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MANDATE

THE MISSION

Basic and strategic research on wheat and barley to
improve productivity and quality.

Coordination and development of improved crop
production and protection technologies for sustainable
production.

Providing genetic diversity and accelerate the breeding
cycle through off season facilities.

Surveillance and forewarning for management of rust
diseases.

Dissemination of improved technologies, capacity
building and development of linkages.

Ensuring food and nutritional security by enhancing the productivity and profitability of wheat and
barley on an ecologically, socially and economically sustainable basis and making India the world
leader in climate smart wheat system production.
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PREFACE

] Iam pleased to present the Annual Report of the ICAR-Indian Institute of Wheat and
Barley Research (IIWBR) for the year 2024. This report encapsulates the significant
achievements, ongoing research and developmental activities undertaken by the
institute in pursuit of enhancing wheatand barley production in India.

As a premier institute under the Indian Council of Agricultural Research (ICAR), IWBR
remains committed to addressing the challenges faced by wheat and barley farmers
through cutting-edge research, innovative technologies, and sustainable agricultural
practices. Our scientists have made noticeable progress in breeding high-yielding,
disease-resistant, biofortified and climate-resilient varieties, alongside advancements in
crop management and post-harvest technologies which resulted in record wheat production of 113.29 million
tons and barley production of 1.69 million tons in India during 2023-24.

ICAR-IIWBR successfully organized the 63 All India Wheat and Barley Workers Meet held from September 11-
13, 2024, at Acharya Narendra Deva University of Agriculture & Technology, Ayodhya (Uttar Pradesh). The
Varietal Identification Committee has identified 13 wheat and 3 barley varieties for different production
environments across India. During the year 2024, the Central Sub-Committee on Crops Standards, Notification
and Release of Varieties for Agricultural Crops recommended the release and notification of 10 bread wheat
varieties and one durum wheat variety. Also, DBW327 was recommended for the extension of areas of adoption
toirrigated, early sown condition of central zone. A total of 21 genetic stocks of wheat were registered for traits
like resistance to rust, heatand drought, higher 1000 grain weight and higher grain protein content. IWBR Seed
Portal was upgraded with unified seed sale software for maintaining real time inventory of breeder and
truthfully labelled seed sale of recently released wheat and barley varieties to thousands of farmers across the
wheat growing states. Besides, efforts were put in to strengthen Public Private Partnership approach and more
than 150 seed firms signed the memorandum of agreements with ICAR-IIWBR to strengthen the seed chain
system of [CAR-IIWBR varieties in PPP mode.

[ take this opportunity to express my sincere gratitude and heartfelt thanks to Dr. Himanshu Pathak, Secretary
DARE and DG (ICAR), Dr. T.R. Sharma, DDG (Crop Science), Dr. S.K. Pradhan, ADG (F&FC), Dr. D.K. Yadava, ADG
(Seeds), Dr. PL. Gautam (Chairman RAC) and members of RAC for providing valuable guidance and suggestions
towards implementation of various research programmes. Through collaborative initiatives with national and
international institutions, IWBR has strengthened its role in providing scientific solutions for the betterment of
Indian agriculture.

[ extend my sincere gratitude to cooperators from state agricultural universities, research partners, and
stakeholders for their continuous support and guidance. I also commend the dedication and hard work of our
scientists, technical staff, and administrative personnel, whose relentless efforts have contributed to the
institute's success.

[ hope this report will serve as a valuable resource for researchers, policymakers, and all stakeholders engaged
in the wheat and barley sectors. Together, let us continue striving for excellence in agricultural research and

ensuring food security for the nation.
i Y
W hren

(Ratan Tiwari)

JaiJawan, Jai Kisan, Jai Vigyan, Jai Anusandhan
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I pret ETerar

A YUR

Y 2024 B IR HHEA AFDI TR Dad ST—AHAT B RABTRET
@ e ¥ faf Scares Rerferll # =7t & fog wma oS g,
Pl gom gaT g, IR (AN 1665), Udiewy, foid 2
(drdreeey, 823), Uldlescy 3R, UAY 3535, ClRdTS<y,
155, CloTeey_ 153, UTS! 3437; Udh x4 g [ (TIARMS
8840) 3R TH TEHIHA g, (@Uell) fret (€16 1063) Bl
Srferger favam |
fafr=1 g, Saues a3 § Wil & forg IR g T S
FTAIT HRA, PRAT gRT [ABRIT g, DI &l fHHAT B
Fftgfaa frar an Sidesy 359 (wRor Rarh) weg &k
TN &3 B wHa UR gars, WA Rt Reafa @ fog, ofix
SIdTSey 377 (V1 dice) Hed & 3 29 gars 3iR Iod Ia=al
Rerfoal & ferg |
] g fhl (SHTs<y 386 31X SIS 443) BT HATT: IR
qdf HeT & B e wR ganTs 1 Reafdr iR gy e @
fforT wa W ganE @1 Rerfar & Ted oy o & forg, fre
g AT gIRT IR fohar |
T & B 15 ARG WLid Yol (b Y, fF0 T &
G I & uf ufeRreresar, T iR g @ ufy Fereierdr,
TUTERTT 0T, Jea WE AT 3R 1000 ST BT AD aor
ST faRaTg enfaet | 3 Jmgalie e AE @ IR e
golteRll | W §, o f2feed yReqw, & svE, ol
SIEPIFT IR & TRCTT TaTHY. ThRIBIHY |
AR 1% Td Sl AL AR, PRATA Bl B8 gare—|l g,
[ o Sreey 422, CldIewy 425, TldIewy 426,
SIS 432, TSR] 445 3R SISy 477 BT fafa= e
% forg Tardt siftm af wewr & forg ys=a fear |
SIS 426, ST 445 3R SIS 509 DI ITDI TER
TUTERTT 3R UG & MR TR T [T 1T |
Ty 2024 B SR, FARI=T AT 37 688 T, SHCITSH AATg+ WIS 1 T8
3IR fAf=T ARTeRaTRIT BT g @ 943 e U TS 7T |
S /MR F SIS U el & Uealld, Jelias],
Areifa, = SR #fdwer & g wWic WMl | g, @Re 3R
3 GHEIRET & % S o fory TaIdISTismR / <Hfie & wread
I BT 418 AIH AT T AR HIFDT ol 7T |
ST URIET fRRNEe & AR 465 g, [HH BT G
e a1, Safeh 96 T, STHWITSH T8 Bl JMMUfdd Feqor quis
& 1T WS fafdedr el & forg ffed fovar |
GA—TwaRy 78 fieel 7 IR g g, B!, RO 9S8
(Srdrsey, 370), BRUT Gal (Sldrsey] 371), DRI TN (Sldrsey
372), ROT U (ST 316) AR Udh SRH T e SISreey 55
(@1 HOTRY), DT Gt et @ Sroft H dofigd faha |
Q1 98 N2 frwt sl ey 359 iR ey 377 &
JSITRUT 3T Aigfar &l & d8d dsiiaxer & fog dididi—
THARY, T8 oot Bl IR e 1Y |
g BT AT qeT AT ST dTell AT B Bl 1780 Ufdaal
BT i T AT oI Iust faeryamel, Sifdd ofik srifadw
TG ARWAT & forg = 3R Wl S+ far 12 |

Jed IUS o ATl Mg B b ¥ gig Fame adiade
TARTSS (ARARA) & 7vra &l A9 & Se9d 9 {6y 17 Ua
ISR W Udl el © b ugell e i s # 0.2%
ARIRN & U &1 [Fsda A Bd (R P AhaAdgdd b4
frar ST HHaT 2 |

T T frt (Sidirsey 187, Sds<y 303 31X SISy 371)
TR Sifded ATZLIHRUT AR D (SRS eI H g T AT
o5 qTel) DI AaTs, eat Ui Bl oidTs 3MR TS, IR, BTdRe
ABIDH S eIV HH ASEI TIRT TR BIWT HH &1 1Y | 3
TEI0N & 1T HAGH ¥ ASEIo A Jabic b1 SN
HH Argcior Refqal & dgd are o Qfeal § aio-y 9l &
BRI DI UM B & forq far ST AT |

RIS oraf & <R 1 g & foau M-S & ot
AR 450 HHROT (1¥7) S99 & T fobd ¢ | BIga, Ydi=
76, IR, e, WRIGET AR gire™ RIfeadr o
SIFICIEU &1 SUANT Fawvl # fafdre devl ™ OR <5 &
forg famam |

UfSTelTed SR (SISI—si=M), T8, WA (FgUHgd— ),
fefewn Srsdidpiged  (TUd—<i=H) siv fofes
R Sd (QUAISISI—Sii=) WfiRd gel 155 SiHeETd
B AAIHT TEAR g a8 gR  graraRen # g
IRR—FhaT® (UIedh HIDI) SR ST dAervl BT ITINT
AR T, G AR Y 71 & Jfey AeTierdr & FIT &
forg fepar T |

AHII—IRAT g, Ud il JIgaem GRIH, et
ATPRTTI—UTSIRNRINE  BRATS,  HIHATI—INMSIMSUBTHAR,
AIIGRA (R0) SR AP HTNARATE &1 g, AITGRA
D AT HTR— AN FeAN & Ted, 13 g 5l B 6667
fiaca uoma 99 iR 2400 fdaca v fafed 99 @&
ITeH BT AT | 39 S & IR Sl B ©: fHEAl & 300
fdareer drer W Seare foar |

W @ Raffeam [ (Bs) dron & ofdiid g, &
fFerast / diex IR fafted 919 1 9@ § ot 695.50 I
T @1 I 31T B8 |

I A TE IR S @ FdEad el & Sa Il @t
TSl HRe SR fAaRT &R & folU SgesSedIeiR diol
UIEe BT TS T B | TSI SYINR 4T Uit & AeaH
A AR 7 19—24 AR, 2024 B AR FA 22000 H 31D
Goligrd fRami @l g 3R Sit &1 FdaH i & et G
BT 2400 fdgea 4 aifdre faavor faar |

JeIhTsfed JaIRAT & SUaiRd fofewd vReaq & SN

PR gY S faveiyor # Jfieafad sfder, favesd Sie
Afefdd ok Yol i ¥e @ @R g S &
SRINT HRS P TE |

T8 H BRATA dC IR I IS B8 GRTTd FgLITe Bl Igar
UREA 24, 3, 441 37R 541 IR BT T3, ST AM[2H W9 A 13—18.

9% BATCTgUe f=~ar &) arRaT B & |

TE & SI—TTAHIT & oIy smserdiat e & foheor / &9
(PR / ®9) ST HUTed &1 &Rl SHdieey 187 3IR




Sidfrseey 303 Sl w 1E frel H ymfa i 2 |

fARISS BT STIRT TR ST YOIl ARET (QTRTNY) BT ST
foam 1T oI 12 Ut BRI § STIRT & forg fafi sTRewy
SAETUTT T ToTT SMITSTAG TSI &1 Ugan &I TS |

% @ SiHeRy H R / FoHd AaER $I I8aR ST H T
R g wEEEr & fory waw HEwyel o @ or
U BR & ol TR ¥ U =1 Aierersy (RO uas g3
HET 1A B) fasfid fear sxer g |

B GRa

TE BT B3Il B TR ST B R fafd=T oifRar Sy .
T, U Uy, 3N AU, TA.0.Y, I Y faumil, &.
A, fparl afe grRT fearl & Wdl & T qderor grr
DI ST B 3R TS, AR —3TS 3TE. S, d1.3TR. §RT FHf~ad
1 I 2 | % H Uret IgeT @ SuRIY 1 A Haw ggel
24.01.2024 BT IR X1 (TF) # TS e fFe W 3R
IEATH BITATT H TFS] 2967 TR THeAT o |

JMSUITETT # da 1,212 gfaftcdl ik didivedgs 4 469
At @Y 146 Tfaftedt @)y Ral ik Fiet & forg S
DS |

T SR faQel STftetTsR aret 918, & 320 SIHICISUE &1 <l
3T T & RIATH Heich=t fam 147 | 379 & T SiHIersyd
(flamgs10975, Wiemg271251, UIaMEg338443, UIaME383905,
a$350306, WaME322042 (SR 385), ASAT 138904 —,
AMEA128360, 3MSUI128322, R AEXAI78736) - WRKEN
ufafpard wefdia @1 97 SiHicRud & 799 wy I
rfoRdae el & wU ¥ <ol fhar 731, 3R 163 SHAICISUN &I
Srfadde2el UraT AT STdfh A SIHICgU bl 9e09 U
3 wfeRIe g T |

Sifde aemal & IR & fofg oo # SuanT @ forg <o &
A= HRY—STerary &3l # 19 TS dal & AT Iod KR DI
T UfeRIET edT & g |rdt arell 27 ufaftet At & a1 |
A wfaficadl, didrsey 902, Uidiesy 870, 3R TAS! 3440, §&A
w0 A SUART BT TG | YRS D5 7 I ol PRIHA d
a9 wfaftedl &1 ST fha, 39 918 G 3iR
TS ). T3TR.—). T, U .3IR.3MTS., BR-Tel bl XA &7 |

fafire &=t oY #f$at | Gof 8,100 M & A Uh fby 7Y |
ST W 93.44% T FRATA dC HPA A Jad o | BRATA
FT—HHIAT IS B AT AT 0.0 | 7.3% Tb oY, RorAd
PRATA & U T H 7.3% BT AfABTH TSI FhAT ST AT
of | HERTSS, BICd, ORI 3R FL HQTT, PRATA §C HhH0T
< e U1 Y |

EIe RE M & IR A Fues AR uf¥es §7a 3 559 JaeT
BT AHA B oY, T Adhfodd B IS TS TS | ST
3R =faror ufem ame #, MR- W @ 9T fhg Y
TN ¥, Bl <IRe BT dis IURLRT &1 urs 78 | fhary &1
FraR® STl & IR ¥ Rifer {631 131 iR AR {6 3
% forg vrcaTEa fopam T | 99 2023—24 H AR & SR H
e w@Re & Raad gt 378 wfafedl @ Sifg @ 75| df=
yfaftca! (SHdressy 447, Sidiesy 448, Sy 449, Uidreew]
942, YIS 943) HHHUT—Ha off, STafdh 12 wfaftedt (ar 3141,

o

Sy 455, SIS 454, TRISUSR] 4621, TaUl 1981,
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SISy 446, B 2301, 317, TagSey, 859, ARTYSY,
107, TAYSR] 861, FIATSC! 2310) =T 10% T HHHU TR B
|1y iRy fama |

o T SHAICTSY BT Sid IS WIBTIgenT | UogH Tfafaferat
IR UfRY WRI # Ae@yol =] | ans | -3 =
AR 72 TAHeNS. R Uived, WUEl, SR, wdgh,
YUge, RIS, Udiell, Fegelst 3R TeldMge wiefon
e AT BT U2 T, S FT891eroNT AN arr
@ oI YR BT Habd ST © |

o A FEGARG ARIGHIET IMSARICH & JaicHd |got
W fageryer | HgmNCse @ SuRe # #gaqu
RI=TaTg AT g, FOTaH Seeyualls 2406 H TH.UASR. &I
H=T Fa 3N off Safdh Seguans 2411 # Yof TH.UAIMR.
BT Ufererd qa’y JfAF o | ey 4 GRiIeR iR arafdd
Y YIRAISIR URievl & Aegd | WgHRl @) fafredr iR
Haeriierar &1 gfte &1, gafet srgafiie f=ar o ugar &
31X JATSICICH Pl &1 AHe! H fawTfoTe o |

o TP 3y ° MR, MIRd Uga= &I SUANT d)p U
T MR ORIGR el Ueliergy (46T9119, 110TA119,
238TXT119, 110TH84, 3R 47U%7103) H BE TIHHRNI SiF
(Growrcin2s0e, MuRged2, TwERii7, Gowgiias, Toadisumy,
IR fiuadiens) @ SuRIfY & Wharargde uga™ &l iR
gfte i |

o 37T H ISl 1029 BT TIH B R SISy 222 B IeaqH
T[T TeTs AHHYT JABID B A1 Ugal 1T | BB afaftedr d
ol ufthe foRty wead o, Siafes sif¥erer sifoedeTeier o |
a1 wfaftedl 4 we vfhe AR oM R W TRME oA ¥
% Hed W GIR T & |

o T H T TG, BT IGAT 3R ROIRTA TS ATEC S Yae &
forg CgPIATSIIA 50%+STeFATRIE T 25% (SecfSil 0.06%)
@ 3aegHar TR uvf B @ RywiRer & S 8 | T @
Tl g I & FEaEE @ oy Sgdeid 50% +
CTSUATIRIRGIaT 25% (ol 0.1%) @& Ul fsgdra of
RawTiRer @1 ST 2 1

o I I H TC TS & S WHAT & MR W, YT Fells
AfAfe BT AaT HH HHHAYT JADIH 7.35% HfaAfte Sl 1029 H
<ot foram T o7 | gTaife, wfafte Sidreery 222 # Swadw ge
FeATS HHHOT GADID 19.59% Sl [T AT o7 |

o yfafte gadl 1386 # X g9 (1) @1 =[ATH 3MMETET 9.00 /10
JH’ TSl DI T, Safh UfAfe Tael 3468 H AfABAH G DI
JMETEY 15.67 /10 THI' ol BT TS |

o TR yfaftedl (s 891, UdTswy, 3118(H), THMEUSR]
4364, 3R S 443) 7 IFAT 35 & IR IT IAA A
ThR BT 3R TieR Uit & Raems #egw ufeRied sioft (s
)HI

GKICERCRET

o HRET Y & AT AFBI—ARHI—HT R AFHT—IE—HT o
Bd fafddfiaxor fdded TRURS PN @1 Ja=r H ffew
SATEH 3IR ATIERID o |
HH ATSSIo YR TR, €T BTl ST LR 5 &1 a2
HHATIR o1 JoIT H Sodl T, IATGHT Tt B |




HFBT—I—HIT ToTel H STH®Tel SdTs & FANT ¥ uar aal
13 1% @1 B ST MR ANl & Yae= | J9IId e 8% |
UIYe I T dRBT H Sgifid i + 10 € /B
<A /TR W8 @ TN | AE B B U AAFHaH I
gs | URURE A (W) & goi Tl H Y SIS SR
faehed] 3 HahT B IeaTa T TeH U 8 |

AT a1 TS 914 (SIUHRIR) BT eI 3 s B AT &1 B
IUST 3D U g, STdfh A a5 T 74 (SITHIMR) & a1
=T TS iR eray e @ Refey § 91y 7y 1€ @ St #
RS

UdIdd Uy Taed, T s Sda! Tdie 150:60:40
BT /BRI P A AN & WA 15 T/ TII
< /MR @TE BT STPIRINT Ieadd ST dTell Ur T, $6d
1 IRIRIT TAdID+88 WS BT I <&T | ol =07, Idveh
T B a1 H fbel W, S AT W S & YHATH STAN A 5,
DI IATEHA H Bl gy e ! T |

T DI Ioa U [hT O TaST 2067, Sy 187, Sdree]
222 3R EISeY 303 BT e SeuTe H MR Bl WIe (TharsTH)
10 ¥4 30 T Ul BFCR B gl A IUS H FORRI g ol
el IR RIS SaRD TAdIS 15060:40 fbA.
/ TFCTR DI JAT H BIBI A e8! | o7 [R50, IR Ifed g
PRI RIS IRPI BT Joi T H <} @Ie (THARTH) B
IYINT H FET & HIcrh—ITATd e o1 H FaR gl |

TIpfd Wl AIeipie & ded g AR &9 $1 Scaradal 3§
BTHT HHT IR TS |

BRATOM & AT fofel # e {336 3 &1 SuANT Fvad g¢
T8, el UUMTell § Hde AR & IR Yaed &
fore forart & wdt # ver weel mafra fy v | #7efe &1
ofad SR ST ¥ =AqH USBTS & A1 HHd SaRyl &
IR & B ) Well fIsirs B § iy g 78 |

T & fafdy ERudaRi & FRET & fou uERedaen i+
AR &1 TIR—A5707 337.5 (127.5+210) ITH / TaCIR B
TR ¥ TIIART g JHTdT aTT 1T

