. The resistance at these loci was contributed by the 
parent KBRL22. The promising lines identi�ed from the 
population (on the basis of agronomy, end use quality and KB 
resistance) carrying resistance alleles at identi�ed loci, may 
be used for improving the wheat germplasm. 

Validation of heat-responsive candidate gene based 
SSR markers

Based on literature review, we have selected functionally 
characterised heat-stress responsive candidate genes from 
model plant species. The sequence information of the 
identi�ed genes were retrieved from the ensemble 
database. The sequences of genes/protein were used as 
query in database to identify the respective wheat 
orthologs. In this study, we have developed 177 heat-
responsive gene-based SSRs (cg-SSR)markers derived from 
genic regions. The SSRs were mined using BlastPrimer3 
from wheat genome for assessing genetic diversity analysis 
of 36 contrasting wheat genotypes for heat tolerance. Only, 
144 SSRs yielded unambiguous and repeatable amplicons. 
Thirty seven out of 144 SSRs were found polymorphic and 
used for analysing the genetic diversity. The average mean 
of polymorphism information content was 0.35. Number of 
alleles produced per primer varied from 2 to 6. The UPGMA 
dendrogram analysis grouped all wheat genotypes into 
four clusters and one of the cluster having heat tolerance 
genotypes (Fig. 1.8). The markers developed in this study 
has potential application in the MAS based breeding 
programs for genetic diversity analysis and developing heat 
tolerant wheat cultivars. 

Fig.1.7: Linear regression plots of �eld disease response towards (a) YR, (b) LR, and (c) SR, to favorable alleles of representative SNPs of identi�ed QTL 
in each of the 483 genotypes in the panel and averaged COI score over different environments. All regressions were highly signi�cant at P < 0.0001.

Fig. 1.8: SSRs distribution in the heat stress-responsive genes Fig. 1.9: Allelic variation at Vrn-B1, Vrn-D1 and Vrn-B3 loci
 in Indian wheat cultivars

Fig. 1.11: Heat map of rhizoplane region of contrasting genotypes 
for heat stress tolerance at anthesis stage of wheat growth
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Allelic variation at Vrn-B1, Vrn-D1 and Vrn-B3 loci in 
Indian wheat cultivars

Vernalization (Vrn) genes, photoperiod (Ppd) genes and 
genes controlling earliness per se (Eps) determine �owering 
and heading times and have a signi�cant in�uence on the 
adaptability of wheat cultivars to diverse environmental 
conditions. The three major vernalization genes Vrn-A1, Vrn-
B1 ,  and Vrn-D1 are located on the homeologous 
chromosomes 5A, 5B, and 5D and Vrn-B3 is located on 
chromosome arm 7BS. Four-hundred Indian wheat cultivars 
were genotyped with functional markers of vernalization 
genes viz. Vrn-B1, Vrn-D1 and Vrn-B3. At VRN-B1 locus, 
59.74% cultivars were found to possess Vrn-B1 allele and 
40.25% cultivars have vrn-B1. At VRN-D1 locus, 55.05% 
cultivars have Vrn-D1 allele and 44.95% have vrn-D1 allele 
(Fig.1.9).  All the cultivars screened with functional marker 
for VRN-B3 were found to possess vrn-B3 allele.   

Differential expression of bacterial genes in contrasting 
wheat genotypes for drought and heat stress tolerance

During the crop season 2019-20, �ve contrasting wheat 
genotypes each for drought stress tolerance and sensitivity 
were planted under rain out facility of ICAR-IIWBR, Karnal. 
The rhizospheric soil sampling along with plant roots was 
done at booting and anthesis stage of growth, and 
rhizoplane soil was precisely removed from each genotypes 
and processed for metagenomic analysis for �nding the up-
and down regulation of genes of bacterial micro�ora. 
Drought stress tolerant genotype DBW 110 showed highest 
up -regulat ion of  S t a p h y l o c o c c u s  s a p r o p h y t i c u s , 
Methylotenera mobilis, Luteibacter rhizovicinus and S. 
succinus, followed by Dyella marensis and Comamonas. Up-
regulation of Comamonas and Dyella marensis along with 

Streptomyces mirabilis and S. mashuensis genes was also 
recorded in C 306 genotype. Another drought tolerant 
genotype NI 5439 also exhibited high numbers of up-
regulated bacterial genes of Brevibacillus laterosporus, S. 
mashuensis and Cystobacterineae unclassi�ed. Opposite to 
it, the drought sensitive mega variety HD 2967 exhibited 
low level of up-regulated genes of different bacteria and in 
majority cases it was of bacterial genera with lesser or no 
known plant growth promoting activities (Fig.1.10). Among 
sensitive genotypes, HUW 234 exhibited high up-
regulation of Agromyces mediolanus, Sinorhizobium, 
A d h a e r i b a c t e r ,  T r a c h e l o m o n a s  v o l v o c i n o p s i s , 
Paenibacillaceae and Paenibacillus, while Sphingomonas 
yebuuchiae in both HUW 234 and HD 2733.

Similarly �ve contrasting wheat genotypes each for heat 
stress tolerance and sensitivity were planted under 
Temperature Controlled Phenotypic Facility of ICAR-IIWBR, 
Karnalduring the crop season 2019-20. The sampling and 
processing for metagenomic analysis was done as was done 
for the contrasting drought tolerant and sensitive 
genotypes. A distinct pattern of up-regulated and down-
regulated bacterial genes was recorded in group of heat 
sensitive and tolerant genotypes. More numbers of 
bacterial genera were active in tolerant genotypes than 
s e n s i t i v e  g e n o t y p e s .  B a c t e r i a l  g e n e s  f r o m 
Methylobacteriaceae, Nitrosomonadaceae, Rickettsiaceae, 
Massilia albidi�ava and Sorangium cellulosum were active in 
majority of the tolerant genotypes, while of genes of BSV 43, 
B P C 0 1 5 _ u n c l a s s i � e d ,  F B P _ u n c l a s s i � e d , 
C0119_unclassi�ed, S-BQ2-57_unclassi�ed, Bacillus 
endophyticus and Candidatus Konbacter were speci�cally 
up-regulated in sensitive genotypes (Fig.1.11). 

Fig. 1.10: Heatmap of rhizoplane region of contrasting genotypes 
for drought stress tolerance at anthesis stage of wheat growth



13Variation in the Carbon isotope discrimination ∆ C/ 
stomatal resistance in wheat genotypes

The recent genetic gain in wheat is <1% per annum which is 
insufficient to meet future food demand and advances in 
grain yield by improving harvest index has plateaued. 
Hence, there is a need to work on other unexplored traits for 
wheat yield improvement. One such trait is increasing total 
plant biomass through efficient carbon capture by 
p h o t o s y n t h e s i s .  H i g h  p h o t o s y n t h e t i c  r a t e , 
stomatal/mesophyll conductance, rubisco caboxylation 
efficiency and leaf anatomical traits associated with C4 
pathway are known to improve the carbon �xation. 
Currently, all these traits are very meagrely studied and less 
exploited in wheat breeding programmes. Improving 
stomatal/mesophyll conductance is attributing for nearly 
10% improvement in photosynthesis, as stomata regulates 
exchange of gases between leaf and their surrounding and 
plays critical role in up taking carbon dioxide in plants. 
Hence, an attempt was made to study the stomatal 

13resistance by indirectly measuring the carbon isotope ( C). 
The leaf samples of around 75 wheat genotypes were 
collected at same phenological stage, ground to �ne 
powder and later send to national facility for isotope 
measurements present at Dept. of Crop Physiology, UAS, 
GKVK, Bengaluru for IRMS analysis. The data indicated that 

13there is signi�cant variation exists for ∆ C among the 
genotypes. The genotypes HD2864, HI1562, VL829, EMS 98, 

13NIAW 295, HI8737 and Halna showed higher ∆ C whereas 
the genotypes DBW 110, WH1105, DBW 71, HW 2004, LOK1, 

13K0307 and HI 1563 showed lower ∆ C with higher stomatal 
conductance and lower stomatal resistance (Fig. 1.12).  

13Hence, ∆ C can be efficiently used for faster screening of 
wheat genotypes with lower stomatal resistance for carbon 
dioxide uptake and further for improving photosynthesis. 

Knocking down of TaMS1 gene in wheat using 
CRISPR/Cas9 mediated genome editing

CRISPR/Cas9 gene editing system is widely used for traits 
improvement in wheat. The genome editing technologies 
can accelerate wheat breeding by allowing the introduction 
of precise and predictable modi�cations directly in an elite 
background. ICAR-IIWBR has established a CRISPR-based 
genome editing facility and is working on few negative 
regulator genes with a focus to produce novel wheat 
genotypes with target traits and use them in wheat 
breeding programs. TaMS1 is the gene which encodes a 
glycosylphosphatidylinositol (GPI)-anchored lipid transfer 
protein, which is necessary for pollen exine development 
and its knockdown helps in the generation of male sterile 
plants for hybrid seed production in wheat. CRISPR mediated 
knockout using SDN1 approach was used for TaMS1 gene in 
Indian wheat genotypes. The SgRNA's targeting MS1 gene at 
4A and 4B chromosomes of the genome was designed using 
wheat crispr software, they were synthesised and ligated into 
sgRNA scaffold of pDIRECT_25F binary Vector. Transformed 
the ligation reaction into E. coli DH5α competent cells 
according to the manufacturer's protocol and plated the cells 
onto an LB plate containing Kanamycin. Incubated the plate 
at 37°C for overnight.Isolated the plasmid DNA from 5-ml 
cultures grown from individual colonies using a plasmid 
isolation kit (Qiagen) according to the manufacturer's 
instructions and con�rmed the sgRNA insertion into vector 

by digestion and by PCR. The con�rmed positive colonies 
with MS1 SgRNA were transformed into agro strain EHA105 
and then into DBW 187 wheat genotype according to 
protocol standardized as per Kumar et al., 2019 in our lab. 
Further characterization of T  plants for the required 0

phenotype are under progress.

Promising wheat genotypes identi�ed for heat 
tolerance

The wheat genotypes RWP-2018-31(HD3108/DPW621-50) 
and RWP-2018-32 (HD3131/DBW90) were developed at 
ICAR-IIWBR, Karnal. These entries were evaluated in national 
multi location heat tolerance trial (MLHT1) during the year 
2018-19 and 2019-20 crop seasons and were evaluated at 
Durgapura, Hisar, Karnal, Ludhiana, Kanpur, Pusa, Ranchi, 
and Sabour centres which are hot spot locations for heat 
stress. RWP-2018-31 (0.90) and RWP-2018-32 (0.90) have 
showed Heat Susceptibility Index (HSI) values lower than 
checks, DBW150 (0.94), Raj3765 (0.93) and HD2932 (1.22). 
Both RWP-2018-31 and RWP-2018-32 recorded lower yield 
reduction (27%) compared to checks (table 1.21). Lower 
yield reduction (YR) under heat stress is the important 
character of a heat tolerant genotype. Both genotypes are 
also found to be promising for other traits like productive 

-1tillers (PT), biomass plot  (BM), plant height (PH), grain 
-1 -1number spike  (GNS), grain weight spike  (GWS) and grain 

-1yield plot  (GY) under late sown condition. Thus, RWP-2018-
31 and RWP-2018-32 can serve as a potential source to be 
utilized in future breeding programs to develop heat 
tolerant wheat varieties (Table 1.22).

Elucidating the anatomical variations in popular Indian 
wheat varieties

To improve the current understanding of the anatomical 
traits in wheat a study was conducted with the high yielding 
Indian wheat varieties. Anatomical characteristics like culm 
wall thickness, number of vascular bundles, arrangement of 
parenchymatous and sclerenchymatous cells has been 
studied by section cutting and microscopic investigations.  
A high level of anatomical variability was found among the 
genotypes studied.  Raj 4037 and HI 1544 have solid pith 
along with more number of vascular bundles as compare to 
GW322. Solid pith provides better resistance to the culm 
and comparatively higher number of vascular bundles 
enhances the efficiency of transport system of the 
genotype. NW 5054 and NIAW 1415 both have a hollow 
culm and the number of vascular bundles in the outer ring is 
also less as compared to the other genotypes.  Wheat 
varieties HD 2967, PBW 550 and DBW 17 have well 
developed chlorenchymatous cells which are contributing 
enhanced photosynthet ic  efficienc y.  K307 have 
multilayered scelerenchyma along with well developed 
conducting tissue (more number of vascular bundles) 
which enhance its culm strength despite having a tall 
stature. Zone wise characterization of anatomical variations 
in high yielding wheat genotypes has also been identi�ed. 
The varieties were categorized on the basis of culm 
t h i c k n e s s  ( d i a m e t e r ) ,  s o l i d n e s s / h o l l o w n e s s , 
presence/absence of chlorenchyma, thickness of 
sclerenchyma and number of vascular bundles. Wheat 

13Fig. 1.12: Carbon isotope discrimination (∆ C) in wheat genotypes

Table 1.21: The HSI and yield reduction (%) of wheat genotypes over years (2018-19 & 2019-20)

Genotype  HSI     Yield Reduction (%)

   2018-19 2019-20 Mean 2018-19 2019-20 Mean

RWP-2018-31 0.88 0.93 0.90 31.8 23.1 27.4

RWP-2018-32 0.87 0.94 0.90 31.5 23.3 27.4

DBW150(C)  1.06 0.82 0.94 38.4 20.3 29.4

HD2932(C)  1.22 1.19 1.22 44.1 29.6 36.9

Raj3765(C)  1.06 0.79 0.93 38.4 19.7 29.1

Table 1.22: Pooled data of agro-morphological traits of wheat genotypes under MLHT1 2018-19 & 2019-20 under late 
sown condition

Genotype  DH DM PT/3mt BM(g) PH(cm) GNS GWS(g) GY(g)

RWP-2018-31 84 108 326.84 4681.88 96.72 52.14 1.89 1317

RWP-2018-32 81 109 293.59 4597.13 89.44 56.64 2.18 1325

DBW150(C)  78 106 275.88 4750.63 95.53 50.88 1.96 1248

HD2932(C)  80 108 285.06 4289.38 89.97 48.34 1.80 1270

RAJ3765(C)  76 106 293.53 4318.75 89.15 49.26 1.96 1270
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13Variation in the Carbon isotope discrimination ∆ C/ 
stomatal resistance in wheat genotypes

The recent genetic gain in wheat is <1% per annum which is 
insufficient to meet future food demand and advances in 
grain yield by improving harvest index has plateaued. 
Hence, there is a need to work on other unexplored traits for 
wheat yield improvement. One such trait is increasing total 
plant biomass through efficient carbon capture by 
p h o t o s y n t h e s i s .  H i g h  p h o t o s y n t h e t i c  r a t e , 
stomatal/mesophyll conductance, rubisco caboxylation 
efficiency and leaf anatomical traits associated with C4 
pathway are known to improve the carbon �xation. 
Currently, all these traits are very meagrely studied and less 
exploited in wheat breeding programmes. Improving 
stomatal/mesophyll conductance is attributing for nearly 
10% improvement in photosynthesis, as stomata regulates 
exchange of gases between leaf and their surrounding and 
plays critical role in up taking carbon dioxide in plants. 
Hence, an attempt was made to study the stomatal 

13resistance by indirectly measuring the carbon isotope ( C). 
The leaf samples of around 75 wheat genotypes were 
collected at same phenological stage, ground to �ne 
powder and later send to national facility for isotope 
measurements present at Dept. of Crop Physiology, UAS, 
GKVK, Bengaluru for IRMS analysis. The data indicated that 

13there is signi�cant variation exists for ∆ C among the 
genotypes. The genotypes HD2864, HI1562, VL829, EMS 98, 

13NIAW 295, HI8737 and Halna showed higher ∆ C whereas 
the genotypes DBW 110, WH1105, DBW 71, HW 2004, LOK1, 

13K0307 and HI 1563 showed lower ∆ C with higher stomatal 
conductance and lower stomatal resistance (Fig. 1.12).  

13Hence, ∆ C can be efficiently used for faster screening of 
wheat genotypes with lower stomatal resistance for carbon 
dioxide uptake and further for improving photosynthesis. 

Knocking down of TaMS1 gene in wheat using 
CRISPR/Cas9 mediated genome editing

CRISPR/Cas9 gene editing system is widely used for traits 
improvement in wheat. The genome editing technologies 
can accelerate wheat breeding by allowing the introduction 
of precise and predictable modi�cations directly in an elite 
background. ICAR-IIWBR has established a CRISPR-based 
genome editing facility and is working on few negative 
regulator genes with a focus to produce novel wheat 
genotypes with target traits and use them in wheat 
breeding programs. TaMS1 is the gene which encodes a 
glycosylphosphatidylinositol (GPI)-anchored lipid transfer 
protein, which is necessary for pollen exine development 
and its knockdown helps in the generation of male sterile 
plants for hybrid seed production in wheat. CRISPR mediated 
knockout using SDN1 approach was used for TaMS1 gene in 
Indian wheat genotypes. The SgRNA's targeting MS1 gene at 
4A and 4B chromosomes of the genome was designed using 
wheat crispr software, they were synthesised and ligated into 
sgRNA scaffold of pDIRECT_25F binary Vector. Transformed 
the ligation reaction into E. coli DH5α competent cells 
according to the manufacturer's protocol and plated the cells 
onto an LB plate containing Kanamycin. Incubated the plate 
at 37°C for overnight.Isolated the plasmid DNA from 5-ml 
cultures grown from individual colonies using a plasmid 
isolation kit (Qiagen) according to the manufacturer's 
instructions and con�rmed the sgRNA insertion into vector 

by digestion and by PCR. The con�rmed positive colonies 
with MS1 SgRNA were transformed into agro strain EHA105 
and then into DBW 187 wheat genotype according to 
protocol standardized as per Kumar et al., 2019 in our lab. 
Further characterization of T  plants for the required 0

phenotype are under progress.

Promising wheat genotypes identi�ed for heat 
tolerance

The wheat genotypes RWP-2018-31(HD3108/DPW621-50) 
and RWP-2018-32 (HD3131/DBW90) were developed at 
ICAR-IIWBR, Karnal. These entries were evaluated in national 
multi location heat tolerance trial (MLHT1) during the year 
2018-19 and 2019-20 crop seasons and were evaluated at 
Durgapura, Hisar, Karnal, Ludhiana, Kanpur, Pusa, Ranchi, 
and Sabour centres which are hot spot locations for heat 
stress. RWP-2018-31 (0.90) and RWP-2018-32 (0.90) have 
showed Heat Susceptibility Index (HSI) values lower than 
checks, DBW150 (0.94), Raj3765 (0.93) and HD2932 (1.22). 
Both RWP-2018-31 and RWP-2018-32 recorded lower yield 
reduction (27%) compared to checks (table 1.21). Lower 
yield reduction (YR) under heat stress is the important 
character of a heat tolerant genotype. Both genotypes are 
also found to be promising for other traits like productive 

-1tillers (PT), biomass plot  (BM), plant height (PH), grain 
-1 -1number spike  (GNS), grain weight spike  (GWS) and grain 

-1yield plot  (GY) under late sown condition. Thus, RWP-2018-
31 and RWP-2018-32 can serve as a potential source to be 
utilized in future breeding programs to develop heat 
tolerant wheat varieties (Table 1.22).

Elucidating the anatomical variations in popular Indian 
wheat varieties

To improve the current understanding of the anatomical 
traits in wheat a study was conducted with the high yielding 
Indian wheat varieties. Anatomical characteristics like culm 
wall thickness, number of vascular bundles, arrangement of 
parenchymatous and sclerenchymatous cells has been 
studied by section cutting and microscopic investigations.  
A high level of anatomical variability was found among the 
genotypes studied.  Raj 4037 and HI 1544 have solid pith 
along with more number of vascular bundles as compare to 
GW322. Solid pith provides better resistance to the culm 
and comparatively higher number of vascular bundles 
enhances the efficiency of transport system of the 
genotype. NW 5054 and NIAW 1415 both have a hollow 
culm and the number of vascular bundles in the outer ring is 
also less as compared to the other genotypes.  Wheat 
varieties HD 2967, PBW 550 and DBW 17 have well 
developed chlorenchymatous cells which are contributing 
enhanced photosynthet ic  efficienc y.  K307 have 
multilayered scelerenchyma along with well developed 
conducting tissue (more number of vascular bundles) 
which enhance its culm strength despite having a tall 
stature. Zone wise characterization of anatomical variations 
in high yielding wheat genotypes has also been identi�ed. 
The varieties were categorized on the basis of culm 
t h i c k n e s s  ( d i a m e t e r ) ,  s o l i d n e s s / h o l l o w n e s s , 
presence/absence of chlorenchyma, thickness of 
sclerenchyma and number of vascular bundles. Wheat 

13Fig. 1.12: Carbon isotope discrimination (∆ C) in wheat genotypes

Table 1.21: The HSI and yield reduction (%) of wheat genotypes over years (2018-19 & 2019-20)

Genotype  HSI     Yield Reduction (%)

   2018-19 2019-20 Mean 2018-19 2019-20 Mean

RWP-2018-31 0.88 0.93 0.90 31.8 23.1 27.4

RWP-2018-32 0.87 0.94 0.90 31.5 23.3 27.4

DBW150(C)  1.06 0.82 0.94 38.4 20.3 29.4

HD2932(C)  1.22 1.19 1.22 44.1 29.6 36.9

Raj3765(C)  1.06 0.79 0.93 38.4 19.7 29.1

Table 1.22: Pooled data of agro-morphological traits of wheat genotypes under MLHT1 2018-19 & 2019-20 under late 
sown condition

Genotype  DH DM PT/3mt BM(g) PH(cm) GNS GWS(g) GY(g)

RWP-2018-31 84 108 326.84 4681.88 96.72 52.14 1.89 1317

RWP-2018-32 81 109 293.59 4597.13 89.44 56.64 2.18 1325

DBW150(C)  78 106 275.88 4750.63 95.53 50.88 1.96 1248

HD2932(C)  80 108 285.06 4289.38 89.97 48.34 1.80 1270

RAJ3765(C)  76 106 293.53 4318.75 89.15 49.26 1.96 1270
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Table 1.24: Seed distribution of DBW187 and DBW222 
to different agencies

Table 1.23:  Seed production of major bread and durum 
wheat varieties

S No Variety Production (q)

1 DBW187 1060.4

2 DBW222 1252.0

3 WB02 365.0

4 DBW173 262.14

5 DBW252 34.2

6 DBW303 134.6

7 DDW47 (d) 45.1

Fig. 1.15: Details of licences signed by the �rms of different state

genotypes of NWPZ and NWPZ/NEPZ (DBW17, HD2967) has 
been found mostly with solid/semi-solid culm and well 
developed sclerenchymatous cells. In the varieties of NEPZ 
presence of chlorenchymatous cells was not consistence 
but the vascular bundles was well developed. However the 
representative varieties (GW 366) of CZ have been 
reported to have mainly solid culm and well developed 
mesophyll tissue. More number of well developed 
vascular bundles represents efficient conducting 
system.However, the variability in shape, size, number and 
organization pattern of xylem and phloem cells of 
conducting tissue has also been studied but, further 
validation is needed to conclude the role of different types 
of cells within the tissue.

Nitrogen use efficiency in wheat

Excessive nitrogen (N) use in agriculture adds additional 
cost to farmers and may also have adverse impact on 
environmental health. A study was carried out to identify 
wheat accessions with high nitrogen use efficiency (NUE) at 
ICAR-IIWBR, Karnal. Spring wheat lines comprising 235 
indigenous gene bank accessions and 6 checks were 
screened for NUE, N Uptake Efficiency (NUpE) and N 
Utilization efficiency (NUtE) under two contrasting N 
levels.Grain yield per plant (GYPP), biomass, thousand 
grains weight (TGW), grain protein content (GPC), grain N 
(Gr N) were also measured. Signi�cant N×genotype 
interaction was observed for GYPP, NUE and other studied 
parameters. GYPP in N0 was signi�cantly (P = <0.001) 

-1reduced by 82.3 % (15.7 g plant ) compared to N150 (19.1 g 
-1plant ). Tukey's test of signi�cance led ranking of genotypes 

identi�ed IC535206 as the top ranked accession for NUE 
-1(7.37 g GY g  N) under N150. Under N0 treatment, IC252827 

-1was the best genotype with NUE of 7.59 g GY g  N. GYPP was 
positively in�uenced by NUE amongst cultivars under both 

2 2N0 (R  0.51, P< 0.001) and N150 (R  0.80, P< 0.001). 

Association among NUE components: Linear regression 
between the NUE components and GYPP was performed to 
�nd out the relationship between them N levels and among 
the tested genotypes. GYPP was positively in�uenced by NUE 

2amongst cultivars under both N0 (R  0.51, P< 0.001) and N150 
2(R  0.80, P< 0.001) treatments (Fig. 1.13 and 1.14). Also, NUpE 

2was positively associated with GYPP under both N0 (R  0.78, 
2P< 0.001) and N150 (R  0.77, P< 0.001) conditions. In the same 

2manner, NUtE was also governed positively by GYPP in N0 (R  
20.46, P< 0.001) and N150 (R  0.31, P< 0.001) treatments. When 

analysed across genotypes, the NUpE was having strong 
2positive in�uence (R  0.48, P< 0.001) on NUE in N150 

treatment, while on the other hand in N0 treatment the 
2in�uence of NUpE on NUE was relatively weak (R  0.17, P< 

0.001).  NUtE had a strong positive effect on NUE both under 
2 2N150 (R  0.67, P< 0.001) and N0 (R  0.64, P< 0.001) treatments. 

The regression analysis between NUpE and NUtE indicated 

presence of negative association between them under N0 
2 2(R  0.24, P< 0.001) and positive association under N150 (R  

0.38, P< 0.001) treatment (Fig 2).Averaging across 
genotypes linear regression of NUE components and 
GYPP revealed that, GY attainment under N0 was mainly 
controlled by NUtE than NUpE at harvest. The availability 
of high NUE accessions in genebank and understanding 
the relationship between GY and NUE components under 
low to moderate N conditions would help in their best use 
towards breeding high NUE cultivars.  

Wheat seed production programme 

The institute produced 4284.6q breeder and TL seed of 9 wheat 
viz., DBW303, DBW187, DBW222, DBW252, DBW173, WB02, 
HD2967, HD3086,  DDW47 (d) and four barley varieties viz., 
DWRB 137, DWRB 101, DWRB 160 & DWRB 182  during 2019-20 
in collaboration with ICAR-NDRI Karnal and ICAR-CPRI-RS, 
Modipuram. After selling of Nucleus/ Breeder and TL Seeds of 

wheat. An amount of  ̀  2,85,42,438.00  has been generated in 
the revolving fund scheme  of the institute (Table 1.23 &1.24).

ITMU: Technology commercialization through public-
private partnership for strengthening

Intellectual Property and Technology Management Unit in 
ICAR facilitates matters related to intellectual properties and 
technology transfer/commercialization through 'National 
Agriculture Innovation Fund' with three components viz. 
Component I: Innovation Fund (the XI Plan Scheme of 
Intel lectual  Proper ty Management and Transfer/ 
Commercialization of Agricultural Technologies). The ITMU 
unit at IIWBR, Karnal during the last one year, has been 
successful in commercialization of three wheat (DBW187, 
DDW222 & DBW252) and one barley (DWRB160) varieties 
through licensing with private and public seed growers (Table 
1.25). The details of the licenses issued during 2020 is given 
below along with the revenue generated from this activity.

Fig. 1.13: Mean values of GYPP (g) and NUE (g GY g-1 N) of 241 wheat accessions under two N levels

Fig. 1.14: Linear regression of A) GYPP vs NUE, B) GYPP vs NUpE, 
C GYPP vs NUtE, D) NUE vs NUpE, E) NUE vs NUtE and F) NUpE vs 
NUtE under high N (N0) and low N (N150) conditions for 241 
indigenous wheat lines.
GYPP Grain Yield Per Plant (g), NUpE Nitrogen taken up by entire 
above ground biomass as a fraction of total nitrogen available to 
the crop, NUtE Grain yield as a function of the amount of 
nitrogen taken up (Moll et al., 1982),  NUE Ratio of grain yield per 
plot to total available nitrogen (residual and fertilizer N); it is also 
the product of NUpE x NUtE (Moll et al., 1982).

Items   DBW187 DBW222
   (Karan  (Karan 
   Vandana) Narendra)

Private Seed Growers 239 185

ICAR-Institutes/NGOs 18 5

Krishi Vigyan Kendras 18 12

State Ag. Universities 10 8

State Government Agencies 7 5
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Table 1.24: Seed distribution of DBW187 and DBW222 
to different agencies

Table 1.23:  Seed production of major bread and durum 
wheat varieties

S No Variety Production (q)

1 DBW187 1060.4

2 DBW222 1252.0

3 WB02 365.0

4 DBW173 262.14

5 DBW252 34.2

6 DBW303 134.6

7 DDW47 (d) 45.1

Fig. 1.15: Details of licences signed by the �rms of different state

genotypes of NWPZ and NWPZ/NEPZ (DBW17, HD2967) has 
been found mostly with solid/semi-solid culm and well 
developed sclerenchymatous cells. In the varieties of NEPZ 
presence of chlorenchymatous cells was not consistence 
but the vascular bundles was well developed. However the 
representative varieties (GW 366) of CZ have been 
reported to have mainly solid culm and well developed 
mesophyll tissue. More number of well developed 
vascular bundles represents efficient conducting 
system.However, the variability in shape, size, number and 
organization pattern of xylem and phloem cells of 
conducting tissue has also been studied but, further 
validation is needed to conclude the role of different types 
of cells within the tissue.

Nitrogen use efficiency in wheat

Excessive nitrogen (N) use in agriculture adds additional 
cost to farmers and may also have adverse impact on 
environmental health. A study was carried out to identify 
wheat accessions with high nitrogen use efficiency (NUE) at 
ICAR-IIWBR, Karnal. Spring wheat lines comprising 235 
indigenous gene bank accessions and 6 checks were 
screened for NUE, N Uptake Efficiency (NUpE) and N 
Utilization efficiency (NUtE) under two contrasting N 
levels.Grain yield per plant (GYPP), biomass, thousand 
grains weight (TGW), grain protein content (GPC), grain N 
(Gr N) were also measured. Signi�cant N×genotype 
interaction was observed for GYPP, NUE and other studied 
parameters. GYPP in N0 was signi�cantly (P = <0.001) 

-1reduced by 82.3 % (15.7 g plant ) compared to N150 (19.1 g 
-1plant ). Tukey's test of signi�cance led ranking of genotypes 

identi�ed IC535206 as the top ranked accession for NUE 
-1(7.37 g GY g  N) under N150. Under N0 treatment, IC252827 

-1was the best genotype with NUE of 7.59 g GY g  N. GYPP was 
positively in�uenced by NUE amongst cultivars under both 

2 2N0 (R  0.51, P< 0.001) and N150 (R  0.80, P< 0.001). 

Association among NUE components: Linear regression 
between the NUE components and GYPP was performed to 
�nd out the relationship between them N levels and among 
the tested genotypes. GYPP was positively in�uenced by NUE 

2amongst cultivars under both N0 (R  0.51, P< 0.001) and N150 
2(R  0.80, P< 0.001) treatments (Fig. 1.13 and 1.14). Also, NUpE 

2was positively associated with GYPP under both N0 (R  0.78, 
2P< 0.001) and N150 (R  0.77, P< 0.001) conditions. In the same 

2manner, NUtE was also governed positively by GYPP in N0 (R  
20.46, P< 0.001) and N150 (R  0.31, P< 0.001) treatments. When 

analysed across genotypes, the NUpE was having strong 
2positive in�uence (R  0.48, P< 0.001) on NUE in N150 

treatment, while on the other hand in N0 treatment the 
2in�uence of NUpE on NUE was relatively weak (R  0.17, P< 

0.001).  NUtE had a strong positive effect on NUE both under 
2 2N150 (R  0.67, P< 0.001) and N0 (R  0.64, P< 0.001) treatments. 

The regression analysis between NUpE and NUtE indicated 

presence of negative association between them under N0 
2 2(R  0.24, P< 0.001) and positive association under N150 (R  

0.38, P< 0.001) treatment (Fig 2).Averaging across 
genotypes linear regression of NUE components and 
GYPP revealed that, GY attainment under N0 was mainly 
controlled by NUtE than NUpE at harvest. The availability 
of high NUE accessions in genebank and understanding 
the relationship between GY and NUE components under 
low to moderate N conditions would help in their best use 
towards breeding high NUE cultivars.  

Wheat seed production programme 

The institute produced 4284.6q breeder and TL seed of 9 wheat 
viz., DBW303, DBW187, DBW222, DBW252, DBW173, WB02, 
HD2967, HD3086,  DDW47 (d) and four barley varieties viz., 
DWRB 137, DWRB 101, DWRB 160 & DWRB 182  during 2019-20 
in collaboration with ICAR-NDRI Karnal and ICAR-CPRI-RS, 
Modipuram. After selling of Nucleus/ Breeder and TL Seeds of 

wheat. An amount of  ̀  2,85,42,438.00  has been generated in 
the revolving fund scheme  of the institute (Table 1.23 &1.24).

ITMU: Technology commercialization through public-
private partnership for strengthening

Intellectual Property and Technology Management Unit in 
ICAR facilitates matters related to intellectual properties and 
technology transfer/commercialization through 'National 
Agriculture Innovation Fund' with three components viz. 
Component I: Innovation Fund (the XI Plan Scheme of 
Intel lectual  Proper ty Management and Transfer/ 
Commercialization of Agricultural Technologies). The ITMU 
unit at IIWBR, Karnal during the last one year, has been 
successful in commercialization of three wheat (DBW187, 
DDW222 & DBW252) and one barley (DWRB160) varieties 
through licensing with private and public seed growers (Table 
1.25). The details of the licenses issued during 2020 is given 
below along with the revenue generated from this activity.

Fig. 1.13: Mean values of GYPP (g) and NUE (g GY g-1 N) of 241 wheat accessions under two N levels

Fig. 1.14: Linear regression of A) GYPP vs NUE, B) GYPP vs NUpE, 
C GYPP vs NUtE, D) NUE vs NUpE, E) NUE vs NUtE and F) NUpE vs 
NUtE under high N (N0) and low N (N150) conditions for 241 
indigenous wheat lines.
GYPP Grain Yield Per Plant (g), NUpE Nitrogen taken up by entire 
above ground biomass as a fraction of total nitrogen available to 
the crop, NUtE Grain yield as a function of the amount of 
nitrogen taken up (Moll et al., 1982),  NUE Ratio of grain yield per 
plot to total available nitrogen (residual and fertilizer N); it is also 
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Items   DBW187 DBW222
   (Karan  (Karan 
   Vandana) Narendra)

Private Seed Growers 239 185

ICAR-Institutes/NGOs 18 5

Krishi Vigyan Kendras 18 12

State Ag. Universities 10 8

State Government Agencies 7 5
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2. CROP PROTECTIONTable 1.25: Details of the licenses issued during 2020

SN Wheat / Barley Variety Year of Licensing Revenue generated (`) Number of licenses issued

1 DBW 187 2020 4484000/- 76

2 DBW 222 2020 10915000/- 185

3 DBW 252 2020 29500/- 1

4 DWRB160 2020 118000/- 4

   Total 15546500/- 266

Technological Inter ventions for efficient seed 
distribution during Covid-19 pandemic

In order to supply the quality seed of recent wheat varieties 
viz., DBW187, DBW222 and DDW47, the institute created 
the wheat seed portal for the farmers. The seed portal was 
designed and executed through IIWBR website during the 
September month. All the interested farmer were allowed 
to provide needful information including his/her name, 
village, mobile number, district and state, upload soft copy 
of Aadhar card,  select the variety and quantity of seed to be 
purchased. After that he/she received an OTP on his/her 
mobile and then a message was sent to all such farmers that 

their request has been registered with the IIWBR.  This 
facility was utilized by about 5000 farmers from different 
states like Haryana, Punjab, U.P., Bihar and Rajasthan, who 
successfully registered on the portal during 15.09.2020 to 
23.09.2020.  The portal was closed after the successful 
registration of the farmers as per the seed availability. The 
major task before the institute was to distribute the seeds to 
the registered farmers. The farmers were then grouped into 
clusters and accordingly informed through bulk SMS sent 

th rdduring 17  October to 23  October 2020 to come and 
collect the indented/ allotted seed on speci�c date and 
time. The institute then organized seed distribution 
through �ve counters by following  COVID-19 guidelines of 
social distancing and options for digital modes of payment 
(QR code, net banking or card swipe) were given. This way, 
>6000 kg seed of indented varieties were provided to the 
farmers through this newly evolved, safe, IT technology 
driven and user friendly approach as most of the farmers 
were really happy and satis�ed to receive the seed of recent 
varieties conveniently in the time of Covid19. The success 
story that gained attention of all stakeholders has also been 
published by the Indian Council of Agricultural Research on 
its website (https://icar.org.in/content/technological-
interventions-efficient-seeds-distribution-during-covid-
19-pandemic) for wider circulation and adoption. 
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Fig. 1.16: Seed Portal of ICAR-IIWBR
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Fig. 2.1: Constitution of different Plant Pathological Nurseries during 2019-20
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Table 2.1: Karnal bunt situation in the country during 2019-20

Fig. 2.2:  Sensitivity of Fusarium graminearum, fungal incitant of Fusarium Head Blight disease in wheat against newer fungicides
Fig. 2.3:  PCR-mediated detection of U. agropyri in �eld soil samples collected from different locations

State  Total samples Infected samples Infected samples (%) Range of grain infection (%)

Haryana 1183 684 57.8 0.05 – 4.4

Rajasthan 405 151 37.7 0.1 – 10.8

Uttarakhand 850 397 46.7 0.1 – 10.0

Total  2438 1232 50.5 0.1 – 10.8
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Fig.2.4: Haplotype network of ITS gene of B. sorokiniana isolates 
from different wheat growing zones of India.  Major circles 
represent predominant haplotypes. The size of the each circle is 
proportional to the frequency of the haplotypes. NWPZ: North 
Western Plain Zone (Yellow circle); NEPZ: North Eastern Plain zone 
(red circle); NHZ: North Hill Zone (green circle); SHZ: Southern Hill 
Zone (purple circle); PZ: Pennisular Zone (blue circle).

Fig. 2.5: Response of Aegilops germplasm to corn leaf aphid (CLA), 
Rhopalosiphum maidis

Fig.2.6: Insect-pest abundance of foliar aphid (Rhopalosiphum 
maidis) and root aphid (Rhopalosiphum ru�abdominalis), and per cent 
damage of termites (Odontotermes obesus and Microtermes obesi) and 
pink stem borer (Sesamia inferens) in wheat crop grown under three 
tillage practices (CT-conventional; RT- reduced and zero tillage-ZT)
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2Fig. 2.7: Population of major natural enemies (number per m ) in wheat grown under three tillage practices (CT-conventional; RT- reduced and 
zero tillage-ZT)
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Fig.2.8: In�uence of sowing time on the incidence and population 
build-up of major insect pest in wheat
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3. RESOURCE MANAGEMENT

Conservation Agriculture

Conservation Agriculture (CA) in maize-wheat-green 
gram system 

To evaluate the long term effect of tillage, residue and 
nutrient management in maize-wheat-green gram 
system an experiment is in progress since Kharif 2015 
i n v o l v i n g  c o m b i n a t i o n  o f  t i l l a g e  a n d  r e s i d u e 
management (Zero tillage (ZT); ZT with residue retention 
(CA); Conventional til lage (CT ) and CT + residue 
incorporation) in main plots and sub plots were having 
the four nutrient management options (Control; 
Recommended N alone; Recommended NPK; and Rec. 
NPK + FYM 10 t/ha). The sowing was done using Turbo 
happy Seeder/ Rotary Disc Drill. The results of the season 
2019-20 showed that the effect of nutrient management 
was signi�cant, whereas, that of tillage and residue 
management and their interactions were non-signi�cant. 
Among four  nutr ient  management options,  the 
minimum yield (20.24 q/ha) was recorded in unfertilized 
control plots (Fig. 3.1). The wheat grain yield recorded 
with application of Rec. NPK (62.9 q/ha) and Rec. NPK + 10 
t/ha FYM (62.23 q/ha) was similar. However, these two 
treatments were marginally better than the N application 
alone (61.7 q/ha). However, statistically these treatments 
were at par among themselves but signi�cantly superior 
to control treatment. 

Observations were also recorded on soil temperature at 5 cm 
depth in the morning and in the afternoon on different 
dates. The morning temperatures were slightly higher in CA 
system where as the reverse was true in the afternoon. 
Among the treatments, the afternoon temperature in the 
control  plots was higher than different nutr ient 
management treatments.

Performance of wheat varieties under CT and CA 
systems

Studies were conducted to identify suitable varieties for CA 
system. In this experiment ten wheat varieties were 
evaluated at two dates of sowing under early sown 

nd thconditions (22  Oct 2019) and normal sowing (19  
November, 2019) with two til lage options i .e.  CT 
(Conventional Tillage) & CA (Conservation Agriculture). The 
residue load in CA treatments was about 8 t/ha. The effect of 
tillage as well as its interaction with varieties were non-
signi�cant for yield (Fig. 3.2). The mean wheat yield of early 
sown wheat was signi�cantly better than the normal 
sowing. However, the genotypic differences were signi�cant 
and BISA 927, PBW 723, HD 2967 and BISA 921 were better 
yielder than other genotypes. Presently HD 2967 genotype 
is occupying maximum wheat area in India and its 
performance was similar under CA and CT system. Therefore, 
wheat genotypes released for CT system can also be 
effectively grown under CA conditions. 

Field demonstration at farmers' �eld for in-situ 
management of rice residue

Field demonstrations were conducted at farmers' �elds for 
in-situ management of rice and sugarcane residues. In 
sugarcane ratoon sowing was done using Rotary Disc Drill 
and after rice harvest the wheat seeding was done using 
Turbo Happy Seeder and Super Seeder. In Kaimla village of 
Karnal, large scale �eld testing and demonstration of Super 
Seeder was carried out (Fig. 3.3). Paddy crop was harvested 
using combine harvester �tted with straw management 
system (SMS). Simultaneously wheat seeding was 
performed using Super Seeder, which incorporated the 
chopped straw into soil and crop establishment was perfect. 
So, rice residue can also be managed with-in �eld by 
incorporating it into soil using suitable machines like 
Super Seeder. 

Genotypes under early sown high fertility conditions 

To maximise wheat productivity an experiment was 
conducted using higher level of inorganic and organic 
fertiliser along with spray of growth retardant to control 
lodging. The experiment consisted of three fertility 
treatments viz. RDF, RDF +15 t FYM/ha  and 150% RDF+15 t 
FYM/ha+two sprays as tank mix-Chlormequat chloride 
(Lihocin) @ 0.2%+ tebuconazole (Folicur 430 SC) @ 0.1% of 
commercial product dose at First Node and Flag leaf (Tank 
mix application) stages using 15 wheat genotypes.  On 
mean basis, the genotypes DBW 187 (69.07 q/ha), DBW 329 
(68.07 q/ha), DBW 222(67.62 q/ha) and DBW 327 (67.09 
q/ha) recorded marginally higher productivity compared 
to other genotypes (Fig 3.4). The genotypes DBW 187, HD 
3086, DBW 303 and DBW 329 yielded 75.86, 74.83, 74.49 
and 74.31 q/ha, respectively, under 150% RDF + 15t 
FYM/ha + two sprays as tank mix- Chlormequat chloride  
(Lihocin) @ 0.2%+tebuconazole (Folicur 430 SC) @ 0.1% of 
commercial product dose at First Node and Flag leaf (Tank 
mix application) stage which were higher than other 
genotypes.

Nutrient and residual management

Integrated Nutrient Management in rice- wheat system

This experiment consisting of ten nutrients management 
combinations [Recommended NPK at the rate of 150:60:40 
kg/ha N, P O  and K O, respectively (T1), T1+FYM15t/ha, 2 5 2

Rec. N only, Rec. P only, Rec. K only, Rec. NP only, Rec. NK 
only, Rec. PK only, T1+ GM and absolute control] of major 
and organic nutrients viz. FYM and green manuring was 
initiated with the objective of testing long term effects of 
nutrient management combinations on rice-wheat 
cropping system. This �eld trial was conducted in 
Randomized Block Design with three replications by using 
wheat variety HD 2967. The �fth year results revealed that 
biomass and grain yield were signi�cantly lower where 
only P, K or PK were applied as compared to all other 
treatments indicating the signi�cance of nitrogen (Fig 3.5).  
The highest grain yield (65.36 q/ha) was recorded in   
treatment where all the major nutrients and FYM 15 t/ha 
was applied followed by the treatment in which all the 
major nutrients as well as green manuring was done 
(62.31) q/ha). These treatments were signi�cantly higher 
than all other treatments except recommended NPK 
treatment. Application of recommended nitrogen alone 
brought about signi�cantly higher wheat productivity 
than alone recommended P, K or PK together, however, the 
lowest yield was recorded where only P, K or PK were 
applied indicating the importance of nitrogen alone.

Organics in high yielding varieties of wheat in rice-
wheat cropping system

Organic production of high input responsive dwarf 
varieties of wheat is a matter of great concern and hence 
four newly released High Yielding Varieties (HYV) of 
wheat (HD 2967, HD3086, WB 2 and WH 1105) and �ve 
combinations of organic nutrient supply (control, farm 
yard manure (FYM) 10 t/ha, farm yard manure (FYM) 20 
t/ha, farm yard manure (FYM) 30 t/ha and recommended 

RESOURCE MANAGEMENT

Fig. 3.1: Nutrient management in wheat across tillage option in 
Maize-Wheat system

Fig. 3.2: Performance of wheat varieties sown early and timely 
under CT and CA conditions during 2019-20

Fig. 3.3: Wheat seeding after rice using super seeder

Fig. 3.4: Genotypes under early sown high fertility conditions Fig. 3.5: Integrated nutrient management in wheat
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control plots (Fig. 3.1). The wheat grain yield recorded 
with application of Rec. NPK (62.9 q/ha) and Rec. NPK + 10 
t/ha FYM (62.23 q/ha) was similar. However, these two 
treatments were marginally better than the N application 
alone (61.7 q/ha). However, statistically these treatments 
were at par among themselves but signi�cantly superior 
to control treatment. 

Observations were also recorded on soil temperature at 5 cm 
depth in the morning and in the afternoon on different 
dates. The morning temperatures were slightly higher in CA 
system where as the reverse was true in the afternoon. 
Among the treatments, the afternoon temperature in the 
control  plots was higher than different nutr ient 
management treatments.

Performance of wheat varieties under CT and CA 
systems

Studies were conducted to identify suitable varieties for CA 
system. In this experiment ten wheat varieties were 
evaluated at two dates of sowing under early sown 

nd thconditions (22  Oct 2019) and normal sowing (19  
November, 2019) with two til lage options i .e.  CT 
(Conventional Tillage) & CA (Conservation Agriculture). The 
residue load in CA treatments was about 8 t/ha. The effect of 
tillage as well as its interaction with varieties were non-
signi�cant for yield (Fig. 3.2). The mean wheat yield of early 
sown wheat was signi�cantly better than the normal 
sowing. However, the genotypic differences were signi�cant 
and BISA 927, PBW 723, HD 2967 and BISA 921 were better 
yielder than other genotypes. Presently HD 2967 genotype 
is occupying maximum wheat area in India and its 
performance was similar under CA and CT system. Therefore, 
wheat genotypes released for CT system can also be 
effectively grown under CA conditions. 

Field demonstration at farmers' �eld for in-situ 
management of rice residue

Field demonstrations were conducted at farmers' �elds for 
in-situ management of rice and sugarcane residues. In 
sugarcane ratoon sowing was done using Rotary Disc Drill 
and after rice harvest the wheat seeding was done using 
Turbo Happy Seeder and Super Seeder. In Kaimla village of 
Karnal, large scale �eld testing and demonstration of Super 
Seeder was carried out (Fig. 3.3). Paddy crop was harvested 
using combine harvester �tted with straw management 
system (SMS). Simultaneously wheat seeding was 
performed using Super Seeder, which incorporated the 
chopped straw into soil and crop establishment was perfect. 
So, rice residue can also be managed with-in �eld by 
incorporating it into soil using suitable machines like 
Super Seeder. 

Genotypes under early sown high fertility conditions 

To maximise wheat productivity an experiment was 
conducted using higher level of inorganic and organic 
fertiliser along with spray of growth retardant to control 
lodging. The experiment consisted of three fertility 
treatments viz. RDF, RDF +15 t FYM/ha  and 150% RDF+15 t 
FYM/ha+two sprays as tank mix-Chlormequat chloride 
(Lihocin) @ 0.2%+ tebuconazole (Folicur 430 SC) @ 0.1% of 
commercial product dose at First Node and Flag leaf (Tank 
mix application) stages using 15 wheat genotypes.  On 
mean basis, the genotypes DBW 187 (69.07 q/ha), DBW 329 
(68.07 q/ha), DBW 222(67.62 q/ha) and DBW 327 (67.09 
q/ha) recorded marginally higher productivity compared 
to other genotypes (Fig 3.4). The genotypes DBW 187, HD 
3086, DBW 303 and DBW 329 yielded 75.86, 74.83, 74.49 
and 74.31 q/ha, respectively, under 150% RDF + 15t 
FYM/ha + two sprays as tank mix- Chlormequat chloride  
(Lihocin) @ 0.2%+tebuconazole (Folicur 430 SC) @ 0.1% of 
commercial product dose at First Node and Flag leaf (Tank 
mix application) stage which were higher than other 
genotypes.

Nutrient and residual management

Integrated Nutrient Management in rice- wheat system

This experiment consisting of ten nutrients management 
combinations [Recommended NPK at the rate of 150:60:40 
kg/ha N, P O  and K O, respectively (T1), T1+FYM15t/ha, 2 5 2

Rec. N only, Rec. P only, Rec. K only, Rec. NP only, Rec. NK 
only, Rec. PK only, T1+ GM and absolute control] of major 
and organic nutrients viz. FYM and green manuring was 
initiated with the objective of testing long term effects of 
nutrient management combinations on rice-wheat 
cropping system. This �eld trial was conducted in 
Randomized Block Design with three replications by using 
wheat variety HD 2967. The �fth year results revealed that 
biomass and grain yield were signi�cantly lower where 
only P, K or PK were applied as compared to all other 
treatments indicating the signi�cance of nitrogen (Fig 3.5).  
The highest grain yield (65.36 q/ha) was recorded in   
treatment where all the major nutrients and FYM 15 t/ha 
was applied followed by the treatment in which all the 
major nutrients as well as green manuring was done 
(62.31) q/ha). These treatments were signi�cantly higher 
than all other treatments except recommended NPK 
treatment. Application of recommended nitrogen alone 
brought about signi�cantly higher wheat productivity 
than alone recommended P, K or PK together, however, the 
lowest yield was recorded where only P, K or PK were 
applied indicating the importance of nitrogen alone.

Organics in high yielding varieties of wheat in rice-
wheat cropping system

Organic production of high input responsive dwarf 
varieties of wheat is a matter of great concern and hence 
four newly released High Yielding Varieties (HYV) of 
wheat (HD 2967, HD3086, WB 2 and WH 1105) and �ve 
combinations of organic nutrient supply (control, farm 
yard manure (FYM) 10 t/ha, farm yard manure (FYM) 20 
t/ha, farm yard manure (FYM) 30 t/ha and recommended 
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Fig. 3.1: Nutrient management in wheat across tillage option in 
Maize-Wheat system

Fig. 3.2: Performance of wheat varieties sown early and timely 
under CT and CA conditions during 2019-20

Fig. 3.3: Wheat seeding after rice using super seeder

Fig. 3.4: Genotypes under early sown high fertility conditions Fig. 3.5: Integrated nutrient management in wheat
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doses of chemical fertilizers at the rate of 150:60:40 kg/ha 
N, P O  and K O, respectively) thus having total 20 2 5 2

treatment combinations, were evaluated (Fig 3.6). The 
results revealed that application of farm yard manure 
(FYM) from 10 t/ha to 30 t/ha increased the biomass and 
grain yield of all the high yielding varieties of wheat 
signi�cantly as compared to control (no organic or 
chemical fertilizer) treatment. However, the highest 
biomass and grain yield of all the high yielding varieties 
of wheat were recorded in the recommended NPK 
fertilizers treatment which was signi�cantly higher 
than all the organic treatments including 30 t/ha FYM 
treatment. Among the high yielding varieties, HD 3086 
recorded the highest grain yield followed by WH 1105 
with recommended doses of NPK fertilizers (150:60:40). 
All the varieties performed similarly at all the Organic 
levels except WB 2 which yielded signi�cantly less than 
HD 3086 and WH 1105 var iet ies.  Application of 
increasing doses of FYM from 10 to 30 t/ha increased the 
soil organic carbon, available nitrogen, available 
phosphorus and avai lable potassium content as 
compared to recommended NPK treatment and control 
treatment.

Residue management

An experiment was conducted with combinations of rice 
residue removal and incorporation along with and without 
green gram cultivation under rice-wheat system during 
2013-14 to 2019-20. The treatments receiving green gram 
incorporation was superimposed with 25 and 50 % less 
nitrogen to rice crop (Fig 3.7). Additionally, rice residue 
incorporation treatment was imposed with 25 % higher 
basal nitrogen to wheat crop for comparison purposes. The 
data revealed that green gram cultivation after wheat 
produced 10-12 q/ha pulse yield and its residue 
incorporation saved 50 % nitrogen to rice crop and 
produced maximum rice yield besides improving the soil 
physico chemical properties. In case of rice residue 
incorporation, additional 25 % more N  was needed to reduce 
the immobilization effect to wheat crop and produced 
maximum wheat grain yield. Rice yield was signi�cantly 
higher in year 2015 whereas wheat yield was signi�cantly 
higher in 2017 as compared to other years of study.

Intercropping of pulses with maize

Experiment on green gram, black gram, cowpea and cluster 
bean intercropped with maize and followed by wheat crop 
was conducted during 2017-2020. System productivity was 
determined in terms of wheat equivalent yield and it was 
recorded that maize+cowpea-wheat treatment produced 

-1the maximum WEY (15.9 t ha ). All the intercrops recorded 
more WEY than maize-wheat system. This showed that 
system productivity under intercrops was higher than sole 
maize-wheat or sole legume-wheat system.  All the intercrops 
in this study showed more than 1.0 LER, revealing more 
system productivity under intercrop conditions. Maximum 
LER was obtained under treatments maize-+cowpea- wheat 
(1.71) and least LER of 1 was obtained under sole crops.

Comparison of different cropping sequences

System productivity measured as wheat equivalent yield 
-1(WEY t ha ) was signi�cantly (P = <0.001) higher under maize 

-1–potato-wheat (16.49 t ha ) and maize-wheat-green gram 
-1(16.17t ha ) rotations than others (Table 1.1). This was 

followed by maize-mustard-green gram sequence (14.42t 
-1 -1ha ) at second rank, sorghum-potato-wheat (13.53t ha ) and 

-1sorghum-wheat-green gram (13.39t ha ) which were at third 
-1and fourth position along with maize-wheat (13.73 t ha ) on 

the Tukey ranking. The crop sequences sorghum-mustard-
-1 -1green gram (11.59t ha ) and sorghum-wheat(10.85t ha ) 

were the lowest ranking crop sequences with respect to 
WEY. Maize-wheat-green gram showed maximum land use 
efficiency (87.67%) followed by maize-mustard-green gram 
(83.56%) whereas lowest was in sorghum-wheat (63.56%). 

-1 -1Maize-potato-wheat (56.87 kg ha  day ) and maize-wheat 
-1 -1(54.90kg ha  day ) exhibited at par production efficiency 

but signi�cantly (P = <0.001) higher than other crop 
sequences. Sorghum-mustard-green gram (0.96) and 
maize-wheat-green gram (0.95) showed maximum 
sustainable value index as compared to other crop rotations. 
In contrast, lowest sustainable value index was obtained 
with maize-wheat rotations (0.89). Other crop sequences 
also showed good sustainable value index which was in 
between 0.89 to 0.96.

Weed management

Weed management in wheat

Weed infestation is one of the major problems affecting 
production and productivity of wheat crop. For realizing 
potential crop yield, proper weed management is very 
important. For weed control in wheat, herbicides are 
preferred due to cost and time effectiveness. The emergence 
of new weed �ora and evolution of new cases of herbicide 
resistance in weeds demand evaluation of new herbicides 
and herbicide mixtures from different chemical groups. 
Field experiments were conducted for evaluation of 
herbicides and herbicide mixtures against weeds in wheat 
and the major �ndings of which are as follows.

Ÿ For control of diverse broadleaved weeds different 
herbicides were evaluated. Effective control of diverse 
broad-leaved weed �ora was observed when ready-mix 
c o m b i n a t i o n s  o f  H a l a u x i f e n +  � u r o x y p y r 
200.6(6.1+194.5) g/ha, metsulfuron + carfentrazone 
5+20 g/ha and Halauxifen + �orasulam 12.76 g/ha were 
appl ied as  post  emergence.  These ready mix 
combinations have shown good selectivity in wheat.