A a+Afeef &1 GaR—fsor 225 (45+180) ITH /
TFCIR B W W g A G P AR Sl Wi arel
ERUTIRI & AT & fory aga wwmdl om0 |

oS U H UTSRIINIeh | + USHAfe  127.5+1500
YT / BFCIR, UIGRIGERIGHIA + TSI 127.5+100
UM / BFCAR, USRIRISHIT + AfS[ST 127.5+300 U149 /
TFCIR 3R SATRIFARDA + AZGAT 300+300 I / TFCIR
% FANT ¥ fAfdy yeR & WRUdaR] & 90 uferd ¥ Irfda
FerRIZoT UraT T |

g1 3R g & drd Hex 3R 37T oIl &4 7@y & Hael dl
WM B A R W Y MY 7% H 7 (F, #757%) BT T
G YTAT IAT |

T, B Ol 3 a8 {391 JaTg HoTell & PIRoT SiTel!
Ul (WHHT Scew) IR AP Sfegarer & Afdw
ARG <@l M1 | STl 5§ &1 Tdld &g, Homell &
T H FFBT—Ie, T0Tell H A& ST 77 |

HCHTRRE AR SHell UIed (¥HaW $covy) iR 92l
(frrifsTE vogs) & =0T & folg Sellfddthd + FeRIGITIRR,
USRI, 2, 4—S1 IR BRB SIS JHTdT 9Tg 77T |
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IEAHARN IR 7oiRe rgry, Ufar geanarr iR

TIATITIT  AEforof~Tg (TSR, e 3R
AAHERRE & Rae®) RydaRi & f@aor & fog
ERYTARATE UTSRIGARIH I 3R AT T Tg 1Y |

TATZHIAT & 1% AT SHA 37H dTel U & et 450 ofiex Tfd
TICWR (S TR W 9 9N (FIZTISIT SIeTgell=) B
ESICINEPER RSl

St # AT ot arel TRUGAR! B (RIS w @ forg fafa=
SMHTEN 3R I HATST BT i b 1am | Sif # fafder
YHR & el Uil qTel WRUYTAR gaferat & o & forg
BAMAD + FRITIAITRIR 2006 (6 + 194.5) MR HCHRRT
+ BPRGETS (4 + 20) TTH / FEFCIR BT YHTT UTAT 777 |

gl e ST (2,3 5—CTSREINsis® TRiS) &7 100 WdgH
B R I Poel eld B T R IR (Feiae FNgs) +
PG (02%+0.1%) & Peel Herd AR eIl el &
TG Ui fergehTd & il &1 ScdTaahdT 3 GuR BT |

REarg TR BT 80 UfTed S IR v 9§ I8 @ SiHIergdl &
Y 3R Tel ITEhdT H e Y | gfg oy 1E | Su
3R ST STEHAT S GREHIv A 4151 &R 80 fhalrym™ Ui
TR A TS TS oA 9T @Y 20 gfierd gad @t o
e

oIl Ug Jed fagm=

2023—24 @& IRM fafe= &= iR uRRerfaal &1 afaffera
HIT el 76 TAIE], 280 UARMEAIC, 22 THAISUIE!, 36
FIATSYdIUT, 29 THUCITHYA 3R 30 Agdrel ufafteai #
A1 A, 31T HARAT Adidh, qdTG A, Urell auid,
et 3R ST e fafi Tora sterol & forg faweryor far
AT o7 | =T, s, fIRee, uRar 3R e 99 & forg 9
|fed w4 T fgdira ad nfaftet &1 geia fear mam siik
3MIMSTD SIAICISUT P Ugar_ Pl T |

faff=1 =i 9 8 | 31fd® FuThl o 3 arell wfafte
frerfofRad 2 Tadl 3428  (VAR®IUIGIS—MEUATH),
UTSeegud 2222 (YISIS—3MMECIVH), UASISUS] 4114
(Frors—amsyerys) |

fiflee] 891 (YIoTs—aMEdIvd), Udhysey 5100 (diors—
M), MR Siesy 543 (HWore—v=aEye)) st ufaftea
Pl I S A% A4 (>600 el & forg g T |

TI—U1, 7911 Td TS S gRT S S2a 3Mifiaes IR
qrell TG SU—8dTs (TA.TA.SI—ol.UH.) BT 70 TAIc—2
Ud gaarsyre! ufaftea qem e # Jeaia foar Tam | -
ERT ThISS TaUAS®Y Tec i Faficd 2%, i—d11 dldhd
ERT ThISS HIITH 17+18 iR Tef—S11 dldhd §RT ThleSs
HIG[Ie 5+10 S [ A T IR Sed e A3
[T 7, Tfdrater ufaftcal # Hige o |

I=d FIET 3R ST (>40 UMHIUH) & A1y S0 @re ora &
oy v Y 38 SNHTego™ & ugar &) TS |

T IUST JBYH aTell TSIl g TSI oiexd & FhvoT A
SIfd IS B 202324 HHA—FF & SR ST AT
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fepam T iR SfRra sl 1 = fobar |

o TRead () R sA (9) (N) freit & da R
TETOHRICT &1 T STIIET YeTgoll Bl SUANT BRa Bl s ol
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0.24 ITT 70T |

o T H TIRE WECIBRA S UgAM Y, ST [ORGA 3, 4, AR 6
R faaRa g1 3 O Acpifgad g uRagT MET @l
IS IR B, Sl olg Ao & oIy amawass € | 9 & T
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FUTCH i 7.7 (F==11) ¥ 6.6 (30% A3 =) T wrm 147 |
Y & e Al =ureh @ forw =Ty 3fw 7.7 (Fra=ron) & 6.1
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ST & S BT BT Bt Sedte & 9T RieiRer (Riwms

iv

ICAR-IIWBR ANNUAL REPORT 2024
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gf¥ze HET & (20.2%) H <& T4AT |
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fres uoe ot Saatfed fhar am |

Ifded @1 3@ & SR RIS AR FHfad g, gd Sl
QUR IRAGHT & FTd A & TEHEI WEr (S
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ST @ Ui g wddl (QmERi44117, SERM44121, ST
144123, 3ATSXI144128 3MR ATSHT 145508) DI F&T TGO DI
wRRef 7 Jefrse famar |
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EXECUTIVE SUMMARY

CROP IMPROVEMENT

During the year 2024, seven bread wheat varieties
viz. Pusa Gehun Sharbati (HI1665), PBW Zinc 2 (PBW
823), PBW RS1, MP3535, TRVW 155, TJW153,
HD3437; one durum wheat variety (HI 8840) and
one dicoccum wheat (Khapli) variety DDK 1063
were notified for cultivation in different production
conditions through recommendation of the Central
Sub-Committee on Crops Standards.

[IWBR wheat varieties were notified for cultivation
in different wheat-growing zones: 1) DBW359
(Karan Shivangi) for timely sown, restricted
irrigated conditions of Central and Peninsular
zones, and 2) DBW377 (Karan Bold) for early sown,
high-fertility conditionsin Central Zone.

Two bread-wheat varieties DBW386 and DBW443
were identified by varietal identification committee
for release under timely sown condition of the
North Eastern Plains Zone (NEPZ) and irrigated
timely sown conditions of Peninsular Zone,
respectively.

Atotal of 15 geneticstocks of wheat were registered
for traits like disease resistance to wheat rusts, heat
and drought tolerance, quality attributes, higher
protein content and higher 1000 grains weight.
These genetic stocks belong to four crop species of
wheat i.e. Triticum aestivum, T. durum; T. dicoccum
and T. aestivum ssp.sphaerococcum.

Six AVT-Il bread-wheat entries of IIWBR, Karnal
namely, DBW422, DBW425, DBW426, DBW432,
DBW445 and DBW477 were promoted for the final
year of testing in AVTs for various zones. DBW426,
DBW445 and DBW509 were promoted based on
their superior quality and yield.

During the period a total of 688 wheat germplasm
lines from various sources including a set of 203
accessions from NBPGR resistant to various fungal
diseases were acquired.

The institute supplied 943 accessions of wheat to
various indenters for utilization in the research
programme leading to good revenue generation.

After taking the approval from DARE/ICAR, 418 lines
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wheat advance lines were sent to Bangladesh and
Mexico through NBPGR/CIMMYT for screening
against wheat blast and other diseases at hot spot
locationsin Bangladesh, Bolivia, Kenya and Mexico.

At present, around 18500 accessions of wheat are
being conserved in medium term storage module
atlIWBR, Karnal (4°C and 30% RH). During 2024, 965
accessions of wheat were transported to Dalang
Maidan for conservation under natural condition as
safety duplicate.

From conserved germplasm 465 wheat accessions
were evaluated as per DUS testing guideline. 96
wheat germplasm lines were characterized for
spike diversity traits including nine qualitative
traits.

During the period four bread wheat varieties of
IIWBR, Karnal namely; DBW316, DBW 370, DBW371,
and DBW372 and one durum wheat variety DDW 55
were registered by the PPV&FRA, New Delhi under
extantcategory.

Registration application of two new wheat varieties
namely, DBW359 and DBW377 has been submitted
to PPV&FRA, New Delhi for registration under
extantcategory.

During crop season 2023-24, six DUS trials were
conducted in wheat, in which 93 coded entries
along with national checks.

An eight parent MAGIC population comprising of
total 1780 lines of was evaluated and selections and
generation advancement was done for yield traits,
bioticand abiotic stress tolerance.

A study aimed to quantify the effect of growth
regulator Chlormequat chloride (CCC) on lodging
incidence in high yielding wheat cultivars indicated
thatlodging can be successfully reduced by a single
spray of 0.2 % CCCat the first node formation stage.

In biological nitrification inhibitor (BNI) study on
three wheat varieties (DBW187, DBW303 and
DBW371) it was observed that traits such as spike
length, length and width of flag leaf, biomass,
harvest index, protein composition and grain yield,
and nitrogen balance index (NBI) significantly
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decreased at lower nitrogen levels. The BNI, in
conjunction with these traits, could be utilized to
identify desirable plant types in the subsequent
generations under low nitrogen conditions.

In pre-breeding for wheat improvement 450
crosses including backcrosses were attempted
during the reporting period. The genotypes like
Highbury, Pavon 76, Paragon, Frontana,
Sphearococcum and Aegilops mutica were used in
crossing emphasizing specific traits.

A total of 155 genotypes comprising of Aegilops
tauschii (DD), Ae. peregrina (UUSS), Triticum
dicoccoides (AABB), and synthetic hexaploids
(AABBDD) were evaluated under four
environments for 2™ consecutive year for validation
of tolerance to heat, drought and combined stress
using physiological and grain traits.

Under Inter-institutional collaborations with ICAR-
NDRI Karnal, ICAR-IIFSR and ICAR-CPRI-RS,
Modipuram ICAR-IIWBR has produced 6667 q of
breeder seed and 2490 q of TL seed of 13 wheat
varieties and 300 q seed of 6 barley varieties was
produced during the period.

Selling of Nucleus/ Breeder and TL Seeds of wheat
generated a total amount of Rs. 695.50 lakhs under
the revolving fund scheme of the institute.

ICAR-IIWBR, Karnal has upgraded [IWBR Seed Portal
to register and distribute TL seed of recent wheat
and barley varieties. Through IIWBR seed portal the
institute distributed >2400 quintals of TL seed of
indented wheat and barley varieties to more than
22000 registered farmers during 19-24" October,
2024.

In transcriptome analysis of plants treated with
endophytic bacteria the expression estimation,
differential gene expression and annotations of
complete gene set were performed using uniprot
database using Triticum aestivum.

Six consistent QTLs associated with Karnal Bunt
resistance in wheat were identified on
chromosomes 2B, 3A, 4B, and 5B, collectively
explaining 13%-18.9% of the phenotypic variation.

The CRISPR/Cas9 genome editing of ITPK1 gene for
biofortification of wheat is under progress in key
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wheatvarieties like DBW187 and DBW303.

The DBW-EMS23 is identified as promising heat and
drought-tolerant genotype through testing under
AICRP DHTSN nursery (2023-24).

The root system architecture (RSA) is studied using
WinRhizo and identified promising lines for
different RSA traits for using in wheat breeding
programs.

To better understand the lodging behaviorin wheat
genotypes and to identify the most crucial plant
trait for lodging tolerance a new prototype (termed
as wind tunnel) is being developed at ICAR-IIWBR
Karnal.

CROP PROTECTION

Wheat crop health data recording is done by
regular surveys of farmers' fields by different
agencies such as DAC & FW, ICAR, SAUs, State
Agriculture Departments, KVKs, Farmers, etc,, and is
coordinated by ICAR-IIWBR. The appearance of
yellow rust of wheat was first reported on
24.01.2024, from RS Pura (Jammu) on an unknown
variety,and at Badyal Qazianon HD2967.

A total of 1,212 entries in IPPSN and 469 entries in
PPSN were screened against rusts, and 146 entries
of advanced breeding material were screened for
major diseases and insect pests.

Three hundred twenty genotypes of wheat
comprising indigenous and exotic germplasm were
evaluated against leaf rust disease. Out of these, ten
genotypes [PI519975, PI271251, P1338443,
PI1383905, PI350306, P1322042 (WC 385), IC138904-
B, 1C128360, 1C128322, and 1C78736] exhibited
resistant responses. Fifty were found to be
moderately resistant, 97 genotypes were recorded
as moderately susceptible, and 163 genotypes
werefoundto be susceptible.

Twenty-seven entries with confirmed sources of
high levels of disease resistance were shared with
19 breeding centres across different agro-climatic
zones of the country for use in breeding for
resistance to biotic stresses. Three entries, PBW902,
PBW870, and HD3440, were predominantly
utilized. Durgapura centre utilized a maximum of
nine entries in their breeding programme, followed



by Ludhianaand ICAR-CSSRI, Karnal.

A total of 8,100 grain samples were collected from
various mandies in different zones. Out of these,
93.4% of samples were found free from Karnal bunt
infection. The average incidence of Karnal bunt-
infected grains ranged from 0.0 to 7.3%, with the
maximum grain infection of 7.3% observed in a
sample from Karnal. Maharashtra, Karnataka,
Gujarat, and Madhya Pradesh were found free from
Karnal buntinfection.

To combat the threat of wheat blast and prevent its
entry into West Bengal, an alternate crop plan was
adopted. Surveys conducted near the Indo-
Bangladesh borderin North and South West Bengal
found no wheat blast presence. Farmers were
educated on preventative measures and
encouraged to grow resistant varieties. A total of
378 entries were screened against blast in Jessore,
Bangladesh, at two sowing dates in 2023-24. Five
entries (DBW447, DBW448, DBW449, PBW942, and
PBW943) were infection-free, while 12 entries
(UP3141, DBW455, DBW454, NIAW4621, HP1981,
DBW446, K2301, JKW317, HUW859, RAUW107,
HUWS861, and QYT2310) showed resistance with
infection levels up to 10%.

Biochemical profiling of the five genotypes
revealed significant variations in enzyme activities
and resistance levels. Chirya-3 consistently
exhibited the highest activities in APX, CAT, GR,
H,O,, PAL, Peroxidase, PPO, Cellulase, and Flavonoid
tests at 72 hpi, indicating strong resistance to
Bipolaris sorokiniana.

The comparative whole genome analysis of nine B.
sorokiniana isolates revealed significant variations
in microsatellite occurrence; with WAI2406 having
the highest number of SSRs and WAI2411 the
highest percentage of perfect SSRs. The study
confirmed the specificity and sensitivity of the
primers through PCR and real-time PCR assays,
identifying substantial genetic variation and
clustering theisolatesinto two groups.

A study successfully identified and confirmed the
presence of six effector genes (Pst 12806, PSEC2,
PSEC17, PSEC45, PST EF1, and PNPi) in five
predominant Indian stripe rust pathotypes
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(465119, 110S119, 2385119, 110584, and 475103)
using PCR-based detection.

The study identified CG1029 with the lowest shoot
fly infestation index and DBW222 with the highest.
Foliar aphid resistance was moderate in a few
entries, while most were susceptible. Root aphid
resistance was generally poor across all entries.
These findings emphasize the importance of
targeted pest management strategies and the
development of resistant varieties.

Need-based foliar spray of Tebuconazole 50% +
Trifloxystrobin 25% WG @0.06% is recommended
for the management of leaf rust, stem rust, and
head scab in wheat. A foliar spray of Tebuconazole
50% + Trifloxystrobin 25% WG @0.1% is
recommended for the management of leaf blight of
wheat.

Based on the average infestation of shoot fly at
three locations, the lowest infestation index of
7.35% of shoot fly was reported in entry CG1029.
However, the highest shoot fly infestation index of
19.59% wasrecorded in entry DBW222.

Entry MP1386 recorded the minimum brown wheat
mite population of 9.00/10 cm?, while the
maximum mite population of 15.67/10 cm’ was
recorded inentry HD3468.

Four entries [PBW891, HD3118(C), NIAW4364, and
DBW443] scored an average of equal or below 3.5
and were in the moderately resistant category
(grade 3) against foliar aphid.

RESOURCE MANAGEMENT

ix

Crop diversification options like maize-mustard-
green gram and maize-wheat-green gram under
conservation agriculture were more productive
and profitable than conventional agriculture.

Rice residue retention (RRR) produced higher
wheat productivity under low N conditions as
compared torice residueincorporation (RRI).

A long-term tillage experiment in a maize-wheat-
green gram system indicated that the wheat crop
was not affected by tillage and residue
management.

Among nutrientmanagement, wheat grainyield was
maximum with the application of recommended



NPK + 10 t/ha FYM. Maize productivity was higher in
zerotillage-based optionsas compared to CT.

Rice yield was higher under puddle-transplanted
conditions over direct-seeded rice (DSR), whereas
wheat yield improved when sown after DSR under
no-tillandresidue retention conditions.

Integrated nutrient management consisting of the
application of recommended doses of chemical
fertilizers (NPK 150:60:40) with 15 t/ha FYM was
found to be the highest yielder, followed by
recommended NPK + green manuring. Sole use of P,
K, or PK did not improve the wheat productivity
compared to absolute control.

In the organic production of HYVs (HD 2967, DBW
187, DBW 222, and DBW 303) of wheat, the yield
increased with an increase in the FYM dose from 10
to 30 t/ha in comparison to the control, but the
productivity remained significantly lower than the
recommended doses of chemical fertilizers (NPK
150:60:40). Use of FYM improved the physico-
chemical properties of the soil as compared to the
controland recommended NPK.

Grain yield of wheat and rice was reduced significantly
under natural farming protocol.

Field demonstrations on in-situ crop residue
management in sugarcane-wheat cropping
systems were conducted at farmers' fields using
Rotary Disc Drill (RDD) in Karnal district of Haryana.
The machine was effective in direct seeding the
crop in the presence of crop residue with lesser
power requirementand lesser soil disturbance.

Premix combination of pyroxasulfone + metribuzin
at 337.5 (127.5 +210) g/ha was very effective for
control of diverse weed florain wheat

Ready-mix combination of pinoxaden + metribuzin
at 225 (45+180) g/ha was very effective for control
of grass as well as broadleaved weeds in wheat.

In field studies, more than 90% control of diverse
weed flora was observed with application of
pyroxasulfone + pendimethalin 127.5 + 1500 g/ha,
pyroxasulfone + flumioxazine 127.5 + 100 g/ha,
pyroxasulfone + metribuzin 127.5 + 300 g/ha and
oxyflourfen + metribuzin 300+300 g/ha.

Inclusion of short duration crops such as pea and
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potato in between rice and wheat reduced the
infestation of P. minorin late sown wheat.

¢ In rice-wheat system, double no-till system led to
more problems of Rumex dentatus and Medicago
denticulata. Wild oat infestation was observed
higherin maize-wheat thanin rice-wheat system.

» For control of metsulfuron resistant Rumex dentatus
and Chenopodium album, halauxifen + fluroxypyr,
aclonifen + diflufenican, pendimethalin, 2,4-D and
carfentrazone, were found effective.

¢ For management of multiple herbicide resistant P,
minor, Avena ludoviciana and Polypogon monspeliensis
(against clodinafop, pinoxaden and sulfosulfuron)
pyroxasulfone, aclonifen + diflufenican and
metribuzin were found effective in wheat.

» Spray of glyphosate at >1% spray solution using
450 lit/ha water provided the effective control of
Cynodondactylon.

e For controlling broadleaved weeds in barley
various herbicides and their combinations were
evaluated. Halauxifen + fluroxypyr 200.6
(6.1+194.5) and metsulfuron + carfentrazone 4+ 20
g/hawere found effective for control of diverse type
of broadleaved weed florain barley.

e The growth regulators TIBA (2,3,5-Triiodobenzoic
Acid) @100 ppm at tillering and CCC (Chlormequat
chloride) + tebuconazole (0.2% + 0.1%) at tillering
and flag leaf as foliar spray improved the barley
productivity.

e Significantly higher grain yield and water
productivity of wheat genotypes were observed
with 80% ETc irrigation level. The seed rate of 80
kg/ha was found to be optimum in terms of grain
yield and water productivity, suggesting 20%
savings of seed.

QUALITY &BASICSCIENCES

e During 2023-24, 176 AVTs, 280 NIVTs, 22 HYPTs, 36
QCWBN, 29 SATSN and 30 IVTs, were analyzed for
different quality traits including protein content,
grain hardness index, sedimentation value, yellow
pigment, iron & zinc from centers representing
different zones and growing conditions. All the AVT
lind year entries including checks were evaluated
for chapati, bread, biscuit, pasta and gluten content



and promising genotypes were identified.

HD3428 (NWPZ-ILS), NWS2222 (PZ-ITS), and
NIAW4114 (PZ-ILS) were identified with high
chapatiquality score of >8.0.

PBW891 (PZ-ITS), AKAW5100 (PZ-ITS), and GW543
(CZ-HYPT) were identified for high bread loaf
volume (> 600ml).

Seventy (70) 2nd year AVT and HYPT entries
including checks were evaluated for HMWGS
composition from various sowing conditions of
different zones of the country. HMW glutenin
subunit 2* encoded by Glu-A1, 17+18 encoded by
Glu-B1 locus and subunit 5+10 encoded by Glu-D1
locus associated with stronger gluten and high
sedimentation volume were present in majority of
entries.

Several entries in AVT were identified with high Fe
and Zn (>40 ppm) for nutritional quality.

During cropping season 2023-24, crosses of NapHal
with high yielding background genotypes were
propagated.Based on sedimentation volume, GFeC
and GZnC analysis, 6 promising entries were
selected and sent for multilocation testing. Out of 6,
2 entries have been clubbed with outstanding
entries for GFeC and GZnC over baseline as these
were also having high iron & zinc crossing (CRP) in
their pedigree.

Under CRP Biofortification experiments, there was
positive correlation between Fe & Zn across
generations. Four promising entries were selected
based on high Fe &Zn and low phytic acid.

Based on phenotypic evaluation, high phytase and
low phytic acid mutants developed in the
background of PBW 502 and high yielding wheat
cultivars were advanced into next generation in the
quality fields. The developed lines were evaluated
for Fe, Zn, protein and phytase levels and selections
were made.

Gliadin antigenicity between aestivum (6) and
durum (9) (released) varieties was compared using
indirect ELISA with a correlation coefficient of 0.68
and 0.24 foraestivum and durum, respectively.

Eleven mitoferrin genes were identified in wheat,
distributed across chromosomes 3, 4, 6, and
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unanchored scaffolds. These genes encode
mitochondrial iron transport proteins essential for
Fe homeostasis, with protein properties indicating
mostly hydrophilicand variable stability.

Fourteen miRNAs linked to Fe/Zn homeostasis were
validated, showing genotype-dependent
expression under nutrient conditions. Efficient
genotypes like Narmada 195 exhibited robust
miRNA-mediated regulatory networks for superior
Fe/Zn uptake and stress management.

Analysis of 250 wheat lines across Ludhiana,
Jabalpur, and Samastipur revealed regional
differences in protein content, hectoliter weight,
and milling efficiency. Jabalpur had the highest
protein content, while Ludhiana excelled in flour
recovery and milling efficiency.

Fifteen wheat genotypes showed significant
variability in starch composition, glycemic index
(Gl), and resistant starch (RS). Low-Gl genotypes
with high RS and slow digestible starch (SDS) are
ideal for health-conscious applications, while high-
Gl genotypes suitenergy-demanding uses.

The total and soluble pentosan content was
estimated in 17 wheat varieties across 4 locations in
CZ and the highest total and soluble pentosan
content was reported from HI 1634 (7.19 %,
Junagarh) and HD2932 (1.37 %, Junagarh),
respectively.

Correlation analyses of parameters under salinity
stress in 20 wheat cultivars showed that superoxide
dismutase, proline,and Na* contentemerged as the
most efficient screening criteria for salinity stress
tolerance.

The yield of wheat grits prepared using local wheat
machine from two wheat varieties was 54 and 58%.

A study was conducted to determine the effect of
blending chick pea flour and finger millet from 0-
30%. The chapati score for the chick pea flour
supplemented chapati varied from 7.7 (control) to
6.6 (30% addition). The chapati score for finger
millet supplemented chapati ranged from 7.7
(control) to 6.1 (30 % addition).



SOCIALSCIENCES

During the rabi crop season 2023-24, 338 Barley
Frontline Demonstrations (BFLDs) were conducted
by 39 centers, covering 346 acres area of 420
farmers. Improved barley varieties with complete
package of practices (irrigation management,
nutrient management, weed control, seed
treatment etc.) were demonstrated.

The maximum number of BFLDs were conducted in
UP (101) followed by Madhya Pradesh (60). The
highest gain in barley yield was recorded in UT of
J&K(57.6%).

The yield gain due to improved varieties over
regional mean yield was the highestin NHZ (48.1%)
followed by NEPZ (43.6%), CZ (38.3%) and NWPZ
(20.2%).

Theyield gain due to improved varieties over check
was the highest in NEPZ (34.8%) followed by NHZ
(34.5%),CZ (34.2%) and NWPZ (16.6 %).

BHS400 (29.25 g/ha) at Shimla centre in NHZ;
RD2907 (44.50 g/ha) at Gorakhpurin NEPZ; RD 2907
(70.40 g/ha) at Durgapura, Jaipur in NWPZ and
DWRB 137 (47.38 g/ha) at Rajgarh in CZ were the
highestaverageyielding varieties.

Barley FLDs were conducted by ICAR-IIWBR, Karnal
in collaboration with United Breweries Limited,
Patiala using improved barley variety DWRB 137,
involving five farmers in 5 acres area in villages
Faggu, Kalanwali, Jalalana and Taruana in District
Sirsa of Haryana State.

On an average, improved barley varieties
demonstrated at the farmers' field under the FLD
programme gave profit around 67404 per hectare.
Himachal Pradesh registered the highest returns
per rupee of investment (36.58) through
demonstrations. The difference in profit between
FLD and check plots ranged from 328634 in UT of
J&Kto35724inHaryana.

Major constraints in barley production were decline
in water table, high cost of inputs, Phalaris minor,
small land holding, non-availability of labour, low
price of barley grains, poor participation in
exposure visits arranged by various departments,
lack of facility of canal irrigation water, untimely rain
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and poor quality of herbicides/pesticides.

In Punjab, under crop residue management project
it was found that a large majority (62%) adopted
super seeder, followed by zero till drill (21%), happy
seeder (10%) and smart seeder (7%) for wheat
sowing. The overall adoption of DBW series
varieties was 71.7% in the study area of Punjab.

Under SCSP programme, 520 varietal demonstrations
of wheat varieties DBW 187, DBW 332 and DBW 370
were organized during 2023-24 rabi crop season in
aspirational districts of Punjab (18), Haryana (4),
Rajasthan (2), UT of Jammu & Kashmir (1) andUP (1)
covering a total of 520 acres area of 520 farmers of
Scheduled Castes (SC) category.

The yield gain due to improved variety under SCSP
wheatdemonstrations was highestin Sriganganagar
(49.3%) district in Rajasthan state followed by
Jhansi (26.7%) in UP state, Samba (21.6%) district in
Jammu and Kashmir (UT), Amritsar (16.7%) district
in Punjab state and Hunumangarh (13.5%) district
in Rajasthan state. The lowest yield gain was in
Hoshiarpur (1.5%) districtin Punjab state.

Under SCSP wheat demonstrations, the yield gain
was highesti.e. 28.7% in Rajasthan.The lowest yield
gain was 4.9% in Punjab state. The zonal (NWPZ)
yield gain was 7.0%. The demonstrated varieties
outperformed the existing varieties.

On an average, demonstration of improved wheat
varieties gave %3.44 per rupee of investment in
comparison to the farmers' practice (33.19). The
profit per hectare in the demonstrated plot was
highest in Rajasthan (¥133866). Operational costs
were found to be marginally lower in wheat
demonstrationsin comparison to the check plots.

The ICAR-IIWBR team accompanied by the experts
from the Ministry of Agriculture & Farmers Welfare
and the concerned centres monitored the barley
FLDs and SCSP wheat demonstrations conducted by
Sangrur, Mansa, Bathinda, Muktsar, Kathua,
Kapurthala, Ayodhya, Varanasi and Mirzapurcentres
during the rabicrop season 2023-24.

BARLEY IMPROVEMENT

The national barley productivity reached 30.80
g/ha, with a total production of 2.22 million tons



across 8.18 lakh hectares during 2023-24. A
significant milestone was the release of DWRB219, a
two-row malt barley variety, which provides an
average yield of 54.49 g/ha and a potential yield of
93.0 g/ha, exhibiting superior malting quality and
diseaseresistance.

In 2024, four novel barley genetic stocks-
DWRBG15, DWRBG16, DWRBG19, and DWRBG25-
were registered with ICAR-NBPGR for their superior
traits, including high protein, beta-glucan content,
and malt quality.

The Barley Improvement Program emphasizes
hulless barley improvement to enhance yield and
nutritional properties for food applications, while
advancements in malt extract levels, protein
content, and diastatic power ensure high-quality
brewing standards. In 2023-24, 787.50 quintals of
breeder seed were produced, surpassing the
national indent, and ensuring high-quality seed
availability.

New screening and management strategies
strengthened resistance against yellow rust and
leaf blight, safeguarding barley crops against
climaticuncertainties.

Coordinated yield trials were conducted across
multiple locations to evaluate barley varieties
under different agro-climatic conditions, with 51
promising entries demonstrating yield superiority.

The application of marker-assisted selection (MAS)
enabled the development of superior varieties with
high diastatic power and grain protein content.

The institute maintains 8,239 accessions under
controlled conditions, ensuring the long-term
preservation of barley genetic diversity.

REGIONAL STATION, FLOWERDALE, SHIMLA
(HIMACHAL PRADESH)

The first differential system for designating the
pathotypes of Puccinia hordei causing barley leaf
rust in India was developed. A new all-stage stem
rust resistance gene (5r65) was mapped on
chromosome 1AS from Indian wheat landrace
Hango-2. During the crop season 2023-24, all rust
diseases of wheatappeared endemically in India.

Stripe (yellow) rust of wheat was first reported on
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24" January, 2024 from RS Pura (Jammu) on an
unknown variety and at Badyal Qazian on HD2967.
Leaf (brown) rust (severity 5MS to 10S) was first
observed from the farmers' fields near Dharwad
(Karnataka) on 19 December, 2023. In Maharashtra,
leaf rust (severity 5MS to 20S) was first observed
from the farmers' fields in Pune and Satara districts
during 2™ and 4" week of January 2024. Stem rust
was observed in the farmers' fields in Karnataka,
Maharashtra, Madhya Pradesh etc. in relatively
severe form during the season.

A total of 858 samples of three rusts of wheat and
barley were pathotyped during 2023-24 from India
and Nepal. One hundred seventy-three samples of
wheat and barley yellow rusts were analyzed from
six states, and Nepal. Nine pathotypes {2385119,
1105119, 465119, T (475103), P (465103), 78584,
110584, 79568, and 650} of wheat rust pathogen
(Puccinia striiformis f. sp. tritici) and only one
pathotype 57 (0S0) of Puccinia striiformis f. sp. hordei
(Psh) were identified in these samples. A total of 208
black rust samples received from Gujarat, Himachal
Pradesh, Madhya, Pradesh, Maharashtra, Karnataka,
Uttar Pradesh, Uttarakhand, and Tamil Nadu and
Nepal were pathotyped on wheat differentials.
Twenty-six pathotypes of Puccinia triticina were
identified in 477 samples of wheat leaf rust
analyzed during 2023-24 from 10 states of India and
neighboring country Nepal.

For identifying rust resistance sources, more than
5500 wheat and barley lines were evaluated during
2023-24 at seedling stage under controlled
conditions using an array of pathotypes of stem (P.
graminis f. sp. tritici), leaf (P. triticina) and stripe rust
(P. striiformis f. sp. tritici) possessing different
avirulence/virulence structures. AVT entry VL2059
possessed resistance to all pathotypes of three rust
pathogens. Resistance to black and brown rusts
was observed in 27 entries. Entries PBW916,
WH1402(1)(C) were resistant to black and yellow
rusts. Among the 146 lines of AVT, four Yrgenes (Yr2,
Yr9, YrA and Yri18) were characterized in 80 lines.
Eight Lr genes (Lr1, Lr3, Lr10, Lr13, Lr23, Lr24, Lr26,
and Lr34) were characterized in 115 AVT entries.
Similarly, thirteen stem rust resistance genes (5r2,
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Sr5, Sr7b, Sr8a, Sr8b, Sr9b, Sr9e, Sr11, Sr13, Sr24, Sr28,
Sr30and Sr31) were characterizedin 121 AVT entries.

The AVT entries were screened against the most
predominant and virulent pathotypes of Pt, Pst and
Pgt at adult plant stage (APR). APR to all the
pathotypes (77-5, 77-9 and 104-2) of leaf rust
pathogen was observed in 04 lines (AKAW5100,
DBW296,HD3171,HD3369).

A total of 189 entries of NBDSN and EBDSN lines
were screened against different pathotypes of
three rust pathogens (seven pathotypes of Psh, five
pathotypes of Pgt, and eleven pathotypes/isolates
P. hordei) of barley under precise conditions of
temperature and light. Resistance to all the
pathotypes of Pgt was observed only in two lines
DWRB2319 and UPB-1124. However, 8 NBDSN
entries were resistant to leafand stripe rusts.

Several germplasm lines and landraces harboring
different leaf rust resistance genes such as Lr10,
Lr67, Lr23, Lr46, Lr13 and Lr26 were crossed to
develop F, lines with more than two leaf rust
resistance genes. A total of 15 F,and F,families with 2
Lr genes each and 5 rows per family were sown in
2023-24 cropping season. The brown rust resistance
line Hango-2 harboring Lr80 gene was crossed with
FLW lines that carry yellow rustresistance.

Wheat rust resistance genes (Lr, Sr, Yr) were
identified using molecular markers in AVT material
of 2023-24. The Yr9/Lr26/5r31 gene complex was
validated in ten AVT lines. Lr24/Sr24 gene complex
was validated in twenty-one AVT lines using
dominant marker Sr24#50.

REGIONAL STATION DALANG MAIDAN (LAHAUL &
SPIITI)

During the off-season 2024 summer nursery, wheat
and barley research material was planted at RS
Dalang Maidan in the fourth week of May 2024 and
harvested in September-October 2024.

The research material was comprised of more than
37000 wheat and barley lines from 43 co-operators
of differentinstitutes across the country.

This season around 13500 wheat lines were
screened against yellow rust and powdery mildew
by various centers.
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The facility was also utilized for crossing, the
collection of yellow rust samples, wheat disease
monitoring nursery,and germplasm storage.

SEED AND RESEARCH FARM, HISAR

During the 2023-24 season, 1179.08 quintals of the
breeder seed of different wheat (DBW303) and
barley varieties (DWRB101, DWRB123, DWRB137,
DWRB160,DWRB182 and DWRB219) was produced.

Under the AICRP, Barley AVT-SAL/ALK was
conducted during 2023-24 under two salinity
environments. All India Coordinated Salinity/Alkalinity
Tolerance Screening Nursery conducted. One
station trial of wheat (NWPZ/NEPZ/CZ/PZ-RI-TS)
with 25 entriesin 2 replications was conducted. One
barley agronomy trial was conducted to check the
response of new feed barley genotypes to different
Nitrogen levels under salinity condition in NWPZ.

Five accessions of Hordeum spontaneum viz.
IC144117, 1C144121, 1C144123, 1C144128 and
IC145508 were validated for soil salinity tolerance.
25 exotic barley accessions viz. AM-158, AM-159,
AM-187, AM-188, AM-194, AM-196, AM-197, AM-
199, AM-208, AM-213, AM-230, AM-235, AM-247,
AM-261, AM-262, AM-270, AM-275, AM-285, AM-295,
AM-296, AM-299,AM-302, AM-311, AM-315, AM-316
were also validated for tolerance to soil salinity.

Moreover, 25 accessions of Himalayan landraces viz.
HLR43, HLR48, HLR53, HLR57, HLR58, HLR92,
HLR93, HLR109, HLR169, HLR171, HLR172, HLR175,
HLR208, HLR211, HLR212, HLR213, HLR334,
HLR335, HLR337, HLR339, HLR340 and HLR393
were also validated for soil salinity tolerance. The
transcription/expression analysis of two varieties
viz. DWRB160 and Xanadu was completed in
collaboration with Guru Jambheshwar University of
Science and Technology, Hisar was completed.

A total of 105 released varieties were evaluated for
soil salinity tolerance and five varieties (K-508,
PL419 and RD2552) were identified as salt tolerant
varieties. A total of 65 crosses of feed barley were
advanced to F, and 10 crosses were advanced to F,
generation. Selection and generation advancement
was exercised in F, generation in 10 crosses and 65
crossesinF,generation.
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1 INSTITUTE'S BACKGROUND AND MANDATE

Wheat research across the country has been
funded and promoted by the Indian Council of
Agricultural Research-ICAR (erstwhile Imperial
Council of Agricultural Research) established in
1929 at New Delhi. Despite several thrusts, the
realised breakthrough in yield was narrow during
the early phase. An important milestone in the
wheat improvement programme was created
with the establishment of the 'All India
Coordinated Wheat Improvement Project
(AICWIP) in 1965 with its headquarters at Indian
Agricultural Research Institute (IARI), New Delhi.
Globally, it became one of the largest networks for
a crop improvement programme which laid the
foundation for Green Revolution in India. High
yielding wheat varieties were made to spread
widely across traditional wheat growing regions
during this phase. The AICRP, hitherto, has
contributed in the release of 526 high yielding
wheat varieties comprising bread, durum and
dicoccum wheat and around 103 high yielding
barley varieties comprising feed, food, malt and
dual purpose barley recommended for different
agro-climatic zones of the country. The wide
adoption of wheat varieties has begun with the
earliest semi-dwarf varieties like Lerma Rojo,
Sonora 64, Chhoti Lerma, Kalyansona and
Sonalika. Some of the varieties became extremely
popular and occupied large acreage. The project
later was elevated to the status of Directorate of
Wheat Research in 1978. The Directorate was
shifted to the present location at Karnal in 1990
and was also assigned the responsibility of
coordinating Barley Improvement Project. This
arrangement continued during the VIII Five Year
Plan. During the IX Five Year Plan, both barley and
wheat projects were merged as “All India Wheat

and Barley Improvement Project”in 1997 and this
arrangement is being continued since then and
now popularly known as the All India Coordinated
Research Project (AICRP) on Wheat and Barley. The
Directorate has been upgraded to Indian Institute
of Wheat and Barley Research in 2014 and
popularly tagged as ICAR-IIWBR, Karnal. It is a
premier organization under the aegis of ICAR
coordinating the multidisciplinary and multi-
location testing of varieties in different AICRP
centres, crop management and crop protection
technologies across the diverse ecosystems for
increasing and stabilizing the wheat production.
The 29 funded centres located in different
locations across the country support multidisciplinary
research on wheat and barley. Each Centre also
has its regional mandate depending upon the
agro-climatic conditions as well as the prevalent
diseases/pest situation in addition to the national
/ zonal requirements. Increased industrial
demand has put barley crop as cash crop.
Contractual farming and giving premium on
better malt producing varieties has given a boost
to cultivation of the crop in its niche area. In
addition to the headquarters, IIWBR has two
Regional research stations, one at Flowerdale,
Shimla (established in 1930), which serves as a
national facility for monitoring wheat rust
pathotypes, evaluating advanced generation
material, postulating probable rust resistance
genes in the test lines and act as a repository for
maintenance of the wheat rust virulences. The
another regional station at Dalang Maidan is
located at an altitude of 10,000 feet with twelve
hectares of land, of which six hectares is cultivable.
The office cum laboratory and guest-house
facilities has been created for the benefit of




research workers. Facilities of this station are being
utilized for advancing the generation,
conservation of germplasm under natural
conditions, making crosses during off-season and
screening against yellow rust resistance by AICRP
on Wheat & Barley Centres. Another important
milestone in the institute's history was the
allotment of 200 acre land by the council at Hisar
in 2012 for experiment and seed multiplication
purposes.