Ÿ The combinations of three herbicides, Halauxifen + 
�orasulam + carfentrazone improved the range of weed 
�ora control including control of ALS herbicide resistant 

Rumex dentatus. Also, diverse broadleaf weeds were 
effectively controlled when carfentrazone at 20 g/ha was 
tank mixed with either ready-mix combinations of 
Halauxifen + �orasulam 10.21 g/ha or 2,4-D 400 g/ha or 
metsulfuron 4.0 g/ha. Also these mixtures were effective 
in controlling some problematic broad leaf weeds like 
Fumaria parvi�ora, Malva parvi�ora and Solanum nigrum. 
This ready mix combinations Halauxifen + �orasulam 
have shown high selectivity in wheat spp. aestivum, 
durum and dicoccum as well as triticale and barley

Ÿ For the control of complex weed �ora of wheat, herbicide 
combinations were evaluated. Pyroxasulfone + 
metsul furon 125  +  4  g/ha ,  P yroxasul fone + 
pendimethalin 125 + 1000 g/ha and pendimethalin + 
metribuzin 1250+300 g/ha as pre emergence and tank 
mixture of Clodinafop/pinoxaden with metribuzin as 
post emergence were found effective for control of 
diverse spectrum of weeds in wheat

Ÿ Flumioxazine at 100-125 g/ha as pre emergence was also 
found effective for control of grassy and broadleaved 
weeds in wheat.

Ÿ To reduce the phytotoxicity of HPPD herbicides, 
Cloquintocet safener present in clodinafop as well as its 
external application was found effective.

Ÿ In rice-wheat system double no-till system led to more 
problems of Rumex dentatus and Medicago denticulata. 
The triple no-till system in Maize-wheat-green gram was 
found effective in reducing the infestation of Cyperus 
rotundus in maize because of use of pre-plant non-
selective herbicide glyphosate.

Ÿ Tank mixture of mesotrione/ topramezone/tembotrione 
with atrazine was found the best for control of complex 
weed �ora compared to alone application.  

Fig. 3.6: Comparative performance of wheat varieties under 
inorganic and organic conditions

Fig. 3.7:  Rice and wheat yield �uctuation during the years of study

Table 3.1: Variation in wheat equivalent yield, land use efficiency, production efficiency and sustainable value index under 
different cropping systems

-1 -1 -1Crop sequences Wheat Equivalent Yield (t ha ) LUE (%) PE (kg ha day )  SVI
d cd Sorghum-wheat 10.85  63.56 46.78 0.94
c dSorghum-wheat- green gram 13.39 82.74 44.35  0.94
d e Sorghum-mustard- green gram 11.59  78.63 40.39 0.96
c bc Sorghum-potato- wheat 13.53 74.52 49.75 0.93
a a Maize-potato- wheat 16.49 79.45 56.87 0.91
b cd Maize-mustard- green gram 14.42 83.56 47.29 0.92
a b Maize-wheat- green gram 16.17 87.67 50.52 0.95

bc a Maize-wheat 13.73 68.49 54.90 0.89

LUE=Land use efficiency, PE= Production Efficiency, SVI= Sustainable value index
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doses of chemical fertilizers at the rate of 150:60:40 kg/ha 
N, P O  and K O, respectively) thus having total 20 2 5 2

treatment combinations, were evaluated (Fig 3.6). The 
results revealed that application of farm yard manure 
(FYM) from 10 t/ha to 30 t/ha increased the biomass and 
grain yield of all the high yielding varieties of wheat 
signi�cantly as compared to control (no organic or 
chemical fertilizer) treatment. However, the highest 
biomass and grain yield of all the high yielding varieties 
of wheat were recorded in the recommended NPK 
fertilizers treatment which was signi�cantly higher 
than all the organic treatments including 30 t/ha FYM 
treatment. Among the high yielding varieties, HD 3086 
recorded the highest grain yield followed by WH 1105 
with recommended doses of NPK fertilizers (150:60:40). 
All the varieties performed similarly at all the Organic 
levels except WB 2 which yielded signi�cantly less than 
HD 3086 and WH 1105 var iet ies.  Application of 
increasing doses of FYM from 10 to 30 t/ha increased the 
soil organic carbon, available nitrogen, available 
phosphorus and avai lable potassium content as 
compared to recommended NPK treatment and control 
treatment.

Residue management

An experiment was conducted with combinations of rice 
residue removal and incorporation along with and without 
green gram cultivation under rice-wheat system during 
2013-14 to 2019-20. The treatments receiving green gram 
incorporation was superimposed with 25 and 50 % less 
nitrogen to rice crop (Fig 3.7). Additionally, rice residue 
incorporation treatment was imposed with 25 % higher 
basal nitrogen to wheat crop for comparison purposes. The 
data revealed that green gram cultivation after wheat 
produced 10-12 q/ha pulse yield and its residue 
incorporation saved 50 % nitrogen to rice crop and 
produced maximum rice yield besides improving the soil 
physico chemical properties. In case of rice residue 
incorporation, additional 25 % more N  was needed to reduce 
the immobilization effect to wheat crop and produced 
maximum wheat grain yield. Rice yield was signi�cantly 
higher in year 2015 whereas wheat yield was signi�cantly 
higher in 2017 as compared to other years of study.

Intercropping of pulses with maize

Experiment on green gram, black gram, cowpea and cluster 
bean intercropped with maize and followed by wheat crop 
was conducted during 2017-2020. System productivity was 
determined in terms of wheat equivalent yield and it was 
recorded that maize+cowpea-wheat treatment produced 

-1the maximum WEY (15.9 t ha ). All the intercrops recorded 
more WEY than maize-wheat system. This showed that 
system productivity under intercrops was higher than sole 
maize-wheat or sole legume-wheat system.  All the intercrops 
in this study showed more than 1.0 LER, revealing more 
system productivity under intercrop conditions. Maximum 
LER was obtained under treatments maize-+cowpea- wheat 
(1.71) and least LER of 1 was obtained under sole crops.

Comparison of different cropping sequences

System productivity measured as wheat equivalent yield 
-1(WEY t ha ) was signi�cantly (P = <0.001) higher under maize 

-1–potato-wheat (16.49 t ha ) and maize-wheat-green gram 
-1(16.17t ha ) rotations than others (Table 1.1). This was 

followed by maize-mustard-green gram sequence (14.42t 
-1 -1ha ) at second rank, sorghum-potato-wheat (13.53t ha ) and 

-1sorghum-wheat-green gram (13.39t ha ) which were at third 
-1and fourth position along with maize-wheat (13.73 t ha ) on 

the Tukey ranking. The crop sequences sorghum-mustard-
-1 -1green gram (11.59t ha ) and sorghum-wheat(10.85t ha ) 

were the lowest ranking crop sequences with respect to 
WEY. Maize-wheat-green gram showed maximum land use 
efficiency (87.67%) followed by maize-mustard-green gram 
(83.56%) whereas lowest was in sorghum-wheat (63.56%). 

-1 -1Maize-potato-wheat (56.87 kg ha  day ) and maize-wheat 
-1 -1(54.90kg ha  day ) exhibited at par production efficiency 

but signi�cantly (P = <0.001) higher than other crop 
sequences. Sorghum-mustard-green gram (0.96) and 
maize-wheat-green gram (0.95) showed maximum 
sustainable value index as compared to other crop rotations. 
In contrast, lowest sustainable value index was obtained 
with maize-wheat rotations (0.89). Other crop sequences 
also showed good sustainable value index which was in 
between 0.89 to 0.96.

Weed management

Weed management in wheat

Weed infestation is one of the major problems affecting 
production and productivity of wheat crop. For realizing 
potential crop yield, proper weed management is very 
important. For weed control in wheat, herbicides are 
preferred due to cost and time effectiveness. The emergence 
of new weed �ora and evolution of new cases of herbicide 
resistance in weeds demand evaluation of new herbicides 
and herbicide mixtures from different chemical groups. 
Field experiments were conducted for evaluation of 
herbicides and herbicide mixtures against weeds in wheat 
and the major �ndings of which are as follows.

Ÿ For control of diverse broadleaved weeds different 
herbicides were evaluated. Effective control of diverse 
broad-leaved weed �ora was observed when ready-mix 
c o m b i n a t i o n s  o f  H a l a u x i f e n +  � u r o x y p y r 
200.6(6.1+194.5) g/ha, metsulfuron + carfentrazone 
5+20 g/ha and Halauxifen + �orasulam 12.76 g/ha were 
appl ied as  post  emergence.  These ready mix 
combinations have shown good selectivity in wheat.

Ÿ The combinations of three herbicides, Halauxifen + 
�orasulam + carfentrazone improved the range of weed 
�ora control including control of ALS herbicide resistant 

Rumex dentatus. Also, diverse broadleaf weeds were 
effectively controlled when carfentrazone at 20 g/ha was 
tank mixed with either ready-mix combinations of 
Halauxifen + �orasulam 10.21 g/ha or 2,4-D 400 g/ha or 
metsulfuron 4.0 g/ha. Also these mixtures were effective 
in controlling some problematic broad leaf weeds like 
Fumaria parvi�ora, Malva parvi�ora and Solanum nigrum. 
This ready mix combinations Halauxifen + �orasulam 
have shown high selectivity in wheat spp. aestivum, 
durum and dicoccum as well as triticale and barley

Ÿ For the control of complex weed �ora of wheat, herbicide 
combinations were evaluated. Pyroxasulfone + 
metsul furon 125  +  4  g/ha ,  P yroxasul fone + 
pendimethalin 125 + 1000 g/ha and pendimethalin + 
metribuzin 1250+300 g/ha as pre emergence and tank 
mixture of Clodinafop/pinoxaden with metribuzin as 
post emergence were found effective for control of 
diverse spectrum of weeds in wheat

Ÿ Flumioxazine at 100-125 g/ha as pre emergence was also 
found effective for control of grassy and broadleaved 
weeds in wheat.

Ÿ To reduce the phytotoxicity of HPPD herbicides, 
Cloquintocet safener present in clodinafop as well as its 
external application was found effective.

Ÿ In rice-wheat system double no-till system led to more 
problems of Rumex dentatus and Medicago denticulata. 
The triple no-till system in Maize-wheat-green gram was 
found effective in reducing the infestation of Cyperus 
rotundus in maize because of use of pre-plant non-
selective herbicide glyphosate.

Ÿ Tank mixture of mesotrione/ topramezone/tembotrione 
with atrazine was found the best for control of complex 
weed �ora compared to alone application.  

Fig. 3.6: Comparative performance of wheat varieties under 
inorganic and organic conditions

Fig. 3.7:  Rice and wheat yield �uctuation during the years of study

Table 3.1: Variation in wheat equivalent yield, land use efficiency, production efficiency and sustainable value index under 
different cropping systems

-1 -1 -1Crop sequences Wheat Equivalent Yield (t ha ) LUE (%) PE (kg ha day )  SVI
d cd Sorghum-wheat 10.85  63.56 46.78 0.94
c dSorghum-wheat- green gram 13.39 82.74 44.35  0.94
d e Sorghum-mustard- green gram 11.59  78.63 40.39 0.96
c bc Sorghum-potato- wheat 13.53 74.52 49.75 0.93
a a Maize-potato- wheat 16.49 79.45 56.87 0.91
b cd Maize-mustard- green gram 14.42 83.56 47.29 0.92
a b Maize-wheat- green gram 16.17 87.67 50.52 0.95

bc a Maize-wheat 13.73 68.49 54.90 0.89

LUE=Land use efficiency, PE= Production Efficiency, SVI= Sustainable value index
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Fig. 3.8:  Productivity and water use efficiency of wheat genotypes

Ÿ In DSR, bispyribac+pendimethalin at sowing fb 
fenoxaprop + ethoxysulfuron were effective in 
controlling broad-spectrum weeds

Ÿ Pot studies were conducted to identify and quantify the 
herbicide resistance in different weeds (P. minor, Rumex 
dentatus, Avena ludoviciana, Chenopodium album and 
Polypogon monspeliensis). For management of Multiple 
Herbicide Resistant P. minor and A. ludoviciana (against 
clodinafop, pinoxaden and sulfosulfuron) pyroxasulfone 
and metribuzin were found effective. Also, for control of 
multiple herbicide resistant P. minor, additional 
herbicides found effective were �umioxazin, aclonifen 
and oxy�ourfen.  Whereas, metribuzin, pendimethalin 
and pyroxasulfone were found effective for control of 
sulfonylurea herbicide resistant Polypogon monspeliensis 
in wheat.

Ÿ For control of metsulfuron resistant Rumex dentatus and 
Chenopodium album 2,4-D, carfentrazone, isoproturon 
and �uroxypyr were found effective.

Ÿ For management of P. minor, experiments were also 
conducted with integration of no-till system in 
combination of various pre seeding herbicides. Results 
revealed that the herbicide resistance problem can be 
tackled with integration of no-till seeding along with 

residue retention and application of pre-seeding 
herbicides (Pendimethalin + metribuzin or metribuzin or 
pyroxasulfone + metsulfuron). 

Irrigation management 

Wheat genotypes evaluated for water use efficiency  
With the objective to identify higher water use efficient 
genotypes an experiment was conducted with 30 
genotypes under de�cit soil moisture condition. The 
amount of irrigation water was calculated with the help of 
CROPWAT 8.0. The amount of applied water was measured 
by the inbuilt water meter in pipe line of the drip system. All 
agronomic and relevant physiological observations were 
recorded for all 30 genotypes studied (DBW 110, DBW 222, 
PYT 01, DBW 173, DBW 243, PYT 30, PYT 32, PYT 8, DBW 166, 
PYT 83, IBWSN 1278, NIAW 3170, DBW 187, PYT 51, IBWSN 
1061, NIAW 3624, HI 8777, HI 1531, NIDW 1149, PYT 62, PYT 
69, HI 8627, MP 3288, NIAW 1415, NIAW 3643, WB 2, PYT 92, 
HI 1605, NIDW 150 and NIAW 2030. Genotypes DBW 110 

-1 -1 -1(5410 kg. ha ), DBW 222 (5285 kg. ha ), PYT 01 (5146 kg. ha ), 
-1 -1DBW 173 (4951 kg. ha ), DBW 243 (4715 kg. ha ), PYT 30 

-1 -1 -1(4660 kg. ha ), PYT 32 (4576 kg. ha ), PYT 8 (4493 kg. ha ), 
-1 -1DBW 166 (4410 kg. ha ), PYT 83 (4410 kg. ha ) and IBWSN 1278 

-1(4382 kg. ha ) produced desirable yield with water use 
-1efficiency (Fig. 3.8) ranging from 21.5 kg.mm to 26.6 kg.mm .

4. QUALITY AND BASIC SCIENCES

Table 4.1: Promising bread wheat genotypes for chapati score and bread loaf volume and durum genotypes for pasta acceptability

  Category   Genotypes
   Bread wheat genotypes Chapati (Score ~7.9)
Check   HD2967 (NWPZ-HYPT)
AVT-IInd year  DBW303* (NWPZ-HYPT),  HI1634* (CZ-IR-LS)
   Bread wheat genotypes Bread (Loaf volume ≥600 ml)
Check   HD3059 (NWPZ-IR-LS), DBW173 (NWPZ-IR-LS), WH1124 (NWPZ-IR-LS)
AVT-IInd year  HD3298* (NWPZ-IR-LS) 
   T. durum genotypes for Pasta (over acceptability >6.5/9)
Check   UAS446(d) (C) (PZ RITS)
AVT- IInd year  DDW48(d)Q*  (PZ-ITS)

Table 4.2: Promising genotypes for various quality parameters in AVTs

Registration of higher water use efficient genotype DBW 166

DBW 166 of Wheat (INGR20008) has been registered for water use efficient genotype by Plant Germplasm Registration 
Committee (PGRC) of Indian Council of Agricultural Research on September 29, 2020.

Analysis of  wheat & barley trials
During 2019-20, 124 AVTs, 244 NIVTs, 52 QCWBN, 25 CI-HYT, 
16 IVT, 14 HYPT and 7 dicoccum and 52 QCSN entries were analysed 
from different centres representing all the zones and growing 
conditions. All the AVT-II entries including checks were also 
evaluated for chapati, bread and biscuit for identi�cation of 
product speci�c promising genotypes (Table 4.1). 

In addition, promising genotypes were identi�ed both for 
T.aestivum and T.durum for individual quality parameters like 

protein content, grain hardness index, sedimentation value, 
yellow pigment, iron & zinc. Details are given in the table 4.2, 
4.3, 4.4  below.

Distribution of HMW glutenin subunits in different trials

One hundred and nine AVT, IVT and special trial entries 
including checks were evaluated for High Molecular Weight 
Glutenin subunits (HMWs) encoded by Glu-A1, Glu-B1 and 
Glu-D1 loci. Subunits 5+10 and 2+12 were present in 75.4 % 

Parameter Value Genotypes
    T. aestivum

Protein   ≥12.5% NHZ : NIL; NWPZ: DBW291, PBW813
   NEPZ: PBW804, HD2888, DBW252
   CZ : NIL ; PZ : MACS6222, HI1633*, HD3090, RAJ4083, GW519, HI1641,    HI1642, MACS6752 

Sedimentation value > 65 ml NHZ : UP3069 ; NWPZ : HD3059, WH1021
   NEPZ : HD3249, PBW804, K1317, HI1612
   CZ : NIL  ; PZ: HI1605

Hardness Index <35 NHZ : HS490  ; NWPZ : NIAW3170, DBW296
   NEPZ: PBW804  ; PZ: NIAW3170

Iron ≥40ppm NHZ : NIL
   NWPZ : DBW187, WH1105, PBW840M, PBW803, PBW813, NEPZ : K1006, HD3249, HD2888 ; 
   CZ: HD3377 B, RAJ4541B PZ : MACS6222, HI1633*, HI1641, HI1642, MACS6752, HI1605, MP1358, 

Zinc ≥40ppm NHZ : NIL
   NWPZ : HD2967, PBW550, PBW840M, PBW771(I), PBW813 
   NEPZ : K1006, HD2888, DBW252 (I)
   CZ : GW322, HI1636, MACS6747, HI1637, RAJ4541B
   PZ : MACS6222, HI1633*, HD3090, HI1641, HI1642, MACS6752  

    T. durum

Protein   >13.0% CZ : NIL ; PZ : NIL

Sedimentation value ≥ 40ml CZ : UAS466(d)(I), DDW47(d)(I) 
   PZ : DDW48(d)Q*, DDW49(d)Q*, UAS428(d) , MACS3949(d) , UAS446(d) , AKDW 2997-16(d) , 
   HI8805(d)(I) , 

Yellow Pigment >7.0ppm CZ : DDW47(d)(I)   ; PZ: WHD964(d)

Iron ≥ 40ppm CZ : NIL  ; PZ : AKDW997-16(d), MACS4087(d), MPO1357(d)Q
QZinc ≥ 40ppm CZ : NIL PZ : DDW49(d), UAS428(d), HI8805(d)(I), MACS 4087(d), MPO 1357(d)   
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Fig. 3.8:  Productivity and water use efficiency of wheat genotypes

Ÿ In DSR, bispyribac+pendimethalin at sowing fb 
fenoxaprop + ethoxysulfuron were effective in 
controlling broad-spectrum weeds

Ÿ Pot studies were conducted to identify and quantify the 
herbicide resistance in different weeds (P. minor, Rumex 
dentatus, Avena ludoviciana, Chenopodium album and 
Polypogon monspeliensis). For management of Multiple 
Herbicide Resistant P. minor and A. ludoviciana (against 
clodinafop, pinoxaden and sulfosulfuron) pyroxasulfone 
and metribuzin were found effective. Also, for control of 
multiple herbicide resistant P. minor, additional 
herbicides found effective were �umioxazin, aclonifen 
and oxy�ourfen.  Whereas, metribuzin, pendimethalin 
and pyroxasulfone were found effective for control of 
sulfonylurea herbicide resistant Polypogon monspeliensis 
in wheat.

Ÿ For control of metsulfuron resistant Rumex dentatus and 
Chenopodium album 2,4-D, carfentrazone, isoproturon 
and �uroxypyr were found effective.

Ÿ For management of P. minor, experiments were also 
conducted with integration of no-till system in 
combination of various pre seeding herbicides. Results 
revealed that the herbicide resistance problem can be 
tackled with integration of no-till seeding along with 

residue retention and application of pre-seeding 
herbicides (Pendimethalin + metribuzin or metribuzin or 
pyroxasulfone + metsulfuron). 

Irrigation management 

Wheat genotypes evaluated for water use efficiency  
With the objective to identify higher water use efficient 
genotypes an experiment was conducted with 30 
genotypes under de�cit soil moisture condition. The 
amount of irrigation water was calculated with the help of 
CROPWAT 8.0. The amount of applied water was measured 
by the inbuilt water meter in pipe line of the drip system. All 
agronomic and relevant physiological observations were 
recorded for all 30 genotypes studied (DBW 110, DBW 222, 
PYT 01, DBW 173, DBW 243, PYT 30, PYT 32, PYT 8, DBW 166, 
PYT 83, IBWSN 1278, NIAW 3170, DBW 187, PYT 51, IBWSN 
1061, NIAW 3624, HI 8777, HI 1531, NIDW 1149, PYT 62, PYT 
69, HI 8627, MP 3288, NIAW 1415, NIAW 3643, WB 2, PYT 92, 
HI 1605, NIDW 150 and NIAW 2030. Genotypes DBW 110 

-1 -1 -1(5410 kg. ha ), DBW 222 (5285 kg. ha ), PYT 01 (5146 kg. ha ), 
-1 -1DBW 173 (4951 kg. ha ), DBW 243 (4715 kg. ha ), PYT 30 

-1 -1 -1(4660 kg. ha ), PYT 32 (4576 kg. ha ), PYT 8 (4493 kg. ha ), 
-1 -1DBW 166 (4410 kg. ha ), PYT 83 (4410 kg. ha ) and IBWSN 1278 

-1(4382 kg. ha ) produced desirable yield with water use 
-1efficiency (Fig. 3.8) ranging from 21.5 kg.mm to 26.6 kg.mm .

4. QUALITY AND BASIC SCIENCES

Table 4.1: Promising bread wheat genotypes for chapati score and bread loaf volume and durum genotypes for pasta acceptability

  Category   Genotypes
   Bread wheat genotypes Chapati (Score ~7.9)
Check   HD2967 (NWPZ-HYPT)
AVT-IInd year  DBW303* (NWPZ-HYPT),  HI1634* (CZ-IR-LS)
   Bread wheat genotypes Bread (Loaf volume ≥600 ml)
Check   HD3059 (NWPZ-IR-LS), DBW173 (NWPZ-IR-LS), WH1124 (NWPZ-IR-LS)
AVT-IInd year  HD3298* (NWPZ-IR-LS) 
   T. durum genotypes for Pasta (over acceptability >6.5/9)
Check   UAS446(d) (C) (PZ RITS)
AVT- IInd year  DDW48(d)Q*  (PZ-ITS)

Table 4.2: Promising genotypes for various quality parameters in AVTs

Registration of higher water use efficient genotype DBW 166

DBW 166 of Wheat (INGR20008) has been registered for water use efficient genotype by Plant Germplasm Registration 
Committee (PGRC) of Indian Council of Agricultural Research on September 29, 2020.

Analysis of  wheat & barley trials
During 2019-20, 124 AVTs, 244 NIVTs, 52 QCWBN, 25 CI-HYT, 
16 IVT, 14 HYPT and 7 dicoccum and 52 QCSN entries were analysed 
from different centres representing all the zones and growing 
conditions. All the AVT-II entries including checks were also 
evaluated for chapati, bread and biscuit for identi�cation of 
product speci�c promising genotypes (Table 4.1). 

In addition, promising genotypes were identi�ed both for 
T.aestivum and T.durum for individual quality parameters like 

protein content, grain hardness index, sedimentation value, 
yellow pigment, iron & zinc. Details are given in the table 4.2, 
4.3, 4.4  below.

Distribution of HMW glutenin subunits in different trials

One hundred and nine AVT, IVT and special trial entries 
including checks were evaluated for High Molecular Weight 
Glutenin subunits (HMWs) encoded by Glu-A1, Glu-B1 and 
Glu-D1 loci. Subunits 5+10 and 2+12 were present in 75.4 % 

Parameter Value Genotypes
    T. aestivum

Protein   ≥12.5% NHZ : NIL; NWPZ: DBW291, PBW813
   NEPZ: PBW804, HD2888, DBW252
   CZ : NIL ; PZ : MACS6222, HI1633*, HD3090, RAJ4083, GW519, HI1641,    HI1642, MACS6752 

Sedimentation value > 65 ml NHZ : UP3069 ; NWPZ : HD3059, WH1021
   NEPZ : HD3249, PBW804, K1317, HI1612
   CZ : NIL  ; PZ: HI1605

Hardness Index <35 NHZ : HS490  ; NWPZ : NIAW3170, DBW296
   NEPZ: PBW804  ; PZ: NIAW3170

Iron ≥40ppm NHZ : NIL
   NWPZ : DBW187, WH1105, PBW840M, PBW803, PBW813, NEPZ : K1006, HD3249, HD2888 ; 
   CZ: HD3377 B, RAJ4541B PZ : MACS6222, HI1633*, HI1641, HI1642, MACS6752, HI1605, MP1358, 

Zinc ≥40ppm NHZ : NIL
   NWPZ : HD2967, PBW550, PBW840M, PBW771(I), PBW813 
   NEPZ : K1006, HD2888, DBW252 (I)
   CZ : GW322, HI1636, MACS6747, HI1637, RAJ4541B
   PZ : MACS6222, HI1633*, HD3090, HI1641, HI1642, MACS6752  

    T. durum

Protein   >13.0% CZ : NIL ; PZ : NIL

Sedimentation value ≥ 40ml CZ : UAS466(d)(I), DDW47(d)(I) 
   PZ : DDW48(d)Q*, DDW49(d)Q*, UAS428(d) , MACS3949(d) , UAS446(d) , AKDW 2997-16(d) , 
   HI8805(d)(I) , 

Yellow Pigment >7.0ppm CZ : DDW47(d)(I)   ; PZ: WHD964(d)

Iron ≥ 40ppm CZ : NIL  ; PZ : AKDW997-16(d), MACS4087(d), MPO1357(d)Q
QZinc ≥ 40ppm CZ : NIL PZ : DDW49(d), UAS428(d), HI8805(d)(I), MACS 4087(d), MPO 1357(d)   
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and 24.6 % of the total entries, whereas entries having 1, 2* 
and N subunits were 14.9 %, 48.2 % and 36.8 %, respectively. 
Entries with subunits 7, 7+8, 7+9, 17+18, 20 and 13+16 were 
22.8, 24.56, 8.77, 29.82, 1.75 and 4.38 % respectively.

Bioforti�cation

Generations of crosses for enhanced Fe, Zn, protein and 
low phytate content using suitable donors with high 
yielding cultivars (Produce of crop season 2019-20)

Increasing essential micronutrient content in wheat 
genotypes and their bioavailability for monogastric animals 

and humans consumption could ultimately lead to 
improved animals and human health. Therefore, to achieve 
this goal, several crosses were developed into high yielding 
wheat cultivars background (HD 2967, HD 3086, HD 3226, 
DBW 173, DBW 187, WB 02) using previously high phytase 
and low phytic acid mutants in the background of PBW 502) 
during main crop season 2017-18 at ICAR-Indian institute of 
Wheat and Barley Research, Karnal. F1s were advanced and 
backcrossed using off-season nursery facility at Dailang 
Maidan, Lahaul spiti (Himachal Pradesh) during 2018. F s 2

and BC F s of above crosses were planted and selection was 1 1

QUALITY AND BASIC SCIENCES QUALITY AND BASIC SCIENCES

done for disease free plants at research �eld of ICAR-IIWBR, 
during 2018-19 and promising progenies were advances at 
ICAR-IIWBR, Karnal during 2019-20 and 2020-21 (F4 

generation). Threeway crosses were attempted during 2019-
20 for combining high Fe, Zn, Protein and high phytase and 
low phytic acid traits into high yielding backgrounds. The 
available material of F , F , F , BC F , BC F , BC F1, BC F  2 3 4 1 1 1 2 2 2 2

generations including three way crosses between were 
sown for the crop season 2020-21 and are given the table 4.5 
below:

Transcriptomic analysis of wheat roots and shoots 
provides new insights into molecular regulatory 
network during Fe and Zn de�ciency

In this investigation, two wheat genotypes namely Narmada 
195 and PBW 502 differing in Fe and Zn concentrations were 
used for physiological and molecular analysis under 
controlled and Fe and Zn de�cient conditions. 12 RNA-seq 
libraries generated from root and shoot tissues of each 
genotype from different treatments represented RNAs 
expressed during sufficient and de�cient (partial and 
complete starvation) Fe and Zn concentrations. Besides 
analyzing the genome-wide expression pro�le of various 
transcripts associated with Fe-Zn metabolism, expression of 
25 transcripts directly associated with Fe-Zn transport was 
investigated using reverse transcription (RT)-qPCR to 
decipher the fold change variation during starvation (Fig 

4 . 2 ) .  O ve r a l l  o u r  re s u l t s  p ro v i d e  a  u n i q u e  a n d 
comprehensive insight into molecular, physiological and 
biochemical responses of two wheat genotypes under Fe 
and Zn starvation conditions.

Identi�cation, functional classi�cation and enrichment 
analysis of DEG in response toFe and Zn withdrawal in 
root and shoot

GO annotation, classi�cation and enrichment analysis of 
DEGs were performed to gain more insight into their 
possible involvement during biological, molecular, and 
cellular functions.  Signi�cant GO categories were assigned 
to all the DEG under both the treatment conditions.Top ten 
over-represented signi�cant terms of each of the three 
categories is given in the �gure 4.3 below. ATP binding 
(11613 DEGs) and metal ion binding (3987 DEGs) were most 
enriched GO term in the molecular function category 
followed by integral components of membrane (19337 
DEGs) and nucleus (5768 DEGs) in cellular component 
category and regulation of transcription (2192 DEGs) and 
translation (1942 DEGs) in biological process category

Physiological and biochemical responses under Fe/Zn 
de�cient conditions

A hydroponics based experiment was set up with two wheat 
varieties inherently rich (Narmada 195) and poor (PBW 502) 
in iron and zinc content. Seedlings were subjected to two 
treatments with 50% Fe-Zn and 0% Fe-Zn. The seedlings 
were analysed for various morphological, physiological and 
biochemical parameters in order to attain inclusive 
information in wheat seedlings.Wheat plants subjected to 
Fe-Zn starvation show physiological defects such as 
decrease in root and shoot growth. The effect of Fe-Zn 
de�ciency also signi�cantly reduced the leaf area in PBW 502 
in comparison to Narmada 195. Morpho-physiological data 
suggest that genotypic differences exist in Narmada 195 
and PBW 502 depicted by minor decrease in shoot Zn 
content in Narmada 195, while PBW 502 showed a 
signi�cant decrease in shoot Zn in response to Zn de�ciency 
(Table 4.5). Similarly, for Fe the reduction in genotype PBW 

Table 4.3: Variability in the quality parameters of T. aestivum in AVT’s

Parameter NWPZ NEPZ CZ PZ NHZ Overall

GAS (Max. 10.0) 5.9 5.75 6.66 6.03 5.66 6.0
  (5.1-6.3) (5.5-6.1) (6.2-7.0) (5.7-6.3) (5.3-6.1) (5.1-7.0) 

Hectolitre Weight (kg/hl) 77.9 75.2 81.41 79.26 78.3 78.4
  (73.8-79.8) (72.8-76.8) (79.0-84.2) (76.8-81.5) (74.5-81.0) (72.8-84.2) 

Protein content (%) 11.6 11.95 11.4 12.16 9.1 11.2
  (11.0-12.8) (11.0-12.7) (9.9-12.2) (11.3-13.5) (8.0-10.1) (8.0-13.5) 

Sedimentation value (ml) 59 62 57 56 51 57
  (44-70) (49-71) (44-64) (48-68) (36-66) (36-71)

Grain hardness index 75 69 74 72 71 72
  (26-93) (30-84) (51-87) (33-94) (14-89) (14-94) 

Iron (ppm) 38.46 38.5 38.03 39.83 33.43 37.67
  (35.0-41.9) (34.9-41.2) (34.9-40.0) (36.3-42.8) (30.6-38.5) (30.6-42.8) 

Zinc (ppm) 35.93 37.8 36.36 38.16 31.33 35.9
  (31.1-42.4) (30.6-43.9) (31.8-45.4) (34.6-42.8) (25.4-39.3) (25.4-45.4)  

Wet gluten  (%) 30.2 30.9 29.8 33.9 - 31.2
  (29.3-32.1) (27.2-33.4) (27.6-33.0) (32.7-34.4)  (27.2-34.4) 

Dry gluten (%) 9.8 9.8 9.3 10.6 - 9.9
  (9.3-10.4) (8.7-10.5) (8.6-10.1) (10.4-10.9)  (8.6-10.9)

Gluten Index (%) 72 69 71 69 - 70
  (49-91) (59-91) (56-83) (58-81)  (49-91)

Table 4.4: Variability in the quality parameters of T. durum in AVT’s

Parameter CZ PZ Overall

Grain appearance score 6.7(6.5-7.0) 6.55 (5.9-7.11) 6.6 (5.9-7.11)
(Max. 10.0) 

Hectolitre weight (kg/hl) 81.3(80.3-83.7) 81.55 (78.0-83.1) 81.4 (78.0-83.7)

Protein content (%) 11.9 (10.6-12.7) 11.8 (10.8-12.4) 11.8 (10.6-12.7)

Sedimentation value (ml) 40 (35-46) 46 (34-56) 43(34-56)

Grain hardness index 89 (80-94) 96 (88-105) 93(80-105)

Iron (ppm) 38.4 (35.7-39.6) 39.05 (37.1-40.8) 38.7 (35.7-40.8)

Zinc (ppm) 35.7 (33.6-38.2) 39.21 (37.6-41.6) 37.4 (33.6-41.6)

Yellow pigment (ppm) 6.17 (5.24-7.25) 5.02 (2.92-8.22) 5.5 (2.92-8.22)

Table 4.5: Details of �lial generation

 High yielding   High Fe, Zn and protein lines   Low phytate  Three way (High Fe,  
cultivars   Zn, Low Phytate)

HD2967 F2s,  BC1F1s, BC1F2s, BC1F4s F2s, F3s, F4s, BC1F1s, BC1F2s, BC1F3s, BC2F1s F1s (8)

HD3086 F2s, F3s, F4s, BC1F1s, BC1F3s,  BC1F4s   F2s, F3s, F4s, BC1F1s, BC1F2s F1s (6)

DBW187 F2s, F3s, BC1F1s F2s, F3s, BC1F1s, BC1F2s F1s (4)

HD 3226 F2s F2s, BC1F1s, F1s (2)

WB 02 F2s, BC1F1s F2s, F3S, F4S 

DBW 173 BC1F2s F2s, F3s, BC1F1S, BC2F1S, BC2F1S F1s (3)

Fig. 4.1: Distribution of HMW glutenin subunits
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and 24.6 % of the total entries, whereas entries having 1, 2* 
and N subunits were 14.9 %, 48.2 % and 36.8 %, respectively. 
Entries with subunits 7, 7+8, 7+9, 17+18, 20 and 13+16 were 
22.8, 24.56, 8.77, 29.82, 1.75 and 4.38 % respectively.

Bioforti�cation

Generations of crosses for enhanced Fe, Zn, protein and 
low phytate content using suitable donors with high 
yielding cultivars (Produce of crop season 2019-20)

Increasing essential micronutrient content in wheat 
genotypes and their bioavailability for monogastric animals 

and humans consumption could ultimately lead to 
improved animals and human health. Therefore, to achieve 
this goal, several crosses were developed into high yielding 
wheat cultivars background (HD 2967, HD 3086, HD 3226, 
DBW 173, DBW 187, WB 02) using previously high phytase 
and low phytic acid mutants in the background of PBW 502) 
during main crop season 2017-18 at ICAR-Indian institute of 
Wheat and Barley Research, Karnal. F1s were advanced and 
backcrossed using off-season nursery facility at Dailang 
Maidan, Lahaul spiti (Himachal Pradesh) during 2018. F s 2

and BC F s of above crosses were planted and selection was 1 1

QUALITY AND BASIC SCIENCES QUALITY AND BASIC SCIENCES

done for disease free plants at research �eld of ICAR-IIWBR, 
during 2018-19 and promising progenies were advances at 
ICAR-IIWBR, Karnal during 2019-20 and 2020-21 (F4 

generation). Threeway crosses were attempted during 2019-
20 for combining high Fe, Zn, Protein and high phytase and 
low phytic acid traits into high yielding backgrounds. The 
available material of F , F , F , BC F , BC F , BC F1, BC F  2 3 4 1 1 1 2 2 2 2

generations including three way crosses between were 
sown for the crop season 2020-21 and are given the table 4.5 
below:

Transcriptomic analysis of wheat roots and shoots 
provides new insights into molecular regulatory 
network during Fe and Zn de�ciency

In this investigation, two wheat genotypes namely Narmada 
195 and PBW 502 differing in Fe and Zn concentrations were 
used for physiological and molecular analysis under 
controlled and Fe and Zn de�cient conditions. 12 RNA-seq 
libraries generated from root and shoot tissues of each 
genotype from different treatments represented RNAs 
expressed during sufficient and de�cient (partial and 
complete starvation) Fe and Zn concentrations. Besides 
analyzing the genome-wide expression pro�le of various 
transcripts associated with Fe-Zn metabolism, expression of 
25 transcripts directly associated with Fe-Zn transport was 
investigated using reverse transcription (RT)-qPCR to 
decipher the fold change variation during starvation (Fig 

4 . 2 ) .  O ve r a l l  o u r  re s u l t s  p ro v i d e  a  u n i q u e  a n d 
comprehensive insight into molecular, physiological and 
biochemical responses of two wheat genotypes under Fe 
and Zn starvation conditions.

Identi�cation, functional classi�cation and enrichment 
analysis of DEG in response toFe and Zn withdrawal in 
root and shoot

GO annotation, classi�cation and enrichment analysis of 
DEGs were performed to gain more insight into their 
possible involvement during biological, molecular, and 
cellular functions.  Signi�cant GO categories were assigned 
to all the DEG under both the treatment conditions.Top ten 
over-represented signi�cant terms of each of the three 
categories is given in the �gure 4.3 below. ATP binding 
(11613 DEGs) and metal ion binding (3987 DEGs) were most 
enriched GO term in the molecular function category 
followed by integral components of membrane (19337 
DEGs) and nucleus (5768 DEGs) in cellular component 
category and regulation of transcription (2192 DEGs) and 
translation (1942 DEGs) in biological process category

Physiological and biochemical responses under Fe/Zn 
de�cient conditions

A hydroponics based experiment was set up with two wheat 
varieties inherently rich (Narmada 195) and poor (PBW 502) 
in iron and zinc content. Seedlings were subjected to two 
treatments with 50% Fe-Zn and 0% Fe-Zn. The seedlings 
were analysed for various morphological, physiological and 
biochemical parameters in order to attain inclusive 
information in wheat seedlings.Wheat plants subjected to 
Fe-Zn starvation show physiological defects such as 
decrease in root and shoot growth. The effect of Fe-Zn 
de�ciency also signi�cantly reduced the leaf area in PBW 502 
in comparison to Narmada 195. Morpho-physiological data 
suggest that genotypic differences exist in Narmada 195 
and PBW 502 depicted by minor decrease in shoot Zn 
content in Narmada 195, while PBW 502 showed a 
signi�cant decrease in shoot Zn in response to Zn de�ciency 
(Table 4.5). Similarly, for Fe the reduction in genotype PBW 

Table 4.3: Variability in the quality parameters of T. aestivum in AVT’s

Parameter NWPZ NEPZ CZ PZ NHZ Overall

GAS (Max. 10.0) 5.9 5.75 6.66 6.03 5.66 6.0
  (5.1-6.3) (5.5-6.1) (6.2-7.0) (5.7-6.3) (5.3-6.1) (5.1-7.0) 

Hectolitre Weight (kg/hl) 77.9 75.2 81.41 79.26 78.3 78.4
  (73.8-79.8) (72.8-76.8) (79.0-84.2) (76.8-81.5) (74.5-81.0) (72.8-84.2) 

Protein content (%) 11.6 11.95 11.4 12.16 9.1 11.2
  (11.0-12.8) (11.0-12.7) (9.9-12.2) (11.3-13.5) (8.0-10.1) (8.0-13.5) 

Sedimentation value (ml) 59 62 57 56 51 57
  (44-70) (49-71) (44-64) (48-68) (36-66) (36-71)

Grain hardness index 75 69 74 72 71 72
  (26-93) (30-84) (51-87) (33-94) (14-89) (14-94) 

Iron (ppm) 38.46 38.5 38.03 39.83 33.43 37.67
  (35.0-41.9) (34.9-41.2) (34.9-40.0) (36.3-42.8) (30.6-38.5) (30.6-42.8) 

Zinc (ppm) 35.93 37.8 36.36 38.16 31.33 35.9
  (31.1-42.4) (30.6-43.9) (31.8-45.4) (34.6-42.8) (25.4-39.3) (25.4-45.4)  

Wet gluten  (%) 30.2 30.9 29.8 33.9 - 31.2
  (29.3-32.1) (27.2-33.4) (27.6-33.0) (32.7-34.4)  (27.2-34.4) 

Dry gluten (%) 9.8 9.8 9.3 10.6 - 9.9
  (9.3-10.4) (8.7-10.5) (8.6-10.1) (10.4-10.9)  (8.6-10.9)

Gluten Index (%) 72 69 71 69 - 70
  (49-91) (59-91) (56-83) (58-81)  (49-91)

Table 4.4: Variability in the quality parameters of T. durum in AVT’s

Parameter CZ PZ Overall

Grain appearance score 6.7(6.5-7.0) 6.55 (5.9-7.11) 6.6 (5.9-7.11)
(Max. 10.0) 

Hectolitre weight (kg/hl) 81.3(80.3-83.7) 81.55 (78.0-83.1) 81.4 (78.0-83.7)

Protein content (%) 11.9 (10.6-12.7) 11.8 (10.8-12.4) 11.8 (10.6-12.7)

Sedimentation value (ml) 40 (35-46) 46 (34-56) 43(34-56)

Grain hardness index 89 (80-94) 96 (88-105) 93(80-105)

Iron (ppm) 38.4 (35.7-39.6) 39.05 (37.1-40.8) 38.7 (35.7-40.8)

Zinc (ppm) 35.7 (33.6-38.2) 39.21 (37.6-41.6) 37.4 (33.6-41.6)

Yellow pigment (ppm) 6.17 (5.24-7.25) 5.02 (2.92-8.22) 5.5 (2.92-8.22)

Table 4.5: Details of �lial generation

 High yielding   High Fe, Zn and protein lines   Low phytate  Three way (High Fe,  
cultivars   Zn, Low Phytate)

HD2967 F2s,  BC1F1s, BC1F2s, BC1F4s F2s, F3s, F4s, BC1F1s, BC1F2s, BC1F3s, BC2F1s F1s (8)

HD3086 F2s, F3s, F4s, BC1F1s, BC1F3s,  BC1F4s   F2s, F3s, F4s, BC1F1s, BC1F2s F1s (6)

DBW187 F2s, F3s, BC1F1s F2s, F3s, BC1F1s, BC1F2s F1s (4)

HD 3226 F2s F2s, BC1F1s, F1s (2)

WB 02 F2s, BC1F1s F2s, F3S, F4S 

DBW 173 BC1F2s F2s, F3s, BC1F1S, BC2F1S, BC2F1S F1s (3)

Fig. 4.1: Distribution of HMW glutenin subunits
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Fig. 4.2: Molecular regulatory network during Fe and Zn de�ciency

Fig. 4.3:  A. Gene ontology (GO) enrichment analysis of DEGs B. Distribution of top ten most abundant KEGG pathways of DEGs among four 
wheat genotypes. C. Species distribution of annotated transcripts.
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2432/DEL/2015, Plant Transformation Vector For Suppressing MIPS Gene Expression And Method For Culturing Low Phytate 

thSoybean as disclosed in the above mentioned application for the term of 20 years from the 7  day of August 2015 in accordance 
with the provisions of the Patents Act, 1970.

502 shoots was greater in comparison to Narmada 
195.activity of CAT increased signi�cantly in Narmada 195 
under T1 (1.65-fold) and T2 (2.16-fold) while for PBW 502 the 
increase (1.03-fold in T1 and 1.07-fold in T2) was not 
signi�cant as compared to control (P<0.05). In contrast the 
activities of GR, H O and total antioxidant activities 2 2

increased in both Narmada 195 and PBW 502 under Fe and 
Zn de�ciency in both treatments but the increase was more 
signi�cant in Narmada 195 (P<0.05).

Bioforti�cation: Development of RILs of a cross 
involving HD2967 and high Fe and Zn line CRP 1660

Gpc-B1 gene has been reported to be associated with high 
grain Fe, Zn and protein content However, our previous 
studies using molecular marker linked with Gpc-B1 showed 
no correlation of Gpc-B1 with Fe and Zn content. Therefore 

in this investigation we developed RILs involving HD2967 
and high Fe and Zn line CRP 1660 for identi�cation of 
marker/gene for high Fe and Zn content. The population was 
at F10 stage during 2019-20 crop season. There was 
signi�cant positive correlation between Fe and Zn in this set 
of RILs (Fig. 4.4). The RILs were also analysed at three 
locations during 2019-20 for identi�cation of QTLs 
associated with high Fe and Zn content.

Agronomic bioforti�cation

Agronomic bioforti�cation strategy is to enhance Fe and Zn 
content by foliar spray of  Fe and Zn containing fertilizers 
during early grain �lling stage. In this investigation, �eld 
trials were conducted at IIWBR, Karnal using a set of 10 high 
yielding wheat varieties with Zn, Fe, Zn+Fe spray along with 
control during 2018-19 crop season as IInd year experiment. 
There was  more than 40% increase in Zn content in Zn 
treated conditions while it was 10% enhancement in Fe 
content under Fe treatments. On an average Zn content 
enhanced from 29.3 ppm to 40.4 ppm from control to Zn 
treatment (Fig 4.5). Increased activity of Zn in the source (�ag 
leaf and stem) during grain �lling could be increased by 
additional Zn and Fe application through foliar application. 

Phenolic content and antioxidant activities of important 
wheat varieties of NWPZ

Nineteen wheat varieties of NWPZ were analysed for 
phenolic content and total antioxidant capacity in terms of 
DPPH radical scavenging activity. from two locations namely 
Ludhiana and Pantnagar. 0.1 g of each sample was mixed 

with 1 ml of 80% methanol in eppendorf tubes by shaking 
constantly for 2h followed by centrifugation at 8000 rpm 

for 15 min. The supernatant was used for estimating 
phenolic content and DPPH activity. The phenolic content 
was expressed in terms of gallic acid equivalents as shown 
in table 4.7 below.  The highest and lowest phenolic 
content reported was 1058±11 (PBW771; Pantnagar 
location) and 457±11 (DBW222; Pantnagar location) µg 
gallic acid equivalent/g d.wt. basis, respectively.  The highest 
and lowest DPPH radical scavenging activity was 1466±43 
(DBW173; Pantnagar location) and 545±11 (NIAW3170; 
Pantnagar location) n molstrolox equivalent/g d.wt. basis, 
respectively (Table 4.7). Mean average for DPPH radical 
scavenging of Pantnagar location (998) was found higher 
compared to mean average of Ludhiana location (822). 
Further screening of various wheat genotypes on the basis 
of phenol content and antioxidant pro�le is under progress.

Table 4.6: Changes in Superoxide dismutase, Catalase, Glutathione reductase,Hydrogen peroxide, Malondialdehyde  content,
antioxidant capacity (DPPH Radical Scavenging activity) andphytosiderophore content in Narmada 195 and PBW 502 in 
response to de�ciency treatments.

Treatments SOD (units CAT (µmoles/ GR H O  (µmol/ MDA DPPH PS (nmol of 2 2

 /g FW) min/g FW) (mM TNB  g FW) (µM/ g FW) Radical Fe equivalent /
   min/g FW)   Scavenging g root 
      activity biomass)

Narmada 195  
d a ab a a a aControl 23.1±1.92  8.6±0.91 1.8±0.28  2.4±0.27  4.7±0.77  30.7±1.82 2.7±0.19        
c b c b b d bT1 19.4±0.97 14.2±1.17 4.4±0.88 4.7±0.39 5.9±0.24 51.1±1.42  3.6±0.82

 (-1.19) (1.65) (2.4) (1.95) (1.25) (1.66) (1.32)
b c c c ab d cT2 7.7±2.32  18.6±0.91 4.8±1.06 6.4±0.49 5.3±0.47  53.6±1.53  6±0.22

 (-3) (2.61) (2.6) (2.66) (1.12) (1.74) (2.21) 
 PBW 502 

cd a a a ab b a      Control 21.3±0.94 10.1±1.68 1.2±.036 2.3±0.49 5±0.25  37.4±1.41  2.1±0.21  
b a ab b c b aT1 9.8±1.05  10.5±2.14 2.4±0.35 3.9±0.29 7.4±0.56  40.3±1.59  2.7±0.18

 (-2.17) (1.03) (2.0) (1.69)  (1.48) (1.08) (1.32) 
a a b b c c bT2 2.8±0.36 10.9±0.34 2.7±0.59 4.1±0.67 8.1±0.89  44.4±4.34 3.6±0.30

 (-7.6) (1.07) (2.25) (1.78)  (1.62) (1.19) (1.72) 

Note: Different letters indicate signi�cant differences between means ± SD of treatments (n = 3)at P<0.05. Figures in brackets depict fold change from 
respective control in each variety.

Fig. 4.5: Effect of foliar spray of Fe and Zn on their contents in wheat 
grain (Average of 10 genotypes) 

Table 4.7: Phenolic content and DPPH radical scavenging activity of various genotypes from two different locations (n=4) 

Genotype Phenolic content   DPPH radical scavenging activity 
  (µg gallic acid equivalent/g d.wt. basis)  (n molstrolox equivalent/g d.wt. basis)
  (Mean±SEm)   (Mean±SEm)
  Ludhiana Pantnagar Ludhiana Pantnagar

DBW88 629±13 555±16 982±13 942±9

DBW187 588±21 477±13 885±15 860±27

HD2967 588±5 579±19 978±8 884±21

WH1105 601±3 507±12 699±45 870±57

DBW222 628±5 457±6 724±7 846±23

HD3086 587±17 476±2 619±60 829±21

PBW550 697±5 534±6 812±11 1100±72

HD3059 770±18 594±39 873±28 1412±22

DBW173 593±4 859±19 751±28 1466±43

WH1021 656±8 788±5 975±37 1436±55

PBW771 612±10 1058±11 1030±42 1247±6

HD3298 580±10 957±102 768±10 1271±15

WH1124 670±6 802±4 663±21 1165±59

HD3043 774±6 609±18 746±17 1329±41

PBW644 736±20 564±12 692±27 705±51

HI1628 696±11 684±16 1069±29 829±24

WH1080 722±7 677±17 727±37 571±65

WH1142 785±11 744±27 881±69 653±28

NIAW3170 704±10 689±37 751±14 545±11

Fig. 4.4: Variation and relationship between Fe and Zn content in 
RILs of a cross between HD 2967 and CRP 1660
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grain Fe, Zn and protein content However, our previous 
studies using molecular marker linked with Gpc-B1 showed 
no correlation of Gpc-B1 with Fe and Zn content. Therefore 

in this investigation we developed RILs involving HD2967 
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There was  more than 40% increase in Zn content in Zn 
treated conditions while it was 10% enhancement in Fe 
content under Fe treatments. On an average Zn content 
enhanced from 29.3 ppm to 40.4 ppm from control to Zn 
treatment (Fig 4.5). Increased activity of Zn in the source (�ag 
leaf and stem) during grain �lling could be increased by 
additional Zn and Fe application through foliar application. 
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Ludhiana and Pantnagar. 0.1 g of each sample was mixed 
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5. SOCIAL SCIENCES

Globally, wheat and barley has been under cultivation in 
271.57 million hectares (Wheat: 220.83 million hectares and 
Barley: 50.74 million hectares) with the annual production 
reaching an all-time highest output estimated at 923.99 
million tonnes (Wheat: 769.31 million tonnes and Barley: 
154.69 million tonnes) (Source: United States Department of 
Agriculture). The nutri-rich cereals respectively hold �rst and 
fourth position in terms of global cereals acreage for the 
period 2019-2020. In India, these rabi cereals are grown in 
31.17 million hectares (24.94% of total crop acreage) 
covering �ve agro-climatic zones viz., North Western Plains 
Zone (NWPZ), North Eastern Plains Zone (NEPZ), Central 
Zone (CZ), Northern Hills Zone (NHZ) and Peninsular Zone 
(PZ) contributing 36.79 per cent of the total foodgrains 
production during 2019-2020. Wheat has been under 
cultivation in 30.55 million hectares and barley covered 0.62 
million hectares during 2019-2020 rabi season (Source: III 
Advance Estimates, Directorate of Economics and Statistics, 
Ministry of Agriculture and Farmers Welfare, India). The 
current year wheat production has touched a landmark 

output of 107.18 million tonnes with a record national 
average productivity of 3508 kg per ha. Similarly, barley 
registered 1.59 million tonnes during 2019-2020 from 0.62 
million hectares with an average national productivity of 
2617 kg/ha. 

Frontline demonstrations (FLDs) conducted across regions 
also witnessed a similar kind of trend. The improved varieties 
and technologies demonstrated at farmers' �eld through 
the FLD programme exhibited signi�cant yield gain across 
regions. The gaps (yield and information) across regions 
should be bridged through need based interventions by 
identifying the location-speci�c constraints. ICAR-IIWBR 
strives to make continuous efforts in popularizing the 
region-speci�c superior varieties as well as micro level 
strategies to enhance the wheat and barley productivity. 

Despite several outreach programmes, there exists the need 
for increasing the crop productivity through different 
scientist-farmer interface activities with more emphasis on 
seed as well as varietal replacement, integrated crop 

(nutrient, pest & diseases, water, weed etc.) management, 
incorporation/retention of crop residues and soil health 
management. The farm advisory services through social 
media and rigorous training of �eld level extension 
functionaries or subject matter specialists by the institute 
has also played a key role in taking contingent management 
measures. Several other programmes have been initiated as 
well at the institute level to transfer the efficient 
technologies to farmers' �eld. Creation of awareness 
through mass and print media on seed treatment, seed and 
varietal replacement, and crop management helped to 
increase the farmers' livelihood and welfare. Procurement 
by different authorized agencies has also motivated the 
farmers to retain the same or allot more area under the 
respective crop. Developing storage facilities both at farm 
level and national level is the need of the hour and it 
warrants for some policy interventions. The report 
highlights the outcome of wheat and barley FLDs, yield gain 
due to FLDs, costs and returns as well as constraints in wheat 
and barley production.

Wheat Frontline Demonstrations (WFLDs) during 2019-20

During the wheat crop season 2019-20, 1500 Wheat 
Frontline Demonstrations (WFLDs) of one acre each were 
allotted to 85 cooperating centres across the country of 
which 1468 were conducted through 83 cooperating 
centers. The technologies such as improved wheat 
(T.aestivum, T.durum and T. dicoccum) varieties with 
complete package of practices, rotavator, zero tillage/happy 
seeder and bio-fertilizer were demonstrated in the selected 
farmers' �elds. These WFLDs covered 1479.52 acres area of 
1607 farmers in 19 states. The maximum number of WFLDs 
were conducted in UP (190) followed by Bihar (142), MP 
(137), Rajasthan (108), Maharashtra (100), Assam (91), 
Haryana (89), Karnataka (75), Punjab (73), HP (72), Jharkhand 
(65), J&K (51), Gujarat (50), Tamil Nadu (50), West Bengal (50), 
Chhattisgarh (43), Delhi & Uttarakhand (36) and Manipur (5).

All the improved varieties for different production 
conditions (timely sown, late sown, rainfed) have been 

i n c l u d e d  w h i l e  c a l c u l at i n g  t h e  y i e l d  g a i n  ove r 
check/regional yield. The maximum yield gain was observed 
in Manipur (59.52%) followed by Assam (35.12%), Jharkhand 
(32.33%), HP (20.50%), Chhattisgarh (19.65%), Maharashtra 
(19.38%) and MP (18.56%). Statewise yield gain over check in 
different states is given in Table 5.1.

The yield gain due to improved varieties over check was 
highest in NHZ (23.94%) followed by NEPZ (21.55%), CZ 
(15.67%), PZ (10.43%) and NWPZ (08.07%) (Table 5.2). 
Concerted efforts are needed to be made by the 
developmental agencies in all zones to bridge yield gap and 
to increase wheat productivity to meet the ever increasing 
requirement. Across all zones demonstrated varieties have 
shown yield superiority over check varieties and it ranged 
from 08.07% in NWPZ to 23.84% in NHZ.