MANDATE
Theinstitute mandateis

« Basic and strategic research on wheat and
barley toimprove productivity and quality.

+ Coordination and development of improved
crop production and protection technologies
for sustainable production.
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« Providing genetic diversity and accelerate the
breeding cycle through off season facilities.

+ Surveillance and forewarning for management
of rust diseases.

+ Dissemination of improved technologies,
capacity building development of linkages.

THE MISSION

Ensuring food and nutritional security by
enhancing the productivity and profitability of
wheat and barley on an ecologically, socially and
economically sustainable basis and making India
the world leader in climate smart wheat system
production.




2 CROP IMPROVEMENT

Release of new wheat varieties for different
zones/states

During the year 2024, the Central Sub-Committee on
Crops Standards, Notification and Release of Varieties
for Agricultural Crops released and notified seven
bread wheat varieties (Pusa Gehun Sharbati (HI1665),
PBW Zinc 2 (PBW- 823), PBW RS1 (WBL -1521), MP3535,

Table 2.1: Wheat varieties released during 2024

TRVW 155 (Trombay Raj Vijay Wheat- 155), TJW153
(Trombay Jodhpur Wheat 153), HD3437); one durum
wheat variety (Pusa Gehun Gaurav (HI- 8840)) and one
dicoccum wheat variety (Krishidhara Krishna Super
DWK 1063 (DDK 1063)) for different production
conditions and states vide notification number 4388(E)
dated 08-10-2024 (Table 2.1).

SN Variety name Developed by Zone/ state Production Grain yield (q/ha) Special features

condition  Average Potential

Central released varieties

Bread wheat

1. Pusa Gehun IARI, Indore Pz RI, TS 332 435 Tolerance to heat (HSI 0.98)
Sharbati and drought (DSI 0.93);
(HI1665) biofortified with protein

(12%) and zinc (40.7 ppm);
resistant to black rust

Durum wheat

2. Pusa Gehun IARI, Indore Pz RI, TS 30.2 39.9 Resistant / moderately
Gaurav resistant / tolerant to black
(HI8840) and brown rust; tolerance to

heat (HSI 0.94); higher
amount of zinc (41.1 ppm)

State released Bread wheat

3. PBWZinc2 PAU, Ludhiana Punjab IR, TS 57.2 68.3 Biofortified with zinc
(PBW823) (48.5 ppm) and Fe (44.2ppm);

resistant to yellow and brown
rust

4,  PBWRSI1 PAU, Ludhiana Punjab IR, TS 42.65 453 PBW RS1 is a premium wheat
(WBL1521) variety with high resistant

starch. Owing to decreased
digestibility of starch, it
helped in lowering the
glycemicindex.

5. MP3535 JNKVV, Jabalpur Madhya Pradesh IR, TS 59.1 80.6 Moderately resistant to

black and brown rust; good
amount of zinc content

6. TRVW 155 RVSVV, Gwaliorand Madhya Pradesh IR, TS 57.9 753 Resistant to black and
(Trombay Raj BARC, Trombay, brown rust
Vijay Wheat Mumbai
155)

7. TJW153 AU, Jodhpur and Rajasthan IR, TS 434 59.7 Highly resistant to brown rust
(Trombay BARC, Trombay, and moderately resistant to
Jodhpur Mumbai black rust; zinc (40.7 ppm)
Wheat 153)
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SN Variety name Developed by Zone/ state Production Grain yield (q/ha) Special features
condition  Potential Average

8. HD3437 IARI, Delhi NCT of Delhi IR, TS 53.95 61.9 Developed through MABB to
improve HD2967+Yr10+Lr34)
; Highly resistant to yellow
rust (HS=5MS, ACI=1.7)

Dicoccum wheat

9. Krishidhara UAS, Dharwad Zone 3 and 8 IR, TS 42.28 68.49 Resistant to black and

Krishna Super in Karnataka
DWK 1063

(DDK- 1063)

brown rust; biofortified
dicoccum wheat with protein
(14.4%), iron (43.7ppm) and
zinc (45.3 ppm)

New genetic stocks of wheatregistered

During the year 2024, a total of 15 genetic stocks of
wheat were registered for traits like disease resistance
to rusts, heat and drought tolerance, phenol colour,

Table 2.2: Wheat varieties released by SVRC during 2023

higher protein content and higher 1000 grains weight.
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
wheatimprovement (Table 2.2).

SN Name of genotype

Registration number Developing centre

Trait

1 DBW-EMS268 INGR24004 ICAR-IIWBR, Karnal Drought and heat stress tolerant (DSI=0.81; HSI=0.77)
2 DBW-EMS339 INGR24005 ICAR-IIWBR, Karnal Drought tolerance (DSI=0.66) with lower yield reduction
(20.8%) under drought)
3 DTS116 INGR24006 ICAR-IIWBR, Karnal Drought stress tolerance (DSI=0.40)
DBW424 INGR24007 ICAR-IIWBR, Karnal Drought and heat stress tolerance (HSI=0.78; DSI = 0.89).
Resistant to yellow rust of wheat (ACI=1.2)
5  PBS2022-1 INGR24008 ICAR-IIWBR, Karnal Heat stress tolerance (HSI: 0.76) with lower grain yield
reduction (20.0%) under heat stress
6  1C029040 (Tested INGR24009 ICAR-IIWBR, Karnal Leaf rust resistance (HS= 0; ACI=0)
as CPIIWBR266) (d.)
7 B2011\CIMCOG\21 INGR24010 ICAR-IIWBR, Karnal Yellow (Stripe) rust resistance (ACl= 4.3; HS= 10MS)
WAP2206 INGR24011 ICAR-IIWBR, Karnal Resistant to stem rust (HS=-10MR and ACl = 0.7).
Resistant to leaf rust (HS= 10R and ACl = 0.3)
9  WAP2207 INGR24012 ICAR-IIWBR, Karnal Resistant to yellow (stripe) rust (HS=5S; ACl = 0.6).
Resistant to leaf rust (HS= 5MR and ACl = 0.3)
10 DBW398 INGR24015 ICAR-IIWBR, Karnal Low phenol colour score of 3.9 and 4.1 in NWPZ and
NEPZ respectively.
11 1C535133; RRH-5072 INGR24013 ICAR-NBPGR, New Delhi Resistant to leaf rust (Resistance score=; to ;N for
multiple pathotypes)
12 1C138898; VDV-5/88; INGR24014 ICAR-NBPGR, New Delhi Resistant to leaf rust (Resistance score=;to;N)
NIC-1376 (dic.)
13 EC182958 INGR24016 ICAR-NBPGR, New Delhi High grain protein content (17.16%).
14 1C634028; AD-19/101; INGR24017 ICAR-NBPGR, New Delhi High grain protein content (15.72%)
Kathod Gehun (Sph.)
15 1C539313; TADIA INGR24018 ICAR-NBPGR, New Delhi High thousand grain weight (55.03g). More

GENEPOOL

grain length (7.15 mm)

)



GeneticResources

Exchange: 688 wheat germplasm lines were acquired
from various sources including a set of 203 accessions
from NBPGR, which includes 31 accessions of Karnal
bunt resistant, 20 accessions of leaf rust resistant, 16
accessions of stem rust resistant, 18 accessions of stripe
rust resistant, 17 accessions of powdery mildew
resistant, 21 accessions of spot blotch resistant, 25
accessions of fusarium head blight resistant, 20
accessions drought tolerance, 14 accessions of heat
tolerance and 15 salinity tolerance. The institute
supplied 943 accessions of wheat to various indenters
for utilization in the research programme. This led to a
revenue generation of Rs. 75000/-

Table 2.3: Range of variability in wheat germplasm
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Screening of wheat germplasm against wheat blast:
After taking the approval from DARE/ICAR, 418 lines of
wheat advance lines are being sent to Bangladesh and
Mexico through NBPGR/CIMMYT for screening against
wheat blast and other diseases at hot spot locations in
Bangladesh, Bolivia, Kenya and Mexico.

Conservation: At present, around 18500 accessions of
wheat are being conserved in medium term storage
module at IIWBR, Karnal (4°C and 30% RH). During 2024,
965 accessions of wheat were transported to Dalang
Maidan for conservation under natural condition as
safety duplicate.

Characterization: 465 wheat accessions were
evaluated as per DUS testing guideline. Promising
accessions were identified for various traits (Table 2.3)

Characters Range Mean Promising Accessions/Best check

Days to heading 71-125 98.6 <76 cm: RUSSELL-DR, CHUGOKU 114/ WR 544 (81.4)

Plant height (cm) 61.7-147 95 <70cm: POTCH 93, SENGWA, SW89.2089, SW89.3243, SW89.5193, SW90.1057,
SW91-12331, YUMAI 18/ WR544 (93.8 cm)

Ear length (cm) 6.5-14.7 10.1 >14cm: QING HAIBEI, SOTOME/ DBW187 (11 cm)

1000 grains weight (g) 15.7-59.7 36.4 >58 g: OCEPAR 17/ DBW187 (52.3g)

No. of spikelets per spike  16-30 21.2 >30: BUCK ARRAYAN, NAOFEN/ DBW187 (22)

No. of seeds per spike 31-95 54.1 >90: NAHUATL F2000, TRIGUERO 989/ Kalyansona (69.6)

Seed weight per spike (g) 0.25-3.58 1.96 >3.4 g: KENYA CHOZI, PFAU/SERI.1B//AMAD/3/WAXWING, ZHONGZOU 8131/

DBW187 (2.89)

Spike diversity in wheat germplasm: 96 wheat
germplasm lines were characterized for spike diversity
traits. The data has been recorded for 9 qualitative traits,
i.e., ear waxiness, ear shape, ear density, awn color, awn
attitude, glume pubescence, grain shape, and grain
colour, and 9 quantitative traits. For 1000 grain weight, 3
promising germplasm lines, namely SHOZE F3-6-10BO,
IC79007 A,and DRP 2001-108, have been identified.
Table 2.4: Details of entries in NIVTs

Performance of entriesin NIVTs

Three bread wheat entries nominated by the genetic
resources unit and tested in different NIVTs during
2023-24. Based on better yield performance and
disease resistance in NIVTs, two genotypes namely
DBW446 and DBW465 were promoted to AVT-IR-TS and
AVT-RI-TS of NWPZ, respectively (Table 2.4).

Trial Name of genotype Yield (q/ha) Disease score (ACI) of tested  Remarks
/Check NWPZ NEPZ  genotypein PPSN
NIVT1A  DBW446 69.4(6) 69.2(7)  YR:8.9; LR(N):14.9; Promoted to AVT-IR-TS-
DBW187(check) 61.1(4) 63.7(1)  LR(S):5.7;SR:12.9 NWPZ
NIVT5A DBW465 54.5(3) 51.0(12) YR:8.9; LR(N):4.8; Promoted to AVT-RI-TS-
NIAW3170/HI1612 (Checks) 46.1(4) 48.0(2) LR(S):2.7;SR:18.3 NWPZ
cz Pz
NIVT3A  DBW463 46.2(7) 47.4(6) YR:10.2; LR(N):11.1; =
HD2932 (check) 40.2(21) 45.7(11) LR(S):6.0;SR:13.9

*Rank with in parenthesis




Registration of varieties with PPV&FRA: Registration
application of two wheat varieties namely DBW359 and
DBW377 has been submitted to PPV&FRA, New Delhi
for registration under extant category. Four bread
wheat varieties namely Karan Vaidehi (DBW 370), Karan
Vrinda (DBW371), Karan Varuna (DBW372), Karan Prema
(DBW316) and one durum wheat variety DDW 55 (Karan
Manjari) were registered by the PPV&FRA, New Delhi
under extant category vide registration number
REG/2023/0092, REG/2023/89, REG/2023/91,
REG/2023/90,and REG/2023/93, respectively.

DUS testing in Wheat: During crop season 2023-24, six
DUS trials were conducted in wheat, in which 93 coded
entries (61 entries in bread wheat, 6 in durum and 26 in
dicoccum) along with national checks (DBW 187, HD
2967 in bread wheat, HI 8737 and MACS 3949 in durum
wheatand DDK1029 in dicoccum wheat) were tested as
per the DUS test guidelines of wheat published by
PPV&FRA. Each entry was sown in a 6-row plot of 6m
with 3 replications. Observations on DUS characteristics
on all the characters were recorded as per the
prescribed guidelines. Data of all the centres viz. Karnal,
Indore and Dharwad were compiled, analyzed and
submitted to PPV&FR Authority for making decision
regarding registration.

Varietiesreleased by ICAR-IIWBR

DBW359 (Karan Shivangi): The Central Sub-
Committee on Crops Standards, Notification and
Release of Varieties for Agricultural Crops release the
wheat variety DBW 359 (Karan Shivangi) for timely
sown, restricted irrigated condition of Central and
Peninsular zones. DBW359 gave an average yield of
41.70g/ha and 34.54g/ha in Central and Peninsular
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zone, respectively.ltis highly resistant to leafand stemrust.

DBW 377 (Karan Bold): DBW 377 (63.9 g/ha) has shown
significant yield superiority over all the checks under
three years of testing in the coordinated trials. DBW 377
has shown the potential yield of 86.4g/ha. DBW 377 is
highly resistant for leaf rust under natural and artificial
conditions (as evident from the lower ACl values (ACI-
5.2) and resistant against stem rust (ACI-8.2). Under APR
studies, it is highly resistant to the predominant races of
leaf rust viz., 77-5, 77-9 and 104-2 races. The variety has
shown moderate resistance against Karnal bunt (Avg.
13.4%) as compared to checks. DBW 377 has high
hectoliter weight (79.5), high protein content (11.7%),
good chapatti making quality (7.7/10.0) and high
biscuit spread factor (8.5). The Central Sub-Committee
on Crops Standards, Notification and Release of
Varieties for Agricultural Crops released the wheat
variety DBW377 for Central Zone comprising of Madhya
Pradesh, Chhattisgarh, Gujarat, Kota and Udaipur
divisions of Rajasthan and Jhansi division of Uttar
Pradesh vide Gazette No.SO 1560 (E) dated 26.03.2024.

DBW327 (Karan Vaidehi) (Gazette No. SO 1560 (E)
dated 26.03.2024) Area Extension: It is
recommended for early sown (October 20 to November
5), high input (150% of recommended NPK) along with
two sprays of growth retardants (Chlormequat chloride
@ 0.2%+ tebuconazole @ 0.1% of commercial product
dose at first node and flag leaf stage) under irrigated
conditions in Central Zone comprising of Madhya
Pradesh, Chhattisgarh, Gujarat, Kota and Udaipur
divisions of Rajasthan and Jhansi division of Uttar
Pradesh. The variety has average yield of 69.6 g/ha and
potential yield of 100.4g/ha. The variety maturesin 126



days and has 48 g thousand grains weight. It possess
better chapatti quality score (7.9) and high Fe (39.7ppm)
and ZN (40.2 ppm) Content.

_DBW 327 |8
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Wheat varieteiesidentified

DBW386: DBW386 has been identified for releasein the
irrigated, timely sown condition of the North Eastern
Plains Zone (NEPZ) by the varietal identification
committee of wheat and barley in its meeting heldon 7"
October, 2024. DBW 386 (52.01g/ha) out yielded the
check varieties DBW 222 (1.35%), DBW 187 (1.86%), HD
3086 (6.0%), PBW 826 (4.74%) and HD 3249 (1.4%). DBW
386 has yield potential of (70.6 g/ha). DBW 386 ranked
1" for two consecutive yearsi.e. 2021-22 and 2022-23 in
breeding trials at NEPZ. DBW 386 is highly tolerant to
heat stress with heat susceptible index (HSI) of 0.67
while the DBW 187 (C), PBW 826 (C) recorded HSI of 0.97
and 0.90, respectively. DBW 386 is a highest yielder in
agronomical trials both under timely and late sown
conditions under date of sowing experiments.

DBW443: Wheat variety DBW443 was identified for the
irrigated timely sown conditions of Peninsular Zone.
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This variety is having an average and potential yield of
49.2g/ha and 77.6g/ha, respectively. It flowers in about
63days and matures in about 109 days. DBW443 is an
indigenously developed biofortified wheat genotype
having higher protein (13.4%), grain zinc (43.0 ppm)
and iron (41.9ppm) This variety is having a thousand
grains weight of 45g. It is resistant to wheat blast, leaf
rust and brown rust diseases. DBW443 has shown low
heat sensitivity index of (0.85) and drought sensitivity
index (0.89) indicating better heat and drought stress
tolerance. DBW443 has a hectoliter weight of 80.9kg,
sedimentation value (52.9ml), high hardness index
(82.7) and good chapatiquality score (7.1/10).

Breeding for NWPZ
Performance of entriesin AVT trials

DBW432 was tested in AVT-RI-TS in Central Zone and
ranked number one in the trial. Based on its superiority
in yield DBW432 was promoted to the final year testing
in the AVTs 2024-25. Its performance in comparison to
the checksare presentedinTable 2.5.

Table 2.5: Performance of DBW432 as compared to checks in AVT-RI-TS-CZ 2023-24

Variety Yield (gq/ha) Rank Rust response (ACI)
Black Brown (South) Brown (North) Yellow rust

DBW432 444 1 17.5 4.5 11.2 2.1

CG1040 (1) (C) 43.7 2 31.5 13 25.6 46.7
CG1036 (Q) 41.8 5 9.5 4 3.9 77.8
DBW110 (C) 41.7 7 19.5 4.1 12.7 40.9

DBW 359 (I) (C) 41.8 6 15.8 13.7 16.4 6.7

HI1655 (C) 39.7 9 1.9 1.9 0.6 33.6




Performance of entriesin NIVT trials

From the NWPZ breeding programme a total of eight
bread wheat genotypes namely DBW449, DBW 457,
DBW 4461, DBW464, DBW 467, DBW 469, DBW 470 and,
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DBW 474, were evaluated in the multilocation National
Initial Varietal Trials (NIVT) during the season 2023-24
(Table 2.6). Out of eight NIVT entries four were
promoted to the advanced varietal trials.

Table 2.6: Performance of wheat genotypes tested in various NIVTs during 2023-24

Genotype name Tria Promoted to Yield (q/ha) Rust score ACI

Zone 1* Zone 2* Bl Br-S Br-N YR
DBW449 NIVT-1A - 68.3(13) 58.8(11) 19.8 8.4 144 9.2
DBWA457 NIVT-2 AVT-IR-TS CZ 59.8 (7) 53.7(9) 14.0 8.1 19.3 12.2
DBW461 NIVT-3A - 53.3(21) 49.0 (11) 8.4 4.0 14.9 16.9
DBW464 NIVT-3B = 43.6 (16) 36.6 (25) 7.5 3.3 15.0 11.8
DBW467 NIVT-5A AVT-RI-TS NWPZ 55.5(1) 44.6 (5) 29.8 3.0 6.1 6.0
DBW469 NIVT-5B AVT-RI-TS-CZ 46.5 (9) 31.9(19) 9.0 5.0 8.7 31.0
DBW470 NIVT-5B AVT-RI-TS CZ 46.4 (10) 32.5(16) 15.3 7.8 6.7 9.3
DBW474 NIVT-6 = 79.9 (7) 74.3 (3) 14.7 7.4 7.8 12.7

* Zone 1 and Zone 2 to are NWPZ and NEPZ respectively in case of NIVT-1A, NIVT-3A NIVT-5A and NIVT-6, and CZ and PZ in case of NIVT-2, NIVT-3B and NIVT-5B. Figures in the

parentheses representzonal rank.
Entries evaluatedin station trials of IWBR

A total of 22 entries of the breeding project were
evaluated at two or more locations under various lIWBR
station trials of the and one genotype RWP2079
promoted to NIVT-1B as DBW486.

Performance QCWBN, SATSNand DHTSN

Four entries in DHTSN and one each in QCWBN and

SATSN were tested during 2023-24. Genotype
RWP2196 from QCWBN was promoted to AVT-IR-TS-
TAD-CZ as DBW509 based on quality superiority (Fe 43.5
ppm, Zn 42.7ppm, Protein 13.6%) and yield (69.6 g/ha).
Performance of DHTSN entries were superior for
drought and heat tolerance as indicated by the data in
Table2.7.

Table 2.7: Performance of wheat genotypes tested in DHTSN during 2023-24

Genotype DH DM PH TKW Yield /plot DSl YR % HSI YR %
RWP1875 90 125 109 46 2249 1.01 46.6 1.15 38.9
RWP1896 91 131 105 49 2702 0.93 43.2 0.89 30.1
RWP2073 86 126 110 54 2852 1.12 52.6 0.84 28.5
RWP2077 89 126 106 52 2757 0.92 42.0 0.77 259

Performance of wheat genotypesinIPPSN 2023-24

Screening of station trial entries of NWPZ breeding
program for various wheat rust diseases under Plant
Pathological Screening Nursery (PPSN 2023-24) for
three rusts of wheat which were conducted at more
than 12 locations for each rust; yellow rust at sites
Khudwani, Malan, Bajaura, Dhaulakuan, Almora,
Jammu, Gurdaspur, Ludhiana, Karnal, Hisar, Delhi,
Durgapura and Pantnagar; for brown rust (North):
Jammu, Ludhiana, Karnal, Hisar, Delhi, Durgapura,
Pantnagar, Kanpur, Ayodhya and Kalyani, brown rust
(South) and stem rusts at Junagarh, Vijapur, Indore,
Powarkheda, Niphad, Pune, Mahabaleshwar, Dharwad
and Wellington. Table 2.8 presents wheat rust data

average coefficients of infection (ACI) and highest score
(HS) on 0-100 modified cobb scale from multilocation
IPPSN 2023-24 for three rusts of wheat in 25 wheat
entries.

Evaluation of advanced generation bulks

A set of 168 advanced bulks and selections from
international nurseries were evaluated as preliminary
yield trials (PYTs) at IWBR Karnal Main farm(Fig. 2.1). The
PYTs were conducted in three environments namely,
timely sown irrigated condition, timely sown restricted
irrigation and late sown irrigated conditions with
augmented experimental designs. Six checks namely,
DBW187, DBW296, DBW303, DBW316, PBW826,
WH1270 were repeated six times in each PYT. Artificial
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Table 2.8: Rust data (average coefficient of infection- ACl and highest rust score-HS) of 25 wheat genotypes
under IPPSN 2023-24

SN Name of Stem rust Leaf (South) Leaf (North) Stripe rust
genotype ACl HS ACI HS ACI HS ACl HS

1 RWP2079 21.8 60S 1.1 5R 1.2 10MR 12.1 40S

2 RWP2080 2.7 20MS 4.7 10MR 4.0 15S 4.8 20S

3 RWP2081 15.0 60S 33 10MR 2.5 10S 16.8 40S

4 RWP2197 8.0 30S 57 50MR 83 30S 53 20S
5 RWP1062 14.2 30S 3.7 20S 10.7 40S 4 20S

6 RWP1199 9.3 40S 9.5 20S 18.3 40S 34 10S

7 RWP1057 223 60S 2.7 20MR 6.3 15S 15.4 40MS
8 RWP1131 19.3 60S 4.6 10MR 9.3 20MS 14.4 40MS
9 RWP2146 14.5 60S 2.8 10MS 34 20S 10.7 40MS
10 RWP2189 19.9 60S 1.7 10S 33 20S 18.4 40S
11 RWP1556 9.6 40MR 2.6 10S 14.8 40S 4.1 30S
12 RWP1831 14.1 40S 5.0 20S 13.7 40S 16.7 60S
13 RWP1880 13.5 40S 0.6 10MR 0.3 5MR 5.8 20S
14  BSP 2311 14.8 40S 8.3 20MR 10.4 30S 10 40S
15 RWP1549 17.8 40S 1.8 10R 6.7 30S 1.4 10MS
16  RWP1844 3.5 10S 3.1 20S 4.2 20S 1.4 10MR
17 RWP1899 2.2 10S 2.5 20MS 7.3 20MS 5.7 20S
18  RWP2060 47.5 80S 11.6 60S 0.8 5S 1.8 10MS
19  RWP2137 1.8 10MR 1.6 10S 0.3 5MR 15.2 40S
20 RWP2185 5.0 30S 1.5 10MR 1.0 10MR 8.8 20S
21 RWP2190 20.3 60S 7.5 20MS 74 30S 19.5 60S
22 RWP2191 11.9 30S 2.9 10R 3.8 20S 13.2 40S
23 RWP1526 1.2 10MR 1.5 10S 2.7 10S 8.6 40S
24 RWP1555 9.8 20S 4.0 20S 7.0 30S 34 20MS
25 RWP2068 4.0 20S 4.6 20S 4.7 20MR 133 40S

rust epiphytotic were created for rust screening. There  infector rows. The PYT genotypes were also evaluated
was sufficient build-up of yellow and brown rust on  for seedling rust resistance against brown and black

Figure 2.1: Wheat breeding activities in [IWBR field (a) evaluation of segregating materials and advanced bulks (PYTs), (b) Field screening of breeding lines
against stripe rust, (c) Field screening for drought tolerance, (d) hybridization for generating new variability in wheat (e) screening for lodging and rust

resistance
9 ¥ 3%



rusts at IARI Regional Station, Indore. Selection criteria
were applied based on the following traits: grain yield
(Kg/ha), the phenological characters like days to heading
at 75% flowering, days to physiological maturity and
plant height, yield attributing traits like tiller number per
meter row length, number of spikelets/spike, grain
numbers per spike, 1000-kernel weight (TKW),
physiological traits like NDVI, Canopy Temperature, heat
sensitivity index, drought sensitivity index, resistance to
rust diseases and foliar blight. Quality parameters like
grain protein content (GPC), Zn and Fe content, hectolitre
weight etc. For promotions to station trials four principal
criteria were grain yield, 1000-grain weight, adult plant
rust resistance and maturity duration.

Evaluation and generation advancement of
segregating material

Total 280 new Combinations were made using elite
lines and trait specific lines at Karnal and off-season
nursery Dalang Maidan. Utilization of diverse and novel
rust resistance genes such as YrCK1, Sr39, Sr65, Lr80,
TL2942 (Triticale) being undertaken in wheat pre-
breeding programme. Crosses such as Lr80/HD3437,
Lr80/CHIPAK, Lr80/HD3437//DBW296,
Lr80/CHIPAK//Lr80/DBW187/3/DBW318,
Lr80/CHIPAK//Lr80/PBW703/3/DBW318,
Lr80/CHIPAK//DBW296, Lr80//2*DBW303 are in F, & F,
stage. Among breeding materials, a total of 290 F1s, 440
F, populations, 153 F, populations, 86 F, populations
were evaluated and selections were applied with
SELBULK method. A total of 73 F, populations with more
than 700 head rows were evaluated for rust resistance,
agronomicand quality traits. The 300 selections from F.s
lines were evaluated (F,) at summer nursery Dalang
Maidan where screening for yellow rust resistance was
done. In addition, 1780 lines of eight parent MAGIC
populations were evaluated both at Karnal and
offseason nursery, Dalang Maidan. Selections were
made for agronomic and disease resistance traits. A
total of 15 selections were included for yield evaluation
inthe PYT 2024-25.

Evaluation forlodgingresistance

In total following seventy-one lodging resistant lines
were selected from different international nurseries on
the basis of morphological and disease resistance. Total
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21 crosses were attempted including six recipient
parents and four donor parents targeting generation of
breeding material for lodging resistance. A replicated
experiment was laid out for screening of 20 resistant
wheat genotypes in second year. The material was
subjected to both natural incidence and artificial
lodging through a wind-blowing machine and data was
recorded on height(cm), root depth (cm), stem width
(mm), stem girth (mm), 1%, 2™and 3“ internodes length
(cm) and lodging score at vegetative and maturity
stages. None of the genotype showed lodging both
under natural and artificial lodging conditions.

Recommendation of foliar application of
chlormequat chloride (CCC) for improving lodging
resistanceand grainyieldin bread wheat

A study aimed to quantify the effect of growth regulator
(GR) chlormequat chloride on lodging and yield
attributes in the three recently released bread-wheat
varieties was conducted during 2023 and 2024. The
findings indicate that, lodging incidence in high
yielding wheat cultivars can be successfully reduced by
a single spray of GR chlormequat chloride (0.2 %
Lihocin) at the first node formation stage. A single
treatment of GR significantly increased the yield/plot in
all three wheat varieties and the effect of the second
spray on grain yield was less incremental on study
genotypes. Further, there was a differential
GRxgenotype interaction observed in yield and yield
component traits. The lodging percentage in
treatments showed a significant positive correlation
with plant height and negative correlation with grain
yield/plot and biomass. The higher yield of genotypes
with GR treatment was attributed to increased tiller
number, grain numbers per spike, thousand kernel
weightand lesslodging.

Breeding for NEPZ
Performance of entriesin AVT trials

Two wheat genotypes DBW443 and DBW426 were
tested in the AVT-IR-TS-PZ and AVT-IR-LS-CZ trials in CZ
and PZ, respectively (Table 2.9). Based on the superiority
in yield performance and other desirable traits in
respective zones, genotype DBW443 was identified by
the VIC for release and DBW426 was promoted to final
yearevaluationin PZ.
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Table 2.9: Performance of wheat genotypes tested in various AVTs during 2023-24

Trial Entry Yield (q/ha) Rank Rust Any specific trait like blast,
PZ PZ Bl Br quality
AVR-IR-TS-PZ DBW443 46.0 10 ACI=5.6; ACI=10.7; Biofortified genotype,
HS=20MS HS=20S heat and drought tolerant,
resistant to wheat blast
AVT-IR-LS-PZ DBW426 415 8 ACI=11.8; ACI=1.4; Grain Iron: 44.2ppm,
HS=30S HS=10MR Grain Zinc: 44.5ppm,

Grain protein: 13.1%

Performance of entriesin NIVT trials

During 2023-24, five genotypes were evaluated in
different NIVTs, out of which DBW448, DBW460 and
DBW466 were promoted to next year of evaluation
under different trials. Specific traits of the different
genotypesaregiveninTable 2.10.

Performance of entries in common station trials
(promotionto NIVTs)

During 2023-24 crop season, 20 wheat genotypes were
contributed towards different IIWBR station trials which
were conducted across different locations in different
zones. Based on superior performance in yield coupled

Table 2.10: Performance of wheat genotypes tested in various NIVTs during 2023-24

Trial Entry Yield (q/ha) Rust Any specific trait like
NWPZ NEPZ blast, quality

NIVT-1A DBW448 724 51.9 Br (ACI=16.0; HS= 70S), YI (ACI=9.9; HS=40S), Resistant to wheat blast

NIVT-3A DBW460 57.9 47.9 Br (ACI=3.3; HS= 155), YI (ACI=12.2; HS=405) Grain protein: 12.3%

NIVT-5A DBW466 54.4 39.5 Br (ACI=7.0; HS= 405), Y| (ACI=8.7; HS=40MS)
cz Pz

NIVT-2 DBW456 57.6 47.8 Bl (ACI=20.5; HS= 405S), Br (ACI=8.7; HS=205) Grain protein: 12.1%
NWPZ cz

NIVT-6 DBW473 77.6 66.8 YI: (ACI=11.8; HS= 40S), Br (ACI=7.8; HS=409), Grain protein: 12.0%

Bl (ACI=4.3; HS=205)

with disease resistance in station trials, eight wheat
genotypes were contributed to different NIVTs viz,,
NIVT-1A: DBW482, NIVT1B: DBW484, NIVT-2: DBW489,
NIVT-3A: DBW491, DBW492; NIVT3B: DBW497; NIVT-5A:
DBW498; NIVT-6: DBW504.

Evaluation of breeding materialsin differentgenerations

During the crop season 2023-24, one hundred five
crosses were attempted including three/ four-way
crosses. A total of 120 F,, 186 F,, 158 F,, 120F, and 190 F,
populations with more than 1000 progeny rows and 185
diverse selections were evaluated for yellow rust
reaction. Based on visual selection for plant type and
disease resistance selections were made in different filial
generations. Generation advancement was undertaken
at wheat summer nursery facility Dalang Maidan during
summer 2023 and 49 new crosses were also attempted.

Development of Spot Blotch-Resistant Wheat Lines
forthe North-Eastern Zone

Spot blotch, a major disease affecting wheat

production, is particularly prevalent in the north-
eastern zone of India. To address this issue, lines
resistant to spot blotch were developed using material
derived from the cross BH1146 x HD2967.The resulting
population is in the BC,F generation, and efforts are
focused on phenotyping these lines to identify
promising candidates. These lines were evaluated
across multiple hotspot locations, including Kanpur,
Kalyani, and Karnal, to assess resistance and agronomic
performance. A specific QTL, Qsb.iiwbr-7B, known to
confer resistance to spot blotch, was introgressed into
thelines,and phenotypic data were collected.

Phenotypic Evaluation

The phenotypicevaluation focused on several key traits,
including heading and maturity days, plant height,
1000-grain weight, and grain yield per plot. The data
were collected from three hotspot locations, and the
resultsare summarizedintheTable2.11.

« Kanpur: Lines showed significant variability in grain
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yield, ranging from 123 g to 459 g per plot, with an
average 1000-grain weight of 33.96 g. Spot blotch
scores ranged from 0 to 47, indicating varying levels
of resistance.
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« Kalyani: Grain yield was slightly lower, ranging from
190 g to 272 g per plot, with an average 1000-grain
weight of 34.85 g. Resistance to Spot blotch was
moderateto high.

Table 2.11: Performance of spot-blotch resistant lines at three hot-spot locations

LB Br Heading Maturity Plant height 1000-grain Weight (g)  Grain Yield/plot (g)
(days) (days)

Kanpur
Average 00-20 S 80.86 124.91 101.9 33.961 266.63
Range 00-47 74-87 118-130 72-129 24-43 123-459
Kalyani
Average 60.7 100.08 85.038 34.846 232.11
Range 23-48 58-63 98-102 82-89 32-37 190-272
Karnal
Average 92.6 136.47 107.65 41.1-44 391.33
Range 12-48 84-101 135-140 67-134 36-51 255-514

« Karnal: Lines exhibited higher grain yield, ranging
from 255 g to 514 g per plot, with an average 1000-
grain weight of 41.1-44 g. This location highlighted
the superior agronomic performance of certain lines
under high disease pressure.

« The phenotyping of introgressed lines for spot
blotch resistance across diverse agro-climatic
conditions has led to the identification of promising
genotypes. Lines with resistance alleles at
Qsb.iiwbr-7B and favorable agronomic traits have
been identified for further breeding programs.
These resistant lines will contribute significantly to
improving wheat productivity in the spot blotch-
prone north-eastern region, ensuring sustainable
wheat cultivation.

Evaluation of material for wheat quality

Quiality data of samples under the project entitled
breeding wheat genotypes for high productive areas of
eastern region. 80 advance wheat genotypes were
evaluated for few quality traits like protein (%) at 12%
moisture level, hectolitre weight (Kg/hl), sedimentation
value (ml).

Anticipatory breeding programme for mitigating
threat of wheatblast disease

Different crosses have been attempted with the

identified sources of wheat blast resistance for
incorporating wheat blast resistance in the breeding
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material. However, the final evaluation will be done at
the station trial level with the help of CIMMYT, Mexico in
Bangladesh and Bolivia.

Contributions for Segregating Stock Nursery (SSN)

During crop season 2023-24, 15 F, 's were contributed
towards segregating stocks nursery and selections were
exercised by the co-operators. Similarly, 15 F,s were
contributed during 2024-25 crop season.

Breeding forwarmer areas

Performance of entriesin AVT trials

During rabi, 2023-24, entry DBW422, was evaluated
under AVT-LS-NWPZ first year trial, whereas DBW425
was evaluated under AVT-LS-CZ & PZ and DBW428
under AVT-RI-CZ. The entry DBW422 ranked first in
NWPZ with mean grain yield of 54.3 g/ha. and the entry
DBW425 ranked 2™ in CZ with mean grain yield of 48.1
g/ha. The yield and rank of the entries with the best
checksare presentedinTable 2.12.

Performance of entriesin NIVT trials

During rabi, 2023-24, five entries, namely DBW450,
DBW451, DBW453, DBW459 and DBW471 were
evaluated under different NIVTs (Table 2.13). Entry
DBW459 was found promising and was promoted for
AVT first year evaluation.

Performance of entriesin common station trials

Twenty-two entries were evaluated in [IWBR Station
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Table 2.12: Details of the entries tested in AVT trials during 2023-24

Trial Entry Yield (q/ha) Rank
AVT-IR-LS-NWPZ DBW422 54.3 1
JKW261 (c) 535 3
AVT-IR-LS-CZ DBW425 48.1 2
HD2931 (c) 46.6 4
AVT-IR- LS- PZ DBW425 44.8 3
HD3090 (c) 38.2 7
AVT-RI-CZ DBW428 39.5 10
CG1040 43.7 2
Table 2.13: Details of the entries tested in NIVT trials during 2023-24
Trial Entry Yield (q/ha)
NWPZ NEPZ
NIVT-1A DBW450 69.2 (8) 65.9 (5)
NIVT-1B DBWA451 68.7 (13) 47.3 (29)
DBW453 67.4 (17) 49.5(17)
NIVT-3A DBW459 58.9 (2)* 47.3(15)
Trial Entry NWPZ cz
NIVT-6 DBW471 47.3(22) 59.2(18)

Table 2.14: Entries tested in the Station Trials and promoted to NIVTs

S.No Entry Trial Series Promotion NIVT code (2024-25)
1 WAP2303 ST1 NIVT 1A DBW478
2 WAP2301 ST1 NIVT 1A DBW480
3 WAP2306 ST1 NIVT 1A DBW481
4 WAP2304 ST1 NIVT 1B DBW487
5 WAP2312 ST3 NIVT 3A DBW493
6 WAP2315 ST4 NIVT 5A DBW499
7 WAP2301 ST5 NIVT 6 DBW506
8 WAP2318 ST5 NIVT 6 DBW507

Trials (2023-24) and eight promising entries were
promoted to the differentNIVTs (Table 2.14).
Performance of entriesin DHTSN

Entries WAP2319 and WAP2314 were evaluated in
DHTSN during 2023-24 at four locations (Table 2.15).
Entry WAP2319 was tolerant to both stresses whereas
WAP2314istolerantto heat stress.

Performance of entriesin IPPSN:
Sixentries namely, WAP2211, WAP2322,WAP2323,

Table 2.15: Performance of entries in DHTSN 2024

WAP2324,WAP2325,and WAP2326 were contributed to
IPPSN for evaluation for resistance against stem rust,
leaf rust and stripe rust. The IPPSN was conducted at 13
locations for yellow rust, 10 locations for brown rust (N)
and 9 locations for leaf rust (S) and stem rust. The data
from these centres revealed that genotypes WAP2211,
WAP2323, and WAP2325 are resistant to leaf rust
whereas entry WAP2324 is resistant to stripe rust. The
ACland HSforthese entriesisgiveninTable 2.16.

Entry DSI HSI Entry DSI HSI
WAP 2319 0.91 0.74 GW322 0.88 1.13
WAP 2314 1 0.91 NIAW3170 0.75 0.72
Checks RWS5 0.92 1.01
DBW187 0.86 1.02 WH730 1.07 0.7
DBW296 0.94 0.89

MBI
ICAR
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Table 2.16: Performance of entries for rust resistance in IPPSN 2023-24

S.No. Name Stem rust Leaf rust (S) Leaf rust (N) Stripe rust
ACl HS ACl HS ACl HS ACl HS
1 WAP2211 9.1 30S 3.2 10MR 1.33 10MS 12.6 40S
2 WAP2322 9.3 30S 2.1 10MS 9.33 40S 7.9 40S
3 WAP2323 9.8 20S 0.9 S10 1.17 5MR 54 20MS
4 WAP2324 33 20S 53 20MS 10 20S 1.2 5S
5 WAP2325 4.5 30S 0.7 10MR 2 10MS 3.9 10S
6 WAP2326 10.3 40S 12 20S 25 40S 1.8 20MS

Performance of entriesin PYT trials

During rabi, 2023-24, 195 entries (F6 and exotic) were
evaluated with 05 checks, namely DBW222, DBW327,
DBW371, DBW372, and PBW872. Twenty-one
promising entries were contributed for IIWBR station
trials (2024-25). In addition, 05 genotypes (HTW2401,
HTW2402, HTW2403, HTW2404 and HTW2405) were
selected for contribution to DHTSN (2024-25).