In case of improved durum varieties, the variety HD 5759 (d) 
gave a signi�cant average yield of 67.60 q/ha at Indore 
centre in Central zone. In PZ, the variety MACS 3949 (d) gave 
an average yield of 40.00 q/ha at Pune center, though it was 
non-signi�cant.

In NHZ, at Almora centre, improved rainfed variety VL 967 
yielded 37.17 q/ha which was signi�cantly higher than the 
check varieties. The variety HS 542 gave signi�cantly higher 
yield of 33.58 q/ha and 30.28 q/ha at Khudwani and Rajouri 
centres, respectively. In CZ, DBW 110 gave 71.40 q/ha yield at 
Ujjain center which was signi�cantly higher than the check 
variety. In PZ, NIAW 3170 yielded 41.90 q/ha under rainfed 
condition at Niphad centre which was signi�cant. 

In case of late sown varieties, variety DBW 173 gave 
signi�cantly higher yield (42.65 q/ha) at Meerut center in 
NWPZ. In CZ, the signi�cant average yield was recorded by 
Raj 4238 (51.00 q/ha) at Udaipur center. In PZ, the signi�cant 
average yield was recorded by AKAW 4210-6 (35.38 q/ha) at 
Akola center. 

The location speci�c highest average varietal yield attained 
in a zone were by variety HI 8759 (d) (77.00 q/ha) at Indore 
centre in CZ, DBW 187 (74.00 q/ha) at Shamli in NWPZ, DBW 

Table 5.1 : State wise performance of improved wheat varieties under Wheat FLDs during 2019-20

State Mean  yield (q/ha) 

  Improved varieties Check varieties Gain (%) 

Assam  28.95 21.43 35.12***

Bihar  44.53 38.53 15.57***

Chhattisgarh  32.28 26.98 19.65***

Gujarat  56.65 49.95 13.41***

Haryana  52.70 49.95 05.51***

HP   27.48 22.80 20.50***

J&K  37.65 34.10 10.41***

Jharkhand  37.85 28.63 32.23***

Karnataka 26.48 24.75 06.97NS

Maharashtra  38.65 32.38 19.38***

Manipur  16.75 10.50 59.52***

MP   52.55 44.33 18.56***

Delhi  54.78 49.75 10.10***

Punjab  52.45 50.03 04.85***

Rajasthan  52.45 47.80 09.73***

Tamil Nadu  24.15  -  -

UP  46.40 40.45 14.71***

Uttarakhand  39.88 33.68 18.41***

West Bengal  41.80 36.28 15.23***

*** Signi�cant at 1 percent level, NS is Non-signi�cant

Table 5.2 :Zone wise wheat productivity under FLDs over check during rabi 2019-20

Zone Mean  yield (q/ha)  Gain (in %)

      FLDs Check 

NHZ 29.98 24.19 23.94***

NEPZ 38.47 31.65 21.55***

NWPZ 51.85 47.98 08.07***

CZ  49.61 42.89 15.67***

PZ  31.97 28.95 10.43***

*** *** Signi�cant at 1 percent level 
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Globally, wheat and barley has been under cultivation in 
271.57 million hectares (Wheat: 220.83 million hectares and 
Barley: 50.74 million hectares) with the annual production 
reaching an all-time highest output estimated at 923.99 
million tonnes (Wheat: 769.31 million tonnes and Barley: 
154.69 million tonnes) (Source: United States Department of 
Agriculture). The nutri-rich cereals respectively hold �rst and 
fourth position in terms of global cereals acreage for the 
period 2019-2020. In India, these rabi cereals are grown in 
31.17 million hectares (24.94% of total crop acreage) 
covering �ve agro-climatic zones viz., North Western Plains 
Zone (NWPZ), North Eastern Plains Zone (NEPZ), Central 
Zone (CZ), Northern Hills Zone (NHZ) and Peninsular Zone 
(PZ) contributing 36.79 per cent of the total foodgrains 
production during 2019-2020. Wheat has been under 
cultivation in 30.55 million hectares and barley covered 0.62 
million hectares during 2019-2020 rabi season (Source: III 
Advance Estimates, Directorate of Economics and Statistics, 
Ministry of Agriculture and Farmers Welfare, India). The 
current year wheat production has touched a landmark 

output of 107.18 million tonnes with a record national 
average productivity of 3508 kg per ha. Similarly, barley 
registered 1.59 million tonnes during 2019-2020 from 0.62 
million hectares with an average national productivity of 
2617 kg/ha. 

Frontline demonstrations (FLDs) conducted across regions 
also witnessed a similar kind of trend. The improved varieties 
and technologies demonstrated at farmers' �eld through 
the FLD programme exhibited signi�cant yield gain across 
regions. The gaps (yield and information) across regions 
should be bridged through need based interventions by 
identifying the location-speci�c constraints. ICAR-IIWBR 
strives to make continuous efforts in popularizing the 
region-speci�c superior varieties as well as micro level 
strategies to enhance the wheat and barley productivity. 

Despite several outreach programmes, there exists the need 
for increasing the crop productivity through different 
scientist-farmer interface activities with more emphasis on 
seed as well as varietal replacement, integrated crop 

(nutrient, pest & diseases, water, weed etc.) management, 
incorporation/retention of crop residues and soil health 
management. The farm advisory services through social 
media and rigorous training of �eld level extension 
functionaries or subject matter specialists by the institute 
has also played a key role in taking contingent management 
measures. Several other programmes have been initiated as 
well at the institute level to transfer the efficient 
technologies to farmers' �eld. Creation of awareness 
through mass and print media on seed treatment, seed and 
varietal replacement, and crop management helped to 
increase the farmers' livelihood and welfare. Procurement 
by different authorized agencies has also motivated the 
farmers to retain the same or allot more area under the 
respective crop. Developing storage facilities both at farm 
level and national level is the need of the hour and it 
warrants for some policy interventions. The report 
highlights the outcome of wheat and barley FLDs, yield gain 
due to FLDs, costs and returns as well as constraints in wheat 
and barley production.

Wheat Frontline Demonstrations (WFLDs) during 2019-20

During the wheat crop season 2019-20, 1500 Wheat 
Frontline Demonstrations (WFLDs) of one acre each were 
allotted to 85 cooperating centres across the country of 
which 1468 were conducted through 83 cooperating 
centers. The technologies such as improved wheat 
(T.aestivum, T.durum and T. dicoccum) varieties with 
complete package of practices, rotavator, zero tillage/happy 
seeder and bio-fertilizer were demonstrated in the selected 
farmers' �elds. These WFLDs covered 1479.52 acres area of 
1607 farmers in 19 states. The maximum number of WFLDs 
were conducted in UP (190) followed by Bihar (142), MP 
(137), Rajasthan (108), Maharashtra (100), Assam (91), 
Haryana (89), Karnataka (75), Punjab (73), HP (72), Jharkhand 
(65), J&K (51), Gujarat (50), Tamil Nadu (50), West Bengal (50), 
Chhattisgarh (43), Delhi & Uttarakhand (36) and Manipur (5).

All the improved varieties for different production 
conditions (timely sown, late sown, rainfed) have been 

i n c l u d e d  w h i l e  c a l c u l at i n g  t h e  y i e l d  g a i n  ove r 
check/regional yield. The maximum yield gain was observed 
in Manipur (59.52%) followed by Assam (35.12%), Jharkhand 
(32.33%), HP (20.50%), Chhattisgarh (19.65%), Maharashtra 
(19.38%) and MP (18.56%). Statewise yield gain over check in 
different states is given in Table 5.1.

The yield gain due to improved varieties over check was 
highest in NHZ (23.94%) followed by NEPZ (21.55%), CZ 
(15.67%), PZ (10.43%) and NWPZ (08.07%) (Table 5.2). 
Concerted efforts are needed to be made by the 
developmental agencies in all zones to bridge yield gap and 
to increase wheat productivity to meet the ever increasing 
requirement. Across all zones demonstrated varieties have 
shown yield superiority over check varieties and it ranged 
from 08.07% in NWPZ to 23.84% in NHZ.

In case of improved durum varieties, the variety HD 5759 (d) 
gave a signi�cant average yield of 67.60 q/ha at Indore 
centre in Central zone. In PZ, the variety MACS 3949 (d) gave 
an average yield of 40.00 q/ha at Pune center, though it was 
non-signi�cant.

In NHZ, at Almora centre, improved rainfed variety VL 967 
yielded 37.17 q/ha which was signi�cantly higher than the 
check varieties. The variety HS 542 gave signi�cantly higher 
yield of 33.58 q/ha and 30.28 q/ha at Khudwani and Rajouri 
centres, respectively. In CZ, DBW 110 gave 71.40 q/ha yield at 
Ujjain center which was signi�cantly higher than the check 
variety. In PZ, NIAW 3170 yielded 41.90 q/ha under rainfed 
condition at Niphad centre which was signi�cant. 

In case of late sown varieties, variety DBW 173 gave 
signi�cantly higher yield (42.65 q/ha) at Meerut center in 
NWPZ. In CZ, the signi�cant average yield was recorded by 
Raj 4238 (51.00 q/ha) at Udaipur center. In PZ, the signi�cant 
average yield was recorded by AKAW 4210-6 (35.38 q/ha) at 
Akola center. 

The location speci�c highest average varietal yield attained 
in a zone were by variety HI 8759 (d) (77.00 q/ha) at Indore 
centre in CZ, DBW 187 (74.00 q/ha) at Shamli in NWPZ, DBW 

Table 5.1 : State wise performance of improved wheat varieties under Wheat FLDs during 2019-20

State Mean  yield (q/ha) 

  Improved varieties Check varieties Gain (%) 

Assam  28.95 21.43 35.12***

Bihar  44.53 38.53 15.57***

Chhattisgarh  32.28 26.98 19.65***

Gujarat  56.65 49.95 13.41***

Haryana  52.70 49.95 05.51***

HP   27.48 22.80 20.50***

J&K  37.65 34.10 10.41***

Jharkhand  37.85 28.63 32.23***

Karnataka 26.48 24.75 06.97NS

Maharashtra  38.65 32.38 19.38***

Manipur  16.75 10.50 59.52***

MP   52.55 44.33 18.56***

Delhi  54.78 49.75 10.10***

Punjab  52.45 50.03 04.85***

Rajasthan  52.45 47.80 09.73***

Tamil Nadu  24.15  -  -

UP  46.40 40.45 14.71***

Uttarakhand  39.88 33.68 18.41***

West Bengal  41.80 36.28 15.23***

*** Signi�cant at 1 percent level, NS is Non-signi�cant

Table 5.2 :Zone wise wheat productivity under FLDs over check during rabi 2019-20

Zone Mean  yield (q/ha)  Gain (in %)

      FLDs Check 

NHZ 29.98 24.19 23.94***

NEPZ 38.47 31.65 21.55***

NWPZ 51.85 47.98 08.07***

CZ  49.61 42.89 15.67***

PZ  31.97 28.95 10.43***

*** *** Signi�cant at 1 percent level 
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187 (62.50 q/ha) at Ayodhya in NEPZ, MACS 6478 (57.50 
q/ha) at Pune in PZ and VL 967 (45.00 q/ha) at Almora in NHZ.  

FLDs on bio-fertilizer (Azotobactor & PSB) along with 100% 
inorganic fer ti l izer as compared to check (100% 
recommended dose of inorganic fertilizer) showed that the 
signi�cant yield gain was 30.19% at Shillongani center in 
NEPZ, although it was non-signi�cant. In NWPZ, signi�cant 
yield gain of 7.60% and 4.08% was recorded at Bijnor and 
Hisar centers, respectively. In CZ, 13.98% and 8.03% 
signi�cant yield gain was recorded at Jagdalpur, Bastar and 
Kota centers, respectively. 

A signi�cant yield gain of 10.19% at Coochbehar center was 
observed in NEPZ under zero tillage of wheat sowing. In 
NWPZ, zero tillage gave the signi�cant yield advantage of 
11.48% and 07.75% at ICAR-IIWBR, Karnal center. The yield 
gain due to zero tillage technology was non-signi�cant at 
most of the centers.

Yield gain under rotavator technology was 05.65% at Bijnor 
center, which was signi�cantly higher than conventional 
tillage. At other centers, it was non-signi�cant.

The yield gain due to micro irrigations was non-signi�cant at 
Vijapur center. Performance of salt tolerant variety KRL 210 
was better at CSSRI, Karnal center in NWPZ, but in yield terms 
it was statistically non-signi�cant.

Analysis of constraints in different wheat producing 
zones of India

India witnessed a continuous increase in wheat production 
in the recent years. The current year production has reached 
an all time record production and productivity. Variation in 
yield levels exists among different states, farmers and farms 
leading to yield gap in different states and different zones. 
Several reasons shall be attributed to this yield gap which 
needs to be addressed for sustainable wheat production. 

Through constraint analysis, an effort has been made to 
identify constraints impeding wheat production in different 
parts of the country. 

Northern Hills Zone (NHZ): In NHZ, small land holding, 
high cost of inputs, lack of irrigation facilities, Phalaris minor 
infestation, non-availability of labour, non availability of 
seeds of newly released varieties, untimely rain, yellow rust, 
imbalanced use of fertilizers and lodging were the major 
constraints faced by the farmers.

North Eastern Plains Zone (NEPZ): In this zone, high cost of 
inputs, non-availability of seeds of newly released varieties, 
lack of canal irrigation facility, low price of wheat, untimely 
rain, small land holdings, non-availability of labour, poor 
information delivery by state extension machinery, poor 
participation in exposure visits arranged by state 
department of agriculture and Chenopodium album were 
identi�ed as major constraints.  Seed and variety 
replacement ratio is low in NEPZ as seeds are not easily 
available. Private seed growers are very few in number 
hence dependency on NSC and other government agency is 
very high. Due to non-availability of government 
procurement of wheat, the farmers are dependent on 
private traders and they are not offering good price. Hence, 
there is a need to ensure marketing of wheat on MSP in this 
zone for better price realization and pro�tability of wheat 
cultivation.

North Western Plains Zone (NWPZ): NWPZ is the most 
productive zone of the country. In this zone, maximum 
procurement of wheat is done by FCI and other government 
agencies for different welfare schemes. In recent years 
infestation of wheat �elds with Phalaris minor has emerged 
as a major constraint of the zone and farmers are unable to 
manage it due to resistance developed against certain 
herbicides.  High cost of inputs, decline in water table, small 

Table 5.3 : Overall constraints impeding wheat production (n=1251)

Overall Constraints Score Rank

High cost of inputs 1767 I

Small land holding 1419 II

Phalaris minor 1287 III

Non-availability of labour 1202 IV

Non-availability of seeds of newly released varieties 1190 V

Untimely rain 1154 VI

Low price of wheat 1144 VII

Lack of canal irrigation facility 1137 VIII

Decline in water table 1097 IX

Higher customer hiring rate for �eld operations 1040 X

land holdings, non availability of labour, low price of wheat, 
higher custom hiring rate for �eld operations, untimely rain, 
poor information delivery by state extension machinery  
and lack of canal irrigation facility were also identi�ed as 
major constraints of this zone.

Central Zone (CZ) : In central zone, high cost of inputs, 
Phalaris minor, small land holding, lack of canal irrigation 
facility, decline in water table, untimely rain, non-availability 
of labour,  higher custom hiring rate for �eld operations, 
poor participation in exposure visits arranged by state 
department of agriculture and low price of wheat were the 
major constraints faced by the farmers. This zone has been 
identi�ed as export zone for quality wheat. The processing 
quality of wheat in this zone is better than that of NEPZ and 
NWPZ. The above said constraints need to be addressed 
seriously for more income.

Peninsular Zone (PZ) : In peninsular zone, high cost of 
inputs, non-availability of seeds of newly released variety, 
low price of wheat, poor plant population, small land 
holding, lack of training facility, higher custom hiring rate for 
�eld operations, erratic power supply, non-availability of 
labour and imbalanced use of fertilizers were the major 
constraints. For making wheat cultivation remunerative, 
there is a need to develop proper market. For better price 
realization farmers need to be educated about selling of 
their agricultural produce through e-NAM portal.

Overall Constraints : The overall analysis across zones 
revealed that high cost of inputs, small land holding, Phalaris 
minor, non-availability of labour, non-availability of seeds of 

newly released varieties, untimely rain, low price of wheat, 
lack of canal irrigation facility, decline in water table and 
higher custom hiring rate for �eld operations were the major 
constraints of wheat production as identi�ed under FLDs. 
Farmers need to be educated and trained on recent wheat 
production technologies, complete package of practices 
and soil health management. There is a need of government 
intervention to ensure quality seeds as well as quality inputs. 
Farmers need to be updated on impact of climate change on 
wheat cultivation and what are the coping strategies they 
can adopt to mitigate it. The concept of conservation 
agriculture and adoption of resource conservation 
technologies at farmers' �elds can be propagated at a larger 
scale. To ensure better price, farmers have to go for quality 
wheat production. There is a need to register wheat growers 
on e-NAM platform for selling of wheat. All the constraints 
need appropriate attention in order to increase wheat 
production in all major wheat producing zones of the 
country. 

Barley Frontline Demonstrations (BFLDs) during 2019-
20

During the rabi crop season 2019-20, 250 Barley Frontline 
Demonstrations (BFLDs) of one acre each were allotted to 21 
cooperating centers all over India in six states namely, HP, UP, 
Punjab, Haryana, Rajasthan and MP. Out of these, 231 were 
conducted by 20 centers, covering 237 acres area of 251 
farmers. Improved barley varieties with complete package 
of practices (irrigation management, nutrient management, 
weed control, seed treatment etc.) were demonstrated.

Table 5.4 : State wise yield gain under barley FLDs during rabi  2019-20
State BFLDs yield (q/ha) Check  yield (q/ha) Gain (%)

HP   25.93 21.03 23.31*

UP   42.43 32.38 31.05***

Punjab  44.13 39.72 11.10***

Haryana 47.96 45.26 05.95**

Rajasthan 55.01 49.15 11.92***

MP   36.09 29.27 23.31***

*** Signi�cant at 1 percent level, **Signi�cant at 5 percent level,  *Signi�cant at 10 percent level 

Table 5.5 : Zone wise productivity under barley FLDs over check  during rabi 2019-20

Zone BFLDs yield (q/ha) Check  mean  yield (q/ha) Gain (%)

NHZ 25.93 21.03 23.31*

NEPZ 42.43 32.38 31.05***

NWPZ 52.82 48.21 09.57***

CZ  37.87 31.68 19.55***
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187 (62.50 q/ha) at Ayodhya in NEPZ, MACS 6478 (57.50 
q/ha) at Pune in PZ and VL 967 (45.00 q/ha) at Almora in NHZ.  

FLDs on bio-fertilizer (Azotobactor & PSB) along with 100% 
inorganic fer ti l izer as compared to check (100% 
recommended dose of inorganic fertilizer) showed that the 
signi�cant yield gain was 30.19% at Shillongani center in 
NEPZ, although it was non-signi�cant. In NWPZ, signi�cant 
yield gain of 7.60% and 4.08% was recorded at Bijnor and 
Hisar centers, respectively. In CZ, 13.98% and 8.03% 
signi�cant yield gain was recorded at Jagdalpur, Bastar and 
Kota centers, respectively. 

A signi�cant yield gain of 10.19% at Coochbehar center was 
observed in NEPZ under zero tillage of wheat sowing. In 
NWPZ, zero tillage gave the signi�cant yield advantage of 
11.48% and 07.75% at ICAR-IIWBR, Karnal center. The yield 
gain due to zero tillage technology was non-signi�cant at 
most of the centers.

Yield gain under rotavator technology was 05.65% at Bijnor 
center, which was signi�cantly higher than conventional 
tillage. At other centers, it was non-signi�cant.

The yield gain due to micro irrigations was non-signi�cant at 
Vijapur center. Performance of salt tolerant variety KRL 210 
was better at CSSRI, Karnal center in NWPZ, but in yield terms 
it was statistically non-signi�cant.

Analysis of constraints in different wheat producing 
zones of India

India witnessed a continuous increase in wheat production 
in the recent years. The current year production has reached 
an all time record production and productivity. Variation in 
yield levels exists among different states, farmers and farms 
leading to yield gap in different states and different zones. 
Several reasons shall be attributed to this yield gap which 
needs to be addressed for sustainable wheat production. 

Through constraint analysis, an effort has been made to 
identify constraints impeding wheat production in different 
parts of the country. 

Northern Hills Zone (NHZ): In NHZ, small land holding, 
high cost of inputs, lack of irrigation facilities, Phalaris minor 
infestation, non-availability of labour, non availability of 
seeds of newly released varieties, untimely rain, yellow rust, 
imbalanced use of fertilizers and lodging were the major 
constraints faced by the farmers.

North Eastern Plains Zone (NEPZ): In this zone, high cost of 
inputs, non-availability of seeds of newly released varieties, 
lack of canal irrigation facility, low price of wheat, untimely 
rain, small land holdings, non-availability of labour, poor 
information delivery by state extension machinery, poor 
participation in exposure visits arranged by state 
department of agriculture and Chenopodium album were 
identi�ed as major constraints.  Seed and variety 
replacement ratio is low in NEPZ as seeds are not easily 
available. Private seed growers are very few in number 
hence dependency on NSC and other government agency is 
very high. Due to non-availability of government 
procurement of wheat, the farmers are dependent on 
private traders and they are not offering good price. Hence, 
there is a need to ensure marketing of wheat on MSP in this 
zone for better price realization and pro�tability of wheat 
cultivation.

North Western Plains Zone (NWPZ): NWPZ is the most 
productive zone of the country. In this zone, maximum 
procurement of wheat is done by FCI and other government 
agencies for different welfare schemes. In recent years 
infestation of wheat �elds with Phalaris minor has emerged 
as a major constraint of the zone and farmers are unable to 
manage it due to resistance developed against certain 
herbicides.  High cost of inputs, decline in water table, small 

Table 5.3 : Overall constraints impeding wheat production (n=1251)

Overall Constraints Score Rank

High cost of inputs 1767 I

Small land holding 1419 II

Phalaris minor 1287 III

Non-availability of labour 1202 IV

Non-availability of seeds of newly released varieties 1190 V

Untimely rain 1154 VI

Low price of wheat 1144 VII

Lack of canal irrigation facility 1137 VIII

Decline in water table 1097 IX

Higher customer hiring rate for �eld operations 1040 X

land holdings, non availability of labour, low price of wheat, 
higher custom hiring rate for �eld operations, untimely rain, 
poor information delivery by state extension machinery  
and lack of canal irrigation facility were also identi�ed as 
major constraints of this zone.

Central Zone (CZ) : In central zone, high cost of inputs, 
Phalaris minor, small land holding, lack of canal irrigation 
facility, decline in water table, untimely rain, non-availability 
of labour,  higher custom hiring rate for �eld operations, 
poor participation in exposure visits arranged by state 
department of agriculture and low price of wheat were the 
major constraints faced by the farmers. This zone has been 
identi�ed as export zone for quality wheat. The processing 
quality of wheat in this zone is better than that of NEPZ and 
NWPZ. The above said constraints need to be addressed 
seriously for more income.

Peninsular Zone (PZ) : In peninsular zone, high cost of 
inputs, non-availability of seeds of newly released variety, 
low price of wheat, poor plant population, small land 
holding, lack of training facility, higher custom hiring rate for 
�eld operations, erratic power supply, non-availability of 
labour and imbalanced use of fertilizers were the major 
constraints. For making wheat cultivation remunerative, 
there is a need to develop proper market. For better price 
realization farmers need to be educated about selling of 
their agricultural produce through e-NAM portal.

Overall Constraints : The overall analysis across zones 
revealed that high cost of inputs, small land holding, Phalaris 
minor, non-availability of labour, non-availability of seeds of 

newly released varieties, untimely rain, low price of wheat, 
lack of canal irrigation facility, decline in water table and 
higher custom hiring rate for �eld operations were the major 
constraints of wheat production as identi�ed under FLDs. 
Farmers need to be educated and trained on recent wheat 
production technologies, complete package of practices 
and soil health management. There is a need of government 
intervention to ensure quality seeds as well as quality inputs. 
Farmers need to be updated on impact of climate change on 
wheat cultivation and what are the coping strategies they 
can adopt to mitigate it. The concept of conservation 
agriculture and adoption of resource conservation 
technologies at farmers' �elds can be propagated at a larger 
scale. To ensure better price, farmers have to go for quality 
wheat production. There is a need to register wheat growers 
on e-NAM platform for selling of wheat. All the constraints 
need appropriate attention in order to increase wheat 
production in all major wheat producing zones of the 
country. 

Barley Frontline Demonstrations (BFLDs) during 2019-
20

During the rabi crop season 2019-20, 250 Barley Frontline 
Demonstrations (BFLDs) of one acre each were allotted to 21 
cooperating centers all over India in six states namely, HP, UP, 
Punjab, Haryana, Rajasthan and MP. Out of these, 231 were 
conducted by 20 centers, covering 237 acres area of 251 
farmers. Improved barley varieties with complete package 
of practices (irrigation management, nutrient management, 
weed control, seed treatment etc.) were demonstrated.

Table 5.4 : State wise yield gain under barley FLDs during rabi  2019-20
State BFLDs yield (q/ha) Check  yield (q/ha) Gain (%)

HP   25.93 21.03 23.31*

UP   42.43 32.38 31.05***

Punjab  44.13 39.72 11.10***

Haryana 47.96 45.26 05.95**

Rajasthan 55.01 49.15 11.92***

MP   36.09 29.27 23.31***

*** Signi�cant at 1 percent level, **Signi�cant at 5 percent level,  *Signi�cant at 10 percent level 

Table 5.5 : Zone wise productivity under barley FLDs over check  during rabi 2019-20

Zone BFLDs yield (q/ha) Check  mean  yield (q/ha) Gain (%)

NHZ 25.93 21.03 23.31*

NEPZ 42.43 32.38 31.05***

NWPZ 52.82 48.21 09.57***

CZ  37.87 31.68 19.55***
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Team Leader Centres Monitored Dates of Monitoring

Dr. Satyavir Singh Niphad Nasik and Pune 6-7 March, 2020

Dr. Anil Khippal Imphal, Kalyani, Wellington and Dharwad 24-27 February and 12-15 March, 2020

Dr. Raj Pal Meena  Meerut, Shamli, Saharanpur and Muzaffarnagar 11-13 March, 2020

Dr. Sendhil R. Bilaspur and Jagdalpur 4-7 March, 2020

Dr. Mangal Singh Kanke Ranchi, Morabadi Ranchil and Pusa 17-20 March, 2020
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The highest increase in barley yield was recorded in UP 
(31.05%) followed by HP and MP (23.31%). The lowest gain in 
yield was reported in Haryana (5.95 %).

The yield gain due to improved varieties over check mean 
yield was highest in NEPZ (31.05%) followed by NHZ 
(23.31%), CZ (19.55%) and NWPZ (09.57%). Therefore, efforts 
should be made to increase barley yield in the NEPZ and CZ 
by promoting recent barley production technologies in 
collaboration with the state department of agriculture.

In NHZ, BHS 400 was the highest average yielding (30.58 
q/ha) variety at Bajaura centre. In NEPZ, RD 2907 at Mirzapur 
(52.88 q/ha), RD 2907 at Durgapura (65.15 q/ha) in NWPZ 
and RD 2899 at Vidisha (50.55 q/ha) in CZ were the highest 
average yielding varieties. 

At particular farmers' �eld as well as on average basis, 
varieties BHS 400 (30.58 q/ha), RD 2907 (56.68 q/ha), RD 2907 
(67.50 q/ha) and RD 2899 (52.00 q/ha) performed better 
than other varieties at Bajaura, Mirzapur, Durgapura Jaipur 
and Vidisha centres in the NHZ, NEPZ, NWPZ and CZ, 
respectively.

Analysis of constraints in different barley producing 
zones of India

Northern Hills Zone (NHZ) : In northern hills zone, non-
availability of seed of newly released varieties, small land 
holding, water stress, yellow rust, lack of knowledge among 
farmers about recent production technologies, late sowing, 
high cost of inputs, untimely rain, lack of irrigation facilities 
and poor information delivery by state extension machinery 
were identi�ed as major constraints faced by the farmers.

North Eastern Plains Zone (NEPZ) : In this zone, high cost 
of inputs, small land holding, untimely rain, imbalanced use 
of fertilizers, Phalaris minor, non availability of farm 
machinery, non-availability of labour, lack of land leveling 
facility, low price of barley and Chenopodium album were 
identi�ed as major constraints. There is a need to address 
these constraints to exploit the potential of eastern states for 
wheat production. Regarding technical constraints, such as, 
imbalanced use of fertilizers, farmers need to be made aware 
through awareness programmes and trainings about the 
use of fertilizers. Marketing of barley and good price 
realization is a great concern in NEPZ.

North Western Plains Zone (NWPZ) : Being the highest 
barley producing zone of the country there a need to 
address major constraints faced by the farmers of NWPZ. 
Under FLD programme, resistance against herbicides was 
identi�ed as the most serious constraint of this zone 
followed by high cost of inputs, decline in water table, low 

price of barley, low organic matter in the soil, small land 
holdings, lack of canal irrigation facility, neel gai, low micro 
nutrient level in soil and non availability of labour.

Central Zone (CZ): In central zone, resistance against 
herbicides, lack of canal irrigation facility, decline in water 
table, high cost of inputs, low price of barley, higher custom 
hiring rate for �eld operations, small land holding, lack of 
knowledge among farmers about recent technologies, poor 
quality of seeds and Phalaris minor were identi�ed as major 
constraints.

Major constraints impeding barley production in the 
country: Overall analysis of constraints in different zones 
clearly indicated that resistance against herbicides, lack of 
canal irrigation facility, decline in water table, high cost of 
inputs, low price of barley, higher custom hiring rate for �eld 
operations, small land holdings, lack of knowledge among 
farmers about recent technologies, poor quality of seeds 
and Phalaris minor were the major constraints. It is evident 
that majority of the constraints are administrative in nature 
which require timely intervention by state department of 
agriculture. Some of the constraints are technical in nature 
and with awareness and skill upgradation of the farmers on 
weed management strategy, these can be easily addressed. 

Costs and Returns for Wheat and Barley FLDs vis-à-vis 
Check Plots

Wheat : On an average, wheat varieties or technologies 
demonstrated at farmers' �eld under the FLD program gave 
₹2.78 per rupee of investment in comparison to the check 
varieties (₹2.47). A signi�cant difference in returns per rupee 
of investment was noticed between the FLD and check plots 
across states, zones and technologies. The returns per rupee 
of investment from FLDs ranged from ₹3.74 (Gujarat) to 
₹1.88 (Tamil Nadu) across states, ₹3.32 (CZ) to ₹2.38 (NHZ) 
across zones, and ₹3.71 (Happy Seeder) to ₹1.88 (Dicoccum 
wheat) across technologies. Surprisingly, Gujarat registered 
the highest returns per rupee of investment owing to the 
higher gross returns i.e., ₹127562 per hectare during the 
2019-2020 crop season. On the contrary, Tamil Nadu 
registered lowest returns per rupee of investment due to less 
gross returns owing to limited yield capacity in the region 
(₹29490 per hectare).  

The pro�t per hectare in FLDs was highest in Gujarat 
(₹93444), followed by Madhya Pradesh (₹85402) and New 
Delhi (₹84547). The difference in pro�t levels between 
demonstration and check plots was highest in the case of 
Assam (₹18796 per hectare). Interestingly, operational costs 
in Bihar, Chhattisgarh, Gujarat, Haryana, Jharkhand and 
Karnataka were lower in demonstrations in comparison to 

the check plots. The probable reason for Haryana might be 
due to the demonstration of resource efficient CA 
techniques which reduced the operational costs, 
signi�cantly. Estimates of cost of production indicated that 
the operational cost incurred in producing a unit quantity of 
output was least in Haryana (₹588 per quintal) owing to less 
operational costs and the likelihood of getting more yield 
being a progressive state located in the NWPZ. Among the 
wheat growing zones, the cost of production in the CZ was 
lowest (₹752 per quintal), which is due to relatively less 
operational costs in raising the crop and realized yield levels 
was more as well. CZ also realized a good return per rupee of 
investment at the demonstrated plots (₹3.32) which is 
mainly due to the increasing productivity especially in 
Madhya Pradesh, followed by less operational costs. Among 
technologies demonstrated at farmers' �eld, happy seeder 
gave the highest pro�t (₹87454/ha) and the least was 
observed for the dicoccum variety (₹13932), despite growing 
demand in south India. However, the results were not 
consistent across years, sites owing to testing of particular 
technology in different locations of diverse soil properties 
and managed by different farmers. Overall, by adopting a 
new wheat variety or production technology a farmer earns 
₹63690/ha. Further, ₹707 have to be spent to produce a 
quintal of wheat through new technology against ₹798 
(farmers practice: check plots).

Barley : On an average, improved barley varieties 
demonstrated at farmers' �eld under the FLD program gave 
around 12 per cent pro�t per hectare in comparison to the 
check. A signi�cant difference in returns per rupee of 
investment was noticed between the demonstration and 
check plots across states and zones. Uttar Pradesh registered 
the highest returns per rupee of investment (₹4.50) through 
demonstrations, followed by Punjab (₹3.58) and Haryana 
(₹2.58). The difference in returns per rupee of investment 
between demonstration and check plots for the crop season 
was highest in Uttar Pradesh, followed by Madhya Pradesh 
and Punjab.

The pro�t per hectare in FLDs was highest in Rajasthan 
(₹62654), followed by Uttar Pradesh (₹62269) and Punjab 

(₹60003). The difference in pro�t between FLD and check 
plots ranged from ₹22541 in Uttar Pradesh to ₹3155 in 
Haryana. Interestingly, operational costs in Uttar Pradesh 
were lower in FLDs than check plots. The valid reason might 
be reduction in the use of  inputs based on the 
recommendation. The returns per rupee of investment 
across barley growing zones were highest in the NEPZ 
(₹4.50), followed by NWPZ (₹2.89) and CZ (₹2.29). Estimates 
of cost of production indicated that the cost incurred in 
producing a unit quantity of barley output was least (₹442 
per quintal) in Uttar Pradesh owing to less operational costs 
coupled with increased yield levels. 

Wheat FLDs at ICAR-IIWBR, Karnal centre

The centre (ICAR-IIWBR) conducted 20 acres wheat FLDs at 
twenty farmers' �elds in the villages namely Ramba and 
Butana in Karnal district and villages Bid Amin, Fatuhpur, 
Mirzapur and Dabkheri in Kurukshetra district of Haryana 
state using varieties DBW 187, HD 3226 and HPBW 01 during 
rabi season 2019-20. The demonstrations were conducted 
using happy seeder, zero tillage and conventional tillage 
technologies with complete package of practices and 
farmers were provided with the improved varieties seeds as 
per provision under the programme.

Monitoring of Frontline Demonstrations (FLDs)

The team of ICAR-IIWBR accompanied by the experts from 
the Ministry of Agriculture & Farmers Welfare and the 
concerned centres monitored the following FLDs centres 
during the crop season 2019-20.

Evaluation, Transfer and Impact Assessment of Wheat 
and Barley Production Technologies

Diagnosis of zero tillage based rice-wheat system in 
Haryana

The study was conducted in Karnal, Yamunanagar, Kaithal 
and Rohtak districts of Haryana during 2015-16 to 2019-20. 
A total of 420 farmers were selected for this study. The 
impact was studied by using pre and post method and 
bene�ciary and non-bene�ciary methods. In Karnal, 
Yamunanagar and Kaithal districts zero tillage method was 
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Table 5.6 : FLDs Centers monitored during 2020

The highest increase in barley yield was recorded in UP 
(31.05%) followed by HP and MP (23.31%). The lowest gain in 
yield was reported in Haryana (5.95 %).

The yield gain due to improved varieties over check mean 
yield was highest in NEPZ (31.05%) followed by NHZ 
(23.31%), CZ (19.55%) and NWPZ (09.57%). Therefore, efforts 
should be made to increase barley yield in the NEPZ and CZ 
by promoting recent barley production technologies in 
collaboration with the state department of agriculture.

In NHZ, BHS 400 was the highest average yielding (30.58 
q/ha) variety at Bajaura centre. In NEPZ, RD 2907 at Mirzapur 
(52.88 q/ha), RD 2907 at Durgapura (65.15 q/ha) in NWPZ 
and RD 2899 at Vidisha (50.55 q/ha) in CZ were the highest 
average yielding varieties. 

At particular farmers' �eld as well as on average basis, 
varieties BHS 400 (30.58 q/ha), RD 2907 (56.68 q/ha), RD 2907 
(67.50 q/ha) and RD 2899 (52.00 q/ha) performed better 
than other varieties at Bajaura, Mirzapur, Durgapura Jaipur 
and Vidisha centres in the NHZ, NEPZ, NWPZ and CZ, 
respectively.

Analysis of constraints in different barley producing 
zones of India

Northern Hills Zone (NHZ) : In northern hills zone, non-
availability of seed of newly released varieties, small land 
holding, water stress, yellow rust, lack of knowledge among 
farmers about recent production technologies, late sowing, 
high cost of inputs, untimely rain, lack of irrigation facilities 
and poor information delivery by state extension machinery 
were identi�ed as major constraints faced by the farmers.

North Eastern Plains Zone (NEPZ) : In this zone, high cost 
of inputs, small land holding, untimely rain, imbalanced use 
of fertilizers, Phalaris minor, non availability of farm 
machinery, non-availability of labour, lack of land leveling 
facility, low price of barley and Chenopodium album were 
identi�ed as major constraints. There is a need to address 
these constraints to exploit the potential of eastern states for 
wheat production. Regarding technical constraints, such as, 
imbalanced use of fertilizers, farmers need to be made aware 
through awareness programmes and trainings about the 
use of fertilizers. Marketing of barley and good price 
realization is a great concern in NEPZ.

North Western Plains Zone (NWPZ) : Being the highest 
barley producing zone of the country there a need to 
address major constraints faced by the farmers of NWPZ. 
Under FLD programme, resistance against herbicides was 
identi�ed as the most serious constraint of this zone 
followed by high cost of inputs, decline in water table, low 

price of barley, low organic matter in the soil, small land 
holdings, lack of canal irrigation facility, neel gai, low micro 
nutrient level in soil and non availability of labour.

Central Zone (CZ): In central zone, resistance against 
herbicides, lack of canal irrigation facility, decline in water 
table, high cost of inputs, low price of barley, higher custom 
hiring rate for �eld operations, small land holding, lack of 
knowledge among farmers about recent technologies, poor 
quality of seeds and Phalaris minor were identi�ed as major 
constraints.

Major constraints impeding barley production in the 
country: Overall analysis of constraints in different zones 
clearly indicated that resistance against herbicides, lack of 
canal irrigation facility, decline in water table, high cost of 
inputs, low price of barley, higher custom hiring rate for �eld 
operations, small land holdings, lack of knowledge among 
farmers about recent technologies, poor quality of seeds 
and Phalaris minor were the major constraints. It is evident 
that majority of the constraints are administrative in nature 
which require timely intervention by state department of 
agriculture. Some of the constraints are technical in nature 
and with awareness and skill upgradation of the farmers on 
weed management strategy, these can be easily addressed. 

Costs and Returns for Wheat and Barley FLDs vis-à-vis 
Check Plots

Wheat : On an average, wheat varieties or technologies 
demonstrated at farmers' �eld under the FLD program gave 
₹2.78 per rupee of investment in comparison to the check 
varieties (₹2.47). A signi�cant difference in returns per rupee 
of investment was noticed between the FLD and check plots 
across states, zones and technologies. The returns per rupee 
of investment from FLDs ranged from ₹3.74 (Gujarat) to 
₹1.88 (Tamil Nadu) across states, ₹3.32 (CZ) to ₹2.38 (NHZ) 
across zones, and ₹3.71 (Happy Seeder) to ₹1.88 (Dicoccum 
wheat) across technologies. Surprisingly, Gujarat registered 
the highest returns per rupee of investment owing to the 
higher gross returns i.e., ₹127562 per hectare during the 
2019-2020 crop season. On the contrary, Tamil Nadu 
registered lowest returns per rupee of investment due to less 
gross returns owing to limited yield capacity in the region 
(₹29490 per hectare).  

The pro�t per hectare in FLDs was highest in Gujarat 
(₹93444), followed by Madhya Pradesh (₹85402) and New 
Delhi (₹84547). The difference in pro�t levels between 
demonstration and check plots was highest in the case of 
Assam (₹18796 per hectare). Interestingly, operational costs 
in Bihar, Chhattisgarh, Gujarat, Haryana, Jharkhand and 
Karnataka were lower in demonstrations in comparison to 

the check plots. The probable reason for Haryana might be 
due to the demonstration of resource efficient CA 
techniques which reduced the operational costs, 
signi�cantly. Estimates of cost of production indicated that 
the operational cost incurred in producing a unit quantity of 
output was least in Haryana (₹588 per quintal) owing to less 
operational costs and the likelihood of getting more yield 
being a progressive state located in the NWPZ. Among the 
wheat growing zones, the cost of production in the CZ was 
lowest (₹752 per quintal), which is due to relatively less 
operational costs in raising the crop and realized yield levels 
was more as well. CZ also realized a good return per rupee of 
investment at the demonstrated plots (₹3.32) which is 
mainly due to the increasing productivity especially in 
Madhya Pradesh, followed by less operational costs. Among 
technologies demonstrated at farmers' �eld, happy seeder 
gave the highest pro�t (₹87454/ha) and the least was 
observed for the dicoccum variety (₹13932), despite growing 
demand in south India. However, the results were not 
consistent across years, sites owing to testing of particular 
technology in different locations of diverse soil properties 
and managed by different farmers. Overall, by adopting a 
new wheat variety or production technology a farmer earns 
₹63690/ha. Further, ₹707 have to be spent to produce a 
quintal of wheat through new technology against ₹798 
(farmers practice: check plots).

Barley : On an average, improved barley varieties 
demonstrated at farmers' �eld under the FLD program gave 
around 12 per cent pro�t per hectare in comparison to the 
check. A signi�cant difference in returns per rupee of 
investment was noticed between the demonstration and 
check plots across states and zones. Uttar Pradesh registered 
the highest returns per rupee of investment (₹4.50) through 
demonstrations, followed by Punjab (₹3.58) and Haryana 
(₹2.58). The difference in returns per rupee of investment 
between demonstration and check plots for the crop season 
was highest in Uttar Pradesh, followed by Madhya Pradesh 
and Punjab.

The pro�t per hectare in FLDs was highest in Rajasthan 
(₹62654), followed by Uttar Pradesh (₹62269) and Punjab 

(₹60003). The difference in pro�t between FLD and check 
plots ranged from ₹22541 in Uttar Pradesh to ₹3155 in 
Haryana. Interestingly, operational costs in Uttar Pradesh 
were lower in FLDs than check plots. The valid reason might 
be reduction in the use of  inputs based on the 
recommendation. The returns per rupee of investment 
across barley growing zones were highest in the NEPZ 
(₹4.50), followed by NWPZ (₹2.89) and CZ (₹2.29). Estimates 
of cost of production indicated that the cost incurred in 
producing a unit quantity of barley output was least (₹442 
per quintal) in Uttar Pradesh owing to less operational costs 
coupled with increased yield levels. 

Wheat FLDs at ICAR-IIWBR, Karnal centre

The centre (ICAR-IIWBR) conducted 20 acres wheat FLDs at 
twenty farmers' �elds in the villages namely Ramba and 
Butana in Karnal district and villages Bid Amin, Fatuhpur, 
Mirzapur and Dabkheri in Kurukshetra district of Haryana 
state using varieties DBW 187, HD 3226 and HPBW 01 during 
rabi season 2019-20. The demonstrations were conducted 
using happy seeder, zero tillage and conventional tillage 
technologies with complete package of practices and 
farmers were provided with the improved varieties seeds as 
per provision under the programme.

Monitoring of Frontline Demonstrations (FLDs)

The team of ICAR-IIWBR accompanied by the experts from 
the Ministry of Agriculture & Farmers Welfare and the 
concerned centres monitored the following FLDs centres 
during the crop season 2019-20.

Evaluation, Transfer and Impact Assessment of Wheat 
and Barley Production Technologies

Diagnosis of zero tillage based rice-wheat system in 
Haryana

The study was conducted in Karnal, Yamunanagar, Kaithal 
and Rohtak districts of Haryana during 2015-16 to 2019-20. 
A total of 420 farmers were selected for this study. The 
impact was studied by using pre and post method and 
bene�ciary and non-bene�ciary methods. In Karnal, 
Yamunanagar and Kaithal districts zero tillage method was 
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compared with conventional method whereas in Rohtak 
district the impact was studied by comparing bene�ciaries 
of zero tillage with non-bene�ciaries.  

The study revealed that majority (39.67%) of the respondent 
farmers belonged to 31-40 years age group followed by 41-
50 years age group (32.33%). A total of 85.67% of the 
sampled farmers were below 50 years of age. It shows the 
involvement of youth in agriculture of Haryana. Only �ve 
percent of the farmers were illiterate. Majority (36.33%) of 
them were matriculate and 10+2 (22.33%). Agriculture was 
the primary occupation of 88.33% of the farmers and 9.67 
were involved in dairying along with agriculture. Dairying 
was the subsidiary occupation of 32.33% of the farmers.  Out 
of 300 farmers, majority (60%) were in large category (>10 
acres of land holding). Only 2.67% were under marginal 
category. Tube well was the main source of irrigation for 
majority of the farmers. Quality of water was normal in the 
study area and the soil was medium to heavy with high to 
medium fertility. Few farmers were found burning crop 
residue to get their �eld clear for sowing of wheat crop but 
their number was quite low. With the State Department of 
Agriculture initiatives the number was continuously 
decreasing. Under the study it was found that 99.33% of the 
farmers adopted zero tillage method for sowing of wheat. 
They used either zero till seed drill or turbo happy seeder for 
sowing of wheat. Direct seeded rice technology was 
adopted by 32.67% of the farmers, and 58.67% of the 
farmers adopted both technologies at their farm. It was 
observed that for zero till seed drill, custom hiring charges 
were ` 600-700/acre, for turbo happy seeder ` 1000-1200 
and for DSR ` 900-1000. If any farmer wants to purchase 
these machines, he can avail 50% subsidy, but if these 
machines are purchased for custom hiring centres then they 
can avail 80% subsidy. This is a strong initiative by Haryana 
Government to popularise these technologies in the state. 
The most frequently used wheat variety under zero tillage 
conditions was HD 2967 and was adopted by 91.95% of the 
farmers. HD 3086 was the second most commonly used 
wheat variety by 28.19% farmers. The other varieties were 
HD 1105 (8.05%), DBW 88 (5.37%) and others (HD 2851, 
HDCSW 18 and PBW 723) only 3.02%. 

The impact of zero tillage technology was studied on a 
number of parameters and it was found that 80.54% of the 
farmers felt that it takes less time in comparison to 
conventional tillage for sowing of wheat crop. Majority 
(84.56%) have used same seed rate, observed better 
germination (55.37%), applied similar quantity of fertilizer 
(57.38). But some of the farmers used less (13.9%) and more 
(22.82%) than the recommended dose. It was also observed 

by majority of farmers (71.47%) that there was decrease in 
number of narrow leaf weeds under zero tillage, increase by 
2.01% farmers and 28.51% farmers did not �nd any 
difference in weed population. In case of broad leaf weeds 
there was increase in number in zero tillage �elds and was 
recorded by 20% farmers but majority (32.21%) observed no 
change. There was decrease in overall weed population 
under zero tillage and 94.97% observed it in their �elds. 
Majority (82.55%) felt less water requirement under zero 
tillage wheat than conventionally sown wheat. Most of the 
farmers (94.97%) found it cost effective and large majority 
harvested more yield i.e. 2-3q/ha under zero tillage. A large 
majority (91.95%) of them observed that there was not any 
change in crop duration under both the conditions. Impact 
of zero tillage on soil parameters was also recorded and was 
found that fertility status has increased due to adoption of 
ZT and was experienced by 93.62% farmers. Majority of 
them (83.22%) found increased organic carbon content in 
soil of ZT �elds due to incorporation of rice residue during 
sowing. Increased moisture retention capacity was 
observed by 88.93%, less lodging by 92.285 and avoidance 
of terminal heat by 93.96% farmers. Soil physic-chemical 
properties also enhanced due to continuous adoption of 
zero tillage. It could be inferred from all �ndings that zero 
tillage technology is a boon for wheat farmers and with its 
adoption, majority of the problem associated with rice- 
wheat system can easily be addressed. 

When comparison was made between bene�ciaries and 
non-bene�ciaries then it was found that bene�ciaries were 
using slightly more seed rate than conventional sowing. 
Bene�ciaries were able to save 1-2 irrigation with ZT. They 
harvested 1.64 q/acre grain yield and 1.2 q/acre straw yield 
with the adoption of zero tillage. The gross income of 
bene�ciaries per acre was ̀  51968 and for non-bene�ciaries 
it was `. 47331 and this way bene�ciaries were able to earn   
` 4638/acre with the adoption of zero tillage technology. 

Identifying yield gaps, resource use and adaptation 
strategies in vulnerable regions of wheat and barley 
production against climate change.

In this project, primary data on wheat production particulars 
and socio-economic characteristics of farm households 
were collected during 2019 from 200 wheat and 100 barley 
producers across two randomly selected districts of Eastern 
Uttar Pradesh viz., Allahabad and Ghazipur (moderate 
vulnerable category). In the case of wheat, the Yield Gap I 
was found to be negative in Allahabad (-8 % : -4 Q/ha) and 
the Yield Gap II was highest in Allahabad (148.63 % : 28.89 
Q/ha). Analysis of resource use pattern indicated that there 
exists signi�cant difference in the use of resources between 

Prayagraj and Ghazipur districts of Eastern Uttar Pradesh. 
Seeds were used more than the recommended doses. 
Fer t i l izers  were used either below or above the 
recommended doses across the selected farms. Among all 
inputs, expenditure incurred on manure/bio-fertilizer 
showed a signi�cant difference. The implications of the 
results indicate that wheat crop is sensitive to weather 
anomalies during �owering, milking and dough stage in the 
selected study regions. In the case of barley, the identi�ed 
sensitive crop growth stages are: tillering, �owering, grain 
hardening and ripening. The scoring analysis indicated that 
the awareness level was too low with respect to adaptation 
strategies and poor access to the technologies and very 
poor adoption rate barring improved management with 
new crop varieties, application of more organic manures, 
supplemental irrigation through groundwater, irrigation 
depth/frequency and insurance. The analysis indicated the 
need for increasing the awareness of climate smart 
farming practices and adaptation strategies among the 
farmers in Eastern Uttar Pradesh, especially with 
conservation agriculture.

Improving the Socio - economic Condition and 
Livelihood of Tribes in India through Extension 
Education and Development Programmes

Under the TSP project, the following eight centers were 
included for the year 2019-20, namely, Lahaul & Spiti (HP), 
Leh (J&K), Khudwani (J&K), Jabalpur (MP), Udaipur 
(Rajasthan), Bilaspur (Chhattisgarh), Ranchi (Jharkhand) and 
Dharwad (Karnataka). During 2019-20, different TSP activities 
were carried out. The demonstrations on wheat crop were 
conducted with complete package of practices at 66, 50, 60, 
43, 60 and 23 farmers' �elds at Khudwani, Jabalpur, Udaipur, 
Bilaspur, Dharwad and Ranchi centers, respectively. Under TSP 
wheat demonstrations, the seeds of improved wheat 
varieties were supplied. Thirteen training programmes on 
wheat production technology were conducted at Khudwani 
(2), Bilaspur (2), Dharwad (1), Leh (4) and Lahaul & Spiti (4) 
centers. Three Awareness camps/exhibitions/exposure 
visits were organised. Three publications, one at Khudwani 
and two at Dharwad center were published. Under the 
'Grant in Aid-General' head in budget, funds have been 
approved and released for the year 2020.
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compared with conventional method whereas in Rohtak 
district the impact was studied by comparing bene�ciaries 
of zero tillage with non-bene�ciaries.  

The study revealed that majority (39.67%) of the respondent 
farmers belonged to 31-40 years age group followed by 41-
50 years age group (32.33%). A total of 85.67% of the 
sampled farmers were below 50 years of age. It shows the 
involvement of youth in agriculture of Haryana. Only �ve 
percent of the farmers were illiterate. Majority (36.33%) of 
them were matriculate and 10+2 (22.33%). Agriculture was 
the primary occupation of 88.33% of the farmers and 9.67 
were involved in dairying along with agriculture. Dairying 
was the subsidiary occupation of 32.33% of the farmers.  Out 
of 300 farmers, majority (60%) were in large category (>10 
acres of land holding). Only 2.67% were under marginal 
category. Tube well was the main source of irrigation for 
majority of the farmers. Quality of water was normal in the 
study area and the soil was medium to heavy with high to 
medium fertility. Few farmers were found burning crop 
residue to get their �eld clear for sowing of wheat crop but 
their number was quite low. With the State Department of 
Agriculture initiatives the number was continuously 
decreasing. Under the study it was found that 99.33% of the 
farmers adopted zero tillage method for sowing of wheat. 
They used either zero till seed drill or turbo happy seeder for 
sowing of wheat. Direct seeded rice technology was 
adopted by 32.67% of the farmers, and 58.67% of the 
farmers adopted both technologies at their farm. It was 
observed that for zero till seed drill, custom hiring charges 
were ` 600-700/acre, for turbo happy seeder ` 1000-1200 
and for DSR ` 900-1000. If any farmer wants to purchase 
these machines, he can avail 50% subsidy, but if these 
machines are purchased for custom hiring centres then they 
can avail 80% subsidy. This is a strong initiative by Haryana 
Government to popularise these technologies in the state. 
The most frequently used wheat variety under zero tillage 
conditions was HD 2967 and was adopted by 91.95% of the 
farmers. HD 3086 was the second most commonly used 
wheat variety by 28.19% farmers. The other varieties were 
HD 1105 (8.05%), DBW 88 (5.37%) and others (HD 2851, 
HDCSW 18 and PBW 723) only 3.02%. 

The impact of zero tillage technology was studied on a 
number of parameters and it was found that 80.54% of the 
farmers felt that it takes less time in comparison to 
conventional tillage for sowing of wheat crop. Majority 
(84.56%) have used same seed rate, observed better 
germination (55.37%), applied similar quantity of fertilizer 
(57.38). But some of the farmers used less (13.9%) and more 
(22.82%) than the recommended dose. It was also observed 

by majority of farmers (71.47%) that there was decrease in 
number of narrow leaf weeds under zero tillage, increase by 
2.01% farmers and 28.51% farmers did not �nd any 
difference in weed population. In case of broad leaf weeds 
there was increase in number in zero tillage �elds and was 
recorded by 20% farmers but majority (32.21%) observed no 
change. There was decrease in overall weed population 
under zero tillage and 94.97% observed it in their �elds. 
Majority (82.55%) felt less water requirement under zero 
tillage wheat than conventionally sown wheat. Most of the 
farmers (94.97%) found it cost effective and large majority 
harvested more yield i.e. 2-3q/ha under zero tillage. A large 
majority (91.95%) of them observed that there was not any 
change in crop duration under both the conditions. Impact 
of zero tillage on soil parameters was also recorded and was 
found that fertility status has increased due to adoption of 
ZT and was experienced by 93.62% farmers. Majority of 
them (83.22%) found increased organic carbon content in 
soil of ZT �elds due to incorporation of rice residue during 
sowing. Increased moisture retention capacity was 
observed by 88.93%, less lodging by 92.285 and avoidance 
of terminal heat by 93.96% farmers. Soil physic-chemical 
properties also enhanced due to continuous adoption of 
zero tillage. It could be inferred from all �ndings that zero 
tillage technology is a boon for wheat farmers and with its 
adoption, majority of the problem associated with rice- 
wheat system can easily be addressed. 

When comparison was made between bene�ciaries and 
non-bene�ciaries then it was found that bene�ciaries were 
using slightly more seed rate than conventional sowing. 
Bene�ciaries were able to save 1-2 irrigation with ZT. They 
harvested 1.64 q/acre grain yield and 1.2 q/acre straw yield 
with the adoption of zero tillage. The gross income of 
bene�ciaries per acre was ̀  51968 and for non-bene�ciaries 
it was `. 47331 and this way bene�ciaries were able to earn   
` 4638/acre with the adoption of zero tillage technology. 

Identifying yield gaps, resource use and adaptation 
strategies in vulnerable regions of wheat and barley 
production against climate change.