Promotion of entriesin WAP PYT trials (2023-24)

Out of the breeding materials (indigenous and exotic)
grown during rabi, 2023-24, 129 promising advance
bulks were promoted for PYTs (2024-25) along with five
checks, namely DBW222, DBW327, DBW371, DBW372
and PBW872 and have been planted under irrigated
and restricted irrigation conditions for promotions to
IIWBR Station Trials (2025-26).

Evaluation of breeding material in different
generations

During rabi, 2023-24, a total of 1017 breeding
lines/progenies of different filial generations were
grown. Out of which the selections were made on the
basis of yield, rust resistance and grain traits. A total of
116 crosses were attempted (Table 2.17).

Table 2.17: Details of the breeding materials grown and
selected duringrabi, 2023-24

Generations Evaluated lines Selected lines

F, 105 53
F, 216 125
F, 343 202
F, 128 9%
F, 143 47
F, 82 34

Total 1017 557

Contributions for Segregating Stock Nursery (SSN):
Harvested seed of 23 F2 crosses grown during rabi,
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2023-24 were supplied to coordinating centres through
SSN for enriching diversity and strengthening breeding
programs.

Experiments on heatand drought stresses

During rabi, 2023-24, 88 genotypes were evaluated
under rainfed and irrigated conditions with four checks,
namely C306, DBW110, DBW296 and NIAW3170, whilea
set of 72 genotypes, including checks was evaluated
under timely and late sown conditions. The data
recorded for grain yield components and physiological
traitsaregiveninTable 2.18.

Rust SRT analysis

During the year 2023-2024, 87 wheat genotypes were
screened against 5 pathotypes of leaf rust (12-5, 77-1,
77-5, 77-9, and 104-2) and stem rust (11, 21A-2, 40A,
117-6 and 122). Among these seventeen genotypes
were resistant to all the pathotypes of stem rust and six
genotypes were resistant to all the pathotypes of leaf
rust pathogen. One genotype conferred resistance to all
the pathotypes of stem and leaf rust pathogens.

Breeding for Quality Improvement

Evaluation of breeding materials in different
generations:

During the year 2024, a total of 75 new cross
combinations were made for different quality traits in
bread wheat (Table 2.19-2.22). Targeted crosses have
been attempted to improve grain protein content, high
sedimentation value, high iron and zinc and high bread
loaf volumein bread wheat.

20 promising lines from PYTs have been contributed to IWBR
Station trials 2024-25. Six lines to station trial 1;04 linesto ST-4
and ST5and 03 linesto ST2 and ST3 have been contributed for
muli-location evaluation and IPPSN 2024-25

Experimental details:
The biological nitrification inhibitor trait (BNI) inhibits




ICAR-IIWBR ANNUAL REPORT 2024

nitrification activity, which enhances uptake of nitrogen ~ Three wheat genotypes with the BNI trait, as well as
and improves assimilation of ammonium in wheat.  commercial cultivars DBW187, DBW303, and DBW371,

Table 2.18: Mean statistics for grain yield components and physiological traits in heat and drought stress experiments

Trait Heat Experiment Drought Experiment
TS LS TSIR TSRF
TKW(g) 36.38+0.75 31.26+0.60 34.48+0.58 42.44+0.49
YIELD (g) 529.08+16.59 316.06+£10.67 385.47+13.38 362.98+10.95
NDVI 1 0.74£0.00 0.65+0.01 0.68+0.004 0.58+0.01
NDVI 2 0.60+0.01 0.47+0.01 0.61+0.01 0.45%+0.01
CT1 22.60+0.29 22.09+0.29 22.93+0.24 24.15+£0.12
CcT2 29.22+0.19 34.79+0.18 27.31£0.25 28.41+0.18
CMS 67.95+1.82 56.49+2.26 66.66+1.84 72.38+1.78
RWC 85.84+1.24 65.59+1.92 83.11+0.98 82.29+1.06
Fv/m 0.705+0.006 0.646+0.01 0.687+0.006 0.699+0.007
Promising DBW150, PPYT21-22-75, PPYT21-22-84, WCF 12-16, WCF 12-7, EC 531185, 20HTWYT-48 (89), 20HTWYT-
genotypes CG1029, 20HTWYT-2(78) 25 (84), 29SAWYT-334 (376), 29SAWYT-341 (394), PPYT21-22-83,

PPYT21-2284, PPYT21-22-114, PPYT21-22-91

Table 2.19: Performance of entries in AVT trials:

Trial Entry Yield (q/ha) Any specific trait like blast, quality Remarks

AVT-IR-TS-NWPZ DBW477 61.9 Highly Resistant against Yellow Rust Promoted to AVT Final Year
DBW476 60.0 Highly Resistant against Yellow Rust -
DBW88 (C) 60.9

Table 2.20: Performance of entries in NIVT trials

Trial Entry Yield (q/ha) Rust Any specific trait like blast,
NWPZ NEPZ quality

NIVT1A DBW447 66.4(17) 61.7(3) Y1 405(15.0); Br 205(7.5) Resistance against blast
DBW187(C) 69.2(7) 63.7(1)

NIVT1B DBW454 69.6(7) 51.4(13)  YI10(3.8) 205(5.0) Resistance Against blast
DBW455 70.6(4) 48.7(19) Y1 10S(3.3), Br40S(10.0) Resistance against blast

Promoted to AVT-I NWPZ

HD3086 (C) 70.2(5) 52.9(7)

NIVT3A DBW458 56.4(9) 49.6(8) YI 55 (0.8) Br10S5.0 Promoted to AVT-I NEPZ
PBW771 (C) 57.6(8) 50.1(6)
HI1563 (C) 43.5(35) 49.3(9)

NIVT5A DBW468 49.7(16) 47.5(3) Y1tS(0.2)Br 10S(2.5 =
NIAW3170 (C) 51.0(12) 39.5(18)
HI1612 (C) 48.4(17) 48.0(2)

NIVT6 DBW472 73.9(16) 49.9(25)  YI20MS -
DBW327 (C) 83.9(2) 75.0(2)

*Rank with in parenthesis

Table 2.21: Performance of entries in common station trials (promotion to NIVTs)

SN Entry Trial Pedigree
1 DBW494 NIVT3A SOKOLL/3/PASTOR//HXL7573/2*BAU/4/2*PASTOR//HXL7573/2*BAU/3/ SOKOLL/WBLL1/5/BORL14
2 DBW503 NIVT5B KOKILA/BOKOTA/8/ATTILA/3*BCN//BAV92/3/TILHI/4/SUP152/5/SUP152/6/KFA/2*KACHU/7/ ATTILA

/3*BCN//BAV92/3/PASTOR/4/TACUPETOF2001*2/BRAMBLING/5/PAURAQ/9/ATTILA/ 3*BCN// BAV92
/3/TILHI/4/SUP152/5/SUP152/6/KFA/2*KACHU/7/ATTILA/3*BCN//BAV92/3/PASTOR/4/TACUPETO F
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SN Entry Trial Pedigree
3 DBW502 NIVT5B SUP152/FRNCLN//KUTZ
4 DBW501 NIVT5A TC870344/GUI//TEMPORALERA M87/AGR/3/2*WBLL1 /4/SOKOLL/WBLL1/8/ATTILA*2/PBW65/5/

CNO79//PF70354 /MUS/3/PASTOR/4/BAV92/6/KINGBIRD #1/7/COPIO

Table 2.22: The details of different filial generation

Filial Generation Number of crosses/families Remarks Number of plants/lines selected
F2 84 Selected Bulk 350

B8 763 SPS 665

F4 129 SPS 103

F5 91 SPS Carried out 82

F6 102 Bulk 48 lines selected for PYT

were assessed for various agro-morphological traits at
0%, 50%, 75%, and 100% of the recommended
nitrogenous fertilizer. It was observed that traits such as
spike length, length and width of flag leaf, biomass,
harvest index, protein composition and grain yield, and
nitrogen balance index (NBI) significantly decreased at
lower nitrogen levels. The NBI, in conjunction with these
traits, could be utilized to identify desirable plant types
in the subsequent generations under low nitrogen
conditions. The initial five principal components were
found to account for 90.6% of the variability in the
principal component analysis. The genotype by trait
biplot's polygonal view revealed that NBI has a higher
impact on BNI-derived lines. Following the assessment,
BNI-Munal was recognized as a promising parent for
integrating the BNI trait into the released varieties
(DBW187, DBW222, DBW252, DBW110, and DBW303)
used in the crossing programme. Several promising
lines were identified in the F, generation grown with
50% of the recommended nitrogen dose using the
genome-specific molecular marker 24_s81287.
Additionally, a breeding strategy is proposed to
incorporate the BNI trait, aiming to reduce the nitrogen
requirement of wheat crops.

Strategicresearch forimproving biotic stress

* 52 new crosses were made during 2023-24 season.
27 crosses during 2024 off season.

» Traitstargeted were yellow rustand KB resistance.

+ Asetof wheat germplasm lines was constituted and
is being screened against major fungal pathogens
(rusts, KB, PM).

e Two entries (DBW445* & DBW452) were promoted
to SPL-HYPT (CZ) and AVT-IR-(NEPZ).
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e Six entries; DBW479 (1A), DBW483 (1B), DBW485
(1B), DBW490 (2), DBW495 (3A) and DBW496 (3B)
were promoted to NIVTs.

e 16 entries (BSP2401 — BSP2416) are being evaluated
in station trials 2024-25.

» Four genotypes (BSP2416 - BSP2420) were
contributed to national nurseries 2024-25.

« Asetof 752 germplasm was evaluated against KB for
resistance under artificial inoculations in field
conditions.

« Of the 752 genotypes 5% were classified as highly
resistant (HR), 2% resistant, 3% moderately resistant
(MR), 8% moderately susceptible (MS),
12%susceptible (S) and 70% highly susceptible (HS)
during the crop season 2023-24.

« Out of 268 genotypes selected, 1% highly resistant
(HR), 5% resistant, 4% moderately resistant (MR),
17% moderately susceptible (MS), 19% susceptible
(S) and 54% highly susceptible (HS) genotypes were
identified.

e 50 specific SSR markers known to be associated with
KB resistance are being used for genotyping the set.

Breeding for early maturing and short duration
wheat genotypes

The project has been started from January 2023 and we
screening of around 500 genotypes selected from the
trials viz., ST-5, ST-4, NIVT-6A, NIVT-5A, Spl HYPT, AVT-RI,
ST-1, DHTSN, DHTST, NIVT-1A, NIVT-1B, AVT-TS, PYT-
NEPZ, AGG, Zinc Mainstream, IPPSN, EPC trials. The data
recorded for the traits i.e.,, days to heading, days to
anthesis, diseases, chlorophyll content, days to
maturity, grain filling duration, TKW, biomass, tillers/p,
spikelets/spike, grain/spike and NDVI during the

¥



season. Based on the preliminary evaluation, the
promising lines were observed for early maturing: Hl
1690, QYT 2203, HI 1672, HI 1674, BBP-MABB-41, HI
1675, GW 512, PBS-2022-1, HI 1670, WH 730, HI 1673,
WH 730, RAJ 3765.These genotypes were further tested
for root traits. Besides molecular markers analysis of Vrn
and Ppd genes. The lines further sown in the field for
evaluation in replicated trials during the season 2024-
25. During the crop season, 2024-25, the sixty-one (61)
new cross combinations were made using parents, WR
544, DBW 14, Sonalika, Halna, Raj 3765, Lok 1, HI 1675,
PBW 757,Raj4014,Raj3765,HD 2932,HD 3090, GW 366,
GW 513, WH 147, HI 1668, DBW 408, PBW 925, HI 1690,
GW 553 & DBW 370 for target traits. Besides, generation
advancement & eleven corrective crosses in Off-season
at ICAR-IIWBR-RS, Karnal. The new cross combinations
were sent to Off-season, Dalang Maidan, HP for
generation advancement. The F, received from Off-
season, Dalang Maidan, HP were sown in the main
seasonduring 2024-25.

During the season, again 298 wheat germplasm was
screened for the target traits. The data recorded for the
traits i.e., days to heading, days to anthesis, diseases,
chlorophyll content, days to maturity, grain filling
duration, TKW, biomass, tillers/p, spikelets/spike,
grain/spike and NDVI during the season. The promising
lines for the early maturity are 14th HZWYT 435,ST 417,
ST-409,ST-413,ST-424,ST-404,ST-425,ST-407,ST-410,
NW 303, ST-420, ST- 403, NW 310, GSF 429, PYT-1 F 610,
NW 309, HI 1669, Lok 79 and PYT-1 F 626. These
promising lines were further sown during the season for
seed multiplication.

Besides, further analysis of selected genotypes selected
base on first year observations, the molecular markers
(Vrn, Ppd genes) is underway for further confirmation of
earliness in these selected genotypes. Also, the range of
root architecture traits recorded in twenty- four
genotypes which are early in maturity and variable were
root length (cm), surface area cm’, root volume (cm’),
root average diameter (mm). The contrast wheat
genotypes (DHTSN 13 and ST 506) for root traits has
been identified. The result shows that root length is
showing highly significant correlation (<.0001) with
root surface area (r+ 0.875) and root volume (r+ 0.717);
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however, with days to maturity the correlation was
positive (r=0.445).

Pre-Breeding
Pre-breeding for wheatimprovement

The variability now a day has become of utmost
importance as the efficiency and effectiveness of
selection is directly correlated to it. Under era of climate
change, pre-breeding becomes a tool for diversifying
the gene pool and creating genetic variability in wheat.
The reports are showing that wild gene pool can
provide this diversity through wide hybridization. The
non- conventional sources such as primary and
secondary gene pool of wheat are being used to
introgress the desirable genes into the agronomically
promising varieties.

Around 450 crosses including backcrosses were
attempted during the reporting period. The genotypes
like Highbury, Pavon 76, Paragon, Frontana,
Sphaerococcum and Aegilops mutica were used
emphasizing specific traits. These have high canopy,
early growth, head scab tolerance, high photosynthetic
rates and hence were crossed with agronomically
superior varieties to introgress these traits. Some
promising cross combinations in advance stage are
Highbury/Ae.mutica//DBW88 (High Canopy, early
growth); Pavon 76/HD3086, Paragon/GW322 (heat
tolerance); Frontana/ WH1105/HD2967 (Head scab and
Wheat blast resistance); T. urartu /HI8498 (aestivum type
with high photosynthetic rate) and one line Paragon /
WB 2//WH 1105 has been included into station trial.

Use of Thinopyrum bessarabicum for abiotic stress
and biofortification:

Thinopyrum sp is known for abiotic tolerance,
particularly heat and salinity. Keeping this in view, the
eight accessions were evaluated and used to introgress
the desirable traits into well adapted varieties of bread
and durum wheats. Similarly, S. anatolicum was also
used for transferring biofortified traits. Important cross
combinations were identified for for abiotic stress and
biofortification are presentedinTable 2.23.

Sixty new crosses were attempted for introgression of
drought and heat tolerance involving Aegilops
peregrina, Ae. ovata, Ae. geniculata, Ae. tauschii and



Thinopyrum (Fig. 2.2). Eighty-seven F s were raised and
back crossed. More than 2500 lines at different filial
stage (F,-F,) were raised and selections made. Hundred
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and forty-four introgressed lines were evaluated under
restrictedirrigation.

Table 2.23: Important cross combinations were identified for abiotic stress and biofortification

Cross Name Protein content % Fe (ppm) Zn (ppm)
Chinese Spring /Thinopyrum bessarabicum 16.0 50.2 65.0
Thinopyrum bessarabicum/HD2967 17.2 48.8 80.5
T. turgidum L. cv. Chinese Spring/Thinopyrum bessarabicum// *2 DBW 110 17.3 50.0 65.4
Thinopyrum bessarabicum /ICARSHA (durum) 15.0 52.0 63.6
Chinese Spring/ S. anatolicum 18.00 62.9 75.9
Pavon 76/Ae. mutica 17.9 451 60.1
DBW 187 13.7 37.6 35.6
HD 3086 123 40.6 359

Evaluation of wild introgressed lines under
temperature-controlled conditions

Sixteen lines were evaluated for heat tolerance under
temperature-controlled phenotyping facility (TCPF). Six
lines were identified promising under high temperature
(Table 2.24). The pedigree of these lines involved Ae.
compactum, Thynopyrum bessarabicum, T. dicoccoides
and Ae. tauschii.

Evaluation of wild accessions for heat, drought and
combined stress:

One hundred and fifty genotypes comprising of
Aegilops tauschii (DD), Ae. Peregrina (UUSS), Triticum
dicoccoides (AABB), and synthetic hexaploids (AABBDD)
were evaluated under timely sown irrigated (normal -
non stress), timely sown drought (drought stress), late
sown irrigated (heat stress) and late sown rainfed (heat

Table 2.24: Performance of Introgressed lines temperature-controlled conditions

Entry Pedigree Heat susceptibility index (HSI)
GY TGW

$S12005 Ae. compactum (72) / K1213/WH1105 0.92 0.96
$$12007 PBW698 / Th. bessarabicum (EC787010) 0.96 0.86
SS12136 DBW-39 / EC 787012 Azaziah/ Th. bessarabicum/ PBW 703 0.98 0.72
SS12255 PBW712 / EC 787007 Langdon/Th. bessarabicum /PBW 725 0.93 0.76
$512493 T. dicoccoides / WH1105/WH 1105/WH 1105 0.90 0.99
SS12526 AKDW289 / Ae. tauschii/ HD 3086 0.86 0.91

and drought stress) for 2™ consecutive year for validation
of tolerance to heat, drought and combined stress using
physiological and grain traits. Of total accessions

evaluated, 14 were tolerant to heat, 28 to drought and 26
tobothdroughtand heat stress (Table 2.25).

Table 2.25: The accessions tolerant to heat, drought or both stresses

Species Drought (under ROS) Heat (LSIR) Combined (LSRF)

Aegilops tauschii 3806,3753,3769,9803 14578 3753, 9822, 13764, 9803, 3744, 3784, 3761,
137809785, 14338, 9798

Ae. peregrina P11 604172 PI 604186 EC-573331, PI 604176, Pl 604169, PI 604192,
P1 604186, Pl 604147

T. dicoccoides 102,103 102,103, 13993 103

Synthetic hexaploids 2,15, 16,45,54,63,72

1,2,7,13,15,16, 20, 21, 22, 23,

13,15,17,21,41, 63,76, 88

26,28, 38,39, 41, 48,51, 54,61,

63, 64,76, 82

*Accessions number in bold represent tolerance to more than one stress.

Accessions with tolerance against multiple stress
conditions were identified. Accession 3753 and 9803 of

18

Aegilops tauschiiwas tolerant to drought and combined
heat and drought stress, Accession 103 of Triticum

)



dicoccoides was tolerant to all the stresses. Five
synthetic hexaploid lines were tolerant to multiple
stresses.

Biofortification: Fe and Zn content were determinedin
these accessions grown under normal and stressed
conditions. The iron and zinc content were higher in
accessions of Ae. peregrina and Ae. tauschii under all the
sowing conditions.

DevelopingRILs for quality traits:

Under pre-breeding four RIL populations are being

Iron conTent
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developed and advanced (Table 2.26). This year's
harvest will be submitted to the GRU unit.

Contributionto SSN

Keeping in view the importance of cooperating centres,
the 15 F, were shared with cooperators to strengthen
their breeding program (Table 2.27). These were having
non-conventional parents where normal crossing is not
possible.

Droughtand heattoleranceinintrogressed lines:
Eight introgressed lines were contributed to DHTSN
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Fig.2.2 Grain iron content (mg/kg) (a) and grain zinc content (mg/kg) (b) in wild accessions, synthetic hexaploids, genetic stocks and advanced breeding lines.