In this project, primary data on wheat production particulars 
and socio-economic characteristics of farm households 
were collected during 2019 from 200 wheat and 100 barley 
producers across two randomly selected districts of Eastern 
Uttar Pradesh viz., Allahabad and Ghazipur (moderate 
vulnerable category). In the case of wheat, the Yield Gap I 
was found to be negative in Allahabad (-8 % : -4 Q/ha) and 
the Yield Gap II was highest in Allahabad (148.63 % : 28.89 
Q/ha). Analysis of resource use pattern indicated that there 
exists signi�cant difference in the use of resources between 

Prayagraj and Ghazipur districts of Eastern Uttar Pradesh. 
Seeds were used more than the recommended doses. 
Fer t i l izers  were used either below or above the 
recommended doses across the selected farms. Among all 
inputs, expenditure incurred on manure/bio-fertilizer 
showed a signi�cant difference. The implications of the 
results indicate that wheat crop is sensitive to weather 
anomalies during �owering, milking and dough stage in the 
selected study regions. In the case of barley, the identi�ed 
sensitive crop growth stages are: tillering, �owering, grain 
hardening and ripening. The scoring analysis indicated that 
the awareness level was too low with respect to adaptation 
strategies and poor access to the technologies and very 
poor adoption rate barring improved management with 
new crop varieties, application of more organic manures, 
supplemental irrigation through groundwater, irrigation 
depth/frequency and insurance. The analysis indicated the 
need for increasing the awareness of climate smart 
farming practices and adaptation strategies among the 
farmers in Eastern Uttar Pradesh, especially with 
conservation agriculture.

Improving the Socio - economic Condition and 
Livelihood of Tribes in India through Extension 
Education and Development Programmes

Under the TSP project, the following eight centers were 
included for the year 2019-20, namely, Lahaul & Spiti (HP), 
Leh (J&K), Khudwani (J&K), Jabalpur (MP), Udaipur 
(Rajasthan), Bilaspur (Chhattisgarh), Ranchi (Jharkhand) and 
Dharwad (Karnataka). During 2019-20, different TSP activities 
were carried out. The demonstrations on wheat crop were 
conducted with complete package of practices at 66, 50, 60, 
43, 60 and 23 farmers' �elds at Khudwani, Jabalpur, Udaipur, 
Bilaspur, Dharwad and Ranchi centers, respectively. Under TSP 
wheat demonstrations, the seeds of improved wheat 
varieties were supplied. Thirteen training programmes on 
wheat production technology were conducted at Khudwani 
(2), Bilaspur (2), Dharwad (1), Leh (4) and Lahaul & Spiti (4) 
centers. Three Awareness camps/exhibitions/exposure 
visits were organised. Three publications, one at Khudwani 
and two at Dharwad center were published. Under the 
'Grant in Aid-General' head in budget, funds have been 
approved and released for the year 2020.
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Table 6.4: Zonal monitoring visits of the barley teams

Zone Date Centres visited 

CZ 13-14 Feb. & 03-05 Mar, 2020 Udaipur, Vijapur, Morena, Gwalior, Jhansi and Tikamgarh

NEPZ 23-24 Feb., 2020 Kanpur, Dalipnagar, Faizabad, Varanasi, Saini, Kalyani, Sabour, RAU Pusa, Ranchi and Chiyanki

NWPZ  03-07 March 2020 Bawal, Durgapura, Tabiji, Fatehpur, Hisar, Bhatinda, Ludhiana, Agra and Mathura 

6. BARLEY IMPROVEMENT

The ICAR-IIWBR Karnal is coordinating the national barley 
research programme in the country under AICRP on wheat 
and barley by organizing the multi-disciplinary and multi-
locational experiments across the barley growing zones.  
The experimentation is supported by the funded and 
voluntary centres on aspects of crop improvement, 
protection and production of malt, feed and food barley. 
These efforts result into the identi�cation of new cultivars 
for commercial cultivation with wider adaptability, 
resistance to various biotic and abiotic stresses prevalent in 
the area, desired grain and malt quality levels and suitability 
to speci�c production conditions.The experiments are also 
conducted on aspects of input optimization and 
conservation agriculture in addition, the new varieties 
evaluation under different production technologies to �nd 
widely adapted ones.The experiments on screening of new 
genotypes under arti�cial epiphytotic/ hot spot conditions 
and chemical control and IPM at various test centres are 
conducted under crop protection section. The institute is 
also conducting zonal monitoring during crop season and 
organized annual review&work planning meetings to 
facilitate the objectives of AICRP on Wheat and Barley. The 
efforts of the barley improvement programme have led to 
the high productivity of 27.3 q/ha in India with a production 

thof 1.69 MT from an area of 6.18 lakh ha as per 4  advance 
estimates of 2019-20.

The institute also supplements research efforts of 
coordinated program through speci�c aspects of barley 
improvement especially on malt barley improvement, 
incorporat ion of  disease res istance and qual i ty 
improvement utilizing biotechnological tools and updating 
of cultivation package. Trait discovery for novel sources of 
resistance and their utilization especially from exotic 
genetic resources and creation of new variability are the 
important aspects of the barley improvement program at 
IIWBR Karnal. More emphasis on aspects like better yield and 
quality of hulless barley for food, better malt extract, high 
diastatic power, optimum protein and beta glucan content 
in malt barley are the current focus activities. In addition, 
ICAR-IIWBR also facilitates the continuous access to new 
germplasm of diverse origin from various sources for 
evaluation and utilization in the national programme 
thorough it's excellent linkages with international 
organizations like ICARDA. 

Despite the travel limitations caused by COVID-19, 
monitoring teams surveyed the major barley growing areas 
during the season before the lockdown was enforced, 
except in northern hills zone where the virtual meetings 

were organized with help of the NHZ centers. The crop was 
bye and large disease free with some localized incidence of 
aphids in the plains and yellow rust in foothills and mid hills. 

New initiatives were undertaken to improve productivity 
and quality of malt and food purpose barley in addition to 
the feed barley.  Awareness programme were organized 
with linkages with national and international malting, 
brewing and food industries to promote the use of malt and 
food barley in different products. An institute consultancy 
project with M/s AB InBev India was undertaken on farmers 
training for malt barley cultivation which also generated the 
resources of `16.5 lakhs for the institute and at the same 
time bene�tted the small holder barley farmers in states of 
Haryana and Rajasthan. 

AICRP coordination activities 

Release of new malt barley variety

During the year,a new malt barley cultivar, DWRB182, 
developed from the cross DWRUB52/DWRB78 at ICAR-IIWBR 
barley improvement program, was �rst identi�ed for release 

thby 59  Annual Meet of AICRP on Wheat and Barley in August, 
2020 and subsequently released/ noti�ed in December 
2020 by the Central Sub-Committee on Crop Standard, 
Noti�cation and Release of Varieties for Agricultural Crops 
for commercial cultivation in north western plains zone. 
DWRB182 is a combination of high grain yield and excellent 
malting quality, which will �ll the industrial demand in 
region (Table 6.1). It is the only genotype reported with very 
low levels of grain (<5.0%) and wort (506 ppm) β-glucan 
based on three years average performance in AICW&BIP 
trials with high �ltration rate (263 ml/hr). Another trait of 
current industrial preference is malt diastatic power, which is 
highest (860L) in the proposed genotype in the trials.  These 

Fig. 6.1: DWRB 182: latest two-row malt barley cultivar developed 
at ICAR-IIWBR, Karnal

two traits were lacking so far in the malt barley varieties 
released in country. The malting and brewing industry is 
really looking for such genotype, which they can use in place 
of the imported exotic barley cultivars.DWRB182 is highly 
resistant to yellow rust in �eld as well as in SRT testing to all 
known pathotypes in country and it also possesses better 
tolerance to the leaf blights over the checks in all the three 
years of screening in NBDSN.

Genetic stock registered

One genetic stock namely DWRB 207 developed at institute 
has been registered for its uniqueness (Highly resistant to 
stripe rust with high 1000gw and low protein content) with 
ICAR-NBPGR and their details are as under:

Organization of the coordinated yield evaluation trials

Out of 86 yield evaluation trials proposed 84 trials were 
conducted. After the analysis, only 78 trials (91% of proposed, 
95% of conducted) were found good for reporting. These trials 
were conducted at 11 main centres and 30 testing centres 
(including ICAR, SAUs and State Department of Agriculture) 
during Rabi 2019-20.In all 97 test entries contributed by 12 
centres, were evaluated against 24 checks in the coordinated 
yield trials under rainfed (plains and hills), irrigated (plains) 
and saline soils conditions. One entry was also contributed by 
private industry M/s AB InBev India Ltd. Bengaluru. The new 

barley entries include malt, feed or dual purposes types and 
mostly were hulled type with a few hull-less types. 

Promising entries in AVT/IVTs 

Based upon the promotion criteria i.e. signi�cantly superior 
or better than check with additional trait(s), monitoring 
reports for purity, disease/pest reactions and the quality (as 
applicable), 11 entries (Table 6.3) namely; BH1029, HUB272, 
KB1822, PL911, PL917 KB1822, RD3012, RD3013, RD3016, 
UPB1086, and UPB1088 were found suitable for the 
promotion into advanced varietal evaluation in different trials.

Zonal monitoring

The teams constituted for monitoring of Barley Yield Trials & 
Nurseries in Central zone, NWP and NEP Zone, visited 
different locations (Table 6.4) at the most appropriate 
stage of the crop and recorded observations about the 
varietal performance, conduct of trials, disease/ pest 
incidence and genetic purity of the test entries. The team in 
NHZ conducted the virtual monitoring due to Coivid-19 
pandemic related restrictions. On the spot decisions were 
taken about the rejection of trials and purity of test entries. 
The proceedings of these team meetings have been 
circulated for necessary action by concerned breeders and 
other scientists and copies of the same is appended in the 
report for record.  

Table 6.1: Important features of DWRB182  released in year 2020

Table 6.2: New barley genetic stock registered in 2020
Genetic stock INGR Number Parentage Year Trait
DWRB207 20019 CDC Manley /BCU2881 2020 Highly resistant to stripe rust with high 1000gw     
      (47.5g) and low protein content (9.5%)            

Variety Parentage Zone/State Production   Average and 
    condition Potential* yield(q/ha)

DWRB182 DWRUB52/  NWPZ (Punjab, Haryana, Western UP,  IR-TS-Malt 49.7(74.5*)
  DWRB78 Rajasthan except Udaipur and Kota divisions)   

Table 6.3:. Promising entries in different trials during 2019-20

SN Trial name Zone Entry

1 AVT-SST NWPZ/NEPZ RD3016

2 AVT/IVT- HLS NWPZ/NEPZ/ CZ UPB1086

3 IVT-FB NWPZ HUB272

4 IVT-FB NEPZ KB1822, RD3012, HUB272, BH1029, PL911 and PL917

5 IVT-FB CZ KB1822, RD3013 and UPB1088

BARLEY IMPROVEMENT
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Table 6.4: Zonal monitoring visits of the barley teams

Zone Date Centres visited 

CZ 13-14 Feb. & 03-05 Mar, 2020 Udaipur, Vijapur, Morena, Gwalior, Jhansi and Tikamgarh

NEPZ 23-24 Feb., 2020 Kanpur, Dalipnagar, Faizabad, Varanasi, Saini, Kalyani, Sabour, RAU Pusa, Ranchi and Chiyanki

NWPZ  03-07 March 2020 Bawal, Durgapura, Tabiji, Fatehpur, Hisar, Bhatinda, Ludhiana, Agra and Mathura 

6. BARLEY IMPROVEMENT

The ICAR-IIWBR Karnal is coordinating the national barley 
research programme in the country under AICRP on wheat 
and barley by organizing the multi-disciplinary and multi-
locational experiments across the barley growing zones.  
The experimentation is supported by the funded and 
voluntary centres on aspects of crop improvement, 
protection and production of malt, feed and food barley. 
These efforts result into the identi�cation of new cultivars 
for commercial cultivation with wider adaptability, 
resistance to various biotic and abiotic stresses prevalent in 
the area, desired grain and malt quality levels and suitability 
to speci�c production conditions.The experiments are also 
conducted on aspects of input optimization and 
conservation agriculture in addition, the new varieties 
evaluation under different production technologies to �nd 
widely adapted ones.The experiments on screening of new 
genotypes under arti�cial epiphytotic/ hot spot conditions 
and chemical control and IPM at various test centres are 
conducted under crop protection section. The institute is 
also conducting zonal monitoring during crop season and 
organized annual review&work planning meetings to 
facilitate the objectives of AICRP on Wheat and Barley. The 
efforts of the barley improvement programme have led to 
the high productivity of 27.3 q/ha in India with a production 

thof 1.69 MT from an area of 6.18 lakh ha as per 4  advance 
estimates of 2019-20.

The institute also supplements research efforts of 
coordinated program through speci�c aspects of barley 
improvement especially on malt barley improvement, 
incorporat ion of  disease res istance and qual i ty 
improvement utilizing biotechnological tools and updating 
of cultivation package. Trait discovery for novel sources of 
resistance and their utilization especially from exotic 
genetic resources and creation of new variability are the 
important aspects of the barley improvement program at 
IIWBR Karnal. More emphasis on aspects like better yield and 
quality of hulless barley for food, better malt extract, high 
diastatic power, optimum protein and beta glucan content 
in malt barley are the current focus activities. In addition, 
ICAR-IIWBR also facilitates the continuous access to new 
germplasm of diverse origin from various sources for 
evaluation and utilization in the national programme 
thorough it's excellent linkages with international 
organizations like ICARDA. 

Despite the travel limitations caused by COVID-19, 
monitoring teams surveyed the major barley growing areas 
during the season before the lockdown was enforced, 
except in northern hills zone where the virtual meetings 

were organized with help of the NHZ centers. The crop was 
bye and large disease free with some localized incidence of 
aphids in the plains and yellow rust in foothills and mid hills. 

New initiatives were undertaken to improve productivity 
and quality of malt and food purpose barley in addition to 
the feed barley.  Awareness programme were organized 
with linkages with national and international malting, 
brewing and food industries to promote the use of malt and 
food barley in different products. An institute consultancy 
project with M/s AB InBev India was undertaken on farmers 
training for malt barley cultivation which also generated the 
resources of `16.5 lakhs for the institute and at the same 
time bene�tted the small holder barley farmers in states of 
Haryana and Rajasthan. 

AICRP coordination activities 

Release of new malt barley variety

During the year,a new malt barley cultivar, DWRB182, 
developed from the cross DWRUB52/DWRB78 at ICAR-IIWBR 
barley improvement program, was �rst identi�ed for release 

thby 59  Annual Meet of AICRP on Wheat and Barley in August, 
2020 and subsequently released/ noti�ed in December 
2020 by the Central Sub-Committee on Crop Standard, 
Noti�cation and Release of Varieties for Agricultural Crops 
for commercial cultivation in north western plains zone. 
DWRB182 is a combination of high grain yield and excellent 
malting quality, which will �ll the industrial demand in 
region (Table 6.1). It is the only genotype reported with very 
low levels of grain (<5.0%) and wort (506 ppm) β-glucan 
based on three years average performance in AICW&BIP 
trials with high �ltration rate (263 ml/hr). Another trait of 
current industrial preference is malt diastatic power, which is 
highest (860L) in the proposed genotype in the trials.  These 

Fig. 6.1: DWRB 182: latest two-row malt barley cultivar developed 
at ICAR-IIWBR, Karnal

two traits were lacking so far in the malt barley varieties 
released in country. The malting and brewing industry is 
really looking for such genotype, which they can use in place 
of the imported exotic barley cultivars.DWRB182 is highly 
resistant to yellow rust in �eld as well as in SRT testing to all 
known pathotypes in country and it also possesses better 
tolerance to the leaf blights over the checks in all the three 
years of screening in NBDSN.

Genetic stock registered

One genetic stock namely DWRB 207 developed at institute 
has been registered for its uniqueness (Highly resistant to 
stripe rust with high 1000gw and low protein content) with 
ICAR-NBPGR and their details are as under:

Organization of the coordinated yield evaluation trials

Out of 86 yield evaluation trials proposed 84 trials were 
conducted. After the analysis, only 78 trials (91% of proposed, 
95% of conducted) were found good for reporting. These trials 
were conducted at 11 main centres and 30 testing centres 
(including ICAR, SAUs and State Department of Agriculture) 
during Rabi 2019-20.In all 97 test entries contributed by 12 
centres, were evaluated against 24 checks in the coordinated 
yield trials under rainfed (plains and hills), irrigated (plains) 
and saline soils conditions. One entry was also contributed by 
private industry M/s AB InBev India Ltd. Bengaluru. The new 

barley entries include malt, feed or dual purposes types and 
mostly were hulled type with a few hull-less types. 

Promising entries in AVT/IVTs 

Based upon the promotion criteria i.e. signi�cantly superior 
or better than check with additional trait(s), monitoring 
reports for purity, disease/pest reactions and the quality (as 
applicable), 11 entries (Table 6.3) namely; BH1029, HUB272, 
KB1822, PL911, PL917 KB1822, RD3012, RD3013, RD3016, 
UPB1086, and UPB1088 were found suitable for the 
promotion into advanced varietal evaluation in different trials.

Zonal monitoring

The teams constituted for monitoring of Barley Yield Trials & 
Nurseries in Central zone, NWP and NEP Zone, visited 
different locations (Table 6.4) at the most appropriate 
stage of the crop and recorded observations about the 
varietal performance, conduct of trials, disease/ pest 
incidence and genetic purity of the test entries. The team in 
NHZ conducted the virtual monitoring due to Coivid-19 
pandemic related restrictions. On the spot decisions were 
taken about the rejection of trials and purity of test entries. 
The proceedings of these team meetings have been 
circulated for necessary action by concerned breeders and 
other scientists and copies of the same is appended in the 
report for record.  

Table 6.1: Important features of DWRB182  released in year 2020

Table 6.2: New barley genetic stock registered in 2020
Genetic stock INGR Number Parentage Year Trait
DWRB207 20019 CDC Manley /BCU2881 2020 Highly resistant to stripe rust with high 1000gw     
      (47.5g) and low protein content (9.5%)            

Variety Parentage Zone/State Production   Average and 
    condition Potential* yield(q/ha)

DWRB182 DWRUB52/  NWPZ (Punjab, Haryana, Western UP,  IR-TS-Malt 49.7(74.5*)
  DWRB78 Rajasthan except Udaipur and Kota divisions)   

Table 6.3:. Promising entries in different trials during 2019-20

SN Trial name Zone Entry

1 AVT-SST NWPZ/NEPZ RD3016

2 AVT/IVT- HLS NWPZ/NEPZ/ CZ UPB1086

3 IVT-FB NWPZ HUB272

4 IVT-FB NEPZ KB1822, RD3012, HUB272, BH1029, PL911 and PL917

5 IVT-FB CZ KB1822, RD3013 and UPB1088

BARLEY IMPROVEMENT
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International and national nurseries and trials 

In order to facilitate the availability of promising new 
diversity in the national barley program, the All India 
Coordinated Research Project (AICRP) on Wheat and Barley 
organizes the import and conduct of international trials and 
nurseries in country. During Rabi 2019-20, two international 
yield trials and two observation nurseries were supplied 
from ICARDA which included a total of 390 genotypes for 
different production conditions. One set each of these 
nurseries and trials was also evaluated at ICAR-IIWBR, Karnal. 
Rest of the sets were evaluated at different locations (Table 
6.5) as per the requirements. Due to COVID-19 pandemic the 
Field Day, which is organized every year to give opportunity 
to barley breeders of NARS to select material from these 
nurseries as to cater their local needs, could not be 
organized. 

In addition, one set each of EIBGN with 45 entries selected 
from ICARDA trials/ nurseries of 2018-19 crop season and six 
released varieties (BH946, BH959, BHS400, RD2715, 
DWRB101 and DWRB137) was each supplied to 10 barley 
breeding centres across NWPZ (Karnal, Hisar, Durgapura, 
Ludhiana, Pantnagar), NEPZ (Kanpur, Faizabad, Varanasi) 
and NHZ (Shimla, Bajaura) for further evaluation and 
utilization. Several EIBGN entries were found better than 
checks at different locations in three zones. 

A National Barley Genetic Stock Nursery (NBGSN), was 
constituted during the year consisting of 15 entries as 
promising sources for important traits from AICRP trials/ 
nurseries during 2018-19 crop season. The NBGSN was 
supplied as suggested crossing block for evaluation and 
utilization at 10-centres (Durgapura, Ludhiana, Karnal, Hisar, 
Faizabad, Varanasi, Pantnagar, Kanpur, Shimla and Bajaura). 
Though the precise utilization reports for these genotypes 
by individual centers/ breeders during the crop season have 
not been received, while some centers indicated the 
utilization in hybridization.

A total of 410 lines selected from ICARDA advanced trials at 
Amlaha (India) and Morocco were raised in Rabi 2019-20 at 
Karnal for further evaluation and selection for selection by 
Indian breeders during �eld day, which however, could not 
be organized because of COVID-19  lock down. 

Coordination of breeder seed production 

An indent of 524.97q breeder seed of 26 varieties was 
received from DAC&FW, Ministry of Agriculture & Farmers 
Welfare, Govt. of India. The indent included the requirement 
of eight states (Punjab, Haryana, Himachal Pradesh, 
Jharkhand, Madhya Pradesh, Rajasthan, Uttar Pradesh and 
Uttarakhand) and three public sector agencies (National 
Seeds Corporation, IFFDC & HIL,) and one private agency 
(National Seed Association of India) for the season Rabi 
2019-20. A total 526.97q breeder seed indent of 28 varieties 
was allocated among 12 BSP centres. Against this allocation, 
997.25q breeder seed of 28 varieties was produced during 
2019-20 which is signi�cantly surplus (+470.28q) over the 
total allocated quantity (526.97) of breeder seed. 

Molecular marker studies on AVT-II entries under AICRP 

AVT entries were characterized at molecular level to analyze 
genetic variability in advanced varietal trials 2019-20. A set 
of nine genotypes including four test entries (DWRB182, 
DWRB196, DWRB197 and PL908) and checks (DWRB101, 
DWRB123, DWRB160, RD2849 & BH902) were screened 
using barley speci�c molecular markers. Total 46 SSR/STS 
markers covering seven chromosomes of barley were 
screened to develop molecular pro�les. Total 78 alleles were 
scored for PCR based ampli�cation pro�les for nine 
genotypes. The number of alleles ranged from 1 to 3 with an 
average of 1.69 alleles per locus. The band fragment size 
varied from 90 bp to 1500 bp with PIC values ranging from 
0.0 to 0.75. Polymorphic information content (PIC) score 
when compared across seven linkage groups of barley 

Table 6.5: International trials and nurseries evaluated during crop season 2019-20

SN  Trial/Nursery Entries Check # Sets Locations

1 IBYT-HI-2020 24 BH946 4 Durgapura, Hisar, Ludhiana, Karnal
th2 7  GSBYT-2020 24 K603 4 Hisar, Pantnagar, Kanpur, Karnal

3 IBON-HI-2020 160 BH946 4 Durgapura, Pantnagar, Ludhiana, Karnal
th4 7  GSBON-2020 180 Lakhan 4 Kanpur, Faizabad, Bajaura, Karnal

Fig.6. 2: Polymorphic information content scored for seven linkage 
groups of barley genome for �nal year AVT trials 2019-20

Table 6.7: Promising barley accessions for barley quality parameters  

SN Accession Row type Hectolitre weight %Bold grain TKW (g)

1 BCU 2911 (black seed) 6 55.0 38.2 33

2 BCU 2943 (black seed) 2 63.6 67.5 38

3 BCU 2967 2 54.6 81.8 34

4 BCU 2971 2 60.8 77.1 40

5 BCU 2975 (Huskless) 6 70.3 42.9 26

6 BCU 2977  2 59.0 84.0 44

7 BCU 2991 6 59.2 74.9 38

8 DWRB 101 © 2 57.5 76.2 48

9 DWRB 137 © 6 55.6 82.8 43

revealed variability ranging between 0.42 to 0.50 at 
molecular except for chromosome 3H that revealed 68% 
variability at molecular among AVT �nal year test entries and 
their checks as shown in �gure 6.2. The dendrogram were 
developed for test entries and check lines indicating their 
molecular diversity based on similarity coefficient (GS) value 
around 0.57 to 0.77, which indicated sufficient genetic 
variability. 

Barley germplasm rejuvenation and characterization

A total of 8239 barley accessions are being conserved and 
maintained in medium term storage facility in module at 
ICAR-IIWBR, Karnal. During the 2019-20 crop season a set of 
498 barley genotypes (Table 6.6) were characterized as per 
barley DUS guidelines. Out of 498, �fteen genotypes were 
identi�ed promising BCU 2878, BCU 2888, BCU 2899, BCU 
2900, BCU 2966, BCU 2971, BCU 2977, BCU 3128, BCU 3133, 
BCU 3158, BCU 3267, BCU 3273, BCU 3339, BCU 3358 and 
BCU 3356 for days to heading, plant height, thousand grain 
weight and no. of grains per spike. For malting traits, the 
germplasm provided for quality parameters include 
hectoliter weight, bold weight and thin weight. The seven 
promising barley genotypes for quality parameters were 
identi�ed namely, BCU 2911, BCU 2943, BCU 2967, BCU 
2971, BCU 2975, BCU 2977 and BCU 2991 (Table 6.7). Six 
hundred �fty-two barley germplasm were supplied to 
various indenters for research purpose after proper 
formalities of MTA.

DUS testing in Barley

During 2019-20, four farmer's varieties namely B.2019-1, 
B.2019-2, B.2019-3, B.2019-4 for �rst year and two farmer's 
varieties, Maghe and Laxhmi for second year, respectively, 
were characterized as per barley DUS guidelines with a set of 
eighteen examples varieties under the PPVFRA DUS Testing 
in barley project. The report for which was submitted in time 
to the PPV&FRA, New Delhi. During crop season 2020-21 
seven new farmer's varieties namely BRDJ-287, BSLM-262, 
BBPC-286, BDPJ-238 and 20 Bar 1 for �rst year, and B 2019-1 
and B 2019-3 for second year are being evaluated for DUS 
testing with nineteen example varieties as per DUS 
guidelines. 

In addition to that, one set of 102 barley released varieties 
were grown for maintenance at IIWBR and also supplied to 
the RARI, Durgapura. Registration proposal of DWRB160 
(Karan Maltsona) was submitted to the PPV&FRA, New Delhi 
for seeking protection under new extant category.

Malt barley improvement 

Hybridization programme

A set of 333 diverse genotypes of barley were sown in 
crossing block and the genetic purity of these genotypes 
was assured through rigorous roughing at a regular interval.   
The choice of parental lines for crossing was made on the 
basis of their yielding ability, disease resistance, malting 
quality and other traits of economic importance and a set of 
146 new crosses were made during the crop season. The 
breeding material comprising of F  to F generations was 1 7 

evaluated under arti�cial epiphytic conditions for rusts and 
also natural incidence for aphids. Using the pedigree 
method, a number of selections were made from different 
segregating generations for vigor for desirable traits biotic 
parameters. The details of breeding materials handled are 
presented below in table 6.8. 

Table 6.6: Germplasm activities during 2019-20

Activity   Accessions
   2019-20

Germplasm characterization 498

Germplasm rejuvenation 498

Germplasm exchange 652
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International and national nurseries and trials 

In order to facilitate the availability of promising new 
diversity in the national barley program, the All India 
Coordinated Research Project (AICRP) on Wheat and Barley 
organizes the import and conduct of international trials and 
nurseries in country. During Rabi 2019-20, two international 
yield trials and two observation nurseries were supplied 
from ICARDA which included a total of 390 genotypes for 
different production conditions. One set each of these 
nurseries and trials was also evaluated at ICAR-IIWBR, Karnal. 
Rest of the sets were evaluated at different locations (Table 
6.5) as per the requirements. Due to COVID-19 pandemic the 
Field Day, which is organized every year to give opportunity 
to barley breeders of NARS to select material from these 
nurseries as to cater their local needs, could not be 
organized. 

In addition, one set each of EIBGN with 45 entries selected 
from ICARDA trials/ nurseries of 2018-19 crop season and six 
released varieties (BH946, BH959, BHS400, RD2715, 
DWRB101 and DWRB137) was each supplied to 10 barley 
breeding centres across NWPZ (Karnal, Hisar, Durgapura, 
Ludhiana, Pantnagar), NEPZ (Kanpur, Faizabad, Varanasi) 
and NHZ (Shimla, Bajaura) for further evaluation and 
utilization. Several EIBGN entries were found better than 
checks at different locations in three zones. 

A National Barley Genetic Stock Nursery (NBGSN), was 
constituted during the year consisting of 15 entries as 
promising sources for important traits from AICRP trials/ 
nurseries during 2018-19 crop season. The NBGSN was 
supplied as suggested crossing block for evaluation and 
utilization at 10-centres (Durgapura, Ludhiana, Karnal, Hisar, 
Faizabad, Varanasi, Pantnagar, Kanpur, Shimla and Bajaura). 
Though the precise utilization reports for these genotypes 
by individual centers/ breeders during the crop season have 
not been received, while some centers indicated the 
utilization in hybridization.

A total of 410 lines selected from ICARDA advanced trials at 
Amlaha (India) and Morocco were raised in Rabi 2019-20 at 
Karnal for further evaluation and selection for selection by 
Indian breeders during �eld day, which however, could not 
be organized because of COVID-19  lock down. 

Coordination of breeder seed production 

An indent of 524.97q breeder seed of 26 varieties was 
received from DAC&FW, Ministry of Agriculture & Farmers 
Welfare, Govt. of India. The indent included the requirement 
of eight states (Punjab, Haryana, Himachal Pradesh, 
Jharkhand, Madhya Pradesh, Rajasthan, Uttar Pradesh and 
Uttarakhand) and three public sector agencies (National 
Seeds Corporation, IFFDC & HIL,) and one private agency 
(National Seed Association of India) for the season Rabi 
2019-20. A total 526.97q breeder seed indent of 28 varieties 
was allocated among 12 BSP centres. Against this allocation, 
997.25q breeder seed of 28 varieties was produced during 
2019-20 which is signi�cantly surplus (+470.28q) over the 
total allocated quantity (526.97) of breeder seed. 

Molecular marker studies on AVT-II entries under AICRP 

AVT entries were characterized at molecular level to analyze 
genetic variability in advanced varietal trials 2019-20. A set 
of nine genotypes including four test entries (DWRB182, 
DWRB196, DWRB197 and PL908) and checks (DWRB101, 
DWRB123, DWRB160, RD2849 & BH902) were screened 
using barley speci�c molecular markers. Total 46 SSR/STS 
markers covering seven chromosomes of barley were 
screened to develop molecular pro�les. Total 78 alleles were 
scored for PCR based ampli�cation pro�les for nine 
genotypes. The number of alleles ranged from 1 to 3 with an 
average of 1.69 alleles per locus. The band fragment size 
varied from 90 bp to 1500 bp with PIC values ranging from 
0.0 to 0.75. Polymorphic information content (PIC) score 
when compared across seven linkage groups of barley 

Table 6.5: International trials and nurseries evaluated during crop season 2019-20

SN  Trial/Nursery Entries Check # Sets Locations

1 IBYT-HI-2020 24 BH946 4 Durgapura, Hisar, Ludhiana, Karnal
th2 7  GSBYT-2020 24 K603 4 Hisar, Pantnagar, Kanpur, Karnal

3 IBON-HI-2020 160 BH946 4 Durgapura, Pantnagar, Ludhiana, Karnal
th4 7  GSBON-2020 180 Lakhan 4 Kanpur, Faizabad, Bajaura, Karnal

Fig.6. 2: Polymorphic information content scored for seven linkage 
groups of barley genome for �nal year AVT trials 2019-20

Table 6.7: Promising barley accessions for barley quality parameters  

SN Accession Row type Hectolitre weight %Bold grain TKW (g)

1 BCU 2911 (black seed) 6 55.0 38.2 33

2 BCU 2943 (black seed) 2 63.6 67.5 38

3 BCU 2967 2 54.6 81.8 34

4 BCU 2971 2 60.8 77.1 40

5 BCU 2975 (Huskless) 6 70.3 42.9 26

6 BCU 2977  2 59.0 84.0 44

7 BCU 2991 6 59.2 74.9 38

8 DWRB 101 © 2 57.5 76.2 48

9 DWRB 137 © 6 55.6 82.8 43

revealed variability ranging between 0.42 to 0.50 at 
molecular except for chromosome 3H that revealed 68% 
variability at molecular among AVT �nal year test entries and 
their checks as shown in �gure 6.2. The dendrogram were 
developed for test entries and check lines indicating their 
molecular diversity based on similarity coefficient (GS) value 
around 0.57 to 0.77, which indicated sufficient genetic 
variability. 

Barley germplasm rejuvenation and characterization

A total of 8239 barley accessions are being conserved and 
maintained in medium term storage facility in module at 
ICAR-IIWBR, Karnal. During the 2019-20 crop season a set of 
498 barley genotypes (Table 6.6) were characterized as per 
barley DUS guidelines. Out of 498, �fteen genotypes were 
identi�ed promising BCU 2878, BCU 2888, BCU 2899, BCU 
2900, BCU 2966, BCU 2971, BCU 2977, BCU 3128, BCU 3133, 
BCU 3158, BCU 3267, BCU 3273, BCU 3339, BCU 3358 and 
BCU 3356 for days to heading, plant height, thousand grain 
weight and no. of grains per spike. For malting traits, the 
germplasm provided for quality parameters include 
hectoliter weight, bold weight and thin weight. The seven 
promising barley genotypes for quality parameters were 
identi�ed namely, BCU 2911, BCU 2943, BCU 2967, BCU 
2971, BCU 2975, BCU 2977 and BCU 2991 (Table 6.7). Six 
hundred �fty-two barley germplasm were supplied to 
various indenters for research purpose after proper 
formalities of MTA.

DUS testing in Barley

During 2019-20, four farmer's varieties namely B.2019-1, 
B.2019-2, B.2019-3, B.2019-4 for �rst year and two farmer's 
varieties, Maghe and Laxhmi for second year, respectively, 
were characterized as per barley DUS guidelines with a set of 
eighteen examples varieties under the PPVFRA DUS Testing 
in barley project. The report for which was submitted in time 
to the PPV&FRA, New Delhi. During crop season 2020-21 
seven new farmer's varieties namely BRDJ-287, BSLM-262, 
BBPC-286, BDPJ-238 and 20 Bar 1 for �rst year, and B 2019-1 
and B 2019-3 for second year are being evaluated for DUS 
testing with nineteen example varieties as per DUS 
guidelines. 

In addition to that, one set of 102 barley released varieties 
were grown for maintenance at IIWBR and also supplied to 
the RARI, Durgapura. Registration proposal of DWRB160 
(Karan Maltsona) was submitted to the PPV&FRA, New Delhi 
for seeking protection under new extant category.

Malt barley improvement 

Hybridization programme

A set of 333 diverse genotypes of barley were sown in 
crossing block and the genetic purity of these genotypes 
was assured through rigorous roughing at a regular interval.   
The choice of parental lines for crossing was made on the 
basis of their yielding ability, disease resistance, malting 
quality and other traits of economic importance and a set of 
146 new crosses were made during the crop season. The 
breeding material comprising of F  to F generations was 1 7 

evaluated under arti�cial epiphytic conditions for rusts and 
also natural incidence for aphids. Using the pedigree 
method, a number of selections were made from different 
segregating generations for vigor for desirable traits biotic 
parameters. The details of breeding materials handled are 
presented below in table 6.8. 

Table 6.6: Germplasm activities during 2019-20

Activity   Accessions
   2019-20

Germplasm characterization 498

Germplasm rejuvenation 498

Germplasm exchange 652
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Evaluation of advanced lines in station trial

The 18 advanced bulk lines of F  generation were evaluated 8

for their yield potential and disease reactions in station trial 
of malt barley along with three checks (Table 6.9). Based on 
the yield, disease reactions and quality parameters, �ve lines 
were found superior over the checks and out of these four 
promising lines (BK-1902, BK-1907, BK-1910 and BK-1915) 
were promoted in the Initial Varietal Trial of Malt Barley (IVT-
TS-MB-NWPZ). 

During crop season 2019-20, a total of 13 genotypes were 

contributed in 8 trials of All India Coordinated Research 
Project of Barley (Table 6.10). The genotype DWRB182 has 
been released as variety after completing three years 
evaluation in AICRP trials. 

Feed and food barley improvement

Evaluation of parental line

A crossing block was constituted with 110 diverse naked 
barley genotypes involving Indian prevalent cultivars and 
exotic germplasm lines in the crossing block. Eight exotic 
lines were selected from ICARDA nurseries which were 

Table 6.8: Malt barley breeding material handled during 2019-20
Generation # Crosses # Families # selected lines/plants 

F  18 22 137 

F  53 99 246 

F  89 226 2235 

F  50 92 734 

F  27 90 553 

F  45 45 2122 

F  47 47 471 

Table 6.9:  Performance of various entries in station trial of malt barley (2019-20)

Name of  Days to  Days to  Plant  Spike  Yellow  Leaf  Hectolitre Mean plot
the entry heading maturity height (cm) length (cm) rust blight  weight  yield (q/ha)

BK-1901 98 138 117 8.8 7.8(20S) 46(68) 62.0 49.97

BK-1902 95 135 102 8.2 10.9(40S) 47(68) 65.0 60.00

BK-1903 95 135 102 7.8 2.3(5S) 57(89) 63.4 41.66

BK-1904 96 140 108 8.9 0.3(5MR) 58(89) 62.3 48.94

BK-1905 93 136 102 7.8 3.4(10S) 57(89) 65.4 46.80

BK-1906 96 138 112 10.6 9.0 (20S) 57(89) 61.1 38.16

BK-1907 99 137 102 8.6 2.6 (10S) 57 (89) 65.2 63.36

BK-1908 96 140 109 7.7 5.3(10S) 57(89) 64.6 57.00

BK-1909 98 138 108 8.7 16.7(40S) 57(78) 64.3 59.88

BK-1910 99 140 90 7.7 3.3(5S) 46(68) 62.9 60.83

BK-1911 99 141 122 9.6 1.8(10S) 46(68) 61.1 57.52

BK-1912 99 139 100 8.5 3.5(10S) 57(89) 63.4 51.44

BK-1913 96 138 116 8.6 1.8(10S) 46(68) 63.5 36.33

BK-1914 101 138 110 8.6 1.5(10MS) 56(89) 64.0 50.33

BK-1915 95 136 111 7.8 4.3(20S) 57(89) 63.5 62.08

BK-1916 96 134 102 8.7 2.5(10S) 57(89) 64.0 36.80

BK-1917 95 134 109 9.6 23.3(40S) 57(89) 57.0 40.22

BK-1918 97 138 102 7.8 21.8(60S) 57(78) 62.8 55.13

DWRB-123 © 98 138 117 8.8 3.0(10MS) 56(89) 65.1 59.75

DWRB-160 © 96 135 107 11.0 19.3(60S) 67(89) 59.0 49.38

DWRB-137 © 98 135 102 10.5 6.3(30S) 68(99) 60.9 48.97

included in the crossing block during 2019-20. In all, 18 cross 
combinations were attempted for improvement of nutrient 
enriched food barley such as high beta-glucan, protein 
content, zinc and iron. In feed barley program, 54-fresh 
crosses were attempted using 13-female lines and 14-donor 
parents for resistance to blight, yellow rust and aphids and bold 
grains. The 48 F -cross combinations were advanced to F  1 2

generation. Similarly, F  to F  generations were grown and 3 6

selections were made, as per details in table 6.11.

Acquisition of landraces and wild accession

Seed of 407-landraces were procured from ICAR-NBPGR and 
multiplied during rabi 2019-20for their characterization. 
These land races belong to North-western Himalayas. 
Similarly,  seed of 45-wild accessions of Hordeum 
spontaneum obtained from ICARDA, Morocco were 
multiplied for their further characterization. Observations 
on some morphological attributes were recorded. 

Evaluation of exotic germplasm

Sixty-seven germplasm lines introduced from Morocco, 
Amlaha and also some of the lines selected during our �eld 
days at IIWBR, Karnal, were evaluated during 2019-20 
season. Nineteen superior lines were selected for their 
further evaluation during rabi 2020-21 season.   In addition, 
nine elite line of ICARDA were selected based on their 
performance during rabi 2019-20 season, for evaluation 
under Barley Station Trial (Feed Barley) and 15 promising 
lines have also been contributed for IBDSN for their yield 
evaluation in  future. 

Elite germplasm utilization

During rabi 2019-20 season a total of 45 germplasm lines 
were selected from four different international trials and 
nurseries of ICARDA based on their performance. A set of 
these selected lines was deposited in the Genetic Resource 

Table 6.10: Details of entries contributed in All India Coordinated testing programme of barley

SN Entry name  Ear type Contributed to

1 DWRB182   2R AVT-II (Malt Barley) NWPZ

2 DWRB196, DWRB197   2R AVT-I (Malt Barley) NWPZ

3 DWRB204  6R AVT-I (Hulless) NWPZ/ NEPZ/ CZ

4 DWRB209, DWRB210, DWRB211, DWRB 212 2R IVT (Malt Barley) NWPZ

5 DWRB-213 6R IVT (Rainfed) NEPZ

6 DWRB-214 6R IVT/AVT (Sal-Alk) NWPZ / NEPZ

7 DWRB-215 6R IVT (Irrigated Feed Barley) NWPZ/ NEPZ / CZ

8 DWRB-216, DWRB-217 6R IVT (Hulless) NWPZ/ NEPZ / CZ

Table 6.11: Feed and food barley breeding material handled during 2019-20

*H= hulled and N= huskless 

Generation Grown  Selected
 Family Cross Family Cross

Feed Barley
F  110 10 87 106

F 80 9 9 95 

F 9 9 90 94 

F 101 33 9 333 

F 72 52 52 592 

F 48 48 48 481 

Food Barley    

F 04 01 01 017 

F 90 33 27 (H) & 15 (N) 186 

F 29 15 18 095 

F 106 39 90 294 

F 142 45 148 453 

F 16 16 - 16  2 
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of malt barley along with three checks (Table 6.9). Based on 
the yield, disease reactions and quality parameters, �ve lines 
were found superior over the checks and out of these four 
promising lines (BK-1902, BK-1907, BK-1910 and BK-1915) 
were promoted in the Initial Varietal Trial of Malt Barley (IVT-
TS-MB-NWPZ). 

During crop season 2019-20, a total of 13 genotypes were 

contributed in 8 trials of All India Coordinated Research 
Project of Barley (Table 6.10). The genotype DWRB182 has 
been released as variety after completing three years 
evaluation in AICRP trials. 

Feed and food barley improvement

Evaluation of parental line

A crossing block was constituted with 110 diverse naked 
barley genotypes involving Indian prevalent cultivars and 
exotic germplasm lines in the crossing block. Eight exotic 
lines were selected from ICARDA nurseries which were 

Table 6.8: Malt barley breeding material handled during 2019-20
Generation # Crosses # Families # selected lines/plants 
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F  50 92 734 

F  27 90 553 
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Name of  Days to  Days to  Plant  Spike  Yellow  Leaf  Hectolitre Mean plot
the entry heading maturity height (cm) length (cm) rust blight  weight  yield (q/ha)

BK-1901 98 138 117 8.8 7.8(20S) 46(68) 62.0 49.97

BK-1902 95 135 102 8.2 10.9(40S) 47(68) 65.0 60.00

BK-1903 95 135 102 7.8 2.3(5S) 57(89) 63.4 41.66

BK-1904 96 140 108 8.9 0.3(5MR) 58(89) 62.3 48.94

BK-1905 93 136 102 7.8 3.4(10S) 57(89) 65.4 46.80
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included in the crossing block during 2019-20. In all, 18 cross 
combinations were attempted for improvement of nutrient 
enriched food barley such as high beta-glucan, protein 
content, zinc and iron. In feed barley program, 54-fresh 
crosses were attempted using 13-female lines and 14-donor 
parents for resistance to blight, yellow rust and aphids and bold 
grains. The 48 F -cross combinations were advanced to F  1 2

generation. Similarly, F  to F  generations were grown and 3 6

selections were made, as per details in table 6.11.

Acquisition of landraces and wild accession

Seed of 407-landraces were procured from ICAR-NBPGR and 
multiplied during rabi 2019-20for their characterization. 
These land races belong to North-western Himalayas. 
Similarly,  seed of 45-wild accessions of Hordeum 
spontaneum obtained from ICARDA, Morocco were 
multiplied for their further characterization. Observations 
on some morphological attributes were recorded. 

Evaluation of exotic germplasm

Sixty-seven germplasm lines introduced from Morocco, 
Amlaha and also some of the lines selected during our �eld 
days at IIWBR, Karnal, were evaluated during 2019-20 
season. Nineteen superior lines were selected for their 
further evaluation during rabi 2020-21 season.   In addition, 
nine elite line of ICARDA were selected based on their 
performance during rabi 2019-20 season, for evaluation 
under Barley Station Trial (Feed Barley) and 15 promising 
lines have also been contributed for IBDSN for their yield 
evaluation in  future. 

Elite germplasm utilization

During rabi 2019-20 season a total of 45 germplasm lines 
were selected from four different international trials and 
nurseries of ICARDA based on their performance. A set of 
these selected lines was deposited in the Genetic Resource 

Table 6.10: Details of entries contributed in All India Coordinated testing programme of barley

SN Entry name  Ear type Contributed to

1 DWRB182   2R AVT-II (Malt Barley) NWPZ

2 DWRB196, DWRB197   2R AVT-I (Malt Barley) NWPZ

3 DWRB204  6R AVT-I (Hulless) NWPZ/ NEPZ/ CZ

4 DWRB209, DWRB210, DWRB211, DWRB 212 2R IVT (Malt Barley) NWPZ

5 DWRB-213 6R IVT (Rainfed) NEPZ

6 DWRB-214 6R IVT/AVT (Sal-Alk) NWPZ / NEPZ

7 DWRB-215 6R IVT (Irrigated Feed Barley) NWPZ/ NEPZ / CZ

8 DWRB-216, DWRB-217 6R IVT (Hulless) NWPZ/ NEPZ / CZ

Table 6.11: Feed and food barley breeding material handled during 2019-20

*H= hulled and N= huskless 

Generation Grown  Selected
 Family Cross Family Cross

Feed Barley
F  110 10 87 106

F 80 9 9 95 

F 9 9 90 94 

F 101 33 9 333 
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Unit (Barley) for maintenance and future utilization.  This set 
along with ten checks was also supplied to the nine locations 
as EIBGN, besides its evaluation at Karnal. Ten genetic stocks 
for different agronomic and quality traits were collected 
from barley breeders of different SAUs and supplied to all 
the breeders at ten locations working on barley 
improvement for utilization of these genetic stocks in their 
local barley improvement programmes. 12-such genetic 
stocks collected from different coordinated centres were 
utilized in the barley improvement programme at Karnal for 
blight resistance, grain size and its quality.

Crop protection

Survey and surveillance for diseases and pests

There was negligible incidence of barley rusts in India during 
2019-20. Few sporadic incidents of barley stripe rust were 
reported from Northern India only. The �eld surveys by 
different scientists of cooperative centers recorded loose 
smut, covered smut and bacterial leaf streak in traces in 
some �elds. Loose and covered smuts were noted in traces 
to 3 percent in most of the area surveyed. Drechslera leaf 
stripe and bacterial streak were also noted in traces in some 
�elds. Overall barley crop was healthy in all the barley 
growing areas in India. The incidence of insect-pests and 
their natural enemies on barley crop indicated aphid as the 
main insect pest and its population was found to be 
moderate to high in barley �elds at all the locations.

 Pathotypes distribution and seedling resistance tests

The pathotypes distribution and seedling resistance tests 
(SRT) of barley rusts indicated that in stripe rust of barley (P. 
striiformis hordei), 10 samples were analyzed from Himachal 
Pradesh, Rajasthan and Nepal. Pathotypes 0S0(57) and 
4S0(G) were most predominant whereas 1S0(M) was 
recorded in one sample only. The NBDSN (116 entries) and 
EBDSN (44 entries) were screened for SRT against the 
different pathotypes (Pts) of three rusts of barley under 
precise conditions of temperature and light at ICAR-IIWBR 
RS Shimla. The SRT against seven Pts of P. striiformis hordei, 
�ve Pts of P. graminis tritici, and 4 pts as well as mixture of pts. 
of P. hordei was completed. None of the NBDSN and EBDSN 
entries was resistant to all the tested pathotypes of yellow, 
brown and black rusts. In case of NBDSN, 12 lines were found 
as resistant to leaf and stripe rusts; one line was resistant to 
stem and stripe rusts and four as resistant to leaf and stem 
rusts (Table 6.12). Individually, 16 lines were resistant to 
stripe, 2 to stem and 22 to leaf rust pathotypes.

In case of EBDSN, nine lines were resistant to all pathotypes 
of leaf and stripe rusts, one to stem and stripe rusts and two 
to leaf and stem rusts (Table 6.13). Resistance to individual 
rust was observed in 19 lines, 10 lines showed resistance to 
stripe, one to stem and 8 to leaf rust only.

Field screening for diseases and pest

Under the �eld screening for diseases and pests 577 entries 
Table 6.12: Seedling rust resistance in NBDSN lines during 2019-20

were screened under various nurseries (IBDSN, NBDSN and 
EBDSN) for resistance against various diseases, aphid and 
CCN at different cooperating centers during the crop season 
2019-20.In NBDSN out of 116 entries evaluated, 11 entries 
showed higher resistant reaction (Table 6.14) having ACI less 
than 2.0 with less than 5MS highest reaction to . In case of leaf 
blight screening, only RD3017 found moderately resistant 
with an average score (double digit) 14-35 but HS was higher 
than 57. Amongst, 404 entries evaluated in IBDSN, 21 entries 
(Table 6.14) were found highly resistant to yellow rust (ACI = 
<1.0) and 163 entries showed moderate resistant reaction 
having ACI less than 10. In case of leaf blight screening, four 
(DWRFB 58, BD-1831, HB-1917 and VB-1927) entries were 
found moderately resistant against leaf blight with an 
average score (double digit) 14-35 and HS < 57.

A total of 116 barley NBDSN entries (including checks and 
infector) were screened against foliar aphid at three 
locations (Ludhiana, Kanpur, Karnal) during 2019-20. The 
entries were found to be in the category grades i.e., 2 to 5 
and based on all three locations, �ve entries BH1028, 
HBL867, PL908, PL912 & RD3022 fell under moderately 
resistant category (grade 3).

Chemical control

In chemical control experiments, spraying of Tebuconazole 
50% + Tri�oxystrobin 25% W @ of 0.06% was found most 
effective in management of yellow rust. A total of eight 
treatments were tested for their efficacy against foliar aphid 
in barley, and treatment of Beta-Cy�uthrin 9 % + 
Imidacloprid 21 % (Solomon)@ 400 ml/ha was found the 
best treatment followed by Sulfoxa�or 12 % SC @250 ml/ha 
in managing aphid population in barley.

Evaluation of barley genotypes for storage insect-pests 
resistance 

The 104 released varieties of barley were evaluated against 
storage insect-pests against Sitophilus oryzae, Rhyzopertha 
dominica and Tribolium castaneum. The freshly harvested 25 
g pest-free seed of each variety was taken in petri dishes and 
10 adults of each insect were introduced into each perti dish. 
Observations were recorded orientation behavior, life span 

duration and percent weight loss to grain. Promising 
genotypes were identi�ed, these include;Azad, BHS-352, 
Amber, Kedar, BHS-169, B.K-306, BH-959,BH-946,R-56,BG-
105 and BCU-2241.

Resource management

Barley resource management group deals with evaluation of 
newly developed cultivars from AVT �nal year under 
different production conditions and take up the re�nement 
of the package of practices for higher production of barley 
crop in different zones. The long-term objective of the 
program is to improve the productivity and quality of barley 
on sustainable basis. A total of 31 trials were proposed and 
conducted at different locations under AICRP. In new 
genotypes (malt purpose) and soil fertility evaluation trial, 
the test entry DWRB182 (45.26 q/ha) was 4.25-5.51 % less 
yielding than best two row check. The genotypes responded 
up to 90 kg Nitrogen/ha in the experiment. 

Use of Hydrogel with different irrigation level was 
evaluated in dry areas of NWPZ and it was found that 
application of Pusa Hydrogel @ 2.5 kg/ha and New 
Hydrogel @ 2.5 kg/ha were signi�cantly better as 
compared to no hydrogel conditions and both the 
hydrogel were at par at all irrigation level. The hydrogel 
with two irrigations and no hydrogel with three irrigation 
were at par and hence at least one irrigation water (6 lakh 
litres) can be saved with the use of hydrogel to produce the 
same level of yield (Fig. 6.3). After two years of evaluation 
under AICRP Trials, the use of hydrogel is recommended in 
dry areas to save water and produce more.

The irrigation management trial was conducted in NWPZ, 
NEPZ and CZ. In NWPZ, two irrigations (one at 30DAS and 
other at 60-65 DAS) was found sufficient to produce 
optimum grain yield. Three and two irrigation levels were at 
par in NWPZ. Six row variety BH 946 and two row variety 
DWRB 160 were at par. In NEPZ, the genotypes responded up 
to three irrigation level. The variety DWRB137 was superior 
to HUB113 at all irrigation level. In CZ, the yield increase was 
up to two irrigation level in DWRB137 and up to three 
irrigation level in RD 2899 (Fig. 6.4). 

Table 6.13: Seedling rust resistance in EBDSN lines

Resistant to  # entries Entries

Leaf and stripe 9 HBL113, HBL845, HBL863, PL908, PL2999, PL3000, PL3002, PL3003, PL3004  

Stem and stripe 1 DWRB182 

Leaf and stem 2 DWRB197, UPB1078 

Stripe  10 BK1714, DWRB137, HBL848, PL906, PL909, PL2899, PL2980, PL2981, PL2994, PL3005  

Stem  1 PL3010  

Leaf  8 BK1719(LB), DWRB184, HBL851, KB1633, KB1757, PL3009(LB), VLB130, VLB164  

Table 6.14: Field screening for resistance in NBDSN and IBDSN lines during 2019-20
Disease # entries Entries

 Yellow rust, 11 (NBDSN) DWRB197, DWRB210, HUB69, KB1707, PL908, RD2552(C), RD2794(C), UPB1088, 
ACI = <1.0 &  VLB166 and VLB168 
HS up to 5MS 21 (IBDSN) UPBM2, UPBM 9, UPBM 2, UPBM 9, BBM 839, PKB 1916, PKB 1947, HB-1903, BD-1850, LK-
   19/4, HB-1901, DWRFB 81, BBM 833, PKB 1912, BH-1908, BH-1943, NDB-1757, DWRFB 31, 
   DWRFB 32, BBM 854 and BH-1949   

Leaf blight, 1 (NBDSN) RD3017
Avg. 13-35 with  4 (IBDSN) DWRFB 58, BD-1831, HB-1917 and VB-1927
HS < 57*  
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Resistant to  # entries Entries

Leaf and stripe 12 BHS478, BHS481, BHS482, HBL865, HBL867, HBL868, PL908, RD3015, RD3016, RD3019, 
   RD3021, HBL113(C)  

Stem and stripe 1 DWRB182 

Leaf and stem 4 DWRB197, KB1848, PL925, VLB169 

Stripe  16 BH1030, DWRB213, HUB69, KB1817, KB1822, KB1830, PL906, PL911, RD2994, UPB1083, 
   UPB1088, DWRB137(C), RD2552(C), RD2794(C), RD2899(C), RD2907(C)  

Stem  2 DWRB212, PL915

Leaf  22 BHS479, BHS480, DWRB204, DWRB209, HUB273, KB1843, NDB1738, PL916, PL918, PL919, 
   PL920, RD3011, RD3013, RD3022, UPB1080, UPB1085, UPB1086, VLB165, VLB166, VLB168, 
   BHS400(C), VLB118(C)  



Unit (Barley) for maintenance and future utilization.  This set 
along with ten checks was also supplied to the nine locations 
as EIBGN, besides its evaluation at Karnal. Ten genetic stocks 
for different agronomic and quality traits were collected 
from barley breeders of different SAUs and supplied to all 
the breeders at ten locations working on barley 
improvement for utilization of these genetic stocks in their 
local barley improvement programmes. 12-such genetic 
stocks collected from different coordinated centres were 
utilized in the barley improvement programme at Karnal for 
blight resistance, grain size and its quality.

Crop protection

Survey and surveillance for diseases and pests

There was negligible incidence of barley rusts in India during 
2019-20. Few sporadic incidents of barley stripe rust were 
reported from Northern India only. The �eld surveys by 
different scientists of cooperative centers recorded loose 
smut, covered smut and bacterial leaf streak in traces in 
some �elds. Loose and covered smuts were noted in traces 
to 3 percent in most of the area surveyed. Drechslera leaf 
stripe and bacterial streak were also noted in traces in some 
�elds. Overall barley crop was healthy in all the barley 
growing areas in India. The incidence of insect-pests and 
their natural enemies on barley crop indicated aphid as the 
main insect pest and its population was found to be 
moderate to high in barley �elds at all the locations.