Table 2.26: Details of four advanced RIL populations for quality traits

S.N. Name of crosses/populations Generation No of lines Purpose

1 Chinese Spring/ S. anatolicum (p201/142) // DBW187 Fe 241 Iron + Zinc+ Protein
2 Pavon 76/Ae. mutica//HD 3086 A 270 Zinc + Protein

3 Triticale/T. dicoccum//DDW 47 (F4 :23-24) Fs 303 Protein + Quality Trait
4 Israna/HD2967//WH1105 5 307 Grain Quality & Size

Table 2.27: Details of segregating populations contributed to SSN 2023-24

S.N. Code Pedgree

1 PBS-SSN-23-1 T.spelta/ HD3086

2 PBS-SSN-23-2 T. sphearococcum / WH1105

3 PBS-SSN-23-3 T. sphearococcum / DBW187

4 PBS-SSN-23-4 Ae. compactum / DBW303

5 PBS-SSN-23-5 Chinese spring /S. anatolicum// HD3086//PAVON 76/Ae.mutica// DBW187
6 PBS-SSN-23-6 Kundermiki /GDW929//H18737

7 PBS-SSN-23-7 T. dicoccum/ WH1105

8 PBS-SSN-23-8 Karim/Th. bessarabicum//\WH1105

9 PBS-SSN-23-9 FRONTANA /WB-2

10 PBS-SSN-23-10 HIGHBURY/ S. anatolicum // WH1105
11 PBS-SSN-23-11 Sphearococcum/ DBW222

12 PBS-SSN-23-12 Vovilovy /DBW 303

13 PBS-SSN-23-13 DBW 252/ D.DRY

14 PBS-SSN-23-14 DBW 222/ ISRANA

15 PBS-SSN-23-15 SUMAI-3/WH1105




during 2023-24 which was conducted at Dharwad,
Hisar, Karnal, Junagadh, and Pusa (2.28). Five of these
lines were found tolerant. Two of these were tolerant to
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heat and drought stresses, two to heat and one to
drought stress.

Table 2.28: Performance of introgressed lines in DHTSN 2024

Entry Pedigree DslI HsI
HTW 2312 DBW39 /Ae. speltoides 0.94 0.79
HTW 2304 Ae. tauschii/4* HD2967 0.99 0.8
HTW 2309 PBW698 / Th. bessarabicum 1.0 0.99
HTW 2305 SYN224/3*WH1105 1.07 0.9
HTW 2307 Ae. compactum/K1213/2*WH 1105 0.96 1.13
Checks

DBW187 0.86 1.02
DBW296 0.94 0.89
GW322 0.88 1.13
NIAW3170 0.75 0.72
RW5 0.92 1.01
WH730 1.07 0.7

DSI= Drought Susceptibility Index, HSI= Heat Susceptibility Index, Values < 1.0 = tolerant

Leaf and stripe rust resistance in wild introgressed
lines:

Eight entries namely, 15003, 15005, 15007, 15009,
15010, 15004, 15006, and 15008 were contributed to
IPPSN for evaluation for resistance against stem rust,
leaf rust and stripe rust. The IPPSN was conducted at 13

locations for yellow rust, 10 locations for brown rust (N)
and 9 locations for leaf rust (S) and stem rust. The data
from these centres revealed that genotypes 15004 and
15006 are resistant to both leaf rust as well as stripe rust
(Table 2.29) whereas entries 15005, 15007 and 15009
are resistant to stripe rust only. The ACl and HS for these
entriesis giveninTable 2.30.

Table 2.29: Introgressed lines resistant to leaf and stripe rust

Entry Pedigree Leaf rust (S) Leaf rust (N) Stripe rust

ACl HS ACI HS ACl HS
15004 DBW-39/ EC 787012 Azaziah/Th.bessarabicum/PBW 703 2.2 10S 3.13 20MR 10.2 20S
15006 PBW-712 / EC- 707814 CS/Th.bessarabicum/WH 1105 34 10MS 0.73 5MS 1.2 10MS
Table 2.30: Introgressed lines resistant to stripe rust
Entry Pedigree Stripe rust(N)

ACI HS

15005 PBW698 /Ae speltoides/WH 1105 39 10S
15007 Ae. tauschii / HD-2967/HD 2967 29 10MR
15009 DBW-39 /EC787009 /PBW 725 2.8 10MS

Identification and development of wheat
genotypes with higher Radiation use efficiency

A diverse set of 37 wheat genotypes (Amphidiploids
and Double Haploid crosses) along with six checks
(DBW187, DBW222, DBW303, HD3086, HD3226 and
WH1105) was screened for identification of lines with
higher radiation use efficiency during Rabi 2023-24.

Data with canopy analyzer, InfraRed Gas Analyzer
(IRGA), NDVI, SPAD and Infrared thermometer were
recorded in all the lines for the identification of
genotypes with higher RUE. A significant level of
variation has been identified among the screened
material for various traits (Table 2.31). Four wheat lines
were identified for higher RUE based on one year data
and need to berevalidated during 2024-25.
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Table 2.31: Level of variation identified among the screened material for traits related to radiation use efficiency

Trait Mean Minimum Maximum
A (Net CO, assimilation) umol m™s™ 34.99 12.9 61.6

gs (Stomatal Conductance) mmol m™s’ 108.9 24.0 297.0

E (Evapotranspiration) mmol H,Om™s™ 2.51 0.60 5.0

VPD (Vapour Pressure Deficit) 2.40 1.9 2.8

WUE (Water Use Efficiency) 15.71 8.0 43.8

LA (Leaf Area) cm’ 531 297 8.0

CT (Canopy Temperature) 24.32 21.5 26.9

NDVI (Normalized Difference Vegetation Index) 0.65 0.41 0.82

SPAD (Chlorophyll Content) 43.0 31.1 57.2

Screening and identification of pre-breeding
material with superior physiological traits

A set of 50 wheat genotypes including six checks
(DBW187, DBW222, DBW303, HD3086, HD3226 and
WH1105) was screened for superior physiological traits
during Rabi 2023-24 to identify physiologically superior

Table 2.32: Variations observed for physiological traits

genotypes/lines. Plant traits such as plant growth and
vigour (recorded with NDVI), chlorophyll content
(SPAD), canopy temperature (CT) was recorded at
different phenological stages. A significant level of
variation has been identified among the screened
material (Table 2.32).

Trait Maximum Minimum
NDVI (Normalized Difference Vegetation Index) 0.82 0.41
SPAD (Chlorophyll Content) 57.2 31.1
CT (Canopy Temperature) 26.9 21.5

Genotypes promoted to national trials:

e Three Genotypes DDW 69, DDW 70 and DDW 71
have been promoted to NIVTs.

e Three genotypes DDW 65, DDW 66, DDW 67 have
been promotedto durum trial N\WPZ-AVT-IR-TDM.

e Two durum genotypes DDW 65, DDW 67 have been
promoted to PZ-AVT-IR-TAD.

* One genotype DBW 462 has been promoted to
NEPZ-IR-LS-TAS.

Seed Production Programme at ICAR-IIWBR, Karnal

Under Inter-institutional collaborations with ICAR-NDRI
Karnal, ICAR-IIFSR and ICAR-CPRI-RS, Modipuram. ICAR-
IIWBR has produced 6667.69q of breeder seed and
2490.12q of TL seed of 13 wheat viz, DBW 327, DBW 377,
DBW303, DBW187, DBW222, DBW 359, DBW 370, DBW
371 and DBW 372 whereas total 300.39q seed of 6
barley varieties was produced at Seed and Research
Farm, (ICAR-IIWBR), Hisar during 2024. Selling of
Nucleus/ Breeder and TL Seeds of wheat generated a
total amount of Rs. 695.50 lakhs under the revolving
fund scheme of the institute. The details of seed

production of wheat varieties are giveninTable 2.33.

Strengthening the Seed Chain through Public and
Private Partnership

In order to improve the seed access for ICAR-IIWBR
Karnal recent varieties to the farmers, the institute has
upscaled its seed production programme by
involvement of the different public and private sector
agencies. The institute is providing its breeder seed to
different private seed growers (>900 MOAs), 14 ICAR
institutes, State Agricultural Universities, KVKs and state
government agencies for further seed multiplication
and distribution of recent varieties to the farmers to
meet their demands. A total of 6940.05q breeder seed
was sold to the public and private seed for further
multiplication of Foundation/Certified seed and
distribution (Table 2.34).

Technological interventions for efficient seed
distribution
ICAR-IIWBR, Karnal has upgraded IIWBR Seed Portal to

register and distribute TL seed of recent wheat varieties
viz, DBW 327, DBW 377, DBW 303, DBW 187, DBW222

¥
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Table 2.33: Breeder seed (quintal) and TL Seed (quintal) produced during 2023-2024

S. No. Variety Govt. Sector Agencies Private Seed Companies Farmers (Tl Seed) Total Sale

Wheat

1 DBW187 1381.70 662.60 371.94 2416.24

2 DBW 327 431.60 603.35 266.94 1301.89

3 DBW 371 327.40 328.40 552.74 1208.54

4 DBW 372 323.00 312.60 537.81 1173.41

5 DBW 303 609.04 343.40 61.90 1014.34

6 DBW222 550.50 296.80 70.61 917.91

7 DBW370 80.20 14.20 153.80 248.20

8 DBW 377 14.00 98.40 125.02 23742

9 DBW 359 47.90 45.00 140.11 233.01

10 DBW 332 72.60 10.00 120.70 203.30

11 DBW 316 99.80 6.40 15.20 121.40

12 DBW 173 2.00 0.80 39.70 42.50

13 JKW 261 0.80 5.20 33.65 39.65
Total 3940.54 2727.15 2490.12 9157.81

Barley

1 DWRB 137 143.55 66.8 25.37 235.72

2 DWRB 219 19.25 0 4.6 23.85

B DWRB 182 11.3 0 0.4 11.7

4 DWRB 123 10 0 0.9 109

5 DWRB 101 0 10 0.12 10.12

6 DWRB 160 6.6 0 1.5 8.1
TOTAL 190.7 76.8 32.89 300.39

Table2.34: Breeder seed distribution to the public and private agencies of different states during 2023-2024

S.N. State Govt.@Rs. 7050 Private@ Rs. 8820

1 Haryana 1298.60 959.00

2 Uttar Pradesh 1570.20 190.20

3 Punjab 10.80 1119.2

4 Rajasthan 349.40 301.95

5 Bihar 505.50 34.00

6 Chandigarh 140.00 0.00

7 Delhi 92.00 23.60

8 Madhya Pradesh 20.50 86.20

9 Uttarakhand 12.00 90.40

10 Himachal Pradesh 75.00 0.00

11 Jammu and Kashmir 62.00 0.00
4136.00 2804.00

etc. for the farmers in all the wheat growing states. 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 (Fig. 2.3 & 2.4) After that he/she received an
OTP on his mobile and then a message was sent to all

such farmers their demand of seed has been registered
with the IIWBR. This facility was utilized by about 5000
farmers from different states like Haryana, Punjab, U.P,
Bihar, MP and Rajasthan, who successfully registered on
the portalduring 17.9.2024t021.9.2024. 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 as




per their districts and states; accordingly, farmers were
informed through bulk SMS sent during 8" October to
15" October 2024 to come and collect the indented/
allotted seed on specific date and time. This way, IWBR
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has distributed >2400q TL seed of indented wheat and
barley varieties to the farmers during 19-24" October,
2024.
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Fig. 2.3: IIWBR Seed Portal for registration of farmers

IIWBR- Unified Seed Sale, Inventory and Finance
Management Software

During 2024, ICAR-IIWBR developed Unified Seed
Software in order to address the challenges of
distribution, inventory tracking, financial reconciliation,
for breeder seed and TL Seed Sale, integration of
transaction ids with bill, generating reports of variety
wise sale, state wise number of farmers registered and
actual number of farmers lifting the seed (Fig. 2.5). This
software has been designed to ensure timeline
information on seed supply reduce errors and maintain
transparency which is vital for stakeholders including
farmers, agencies, government bodies and policy
makers. This has helped in quick decision-making
during seed distribution programme. The software is
based on the Aadhar ID, which helps to avoid any
duplicity during the generation of bills.

Marirags Billig e - iy

Fig.2.5: Unified Seed Sale, Inventory and Finance Management System

Fig. 2.4: State-wise number of farmers registered on [IWBR Seed Portal

The software is developed on the programming
language of ASP.net with C+ which ensures robust and
secure platform having added security features. The
database is sql Server-Microsoft and can be utilized for
ten number of computers simultaneously. This
software facilitated real time capabilities allow real time
generation of bills during seed distribution and helped
tomonitored the seed sale.
Softwareis equipped with generation of various reportsi.e.
i Agency billing report,
ii. farmersbilling report,
iii. salesreport
iv. breeder seed certificate
V. gate passwithdateand

guantity and variety name,
vi. farmers wise variety reportand
Vii. agency wise variety report.
viii. State/district wise report.
These reports helped to understand the demand of the
variety among farmers and indenting agencies,
reconciliation of bills with finance department, state-
wise number of farmers actually lifted the seeds and of
which varieties and helps to plan the next year seed
production programme.
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Biotechnological and Physiological interventions

Transcriptome analysis of plants treated with
endophyticbacteria

Bread wheat variety DBW303 seeds were treated with
four bacterial endophytes viz., Priesta aryabhattai,
Pseudomonas sp., Bacillus subtilis (St. 30L 1-2) and B.
subtilis (St. CICR-NG) separately and sown in small
plastic trays with potting mixture of soil, sand and farm
yard manure in 3:2:1 ratio. Seeds were exposed to
drought conditions and the seedlings were harvested at
10" day of growth. One control without endophytic
bacteria treatment was kept as control treatment
(NIDS), while the endophytic bacteria treatments were
coded as EIDS-2, EIDS-9, EIDS-10 and EIDS-20 based
upon four bacteria used in the study. The leaf tissues
were sent for whole transcriptome analysis using
AdapterRemoval, HISAT2, FeatureCounts, edger,
DIAMOND pipeline tools. The AdapterRemoval was
used to filter out the adapters sequences and to
perform quality trimming at Q30. The clean data were
aligned to the Triticum aestivum reference genome
using Hisat2. The expression estimation was performed
using featureCounts, while the differential gene
expression was performed using edgeR.The annotations
of complete gene set were performed using uniprot
database using Triticum aestivum (Table 2.35). The up-
regulated and down regulated differentially expressed
genes (DEGs) from non-inoculated sample were
compared with rest four endophytic bacteria treatment
samples and highest upregulation of DEGs was with
Pseudomonas sp. treated sample (320), followed by
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Priestia aryabhattai (83), Bacillus subtilis (St. CICR-NG)
and B. subtilis (St. 30L 1-2) (Table 2.35). Comparison
between different endophytic bacteria treatments
exhibited highest up-regulated DEGs in plants treated
with Pseudomonas sp. compared to P. Aryabhattai (37),
while in comparison between two strains of B. subtilis, it
was with B. subtilis (St. CICR-NG)

In gene ontology, the up-regulation and down
regulation of genes varied in presence of different
endophytic bacteria. In presence of P. aryabhattai, the
highest up regulation for biological processes was for
photosynthesis (light harvesting photosystem),
followed by response to light stimulus, hydrogen
peroxide catabolic process and cell wall macromolecule
catabolic process. In cellular components, it was mainly
for chloroplast thylakoid membrane, photosystem |
and photosystem |. For molecular function it was for
chlorophyll binding, metal ion binding and heme
binding (Fig. 2.6). In presence of Pseudomonas sp., the
up regulation for biological processes was for
phosphorylation, defense response, and response to
other organisms. For cellular components, it was for
membrane, plasma membrane and nucleus, while for
molecular function, it was for ATP binding, metal ion
binding and heme-binding (Fig. 2.7). Heme-binding
was common in both cases. Similarly, the gene ontology
varied in presence of other two bacteria, which shows
that different bacteria affected plant system differently.

Table 2.35: Differential Gene Expression summary for Upregulated DEGs at Log2FC 1 AdjPvalue 0.05

Control Vs Treated AdjPvalue Log2FC Regulation DEG count
NIDS-1 S EIDS-2 0.05 1 Up 83
NIDS-1 Vs EIDS-9 0.05 1 Up 320
NIDS-1 Vs EIDS-10 0.05 1 Up 25
NIDS-1 Vs EIDS-20 0.05 1 Up 40
EIDS-2 Vs EIDS-9 0.05 1 Up 37
EIDS-2 Vs EIDS-10 0.05 1 Up

EIDS-2 S EIDS-20 0.05 1 Up 3
EIDS-9 VS EIDS-10 0.05 1 Up 29
EIDS-9 VS EIDS-20 0.05 1 Up 2
EIDS-10 'S EIDS-20 0.05 1 Up 48

*NIDS, non-inoculated drought susceptible; EIDS, endophyte inoculated drought susceptible; EIDS-2, EIDS-9, EIDS-10 and EIDS-20 are

different endophytic bacteria treated samples
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Fig. 2.7: Gene ontology on interaction between wheat plant

and Pristia aryabhattai.

Identification of quantitative trait loci for Karnal
buntresistance

Karnal bunt (KB), caused by the pathogen Neovossia
indica, is a major concern for the wheat industry due to
its impact on international trade, restricted by strict
quarantine regulations. This disease, which spreads
through air, soil, and seed, is challenging to control
effectively using chemical treatments. Developing
wheat genotypes resistant to KB offers a sustainable
solution for its management. However, the absence of
rapid, simple, and environment-independent screening
methods for identifying resistant germplasm remains a
significant obstacle in breeding efforts. Quantitative
trait loci (QTL) mapping provides a powerful approach
for understanding the genetic basis of complex traits
and identifying marker-trait associations. In this study, a
mapping population of 214 recombinant inbred lines
(RILs), derived from a cross between a highly resistant
genotype (KBRL22) and a susceptible cultivar (PBW343),
was evaluated to identify genomic regions conferring
resistance to KB. The RIL population underwent
phenotypic screening against a virulent isolate of
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Tilletia indica over two growing seasons. Pearson
correlation and principal component analysis were
performed to explore trait relationships, and QTL
mapping was conducted to identify genetic loci
associated with resistance.

The results revealed significant differences in disease
severity among RILs, across years (E), and for genotype-
by-environment (GXE) interactions. A positive
correlation was observed between flag leaf length and
KB infection. Six consistent QTLs associated with KB
resistance were identified on chromosomes 2B, 3A, 4B,
and 5B, collectively explaining 13%-18.9% of the
phenotypic variation. Two major QTLs, located on
chromosomes 4B and 5B, accounted for 18% and 18.9%
of the phenotypic variation, respectively, highlighting
their critical role in KB resistance. Additionally, two
novel QTLs, QKb.iiwbr-3A.1 and QKb.iiwbr-3A.2 were
detected on chromosome 3A using SSR markers,
marking a significant advancement in understanding
the genetic control of KB resistance. These findings have
practical implications for wheat breeding programs.
The resistant lines carrying favourable alleles at all
identified QTLs represent valuable genetic resources for
inter-crossing and selection to develop improved
germplasm with enhanced KB resistance. Addressing the
current challenges in screening methods will further
accelerate the development of resistant wheat varieties
and contribute to sustainable KB management.

Identification of Sugar Transport Protein gene
familyin wheatgenome

Sugar transporters play a pivotal role in facilitating the
movement and allocation of sugars within the wheat-
rust infection zone. Their indispensable contribution
liesin the establishment of a secondary sink at the point
of invasion by the fungal pathogen within plant cells.
These transporter proteins, present on the membranes
of both plants and pathogens, are the main players in
defense signaling as they control how sugars are
distributed between them and determine whether an
encounter will result in resistance or susceptibility.
Sugar transporter protein gene family are identified in
wheat genome and studied for their chromosomal
location, conserved motif domains and phylogenetic
relationship with Arabidopsis thaliana. International
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Wheat Genome Sequencing Consortium (IWGSC)
database was searched for identification of Sugar
Transport Protein (STP) gene family in wheat by using
Sugar_tr Hidden Markov Model (HMM) profile (Pfam:
PF00083) as the query in a BlastP. A total of 476 TaSTP
proteins with E-value of <1e-5, these sequences
checked for presence of the Sugar_tr domain using
Pfam database. Eighty-six candidate STP proteins were
discarded due to either a partial or complete absence of
the STP domain and remaining 390 putative TaSTP
sequences used for phylogenetic analysis along with 14
AtSTPs (Sugar transporter proteins from Arabidopsis
thaliana, named as AtSTP1 to AtSTP14, retrieved from
NCBI database.