 Pathotypes distribution and seedling resistance tests

The pathotypes distribution and seedling resistance tests 
(SRT) of barley rusts indicated that in stripe rust of barley (P. 
striiformis hordei), 10 samples were analyzed from Himachal 
Pradesh, Rajasthan and Nepal. Pathotypes 0S0(57) and 
4S0(G) were most predominant whereas 1S0(M) was 
recorded in one sample only. The NBDSN (116 entries) and 
EBDSN (44 entries) were screened for SRT against the 
different pathotypes (Pts) of three rusts of barley under 
precise conditions of temperature and light at ICAR-IIWBR 
RS Shimla. The SRT against seven Pts of P. striiformis hordei, 
�ve Pts of P. graminis tritici, and 4 pts as well as mixture of pts. 
of P. hordei was completed. None of the NBDSN and EBDSN 
entries was resistant to all the tested pathotypes of yellow, 
brown and black rusts. In case of NBDSN, 12 lines were found 
as resistant to leaf and stripe rusts; one line was resistant to 
stem and stripe rusts and four as resistant to leaf and stem 
rusts (Table 6.12). Individually, 16 lines were resistant to 
stripe, 2 to stem and 22 to leaf rust pathotypes.

In case of EBDSN, nine lines were resistant to all pathotypes 
of leaf and stripe rusts, one to stem and stripe rusts and two 
to leaf and stem rusts (Table 6.13). Resistance to individual 
rust was observed in 19 lines, 10 lines showed resistance to 
stripe, one to stem and 8 to leaf rust only.

Field screening for diseases and pest

Under the �eld screening for diseases and pests 577 entries 
Table 6.12: Seedling rust resistance in NBDSN lines during 2019-20

were screened under various nurseries (IBDSN, NBDSN and 
EBDSN) for resistance against various diseases, aphid and 
CCN at different cooperating centers during the crop season 
2019-20.In NBDSN out of 116 entries evaluated, 11 entries 
showed higher resistant reaction (Table 6.14) having ACI less 
than 2.0 with less than 5MS highest reaction to . In case of leaf 
blight screening, only RD3017 found moderately resistant 
with an average score (double digit) 14-35 but HS was higher 
than 57. Amongst, 404 entries evaluated in IBDSN, 21 entries 
(Table 6.14) were found highly resistant to yellow rust (ACI = 
<1.0) and 163 entries showed moderate resistant reaction 
having ACI less than 10. In case of leaf blight screening, four 
(DWRFB 58, BD-1831, HB-1917 and VB-1927) entries were 
found moderately resistant against leaf blight with an 
average score (double digit) 14-35 and HS < 57.

A total of 116 barley NBDSN entries (including checks and 
infector) were screened against foliar aphid at three 
locations (Ludhiana, Kanpur, Karnal) during 2019-20. The 
entries were found to be in the category grades i.e., 2 to 5 
and based on all three locations, �ve entries BH1028, 
HBL867, PL908, PL912 & RD3022 fell under moderately 
resistant category (grade 3).

Chemical control

In chemical control experiments, spraying of Tebuconazole 
50% + Tri�oxystrobin 25% W @ of 0.06% was found most 
effective in management of yellow rust. A total of eight 
treatments were tested for their efficacy against foliar aphid 
in barley, and treatment of Beta-Cy�uthrin 9 % + 
Imidacloprid 21 % (Solomon)@ 400 ml/ha was found the 
best treatment followed by Sulfoxa�or 12 % SC @250 ml/ha 
in managing aphid population in barley.

Evaluation of barley genotypes for storage insect-pests 
resistance 

The 104 released varieties of barley were evaluated against 
storage insect-pests against Sitophilus oryzae, Rhyzopertha 
dominica and Tribolium castaneum. The freshly harvested 25 
g pest-free seed of each variety was taken in petri dishes and 
10 adults of each insect were introduced into each perti dish. 
Observations were recorded orientation behavior, life span 

duration and percent weight loss to grain. Promising 
genotypes were identi�ed, these include;Azad, BHS-352, 
Amber, Kedar, BHS-169, B.K-306, BH-959,BH-946,R-56,BG-
105 and BCU-2241.

Resource management

Barley resource management group deals with evaluation of 
newly developed cultivars from AVT �nal year under 
different production conditions and take up the re�nement 
of the package of practices for higher production of barley 
crop in different zones. The long-term objective of the 
program is to improve the productivity and quality of barley 
on sustainable basis. A total of 31 trials were proposed and 
conducted at different locations under AICRP. In new 
genotypes (malt purpose) and soil fertility evaluation trial, 
the test entry DWRB182 (45.26 q/ha) was 4.25-5.51 % less 
yielding than best two row check. The genotypes responded 
up to 90 kg Nitrogen/ha in the experiment. 

Use of Hydrogel with different irrigation level was 
evaluated in dry areas of NWPZ and it was found that 
application of Pusa Hydrogel @ 2.5 kg/ha and New 
Hydrogel @ 2.5 kg/ha were signi�cantly better as 
compared to no hydrogel conditions and both the 
hydrogel were at par at all irrigation level. The hydrogel 
with two irrigations and no hydrogel with three irrigation 
were at par and hence at least one irrigation water (6 lakh 
litres) can be saved with the use of hydrogel to produce the 
same level of yield (Fig. 6.3). After two years of evaluation 
under AICRP Trials, the use of hydrogel is recommended in 
dry areas to save water and produce more.

The irrigation management trial was conducted in NWPZ, 
NEPZ and CZ. In NWPZ, two irrigations (one at 30DAS and 
other at 60-65 DAS) was found sufficient to produce 
optimum grain yield. Three and two irrigation levels were at 
par in NWPZ. Six row variety BH 946 and two row variety 
DWRB 160 were at par. In NEPZ, the genotypes responded up 
to three irrigation level. The variety DWRB137 was superior 
to HUB113 at all irrigation level. In CZ, the yield increase was 
up to two irrigation level in DWRB137 and up to three 
irrigation level in RD 2899 (Fig. 6.4). 

Table 6.13: Seedling rust resistance in EBDSN lines

Resistant to  # entries Entries

Leaf and stripe 9 HBL113, HBL845, HBL863, PL908, PL2999, PL3000, PL3002, PL3003, PL3004  

Stem and stripe 1 DWRB182 

Leaf and stem 2 DWRB197, UPB1078 

Stripe  10 BK1714, DWRB137, HBL848, PL906, PL909, PL2899, PL2980, PL2981, PL2994, PL3005  

Stem  1 PL3010  

Leaf  8 BK1719(LB), DWRB184, HBL851, KB1633, KB1757, PL3009(LB), VLB130, VLB164  

Table 6.14: Field screening for resistance in NBDSN and IBDSN lines during 2019-20
Disease # entries Entries

 Yellow rust, 11 (NBDSN) DWRB197, DWRB210, HUB69, KB1707, PL908, RD2552(C), RD2794(C), UPB1088, 
ACI = <1.0 &  VLB166 and VLB168 
HS up to 5MS 21 (IBDSN) UPBM2, UPBM 9, UPBM 2, UPBM 9, BBM 839, PKB 1916, PKB 1947, HB-1903, BD-1850, LK-
   19/4, HB-1901, DWRFB 81, BBM 833, PKB 1912, BH-1908, BH-1943, NDB-1757, DWRFB 31, 
   DWRFB 32, BBM 854 and BH-1949   

Leaf blight, 1 (NBDSN) RD3017
Avg. 13-35 with  4 (IBDSN) DWRFB 58, BD-1831, HB-1917 and VB-1927
HS < 57*  
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Resistant to  # entries Entries

Leaf and stripe 12 BHS478, BHS481, BHS482, HBL865, HBL867, HBL868, PL908, RD3015, RD3016, RD3019, 
   RD3021, HBL113(C)  

Stem and stripe 1 DWRB182 

Leaf and stem 4 DWRB197, KB1848, PL925, VLB169 

Stripe  16 BH1030, DWRB213, HUB69, KB1817, KB1822, KB1830, PL906, PL911, RD2994, UPB1083, 
   UPB1088, DWRB137(C), RD2552(C), RD2794(C), RD2899(C), RD2907(C)  

Stem  2 DWRB212, PL915

Leaf  22 BHS479, BHS480, DWRB204, DWRB209, HUB273, KB1843, NDB1738, PL916, PL918, PL919, 
   PL920, RD3011, RD3013, RD3022, UPB1080, UPB1085, UPB1086, VLB165, VLB166, VLB168, 
   BHS400(C), VLB118(C)  



Soil application with zinc sulphate @ 25 kg/ha was found 
superior compared to all soil and foliar application in NWPZ. 
It produced 14.6 percent more yield compared to no zinc 
application. In NHZ, NEPZ and CZ, soil application with zinc 
sulphate @ 25 kg/ha followed by foliar application (0.5% zinc 
sulphate) at heading and early milk stage was found 
superior compared to all other treatments. It produced 12.6-
14.0 percent more yield compared to no zinc application in 
NHZ, NEPZ and CZ (Fig 6.5).

Barley quality

Relative performance of Indian barley varieties with 
respect to quality

Nineteen Indian barley varieties grown in timely sown 

condition were analysed for grain and malt quality traits for 
three years. The data over three years indicated that the 
desirable test weight (≥65 kg/hl) was obtained in Alfa 93, 
BCU 73, Clipper, DWRUB 52, DWRB 101, DWRB 91 and RD 
2668. Bold grain percentage (>90%) was recorded in DWR 
28, DWRB 91, DWRUB 64, DWRB 92 and BH 902. Beta glucan 
content of less than 4% was obtained in Amber, K 551 and 
BCU 73. Beta amylase activity was estimated in grain and 
kilned malt and higher grain enzyme activity (20.0 units/g 
�our or more) was obtained ALFA 93, Amber, Clipper, DWR 
28, DWRB 92, RD 2668 and RS 6, while higher activity in malt 
was recorded in DWRB 92, DWR 28 and RS 6. Friability 
of>70% was obtained in ALFA 93, DWRB 91, DWRUB 52, 
DWRUB 64 and DWRB 101; while hot water extract (>80%) 

Fig. 6.3: Effect of hydrogel and irrigation levels on barley 
productivity in dry areas of NWPZ

Fig.6.4: Barley productivity under different irrigation in different 
production conditions/ zones 

Table 6.15: Quality of released genotypes of selected parameters

was obtained in DWRB 101, DWRB 91, DWRUB 52 and 
DWRUB 64. Though the varieties DWRB91 (2 row) and 
DWRUB 64 (6 row) have been bred for late sown conditions, 
but have excellent malting quality attributes under timely 
sown conditions also and these varieties may be revisited 
from industrial perspective in view of the current quality 
requirements (Table 6.15).

At present the industry is pressing hard to get varieties with 
very low values of beta glucans and higher diastatic power. 
Based on the three years analysis at IIWBR, Karnal, signi�cant 
correlation among different quality parameters was 
discovered. The positive correlation between grain beta 
glucans and thousand grain weight, has been observed (Fig. 
6.6). Similarly, the malt beta amylase has been found 
positively correlated with the grain beta amylase activity. 
Despite the denaturation of amylases during kilning, grain 
amylase could be a good indicator of malt diastatic 
potential.  Therefore, selection in early stages can be taken 
up on small quantity of samples for 1000 gw and beta 
amylase activity to get low grain beta glucans and higher 
diastatic power in genotypes. 

Industrial evaluation of Indian barley varieties

Since last few years the barley industry has given the 
feedback that the Indian barley varieties are not meeting 

their expectations. Through interaction with the industry, 
it came to the notice that industry has not tried some of the 
improved malt barley varieties developed during past few 
years. Therefore, three malt barley companies namely; 
Barmalt India, PMV Maltings Pvt Ltd and AB InBev India 
were given �ve-kilogram samples of �ve Indian malt barley 
varieties and one feed barley variety for their input on the 
quality so that more emphasis can be given to those traits 
in Indian malt barley programme. The feed barley DWRB 
137 was included since this variety has been found 
promising in malting quality and also in some of the 
experiments conducted in NWPZ. Based upon the results, 
the varieties DWRB 91, DWRUB 64, DWRB 101, DWRB 123 
and DWRB 137 were found suitable for the malt making 
(Table 6.16). The variety DWRB 137, released as feed barley 

Variety Test wt (kg/hl) Bold grains (%) β-glucan  Grain β-Amylase Malt β-Amylase
    (% dwb) (Beta amyl units) (Beta amyl units) 
ALFA 93 66.8 83.3 4.3 23.7 19.4

Amber  62.1 69.0 3.4 21.4 17.5

BCU 73  65.4 73.6 4.0 16.3 12.6

BH 902  62.2 90.3 5.4 13.9 12.9

Clipper  65.1 84.5 4.5 20.8 14.7

DL 88  59.9 81.2 4.5 14.8 12.8

DWR 28 64.5 91.0 5.6 22.7 21.3

DWRUB 52 69.4 83.7 4.7 13.8 8.4

DWRB 92 65.5 95.0 5.2 25.8 23.4

DWRB 101 69.0 84.7 4.6 14.6 12.6

DWRB 73 65.9 87.5 6.1 18.4 13.6

DWRB 91 67.5 91.2 6.0 17.1 14.9

DWRUB 64 63.3 91.4 4.8 15.6 13.6

K 551  63.5 81.8 3.3 17.5 16.7

NDB 1173 63.7 75.3 4.5 16.2 15.0

RD 2552 61.0 70.9 4.6 18.2 19.4

RD 2668 65.8 61.1 5.8 19.9 18.8

RD 2849 61.8 75.3 4.1 19.2 17.2

RS 6  63.5 61.5 4.5 23.4 25.4

MSD (5%) 3.8 22.0 0.8 5.2 5.5

Table 6.16: Malting quality of recent Indian barley varieties

Genotype Row Hot water Diastatic Free Amino Kolbach 
  Type extract (%fgdwb) power (oL) Nitrogen (ppm) Index (%)

DWRB 91 2 80.7 84.7 160.7 46.3

DWRB 92 2 78.1 117.3 154.3 37.4

DWRUB 64 6 80.7 92.2 128.8 45.3

DWRB 101 2 80.2 55.6 167.5 45.2

DWRB 123 2 79.0 73.1 126.4 40.1

DWRB 160 2 77.6 82.5 125.1 43.0

DWRB 137* 6 79.6 111.3 159.4 45.4

LSD (5%)  1.4 23.1 22.4 5.1

*Feed barley

Fig. 6.5: Barley productivity under zinc treatments in different zones 

Fig. 6.6: Correlation between different quality parameters
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Soil application with zinc sulphate @ 25 kg/ha was found 
superior compared to all soil and foliar application in NWPZ. 
It produced 14.6 percent more yield compared to no zinc 
application. In NHZ, NEPZ and CZ, soil application with zinc 
sulphate @ 25 kg/ha followed by foliar application (0.5% zinc 
sulphate) at heading and early milk stage was found 
superior compared to all other treatments. It produced 12.6-
14.0 percent more yield compared to no zinc application in 
NHZ, NEPZ and CZ (Fig 6.5).

Barley quality

Relative performance of Indian barley varieties with 
respect to quality

Nineteen Indian barley varieties grown in timely sown 

condition were analysed for grain and malt quality traits for 
three years. The data over three years indicated that the 
desirable test weight (≥65 kg/hl) was obtained in Alfa 93, 
BCU 73, Clipper, DWRUB 52, DWRB 101, DWRB 91 and RD 
2668. Bold grain percentage (>90%) was recorded in DWR 
28, DWRB 91, DWRUB 64, DWRB 92 and BH 902. Beta glucan 
content of less than 4% was obtained in Amber, K 551 and 
BCU 73. Beta amylase activity was estimated in grain and 
kilned malt and higher grain enzyme activity (20.0 units/g 
�our or more) was obtained ALFA 93, Amber, Clipper, DWR 
28, DWRB 92, RD 2668 and RS 6, while higher activity in malt 
was recorded in DWRB 92, DWR 28 and RS 6. Friability 
of>70% was obtained in ALFA 93, DWRB 91, DWRUB 52, 
DWRUB 64 and DWRB 101; while hot water extract (>80%) 

Fig. 6.3: Effect of hydrogel and irrigation levels on barley 
productivity in dry areas of NWPZ

Fig.6.4: Barley productivity under different irrigation in different 
production conditions/ zones 

Table 6.15: Quality of released genotypes of selected parameters

was obtained in DWRB 101, DWRB 91, DWRUB 52 and 
DWRUB 64. Though the varieties DWRB91 (2 row) and 
DWRUB 64 (6 row) have been bred for late sown conditions, 
but have excellent malting quality attributes under timely 
sown conditions also and these varieties may be revisited 
from industrial perspective in view of the current quality 
requirements (Table 6.15).

At present the industry is pressing hard to get varieties with 
very low values of beta glucans and higher diastatic power. 
Based on the three years analysis at IIWBR, Karnal, signi�cant 
correlation among different quality parameters was 
discovered. The positive correlation between grain beta 
glucans and thousand grain weight, has been observed (Fig. 
6.6). Similarly, the malt beta amylase has been found 
positively correlated with the grain beta amylase activity. 
Despite the denaturation of amylases during kilning, grain 
amylase could be a good indicator of malt diastatic 
potential.  Therefore, selection in early stages can be taken 
up on small quantity of samples for 1000 gw and beta 
amylase activity to get low grain beta glucans and higher 
diastatic power in genotypes. 

Industrial evaluation of Indian barley varieties

Since last few years the barley industry has given the 
feedback that the Indian barley varieties are not meeting 

their expectations. Through interaction with the industry, 
it came to the notice that industry has not tried some of the 
improved malt barley varieties developed during past few 
years. Therefore, three malt barley companies namely; 
Barmalt India, PMV Maltings Pvt Ltd and AB InBev India 
were given �ve-kilogram samples of �ve Indian malt barley 
varieties and one feed barley variety for their input on the 
quality so that more emphasis can be given to those traits 
in Indian malt barley programme. The feed barley DWRB 
137 was included since this variety has been found 
promising in malting quality and also in some of the 
experiments conducted in NWPZ. Based upon the results, 
the varieties DWRB 91, DWRUB 64, DWRB 101, DWRB 123 
and DWRB 137 were found suitable for the malt making 
(Table 6.16). The variety DWRB 137, released as feed barley 

Variety Test wt (kg/hl) Bold grains (%) β-glucan  Grain β-Amylase Malt β-Amylase
    (% dwb) (Beta amyl units) (Beta amyl units) 
ALFA 93 66.8 83.3 4.3 23.7 19.4

Amber  62.1 69.0 3.4 21.4 17.5

BCU 73  65.4 73.6 4.0 16.3 12.6

BH 902  62.2 90.3 5.4 13.9 12.9

Clipper  65.1 84.5 4.5 20.8 14.7

DL 88  59.9 81.2 4.5 14.8 12.8

DWR 28 64.5 91.0 5.6 22.7 21.3

DWRUB 52 69.4 83.7 4.7 13.8 8.4

DWRB 92 65.5 95.0 5.2 25.8 23.4

DWRB 101 69.0 84.7 4.6 14.6 12.6

DWRB 73 65.9 87.5 6.1 18.4 13.6

DWRB 91 67.5 91.2 6.0 17.1 14.9

DWRUB 64 63.3 91.4 4.8 15.6 13.6

K 551  63.5 81.8 3.3 17.5 16.7

NDB 1173 63.7 75.3 4.5 16.2 15.0

RD 2552 61.0 70.9 4.6 18.2 19.4

RD 2668 65.8 61.1 5.8 19.9 18.8

RD 2849 61.8 75.3 4.1 19.2 17.2

RS 6  63.5 61.5 4.5 23.4 25.4

MSD (5%) 3.8 22.0 0.8 5.2 5.5

Table 6.16: Malting quality of recent Indian barley varieties

Genotype Row Hot water Diastatic Free Amino Kolbach 
  Type extract (%fgdwb) power (oL) Nitrogen (ppm) Index (%)

DWRB 91 2 80.7 84.7 160.7 46.3

DWRB 92 2 78.1 117.3 154.3 37.4

DWRUB 64 6 80.7 92.2 128.8 45.3

DWRB 101 2 80.2 55.6 167.5 45.2

DWRB 123 2 79.0 73.1 126.4 40.1

DWRB 160 2 77.6 82.5 125.1 43.0

DWRB 137* 6 79.6 111.3 159.4 45.4

LSD (5%)  1.4 23.1 22.4 5.1

*Feed barley

Fig. 6.5: Barley productivity under zinc treatments in different zones 

Fig. 6.6: Correlation between different quality parameters
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for NEPZ, has been found suitable for malting purposes 
also when grown in NWPZ in overall malting quality traits. 
The important lesson learnt through this exercise is to 
exclude high thousand grain weight (TGW) material in 
future breeding programmes, since the varieties DWRB 92 
and DWRB 160 could not perform upto the mark because 
of poor malt modi�cation due to higher TGW despite 
having good diastatic power.  However as on date industry 
has good choice of material having good quality coupled 
with yield and biotic stress tolerance.

Identi�cation of low wort beta glucan content genotypes

For malt purpose barley genotypes, endosperm cell wall 
needs to be degraded initially, for access of hydrolysing 
enzymes to starch and proteins. The major portion of 
endosperm cell walls is contributed by beta glucans. 
Information on beta glucan degradation during malting and 

mashing has been generated on 18 genotypes varying in 
beta glucan concentration for three years 2016-17, 2018-19 
and 2019-20 (Fig. 6.7). Malting and mashing were done as 
per the standard protocol. A positive simple correlation (0.9) 
was obtained among grain, malt and wort beta glucan 
content, indicating that grain beta glucan content gives 
fairly good idea of �nal beta glucan in the wort. Minimum 
beta glucan in wort was obtained in SLOOP SA WL 3167 and 
SLOOP VIC VB 9953, which may be used for introgression of 
this trait in malt barley improvement programme.

Identi�cation of genotypes with higher diastatic power

Off late the malt industry is demanding higher diastatic 
power in the malt. Therefore, it is important to identify 
the biochemical parameters correlated with higher 
diastatic power for selection of better genotypes for 
barley improvement and for screening smaller quantity 

Fig 6.7:  Content of beta glucan in grain, malt & wort of different barley genotypes

Fig 6.8: Diastatic Power in different barley genotypes

of grains in early generations of breeding. In this study 32 
genotypes were evaluated for grain protein content, 
grain beta amylase, malt diastatic power, malt alpha and 
beta amylases. Therefore, selection for higher beta 
amylase activity can be one of the better criteria for 
higher diastatic power in malt. Thee genotypes BK 1127, 
BCU 2241 and BCU 2237 were identi�ed for higher grain 
protein content. For diastatic power the genotypes BCU 
2241, BK 1127, BK 303, BK 306, BK 316 and DWRB 92 are 
promising (Fig 6.8). 

A strong positive correlation (Table 6.17) was obtained 
between malt diastatic power and grain and malt beta 
amylase activity in comparison to grain protein content. 

Malting quality evaluation of AICRP material: The barley 
unit also took up the malting quality evaluation of grain 
samples from coordinated malt barley trials conducted in 
NWPZ during Rabi 2019-20 from various test sites at its 
central facility. A total of 270 samples were analyzed with �ve 
checks in the malt barley improvement programme and the 
signi�cant �ndings are given in table 6.18. 

Marker assisted introgression of quality traits and aphid 
tolerance

Introgression of promising quality traits in elite barley 
cultivar DWRB101: In order to introgress the low / high beta 
glucan and high protein contents in commercial malt barley 
variety, DWRB101, the backcross populations were developed. 
After the advanced lines screening, eight entries identi�ed 
promising (Table 6.19) for quality traits were screened under 
BQSN at multilocation sites to evaluate the effect of different 
environmental conditions on quality components of barley lines.   

Another set of backcrosses derived lines were advanced in 
Rabi season 2019-20 for marker assisted backcross program 
for quality traits (protein content and low β-glucan) and 
insect pest resistance. Segregating backcross lines in 
population developed from crosses of DWRB101 with 
SLOOP VICB9953, SLOOP SAWL3167 (for low beta glucan); 
BK306 and BK1127 (high protein content) and EB921 (aphid 
resistance) were evaluated with closely linked molecular 
markers for selected traits at molecular level. These lines have 
reached to advanced generations as indicated in table 6.20.  
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Table 6.17: Pearson's correlations among different parameters
Variable Protein GBA# MBA# MAA# DP# Bold#

Protein —     

GBA 0.158 —    

MBA 0.137 0.943*** —   

MAA 0.220 * 0.179 0.162 —  

DP 0.233* 0.720*** 0.699*** 0.455*** — 

Bold -0.060 0.333 0.292** 0.386*** 0.507*** —

* p < .05, ** p < .01, *** p < .001

#GBA=Grain Beta Amylase (Betamyl-3 Unit); MBA=Malt Beta Amylase (Betamyl-3 Unit); MAA=Malt ALFA Amylase (CerALFA Unit); DP=Diastatic Power (Degree 
Linters); Bold=Bold grains percentage (> 2.5mm)

Table 6.18: Promising entries for individual and over all malting quality traits
Traits P romising entries

1000 grain weight P L908 (6R), DWRB182

Bold Grains D WRB 196

Protein content D WRB182, DWRB 197, BH1026, DWRB212, BH1027, PL916, PL919, PL912, RD3026

Husk Content D WRB209

Grain β- glucan D WRB182, RD3025, DWRB211

Malt Friability D WRB 197, DWRB211, BH1027, PL912, PL919, PL916

Hot water extract D WRB211, DWRB209, BH1027, RD3024, UPB1090

Filtration Rate D WRB182, DWRB209, RD3025

Diastatic Power D WRB 197, PL916, BH1027, BH1026

FAN Content R D 3025

Wort β- glucan  D WRB 211, BH 3025, DWRB 197, DWRB 182

Over all MQ DWRB 182, DWRB 197, DWRB 211, DWRB 209, BH 1027



for NEPZ, has been found suitable for malting purposes 
also when grown in NWPZ in overall malting quality traits. 
The important lesson learnt through this exercise is to 
exclude high thousand grain weight (TGW) material in 
future breeding programmes, since the varieties DWRB 92 
and DWRB 160 could not perform upto the mark because 
of poor malt modi�cation due to higher TGW despite 
having good diastatic power.  However as on date industry 
has good choice of material having good quality coupled 
with yield and biotic stress tolerance.

Identi�cation of low wort beta glucan content genotypes

For malt purpose barley genotypes, endosperm cell wall 
needs to be degraded initially, for access of hydrolysing 
enzymes to starch and proteins. The major portion of 
endosperm cell walls is contributed by beta glucans. 
Information on beta glucan degradation during malting and 

mashing has been generated on 18 genotypes varying in 
beta glucan concentration for three years 2016-17, 2018-19 
and 2019-20 (Fig. 6.7). Malting and mashing were done as 
per the standard protocol. A positive simple correlation (0.9) 
was obtained among grain, malt and wort beta glucan 
content, indicating that grain beta glucan content gives 
fairly good idea of �nal beta glucan in the wort. Minimum 
beta glucan in wort was obtained in SLOOP SA WL 3167 and 
SLOOP VIC VB 9953, which may be used for introgression of 
this trait in malt barley improvement programme.

Identi�cation of genotypes with higher diastatic power

Off late the malt industry is demanding higher diastatic 
power in the malt. Therefore, it is important to identify 
the biochemical parameters correlated with higher 
diastatic power for selection of better genotypes for 
barley improvement and for screening smaller quantity 

Fig 6.7:  Content of beta glucan in grain, malt & wort of different barley genotypes

Fig 6.8: Diastatic Power in different barley genotypes

of grains in early generations of breeding. In this study 32 
genotypes were evaluated for grain protein content, 
grain beta amylase, malt diastatic power, malt alpha and 
beta amylases. Therefore, selection for higher beta 
amylase activity can be one of the better criteria for 
higher diastatic power in malt. Thee genotypes BK 1127, 
BCU 2241 and BCU 2237 were identi�ed for higher grain 
protein content. For diastatic power the genotypes BCU 
2241, BK 1127, BK 303, BK 306, BK 316 and DWRB 92 are 
promising (Fig 6.8). 

A strong positive correlation (Table 6.17) was obtained 
between malt diastatic power and grain and malt beta 
amylase activity in comparison to grain protein content. 

Malting quality evaluation of AICRP material: The barley 
unit also took up the malting quality evaluation of grain 
samples from coordinated malt barley trials conducted in 
NWPZ during Rabi 2019-20 from various test sites at its 
central facility. A total of 270 samples were analyzed with �ve 
checks in the malt barley improvement programme and the 
signi�cant �ndings are given in table 6.18. 

Marker assisted introgression of quality traits and aphid 
tolerance

Introgression of promising quality traits in elite barley 
cultivar DWRB101: In order to introgress the low / high beta 
glucan and high protein contents in commercial malt barley 
variety, DWRB101, the backcross populations were developed. 
After the advanced lines screening, eight entries identi�ed 
promising (Table 6.19) for quality traits were screened under 
BQSN at multilocation sites to evaluate the effect of different 
environmental conditions on quality components of barley lines.   

Another set of backcrosses derived lines were advanced in 
Rabi season 2019-20 for marker assisted backcross program 
for quality traits (protein content and low β-glucan) and 
insect pest resistance. Segregating backcross lines in 
population developed from crosses of DWRB101 with 
SLOOP VICB9953, SLOOP SAWL3167 (for low beta glucan); 
BK306 and BK1127 (high protein content) and EB921 (aphid 
resistance) were evaluated with closely linked molecular 
markers for selected traits at molecular level. These lines have 
reached to advanced generations as indicated in table 6.20.  
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Table 6.17: Pearson's correlations among different parameters
Variable Protein GBA# MBA# MAA# DP# Bold#

Protein —     

GBA 0.158 —    

MBA 0.137 0.943*** —   

MAA 0.220 * 0.179 0.162 —  

DP 0.233* 0.720*** 0.699*** 0.455*** — 

Bold -0.060 0.333 0.292** 0.386*** 0.507*** —

* p < .05, ** p < .01, *** p < .001

#GBA=Grain Beta Amylase (Betamyl-3 Unit); MBA=Malt Beta Amylase (Betamyl-3 Unit); MAA=Malt ALFA Amylase (CerALFA Unit); DP=Diastatic Power (Degree 
Linters); Bold=Bold grains percentage (> 2.5mm)

Table 6.18: Promising entries for individual and over all malting quality traits
Traits P romising entries

1000 grain weight P L908 (6R), DWRB182

Bold Grains D WRB 196

Protein content D WRB182, DWRB 197, BH1026, DWRB212, BH1027, PL916, PL919, PL912, RD3026

Husk Content D WRB209

Grain β- glucan D WRB182, RD3025, DWRB211

Malt Friability D WRB 197, DWRB211, BH1027, PL912, PL919, PL916

Hot water extract D WRB211, DWRB209, BH1027, RD3024, UPB1090

Filtration Rate D WRB182, DWRB209, RD3025

Diastatic Power D WRB 197, PL916, BH1027, BH1026

FAN Content R D 3025

Wort β- glucan  D WRB 211, BH 3025, DWRB 197, DWRB 182

Over all MQ DWRB 182, DWRB 197, DWRB 211, DWRB 209, BH 1027



For basic genetic study on beat glucan, a cross of contrasting 
parents, Shebac (low) and DWR30 (high) was made and three 
advanced lines BGLU3 (Shebac/DWR30), BGLU4 (Shebac/ 
DWR30) and BGLU6 (Shebac/DWR30) have been found to 
have higher beta glucan content in the range of 6.5-7.5%.

Similarly, four entries identi�ed resistant for aphids from the RIL 
populations developed earlier, were contributed to the 

multilocation testing under AICRP Wheat and Barley in NBDSN 
in 2019-20 under natural hot spot conditions. Two entries, 
BCLA3 (two row barley)and BCLA11-6 (six row barley) have 
shown average resistance (1.7) in 2019-20 at two locations 
(table 6.21)validating their similar resistance score (1.60-1.67) 
recorded during 2014-19 at IIWBR, Karnal (table 6.22) on a 1 to 
5 scale where 1 is immune and 5 is highly susceptible.

Table. 6.20: Introgressed lines of DWRB101 with quality and aphid resistance

Trait  Recurrent  Parent  Donor Parent  Generation 

Quality β-Glucan  DWRB 101  SLOOP VICB 9953  BC2F5 

 Content DWRB 101 SLOOP SAWL 3167  BC2F3

 Protein  DWRB 101  BK306  BC2F4

 Content DWR101  BK1127  BC2F3 

Biotic Stress Aphid Resistance  DWRB101 EB921  BC2F4 

Table 6.21: Screening of promising genotypes against foliar aphids under natural hot spot conditions during 2019-20
 in coordination trial at Karnal and Kanpur
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Table 6.22: Reaction of BCLA-3 and BCLA 11-6 against foliar aphids under natural hot spot conditions during 2014-15 
to 2018-19 at Karnal 

Year   Average number of aphids / tiller during the season
   BCLA3 BCLA 11-6 Alfa – 93 (Susceptible Check)

2014-15  1.47 1.61 117.57

2015-16  1.68 1.63 119.03

2016-17  1.75 1.81 129.63

2017-18  1.56 1.69 114.13

2018-19  1.54 1.63 111.32

Average number 1.6 1.67 118.33

Reaction type R R HS

7. REGIONAL STATION, FLOWERDALE, SHIMLA

A new gene conferring resistance to predominant and 
virulent pathotypes of Puccinia triticina was designated as Lr 
80 in a local wheat land race Hango-2. This wheat was 
collected from Hango, District Kinnaur, Himachal Pradesh. 
Hango-2 exhibits a low infection type (IT;) to all Indian P. 
triticina pathotypes, except the pathotype 5R9-7 which 
produced IT 3+. Pathotype 5R9-7(16-1) does not infect bread 
wheat cultivars, however, is virulent to tetraploid wheat 
Khapli. Pathotype 5R9-7 is not prevalent in nature for the last 
15 years. Genetic analysis based on Agra Local/Hango-2 
derived F3 families indicated monogenic control of leaf rust 
resistance, and the underlying locus was temporarily named 
LrH2. Bulked segregant analysis using 303 simple sequence 
repeat (SSR) markers located LrH2 in the short arm of 
chromosome 2D (Fig. 7.1).

An additional set of 10 2DS-speci�c markers showed 
polymorphism between the parents and these were 
mapped on the entire Agra Local/Hango-2 F3 population. 
LrH2 was �anked by markers cau96 (distally) and barc124 
(proximally).  The 90 K In�nium SNP array was used to identify 
SNP markers linked with LrH2. Markers KASP_17425 and 

KASP_17148 showed association with LrH2. Comparison of 
seedling leaf rust response data and marker locations across 
different maps demonstrated the uniqueness of LrH2 and it 

thwas formally named Lr80. This is the 6  rust resistance gene 
reported from India (others being Lr10, Lr48, Lr49, Lr57 and 
Lr58). Lr80 is being used to develop rust resistant genetic 
stocks and wheat varieties. It will help in creating diversity 
and management of leaf rust in India.

Fig. 7.1. a Genetic linkage maps of Agra Local/Hango-2 population 
(i) LrH2 present study SSR map (ii) Lr80 SSR and SNP map;                              
b Comparison of common SSR markers across genetic linkage maps 
in Pretzel; a genetic map viewing software (http://plant informatics.io)

Incidence of wheat and barley rusts in India and Nepal 

All the rusts of wheat and barley were observed in India and 
Nepal during crop season 2019-20. The �rst occurrence of 
stripe (yellow) rust was reported from Anandpur Sahib Block 
in district Rupnagar (Punjab) on 26th December, 2019, which 
was followed by few reports of stripe rust from foot hills in 
Punjab during January. During February-March stripe rust 
was observed as small foci from few areas of Punjab, Haryana, 
Himachal Pradesh, Rajasthan and Uttarakhand. Prevalence of 
rusts was low in off-season wheat; however, some of the 
dicoccum accessions supported substantial leaf and stem rust 
infection. Incidence of leaf rust was observed in some farmer's 
�eld of Belagavi, Bagalkot, Dharwad and other areas in 
Karnataka; Anandpur Sahib (Rupnagar) in Punjab; Satara, 
Pune, Niphad, Nashik and other areas of Maharashtra, Indore, 
Hoshangabad and other parts of Madhya Pradesh. Similarly, 
Stem rust was observed in Satara, Pune, Niphad, Nashik and 

other of Maharashtra and Belagavi, Bagalkot, Dharwad and 
Gadag districts of Karnataka.

Pathotype distribution of Puccinia species  on wheat and 
barley 

A total of 897 samples of three rusts of wheat and barley 
were pathotyped from India and Nepal during the year.

P. striiformis  (stripe rust of wheat  and barley)

During the year 305 samples of wheat stripe rust were 
pathotyped from seven states of India and Nepal.  The Indian 
population of P. striiformis is avirulent on Yr5, Yr10, Yr13, Yr15, 
Yr16 ,  and YrSp .  Pathotype 238S119 was the most 
predominant among the seven pathotypes occurring on 
wheat and was observed in 44.06% samples. This pathotype 
is virulent on Yr2, Yr3, Yr4, Yr6, Yr7, Yr8, Yr9, Yr17, Yr18, Yr19, 
Yr21, Yr22, Yr23, Yr25, YrA and Riebesel 47/51. The population 
of 46S119 has declined to 33.2% followed by 110S119 in 

Predominant pathotypes of Puccinia on wheat in India

Wheat rust pathogen Predominant pathotypes

P. striiformis (Yellow rust) 2 38S119, 46S119, and 110S119

P. graminis tritici (Black rust) 79G31(11), and 62G29(40A), 58G15-3(40-2)

P. triticina (Brown rust) 121R60-1(77-9), 121R63-1(77-5), and 121R63(77-1)

Entry No.   Kanpur    Karnal
  Date of observation   Date of observation

BCLA 3 1 2 1 1.3 2 2 2 2 2.0 2 1.7 2
BCLA 11-6 1 2 1 1.3 2 2 2 2 2.0 2 1.7 2
BCLA 17 2 2 2 2.0 2 2 2 2 2.0 2 2.0 2
BCLA 18 2 2 2 2.0 2 2 2 2 2.0 2 2.0 2
Alfa - 93 5 5 5 5.0 5 5 5 5 5.0 2 5.0 5 

Table 6.19: Promising entries for individual and over all malting quality traits
Low Beta Glucan (3.7-4.0%) High Protein content (12.5-13.5%)

LBG-56 (DWRB 101 /SLOOP VICB 9953) HPC26 (DWRB101/BK306) 

LBG-167 (DWRB 101 /SLOOP VICB 9953) HPC79 (DWRB101/BK306) 

LBG-241 (DWRB 101 /SLOOP VICB 9953) HPC134 (DWRB101/BK306) 

 HPC207 (DWRB101/BK306) 

 HPC212 (DWRB101

Lr80: a new and effective source of leaf rust resistance in wheat identi�ed 
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For basic genetic study on beat glucan, a cross of contrasting 
parents, Shebac (low) and DWR30 (high) was made and three 
advanced lines BGLU3 (Shebac/DWR30), BGLU4 (Shebac/ 
DWR30) and BGLU6 (Shebac/DWR30) have been found to 
have higher beta glucan content in the range of 6.5-7.5%.

Similarly, four entries identi�ed resistant for aphids from the RIL 
populations developed earlier, were contributed to the 

multilocation testing under AICRP Wheat and Barley in NBDSN 
in 2019-20 under natural hot spot conditions. Two entries, 
BCLA3 (two row barley)and BCLA11-6 (six row barley) have 
shown average resistance (1.7) in 2019-20 at two locations 
(table 6.21)validating their similar resistance score (1.60-1.67) 
recorded during 2014-19 at IIWBR, Karnal (table 6.22) on a 1 to 
5 scale where 1 is immune and 5 is highly susceptible.

Table. 6.20: Introgressed lines of DWRB101 with quality and aphid resistance

Trait  Recurrent  Parent  Donor Parent  Generation 

Quality β-Glucan  DWRB 101  SLOOP VICB 9953  BC2F5 

 Content DWRB 101 SLOOP SAWL 3167  BC2F3

 Protein  DWRB 101  BK306  BC2F4

 Content DWR101  BK1127  BC2F3 

Biotic Stress Aphid Resistance  DWRB101 EB921  BC2F4 

Table 6.21: Screening of promising genotypes against foliar aphids under natural hot spot conditions during 2019-20
 in coordination trial at Karnal and Kanpur
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Table 6.22: Reaction of BCLA-3 and BCLA 11-6 against foliar aphids under natural hot spot conditions during 2014-15 
to 2018-19 at Karnal 

Year   Average number of aphids / tiller during the season
   BCLA3 BCLA 11-6 Alfa – 93 (Susceptible Check)

2014-15  1.47 1.61 117.57

2015-16  1.68 1.63 119.03

2016-17  1.75 1.81 129.63

2017-18  1.56 1.69 114.13

2018-19  1.54 1.63 111.32

Average number 1.6 1.67 118.33

Reaction type R R HS

7. REGIONAL STATION, FLOWERDALE, SHIMLA

A new gene conferring resistance to predominant and 
virulent pathotypes of Puccinia triticina was designated as Lr 
80 in a local wheat land race Hango-2. This wheat was 
collected from Hango, District Kinnaur, Himachal Pradesh. 
Hango-2 exhibits a low infection type (IT;) to all Indian P. 
triticina pathotypes, except the pathotype 5R9-7 which 
produced IT 3+. Pathotype 5R9-7(16-1) does not infect bread 
wheat cultivars, however, is virulent to tetraploid wheat 
Khapli. Pathotype 5R9-7 is not prevalent in nature for the last 
15 years. Genetic analysis based on Agra Local/Hango-2 
derived F3 families indicated monogenic control of leaf rust 
resistance, and the underlying locus was temporarily named 
LrH2. Bulked segregant analysis using 303 simple sequence 
repeat (SSR) markers located LrH2 in the short arm of 
chromosome 2D (Fig. 7.1).

An additional set of 10 2DS-speci�c markers showed 
polymorphism between the parents and these were 
mapped on the entire Agra Local/Hango-2 F3 population. 
LrH2 was �anked by markers cau96 (distally) and barc124 
(proximally).  The 90 K In�nium SNP array was used to identify 
SNP markers linked with LrH2. Markers KASP_17425 and 

KASP_17148 showed association with LrH2. Comparison of 
seedling leaf rust response data and marker locations across 
different maps demonstrated the uniqueness of LrH2 and it 

thwas formally named Lr80. This is the 6  rust resistance gene 
reported from India (others being Lr10, Lr48, Lr49, Lr57 and 
Lr58). Lr80 is being used to develop rust resistant genetic 
stocks and wheat varieties. It will help in creating diversity 
and management of leaf rust in India.

Fig. 7.1. a Genetic linkage maps of Agra Local/Hango-2 population 
(i) LrH2 present study SSR map (ii) Lr80 SSR and SNP map;                              
b Comparison of common SSR markers across genetic linkage maps 
in Pretzel; a genetic map viewing software (http://plant informatics.io)

Incidence of wheat and barley rusts in India and Nepal 

All the rusts of wheat and barley were observed in India and 
Nepal during crop season 2019-20. The �rst occurrence of 
stripe (yellow) rust was reported from Anandpur Sahib Block 
in district Rupnagar (Punjab) on 26th December, 2019, which 
was followed by few reports of stripe rust from foot hills in 
Punjab during January. During February-March stripe rust 
was observed as small foci from few areas of Punjab, Haryana, 
Himachal Pradesh, Rajasthan and Uttarakhand. Prevalence of 
rusts was low in off-season wheat; however, some of the 
dicoccum accessions supported substantial leaf and stem rust 
infection. Incidence of leaf rust was observed in some farmer's 
�eld of Belagavi, Bagalkot, Dharwad and other areas in 
Karnataka; Anandpur Sahib (Rupnagar) in Punjab; Satara, 
Pune, Niphad, Nashik and other areas of Maharashtra, Indore, 
Hoshangabad and other parts of Madhya Pradesh. Similarly, 
Stem rust was observed in Satara, Pune, Niphad, Nashik and 

other of Maharashtra and Belagavi, Bagalkot, Dharwad and 
Gadag districts of Karnataka.

Pathotype distribution of Puccinia species  on wheat and 
barley 

A total of 897 samples of three rusts of wheat and barley 
were pathotyped from India and Nepal during the year.

P. striiformis  (stripe rust of wheat  and barley)

During the year 305 samples of wheat stripe rust were 
pathotyped from seven states of India and Nepal.  The Indian 
population of P. striiformis is avirulent on Yr5, Yr10, Yr13, Yr15, 
Yr16 ,  and YrSp .  Pathotype 238S119 was the most 
predominant among the seven pathotypes occurring on 
wheat and was observed in 44.06% samples. This pathotype 
is virulent on Yr2, Yr3, Yr4, Yr6, Yr7, Yr8, Yr9, Yr17, Yr18, Yr19, 
Yr21, Yr22, Yr23, Yr25, YrA and Riebesel 47/51. The population 
of 46S119 has declined to 33.2% followed by 110S119 in 

Predominant pathotypes of Puccinia on wheat in India

Wheat rust pathogen Predominant pathotypes

P. striiformis (Yellow rust) 2 38S119, 46S119, and 110S119

P. graminis tritici (Black rust) 79G31(11), and 62G29(40A), 58G15-3(40-2)

P. triticina (Brown rust) 121R60-1(77-9), 121R63-1(77-5), and 121R63(77-1)

Entry No.   Kanpur    Karnal
  Date of observation   Date of observation

BCLA 3 1 2 1 1.3 2 2 2 2 2.0 2 1.7 2
BCLA 11-6 1 2 1 1.3 2 2 2 2 2.0 2 1.7 2
BCLA 17 2 2 2 2.0 2 2 2 2 2.0 2 2.0 2
BCLA 18 2 2 2 2.0 2 2 2 2 2.0 2 2.0 2
Alfa - 93 5 5 5 5.0 5 5 5 5 5.0 2 5.0 5 

Table 6.19: Promising entries for individual and over all malting quality traits
Low Beta Glucan (3.7-4.0%) High Protein content (12.5-13.5%)

LBG-56 (DWRB 101 /SLOOP VICB 9953) HPC26 (DWRB101/BK306) 

LBG-167 (DWRB 101 /SLOOP VICB 9953) HPC79 (DWRB101/BK306) 

LBG-241 (DWRB 101 /SLOOP VICB 9953) HPC134 (DWRB101/BK306) 

 HPC207 (DWRB101/BK306) 

 HPC212 (DWRB101

Lr80: a new and effective source of leaf rust resistance in wheat identi�ed 
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18.98% of the samples.  Among these pathotypes 238S119 is 
most virulent as it has additional virulence for Suwon x 
Omar92 and Riebesel when compared with pt. 46S119.  
Other pathotypes 14S64, 6S0, 7S0 and 47S103(T) have 
occurred in 0.3% to 1.2% samples each.

In stripe rust of barley (P. striiformis hordei), 10 samples were 
analyzed from Himachal Pradesh, Rajasthan and Nepal. 
Pathotypes 0S0 (57) and 4S0 (G) were most predominant 
whereas 1S0 (M) was recorded in one sample only.

P. graminis tritici (wheat stem rust)

In general, wheat stem rust occurred in Peninsular and 
Central India. Seven pathotypes were identi�ed in 127 
samples of stem rust pathotyped from six states of India 
(Tamil Nadu, Karnataka, Maharashtra, Gujarat, Madhya 
Pradesh and Uttarakhand) and Nepal. Pathotype 11 (79G31), 
virulent on Sr2, Sr5, Sr6, Sr7b Sr9a, Sr9b, Sr9c, Sr9d, Sr9f, Sr9g, 
Sr10, Sr13, Sr14, Sr15, Sr16, Sr17, Sr18, Sr19, Sr20, Sr21, Sr28, 
Sr29, Sr30, Sr34, Sr36, Sr38 and SrMcN was most predominant 
and was recorded in 88.2% of the samples analyzed. Other 
six pathotypes were identi�ed in few samples only. While 
pathotype 62G29(40A) occurred in 4.7%, pt. 58G15-3(40-2) 
was observed in 3.9% of the samples. Remaining 4 
pathotypes were detected in 0.78% samples each.

P. triticina (wheat leaf rust)

A total of 465 samples of wheat leaf rust were pathotyped 
from 14 states of India and Nepal. Twenty three pathotypes 
of P. triticina were observed in varying frequencies. Indian 
population of P. triticina was avirulent on Lr24, Lr25, Lr29, 
Lr32, Lr39 Lr45 and Lr47.  Pathotype 77-9 (121R60-1)virulent 
on Lr1, Lr3, Lr10, Lr11, Lr12, Lr13, Lr14a, Lr14b, Lr14ab, Lr15, 
Lr16, Lr17a, Lr17b, Lr18, Lr20, Lr21, Lr22a, Lr22b, Lr23, Lr26, 
Lr27+31, Lr30, Lr33, Lr34, Lr35, Lr36, Lr37, Lr38, Lr40, Lr44, Lr46, 
Lr48, Lr49, Lr67 and followed by 77-5 (121R63-1) were the 
most widely distributed pathotypes and were found to 
occur in 14 and 11 states of India, respectively and Nepal. 
Pathotype 77-9 was identi�ed in 50.3% of pathotyped 
samples followed by 77-5(28.2%), 77-1(109R63) in 7.1% and 
104-2(21R55) in 3.2% samples. Remaining 19 pathotype 
were each detected in less than 1% of the analyzed samples.

In Nepal, 10 pathotype were identi�ed in 20 samples.  
Pathotype 77-9 and 77-5 were most frequent followed by 
77-1. The remaining pathotypes were observed in one 
sample each.

Seedling resistance to rusts on wheat, barley and 
characterization of Lr, Sr and Yr genes in AVT material 

To know the rust resistance, more than 3500 lines of wheat 
and barley were evaluated at seedling stage. Among these, 
287 lines including 137 of AVT and 160 of NBDSN/EBDSN 
were subjected to multi-pathotype screening under 
controlled light and temperature conditions. Seedling rust 
resistance remains effective throughout the life of wheat 
plants. To know the rust resistance of wheat lines comprising 
AVT I, II at seedling stage, 59 pathotypes of three species of 
Puccinia on wheat were used for screening.  Sixteen most 
virulent, predominant pathotypes of Pst, 21 of Pgt and 22 of 
Pt were used for evaluation.

Rust resistant lines of wheat

None of the lines of AVT was resistant to all the rusts. The 
wheat lines showing resistance to one or other rusts are 
given below:-

PBW813 was resistant to stem and stripe rusts. Whereas 
HI1641, HI1642 and MACS6752 were resistant to leaf and 
stem rusts. Twenty other lines were resistant to leaf and 3 to 
stem rust only. In addition 25 lines having Sr31/Lr26/Yr9 were 
resistant to stem rust whereas some to leaf rust also (Table 7.1).

Rust resistance genes in AVT material of wheat

Based on the gene matching technique rust resistance 
genes were characterized in wheat accessions of AVTI and II. 
The details of Lr, Sr and Yr genes are given in Table 7.2.

Yr genes

Among the 137 lines of AVT, Yr genes were characterized in 
95 lines.  Yr genes were postulated in lines where differential 
interactions were observed and in other cases tight linkage 
of Yr genes to resistance genes to other rusts also facilitated 
to infer the presence of a resistance gene.  Four Yr genes viz, 
Yr2, Yr9, YrA and Yr18 contributed for yellow rust resistance in 
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Table 7.1: Rust resistant wheat lines in AVTI and II

Rust No. Resistant  Lines

Stem and stripe rusts 1 PBW813

Leaf and stem rusts 3 HI1641, HI1642 and MACS6752

Leaf rust only 20 CG1020, GW513, GW519, HD3090 (C),  HD2864, HI1544, HI1633, HI1634Q, HI1636, HI1637, 
   MACS 4087 (D), MACS 6747, MACS 6749, MACS3940 (D) (C),  MACS6222 (C),  PBW550 (C), 
   PBW771 (C),  PBW840, RAJ 4541B and UAS446 (D) (C)

Stem rust only 3 DBW303, DBW110 and DBW332

India. Among the postulated Yr genes, Yr2 was most common 
and was characterized in more than half of the lines. Yr9 on the 
other hand occurred in 25, YrA in 16 and Yr18 in one line only. 

Sr genes

Thirteen stem rust resistance genes (Sr2, Sr5, Sr7b, Sr8a, Sr8b, 
Sr9b, Sr9e, Sr11, Sr13, Sr24, Sr28, Sr30 and Sr31) were 
characterized in 120 AVT lines. Sr genes Sr2 and Sr11 were 
postulated in 43 AVT entries. Sr31, linked with Lr26 and Yr9 
and conferring resistance to all the known Pgt pathotypes in 
Indian subcontinent, was postulated in 25 AVT entries. Sr-
genes Sr24, Sr28, Sr5, Sr13 and Sr7b were characterized in 12, 
4, 18, 12 and 31 entries, respectively. Sr30, Sr9b,and Sr8a were 
inferred in seven entries each. Most of the Sr genes occurred 
in the combination of other genes. Entry DBW252 possessed 
a combination of maximum four genes i.e. Sr5+8a+11+2+.

Lr genes

Ten Lr genes viz. Lr1, Lr2a, Lr3, Lr10, Lr13, Lr18, Lr23, Lr24, Lr26 
and Lr34 were characterized in 112 lines.  Lr10 was the most 
commonly occurring leaf rust resistance and was 
characterized in highest number of lines (37) followed by 
Lr13 (30 lines), Lr1 (29 lines) and Lr26 (25 lines).  Lr24 was also 
postulated in 12 lines. Among these Lr13 becomes effective 
at higher temperature. While Lr2a/Sr30 and Lr3 were inferred 
in 6 lines each, Lr18 was postulated in 2, Lr34 in 1 line only. 
Lr2a/Sr30 are closely linked and we have differentiating 
pathotypes for both the resistance genes. Most of the genes 
occurred in combination and many of the lines have leaf rust 
resistance derived from 3 or more Lr genes.

Rust resistance in NBDSN and EBDSN of barley 

All the NBDSN and EBDSN lines were screened against the 
different pathotypes of three rusts of barley under precise 
conditions of temperature and light. Wherever needed 
con�rmatory and selected testing was also undertaken. 
These lines were evaluated against �ve pathotypes each of P. 
graminis tritici,  P. striiformis hordei  and mixture of 
pathotypes. of P. hordei.  None of the NBDSN and EBDSN 
entries was resistant to all the tested pathotypes of Pst, Pt 
and Pgt. The detailed report is presented below.

NBDSN

A total 116 lines of NBDSN were evaluated against the 
different pathotypes of Puccinia spp on barley . 

None of the lines was resistant to all the rusts of barley.  
Twelve lines were resistant both to leaf and stripe rusts, one 
to stem and stripe rusts, whereas 4 to leaf and stem rusts. In 
addition, 16 lines were resistant to stripe, 2 to stem and 22 to 
leaf rust only (Table 7.3).

EBDSN

Forty four lines were evaluated for resistance to three rusts 
by using all the virulent and predominant pathotype of 
each.  Resistance to all the rusts was not found in any line.  
However, 9 lines were resistant to leaf and stripe rusts, 1 to 
stem and stripe rusts, and 2 to leaf and stem rusts. Resistance 
to individual rust was observed in 19 lines. Of these 10 lines 
showed resistance to stripe, one to stem and 8 to leaf rust 
only (Table  7.4 ).

Table 7.2: Diversity for rust resistance in AVT lines

Rust  No. of lines Number of genes inferred: Details of resistance genes

Stripe 95 Four:  Yr2, Yr9, YrA and Yr18

Stem 120 Thirteen: Sr2, Sr5, Sr7b, Sr8a, Sr8b, Sr9b, Sr9e, Sr11, Sr13, Sr24, Sr28, Sr30 and Sr31

Leaf 112 Ten: Lr1, Lr2a, Lr3, Lr10, Lr13, Lr18, Lr23, Lr24, Lr26 and Lr34

Table 7.3:  Seedling rust resistance in NBDSN 

Rust (s) No. of lines Lines

Leaf and stripe 12 BHS478, BHS481, BHS482, HBL865, HBL867, HBL868, PL908, RD3015, RD3016, 
   RD3019,  RD3021 and HBL113(C) 

Stem and stripe 1 DWRB182 

Leaf and stem 4 DWRB197, KB1848, PL925 and VLB169 

Stripe 16 BH1030, DWRB213, HUB69, KB1817, KB1822, KB1830, PL906, PL911, RD2994, UPB1083, 

   UPB1088, DWRB137(C), RD2552(C), RD2794(C), RD2899(C) and RD2907(C)  

Stem 2 DWRB212 and PL915

Leaf 22 BHS479, BHS480, DWRB204, DWRB209, HUB273, KB1843, NDB1738, PL916, PL918, PL919, 
   PL920, RD3011, RD3013, RD3022, UPB1080, UPB1085, UPB1086, VLB165, VLB166, VLB168, 
   BHS400(C) and VLB118(C)  
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18.98% of the samples.  Among these pathotypes 238S119 is 
most virulent as it has additional virulence for Suwon x 
Omar92 and Riebesel when compared with pt. 46S119.  
Other pathotypes 14S64, 6S0, 7S0 and 47S103(T) have 
occurred in 0.3% to 1.2% samples each.

In stripe rust of barley (P. striiformis hordei), 10 samples were 
analyzed from Himachal Pradesh, Rajasthan and Nepal. 
Pathotypes 0S0 (57) and 4S0 (G) were most predominant 
whereas 1S0 (M) was recorded in one sample only.

P. graminis tritici (wheat stem rust)

In general, wheat stem rust occurred in Peninsular and 
Central India. Seven pathotypes were identi�ed in 127 
samples of stem rust pathotyped from six states of India 
(Tamil Nadu, Karnataka, Maharashtra, Gujarat, Madhya 
Pradesh and Uttarakhand) and Nepal. Pathotype 11 (79G31), 
virulent on Sr2, Sr5, Sr6, Sr7b Sr9a, Sr9b, Sr9c, Sr9d, Sr9f, Sr9g, 
Sr10, Sr13, Sr14, Sr15, Sr16, Sr17, Sr18, Sr19, Sr20, Sr21, Sr28, 
Sr29, Sr30, Sr34, Sr36, Sr38 and SrMcN was most predominant 
and was recorded in 88.2% of the samples analyzed. Other 
six pathotypes were identi�ed in few samples only. While 
pathotype 62G29(40A) occurred in 4.7%, pt. 58G15-3(40-2) 
was observed in 3.9% of the samples. Remaining 4 
pathotypes were detected in 0.78% samples each.

P. triticina (wheat leaf rust)

A total of 465 samples of wheat leaf rust were pathotyped 
from 14 states of India and Nepal. Twenty three pathotypes 
of P. triticina were observed in varying frequencies. Indian 
population of P. triticina was avirulent on Lr24, Lr25, Lr29, 
Lr32, Lr39 Lr45 and Lr47.  Pathotype 77-9 (121R60-1)virulent 
on Lr1, Lr3, Lr10, Lr11, Lr12, Lr13, Lr14a, Lr14b, Lr14ab, Lr15, 
Lr16, Lr17a, Lr17b, Lr18, Lr20, Lr21, Lr22a, Lr22b, Lr23, Lr26, 
Lr27+31, Lr30, Lr33, Lr34, Lr35, Lr36, Lr37, Lr38, Lr40, Lr44, Lr46, 
Lr48, Lr49, Lr67 and followed by 77-5 (121R63-1) were the 
most widely distributed pathotypes and were found to 
occur in 14 and 11 states of India, respectively and Nepal. 
Pathotype 77-9 was identi�ed in 50.3% of pathotyped 
samples followed by 77-5(28.2%), 77-1(109R63) in 7.1% and 
104-2(21R55) in 3.2% samples. Remaining 19 pathotype 
were each detected in less than 1% of the analyzed samples.

In Nepal, 10 pathotype were identi�ed in 20 samples.  
Pathotype 77-9 and 77-5 were most frequent followed by 
77-1. The remaining pathotypes were observed in one 
sample each.

Seedling resistance to rusts on wheat, barley and 
characterization of Lr, Sr and Yr genes in AVT material 

To know the rust resistance, more than 3500 lines of wheat 
and barley were evaluated at seedling stage. Among these, 
287 lines including 137 of AVT and 160 of NBDSN/EBDSN 
were subjected to multi-pathotype screening under 
controlled light and temperature conditions. Seedling rust 
resistance remains effective throughout the life of wheat 
plants. To know the rust resistance of wheat lines comprising 
AVT I, II at seedling stage, 59 pathotypes of three species of 
Puccinia on wheat were used for screening.  Sixteen most 
virulent, predominant pathotypes of Pst, 21 of Pgt and 22 of 
Pt were used for evaluation.

Rust resistant lines of wheat

None of the lines of AVT was resistant to all the rusts. The 
wheat lines showing resistance to one or other rusts are 
given below:-

PBW813 was resistant to stem and stripe rusts. Whereas 
HI1641, HI1642 and MACS6752 were resistant to leaf and 
stem rusts. Twenty other lines were resistant to leaf and 3 to 
stem rust only. In addition 25 lines having Sr31/Lr26/Yr9 were 
resistant to stem rust whereas some to leaf rust also (Table 7.1).

Rust resistance genes in AVT material of wheat

Based on the gene matching technique rust resistance 
genes were characterized in wheat accessions of AVTI and II. 
The details of Lr, Sr and Yr genes are given in Table 7.2.

Yr genes

Among the 137 lines of AVT, Yr genes were characterized in 
95 lines.  Yr genes were postulated in lines where differential 
interactions were observed and in other cases tight linkage 
of Yr genes to resistance genes to other rusts also facilitated 
to infer the presence of a resistance gene.  Four Yr genes viz, 
Yr2, Yr9, YrA and Yr18 contributed for yellow rust resistance in 
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Table 7.1: Rust resistant wheat lines in AVTI and II

Rust No. Resistant  Lines

Stem and stripe rusts 1 PBW813

Leaf and stem rusts 3 HI1641, HI1642 and MACS6752

Leaf rust only 20 CG1020, GW513, GW519, HD3090 (C),  HD2864, HI1544, HI1633, HI1634Q, HI1636, HI1637, 
   MACS 4087 (D), MACS 6747, MACS 6749, MACS3940 (D) (C),  MACS6222 (C),  PBW550 (C), 
   PBW771 (C),  PBW840, RAJ 4541B and UAS446 (D) (C)

Stem rust only 3 DBW303, DBW110 and DBW332

India. Among the postulated Yr genes, Yr2 was most common 
and was characterized in more than half of the lines. Yr9 on the 
other hand occurred in 25, YrA in 16 and Yr18 in one line only. 

Sr genes

Thirteen stem rust resistance genes (Sr2, Sr5, Sr7b, Sr8a, Sr8b, 
Sr9b, Sr9e, Sr11, Sr13, Sr24, Sr28, Sr30 and Sr31) were 
characterized in 120 AVT lines. Sr genes Sr2 and Sr11 were 
postulated in 43 AVT entries. Sr31, linked with Lr26 and Yr9 
and conferring resistance to all the known Pgt pathotypes in 
Indian subcontinent, was postulated in 25 AVT entries. Sr-
genes Sr24, Sr28, Sr5, Sr13 and Sr7b were characterized in 12, 
4, 18, 12 and 31 entries, respectively. Sr30, Sr9b,and Sr8a were 
inferred in seven entries each. Most of the Sr genes occurred 
in the combination of other genes. Entry DBW252 possessed 
a combination of maximum four genes i.e. Sr5+8a+11+2+.

Lr genes

Ten Lr genes viz. Lr1, Lr2a, Lr3, Lr10, Lr13, Lr18, Lr23, Lr24, Lr26 
and Lr34 were characterized in 112 lines.  Lr10 was the most 
commonly occurring leaf rust resistance and was 
characterized in highest number of lines (37) followed by 
Lr13 (30 lines), Lr1 (29 lines) and Lr26 (25 lines).  Lr24 was also 
postulated in 12 lines. Among these Lr13 becomes effective 
at higher temperature. While Lr2a/Sr30 and Lr3 were inferred 
in 6 lines each, Lr18 was postulated in 2, Lr34 in 1 line only. 
Lr2a/Sr30 are closely linked and we have differentiating 
pathotypes for both the resistance genes. Most of the genes 
occurred in combination and many of the lines have leaf rust 
resistance derived from 3 or more Lr genes.

Rust resistance in NBDSN and EBDSN of barley 

All the NBDSN and EBDSN lines were screened against the 
different pathotypes of three rusts of barley under precise 
conditions of temperature and light. Wherever needed 
con�rmatory and selected testing was also undertaken. 
These lines were evaluated against �ve pathotypes each of P. 
graminis tritici,  P. striiformis hordei  and mixture of 
pathotypes. of P. hordei.  None of the NBDSN and EBDSN 
entries was resistant to all the tested pathotypes of Pst, Pt 
and Pgt. The detailed report is presented below.

NBDSN

A total 116 lines of NBDSN were evaluated against the 
different pathotypes of Puccinia spp on barley . 

None of the lines was resistant to all the rusts of barley.  
Twelve lines were resistant both to leaf and stripe rusts, one 
to stem and stripe rusts, whereas 4 to leaf and stem rusts. In 
addition, 16 lines were resistant to stripe, 2 to stem and 22 to 
leaf rust only (Table 7.3).

EBDSN

Forty four lines were evaluated for resistance to three rusts 
by using all the virulent and predominant pathotype of 
each.  Resistance to all the rusts was not found in any line.  
However, 9 lines were resistant to leaf and stripe rusts, 1 to 
stem and stripe rusts, and 2 to leaf and stem rusts. Resistance 
to individual rust was observed in 19 lines. Of these 10 lines 
showed resistance to stripe, one to stem and 8 to leaf rust 
only (Table  7.4 ).

Table 7.2: Diversity for rust resistance in AVT lines

Rust  No. of lines Number of genes inferred: Details of resistance genes

Stripe 95 Four:  Yr2, Yr9, YrA and Yr18

Stem 120 Thirteen: Sr2, Sr5, Sr7b, Sr8a, Sr8b, Sr9b, Sr9e, Sr11, Sr13, Sr24, Sr28, Sr30 and Sr31

Leaf 112 Ten: Lr1, Lr2a, Lr3, Lr10, Lr13, Lr18, Lr23, Lr24, Lr26 and Lr34

Table 7.3:  Seedling rust resistance in NBDSN 

Rust (s) No. of lines Lines

Leaf and stripe 12 BHS478, BHS481, BHS482, HBL865, HBL867, HBL868, PL908, RD3015, RD3016, 
   RD3019,  RD3021 and HBL113(C) 

Stem and stripe 1 DWRB182 

Leaf and stem 4 DWRB197, KB1848, PL925 and VLB169 

Stripe 16 BH1030, DWRB213, HUB69, KB1817, KB1822, KB1830, PL906, PL911, RD2994, UPB1083, 

   UPB1088, DWRB137(C), RD2552(C), RD2794(C), RD2899(C) and RD2907(C)  

Stem 2 DWRB212 and PL915

Leaf 22 BHS479, BHS480, DWRB204, DWRB209, HUB273, KB1843, NDB1738, PL916, PL918, PL919, 
   PL920, RD3011, RD3013, RD3022, UPB1080, UPB1085, UPB1086, VLB165, VLB166, VLB168, 
   BHS400(C) and VLB118(C)  
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Table 7.4: Seedling  rust resistance in EBDSN 

Rust (s) No. of lines Lines

Leaf and stripe 9 HBL113, HBL845, HBL863, PL908, PL2999, PL3000, PL3002, PL3003 and PL3004  

Stem and stripe 1 DWRB182 

Leaf and stem 2 DWRB197 and UPB1078 

Stripe 10 BK1714, DWRB137, HBL848, PL906, PL909, PL2899, PL2980, PL2981, PL2994 and PL3005  

Stem 1 PL3010  

Leaf 8 BK1719(LB), DWRB184, HBL851, KB1633, KB1757, PL3009(LB), VLB130 and VLB164  

Table 7.5: Adult plant resistance to the predominant and virulent pathotypes of Puccinia triticina in wheat lines of AVT
 during 2019-20

Rust (s) No. of lines Lines

77-5, 77-9 and 104-2 9 HD3378, HI1605, JAUW672, K1006, K1317, PBW811, UP3069, WH1080 and WH1252

77-5 and 77-9 9 DBW88, DBW327, HD3059, HD3332, HD3349, HD3377, HPW349, NIAW3170, VL892 and
   WH1270

77-9 and104-2 3 HD2733, HS490, HS562 and MP3336

77-5 and 104-2 6 DBW296, HS668, HS679, HS681, PBW644 and PBW804

77-5 13 DBW110, DBW252, DBW291, GW322, HD2932, HD3334, HI1612, HI1628, RAJ4083, 
   TAW155, WH1021, WH1105 and WH1124

77-9 5 DBW173, DBW187, DBW222, HS680, VL907

104-2 12 DBW290, HD3043, HD3086,  HD3331, HD3298, HI8823, HPW474, MPO1357, UAS472,  
   VL2036, WH1142 and WHD964

Adult plant resistance of AVT lines to different rusts in 
wheat

To identify race speci�c Adult Plant Resistant (APR), the AVT 
lines of wheat were screened against the most predominant 
and virulent pathotypes of Puccinia triticina and P. striiformis. 
These evaluations were conducted under polyhouses 
equipped with temperature and light adjustments. Proper 
checks including differentials, resistance genes and seedlings 
of AVT lines were evaluated under same set of conditions. The 
lines which showed susceptibility at seedling and resistance 
at adult plant stage were categorized as Adult plant resistant 
lines. Detailed information of APR for two wheat rusts is 

presented in Table 7.5 and 7.6.

None of the lines showed appreciable APR to both leaf and 
stripe rusts. DBW187 possessed APR to all the three pts. of 
stripe rust and pt. 77-5 of leaf rust. Likewise HD3086 
conferred APR to stripe rust and pt.104-2 of leaf rust whereas 
HD3332 to stripe rust and pts.77-5 and 77-9 of leaf rust.

APR to Leaf rust

Fifty seven lines of AVT (2019-20) conferred APR to one or 
more pathotypes of leaf rust. Nine lines (HD3378, HI1605, 
JAUW672, K1006, K1317, PBW811, UP3069, WH1080 and 
WH1252) showed adult plant resistance to three pts. 

Eighteen lines possessed APR to 2 pathotypes whereas 30 
other lines supported APR to one or other pathotype. 

APR to Stem rust

Fifty-eight lines exhibited APR to different pts. of stripe rust. 
Among these 12 lines viz. AKDW 2997-16(d) (C), DBW187(I) 
(C), DBW333, DDW47(d)(I), HD3086 (C), HD3249(I) (C), 
HD3332, HI8805(d)(I) (C), HI8818(d), MACS3949(d) (C), 
UAS428(d) (C) and UAS446(d) (C) could confer APR to all 
three major pathotypes of P. striiformis in India. Fourteen 
lines conferred APR to two of the three pts. Thirty-two other 
lines possessed APR  to 110S119 (Table 7.6).

Molecular studies

Marker aided identi�cation of Lr68 in Indian wheat 
material

Recently released wheat varieties were screened for 
presence of different leaf, stem and stripe rust resistance 
genes using molecular markers linked to those genes. 
Lr68/Ltn4, a slow rusting gene, is known to interact with 
other Lr genes to contribute for durable rust resistance. Lr68 
linked simple sequence repeat marker (CsGS-STS-Lr68) was 
used to screen 102 wheat lines which included most of the 
wheat varieties identi�ed during the last few years (Fig. 2). 

Thirty four of these 102 lines showed the presence of Lr68 
(33.3% lines). This may be one of the interacting Lr genes in 
wheat which confers adult plant resistance to leaf rust in India.

Genetic variability in Puccinia spp.

P. striiformis

For a better understanding of the genetic diversity, we 
designed 89 pairs of novel SSR primers from the DNA 
sequence of pathotype 46S119 and screened on 11 
pathotypes. Twenty-four of these primers were polymorphic. 

A total of 69 alleles were detected across the loci with an 
average of 2.87 alleles per locus. Principal component analysis 
(PCA) revealed 55.53% variability among the Pst pathotypes. 
Polymorphic information content (PIC) value from 0.28 to 0.68, 
with a mean of 0.47. Expected heterozygosity was in the range 
of 0.34 to 0.73 range, with a mean of 0.56. Generated 
information will potentially help in rust resistance breeding 
and deployment of resistant cultivars in yellow rust-prone 
areas. Moreover, new SSR markers with a considerable level of 
polymorphism will be bene�cial in distinguishing the Pst 
isolates/pathotypes at both national and international levels.

P. triticina

Five new pathotypes of P. triticina detected from Northeast 
India, Nepal and Bangladesh were studied in detail and the 
sources of resistance to these were reported.  Pathotypes 20-
1, 49, 52-3 were identi�ed from India, 162-5 from Nepal and 
10-1 from Bangladesh. Based on 25 pairs of SSR primers, 
these pathotypes were found distinct and broadly 
categorized in two groups. Seventy-one lines, including 21 
resistant to all the pathotypes, were identi�ed that 
conferred resistance to these �ve new pathotypes. The 
detai led studies on these pathotypes,  including 
distinguishing features, DNA marker based phylogenetic 
relationships, avirulence/virulence structure and sources of 
resistance were conducted.

P. graminis tritici

Molecular variability studies among the twenty-nine black rust 
pathotypes was carried out using selected P. graminis tritici 
speci�c SSR markers. Among the 30 black rust speci�c SSR 
markers, twenty were found to be polymorphic to selected 
pathotypes of P. graminis tritici. The polymorphic primers 
were further tested against all the black rust pathotypes. The 
PCR product was resolved in 3% Super MT4 Agarose (Life 

Table 7.6: Adult plant resistance to the predominant and virulent pathotypes Puccinia striiformis tritici in wheat lines 
of AVT during 2019-20

Rust (s) No. of lines Lines

238S119, 110S119   12 AKDW 2997-16(d) (C), DBW187(I) (C), DBW333, DDW47(d)(I), HD3086 (C), HD3249(I) (C), 
and 46S119  H D3332, HI8805(d)(I) (C), HI8818(d), MACS3949(d) (C), UAS428(d) (C) and UAS446(d) (C)

238S119, and 110S119 11 DBW291, DBW296, DBW332, HI1612 (C), HPW 349 (C), HPW 474, HS 562 (C), JAUW672, 
   PBW811, WH1124 (C) and WH1270

110S119, and 46S119 3 DBW328, HI 8823(d) and MPO1357(d)

110S119 32 DBW173 (C), DBW252(I) (C), DBW303 (C), DBW327, DBW331, DDW48(d)Q, HD3298, 
   HI8627(d), HS 679, K1317,MACS5055, MACS6222 (C), MP1358, MP1361, MP3288, PBW644 
   (C), PBW803, PBW804, PBW812, PBW840 (M), TAW155, UAS466(d)(I), UAS472(d), UP 3069, 
   UP3033, VL 2036, VL 3024, VL 907 (C), WH1080 (C), WH1142 (C), WH1252 and WHD964(d)

Fig.  7.2:  Gel photograph showing the presence of Lr68 in recently released wheat cultivars
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Table 7.4: Seedling  rust resistance in EBDSN 

Rust (s) No. of lines Lines

Leaf and stripe 9 HBL113, HBL845, HBL863, PL908, PL2999, PL3000, PL3002, PL3003 and PL3004  

Stem and stripe 1 DWRB182 

Leaf and stem 2 DWRB197 and UPB1078 

Stripe 10 BK1714, DWRB137, HBL848, PL906, PL909, PL2899, PL2980, PL2981, PL2994 and PL3005  

Stem 1 PL3010  

Leaf 8 BK1719(LB), DWRB184, HBL851, KB1633, KB1757, PL3009(LB), VLB130 and VLB164  

Table 7.5: Adult plant resistance to the predominant and virulent pathotypes of Puccinia triticina in wheat lines of AVT
 during 2019-20

Rust (s) No. of lines Lines

77-5, 77-9 and 104-2 9 HD3378, HI1605, JAUW672, K1006, K1317, PBW811, UP3069, WH1080 and WH1252

77-5 and 77-9 9 DBW88, DBW327, HD3059, HD3332, HD3349, HD3377, HPW349, NIAW3170, VL892 and
   WH1270

77-9 and104-2 3 HD2733, HS490, HS562 and MP3336

77-5 and 104-2 6 DBW296, HS668, HS679, HS681, PBW644 and PBW804

77-5 13 DBW110, DBW252, DBW291, GW322, HD2932, HD3334, HI1612, HI1628, RAJ4083, 
   TAW155, WH1021, WH1105 and WH1124

77-9 5 DBW173, DBW187, DBW222, HS680, VL907

104-2 12 DBW290, HD3043, HD3086,  HD3331, HD3298, HI8823, HPW474, MPO1357, UAS472,  
   VL2036, WH1142 and WHD964

Adult plant resistance of AVT lines to different rusts in 
wheat

To identify race speci�c Adult Plant Resistant (APR), the AVT 
lines of wheat were screened against the most predominant 
and virulent pathotypes of Puccinia triticina and P. striiformis. 
These evaluations were conducted under polyhouses 
equipped with temperature and light adjustments. Proper 
checks including differentials, resistance genes and seedlings 
of AVT lines were evaluated under same set of conditions. The 
lines which showed susceptibility at seedling and resistance 
at adult plant stage were categorized as Adult plant resistant 
lines. Detailed information of APR for two wheat rusts is 

presented in Table 7.5 and 7.6.

None of the lines showed appreciable APR to both leaf and 
stripe rusts. DBW187 possessed APR to all the three pts. of 
stripe rust and pt. 77-5 of leaf rust. Likewise HD3086 
conferred APR to stripe rust and pt.104-2 of leaf rust whereas 
HD3332 to stripe rust and pts.77-5 and 77-9 of leaf rust.

APR to Leaf rust

Fifty seven lines of AVT (2019-20) conferred APR to one or 
more pathotypes of leaf rust. Nine lines (HD3378, HI1605, 
JAUW672, K1006, K1317, PBW811, UP3069, WH1080 and 
WH1252) showed adult plant resistance to three pts. 

Eighteen lines possessed APR to 2 pathotypes whereas 30 
other lines supported APR to one or other pathotype. 

APR to Stem rust

Fifty-eight lines exhibited APR to different pts. of stripe rust. 
Among these 12 lines viz. AKDW 2997-16(d) (C), DBW187(I) 
(C), DBW333, DDW47(d)(I), HD3086 (C), HD3249(I) (C), 
HD3332, HI8805(d)(I) (C), HI8818(d), MACS3949(d) (C), 
UAS428(d) (C) and UAS446(d) (C) could confer APR to all 
three major pathotypes of P. striiformis in India. Fourteen 
lines conferred APR to two of the three pts. Thirty-two other 
lines possessed APR  to 110S119 (Table 7.6).

Molecular studies

Marker aided identi�cation of Lr68 in Indian wheat 
material

Recently released wheat varieties were screened for 
presence of different leaf, stem and stripe rust resistance 
genes using molecular markers linked to those genes. 
Lr68/Ltn4, a slow rusting gene, is known to interact with 
other Lr genes to contribute for durable rust resistance. Lr68 
linked simple sequence repeat marker (CsGS-STS-Lr68) was 
used to screen 102 wheat lines which included most of the 
wheat varieties identi�ed during the last few years (Fig. 2). 

Thirty four of these 102 lines showed the presence of Lr68 
(33.3% lines). This may be one of the interacting Lr genes in 
wheat which confers adult plant resistance to leaf rust in India.

Genetic variability in Puccinia spp.

P. striiformis

For a better understanding of the genetic diversity, we 
designed 89 pairs of novel SSR primers from the DNA 
sequence of pathotype 46S119 and screened on 11 
pathotypes. Twenty-four of these primers were polymorphic. 

A total of 69 alleles were detected across the loci with an 
average of 2.87 alleles per locus. Principal component analysis 
(PCA) revealed 55.53% variability among the Pst pathotypes. 
Polymorphic information content (PIC) value from 0.28 to 0.68, 
with a mean of 0.47. Expected heterozygosity was in the range 
of 0.34 to 0.73 range, with a mean of 0.56. Generated 
information will potentially help in rust resistance breeding 
and deployment of resistant cultivars in yellow rust-prone 
areas. Moreover, new SSR markers with a considerable level of 
polymorphism will be bene�cial in distinguishing the Pst 
isolates/pathotypes at both national and international levels.

P. triticina

Five new pathotypes of P. triticina detected from Northeast 
India, Nepal and Bangladesh were studied in detail and the 
sources of resistance to these were reported.  Pathotypes 20-
1, 49, 52-3 were identi�ed from India, 162-5 from Nepal and 
10-1 from Bangladesh. Based on 25 pairs of SSR primers, 
these pathotypes were found distinct and broadly 
categorized in two groups. Seventy-one lines, including 21 
resistant to all the pathotypes, were identi�ed that 
conferred resistance to these �ve new pathotypes. The 
detai led studies on these pathotypes,  including 
distinguishing features, DNA marker based phylogenetic 
relationships, avirulence/virulence structure and sources of 
resistance were conducted.

P. graminis tritici

Molecular variability studies among the twenty-nine black rust 
pathotypes was carried out using selected P. graminis tritici 
speci�c SSR markers. Among the 30 black rust speci�c SSR 
markers, twenty were found to be polymorphic to selected 
pathotypes of P. graminis tritici. The polymorphic primers 
were further tested against all the black rust pathotypes. The 
PCR product was resolved in 3% Super MT4 Agarose (Life 

Table 7.6: Adult plant resistance to the predominant and virulent pathotypes Puccinia striiformis tritici in wheat lines 
of AVT during 2019-20

Rust (s) No. of lines Lines

238S119, 110S119   12 AKDW 2997-16(d) (C), DBW187(I) (C), DBW333, DDW47(d)(I), HD3086 (C), HD3249(I) (C), 
and 46S119  H D3332, HI8805(d)(I) (C), HI8818(d), MACS3949(d) (C), UAS428(d) (C) and UAS446(d) (C)

238S119, and 110S119 11 DBW291, DBW296, DBW332, HI1612 (C), HPW 349 (C), HPW 474, HS 562 (C), JAUW672, 
   PBW811, WH1124 (C) and WH1270

110S119, and 46S119 3 DBW328, HI 8823(d) and MPO1357(d)

110S119 32 DBW173 (C), DBW252(I) (C), DBW303 (C), DBW327, DBW331, DDW48(d)Q, HD3298, 
   HI8627(d), HS 679, K1317,MACS5055, MACS6222 (C), MP1358, MP1361, MP3288, PBW644 
   (C), PBW803, PBW804, PBW812, PBW840 (M), TAW155, UAS466(d)(I), UAS472(d), UP 3069, 
   UP3033, VL 2036, VL 3024, VL 907 (C), WH1080 (C), WH1142 (C), WH1252 and WHD964(d)

Fig.  7.2:  Gel photograph showing the presence of Lr68 in recently released wheat cultivars
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Fig  7.3: Allelic pattern among Puccinia graminis tritici ampli�ed by SSR primer SSR-P TATC-40. PCR products were separated in 3 % Super 
MT4 Agarose gels. (M: 100 bp Ladder, 1 to 29 ampli�cation pattern in pathotypes 11, 11A, 14, 15-1, 21, 21-1, 21A-2, 24A, 34-1, 40, 40A, 40-1, 
40-2, 40-3, 42, 42B, 117, 117A, 117A-1, 117-1, 117-2, 117-3, 117-4, 117-5, 117-6, 122, 184, 184-1 and 295)

Technologies) instead of normal agarose, which in earlier 
attempts was not able to resolve the DNA bands properly. 
Some of the primers clearly differentiated black rust 
pathotypes (Fig. 7.3).  Further analysis of the SSR genotypes is 
being carried out, which is expected to deliver good 
molecular genotype grouping of the Indian repository of 
black rust pathotypes.

Molecular basis of wheat-leaf rust interaction 

qRT-PCR for validation of eleven Puccinia triticina non-
coding RNAs was done in compatible and incompatible 
( L r 2 8 )  wheat  leaf  rust  interac t ion .  The  re lat ive 
expressions of eight ncRNAs were relatively more in 
compatible interaction, whereas only one ncRNA 
expressed more in incompatible interaction. One ncRNA 
had almost equal expression in both compatible and 
incompatible interactions. The results of other target 
sequences were not comparable due to non-speci�c or 
false ampli�cation during qRT-PCR. Following is the 
summary of qRT-PCR results for two ncRNAs:

The relative expression of ncRNA id. URS000064D4 
E8_630390 was more pronounced in incompatible 

interaction. For initial two days its expression was more in 
compatible interaction (Fig. 7.4). From these results we 
could conclude that this ncRNA might be contributing to 
avirulence in the pathogen.

The relative expression of ncRNA id. URS00006E2 
FB0_630390 was maximum in incompatible interaction 
after three days of inoculation (DAI), which remained 0 after 
4 and peaked at 11 DAI (Fig. 7.5). 

Maintenance and supply of nucleus inoculum of 
pathotypes of wheat and barley rust pathogens

A collection of more than 120 pathotypes of different 
rust pathogens of wheat, barley, oat and linseed were 
maintained in live culture as well as cryo-preserved. It 
has become difficult to maintain live cultures of more 
than 150 pathotypes of different rusts. Therefore, 
strategically less important pathotypes have been 
d i s c o n t i n u e d  a n d  s u ffi c i e n t  i n o c u l a  o f  t h o s e 
pathotypes have been cryo-preserved for use in 
future. Nucleus as well as bulk inocula of different 
r u s t  p a t h o t y p e s  we re  s u p p l i e d  to  4 5  ce n te r s / 
Scientists.

Wheat disease monitoring nurseries

Wheat disease monitoring nursery was planted at 37 
strategic locations evenly distributed throughout India. 
Data were received from all the locations except for 5. Yellow 
rust was noticed at all the locations of NHZ and NWPZ except 
IIWBR, RS, Shimla. It was not reported from any other zones 
including NEPZ and SHZ. More than 60S severity of yellow 
rust was reported from all the locations of NHZ and NWPZ 
except Tutikandi and Abohar where maximum yellow rust 
severity was 40S on Agra local, Lal Bahadur and WH147 
(Tutukandi) and Lal Bahadur (Abohar). At least nine entries of 
WDMN had more than 40S severity at Almora, Bajaura, Akrot, 
Dalang Maidan, Khudwani, Dhaulakuan, Ropar, Gurdaspur, 
Langroya, Ludhiana and Pantnagar. Agra Local, Kharchia 
Mutant and WH147 had 100S yellow rust severity at Hisar.

Brown rust was reported from ten locations of NHZ and 
NWPZ viz. Almora and Pantnagar in Uttarakhand, Akrot and 
Flowerdale in Himachal Pradesh, Kathua and Jammu 
(Jammu), Hisar (Haryana), Langroya, Ludhiana and Abohar 
in Punjab. It was reported from all the locations of NEPZ 

except Ranchi. In central zone, brown rust appeared at 
Raipur, Vijapur, Indore and Powerkheda and in PZ and SHZ at 
Dharwad, Niphad and Pune and Wellington. At Indore (CA) 
brown rust appeared only on Agra Local, Lal Bahadur and C-
306 and other entries were brown rust free of the 32 
locations of WDMNs, black rust was observed only at 
Gurdaspur in NWPZ, Powerkheda in CZ, Pune, Niphad and 
Dharwad in PZ and Wellington in SHZ. All the entries of 
WDMN were black rust free in NHZ and NEPZ. Leaf blight was 
reported from WDMNs planted at Almora, Kathua, Jammu 
(Udhaywalla), Sabaur, Ranchi, Kanpur, Varanasi, Raipur and 
Niphad. Powdery mildew was observed only at Almora, 
Akrot, Kathua, Jammu and Dhaulakuan. Wheat loose smut 
was reported only from Sabour. 

Under the umbrella of Regional Station, ICAR-IIWBR, Shimla 
and CIMMYT, Delhi, SAARC wheat disease monitoring 
nursery was planted at 28 locations in India, Bangladesh, 
Bhutan, Nepal and Pakistan. Data were received from all the 
locations in India, Bangladesh and Nepal. Major outbreak of 
wheat diseases was not recorded in these South Asian 
countries.

Fig. 7.4: The relative expression pro�le of Pt non-coding RNA (Id. 
URS000064D4E8_630390) at different stages after Pt inoculation in 
compatible and incompatible interaction

Fig. 7.5: The relative expression pro�le of Pt non-coding RNA (Id. 
URS00006E2FB0_630390) at different stages after Pt inoculation in 
compatible and incompatible interaction
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Fig  7.3: Allelic pattern among Puccinia graminis tritici ampli�ed by SSR primer SSR-P TATC-40. PCR products were separated in 3 % Super 
MT4 Agarose gels. (M: 100 bp Ladder, 1 to 29 ampli�cation pattern in pathotypes 11, 11A, 14, 15-1, 21, 21-1, 21A-2, 24A, 34-1, 40, 40A, 40-1, 
40-2, 40-3, 42, 42B, 117, 117A, 117A-1, 117-1, 117-2, 117-3, 117-4, 117-5, 117-6, 122, 184, 184-1 and 295)

Technologies) instead of normal agarose, which in earlier 
attempts was not able to resolve the DNA bands properly. 
Some of the primers clearly differentiated black rust 
pathotypes (Fig. 7.3).  Further analysis of the SSR genotypes is 
being carried out, which is expected to deliver good 
molecular genotype grouping of the Indian repository of 
black rust pathotypes.

Molecular basis of wheat-leaf rust interaction 

qRT-PCR for validation of eleven Puccinia triticina non-
coding RNAs was done in compatible and incompatible 
( L r 2 8 )  wheat  leaf  rust  interac t ion .  The  re lat ive 
expressions of eight ncRNAs were relatively more in 
compatible interaction, whereas only one ncRNA 
expressed more in incompatible interaction. One ncRNA 
had almost equal expression in both compatible and 
incompatible interactions. The results of other target 
sequences were not comparable due to non-speci�c or 
false ampli�cation during qRT-PCR. Following is the 
summary of qRT-PCR results for two ncRNAs:

The relative expression of ncRNA id. URS000064D4 
E8_630390 was more pronounced in incompatible 

interaction. For initial two days its expression was more in 
compatible interaction (Fig. 7.4). From these results we 
could conclude that this ncRNA might be contributing to 
avirulence in the pathogen.

The relative expression of ncRNA id. URS00006E2 
FB0_630390 was maximum in incompatible interaction 
after three days of inoculation (DAI), which remained 0 after 
4 and peaked at 11 DAI (Fig. 7.5). 

Maintenance and supply of nucleus inoculum of 
pathotypes of wheat and barley rust pathogens

A collection of more than 120 pathotypes of different 
rust pathogens of wheat, barley, oat and linseed were 
maintained in live culture as well as cryo-preserved. It 
has become difficult to maintain live cultures of more 
than 150 pathotypes of different rusts. Therefore, 
strategically less important pathotypes have been 
d i s c o n t i n u e d  a n d  s u ffi c i e n t  i n o c u l a  o f  t h o s e 
pathotypes have been cryo-preserved for use in 
future. Nucleus as well as bulk inocula of different 
r u s t  p a t h o t y p e s  we re  s u p p l i e d  to  4 5  ce n te r s / 
Scientists.

Wheat disease monitoring nurseries

Wheat disease monitoring nursery was planted at 37 
strategic locations evenly distributed throughout India. 
Data were received from all the locations except for 5. Yellow 
rust was noticed at all the locations of NHZ and NWPZ except 
IIWBR, RS, Shimla. It was not reported from any other zones 
including NEPZ and SHZ. More than 60S severity of yellow 
rust was reported from all the locations of NHZ and NWPZ 
except Tutikandi and Abohar where maximum yellow rust 
severity was 40S on Agra local, Lal Bahadur and WH147 
(Tutukandi) and Lal Bahadur (Abohar). At least nine entries of 
WDMN had more than 40S severity at Almora, Bajaura, Akrot, 
Dalang Maidan, Khudwani, Dhaulakuan, Ropar, Gurdaspur, 
Langroya, Ludhiana and Pantnagar. Agra Local, Kharchia 
Mutant and WH147 had 100S yellow rust severity at Hisar.

Brown rust was reported from ten locations of NHZ and 
NWPZ viz. Almora and Pantnagar in Uttarakhand, Akrot and 
Flowerdale in Himachal Pradesh, Kathua and Jammu 
(Jammu), Hisar (Haryana), Langroya, Ludhiana and Abohar 
in Punjab. It was reported from all the locations of NEPZ 

except Ranchi. In central zone, brown rust appeared at 
Raipur, Vijapur, Indore and Powerkheda and in PZ and SHZ at 
Dharwad, Niphad and Pune and Wellington. At Indore (CA) 
brown rust appeared only on Agra Local, Lal Bahadur and C-
306 and other entries were brown rust free of the 32 
locations of WDMNs, black rust was observed only at 
Gurdaspur in NWPZ, Powerkheda in CZ, Pune, Niphad and 
Dharwad in PZ and Wellington in SHZ. All the entries of 
WDMN were black rust free in NHZ and NEPZ. Leaf blight was 
reported from WDMNs planted at Almora, Kathua, Jammu 
(Udhaywalla), Sabaur, Ranchi, Kanpur, Varanasi, Raipur and 
Niphad. Powdery mildew was observed only at Almora, 
Akrot, Kathua, Jammu and Dhaulakuan. Wheat loose smut 
was reported only from Sabour. 

Under the umbrella of Regional Station, ICAR-IIWBR, Shimla 
and CIMMYT, Delhi, SAARC wheat disease monitoring 
nursery was planted at 28 locations in India, Bangladesh, 
Bhutan, Nepal and Pakistan. Data were received from all the 
locations in India, Bangladesh and Nepal. Major outbreak of 
wheat diseases was not recorded in these South Asian 
countries.

Fig. 7.4: The relative expression pro�le of Pt non-coding RNA (Id. 
URS000064D4E8_630390) at different stages after Pt inoculation in 
compatible and incompatible interaction

Fig. 7.5: The relative expression pro�le of Pt non-coding RNA (Id. 
URS00006E2FB0_630390) at different stages after Pt inoculation in 
compatible and incompatible interaction
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8. REGIONAL STATION DALANG MAIDAN, LAHAUL & SPITI (H.P.)

The ICAR - IIWBR Regional Station located at Dalang Maidan, 
Lahaul & Spiti, Himachal Pradesh act as a national off-season 
crop facility for wheat and barley researchers of the country. 
The station is located at Manali-Leh Highway 14 KM towards 
East from District Headquarters Keylong. It is situated at 

0 032 30' N and 76 59' E at an altitude of 3045 m (9990 feet) 
above mean sea level. The regional station serves as a 
national facility for providing environment for growing 
wheat, barley, mustard, lentil and chickpea and other crops 
during the off-season.

The summer nursery 2020 was not planted due to 
nationwide lockdown in April-June, 2020.

Natural repository for wheat and barley germplasm 

The regional station as natural repository for wheat and 
barley germplasm and at present about 9000 wheat 
accessions and about 2000 barley accessions are being 

conserved and maintained under natural cool temperature 
conditions in the station building. This low cost germplasm 
maintenance facility has been further strengthened by 
construction of separate germplasm storage room at the 
station. 

Irrigation pipeline work

Special repair of irrigation pipeline of FIS Dalang from 
Chokerling Nallah in G.P Gondhla to RS Dalang Maidan was 
completed by Irrigation & Public Health Deptt. of Govt of 
Himachal Pradesh.

Farmers' training

A group of 45 farmers from Lahaul – Spiti was given 3 days 
training at IIWBR, Karnal under Tribal Sub Plan programme 
on the topic  “Increasing farm income of Lahaul-Spiti farmers 
through improved wheat & vegetable production 
technologies”.

The Seed and Research Unit, Hisar is located at the Southern 
bypass in the North-West of Hisar city. It has experimental 
farm an area of 200 acres and mandated with breeder seed 
production of popular/newly released wheat and barley 
varieties and evaluation of wheat and barley lines and trials 
under the All India Coordinated Wheat and Barley 
Improvement Programme.

Breeder Seed Production

During the rabi crop season 2019-20, wheat and barley crop 
was planted in a total of 62 acres. Out of this, wheat was 
planted in 43 acres while barley was planted in 19 acres. A 
total of 1011.65 quintals of wheat and barley breeder seed 
was produced during the season. The wheat varieties grown 
were WB2, DBW173, and DBW252 of which 765.5 quintal of 
breeder seed was produced. The average productivity was 
recorded to be 17.80 q/ acre. The breeder seed produced of 
three barley varieties viz. DWRB137, DWRUB101, DWRB160 
amounted to be 246.15 quintals with a productivity of 12.97 
q/ acre (Table 9.1). 

Generation of Revenue

A total of 47.24 quintals of wheat and barley mixture was 
generated during the breeder seed production and it was 
put to retail and an amount of ` 67053/- was retailed to 
generate the revenue for the Institution. A total of 475 
quintals of wheat and barley straw was given to the ICAR-
Central Institute for Research on Buffaloes under MoU. 

Soil improvement 

The cultivated and fallow land at Seed and Research Farm, 
Hisar is low in organic matter and suffers from a very high 
salinity. To improve the soil for enhanced productivity, 
Sesbania (dhaincha) was grown for green manure in 185 
acres during the kharif season.  

Trials/Nurseries Conducted

During the period 32 wheat entries (SATSN) were evaluated 
under salinity conditions of Hisar. Selections were made from 
various segregating generations of barley crosses and station 
trial of various promising entries were also conducted. 

Fig. 8.1: IIWBR Regional Station Dalang Maidan (Lahaul & Spiti, HP)

9. SEED AND RESEARCH UNIT, HISAR

Table 9.1: Production summary of seed and research unit, Hisar

S. No. Commodity Quantity (q) Remarks

1  Wheat  765.5 (Breeder seed)  Handed over to ICAR-IIWBR, Karnal

2  Barley 246.15 (Breeder seed) Handed over to ICAR-IIWBR, Karnal

3  Mixture 47.24 67053/-

4  Straw 475 Handed over to ICAR-CIRB
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Fig. 9.1 : Evaluation of ICARDA barley gene pool (320 lines) under salinity conditions at Hisar
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10. INSTITUTE ACTIVITIES AND MAJOR EVENTS

Brainstorming session 

Brainstorming session on "Adoption pattern of wheat 
production technologies in India – Key recommendations and 
landscape survey and future approaches" under the  project 
Cereal Systems Initiative for South Asia (CSISA) was 
organised on January 04, 2020. Dr. AK Singh, DDG 
(Extension), ICAR chaired the session.

National Symposium on Plant Disease Management for 
Food Security under Climate Change Scenario

National Symposium on "Plant disease management for food 
security under climate change scenario and annual meeting of 
Indian Phytopathological Society (North Zone)" organized on 
January 9-10, 2020 at ICAR-Indian Institute of Wheat and 
Barley Research, Karnal.

thVI  Foundation Day  
thInstitute celebrated its 6  Foundation day on Feb 9, 2020. 

Padma Bhushan Dr. Anil P Joshi, Founder, Himalayan 
Environmental Studies and Conservation Organization 
(HESCO) delivered the foundation day lecture, while Dr. MS 
Chauhan, Director, NDRI, Karnal was the chief guest.  

 

  

National and International Workshop 

International Workshop on DUS testing of Wheat and 
Barley

International Workshop on “DUS testing of Wheat and Barley” 
under the aegis of Indo German Bilateral Cooperation on 
Seed Sector was organized at ICAR-IIWBR, Karnal  on 
February 19-20, 2020 under the chairmanship of Dr. K. V.  
Prabhu, Chairperson, PPV&FRA, New Delhi, while Dr. G.P. 
Singh, Director, ICAR-IIWBR, Karnal co-chaired the 
workshop. A total of 50 participants from various ICAR 
institutes, SAUs, Pvt. Seed companies and IPR attorneys 
attended the international workshop.

National Workshop on Use of Digital Field Book

A workshop on "Use of digital �eld book in wheat" was 
organized under the ICAR-BMGF project on February 25, 
2020. 

Dr. AK Singh, DDG (Extension), ICAR chairing the Brainstorming session 

Inaugural session of National Symposium

Padma Bhushan Dr. Anil P Joshi, Founder, HESCO delivering 
the foundation day lecture

Participants visiting DUS wheat �eld
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th59  All India Wheat and Barley Research Workers' Meet
thThe 59  All India Wheat and Barley Research Workers' Meet, 

was virtually organized by the ICAR-Indian Institute of 
Wheat & Barley Research, Karnal from August 24-25, 2020. 
The meet was inaugurated by Dr T Mohapatra, Secretary, 
DARE & Director General, ICAR,New Delhi. The other 
dignitaries who graced the occasion were Dr TR Sharma, 
DDG (Crop Science), Dr. YP Singh, ADG (FFC), Dr. AK Singh, 
Director, IARI, New Delhi and Dr. AK Joshi, CIMMYT Co-
ordinator, India. The meeting had �ve sessions for reviewing 
the research progress of 2019-2020, �ve year work 
performance of central zone centres and planning of 2020-
21 season trials. Besides, one session on International 
collaborations with CIMMYT, ICARDA and HARVEST PLUS 
was also held wherein research program with these 
organizations was discussed. 

VS Mathur Memorial Award Lecture

Dr Hans-Joachim Braun, Director, Global Wheat Program, 
CIMMYT, Mexico delivered the VS Mathur Memorial Award 
lecture on September 8, 2020.

Gandhi  Jayanti  Utsav Programme celebrated 

Institute celebrated a week-long Gandhi Jayanti Utsav 
Program from September 25 to October 2, 2020. Number of 
events like importance of cleanliness. painting competition, 
swachhata abhiyan, yoga day, debate competition, poetry 
presentation on Gandhiji, tree plantation, slogan writing were 

ndorganized. On 2  October 2020 a special programme was 
organized in which each and every employee of ICAR-IIWBR 
taken the Swachhta Oath followed by lecture by Dr. Anoop 
Kumar Mishra from BHU and he threw light on the philosophy 
of life of the Father of the Nation, Mahatma Gandhi.

Institute Research Council Meeting (2020)

Two Institute Research Council (IRC) meetings were 
storganized during the year. The 1  IRC meeting was held 

ndon 11-02-2020 while the 2  IRC Meeting was th held on 29
October, 2020 at ICAR, IIWBR under the Chairmanship of 
Dr. GP Singh, Director, IIWBR, Karnal in virtual mode in 
view of the Covid 19 guidelines. The Research Project 
Proposal – III (2015-20 projects) presentations were made 
by different  programme leaders.  A  total  of  ten 
programmes for the period 2020-25 were approved by 
the IRC.

Institute Management Committee 
thThe XXVIII   meeting of Institute Management Committee 

meeting was held under the chairmanship of Dr. GP Singh, 
Director, IIWBR, Karnal in virtual mode on November 28, 
2020. The agenda note was discussed in detail during the 
meeting.

Swachhta Pakhwada
th st Swachhta Pakhwada was celebrated from 16  to  31

December, 2020. During this three different awareness 
programmes were organized in villages Sikander Kheri 
(district Kaithal) & Kaimla and Nali- Khurd (both from 
District Karnal).  Two “Sanitation and SWM"' activities 
were carried out, one in the Gehoon Vihar campus and 

Discussion during the workshop on use of digital �eld book in wheat

Dr. T. Mohapatra, Secretary, DARE & Director General, ICAR, New Delhi
thdelivering the inaugural address during the virtual  59  All India Wheat

and Barley Research Workers’ Meet

Tree plantation during  Gandhi  Jayanti  Utsav

another at IARI Regional station residential area.  A 
meeting was organized using video conferencing mode 
to share among the participants their experiences on 
household waste management. Participants from Karnal, 
Varanasi and Bangalore joined the meeting. Two short 
videos prepared on how to go for waste management 
were shared.  Three separate competit ions were 
organized viz., Essay writing, Elocution and painting 
competition for various categories involving students, 
staff and contractual employees.  

Interaction meeting

An interaction meeting was held with the Glaxo 
smithkline Consumer Healthcare Gurgaon Ltd. on March 
07, 2020 for enhancing the use of barley and malt in 
health products.

National and International Days 

During the year Institute celebrated various days: 

June 21, 2020: Celebrated as International Day of Yoga. On 
this occasion, the staff and their family members performed 
various asanas at home under theme “Yoga at home and 
yoga with family”.

November 26, 2020: Celebrated as Constitution Day (or 
Samvidhan Divas).

December 3, 2020: Celebrated as Agricultural Education Day.

December 5, 2020: Celebrated as  World Soil Day.

December 23, 2020: Celebrated as  National Farmers Day.

December 25, 2020: Interaction of Hon'ble Prime Minister 
with Farmers and Kisaan Samman Nidhi.

INSTITUTE ACTIVITIES AND MAJOR EVENTSINSTITUTE ACTIVITIES AND MAJOR EVENTS
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11. EXTENSION ACTIVITIES

1. 08 -10 January, 2020 3 37 Farmers Gehoon Evam Jau Ki Unnat Kheti DDA Dehradun, Uttarakhand 
sponsored at IIWBR

S.  Date Duration  No. of  Subject  Organised by
No.   (Days) Trainees     

2. 12-13 January, 2020 2 3 Agriculture 
Professionals

Fasal Avshesh Prabandhan Faculty of Agriculture, Bhopal at 
ICAR-IIWBR, Karnal

3. 20-22 January, 2020 3 37 Farmers Gehoon evam jau fasal me jal 
prabandhan dwara kisano ki aaye me 
vriddhi

ICAR-IIWBR, Karnal

Table 11.1: Training programmes organized/conducted at ICAR–IIWBR, Karnal

1. th09  February, 2020 th6  Foundation Day of ICAR-IIWBR, Karnal ICAR-IIWBR, Karnal

S.No. Date  Subject  Organized by

Table 11.2: Kisan Mela/Farmers Day/Field Day

2. th15  October, 2020 Womens Day celebration at village Furlak 
Karnal, Haryana 

ICAR-IIWBR, Karnal

3. th26  November, 2020 th70  Constitution Day ICAR-IIWBR, Karnal

4. rd03  December, 2020 Agricultural Education Day at ICAR-IIWBR, 
Karnal, Haryana

ICAR-IIWBR, Karnal

5. th05  December, 2020 World Soil Day at village Nabipur Karnal, 
Haryana 

ICAR-IIWBR, Karnal

6. rd23  December, 2020 National Farmers Day at village Nabipur, 
Karnal, Haryana

ICAR-IIWBR, Karnal

1. Sustainable Wheat 
Production and Nutritional 
Security in India

1 Directorate of Wheat Development, 
Govt. of India, Ministry of Agriculture & 
Farmers Welfare DAC&FW at National 
Centre for Organic Farming, Kamla 
Nehru Nagar, Ghaziabad, Uttar Pradesh.

S.No. Programme Date  Duration (Days) Organized by

Table 11.3: Organization/Participation in Exhibition

22 January, 2020

2. Global Potato Conclave 
2020

4 Indian Potato Association in collaboration 
with Indian Council of Agricultural 
Research, New Delhi and ICAR-Central 
Potato Research Institute at Mahatma 
Mandir, Gandhinagar, Gujarat.

28-31 January, 2020

3. Virat Kisan Mela 2020 1 Department of Agriculture, Baghpat at 
Samrat Prathviraj Degree College, 
Baghpat, Uttar Pradesh.

06 February, 2020

4. National Dairy Mela 2020 3 ICAR-National Dairy Research Institute, 
Karnal, Haryana

15-17 February, 2020

5. Ganna Vikas Mela 2020 2 ICAR-Sugarcane Breeding Institute, 
Regional Centre, Karnal, Haryana

28-29 February, 2020

6. Rabi Kisan Mela 2020 1 ndOn the occasion of 2  Foundation Day 
of Dr. Gurbachan Singh Foundation, 
Kachhawa Road, Karnal

03 March, 2020

7. Pusa Krishi Vigyan Mela 
2020

3 ICAR-Indian Agricultural Research 
Institute, New Delhi at Mela Ground, 
IARI, New Delhi

05-07 March, 2020

Table 11.4: Coordination of visits at ICAR-IIWBR, Karnal during 2020

Extension lectures delivered

Dr. Anuj Kumar delivered a lecture (09.01.2020) on 'Krishi Me 
Udyamita Vikas' in Training on “Gehoon Evam Jau Ki Unnat 
Kheti” during 8-10 January, 2020 at IIWBR, Karnal sponsored 
by DDA Dehradun, Uttarakhand.

Dr. Anuj Kumar delivered a lecture (21.01.2020) on 'Krishi 
Me Udyamita Vikas' in Training ogranised during 20-22 
January, 2020 on “Gehoon Evam Jau Me Jal Prabandhan 
Dwara Kisano Ki Aaye Me Vriddhi” at ICAR-IIWBR, 
Karnal.

Dr. Anuj Kumar delivered a lecture (05.02.2020) on 
'Effective Writing and Editing' in Training programme on 
“Documenting Success Stories during 3-7 February, 
2 0 2 0  a t  N D R I ,  K a r n a l  s p o n s o r e d  b y  M A N A G E , 
Hyderabad.

Dr. Anuj Kumar delivered a lecture (06.02.2020) on 
'Motivat ional  Sk i l l s  and Leadership'  in  MTC on 
“Livelihood Security of farmers through technological 
interventions in salt affected soils” during 31 January to 7 
February, 2020 at CSSRI, Karnal, Haryana.

Dr. Anuj Kumar delivered a lecture (15.02.2020) on 

'Formation of FPO for Entrepreneurship in Seed Sector' in 
ICAR- short course during 06-15, February 2020 on 
"Participatory Seed Production of Rabi Crops for 
Entrepreneurial Development" at  ICAR- IIWBR, Karnal. 

Dr. Anuj Kumar delivered a lecture (17.02.2020) on 'Bhartiya 
Krishi Ke Vikas Me Bankon Ki Bhumika' in UCO Bank Mandal 
Karyalaya Karnal during GD Birla Memorial Vyakhyanmala.

Dr. Sendhil R delivered a lecture (14.02.2020) on 'A 
Comparative Economics of Seed vis-à-vis Grain Production 
in Wheat' at the short course during 06-15 February, 2020 on 
'Participatory Seed Production of Rabi Crops for 
Entrepreneurial Development' at ICAR-IIWBR, Karnal

Dr. Sendhil R delivered a lecture (13.02.2020) on 'Impact 
Assessment Scienti�c Method, Result Analysis and Report 
Writing' at the Workshop/Training on 'Impact Assessment 
and Program Evaluation' held at Extension Education 
Institute (EEI), Nilokheri during 11-14 February, 2020.

Advisories

COVID-19 advisories were disseminated to different 
stakeholders through ICAR-IIWBR website and social 
media.

EXTENSION ACTIVITIES
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S.No Date Number of visitors  From
1. January 16, 2020 40 Farmers Gurugram, Haryana

2. January 22, 2020 47 Students Pehowa, Kurukshetra

3. January 22, 2020 35 Farmers Gujarat

4. January 24, 2020 35  Women farmers Gujarat

5. January 27, 2020 50 Farmers Uttar Pradesh

6. January 27, 2020 55 Farmers Amethi, Uttar Pradesh

7. January 28, 2020 100 Farmers Nillokheri, Karnal, Haryana

8. January 30, 2020 100 Farmers Asandh, Karnal, Haryana

9. February 10, 2020 21  Students Rahuri, Maharashtra 

10. February 13, 2020 20 Students Uttar Pradesh

11. February 14, 2020 44 students Karnal, Haryana

12. February 14, 2020 50 Farmers Fatehpur, UP

13. February 17, 2020 50 Students Kaithal, Haryana

14. February 17, 2020 50 Students Maharashtra

15. February 25, 2020 28 Farmers  Sonipat, Haryana

16. March 04, 2020 41 Farmers Raipur, Chhatisgarh

17. March 05, 2020 25 Farmers Chhattisgarh

18. March 08, 2020 45 Farmers Rajasthan

19. March 14, 2020 6 Farmers Bulandshahar, UP

20. March 19, 2020 11 Farmers Maharashtra

21. November 20, 2020 50 Farmers Basti, Uttar Pradesh
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'Motivat ional  Sk i l l s  and Leadership'  in  MTC on 
“Livelihood Security of farmers through technological 
interventions in salt affected soils” during 31 January to 7 
February, 2020 at CSSRI, Karnal, Haryana.

Dr. Anuj Kumar delivered a lecture (15.02.2020) on 

'Formation of FPO for Entrepreneurship in Seed Sector' in 
ICAR- short course during 06-15, February 2020 on 
"Participatory Seed Production of Rabi Crops for 
Entrepreneurial Development" at  ICAR- IIWBR, Karnal. 

Dr. Anuj Kumar delivered a lecture (17.02.2020) on 'Bhartiya 
Krishi Ke Vikas Me Bankon Ki Bhumika' in UCO Bank Mandal 
Karyalaya Karnal during GD Birla Memorial Vyakhyanmala.

Dr. Sendhil R delivered a lecture (14.02.2020) on 'A 
Comparative Economics of Seed vis-à-vis Grain Production 
in Wheat' at the short course during 06-15 February, 2020 on 
'Participatory Seed Production of Rabi Crops for 
Entrepreneurial Development' at ICAR-IIWBR, Karnal

Dr. Sendhil R delivered a lecture (13.02.2020) on 'Impact 
Assessment Scienti�c Method, Result Analysis and Report 
Writing' at the Workshop/Training on 'Impact Assessment 
and Program Evaluation' held at Extension Education 
Institute (EEI), Nilokheri during 11-14 February, 2020.

Advisories

COVID-19 advisories were disseminated to different 
stakeholders through ICAR-IIWBR website and social 
media.
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S.No Date Number of visitors  From
1. January 16, 2020 40 Farmers Gurugram, Haryana

2. January 22, 2020 47 Students Pehowa, Kurukshetra

3. January 22, 2020 35 Farmers Gujarat

4. January 24, 2020 35  Women farmers Gujarat

5. January 27, 2020 50 Farmers Uttar Pradesh

6. January 27, 2020 55 Farmers Amethi, Uttar Pradesh

7. January 28, 2020 100 Farmers Nillokheri, Karnal, Haryana

8. January 30, 2020 100 Farmers Asandh, Karnal, Haryana

9. February 10, 2020 21  Students Rahuri, Maharashtra 

10. February 13, 2020 20 Students Uttar Pradesh

11. February 14, 2020 44 students Karnal, Haryana

12. February 14, 2020 50 Farmers Fatehpur, UP

13. February 17, 2020 50 Students Kaithal, Haryana

14. February 17, 2020 50 Students Maharashtra

15. February 25, 2020 28 Farmers  Sonipat, Haryana

16. March 04, 2020 41 Farmers Raipur, Chhatisgarh

17. March 05, 2020 25 Farmers Chhattisgarh

18. March 08, 2020 45 Farmers Rajasthan

19. March 14, 2020 6 Farmers Bulandshahar, UP

20. March 19, 2020 11 Farmers Maharashtra

21. November 20, 2020 50 Farmers Basti, Uttar Pradesh



12. DISTINGUISHED VISITORS

ICAR-IIWBR, Karnal

January 4, 2020: Dr. AK Singh, DDG (Extension) and Director, 
ICAR-IRI visited the institute to chair a brainstorming session 
on “Adoption Pattern of Wheat Production Technologies in 
India-Key Recommendations and Landscape Survey and 
Future Approaches”. 

February 03, 2020: Dr. Samar Singh, Vice Chancellor, 
Maharana Pratap Horticultural University, Karnal visited the 
ICAR-IIWBR, Karnal and inaugurated the hands-on training 
programme on “Coordinated Trial Conduction and Data 
Recording and Reporting”.

February 06, 2020: Dr. RC Agrawal, DDG (Education), ICAR, 
New Delhi visited the ICAR-IIWBR, Karnal and inaugurated 
the Short Course on “Participatory Seed Production of Rabi 
Crops for Entrepreneurial Development”.

February 09, 2020: Padma Bhushan Dr. Anil P Joshi, Founder, 
HESCO and Dr. MS Chauhan, Director, NDRI visited the 
institute as a chief guest of foundation day.

February 15,  2020: Dr. KV Prabhu, Chairperson, PPV&FRA 
visited the institute and chaired the valedictory session of 
the short course on “Participatory Seed Production of Rabi 
Crop for Entrepreneurial Development”.

Dr. AK Singh, DDG (Extension) and Director, ICAR-IARI chairing the 
brainstorming session

Dr. Samar Singh, Vice Chancellor, Maharana Pratap Horticultural 
University, Karnal delivering the inaugural address

Dr. RC Agrawal, DDG (Education), ICAR  releasing the publication

Padma Bhushan Dr. Anil P Joshi, Founder, HESCO and Dr. MS Chauhan,
Director, NDRI planted a sapling in institute’s premises

Dr. KV Prabhu, Chairperson, PPV&FRA distributing the certi�cates during
valedictory function

February 19-20, 2020: Dr. KV Prabhu, Chairperson, PPV&FRA 
along with Mr.Ralf Roessler, Head of Section, DUS testing of 
cereals, Federal Plant Variety Office (BSA), Germany and Dr. 
Elmar Weissmann, Senior Seed Sector Expert, Indo-German 
Cooperation on Seed Sector  visited the institute for 
international workshop on DUS testing of Wheat and Barley.

February 24, 2020: Sh. Sanjay Singh, Addl. Secretary DARE 
and Secretary, ICAR visited the institute.

February 26, 2020: Dr. Ravi P Singh, Dr. AK Joshi, Dr. RK 
Sharma from CIMMYT visited the institute  and farmers' �eld.

April 05, 2020: Sh. Sanjay Bhatia, MP of Karnal Constituency 
visited ICAR-IIWBR, Karnal. The contribution to the COVID-19 
fund was given to him.

June 3, 2020: Sh. Sanjay Bhatia, MP, Karnal along with Dr. 
(Mrs.) Amarinder Kaur, IFS from Haryana Forest Department 
visited the institute.

June 5, 2020: Sh. Sanjay Bhatia, MP, Karnal visited the 
institute on occasion of world environment day and planted 
a sapling in the institute's premises.

August 10, 2020: Sh. Sanjay Bhatia, MP of Karnal 
Constituencyvisited ICAR-IIWBR, Karnal.

ICAR-IIWBR Regional Station, Shimla

March 18, 2020: Dr. Rajinder Singh Chauhan, Dean, Research 
& Consultancy, Bennett University, Greater Noida, Uttar 
Pradesh, India visited the regional station, Shimla. 

Sh. Sanjay Singh, Addl. Secretary DARE and Secretary, ICAR interacting
with IIWBR officials

Dr. Ravi P Singh, Dr. AK Joshi and Dr. RK Sharma visiting the farm and 
interacting with scientists

Sh. Sanjay Bhatia, MP, Karnal planted a sapling in the institute’s 
premises on occasion of world environment day 

DISTINGUISHED VISITORS
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13. AWARDS AND RECOGNITIONS

Krishi Sansthan Samman Award 2020

ICAR-IIWBR received the Krishi Sansthan Samman Award-
2020 under Mahindra Samridhi India Agri  Award 2020 for its 
outstanding contribution in transforming the Indian 
Agriculture from shortage to surplus.

Dr. AB Joshi Memorial Award-2020

Dr. GP Singh, Director, ICAR-IIWBR, Karnal honoured with 
prestigious Dr. AB Joshi Memorial  Award 2020 for his 
outstanding contribution in “Wheat Improvement for Food 
and Nutrition Security”. Dr. GP Singh received this award 
from the Hon'ble Vice-President of India Sh. Venkiah Naidu 
during the convocation held at ICAR-IARI, New Delhi on 
February 12, 2020.

Outlook Outstanding Scientist Award 2020

Dr. GP Singh honoured with the Outlook Agriculture 
Scientist Award for his outstanding contribution in wheat 
research. The award was given to him by Sh.Narendra Singh 
Tomar, Hon'ble Union Minister of Agriculture and Farmers 
Welfare, Government of India on February 24, 2020.

National Award for Outstanding Leadership in 
Agriculture

Dr. GP Singh honoured with the All India Agricultural 
Students Association (AIASA) 2019 National Award for 
Outstanding Leadership in Agriculture for his contribution 
in Agricultural Research.

Dr. MV Rao Memorial Award 2020

Dr. MV Rao Memorial Award 2020 by the Society for 
Advancement of Wheat and Barley Research (SAWBAR) 
awarded to Dr. Sewa Ram for his outstanding contribution in 
the �eld of wheat quality research. 

Director and staff of ICAR-IIWBR receiving the  Krishi Sansthan Samman
Award 2020 from officials of Mahindra Samridhi India

Hon’ble Vice-President of India Sh. Venkiah Naidu conferring 
the Dr. AB Joshi Memorial  Award 2020 to Dr. GP Singh

Sh.Narendra Singh Tomar, Hon’ble Union Minister of Agriculture and 
Farmers Welfare conferring Outlook Outstanding Scientist 

Award 2020 to Dr. GP Singh

Dr. GP Singh receiving the National Award for Outstanding Leadership
in Agriculture

Dr. Sewa Ram receiving the Dr. MV Rao Memorial Award 2020 from 
Dr. GP Singh, President, SAWBAR

AWARDS AND RECOGNITIONS

Dr. S Nagarajan Memorial Award, 2020 

Dr. SK Singh, Principal Scientist, ICAR-IIWBR, Karnal was 
awarded with Dr. S Nagarajan Memorial Award, 2020 for his 
immense contribution  in wheat  research.

Professor Mahatim Singh Memorial Award 2020

Dr. Mamrutha HM was awarded with Professor Mahatim 
Singh Memoria l  Award 2020 by the Societ y  for 
Advancement of Wheat and Barley Research, Karnal, 
Haryana.

Dr YM Upadhyaya Memorial Lecture

Dr Ratan Tiwari, Principal Scientist delivered the Dr YM 
Upadhyaya Memorial Lecture titled “Can wheat be more 
resilient in post genome sequence era?” organized by ICAR-

thIARI Regional Station Indore on 11  September, 2020 
through Video Conferencing mode.

Fellow of the Society for Advancement of Wheat and 
Barley Research

Dr. Anil Khippal, Dr. Sendhil R and Dr. OP Gupta were 
honored as elected fellow of the Society for Advancement of 
Wheat and Barley Research (2020).

Fellow of the Indian Society of Plant Genetics Resources

Dr. SK Singh was elected as fellow of the Indian Society of 
Plant Genetics Resources, New Delhi for his contribution in 
the evaluation and conservation of wheat genetic resources.

Distinguished Female Scientist Award

Dr. Poonam Jasrotia conferred with "Distinguished Female 
Scientist Award- Plant Protection Science 2020" by Society 
for Agriculture & Allied Research (SAAR), India.

Best Stall Award

The Institute stall got second prize during exhibition 
organized by NDRI, Karnal during 15-17 February, 2020.

Awards awarded by ICAR- IIWBR 

For the year 2019-20,  ICAR – IIWBR awarded the best worker  
to Dr. Poonam Jasrotia and Dr. Satish Kumar under scienti�c 
category, Sh Sunil Kumar under administrative category, Sh. 
Madan Lal under technical category and  Sh Bhoop Ram 
under supporting category. The awards were given to them 
on the occasion of foundation day (09.02.2020).

Dr. Ravindra Kumar received “First Prize” in Kavita Lekhan  
competition organized by ICAR-IIWBR during Rajbhasha 
Utsav evam Hindi Pakhwada from September 14-30, 2020. 

Dr. Ravindra Kumar received “First Prize” in Essay Writing 

Competition (Hindi) organized by ICAR-IIWBR during 
Rajbhasha Utsav evam Hindi Pakhwada from September 14-
30, 2020. 

Dr. SK Singh receiving the S Nagarajan Memorial Award, 2020 from 
Dr. GP Singh, President, SAWBAR

Dr. Mamrutha HM receiving the Professor Mahatim Singh 
Memorial Award 2020 from Dr. GP Singh, President, SAWBAR

Dr. GP Singh, President, SAWBAR awarding fellow certi�cate to Dr. Anil
Khippal 
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Dr. Ravindra Kumar awarded “Appreciation Prize” in Best 
worker Competition (maximum use of Hindi in official work) 
organized by ICAR-IIWBR during Rajbhasha Utsav evam 
Hindi Pakhwada from September 14-30, 2020. 

Best Poster Award

Dr. CN Mishra received best poster award for the poster 
entitled 'Identi�cation of rust resistant lines for early sown 
conditions in wheat' in the National Symposium on Plant 
Disease Management for Food Security under Climate 
Change Scenario organized jointly by IPS and SAWBAR at 
ICAR-Indian Institute of Wheat and Barley Research, Karnal 
from January 9-10, 2020.

Vikram Singh, Prem Lal Kashyap, Pallika Sharma, Ragul 
Tripathi, Anju Sharma, Ravi Shekhar Kumar and Suhdeer 

ndKumar received 2  best poster award for the poster entitled 
“Antagonistic activity of volatile compounds producing 
bacterial endophytes from wheat (Triticum aestivum) 
against Bipolaris sorokiniana” in the National Symposium on 
Plant Disease Management for Food Security under Climate 

Change Scenario organized jointly by IPS and SAWBAR at 
ICAR-Indian Institute of Wheat and Barley Research, Karnal 
from January 9-10, 2020. 

Awards for promotion of Hindi language

Satyavir Singh, Anuj Kumar, Sendhil R, Anil Kumar Khippal, 
Mangal Singh, Ramesh Chand and GP Singh awarded the �rst 
prize for  editing “Gehun Evam Jau Sandesh, Jan-June 2019, 
Vol. 8(2)” in newsletter category from Town Official Language 
Implementation Committee (TOLIC), Department of Official 
Language, MHA (Govt. of India),  Karnal. 

Satyavir Singh, Anuj Kumar, Sendhil R, Anil Kumar Khippal, 
Mangal Singh, Ramesh Chand and GP Singh awarded the 
second prize for  editing “Gehun Evam Jau Sandesh, Jan-June 
2019, Vol. 8(1)” in newsletter category from Town Official 
Language Implementation Committee (TOLIC), Department 
of Official Language, MHA (Govt. of India),  Karnal.

Dr. Ravindra Kumar received a Commendation Certi�cate 
from Town Official Language Implementation Committee 
(TOLIC), Department of Official Language, MHA (Govt. of 

thIndia),  Karnal on 4  August, 2020 for promoting the use of 
official language (Hindi) during the year 2019-20.

Drs. Ravindra Kumar, Nisha Kant Chopra and VK Pandita 
received the second prize for  Technical  Bul letin 
“Gunvattayukt beej utpadan hetu uchit krishi kriyaayen (TB-
ICN: H 169/2019) in technical bulletin category from Town 
Official Language Implementation Committee (TOLIC), 
Department of Official Language, MHA (Govt. of India),  

thKarnal on 4  August, 2020. 

Dr. Raj Pal Meena, Karnam Venkatesh, Rinki, RK Sharma, Anuj 
Kumar and GP Singh  awarded consolation prize for folder 
“Suxm sinchai: Pani bachane ki nipun taknik”  in Hindi folder 
category by Town Official Language Implementation 
Committee (TOLIC), Department of Official Language, MHA 

th(Govt. of India),  Karnal on 4  August, 2020. 

Certi�cate of recognition

Dr. CN Mishra received recognition award from Guru 
Gorakhnath Sewa Sansthan-Mahayogi Gorakhnath KVK for 
2018-20.

Dr SK Singh received Reviewer Excellence Award, 2020 for 
Indian Journal of Agricultural Research by ARCC, Karnal.

Dr. Poonam Jasrotia appointed as Advisory board member 
of Group on International Plant Resistance to Insects on 
March 4, 2020 for 6 years at CIMMYT Mexico.

Invited talk/lead lecture

RPS Verma delivered a lecture on “Barley trials; constitution, 
conduction and data recording” during a training 

programme on “Coordinated Trial Conduction, Data 
Recording and Reporting” organized by ICAR-IIWBR, Karnal  
on February 05, 2020

Dr. Arun Gupta delivered a lecture on 'DUS testing of Wheat 
in India' during International Workshop on “DUS testing of 
Wheat and Barley” under the aegis of Indo German Bilateral 
Cooperation on Seed Sector organized at ICAR-IIWBR, 
Karnal  on February 19-20, 2020.

Dr. Poonam Jasrotia delivered a plenary talk  on 
“Deciphering mechanism of host-plant resistance in wheat 

thto aphids in north-western plains of India” during 24  
International Plant Resistance to Insects Symposium 
(IPRI2020) held at CIMMYT Mexico from March 2-6, 2020.

Dr. Sewa Ram delivered a lead lecture on nutritionally rich 
wheat and its products: production and consumption 
during a Webinar organized by Wheat product Promotion 
Society (WPPS) on 28-09-2020. 

Dr. Sudheer Kumar delivered invited talk on “Karnal bunt 
s t a t u s ,  i s s u e s  a n d  m a n a g e m e n t  s t r a t e g i e s ” i n 
Brainstorming Session on 'Combating Rusts and Karnal 
Bunt of Wheat: Past and Future Strategies' organised 
jointly by Indian Phytopathological Society (North Zone 
Chapter), Indian Society of Plant Pathologists, Ludhiana 
and Department of Plant Pathology, PAU, Ludhiana from 
December 18-19, 2020.

AWARDS AND RECOGNITIONSAWARDS AND RECOGNITIONS

Dr. Anil Prakash Joshi and Dr. MS Chauhan giving best worker’s award 
under  scienti�c category to Dr. Satish Kumar

Dr. Anil Prakash Joshi and Dr. MS Chauhan giving best worker’s award 
under  administrative category to Mr. Sunil Kumar
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Committee (TOLIC), Department of Official Language, MHA 

th(Govt. of India),  Karnal on 4  August, 2020. 
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Gorakhnath Sewa Sansthan-Mahayogi Gorakhnath KVK for 
2018-20.

Dr SK Singh received Reviewer Excellence Award, 2020 for 
Indian Journal of Agricultural Research by ARCC, Karnal.

Dr. Poonam Jasrotia appointed as Advisory board member 
of Group on International Plant Resistance to Insects on 
March 4, 2020 for 6 years at CIMMYT Mexico.

Invited talk/lead lecture

RPS Verma delivered a lecture on “Barley trials; constitution, 
conduction and data recording” during a training 

programme on “Coordinated Trial Conduction, Data 
Recording and Reporting” organized by ICAR-IIWBR, Karnal  
on February 05, 2020

Dr. Arun Gupta delivered a lecture on 'DUS testing of Wheat 
in India' during International Workshop on “DUS testing of 
Wheat and Barley” under the aegis of Indo German Bilateral 
Cooperation on Seed Sector organized at ICAR-IIWBR, 
Karnal  on February 19-20, 2020.

Dr. Poonam Jasrotia delivered a plenary talk  on 
“Deciphering mechanism of host-plant resistance in wheat 

thto aphids in north-western plains of India” during 24  
International Plant Resistance to Insects Symposium 
(IPRI2020) held at CIMMYT Mexico from March 2-6, 2020.

Dr. Sewa Ram delivered a lead lecture on nutritionally rich 
wheat and its products: production and consumption 
during a Webinar organized by Wheat product Promotion 
Society (WPPS) on 28-09-2020. 

Dr. Sudheer Kumar delivered invited talk on “Karnal bunt 
s t a t u s ,  i s s u e s  a n d  m a n a g e m e n t  s t r a t e g i e s ” i n 
Brainstorming Session on 'Combating Rusts and Karnal 
Bunt of Wheat: Past and Future Strategies' organised 
jointly by Indian Phytopathological Society (North Zone 
Chapter), Indian Society of Plant Pathologists, Ludhiana 
and Department of Plant Pathology, PAU, Ludhiana from 
December 18-19, 2020.

AWARDS AND RECOGNITIONSAWARDS AND RECOGNITIONS

Dr. Anil Prakash Joshi and Dr. MS Chauhan giving best worker’s award 
under  scienti�c category to Dr. Satish Kumar

Dr. Anil Prakash Joshi and Dr. MS Chauhan giving best worker’s award 
under  administrative category to Mr. Sunil Kumar
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14. TRAINING AND CAPACITY BUILDING

Training organized

Several training programmes were conducted by the 
institute for strengthening the efficiency of scienti�c and 
technical workforce of agricultural institutes in the country. 
In addition, number of staff members attended or 
participated various training/symposia/conference 
/symposia/workshop or scienti�c meetings. The details 
thereof given below:

Ÿ A three-day farmers training on “Water Management in 
Wheat & Barley for Enhanced Farmer Income” was 
organised under the CRP Water Project during January 
20-22, 2020. Around 36 farmers were trained on water 
conservation and irrigation management aspects. 

Ÿ A three-day hands-on training was organized on 
"Coordinated Trial conduction and Data Recording and 
Reporting” from February 03-05, 2020 at ICAR-IIWBR 
Karnal.

Ÿ ICAR sponsored ten-day Short Course on “Participatory 

Seed Production of Rabi Crops for Entrepreneurial 
Development” was organized during February 06-15, 
2020 at ICAR- IIWBR Karnal.

Ÿ Training programme on “Geo-Tagging of Frontline 
Demonstrations (FLDs) and Seed Hubs” was organized 
on February 28, 2020 for participants involved in AICRP 
on Wheat and Barley.

Ÿ Organized a three-day training programme on 
“Empowering Rural Youth for Self-reliance in Seed 
Sector” at ICAR-IIWBR, Karnal through virtual mode 
under the HRD component of ICAR Seed Project during 
November 24-26, 2020.

Ÿ Trainings (online) on barley for malting uses and 
cultivation of improved varieties was given to the 
farmers  of  Har yana and R ajasthan under  the 
consultancy project of ICAR-IIWBR and ABInBev India 
during Oct-Dec. 2020 by the barley team led by Dr. RPS 
Verma.  

Table 14.1: Coordination of visits at ICAR-IIWBR, Karnal during 2020

Annual training plan (ATP)- 2019-20

As per the ICAR guideline, annual training calendar was prepared for the scientists, technical, administrative and supporting 
staff. The details are given below:

Name Designation Topic Place Duration

Dr. Santosh Kumar Bishnoi  Sceintist Data Analysis using R  ICAR-IASRI, N. Delhi  3 days 

Mr. Nand Lal Senior Technical Farm management, Operation ICAR-IARI, 3 days     
 Assistant and Maintenance of N.Delhi
  Agricultural Implements

Mr. Roop Ram Personal Assistant(PA) Administrative matters ISMT, New Delhi  3 days   

Mr. Shiva Bhardwaj Stenographer Grade-III Administrative matters ISMT, New Delhi 3 days  

Mr. Anil Kumar Verma LDC Administrative matters ISMT, New Delhi 3 days

Mr. Khem Chand SSS Exposure visit Any ICAR institute  3 days

Mr. Bhoop Ram Thakur SSS Exposure visit Any ICAR institute  3 days 

Imparting water management training farmers Resource person delivering lecture during training programme

Skill Development Programme

Ÿ ICAR-IIWBR organized a one-month summer training 
programme on “Skill Development and Enhancing 
Research Capacity of Young Scholars” during July 16 to 
August 17, 2020.

Ÿ ICAR-IIWBR organized a two-month training programme 
on “Rural Agricultural Work Experience for Skill 
Development” during September 14 to November 13, 2020.  

Trainings/Meetings attended by scientists

Ÿ Dr. Charan Singh and Dr. Mamrutha HM attended the 
National Symposium on Plant diseases management for 
food security under climate change scenario at ICAR-
IIWBR, Karnal during January 09-10, 2020. 

th
Ÿ Dr. S. C. Bhardwaj and Dr. Pramod Prasad attended the 7  

International Conference on Phytopathology in 
Achieving UN Sustainable Development Goals 
organized by Indian Phytopathological Society at ICAR-
Indian Agricultural Research Institute, New Delhi, India 
during January 16-20, 2020.

Ÿ Dr. Ravindra Kumar attended the Hands-on-Training on 
"Coordinated Trial Conduction, Data Recording and 
Reporting" during February 03-05, 2020 organized by 
ICAR-IIWBR, Karnal. 

Ÿ Dr. Charan Singh and Dr. Neeraj Kumar attended the 
Short Course on “Participatory seed production of rabi 
crops for entrepreneurial development” at ICAR-IIWBR, 
Karnal from February 6-15, 2020. 

Ÿ Dr. Mamrutha HM and Dr. Vikas Gupta attended the 
International workshop on “DUS testing of Wheat and 
Barley”at ICAR-IIWBR, Karnal during February 19-20, 2020.

Ÿ Dr. Vikas Gupta participated in the training on "Germplasm 
screening and �eld surveillance of wheat blast" from 
March 01-10, 2020 at BARI, Jessore, Bangladesh.

th
Ÿ Dr. Poonam Jasrotia participated in the 24  Biannual 

International Plant Resistance to Insects (IPRI) Workshop 
CIMMYT, Mexico from March 02-07, 2020.

Ÿ Dr. Mamrutha HM and Dr. Rinki attended one day 

National webinar on “Patent and Intellectual Property 
Rights in Agricultural Research” organized by Jawaharlal 
Nehru Krishi Vishwa Vidyalaya, Jabalpur on June 13, 2020.

Ÿ Dr. Rinki attended one-week international training on 
“Recent Physio-Molecular Digital Tools in Abiotic Stress 
Management for Crop Modeling” organized by the 
NAHEP-CAAST-DFSRDA VNMKV Parbhani from 29 June 
to 03 July, 2020.

Ÿ D r.  P o o n a m  J a s r o t i a  a t t e n d e d  t h e  M D P  o n 
Implementation of Access and Bene�t Sharing 
Regulations in Agriculture Research: Awareness Cum 
Sensitization Workshop (Online) from July 07-10, 2020 
organised by ICAR-NAARM (online).

Ÿ Dr AK Sharma attended the two-day (15 and 17 July, 2020) 
online training programme from NAARM Hyderabad on 
EDP for Master Trainers on Access and Bene�t Sharing 
(ABS) Regulations in India and Nagoya Protocol. 

Ÿ Dr. Arun Gupta attended the National Webinar on 
Implementation of Access to Plant Genetic Resources 
and Bene�t Sharing on August 27, 2020.

Ÿ Dr. Umesh R Kamble attended workshop on “ABC of 
th ndScienti�c Writing” during 18 August-2 September, 2020 

through virtual mode organized by ICAR-National Rice 
Research Institute, Cuttack.

Ÿ Dr. Arun Gupta attended the CRP-Agro-biodiversity 
review meeting held under the Chairmanship of DDG 
(Crop Science)  through webinar on September 7, 2020.

Ÿ Dr. Ravindra Kumar attended Training on “Advanced 
Bioinformatics Tools and its Applications in Agriculture 
(Online)" during September 14-19, 2020 organized by 
ICAR-NAARM, Hyderabad.

Ÿ Dr. Arun Gupta attended the international webinar and 
training on “DUS data management/Automation/Image 
analysis” in crops on October 06-07, 2020 organized by 
PPV&FR Authority, New Delhi under Indo-German 
Cooperation on Seed Sector Development.

Ÿ Dr. Hanif Khan attended the BGRI technical virtual 
workshop 2020 (October 06-08, 2020).

Ÿ Dr. Mamrutha HM and Dr. Rinki attended two-days 
international plant physiology virtual conference-2020, 
on “Prospects of Plant Physiology for Climate Proo�ng 
Agriculture” organized by the SUKAST, Jammu and ISPP, 
New Delhi from December 06-07, 2020.

Ÿ Dr. Mangal Singh participated in the Digital Training 
Programme on Science and Technology for Rural 
Societies for Scientists & Technologists during December 
07-11, 2020 sponsored by the Department of Science 
and Technology, Government of India organized by 
Indian Institute of Public Administration, New Delhi.

TRAINING AND CAPACITY BUILDING

Director, ICAR-IIWBR along with participants of training programme 
on Geo-Tagging of Frontline Demonstrations (FLDs) and Seed Hubs
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15.  RESEARCH PROJECTS

A. INSTITUTE’S FUNDED PROJECT : As approved by IRC for the period 2020-2025

Co-PIsPISub-ProjectProject& Project No.Program
 ASSOCIATION IN VARIOUS INSTITUTE RESEARCH PROJECTS

Gyanendra Singh, BS Tyagi, 
Arun Gupta, SK Singh, AK 
Sharma, Hanif Khan, Satish 
Kumar, Charan Singh, CN 
Mishra, K Venkatesh, Vikas 
Gupta, Gopalareddy K, 
Mamrutha HM, UR Kamble, 
Ratan Tiwari, Ajay Verma, 

1.0- Multilocational and 
Multidisciplinary Research
Programme on Wheat and Barley 
Improvement 
CRSCIIWBRCL202000100194

AICRP on Wheat 
and Barley

CROP IMPROVEMENT

Overall PI-GP 
Singh Crop 
Improvement 
PI- Gyanendra 
Singh

GP Singh, CN Mishra, 
Gopalareddy K, Raj Kumar, UR 
Kamble, Ajay Verma, SC 
Bhardwaj, Mamrutha HM, 
Poonam Jasrotia, Sudheer 
Kumar, Sunil Kumar

2.1: Breeding wheat 
genotypes for high yield in 
North Western Plains

2.0- Developing high yielding 
and climate resilient wheat 
varieties
CRSCIIWBRCL202000200195

Crop Improvement 
Programme
Program Leader/PI-
Gyanendra Singh

Hanif Khan

Vikas Gupta, Charan Singh, AK 
Sharma, Sonia Sheoran, Sewa 
Ram, Ravinder Kumar, Anirban 
Majhi, Sunita Mahapatra 
(BCKV-Kalyani) 

2.2: Breeding wheat 
genotypes for high yield in 
North Eastern Plains

Gyanendra 
Singh

Sindhu Sareen, Pradeep 
Sharma, Satish Kumar, AK 
Sharma, UR Kamble, Bhumesh 
Kumar, OP Gupta, Pramod 
Prasad

2.3: Breeding high yielding 
wheat genotypes for stress 
conditions of warmer 
regions of India 

SK Singh

BS Tyagi, Vanita Pandey, PL 
Kashyap

2.4: Improving wheat 
genotypes for grain quality 
and end products

Gopalareddy K

Sindhu Sareen, Vikas Gupta, 
Arun Gupta, OP Gangwar 

3.1: Wheat improvement 
utilizing novel germplasm 
resources through prebreeding 

BS Tyagi3.0- Pre-breeding and 
germplasm enhancement
CRSCIIWBRSL202000300196

Charan Singh, Venkatesh K3.2: Strengthening of Wheat 
and Barley genetic resources 
for utilization

Arun Gupta

Bhumesh Kumar, RP Meena, 
Rinki

3.3: Improving wheat 
genotypes for input use 
efficiency

Venkatesh K

CN Mishra, Venkatesh, Sneha 
Adhikari, AK Sharma, PL Kashyap

3.4 Strategic research for 
improving biotic stress in 
Wheat

Satish Kumar

OP Ahlawat, Rajender Singh, 
Pradeep Sharma, Sonia 
Sheoran, Suman Lata, Charu Lata 
Dinesh Kumar (IASRI-New Delhi)  
Nominated scientist (NBAIM-
Mau) 

4.1 Biotechnological, 
bioinformatics and 
microbiological 
interventions for wheat 
improvement

Ratan Tiwari4.0 New insights & basic studies 
for integrating molecular, 
physiological and bioinformatic 
tools for augmenting wheat 
improvement 
CRSCIIWBRCL202000400197

RESEARCH PROJECTS

Sudheer Kumar, Poonam 
Jasrotia, Prem Lal Kashyap 
Ravindra Kumar 

1.0- Multilocational and 
Multidisciplinary Research
Programme on Wheat and Barley 
Improvement 
CRSCIIWBRCL202000100194

CROP PROTECTION

Overall PI-
GP Singh
Crop Protection 
PI- Sudheer 
Kumar

Rinki, Rajender Singh4.2:Physiological 
interventions and 
application of new tools 
including CRISPR/cas9 for 
wheat improvement 

Mamrutha HM

AICRP on Wheat 
and Barley

Prem Lal Kashyap, Ravindra 
Kumar, Arun Gupta

5.0-Biotic stress management in 
wheat by integrating innovative 
approaches
CRSCIIWBRCL202000500198

Sudheer KumarCrop Protection 
Programme
Program Leader/PI: 
Sudheer Kumar

5.1: Management of wheat 
diseases by integrating 
molecular and agro-
ecological approaches

B.S. Tyagi Sindhu Sareen, 
Rajender Singh, Anil Khippal,
Prem Lal Kashyap Dr. S. K. 
Tyagi (As Collaborator)

Poonam Jasrotia5.2: Management of wheat 
insect-pests through 
climate-smart pest 
management strategies

RS, FLOWERDALE SHIMLA

P. Prasad, O.P. Gangwar1.0- Multilocational and 
Multidisciplinary Research
Programme on Wheat and Barley 
Improvement 
CRSCIIWBRCL202000100194

Overall PI-
GP Singh
Crop Protection 
PI- SC Bhardwaj

AICRP on Wheat 
and Barley

Subodh Kumar, P. Prasad 
Sneha Adhikari

6.0-Physiologic specialization, 
resistance and molecular studies 
on wheat and barley rusts 
CRSCIIWBRSL202000600199

S.C. BhardwajRust Diseases 
Program
Program Leader/PI-
S.C. Bhardwaj

6.1:Characterizing variation 
in wheat and barley leaf rust 
pathogens and genetics of 
resistance

P. Prasad, Subodh Kumar, 
Charu Lata Sharma

O.P. Gangwar 6.2:Phenotypic and 
genotypic characterization 
of pathotypes of wheat and 
barley stripe rust pathogens 
and genetics of resistance in 
wheat and barley

S.C. Bhardwaj, O.P. GangwarPramod Prasad 6.3:Exploring population 
dynamics of Puccinia 
graministriticiand genetics 
of stem rust resistance in 
wheat and barley

O.P. Gangwar, Subodh Kumar
Sneha Adhikari 

Charu Lata 
Sharma

6.4:Molecular studies on  
wheat-rusts and identifying 
novel resistance

P. Prasad, Hanif Khan, Subodh 
Kumar, Charu Lata Sharma

Sneha Adhikari6.5:Genetics of rust 
resistance and pyramiding 
multiple resistance in wheat

RESOURCE MANAGMENT

SC Tripathi, SC Gill, RS 
Chhokar, Anil Khippal, RP 
Meena and Neeraj Kumar 

Overall PI-GP 
Singh Resource 
Management 
PI-SC Tripathi

1.0-Multi-locational and Multi-
disciplinary Research Programme on 
Wheat andBarley Improvement
CRSCIIWBRCL202000100194

AICRP on Wheat 
and Barley
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Multidisciplinary Research
Programme on Wheat and Barley 
Improvement 
CRSCIIWBRCL202000100194

CROP PROTECTION

Overall PI-
GP Singh
Crop Protection 
PI- Sudheer 
Kumar

Rinki, Rajender Singh4.2:Physiological 
interventions and 
application of new tools 
including CRISPR/cas9 for 
wheat improvement 

Mamrutha HM

AICRP on Wheat 
and Barley

Prem Lal Kashyap, Ravindra 
Kumar, Arun Gupta

5.0-Biotic stress management in 
wheat by integrating innovative 
approaches
CRSCIIWBRCL202000500198

Sudheer KumarCrop Protection 
Programme
Program Leader/PI: 
Sudheer Kumar

5.1: Management of wheat 
diseases by integrating 
molecular and agro-
ecological approaches

B.S. Tyagi Sindhu Sareen, 
Rajender Singh, Anil Khippal,
Prem Lal Kashyap Dr. S. K. 
Tyagi (As Collaborator)

Poonam Jasrotia5.2: Management of wheat 
insect-pests through 
climate-smart pest 
management strategies

RS, FLOWERDALE SHIMLA

P. Prasad, O.P. Gangwar1.0- Multilocational and 
Multidisciplinary Research
Programme on Wheat and Barley 
Improvement 
CRSCIIWBRCL202000100194

Overall PI-
GP Singh
Crop Protection 
PI- SC Bhardwaj

AICRP on Wheat 
and Barley

Subodh Kumar, P. Prasad 
Sneha Adhikari

6.0-Physiologic specialization, 
resistance and molecular studies 
on wheat and barley rusts 
CRSCIIWBRSL202000600199

S.C. BhardwajRust Diseases 
Program
Program Leader/PI-
S.C. Bhardwaj

6.1:Characterizing variation 
in wheat and barley leaf rust 
pathogens and genetics of 
resistance

P. Prasad, Subodh Kumar, 
Charu Lata Sharma

O.P. Gangwar 6.2:Phenotypic and 
genotypic characterization 
of pathotypes of wheat and 
barley stripe rust pathogens 
and genetics of resistance in 
wheat and barley

S.C. Bhardwaj, O.P. GangwarPramod Prasad 6.3:Exploring population 
dynamics of Puccinia 
graministriticiand genetics 
of stem rust resistance in 
wheat and barley

O.P. Gangwar, Subodh Kumar
Sneha Adhikari 

Charu Lata 
Sharma

6.4:Molecular studies on  
wheat-rusts and identifying 
novel resistance

P. Prasad, Hanif Khan, Subodh 
Kumar, Charu Lata Sharma

Sneha Adhikari6.5:Genetics of rust 
resistance and pyramiding 
multiple resistance in wheat

RESOURCE MANAGMENT

SC Tripathi, SC Gill, RS 
Chhokar, Anil Khippal, RP 
Meena and Neeraj Kumar 

Overall PI-GP 
Singh Resource 
Management 
PI-SC Tripathi

1.0-Multi-locational and Multi-
disciplinary Research Programme on 
Wheat andBarley Improvement
CRSCIIWBRCL202000100194

AICRP on Wheat 
and Barley
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BARLEY IMPROVEMENT

SC Tripathi, OP Ahlawat and 
Sunil Kumar

7.0- Enhancing productivity and 
pro�tability of wheat based 
cropping systems through efficient 
resource management practices
CRSCIIWBRSL202000700200

SC GillResource 
Management 
Programme
Program Leader/PI-
S.C. Tripathi

7.1: Efficient nutrient 
management strategies for      
wheat based cropping 
systems

SC Tripathi, RS Chhokar,  SC 
Gill, Ankita Jha, Neeraj Kumar, 
OP Ahlawat, Poonam Jasrotia, 
Mamrutha HM, Ravinder 
Kumar, R Sendhil and 
Raghuveer Singh (ICAR-
IIFSR,Modipuram)

Anil Khippal7.3:Conservation Agriculture 
for Sustainable 
Intensi�cation of wheat 
based systems

Ankita Jha and Neeraj KumarRP Meena7.4:Improving resource use 
efficiency in wheat under 
conservation and    
conventional tillage practices

QUALITY AND BASIC SCIENCES

Sunil Kumar, OP Gupta, Vanita 
Pandey

1.0-Multi-locational and Multi-
disciplinary Research Programme on 
Wheat andBarley Improvement
CRSCIIWBRCL202000100194

Overall PI- GP 
Singh Quality 
PI-Sewa Ram

AICRP on Wheat 
and Barley

Sunil Kumar, OP Gupta, Vanita 
Pandey, BS Tyagi, 
Gopalareddy K

8.0-Improvement of processing and 
nutritional quality of wheat using 
biochemical/molecular approach
CRSCIIWBRSL202000800201

Sewa RamWheat quality 
improvement
Leader: Program 
Leader/PI- Sewa Ram 

AS Kharub, Chuni Lal, Dinesh 
Kumar, Rekha Malik Jogendra 
Singh, Lokendra Kumar, SK 
Bishnoi, Suman Lata, Sudheer 
Kumar, Poonam Jasrotia

1.0-Multi-locational and Multi- 
disciplinary Research Programme on 
Wheat and Barley Improvement
CRSCIIWBRCL202000100194

Overall PI-GP 
Singh, Barley 
Improvement 
PI- RPS Verma

AICRP on Wheat 
and Barley

Chuni Lal, Dinesh Kumar, 
Jogendra Singh, SK Bishnoi, 
Rekha Malik, Poonam Jasrotia

9.0-Barley improvement and 
technological interventions for 
yield, quality, biotic and abiotic 
stress tolerance for better 
farmers’ livelihood
CRSCIIWBRSL202000800202

RPS VermaBarley 
improvement 
Program Leader/PI- 
RPS Verma

9.1: Pre-breeding for novel 
genetic variability in barley 
using innovative techniques

RPS Verma, Dinesh Kumar, 
Rekha Malik, SK Bishnoi, 
Sudheer Kumar, Poonam 
Jasrotia, Rinki

Lokendra Kumar9.2: Genetic enhancement of 
malt barley with changing 
industrial requirements 
using conventional and 
molecular approaches

RPS Verma, Jogendra Singh, 
Dinesh Kumar, Rekha Malik, 
Sudheer Kumar, Poonam 
Jasrotia, Rinki

Chuni Lal9.3: Genetic Amelioration of 
Grain Quality and Yield in 
Feed and Food Barley

SC Tripathi, SC Gill, Anil 
Khippal, Neeraj Kumar and    
VK Chaudhary (ICAR-
DWR,Jabalpur)

RS Chhokar7.2:Development of effective 
weed management 
practices for wheat based 
cropping systems

Satyavir Singh, Anuj Kumar, 
Anil Khippal and Sendhil R

1.0-Multilocational and 
Multidisciplinary Research 
Programme on Wheat and Barley 
Improvement

Overall PI- GP 
Singh Social 
Sciences PI- 
Satyavir Singh

AICRP on Wheat 
and Barley

RPS Verma, AS Kharub, Rinki, 
SK Bishnoi, Rekha Malik, 
Poonam Jasrotia, Sneh Narwal 
(ICAR-IARI, New Delhi), Vinod 
Chhokar (GJUS&T, Hisar)

Dinesh Kumar9.4: Biochemical and 
molecular approaches to 
understand nutritional and 
industrial quality in barley

Dinesh Kumar, RS Chhokar and 
RP Meena

AS Kharub9.5: Development of 
resource management 
technologies for enhancing 
yield and quality of barley

SOCIAL SCIENCES

Satyavir Singh, Sendhil R 10.0-Evaluation, Dissemination 
and Impact Assessment of 
Production Technologies 
CRSCIIWBRSL202001000203

Anuj KumarSocial
Sciences
Program Leader/PI- 
Satyavir Singh

10.1: Assessment of Farmers’  
Perspective on Crop Residue 
Management in Indo-
Gangetic Plains of India

Satyavir Singh, Anuj Kumar, 
Anil Khippal, Raj Kumar

Sendhil R10.2: Promotion and Impact 
Evaluation of ICAR-IIWBR 
Technologies at Farmers’ Field

B. EXTERNALLY FUNDED PROJECT
Externally funded project (National Agencies)

Cost (in lakhs)Team Name of the project DurationFunding Agency

Nov., 2018 to March, 
2021

Dr. SindhuSareen (PI) Co-PI: Dr. 
Rajender Singh

Characterization of heat-linked QTLs 
and Enzymes associated with starch 
biosynthesis pathway in wheat

458.79ICAR (Extramural 
Research project 

Aug,2018 to July, 
2021

PI : Dr. Sindhu Sareen 
CO-PIs: Drs BS Tyagi,  Sonia 
Sheoran,Vikas Gupta

Exploiting alien genetic resources for 
developing climate resilient 
wheatand understanding 
mechanism of heat tolerance

133.31NASF

March,2018 to 
March, 2021

PI-Dr. Gyanendra Singh
Co-PI: Drs BS Tyagi, Sindhu Sareen, 
Sonia Sheoran Vikas Gupta, Charan 
Singh

Marker assisted breeding for 
drought tolerance

120.89DBT, New Delhi

2019-22Drs. Sewa Ram, BS Tyagi, OP Gupta, 
VanitaPandey and K. Gopalareddy

High resolution QTL mapping for 
iron (Fe), zinc (Zn), grain protein, and 
phytate content and their 
introgression in high yielding wheat 
cultivars

72.47DBT, New Delhi

March, 2019- March, 
2021

PI: Dr. Prem Lal Kashyap
Co-PI: Dr. Sudheer Kumar 

Characterization, race pro�ling and 
genetic analysis of wheat powdery 
mildew pathogen (Blumeria graminis 
f.sp. tritici (DC) Speer  (Syn. Erysiphe 
graminis DC f.sp. tritici) in India

14.04DBT, New Delhi

April 2017-March 
2020

Project leader: Dr. GP Singh
PI: Dr. Sudheer Kumar
Co-PI: Dr. Prem Lal Kashyap, 
Gyanendra Singh,  SK Singh, AK 
Sharma

Survey and surveillance for wheat 
blast caused by Magnaporthe oryzae 
pathotype Triticum and strategic 
research to manage it

127.54 DAC&FW, MOA & 
FW, New Delhi.

RESEARCH PROJECTSRESEARCH PROJECTS
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BARLEY IMPROVEMENT

SC Tripathi, OP Ahlawat and 
Sunil Kumar

7.0- Enhancing productivity and 
pro�tability of wheat based 
cropping systems through efficient 
resource management practices
CRSCIIWBRSL202000700200

SC GillResource 
Management 
Programme
Program Leader/PI-
S.C. Tripathi

7.1: Efficient nutrient 
management strategies for      
wheat based cropping 
systems

SC Tripathi, RS Chhokar,  SC 
Gill, Ankita Jha, Neeraj Kumar, 
OP Ahlawat, Poonam Jasrotia, 
Mamrutha HM, Ravinder 
Kumar, R Sendhil and 
Raghuveer Singh (ICAR-
IIFSR,Modipuram)

Anil Khippal7.3:Conservation Agriculture 
for Sustainable 
Intensi�cation of wheat 
based systems

Ankita Jha and Neeraj KumarRP Meena7.4:Improving resource use 
efficiency in wheat under 
conservation and    
conventional tillage practices

QUALITY AND BASIC SCIENCES

Sunil Kumar, OP Gupta, Vanita 
Pandey

1.0-Multi-locational and Multi-
disciplinary Research Programme on 
Wheat andBarley Improvement
CRSCIIWBRCL202000100194

Overall PI- GP 
Singh Quality 
PI-Sewa Ram

AICRP on Wheat 
and Barley

Sunil Kumar, OP Gupta, Vanita 
Pandey, BS Tyagi, 
Gopalareddy K

8.0-Improvement of processing and 
nutritional quality of wheat using 
biochemical/molecular approach
CRSCIIWBRSL202000800201

Sewa RamWheat quality 
improvement
Leader: Program 
Leader/PI- Sewa Ram 

AS Kharub, Chuni Lal, Dinesh 
Kumar, Rekha Malik Jogendra 
Singh, Lokendra Kumar, SK 
Bishnoi, Suman Lata, Sudheer 
Kumar, Poonam Jasrotia

1.0-Multi-locational and Multi- 
disciplinary Research Programme on 
Wheat and Barley Improvement
CRSCIIWBRCL202000100194

Overall PI-GP 
Singh, Barley 
Improvement 
PI- RPS Verma

AICRP on Wheat 
and Barley

Chuni Lal, Dinesh Kumar, 
Jogendra Singh, SK Bishnoi, 
Rekha Malik, Poonam Jasrotia

9.0-Barley improvement and 
technological interventions for 
yield, quality, biotic and abiotic 
stress tolerance for better 
farmers’ livelihood
CRSCIIWBRSL202000800202

RPS VermaBarley 
improvement 
Program Leader/PI- 
RPS Verma

9.1: Pre-breeding for novel 
genetic variability in barley 
using innovative techniques

RPS Verma, Dinesh Kumar, 
Rekha Malik, SK Bishnoi, 
Sudheer Kumar, Poonam 
Jasrotia, Rinki

Lokendra Kumar9.2: Genetic enhancement of 
malt barley with changing 
industrial requirements 
using conventional and 
molecular approaches

RPS Verma, Jogendra Singh, 
Dinesh Kumar, Rekha Malik, 
Sudheer Kumar, Poonam 
Jasrotia, Rinki

Chuni Lal9.3: Genetic Amelioration of 
Grain Quality and Yield in 
Feed and Food Barley

SC Tripathi, SC Gill, Anil 
Khippal, Neeraj Kumar and    
VK Chaudhary (ICAR-
DWR,Jabalpur)

RS Chhokar7.2:Development of effective 
weed management 
practices for wheat based 
cropping systems

Satyavir Singh, Anuj Kumar, 
Anil Khippal and Sendhil R

1.0-Multilocational and 
Multidisciplinary Research 
Programme on Wheat and Barley 
Improvement

Overall PI- GP 
Singh Social 
Sciences PI- 
Satyavir Singh

AICRP on Wheat 
and Barley

RPS Verma, AS Kharub, Rinki, 
SK Bishnoi, Rekha Malik, 
Poonam Jasrotia, Sneh Narwal 
(ICAR-IARI, New Delhi), Vinod 
Chhokar (GJUS&T, Hisar)

Dinesh Kumar9.4: Biochemical and 
molecular approaches to 
understand nutritional and 
industrial quality in barley

Dinesh Kumar, RS Chhokar and 
RP Meena

AS Kharub9.5: Development of 
resource management 
technologies for enhancing 
yield and quality of barley

SOCIAL SCIENCES

Satyavir Singh, Sendhil R 10.0-Evaluation, Dissemination 
and Impact Assessment of 
Production Technologies 
CRSCIIWBRSL202001000203

Anuj KumarSocial
Sciences
Program Leader/PI- 
Satyavir Singh

10.1: Assessment of Farmers’  
Perspective on Crop Residue 
Management in Indo-
Gangetic Plains of India

Satyavir Singh, Anuj Kumar, 
Anil Khippal, Raj Kumar

Sendhil R10.2: Promotion and Impact 
Evaluation of ICAR-IIWBR 
Technologies at Farmers’ Field

B. EXTERNALLY FUNDED PROJECT
Externally funded project (National Agencies)

Cost (in lakhs)Team Name of the project DurationFunding Agency

Nov., 2018 to March, 
2021

Dr. SindhuSareen (PI) Co-PI: Dr. 
Rajender Singh

Characterization of heat-linked QTLs 
and Enzymes associated with starch 
biosynthesis pathway in wheat

458.79ICAR (Extramural 
Research project 

Aug,2018 to July, 
2021

PI : Dr. Sindhu Sareen 
CO-PIs: Drs BS Tyagi,  Sonia 
Sheoran,Vikas Gupta

Exploiting alien genetic resources for 
developing climate resilient 
wheatand understanding 
mechanism of heat tolerance

133.31NASF

March,2018 to 
March, 2021

PI-Dr. Gyanendra Singh
Co-PI: Drs BS Tyagi, Sindhu Sareen, 
Sonia Sheoran Vikas Gupta, Charan 
Singh

Marker assisted breeding for 
drought tolerance

120.89DBT, New Delhi

2019-22Drs. Sewa Ram, BS Tyagi, OP Gupta, 
VanitaPandey and K. Gopalareddy

High resolution QTL mapping for 
iron (Fe), zinc (Zn), grain protein, and 
phytate content and their 
introgression in high yielding wheat 
cultivars

72.47DBT, New Delhi

March, 2019- March, 
2021

PI: Dr. Prem Lal Kashyap
Co-PI: Dr. Sudheer Kumar 

Characterization, race pro�ling and 
genetic analysis of wheat powdery 
mildew pathogen (Blumeria graminis 
f.sp. tritici (DC) Speer  (Syn. Erysiphe 
graminis DC f.sp. tritici) in India

14.04DBT, New Delhi

April 2017-March 
2020

Project leader: Dr. GP Singh
PI: Dr. Sudheer Kumar
Co-PI: Dr. Prem Lal Kashyap, 
Gyanendra Singh,  SK Singh, AK 
Sharma

Survey and surveillance for wheat 
blast caused by Magnaporthe oryzae 
pathotype Triticum and strategic 
research to manage it

127.54 DAC&FW, MOA & 
FW, New Delhi.
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Feb 2020 to Feb 
2022

PI: Dr. Garima Singroha
Mentor: Dr. Pradeep Sharma

Identi�cation of salinity stress 
responsive microRNAs in wheat at 
reproductive stage

WOS-A scheme

May 2015- March, 
2020

PI: Dr. Sonia Sheoran
Co-PI: Dr. Satish Kumar
Dr. Prem Lal Kashyap

Molecular approaches for mapping 
of novel gene(s)/QTL(s) for resistance/
tolerance to different stresses in rice , 
wheat, chickpea and mustard 
including sheath blight complex 
genomics and resistance mechanism 
component wheat 

ICAR funded 
project under 
incentivizing 
research in 
Agriculture

May 2015- 
March, 2020

2018-2020PI: Dr. Poonam Jasrotia
Co-PI:  Dr. Prem Lal Kashyap
Dr. Sudheer Kumar

Development and Implementation 
of E-pest surveillance system in 
Haryana for rice-wheat 

RKVY, Haryana 17.00 

March, 2017–June 
2021

PI: Dr. Mamrutha HM Functional Genomics
and Genetic Modi�cation
in Crops (Heat tolerance in wheat)

ICAR-Network 
Project

18.00

Since 2013Nodal officer: Dr. Arun Gupta
Co-nodal Officer: Dr. Charan Singh

DUS testing in wheat PPV&FRA, N. Delhi 10.5

Since 2013Dr. Charan SinghDUS testing in barley PPV&FRA, N. Delhi 7.50

2017-2021Dr. Sewa Ram, Dr.O.P. Gupta, Dr. 
VanitaPandey

Consortia Research Platform (CRP) 
on Bioforti�cation

250.00

2018-2021PI: Dr. Arun Gupta
Co-PIs: Dr. Sewa Ram and Dr. 
Sudheer Kumar

CRP on Agrobiodiversity 26.00NBPGR, N.Delhi

April 2017 – March 
2021

PI: Dr SK SinghCRP- Hybrid Technology (Wheat) 88.0IARI, New Delhi

PI: Dr RP Meena -
Co PI: Drs K Venkatesh
Rinki, 

CRP on water 38.3ICAR

Dr Amit Kr Sharma and CN MishraCreation of seed infrastructure 
facilities a component of Sub-
mission of Seeds and Planting 
Material)

123DAC F&W, 
MoA&FW

2020-2021

PI: Dr. OP Ahlawat; Co-PIs: Drs. 
Ratan Tiwari and Pradeep Sharma

Microbiome studies of bread wheat 
rhizosphere for improving tolerance 
against heat and drought stress 
under changing climate

34.01SERB-DST Jan. 2020 to  Jan. 
2023

PI: Dr SK Singh
Co-PI: Dr(s) Sindhu Sareen, Arun 
Gupta, Charan Singh, Vikas Gupta & 
Sonia Sheoran 

Germplasm Characterization and 
Trait Discovery in Wheat using 
Genomics Approaches and its 
Integration for Improving Climate 
Resilience, Productivity and 
Nutritional quality" Component 3: 
Evaluation of wheat germplasm for 
abiotic stresses 

95.57DBT Feb. 2020 to Feb. 
2025

April 2016 – March 
2021

Feb. 2020 to Feb. 
2025

Sewa Ram, BS Tyagi, OP Gupta, and 
K. Gopalareddy

Germplasm Characterization and 
Trait Discovery in Wheat using 
genomics Approaches and its 
Integration for Improving Climate 
Resilience, Productivity and 
Nutritional quality" under mission 
programme of "Characterisation of 
Genetic Resources”; Subproject: 
Quality

80.97DBT

Externally Funded Projects (Foreign agencies)

Associated scientists(PI and Co-PI)Title of the project Funding Agency

PI: Dr SC Bhardwaj
Co-PI:Dr Hanif Khan

Mitigating the effects of stripe rust 
on wheat production in South Asia 
and eastern Africa

ACIAR, Australia 

PI: Dr. Hanif Khan
Co-PI:Dr Satish Kumar
Dr CN Mishra
Dr Gopalareddy K

Application of Next-Generation 
Breeding, Genotyping, and 
Digitalization Approaches for 
Improving the Genetic Gain in Indian 
Staple Crops

ICAR and Bill & 
Melinda Gates 
Foundation

DurationTotal budget 
(Lakhs)

July, 2017 to June 
2021

64.0

Nov. 2018 to Oct.., 
2022

60.0

C.  CONTRACT RESEARCH PROJECT

Project amount
(Rs. Lakhs)

Project LeaderProject name Funding AgencyPeriod

16.63PI: Dr. RPS Verma
Co-PI: Scientists of Barley 
Improvement and Social 
Sciences

Consultancy to AB InBev (Barley Malt 
Company) for imparting training to the 
identi�ed barley growing farmers 
regarding advance barley technologies

M/s AB In Bev India 
Ltd.

Nov. 2020 to 
April 2021

10.38Dr. RS ChhokarEvaluation of Pinoxaden 5.1 % EC (New 
Formulation) for grass weeds control in 
wheat and barley

Syngenta India Ltd.2020-2022

1.65Dr. Raj Pal MeenaEvaluation of Nitritecnia-20 on growth and  
productivity of wheat 

Monsoon Crop 
science LLP Nashik, 
Maharashtra

2020-2021

10.14Dr. RS ChhokarQuanti�cation and Characterization of 
Herbicide resistance in weeds in rice under 
Rice-Wheat system. 

Syngenta India Ltd.2020-2022

3.30Dr. Raj Pal MeenaEvaluation of efficacy of Biozyme on 
growth and productivity of wheat 

Biostadtlndia 
Limited

2020-2021

5.90Dr. SC GillDetection of herbicide resistance in 
Phalaris minor biotype using RISQ test 

Syngenta India  
Limited , Pune

2020-2021

1.88Dr. SC GillEvaluation of Quantis (product of natural 
origin) for use in Wheat (Triticum aestivum) 
for supporting plant growth and yield 
enhancement. 

Syngenta India  
Limited , Pune

2020-2021

3.30Dr. SC GillEvaluation of Morgain, Alivio, Xpert, JU-
Potash 150 and Vita GoId in wheat  
(Triticum aestivum)

JU Agri Sciences 
Private Limited Unit 
NOIDA

2020-2022
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Feb 2020 to Feb 
2022

PI: Dr. Garima Singroha
Mentor: Dr. Pradeep Sharma

Identi�cation of salinity stress 
responsive microRNAs in wheat at 
reproductive stage

WOS-A scheme

May 2015- March, 
2020

PI: Dr. Sonia Sheoran
Co-PI: Dr. Satish Kumar
Dr. Prem Lal Kashyap

Molecular approaches for mapping 
of novel gene(s)/QTL(s) for resistance/
tolerance to different stresses in rice , 
wheat, chickpea and mustard 
including sheath blight complex 
genomics and resistance mechanism 
component wheat 

ICAR funded 
project under 
incentivizing 
research in 
Agriculture

May 2015- 
March, 2020

2018-2020PI: Dr. Poonam Jasrotia
Co-PI:  Dr. Prem Lal Kashyap
Dr. Sudheer Kumar

Development and Implementation 
of E-pest surveillance system in 
Haryana for rice-wheat 

RKVY, Haryana 17.00 

March, 2017–June 
2021

PI: Dr. Mamrutha HM Functional Genomics
and Genetic Modi�cation
in Crops (Heat tolerance in wheat)

ICAR-Network 
Project

18.00

Since 2013Nodal officer: Dr. Arun Gupta
Co-nodal Officer: Dr. Charan Singh

DUS testing in wheat PPV&FRA, N. Delhi 10.5

Since 2013Dr. Charan SinghDUS testing in barley PPV&FRA, N. Delhi 7.50

2017-2021Dr. Sewa Ram, Dr.O.P. Gupta, Dr. 
VanitaPandey

Consortia Research Platform (CRP) 
on Bioforti�cation

250.00

2018-2021PI: Dr. Arun Gupta
Co-PIs: Dr. Sewa Ram and Dr. 
Sudheer Kumar

CRP on Agrobiodiversity 26.00NBPGR, N.Delhi

April 2017 – March 
2021

PI: Dr SK SinghCRP- Hybrid Technology (Wheat) 88.0IARI, New Delhi

PI: Dr RP Meena -
Co PI: Drs K Venkatesh
Rinki, 

CRP on water 38.3ICAR

Dr Amit Kr Sharma and CN MishraCreation of seed infrastructure 
facilities a component of Sub-
mission of Seeds and Planting 
Material)

123DAC F&W, 
MoA&FW

2020-2021

PI: Dr. OP Ahlawat; Co-PIs: Drs. 
Ratan Tiwari and Pradeep Sharma

Microbiome studies of bread wheat 
rhizosphere for improving tolerance 
against heat and drought stress 
under changing climate

34.01SERB-DST Jan. 2020 to  Jan. 
2023

PI: Dr SK Singh
Co-PI: Dr(s) Sindhu Sareen, Arun 
Gupta, Charan Singh, Vikas Gupta & 
Sonia Sheoran 

Germplasm Characterization and 
Trait Discovery in Wheat using 
Genomics Approaches and its 
Integration for Improving Climate 
Resilience, Productivity and 
Nutritional quality" Component 3: 
Evaluation of wheat germplasm for 
abiotic stresses 

95.57DBT Feb. 2020 to Feb. 
2025

April 2016 – March 
2021

Feb. 2020 to Feb. 
2025

Sewa Ram, BS Tyagi, OP Gupta, and 
K. Gopalareddy

Germplasm Characterization and 
Trait Discovery in Wheat using 
genomics Approaches and its 
Integration for Improving Climate 
Resilience, Productivity and 
Nutritional quality" under mission 
programme of "Characterisation of 
Genetic Resources”; Subproject: 
Quality

80.97DBT

Externally Funded Projects (Foreign agencies)

Associated scientists(PI and Co-PI)Title of the project Funding Agency

PI: Dr SC Bhardwaj
Co-PI:Dr Hanif Khan

Mitigating the effects of stripe rust 
on wheat production in South Asia 
and eastern Africa

ACIAR, Australia 

PI: Dr. Hanif Khan
Co-PI:Dr Satish Kumar
Dr CN Mishra
Dr Gopalareddy K

Application of Next-Generation 
Breeding, Genotyping, and 
Digitalization Approaches for 
Improving the Genetic Gain in Indian 
Staple Crops

ICAR and Bill & 
Melinda Gates 
Foundation

DurationTotal budget 
(Lakhs)

July, 2017 to June 
2021

64.0

Nov. 2018 to Oct.., 
2022

60.0

C.  CONTRACT RESEARCH PROJECT

Project amount
(Rs. Lakhs)

Project LeaderProject name Funding AgencyPeriod

16.63PI: Dr. RPS Verma
Co-PI: Scientists of Barley 
Improvement and Social 
Sciences

Consultancy to AB InBev (Barley Malt 
Company) for imparting training to the 
identi�ed barley growing farmers 
regarding advance barley technologies

M/s AB In Bev India 
Ltd.

Nov. 2020 to 
April 2021

10.38Dr. RS ChhokarEvaluation of Pinoxaden 5.1 % EC (New 
Formulation) for grass weeds control in 
wheat and barley

Syngenta India Ltd.2020-2022

1.65Dr. Raj Pal MeenaEvaluation of Nitritecnia-20 on growth and  
productivity of wheat 

Monsoon Crop 
science LLP Nashik, 
Maharashtra

2020-2021

10.14Dr. RS ChhokarQuanti�cation and Characterization of 
Herbicide resistance in weeds in rice under 
Rice-Wheat system. 

Syngenta India Ltd.2020-2022

3.30Dr. Raj Pal MeenaEvaluation of efficacy of Biozyme on 
growth and productivity of wheat 

Biostadtlndia 
Limited

2020-2021

5.90Dr. SC GillDetection of herbicide resistance in 
Phalaris minor biotype using RISQ test 

Syngenta India  
Limited , Pune

2020-2021

1.88Dr. SC GillEvaluation of Quantis (product of natural 
origin) for use in Wheat (Triticum aestivum) 
for supporting plant growth and yield 
enhancement. 

Syngenta India  
Limited , Pune

2020-2021

3.30Dr. SC GillEvaluation of Morgain, Alivio, Xpert, JU-
Potash 150 and Vita GoId in wheat  
(Triticum aestivum)

JU Agri Sciences 
Private Limited Unit 
NOIDA

2020-2022
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4.24Dr. SC GillEffect of Calcium Borate Suspension 
concentrate (6% B) coated urea against 
Disodium OctaborateTetraborate (20%l 
yield and quality of wheat

Yara Fertilizers lndia 
Private Limited, 
Gurgaon

2020-2022

33.41Dr. Poonam JasrotiaEvaluation of Fipronil 0.6% GR against pink 
stem borer (Sesamia inferns)  and army 
worm (Mythimna separata) in wheat. 

Gharda Chemicals 
Limited  

2020-2022

16.99PI: Dr. Prem Lal Kashyap
Co-PI: Dr. Sudheer Kumar

Evaluation of GLol'r 30% wrv EC 
[propiconazole 13.9 (15% w/v) + 
Difenoconazole l3.9oh w/w (lSohwlv) EC] 
against wheat diseases (yellow rust, brown 
rust, powdery mildew) 

Syngenta India Ltd., 
Pune

2020-2022

8.49PI: Dr. Prem Lal Kashyap
Co-PI: Dr. Sudheer Kumar

Evaluation of bio-efficacy of 
pydi�umetofen
I5.0,l/o + propiconazole w/v SE (275SE) 
against yerow rust (Puccinia 
striiformisf.sp.tritici) and head scab 
(Fusarium graminoreum) of wheat. 

Syngenta India  Ltd., 
Pune

2019-2021

5.90Dr. SC GillEvaluation of post emergence herbicide 
'llL-1 19' against weeds in wheat

Product 
Development 
Agencies 
lnsecticideslndia Ltd.

2019-2021

5.31Dr. RS ChhokarEvaluation of bio-efficacy of post 
emergence herbicide 'ALH-816'for control 
of weeds in 

Product 
Development 
Agencies Atullndia 
Ltd.

2019-2021

5.90Dr. RS ChhokarHerbicide resistance detection in Phalaris 
minor using RISQ test.

Syngenta lndia Ltd, 
Delhi

2019-2020

14.75Dr. RS ChhokarEfficacy of premix of VPP 72.60% WG for 
control of Phalaris minor and broad leaved 
weeds in wheat 

Product 
Development 
Agencies FMC lndia 
Ltd.

2019-2021

16.52Dr. RS Chhokarldenti�cation, quanti�cation and control of 
herbicide resistance in broad-leaved weeds 
of wheat in lndia.

Product 
Development 
Agency Syngenta 
lndia Pvt Ltd.

2019-2022

16.     PUBLICATIONS

Research papers in journals

1. Ahlawat OP and Kaur H. 2020. Evaluation of hybrids 
and single spore isolates of paddy straw mushroom 
(Volvariella volvacea) (Bull.) Singer for fruiting body 
y i e l d  a n d  n u t r i t i o n a l  q u a l i t y.  J o u r n a l  o f 
Environmental Biology 41: 727-734 

2. Babu P, Baranwal DK, Harikrishna, Pal D, Bharti H, 
Joshi P, Thiyagarajan B, Gaikwad KB, Bhardwaj SC, 
Singh GP and Singh A. 2020. Application of 
genomics tools in wheat Breeding to attain durable 
Rust Resistance. Frontiers in Plant Science11: 567147

3. Balaganesh G, Malhotra R, Sendhil R, Sirohi S, Maiti 
S, Ponnusamy K and Sharma A. 2020. Development 
of composite vulnerability index and district level 
mapping of climate change induced drought in 
Tamil Nadu, India. Ecological Indicators 113: 106197

4. Bharath C, Biradar SS, Naik VR, Uday G, Desai SA, 
Mahalaxmi KP, Lamani KD and Ram S. 2020.  
Investigation on heterosis for grain micronutrients 
Zn, Fe and identifying heterotic single cross hybrids 
in tetraploid wheat. Journal of Pharmacognosy and 
Phytochemistry 9(5): 834-839 

5. Bishnoi SK, He X, Phuke RM, Kashyap PL, Alakonya 
A, Chhokkar V, Singh RP and Singh PK. 2020. Karnal 
bunt: A re-emerging old foe of wheat. Frontiers in 
Plant Science 11: 1486

6. Cariappa AGA, Kathayat B, Karthiga S and Sendhil R. 
2020. Price analysis and forecasting for decision 
making: Insights from wheat markets in India. 
Indian Journal of Agricultural Sciences 90(5): 979-984

7. Chhokar RS, Sharma RK, Gill SC and Singh GP. 2020.  
T a n k - m i x  a p p l i c a t i o n  o f  p -
Hydroxyphenylpyruvate dioxygenase (HPPD) 
inhibiting herbicide (Mesotrione, Tembotrione or 
Topramezone) with Atrazine improves weed 
control in maize (Zea mays L.). Journal of Research 
in Weed Science 3(4): 556-581

8. Choudhary P, Rai P, Yadav J, Verma S, Chakdar H, 
Goswami SK, Srivastava AK, Kashyap PL and 
Saxena AK. 2020. A rapid colorimetric LAMP assay 
for detection of Rhizoctonia solani AG-1 IA causing 
sheath blight of rice. Scienti�c Reports 10: 22022

9. Dashora A, Urmila, Gupta A and Khatik CL. 2020.  
Assessment of genetic variability and correlation 
for yield and its components traits in durum wheat 

(Triticum durum Desf.). International Journal of 
Current Microbiology and Applied Sciences 9(6): 548-
554  

10. Dubey H, Kiran K, Jaswal R, Bhardwaj SC, Mandal TK, 
Jain N, Singh NK, Kayastha AM and Sharma TR. 2020. 
Identi�cation and characterization of dicer-like 
genes in leaf rust pathogen (Puccinia triticina) of 
wheat. Functional and Integrative Genomics 20: 711-
721

11. Fyroj, Biradar SS, Desai SA, Rudra Naik V, Mahalaxmi 
K P, Lakkanagoudar S and Sewa Ram. 2020. Triticum 
dicoccum Schubler wheat: A potential source for 
wheat bio-forti�cation program. International 
Journal of Chemical Studies, https://doi.org/10. 
22271/chemi.2020.v8.i5t.10499

12. Gangwar OP, Kumar S, Bhardwaj SC, Kashyap PL, 
Prasad P and Khan H. 2019. Characterization of 
three new Yr9-virulences and identi�cation of 
sources of resistance among recently developed 
Indian bread wheat germplasm. Journal of Plant 
Pathology 101(4): 955-963

13. Gupta OP, Pandey V, Saini R, Narwal S, Malik VK, 
K h a n d a l e  T,  R a m  S  a n d  S i n g h  G P.  2 0 2 0 . 
Transcriptomic dataset reveals the molecular basis 
of genotypic variation in hexaploid wheat (T. 
aestivum L.) in response to Fe/Zn de�ciency. Data-
In-Brief,  https://doi.org/10.1016/j.jbiotec.2020. 
03.015

14. Gupta OP, Pandey V, Saini R, Narwal S, Malik VK, 
Tushar K, Sewa Ram and Singh GP. 2020. Identifying 
transcripts associated with efficient transport and 
accumulation of Fe and Zn in hexaploid wheat (T. 
a e s t i v u m  L . ) .  J o u r n a l  o f  B i o t e c h n o l o g y , 
https://doi.org/10.1016/j.jbiotec.2020.03.015

15. Gyawali S, Amezrou A, Verma RPS, Bruggeman, R, 
Rehman S, Belqadi L, Mustapha A, Tamang P and 
Singh M. 2020. Seedling and adult stage resistance 
to net form of net blotch (NFNB) in spring barley 
and stability of adult stage resistance to NFNB in 
Morocco. Journal of Phytopathology 168: 254–266

16. Jasrotia P, Jadon KS, Singh SK, Nataraj MV, Haris G, 
Dutt R and Savaliya SD. 2020. Development and 
validation of IPM modules against major sucking 
insect-pests of groundnut. Legume Research 43: 
592-597
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4.24Dr. SC GillEffect of Calcium Borate Suspension 
concentrate (6% B) coated urea against 
Disodium OctaborateTetraborate (20%l 
yield and quality of wheat

Yara Fertilizers lndia 
Private Limited, 
Gurgaon

2020-2022

33.41Dr. Poonam JasrotiaEvaluation of Fipronil 0.6% GR against pink 
stem borer (Sesamia inferns)  and army 
worm (Mythimna separata) in wheat. 

Gharda Chemicals 
Limited  

2020-2022

16.99PI: Dr. Prem Lal Kashyap
Co-PI: Dr. Sudheer Kumar

Evaluation of GLol'r 30% wrv EC 
[propiconazole 13.9 (15% w/v) + 
Difenoconazole l3.9oh w/w (lSohwlv) EC] 
against wheat diseases (yellow rust, brown 
rust, powdery mildew) 

Syngenta India Ltd., 
Pune

2020-2022

8.49PI: Dr. Prem Lal Kashyap
Co-PI: Dr. Sudheer Kumar

Evaluation of bio-efficacy of 
pydi�umetofen
I5.0,l/o + propiconazole w/v SE (275SE) 
against yerow rust (Puccinia 
striiformisf.sp.tritici) and head scab 
(Fusarium graminoreum) of wheat. 

Syngenta India  Ltd., 
Pune

2019-2021

5.90Dr. SC GillEvaluation of post emergence herbicide 
'llL-1 19' against weeds in wheat

Product 
Development 
Agencies 
lnsecticideslndia Ltd.

2019-2021

5.31Dr. RS ChhokarEvaluation of bio-efficacy of post 
emergence herbicide 'ALH-816'for control 
of weeds in 

Product 
Development 
Agencies Atullndia 
Ltd.

2019-2021

5.90Dr. RS ChhokarHerbicide resistance detection in Phalaris 
minor using RISQ test.

Syngenta lndia Ltd, 
Delhi

2019-2020

14.75Dr. RS ChhokarEfficacy of premix of VPP 72.60% WG for 
control of Phalaris minor and broad leaved 
weeds in wheat 

Product 
Development 
Agencies FMC lndia 
Ltd.

2019-2021

16.52Dr. RS Chhokarldenti�cation, quanti�cation and control of 
herbicide resistance in broad-leaved weeds 
of wheat in lndia.

Product 
Development 
Agency Syngenta 
lndia Pvt Ltd.

2019-2022

16.     PUBLICATIONS

Research papers in journals

1. Ahlawat OP and Kaur H. 2020. Evaluation of hybrids 
and single spore isolates of paddy straw mushroom 
(Volvariella volvacea) (Bull.) Singer for fruiting body 
y i e l d  a n d  n u t r i t i o n a l  q u a l i t y.  J o u r n a l  o f 
Environmental Biology 41: 727-734 

2. Babu P, Baranwal DK, Harikrishna, Pal D, Bharti H, 
Joshi P, Thiyagarajan B, Gaikwad KB, Bhardwaj SC, 
Singh GP and Singh A. 2020. Application of 
genomics tools in wheat Breeding to attain durable 
Rust Resistance. Frontiers in Plant Science11: 567147

3. Balaganesh G, Malhotra R, Sendhil R, Sirohi S, Maiti 
S, Ponnusamy K and Sharma A. 2020. Development 
of composite vulnerability index and district level 
mapping of climate change induced drought in 
Tamil Nadu, India. Ecological Indicators 113: 106197

4. Bharath C, Biradar SS, Naik VR, Uday G, Desai SA, 
Mahalaxmi KP, Lamani KD and Ram S. 2020.  
Investigation on heterosis for grain micronutrients 
Zn, Fe and identifying heterotic single cross hybrids 
in tetraploid wheat. Journal of Pharmacognosy and 
Phytochemistry 9(5): 834-839 

5. Bishnoi SK, He X, Phuke RM, Kashyap PL, Alakonya 
A, Chhokkar V, Singh RP and Singh PK. 2020. Karnal 
bunt: A re-emerging old foe of wheat. Frontiers in 
Plant Science 11: 1486

6. Cariappa AGA, Kathayat B, Karthiga S and Sendhil R. 
2020. Price analysis and forecasting for decision 
making: Insights from wheat markets in India. 
Indian Journal of Agricultural Sciences 90(5): 979-984

7. Chhokar RS, Sharma RK, Gill SC and Singh GP. 2020.  
T a n k - m i x  a p p l i c a t i o n  o f  p -
Hydroxyphenylpyruvate dioxygenase (HPPD) 
inhibiting herbicide (Mesotrione, Tembotrione or 
Topramezone) with Atrazine improves weed 
control in maize (Zea mays L.). Journal of Research 
in Weed Science 3(4): 556-581

8. Choudhary P, Rai P, Yadav J, Verma S, Chakdar H, 
Goswami SK, Srivastava AK, Kashyap PL and 
Saxena AK. 2020. A rapid colorimetric LAMP assay 
for detection of Rhizoctonia solani AG-1 IA causing 
sheath blight of rice. Scienti�c Reports 10: 22022

9. Dashora A, Urmila, Gupta A and Khatik CL. 2020.  
Assessment of genetic variability and correlation 
for yield and its components traits in durum wheat 

(Triticum durum Desf.). International Journal of 
Current Microbiology and Applied Sciences 9(6): 548-
554  

10. Dubey H, Kiran K, Jaswal R, Bhardwaj SC, Mandal TK, 
Jain N, Singh NK, Kayastha AM and Sharma TR. 2020. 
Identi�cation and characterization of dicer-like 
genes in leaf rust pathogen (Puccinia triticina) of 
wheat. Functional and Integrative Genomics 20: 711-
721

11. Fyroj, Biradar SS, Desai SA, Rudra Naik V, Mahalaxmi 
K P, Lakkanagoudar S and Sewa Ram. 2020. Triticum 
dicoccum Schubler wheat: A potential source for 
wheat bio-forti�cation program. International 
Journal of Chemical Studies, https://doi.org/10. 
22271/chemi.2020.v8.i5t.10499

12. Gangwar OP, Kumar S, Bhardwaj SC, Kashyap PL, 
Prasad P and Khan H. 2019. Characterization of 
three new Yr9-virulences and identi�cation of 
sources of resistance among recently developed 
Indian bread wheat germplasm. Journal of Plant 
Pathology 101(4): 955-963

13. Gupta OP, Pandey V, Saini R, Narwal S, Malik VK, 
K h a n d a l e  T,  R a m  S  a n d  S i n g h  G P.  2 0 2 0 . 
Transcriptomic dataset reveals the molecular basis 
of genotypic variation in hexaploid wheat (T. 
aestivum L.) in response to Fe/Zn de�ciency. Data-
In-Brief,  https://doi.org/10.1016/j.jbiotec.2020. 
03.015

14. Gupta OP, Pandey V, Saini R, Narwal S, Malik VK, 
Tushar K, Sewa Ram and Singh GP. 2020. Identifying 
transcripts associated with efficient transport and 
accumulation of Fe and Zn in hexaploid wheat (T. 
a e s t i v u m  L . ) .  J o u r n a l  o f  B i o t e c h n o l o g y , 
https://doi.org/10.1016/j.jbiotec.2020.03.015

15. Gyawali S, Amezrou A, Verma RPS, Bruggeman, R, 
Rehman S, Belqadi L, Mustapha A, Tamang P and 
Singh M. 2020. Seedling and adult stage resistance 
to net form of net blotch (NFNB) in spring barley 
and stability of adult stage resistance to NFNB in 
Morocco. Journal of Phytopathology 168: 254–266

16. Jasrotia P, Jadon KS, Singh SK, Nataraj MV, Haris G, 
Dutt R and Savaliya SD. 2020. Development and 
validation of IPM modules against major sucking 
insect-pests of groundnut. Legume Research 43: 
592-597
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PUBLICATIONS

17. Juliana P, Singh RP, Huerta-Espino J, Bhavani S, 
Randhawa MS, Kumar U, Joshi AK, Bhati PK, Mir HEV, 
Mishra CN and Singh GP. 2020. Genome-wide 
mapping and allelic �ngerprinting provide insights 
into the genetics of resistance to wheat stripe rust 
in India, Kenya and Mexico. Scienti�c Reports 10: 
10908

18. Kamboj D, Kumar S, Mishra CN, Srivastav P, Singh G 
and Singh GP. 2020. Marker assisted breeding in 
cereals: Progress made and challenges in India. 
Journal of Cereal Research 12(2): 85-102. 

19. Kashyap PL, Kumar S, Kumar RS, Sharma A, Jasrotia 
P, Singh DP and Singh GP. 2020. Molecular 
diagnostic assay for rapid detection of �ag smut 
fungus (Urocystis agropyri) in wheat plants and �eld 
soil. Frontiers in Plant Science 11: 1039. 

20. Kashyap PL, Kumar S, Kumar RS, Tripathi R, Sharma 
P, Sharma A, Jasrotia P and Singh GP. 2020. 
Identi�cation of novel microsatellite markers to 
assess the population structure and genetic 
differentiation of Ustilago hordei causing covered 
smut of barley. Frontiers in Microbiology 10: 2929

21. Kashyap PL, Solanki MK, Prity K, Kumar S and 
Srivastava AK. 2020. Biocontrol potential of salt-
tolerant Trichoderma and Hypocrea isolates for the 
management of tomato root rot under saline 
environment. Journal of Soil Science and Plant 
Nutrition 20 (1): 160-176

22. Khan H, Chatrath R, Kumar S, Mishra CN, Gupta V, 
Mamrutha HM, Jasrotia P, Bhardwaj SC, Kashyap PL, 
Gangwar OP, Kumar R, Prakash O, Lal M and Singh 
GP. 2020. Development and evaluation of high 
yielding, multiple disease resistant bread wheat 
variety-Karan Vandana (DBW187). Journal of Cereal 
Research 12(1): 44-49

23. Khobra R, HM Mamrutha, Venkatesh K, Mishra CN, 
Meena RP, Singh SK and Singh GP. 2020. Exogenous 
melatonin improves seedling vigour and drought 
tolerance in wheat. Journal of Cereal Research 12(3): 
334-337

24. Kumar A, Verma RPS, Singh A, Sharma HK and Devi 
G. 2020. Barley landraces: Ecological heritage for 
edaphic stress adaptations and sustainable 
production. Environmental and Sustainability 
Indicators 6: 100035

25. Kumar D, Chhokar V, Sheoran S, Singh R, Sharma P, 
Jaiswal S, Iquebal MA, Jaiswar A, Jaisri J, Angadi UB, 

Rai A, Singh GP, Kumar D and Tiwari R. (2020) 
Characterization of  genetic diversity and 
population structure in wheat using array based 
SNP markers. Molecular Biology Reports 47(1): 293-
306

26. Kumar D, Kumar A, Chhokar V, Gangwar OP, 
Bhardwaj SC, Sivasamy M, Prasad SVS, Prakasha TL, 
Khan H, Singh R, Sharma P, Sheoran S, Iquebal MA, 
Jaiswal S, Angadi UB, Singh G, Rai A, Singh GP, 
Kumar D and Tiwari R. 2020. Genome-wide 
association studies in diverse spring wheat panel 
for stripe, stem, and leaf rust resistance. Frontiers in 
Plant Science11: 748

27. Kumar N and Raheman H. 2020. Combustion, 
performance and emission characteristics of diesel 
engine with nanocera added water emulsi�ed 
mahua bio-diesel blend. Environmental Progress 
and Sustainable Energy https://doi.org/10.1002/ 
ep.13572 

28. N Kumar, Chhokar RS, Tripathi SC, Sharma RK, Gill SC 
and Kumar M. 2020. Role of Conservation 
Agriculture in Sustainable Food Production and 
Challenges. Findings in Agricultural Research and 
Management (FARM) Journal, 4(2): 5–11.

29. Kumar P, Banjarey P, Malik R, Tikle AN and Verma 
RPS. 2020. Population structure and diversity 
assessment of barley (Hordeum vulgare  L.) 
introduction from ICARDA. Journal of Genetics 99: 
70

30. Kumar R, Mamrutha HM, Kaur A, Bhusal N, Pandey 
A, Kumar S, Mishra CN, Singh G and Singh GP. 2020. 
Identi�cation and characterization of multiple 
abiotic stress tolerance genes in wheat. Molecular 
Biology Reports 47: 8629–8643

31. Kumar S, Kashyap PL, Mahapatra S, Jasrotia P and 
Singh GP. 2021. New and emerging technologies 
for detecting Magnaporthe oryzae causing blast 
disease in crop plants. Crop Protection 143: 105473

32. Kumar S, Kumar R and Sharma PC. 2020. De-
bittering studies of kinnow mandarin (Citrus 
reticulata Blanco) juice. Journal of Environmental 
Biology 41: 1068-1074

33. Kumar S, Kumar R, Sharma PC and Nambi VE. 2020. 
Aqueous and microwave assisted extraction of 
pectin from grapefruit and Nagpur mandarin. 
International Journal of Current Microbiology and 
Applied Sciences 9(7): 1938-1949

PUBLICATIONS

34. Kumar S, Singroha G, Bhardwaj SC, Saharan MS, 
Gangwar OP, Mishra CN, Khan A, Mahapatra S, 
Sivasamy M, Chatrath R and Singh GP. 2020. 
Characterization of exotic germplasm lines for 
resistance to wheat rusts and spot blotch. Indian 
Phytopathology 73: 237–243

35. Kumar V, Kumar D, Kharub AS, Kumar S, Verma RPS 
and Singh GP. 2020. Noti�cation of crop varieties 
and registration of germplasm. Barley Variety 
DWRB160. Indian Journal of Genetics 80(2): 226-227

36. Kumar V, Kumar S, Singh SP, Vaish SS, Deepshikha, 
Khan JB,  Kharub AS and Singh GP.  2020. 
Identi�cation of  resistant genotypes and 
representative environments for spot blotch 
(Biploris sorokiniana) in barley (Hordeum vulgare). 
Indian Journal of Agricultural Sciences 90 (5): 
909–913

37. Kumar V, Shekhawat AS, Kumar Y, Kaur S, Swati, 
Kharub AS and Singh GP. 2020. G × E models for 
yield adaptation and target environment analysis 
in barley (Hordeum vulgare).  Indian Journal of 
Agricultural Sciences 90(1): 128–132

38. Kumar V,  Shekhawat PS,  Vishwakarma SR, 
Bharadwaj SC, Kumar S, Kharub AS and Singh GP. 
2020. Identi�cation of resistant sources against 
spot blotch and stripe rust of barley. Journal of 
Cereal Research 12(1): 50-54

39. Kumari S, Gupta OP, Mishra CB, Vinutha T, Krishnan 
V, Singh B, Sachdev A and Dahuja A. 2020. Gamma 
irradiation, an effective strategy to control the 
oxidative damage of soy proteins during storage 
and processing. Radiation Physics and Chemistry 
177: 109134 

40. Kushwaha P, Kashyap PL, Bhardwaj AK, Pandiyan K, 
Srivastava AK and Tiwari RK. 2020. Bacterial 
endophyte mediated plant tolerance to salinity: 
growth responses and mechanisms of action. World 
Journal of Microbiology and Biotechnology 36: 26

41. Kushwaha P, Kashyap PL, Pandiyan K, Srivastava AK 
and Tiwari RK. 2020. Functional characterization of 
endophytic bacilli from pearl millet (Pennisetum 
glaucum) and their possible role in multiple stress 
tolerance. Plant Biosystems 154(4): 503-514

42. Kushwaha P, Kashyap PL, Srivastava AK and Tiwari 
RK. 2020. Plant growth promoting and antifungal 
activity in endophytic Bacillus strains from pearl 
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and Das S. 2020. Performance and stability of 
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and Developmenti https://doi.org/10.1002/ bsd2.134

45. Mamrutha HM, Khobra R, Sendhil R, Munjal R, Sai 
Prasad SV, Suma Biradar, Mavi GS, Dhar T, Raj 
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temperature stress on different growth stages of 
wheat. Plant Physiology Reports 25(4): 707-715
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pp38

14. Mamrutha HM, Rinki, Gopalareddy K, OP Tuteja, 
Yogesh Kumar, Gyanendra Singh and GP Singh. 
Elucidating the optimal stomatal traits for 
i m p r o v i n g  p h o t o s y n t h e s i s  i n  w h e a t  i n 

PUBLICATIONS PUBLICATIONS

ICAR-IIWBR ANNUAL REPORT 2020 107 ICAR-IIWBR ANNUAL REPORT 2020108



international conference on Prospects of Plant 
Physiology for Climate Proo�ng Agriculture 
organized by SKUAST, Jammu and ISPP, New Delhi 
from 6-7 Dec. 2020. pp1

15. Nisha Kataria, Satish Kumar, CN Mishra, Gautam 
Vishwakarma, BK Das, Gyanendra Singh and GP 
Singh. Induced mutation in wheat varieties to 
develop yellow rust resistance in National 
Symposium on Plant Disease Management for 
Food Security under Climate Change Scenario 
during January 9-10, 2020 at ICAR-IIWBR, Karnal. pp 
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incited by Sarocladium oryzae in National 
symposium on plant disease management for food 
security under climate change scenario during Jan. 
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editing to improve grain weight in wheat in virtual 
international conference on Prospects of Plant 
Physiology for Climate Proo�ng Agriculture 
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17�fgUnh�dk;ZØeksa�ij�fjiksVZ

HkkÑvuiq &Hkkjrh; xgs  a¡w ,o a tk S vulq /a kku lLa Fkku] djuky e as o"k Z
2020 d s nkjS ku dkjs kus k egkekjh ¼dkfs oM&19½ d s dkj.k fgUnh 
vuHq kkx }kjk vkuW ykbuZ  ek/;e l s vuds k as dk;ØZ e vk;kfs tr fd; s
x,] ftudk lfa {kIr fooj.k uhp s fn;k tk jgk gAS

jktHkk"kk dk;kZUo; lfefr dh frekgh cSBdsa  

bl lLa Fkku dh jktHkk"kk dk;kUZ o;u lfefr dh pkjk as frekgh 
b&Z cBS d d s ek/;e l s vk;kfs tr dh xbAZ  ftue as lLa Fkku }kjk 
jktHkk"kk fgUnh dh ixz fr ij ppk Z dh xbAZ  lLa Fkku dh dk;kUZ o;u 
lfefr }kjk l>q k; s x; s vf/kdre enq n~ k as ij ixz fr ljkguh; jghA

uxj jktHkk"kk dk;kZUo;u lfefr dh cSBdsa

HkkÑvuqi&jk'Vªh; Msjh vuqla/kku laLFkku] djuky esa ujkdkl 
dh 71oha Nekgh leh{kk cSBd dk vk;kstu fnukad 04 vxLr] 
2020 dks gqvk] ftlesa laLFkku ds funs”kd Mk- th ih flag ,oa 
Mk- vuqt dqekj iz/kku oSKkfud o jktHkk"kk izHkkjh vf/kdkjh us 
Hkkx fy;kA

fnukad 24 uoEcj] 2020 dks 72oha Nekgh leh{kk cSBd dk 
vk;kstu HkkÑvuqi&jk"Vªh; Msjh vuqla/kku laLFkku] djuky esa 
bZ&cSBd ds ek/;e ls vkWuykbZu fd;k x;kA ftlesa 
HkkÑvuqi&Hkkjrh; xsgw¡ ,oa tkS vuqla/kku laLFkku] djuky ds 
jktHkk"kk vf/kdkjh Mk- vuqt dqekj ,oa Mk- jfoUnz dqekj us 
Hkkx fy;kA

iqjLdkj o lEeku

ujkdkl iqjLdkj

fnukad 24 uoEcj] 2020 dks 72oha Nekgh leh{kk cSBd dk 
vk;kstu HkkÑvuqi&jk"Vªh; Msjh vuqla/kku laLFkku] djuky esa 

bZ&cSBd ds ek/;e ls vkWuykbZu fd;k x;kA ftleas fofHkUu 
Jfs.k;kas eas HkkÑvuiq&Hkkjrh; xsgw¡ ,oa tkS vulq/akku lLaFkku] 
djuky dks iqjLdkj ls lEekfur fd;k x;k gSA

ujkdkl] djuky mRÑ"V fgUnh izdk'ku dk iqjLdkj

ujkdkl] djuky dh 72oha Nekgh leh{kk cSBd ,oa okf'kZd 
ujkdkl iqjLdkj forj.k lekjksg esa mRÑ"V fgUnh izdk”ku 
if=dk ds :i esa laLFkku }kjk izdkf'kr xsgw¡ ,oa Lof.kZek dks 
f)rh; iqjLdkj ls lEekfur fd;k x;kA jktHkk"kk vf/kdkjh 
Mk- vuqt dqekj us ;g iqjLdkj laLFkku ds fy, xzg.k fd;kA

jktHkk"kk mRlo ,oa fgUnh i[kokM+k 

HkkÑvuqi&Hkkjrh; xsgw¡ ,oa tkS vuqla/kku laLFkku] djuky esa 
izR;sd o"kZ dh Hkkafr o"kZ 2020 esa Hkh **jktHkk"kk mRlo ,oa fgUnh 
i[kokM+k** dk vk;kstu fd;k x;kA bl nkSjku fofHkUUk oxZ ds 
vf/kdkfj;ksa o deZpkfj;ksa ds fy, Ng izfr;ksfxrkvksa dk 
vk;kstu fd;k x;k ftlesa laLFkku ds lHkh vf/kdkfj;ksa o 
deZpkfj;ksa us c<+&p<+dj Hkkx fy;kA 

mRÑ"V deZpkjh iqjLdkj 2020

iRz ;ds  o"k Z dh Hkka fr o"k Z 2020 e as Hkh jktHkk"kk fgUnh e as vf/kdrj 
dk; Z dju s oky s depZ kfj;k as dk s mRÑ"V depZ kjh ijq Ldkj l s uoktk 
x;kA lHkh oxk aZs d s fy, bl ifz r;kfs xrk d s vk;kts u dk e[q ; 
mnn“s ; fgUnh e as dke&dkt dk s c<k+ ;k nus k gAS

xsgw¡ ,oa Lof.kZek mRÑ"V ys[k iqjLdkj

xsgw¡ ,oa Lof.kZek ds vad X;kjgosa esa izdkf“kr ̂ ^èkkU; Qlyksa ds 
eq[; cht tfur jksx ,oa mudh jksdFkke**jfoUæ dqekj] lqèkhj 
dqekj] çse yky d';i] iwue tljksfV;k ,oa KkusUæ çrki 

Js.kh if=dk i qjLdkj

fgUnh x`g if=dk xsgw¡ ,oa tkS Lof.kZek  f }rh;

okf’kZd Lekfjdk Lekfjdk i zFke

fgUnh cqdysV@izf”k{k.k Lwk{e flapkbZ% ?kVrs ty lalk/kuksa dk vf/kd  f}rh;
 iSnkokj gsrq mfpr mi;ksx 

fgUnh cqdysV@izf”k{k.k cnyrs tyok;q ifjos”k esa tkS dh oSKkfud [ksrh r `rh;

fgUnh QksYMj lw{e flapkbZ% ikuh cpkus dh fuiq.k rduhd i zksRlkgu

lekpkj i=d@U;wt ySVj xsgw¡ ,oa tkS lans”k] Nekgh if=dk] tqykbZ&fnlEcj] 2019 izFke

okf’kZd izfrosnu  okf’kZd izfrosnu  i zFke

yhQysV@iSEQysV mÙkj iwohZ eSnkuh {ks= ds fy, xsgw¡ mRiknu dh uohure rduhfd;ka f }rh;

laLFkku }kjk izkIr ujkdkl iqjLdkj
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Çlg ̂ ^xsgw¡ Qly jksxksa ij vkèkkfjr eksckby ,si Þxsgw¡ M‚DVj** 
lqeu yrk] Mhih Çlg] iwue tljksfV;k] Kkusaæ çrki Çlg dks 
mRÑ"V ys[k iqjLdkj ls lEekfur fd;k x;k gSA bl 

izfr;ksfxrk esa p;fur nks ys[kksa ds fy, 3000 :i;s izfr ys[k 
dh uxn jkf'k nh tkrh gSA
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Dr. CN Mishra, Scientist 

Dr. Karnam Venkatesh, Scientist 

Dr. HM Mamrutha, Scientist
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Technical & Supporting staff 

Sh. Yogesh Sharma, CTO 

Dr. BK Meena, ACTO 

Sh. P Chandrababu, ACTO 

Sh. Surendra Singh, ACTO 

Sh. Surendra Singh, ACTO

Sh. Yogesh Kumar, ACTO 

Sh. Om Prakash, TO 

Sh. Suresh Kumar, TO

Sh. Rahul Singh, TO 

Sh. Rajesh Kumar, TO 

Sh. Ishwar Singh, STA

Sh. Ronak Ram, Sr. TA

Sh. Ramesh Pal, SSS (up to Oct. 2020)

Sh. Bhim Sen, SSS 

Smt. Shanti Devi, SSS 

Crop Protection 

Scienti�c staff

Dr. Sudheer Kumar, Pr. Scientist & PI

Dr. Poonam Jasrotia, Pr. Scientist

Dr. PL Kashyap, Scientist

Dr. Ravindra Kumar, Scientist

Technical & Supporting staff 

Sh. Ishwar Singh, TO

Sh. Bhal Singh, TO

Smt. Amresh, SSS

Resource Management 

Scienti�c staff

Dr. RK Sharma,  (upto 31.03.2020)Pr. Scientist & PI 

Dr. SC Tripathi, Pr. Scientist & PI  (w.e.f 01.04.2020)

Dr. SC Gill, Pr. Scientist 

Dr. RS Chhokar, Pr. Scientist 

Dr. Anil Khippal, Pr. Scientist

Dr. Raj Pal Meena, Sr. Scientist 

Dr. Ankita Jha, Scientist 

Dr. Neeraj Kumar, Scientist
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Çlg ̂ ^xsgw¡ Qly jksxksa ij vkèkkfjr eksckby ,si Þxsgw¡ M‚DVj** 
lqeu yrk] Mhih Çlg] iwue tljksfV;k] Kkusaæ çrki Çlg dks 
mRÑ"V ys[k iqjLdkj ls lEekfur fd;k x;k gSA bl 

izfr;ksfxrk esa p;fur nks ys[kksa ds fy, 3000 :i;s izfr ys[k 
dh uxn jkf'k nh tkrh gSA

deZpkjh inuke ,oa vuqHkkx izkIr LFkku

Jh lquhy deqkj  izoj Js.kh fyfid] iz”kklfud vuqHkkx izFke 

Jh Ñ".k iky lgk;d] foÙk ,oa ys[kk vuqHkkx f}rh;
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Sh. Bhim Sen, SSS 

Smt. Shanti Devi, SSS 

Crop Protection 
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Dr. Sudheer Kumar, Pr. Scientist & PI

Dr. Poonam Jasrotia, Pr. Scientist

Dr. PL Kashyap, Scientist

Dr. Ravindra Kumar, Scientist
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Sh. Ishwar Singh, TO

Sh. Bhal Singh, TO

Smt. Amresh, SSS

Resource Management 

Scienti�c staff

Dr. RK Sharma,  (upto 31.03.2020)Pr. Scientist & PI 

Dr. SC Tripathi, Pr. Scientist & PI  (w.e.f 01.04.2020)

Dr. SC Gill, Pr. Scientist 

Dr. RS Chhokar, Pr. Scientist 
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Dr. Raj Pal Meena, Sr. Scientist 

Dr. Ankita Jha, Scientist 

Dr. Neeraj Kumar, Scientist

fgUnh�dk;ZØeksa�ij�fjiksVZ

M‚- jfoUæ dqekj ,oa vU; dks xsgw¡ ,oa tkS Lof.kZek ds X;kjgosa vad esa çdkf'kr mR—"V ys[k iqjLdkj ls lEekfur

ICAR-IIWBR ANNUAL REPORT 2020 113 ICAR-IIWBR ANNUAL REPORT 2020114



Technical & Supporting staff 

Sh. Ram Kumar Singh, ACTO 

Sh. PHP Verma, ACTO

Sh. Rajinder Pal Sharma, TO 

Quality and Basic Sciences 

Scienti�c staff

Dr. Sewa Ram, Pr. Scientist & PI 

Dr. Sunil Kumar, Pr. Scientist (w.e.f 19.08.2020)

Dr. OP Gupta, Scientist 

Dr. Vanita Pandey, Scientist

Technical & Supporting staff 

Smt. Sunita Jaswal, ACTO 

Smt. Jamuna Devi, TO

Sh. Vijay Singh, STA 

Sh. Desh Raj, SSS

Social Sciences 

Scienti�c staff

Dr. Satyavir Singh, Pr. Scientist & PI

Dr. Anuj Kumar, Pr. Scientist 

Dr. Sendhil R, Scientist

Technical & Supporting staff 

Dr. Mangal Singh, ACTO

Sh. Harinder Kumar, SSS 

Accounts and Audit 

Sh. AK Kathuria, AF&AO

Barley Improvement

Scienti�c staff

Dr. RPS Verma, Pr. Scientist & PI 

Dr. AS Kharub, Pr. Scientist 

Dr. Chuni Lal, Pr. Scientist

Dr. Dinesh Kumar, Pr. Scientist 

Dr. Jogendra Singh, Pr. Scientist 

Dr. Lokendra Kumar, Pr. Scientist

Technical & Supporting staff

Sh. Ravinder Singh, ACTO

Sh. Rampal Saini, SSS

PME Cell

Dr. Poonam Jasrotia, Officer- Incharge

Dr. Ramesh Chand, ACTO

Landscape Section 

Sh. Rajender Kumar Sharma, TO 

Sh. Hawa Singh, SSG (Mali) 

Administration 

Sh. Sachin Agnihotri, SAO (upto 30.12.2020)

Sh. Gajanand Yadav, SAO (wef 31.12.2020)

Sh. Ramesh Kumar, AAO 

Smt. Promila Verma, AAO 

Smt. Hem Lata, PA

Sh. Sunil Kumar, Asst. 

Sh. Ramesh Chand, Asst.  

Sh. Shiva Bhardwaj, Steno-Gr.III

Sh. Sunil Kumar, LDC

Sh. Naresh Kumar, LDC

Smt.  Sonam Verma, LDC 

Sh. Paramjit Singh,SSS  

Sh. Biru Ram, SSS

Sh. Lakhwinder Singh, SSS

Accounts and Audit 

Sh. Jagdish Chander,  F&AO 

Sh. Krishan Pal, Asst.

Smt. Sushila, Asst.

Sh. Suman Thapa, SSS

Sh. Ramu Shah, SSS

Library 

Dr. Ajay Verma, Officer-Incharge 

Sh. Abhay Nagar, CTO 

Farm Section 

Dr. SK Singh, Officer- Incharge

Sh. Madan Lal, TO (Farm Manager)

Sh. Raj Kumar, TO (Farm Manager)

Sh. Raj Kumar, SSS 

PERSONNEL PERSONNEL

Vehicle Section

Sh. Abhay Nagar, ACTO & Incharge 

Sh. Ram Jawari, TO

Sh. Kehar Singh, TO

Sh. Om Singh, STA

Sh. Rajbir Singh, STA

Sh. Sunder Lal, STA 

Sh. Vinod Kumar, ST

Sh. Rajbir Singh, ST

Regional Station, Flowerdale, Shimla 

Scienti�c staff

Dr. SC Bhardwaj,  Pr. Scientist & Incharge

Dr. OP Gangwar, Scientist  

Dr. Pramod Prasad, Scientist  

Dr. Charu Lata, Scientist (w.e.f 07.04.2020)

Dr. Sneha Adhikari, Scientist (w.e.f 07.04.2020)

Technical & Supporting staff

Dr. Om Prakash, CTO

Dr. Subhodh Kumar, ACTO 

Sh. Swaroop Chand, Tech.

Sh. Bhoop Ram Verma, SSS

Sh. Khem Chand, SSS

Administrative staff

Sh. Roop Ram, PA

Sh. Anil Kumar, LDC 

Regional Station, Dalang Maidan, Lahaul & Spiti 

Scienti�c staff

Dr. Hanif Khan, Incharge 

Technical staff

Sh. Nand Lal, Sr. Tech.

Seed and Research Farm, Hisar

Scienti�c staff

Dr. SK Bishnoi, Scientist

Technical & Supporting staff

Dr. Rajendra Kumar, ACTO

Administrative staff

Sh. Mahabir Singh, UDC
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Sh. Ram Jawari, TO

Sh. Kehar Singh, TO

Sh. Om Singh, STA

Sh. Rajbir Singh, STA

Sh. Sunder Lal, STA 

Sh. Vinod Kumar, ST
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Sh. Swaroop Chand, Tech.

Sh. Bhoop Ram Verma, SSS

Sh. Khem Chand, SSS
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Sh. Roop Ram, PA

Sh. Anil Kumar, LDC 

Regional Station, Dalang Maidan, Lahaul & Spiti 

Scienti�c staff

Dr. Hanif Khan, Incharge 

Technical staff

Sh. Nand Lal, Sr. Tech.

Seed and Research Farm, Hisar

Scienti�c staff

Dr. SK Bishnoi, Scientist
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Dr. Rajendra Kumar, ACTO

Administrative staff
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19.    STAFF POSITION AND FINANCE

Place                 Designation Sanctioned Filled Vacant

Scienti�c cadre strength

Staff position as on 31st December, 2020

Director
Principal Scientist

Senior Scientist
Scientist

Principal Scientist
Scientist
Scientist

Total

SAO
AAO
FAO

AF&AO
Assistant

UDC
LDC
PS
PA

Steno Gr III

Total
PA

LDC

Total 
Grand Total

T-3 (Cat.II)
T-1 (Cat.I)
T-3 (Cat.II)
T-1 (Cat.I)
T-1 (Cat.I)

Total

01
05
12
42
01
05
01

67 (66+1)

01
03
01
01
07
03
04
01
01
01

23
01
01

02
25

19
23
02
03
01

48

01
03
10
39
-

05
-

58 (57+1)

01
03
01
01
04
01
02
01
01
01

16
01
01

02
18

14
21
02
01
01

39

-
02
02
03
01
-

01

09

-
-
-
-

03
02
02
-
-
-

7
-
-

-
07

05
02
-

02
-

11

IIWBR, Karnal; and Seed and Research Farm, Hisar

IIWBR Regional Station, Shimla

IIWBR  Regional Station, Dalang Maidan

Administrative cadre strength
IIWBR, Karnal

IIWBR Regional Station, Shimla

Technical cadre strength
IIWBR, Karnal

IIWBR Regional Station, Shimla

IIWBR  Regional Station, Dalang Maidan

Skilled supporting staff cadre strength
Station
IIWBR, Karnal
IIWBR Regional Station, Shimla
IIWBR  Regional Station, Dalang Maidan

Total
Summary 
Cadre
Director
Scienti�c
Technical
Administrative
Skilled supporting staff 

Total staff

Sanctioned
16
02
-

18

Sanctioned
01
66
48
25
18

158

SSS
SSS
SSS

Filled
13
02
-

15

Filled
01
57
39
18
15

130

Vacant
03
-
-

03

Vacant
0

09
09
07
03

28

AICRP (Wheat & Barley)          

Finance

Expenditure Statement upto 31-03-2020 (in lakhs)

ICAR-IIWBR, Karnal
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 HEAD BE  NET  RE   EXPENDITURE   Total exp. % of exp.
   2019- 2019- Other than  TSP NEH SCSP  against   
  20 20 NEH & TSP       revised
         estimate

 Grants in Aid - Capital 320.00 138.00 118.00 0.0 0.0 20.00 138.00 100.00

 Grants in Aid - Salaries 1823.79 1870.00 1870.00 0.0 0.0 0.0 1870.00 100.00

 Grants in Aid - General :-        

 (1) Pension 200.00 219.00 218.99 0.0 0.0 0.0 218.99 100.00

 (2) Others 808.15 696.86 649.99 6.86 0.0 40.00 696.85 100.00

 TOTAL 3151.94 2923.86 2856.98 6.86 0.00 60.00 2923.84 100.00

 HEAD BE  NET  RE   EXPENDITURE   Total exp. % of exp.
   2019- 2019- Other than  TSP NEH SCSP  against   
  20 20 NEH & TSP       revised
         estimate

 Grants in Aid - Capital 0.0 0.0 0.0 0.0 0.0 0.0 0.00

 Grants in Aid - Salaries 1864.46 1314.02 1276.10 0.0 37.92 0.0 1314.02 100.00

 Grants in Aid - General :-        

 (1) Pension 0.0 0.0 0.0 0.0 0.0 0.0 0.00 0.00

 (2) Others 355.50 205.49 192.99 4.95 7.55 0.0 205.49 100.00

 TOTAL 2219.96 1519.51 1469.09 4.95 45.47 0.00 1519.51 100.00
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 HEAD BE  NET  RE   EXPENDITURE   Total exp. % of exp.
   2019- 2019- Other than  TSP NEH SCSP  against   
  20 20 NEH & TSP       revised
         estimate

 Grants in Aid - Capital 320.00 138.00 118.00 0.0 0.0 20.00 138.00 100.00

 Grants in Aid - Salaries 1823.79 1870.00 1870.00 0.0 0.0 0.0 1870.00 100.00

 Grants in Aid - General :-        
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20. JOINING, PROMOTIONS, TRANSFERS  AND RETIREMENTS

New Joining

1. Dr. Sneha Adhikari, Scientist joined ICAR-IIWBR, R.S. 
Shimla on 07.04.2020.

2. Dr. Charu Lata, Scientist joined ICAR-IIWBR, R.S. 
Shimla on 07.04.2020.

3. Dr. Sunil Kumar, Pr. Scientist joined ICAR-IIWBR 
Karnal on 19.08.2020 on account of his transfer 
from ICAR-CIPHET, Ludhiana.

4. Dr. Umesh R Kamble,  Scientist joined ICAR-IIWBR 
Karnal on 24.08.2020 on account of his transfer 
from ICAR-IISS, Mau.

5. Sh. Gajanand Yadav, Sr. Admn. Officer joined ICAR-
IIWBR Karnal on 31.12.2020 on account of his 
transfer from ICAR-IISWC,  Dehradun.

Promotions

Scienti�c staff

1. Dr. Amit Sharma, Sr. Scientist promoted to Pr. 
Scientist from RGP ̀  9000 to RGP10000.

2. Dr. Poonam Jasrotia, Sr. Scientist promoted to Pr. 
Scientist from RGP ̀  9000 to RGR10000.

3. Dr. Ankita Jha, Scientist promoted from RGP ` 6000 
to RGP 7000

Technical Staff

1. Sh. Rajesh Kumar, STA promoted to Technical Officer. 

2. Sh. Bhal Singh, STA promoted to Technical Officer.

Administration Staff

1. Smt. Promila Verma, Assistant  promoted to Asstt. 
Administrative Officer 

2. Sh. Ramesh Chand, UDC promoted to Assistant

3. Smt. Sushila, UDC promoted to Assistant

SSS Staff

1. Sh. Raj Kumar, SSS was granted MACP from GP 2000 
to 2400.

Transfer

1. Sh. Sachin Agnihotri, Sr. Administrative Officer 
transferred from ICAR-IIWBR, Karnal to ICAR-
Research Complex for NEH Region, Umiam on 
30.12.2020.

Retirements

1. Dr.  RK Sharma,  Pr. Scientist on 31.03.2020

2. Smt. Jamuna Devi,  STA on 31.12.2020

3. Sh. Raj Kumar, SSS on 31.12.2020

Retirement of Dr. RK Sharma, Principal Scientist Bid farewell to Sh. Sachin Agnihotri SAO on his transfer 

STAFF POSITION AND FINANCE
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AICRP (Wheat & Barley)          

Expenditure Statement upto 31-12-2020 (in lakhs)

ICAR-IIWBR, Karnal

 HEAD Progressive  Progressive Expenditure during 2020-21  Total exp. % of exp.       
  Receipt of Other than  TSP NEH SCSP (upto against   
  Grant against (TSP NEH      Dec. 2020) receipt
  BE & SCSP)     

 Grants in Aid - Capital 25.93 5.47 0.0 0.0 0.0 5.47 21.10

 Grants in Aid - Salaries 1601.13 1590.84 0.0 0.0 0.0 1590.84 99.36

 Grants in Aid - General :-        

 (1) Pension 186.12 141.65 0.0 0.0 0.0 141.65 76.11

 (2) Others 462.34 409.00 3.56 0.0 2.71 415.27 89.82

 Grand Total 2275.52 2146.96 3.56 0.00 2.71 2153.23 94.63

 HEAD Progressive  Progressive Expenditure during 2020-21  Total exp. % of exp.       
  Receipt of Other than  TSP NEH SCSP (upto against   
  Grant against (TSP NEH      Dec. 2020) receipt
  BE & SCSP)     

 Grants in Aid - Capital 0 0 0 0 0 0 0

 Grants in Aid - Salaries 1099.14 919.08 0.0 64.60 0.0 983.68 89.50

 Grants in Aid - General :-        

 (1) Pension 0 0 0 0 0 0 0

 (2) Others 176.06 102.80 7.76 1.09 0 111.65 63.42

 Grand Total 1275.20 1021.88 7.76 65.69 0.00 1095.33 85.89
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Shimla on 07.04.2020.

2. Dr. Charu Lata, Scientist joined ICAR-IIWBR, R.S. 
Shimla on 07.04.2020.

3. Dr. Sunil Kumar, Pr. Scientist joined ICAR-IIWBR 
Karnal on 19.08.2020 on account of his transfer 
from ICAR-CIPHET, Ludhiana.

4. Dr. Umesh R Kamble,  Scientist joined ICAR-IIWBR 
Karnal on 24.08.2020 on account of his transfer 
from ICAR-IISS, Mau.

5. Sh. Gajanand Yadav, Sr. Admn. Officer joined ICAR-
IIWBR Karnal on 31.12.2020 on account of his 
transfer from ICAR-IISWC,  Dehradun.

Promotions

Scienti�c staff

1. Dr. Amit Sharma, Sr. Scientist promoted to Pr. 
Scientist from RGP ̀  9000 to RGP10000.

2. Dr. Poonam Jasrotia, Sr. Scientist promoted to Pr. 
Scientist from RGP ̀  9000 to RGR10000.

3. Dr. Ankita Jha, Scientist promoted from RGP ` 6000 
to RGP 7000

Technical Staff

1. Sh. Rajesh Kumar, STA promoted to Technical Officer. 

2. Sh. Bhal Singh, STA promoted to Technical Officer.

Administration Staff

1. Smt. Promila Verma, Assistant  promoted to Asstt. 
Administrative Officer 

2. Sh. Ramesh Chand, UDC promoted to Assistant

3. Smt. Sushila, UDC promoted to Assistant

SSS Staff

1. Sh. Raj Kumar, SSS was granted MACP from GP 2000 
to 2400.

Transfer

1. Sh. Sachin Agnihotri, Sr. Administrative Officer 
transferred from ICAR-IIWBR, Karnal to ICAR-
Research Complex for NEH Region, Umiam on 
30.12.2020.

Retirements

1. Dr.  RK Sharma,  Pr. Scientist on 31.03.2020

2. Smt. Jamuna Devi,  STA on 31.12.2020

3. Sh. Raj Kumar, SSS on 31.12.2020

Retirement of Dr. RK Sharma, Principal Scientist Bid farewell to Sh. Sachin Agnihotri SAO on his transfer 
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AICRP (Wheat & Barley)          

Expenditure Statement upto 31-12-2020 (in lakhs)

ICAR-IIWBR, Karnal

 HEAD Progressive  Progressive Expenditure during 2020-21  Total exp. % of exp.       
  Receipt of Other than  TSP NEH SCSP (upto against   
  Grant against (TSP NEH      Dec. 2020) receipt
  BE & SCSP)     

 Grants in Aid - Capital 25.93 5.47 0.0 0.0 0.0 5.47 21.10

 Grants in Aid - Salaries 1601.13 1590.84 0.0 0.0 0.0 1590.84 99.36

 Grants in Aid - General :-        

 (1) Pension 186.12 141.65 0.0 0.0 0.0 141.65 76.11

 (2) Others 462.34 409.00 3.56 0.0 2.71 415.27 89.82

 Grand Total 2275.52 2146.96 3.56 0.00 2.71 2153.23 94.63

 HEAD Progressive  Progressive Expenditure during 2020-21  Total exp. % of exp.       
  Receipt of Other than  TSP NEH SCSP (upto against   
  Grant against (TSP NEH      Dec. 2020) receipt
  BE & SCSP)     

 Grants in Aid - Capital 0 0 0 0 0 0 0

 Grants in Aid - Salaries 1099.14 919.08 0.0 64.60 0.0 983.68 89.50

 Grants in Aid - General :-        

 (1) Pension 0 0 0 0 0 0 0

 (2) Others 176.06 102.80 7.76 1.09 0 111.65 63.42

 Grand Total 1275.20 1021.88 7.76 65.69 0.00 1095.33 85.89
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