Identification of Puccinia proteins associated in
different metabolic activities

Whole genome of three species of Puccinia was used for
the protein targeting and localisation analysis. InterPro
Domain search was performed on whole genome of
different species of Puccinia given below at FungiDB
(https://fungidb.org/fungidb/app). A total number of
7550 genes, encoding proteins with TM domain, were
identified in the three genomes. 1941 genes in Puccinia
graminisf. sp. tritici, 3821 in Puccinia striiformis and 1942
in P, triticinahave been identified (Fig. 2.8).

dgRNA designing in Calmodulin-Binding Domain
from Glutamate Decarboxylase 3 to increases
Gamma-aminobutyricacid (GABA) contentin grains

Gamma-aminobutyric acid (GABA), a non-protein
amino acid is synthesized from glutamate by glutamate
decarboxylase (GAD). In plants, the enzymatic activity
of GAD is activated by Ca2+/calmodulin binding
(CaMBD) at the C-terminus in response to various
stresses, allowing rapid GABA accumulation in cells.
GABA is known to be a health-promoting functional
substance that exerts improvements in life-style related
diseases such as hypertension and diabetes. CaMBD in
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4 TraesCS4D02G232700.1 100.0%_ 86.2%
5 TraesCS4D02G232700.2 100.0% _86.2%
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GADs possess an auto-inhibitory function because
truncation of GAD resulted in extreme GABA
accumulation in plant cells. Therefore, we attempted a
genetic modification of GAD via genome editing
technologytoincrease GABA levelsin wheat.

Interprelomain
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Fig.2.8:Fungal proteins associated in different activities

The rice OsGAD3 (AK071556) gene sequence was used
to search the wheat sequences in EnsemblPlants
database.The C-terminal region of OsGAD3 was aligned
of wheat sequences found on chromosome 4A, 4B and
4D plants. Trp (W) and Lys (K) essential for in vitro
binding to CaM are indicated by asterisks and a thick
line, respectively (Fig. 2.9). This C-terminal region of
GAD3 genes was used to design gRNA from conserved
regions of homologous chromosomes.

Genome editing of ITPK 1 gene forimproving micro
nutrientsin wheat

Addressing malnutrition in developing countries
providing more nutritious cereal crops without
compromising yield is one of the major thrust areas of
research including wheat. Therefore, manipulation of
the TalTPK1 gene through CRISPR/Cas 9 provides a
promising strategy to modulate gene expression to
increase the availability of essential micronutrients like
iron (Fe), and zinc (Zn). TheTalTPK1 gene plays a crucial
role in the regulation of inorganic phosphate (Pi) and
potassium (K+) homeostasis and is involved in phytic




acid synthesis. The CRISPR/Cas9 gene editing of TalTPK1
gene is carried out at ICAR-IIWBR, specifically utilizing
the SDN-1 (site-directed nuclease) approach. The gene
sequence of ITPKT from the International Wheat
Genome Sequencing Consortium (IWGSC) database,
confirmed its presence at A & B genomic regions of
wheat's chromosome two. The guide RNA (gRNA)
tailored specifically to target the ITPKTgene across both
genomes while ensuring minimal off-target effects was
designed using WheatCRISPR software. The gRNA was
successfully cloned into a Cas9 binary vector and
introduced into DH5a E.coli cells. The transformation was
confirmed through colony PCR, using U6 promoter
forward and gRNA-specific reverse primers, and the results
were further validated by sequencing of the amplified
region. After confirming the successful transformation, the
final plasmids from positive colonies were transferred into
Agrobacterium EHA 105. Subsequently, the Agrobacterium
culture was utilized for the transformation into wheat
genotypes DBW187, DBW303, DBW327, and DBW371, via
Agrobacterium-mediated transformation as per the
established protocol using mature embryos as explants.
Putative ITPK1 gene-edited plants were developed, and
further phenotypic and molecular characterization of
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these plantsisunder progress.

DBW-EMS23: Promising wheat genotype for heat
and droughttolerance

The wheat genotype DBW-EMS23 was developed from
EMS induced mutant population of hexaploid wheat
cultivar DPW 621-50 «(Singh et al., 2015) at ICAR-IIWBR,
Karnal. This entry was assessed in the Droughtand Heat
Tolerance Screening Nursery (DHTSN) during 2023-24
crop season at Dharwad, Hisar, Karnal, Junagadh, and
Pusa, which are hot spot locations for heat and drought
stress. DBW-EMS23 showed a lower Heat Susceptibility
Index (HSI:0.65) compared to checks DBW187 (1.02),
DBW296 (0.89), GW322 (1.13), NIAW 3170 (0.72), RW5
(1.01) and WH730 (0.7). DBW-EMS23 recorded a lower
yield reduction (22%) compared to all the checks under
heat stress conditions (Table 2.36). Also, DBW-EMS23
has showed drought susceptibility index (DSI: 0.99)
lower than the check WH730 (1.07). DBW-EMS23
recorded a lower yield reduction (22%) compared to all
the checks under heat stress conditions (Table 2.36).
Lower yield reduction (YR) under heat stress is the
important characteristics of a heat tolerant genotype.

Table 2.36: The HSI, DSI and yield reduction (%) of wheat genotype

Genotype Heat Susceptibility Yield reduction under Drought Susceptibility Yield reduction under
Index Heat stress (%) Index Drought stress (%)
DBW-EMS23 0.65 22.0 0.99 45.8
DBW187 (C) 1.02 344 0.86 39.8
DBW296 (C) 0.89 30.2 0.94 43.6
GW322 (C) 1.13 38.1 0.88 40.5
NIAW3170 (C) 0.72 24.5 0.75 34.6
RWS5 (C) 1.01 34.2 0.92 42.5
WH730 (C) 0.7 23.8 1.07 49.6

Phenotypingforroot systemarchitecture

Root phenotyping aims to characterize root system
architecture (RSA) because of its functional role in
resource acquisition for selecting high yielding climate
resilient varieties to enhance agricultural yield. Given
the significance of root studies, an experiment has been
conducted on the root system architecture of forty
released wheat varieties of the peninsular zone, under
controlled conditions. The plants were grown in plastic
pots for one month and then uprooted carefully. The

root samples were cleaned and examined using
WinRhizo software to measure various root
characteristics like root length, root surface area,
average root diameter, root volume, and root to shoot
ratio. Wheat genotypes for contrasting root traits were
identified (Fig. 2.10). Root length is found significantly
correlated with root surface area and root volume.
Wheat variety HD2987 has been identified with
maximum root length (139.3cm) and root surface area
(14.9mm’°) followed by DBW93 for both the traits.
Maximum root diameter (1.91mm?) was recorded in



RAJ4083, however the genotype is showing minimum
root surface area and root volume. Minimum, root shoot
ratio (0.30) was observed in DWR39, however maximum
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(i.e. 1) was recorded in many genotypes like UAS347,
HD2781, K9644, NIAW 1415, HD2987, N15439, NI747-19
and PBW596.
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Fig. 2.10: Root system architecture analysis with WinRHIZO

Evaluation of wheat genotypes for lodging
tolerance under open field conditions with Wind
tunnel

Current climatic vagaries and high input cultural
practices in the key wheat-producing regions are
drawing attention to the problem of lodging in the near
future, as significant crop lodging has been reported in
the past few years. Considering the uncertainty of
natural lodging events, simulated wind induction
approaches can generate important information about
lodging resistance in agricultural crops. In order to
comprehend and distinguish the effects of lodging on
wheat cultivars under natural conditions a new
prototype (termed as wind tunnel) has been developed
at ICAR-IIWBR Karnal. The aim behind this research is to
better understand the lodging behavior in wheat
genotypes and to identify the most crucial plant trait for
lodging tolerance. Wind tunnel is a customized
machine designed for lodging induction in open field
conditions. The Wind tunnel comprised of an industrial
fan with three phase VFD drive for high-speed air
delivery, watertankand a portable engine generator set
for continuous power supply. The machine is equipped
with a waterproof and high-resolution video camera,
digital rain gauge system, 3D Sonic anemometers
which are connected to a data logger system for easy
access of data. A group of forty newly released wheat
varieties, synthetic wheat genotypes, mutant lines,

selected breeding material from international nurseries
and dwarflines were sown in four-line plot of two-meter
length with two replications was utilized to study the
occurrence of lodging at the experimental farm of ICAR-
IIWBR during 2023-24 crop season. All the standard
agronomical practices such as, dose of fertilizer,
irrigation at all critical stages and roughing were
followed to raise a normal crop. The screening for
lodging tolerance was done during the grain filling
period with the help of 'Wind Tunnel' (Fig. 2.11). Data for
lodging was recorded on the scale of 0-5, where 0: No
lodging; 5: Completely lodged. In addition, data on
plant height (cm), spike length (cm), length (cm) of
lower three internodes, diameter of lower three
internodes (mm), peduncle length (cm), thousand grain
weight (g), biomass (g), lodging percentage, weight of
three lower internodes (g) and tensile strength (kPa)
were recorded in both the lodged and non-lodged
conditions. Considerable variability in culm
characteristics have been noted among the tested
wheat genotypes, suggesting potential for utilizing
these variations in wheat breeding initiatives aimed at
enhancing wheat's ability to withstand lodging. The
maximum positive correlation of lodging was identified
with peduncle length (r=0.72) followed by plant height
(r=0.57), however weight of all three internodes showed
a negative correlation with lodging percentage. The
identified wheat genotypes will be further evaluated for




their performance under lodging stress. The
standardization of the developed prototype is under
process. The designed prototype can be used by
researchers to enhance their understanding on traits
associated with crop lodging to enhance lodging
tolerancein wheat.

Fig. 2.11: Screening of wheat genotypes with wind tunnel for lodging
tolerance in open field condition

Wheat germplasm and Marker's Database

The web based Indian wheat germplasm & Markers
database software is developed at ICAR-IIWBR (Fig.
2.12).This software includes following three modules: -

i. Wheat Germplasm
ii. SSR/SNP Markers
iii. Varietiesand Genetic stocks
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The first module of the software includes data of 493
wheat varieties with 54 DUS traits. Second module has
information of 242 markers for 10 different traits. It has
markers for drought, heat, salt, Fusarium head blight,
Karnal bunt, pre harvest sprouting, powdery mildew,
spot blotch, STB and rust. Third module contains details
of wheat varieties released since 1965 under SVRC and
CVRC. Genetic stocks part gives detailed information of
registered genetic stocks for six different traits.

MS-SQL (Microsoft SQL Server Management Studio Ver.
19) is used to create the RDBMS. The primary key of
databases is used in searching and sorting algorithms
developed in query building & execution programs.
Front end of web-based wheat database system has
been designed using Java Script and CSS using
(MicrosoftVisual Studio Ultimate 2012).

This web-based database system is user friendly, easy to
use and allows access to query based varietal
information from RDBMS database through web
browser, which is needed for fast data retrieval by web
interfaces. HTML and Java scripting languages have
been used for client side (Front End) operations such as
entering data, uploading data from text and image file.
C#in Asp.net as server-side language has been used for
database connectivity and retrieval of data.
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Fig. 2.12: Picture showing the wheat germplasm and markers' database main window
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3 CROP PROTECTION

Under the changing climate scenario, wheat crops face
an ongoing threat from both existing and emerging
biotic stresses. Diseases such as rusts, mildew, blight,
Karnal bunt, and smuts, along with insect pests like
aphids, termites, and borers, significantly reduce the
yield potential of wheat cultivars. To mitigate these
risks, a comprehensive crop protection program is in
place to monitor and manage these stresses. The
program involves continuous surveillance through
roving surveys to track disease and pest infestations,
while providing timely, need-based advisories. In
addition, it focuses on identifying new sources of
resistance, strategically deploying resistant varieties,
and developing effective management strategies. The
program also monitors emerging rust pathotypes, the
occurrence of exotic diseases, and the status of Karnal
bunt. Crop health data are regularly shared among
various agencies, including DAC & FW, ICAR, SAUs, State
Agriculture Departments, KVKs, and farmers through
regular strategy planning meetings, trainings, field
days, discussions, distribution of literature, and the use
of IT tools. Regular surveys also focus on monitoring
wheat and barley health, particularly tracking yellow
rustinthe NWPZ and conducting surveillance for wheat
blast nearthe Bangladesh border.

Wheat crop protection scientists from various centers,
including ICAR-IIWBR, Karnal, conducted surveys, and
findings were shared through the "Wheat Crop Health
Newsletter" (Vol. 29, Issues 1-5), available on the ICAR-
IIWBR website (www.iiwbr.icar.gov.in). Stripe (yellow) rust
was first reported on January 24, 2024, from RS Pura
(Jammu) on an unknown variety, and at Badyal Qazian on
HD2967. During February, stripe rust was observed in
fields in Niku Nangal, Dhokli, Chandpur Bela, Dher Raipur,
and Mehakpur (Ropar, Punjab). While in March 2024,
stripe rust was reported in Rawaikhal and surrounding
areas in Bageshwar (Uttarakhand). A low incidence of
stripe and leaf rust was recorded in Hansi, Shekhupur,
Narnaund, and nearby villages of Hisar (Haryana).

Leaf rustinfection was recorded at very low incidence in

few farmers' fields in the (in Pune and Satara districts
(Maharashtra) and Dewas, Indore, Sehore, and Dhar
districts (Madhya Pradesh) and in Banaskantha (Gujarat)
during the surveys conducted on January and February.
Low incidence of leaf rust was observed in Sabour,
Barari, Jagdishpur, Goradih, and Nathnagar of Bihar.
Stem (black) rust was first reported from Dharwad
district (Karnataka) in mid-January, spreading to
Belagavi, Bagalkote, and other districts. In Maharashtra,
stem rust was observed in Umbarkhed (Niphad) on
January, 2024. Overall, crop health across wheat-
growing areas remained excellent.

PlantPathology
HostResistance

During the 2023-24 season, wheat germplasm and
advanced breeding materials were evaluated for
resistance to diseases and insect pests at various
hotspot locations under controlled, artificially
inoculated conditions. The major plant pathological
nurseries included: Initial Plant Pathological Nursery
(IPPSN), Plant Pathological Nursery (PPSN), Elite
Multiple Disease Screening Nursery (EMDSN), as well as
disease-specific nurseries such as the Leaf Blight
Screening Nursery (LBSN), Karnal Bunt Screening
Nursery (KBSN), Powdery Mildew Screening Nursery
(PMSN), Loose Smut Screening Nursery (LSSN), Flag
Smut Screening Nursery (FSSN), Head Scab Screening
Nursery, Foot Rot Screening Nursery, and Hill Bunt
Screening Nursery. The number of entries tested in each
nursery is shownin Figure 3.1.
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Fig 3.1: Number of entries in different plant pathological screening nurseries during 2023-24
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Entries and check varieties identified resistant
againstrustsinadvance breedinglines

Rust resistance materialsin AVT (2023-24) with ACl upto
10.0are given below:

Stem, Leaf and Stripe rusts

DBW476, DBW173(C), PBW927, WH1402(1)(C), HP1978,
VL2059, MACS4125(d), MACS4135(d), HI8849(d),
HI8850(d), DBW428, HI8851(d), HI8852(d), HI8627(d),
DDW62(d), NIDW1149(d)

Stem and Stripe rust

HD3494, DBW476, PBW725, NW8071, DBW173(C),
PBW927, HD3468, WH1402(l)(C), HP1978, VL2059,
MACS4125(d), MACS4135(d), HI8849(d), HI8850(d),
DBW428, HI8851(d), HI8852(d), HI8627(d), DDW62(d),
DBW443* NIDW1149(d)

Leafrustand Stripe rust

DBW476, DBW477, HD3471, HD3455, DBW173(C),
RAJ4581, HD3428, PBW771(C), PBW927, HD3369,
DBW296(C), WH1402 (I)(C), HP1978, HD3447, PBW915,
HD3388(C) (1)(C), PBW833(C), VL2059, MACS4125 (d),
MACS4135 (d), HI8849 (d), HI8850 (d), MPO1395,HI8737
(d), DBW428, UAS484 (d), HI8851 (d), HI8852 (d),
MACS4131 (d), MPO1398 (d), HI8627 (d), DDW62 (d),
MPO1395(d), MACS3949(d), DBW426, UAS446(d),
NIDW1149 (d), UAS478(d)(1)

Leafand stemrust

DBW476, HD3059(C), DBW173(C), PBW927, WH1402(1)(C),
HP1978, KRL2106, HI1563(C), VL2059, MACS4125(d),
MACS4135(d), HI1669, HI1683, HI1684, HI8848(d),
H18849(d), HI8850(d), GW554, GW555, MACS6768,
HI1650(C), GW547(l), HI8713(d), HI1674, HI1687,
WSM138, MAC6830, GW556, DBW428, HI8851(d),
HI18852(d), CG1036, HI1655*%, HI8823(d), HI8627(d),
DDWe62(d), AKAW5100**, MACS6222, MP1378(l),
MACS6829, NIAW4120, NIAW4432, LOK79, HD3090(C),
HI11633(C), NIDW1149(d), HI1665(l)
Resistance to multiple diseases

Resistantto allthreerusts+ HS +FS

DBW 386

Resistantto all threerusts

NIAW 4120

Resistantto striperust + leafrust
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DBW394

Resistantto striperust + leafrust+ KB+ FS

PBW 893 and DDW 61(d)

Resistantto striperust + leafrust+PM+FS

HI1665and PBW 889

Resistantto striperust+ leafrust+FS

HI11669 and NIAW 4028 and HI 8840(d)

Resistantto leafrust + stem rust

DBW443,HI11672

Resistantto leafrust + stemrust+ KB +FS

PWU15

Resistantto leafrust + stem rust+ PM+FS

LOK79

Resistantto leafrust+stemrust+ FS

DBW 444,NIAW 4183,HI1673,HI 1675 and PBW 897
Resistant to stem rust + stripe rust + HS

NIAW4153

Resistant to stem rust + stripe rust + FS

VL2041 and GW547

Besides advance breeding material, 320 genotypes
comprising of indigenous and exotic germplasm were
sown at ICAR-IIWBR. These genotypes were evaluated
against leaf rust disease of wheat caused by Puccinia
triticina. Out of 320 germplasm, 10 genotypes viz., PI
519975, P1 271251, Pl 338443, Pl 383905, Pl 350306, PI
322042 (WC385),1C 138904-B,1C 128360, 1C 128322 and

IC 78736 exhibited resistance against the disease with
AUDPCscore 0to 50 (Fig.3.2).
Evaluation of wheat germplasm against leaf rust
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Fig 3.2: Evaluation of wheat germplasm against leaf rust disease




Utilization of resistant sources

During the cropping season under the NGSN,
consisting of 27 entries with confirmed sources of high
disease resistance, was distributed to 19 breeding
centers across various agro-climatic zones of the
country for use in breeding programs aimed at
combating biotic stresses. A total of 24 entries were
utilized by different centers, with utilization ranging
from 4.17% to 37.50%. The most frequently used entries
were PBW902, PBW870, and HD3440. Durgapura center
made the highest use of 9 entries in their breeding
program, followed by Ludhiana and ICAR-CSSRI, Karnal.

Preparedness towheatblast

A survey conducted during the 2023-24 cropping
season near the Indo-Bangladesh border in West
Bengal, by teams from ICAR-IIWBR, Karnal, UBKV, Cooch
Behar, and BCKYV, Kalyani and Nadia, found no wheat
blast. Farmers were also informed about preventive
measures against wheat blast and encouraged to grow
resistant varieties. To identify resistant sources, advanced
breeding lines and germplasm were screened at
Jessore, Bangladesh, through CIMMYT. A total of 348
entries were tested for blast resistance at two different
sowing dates in 2023-24. Five entries (DBW447,
DBW448, DBW449, PBW942, PBW943) were found free
from infection, and 12 entries (UP3141, DBW455,
DBW454, NIAW4621,HP1981, DBW446,K2301, JKW317,
HUW859, RAUW107, HUW861, QYT2310) were
classified as resistant, with infection levels up to 10%.

Advisoryfor stripe rust management

In the 2023-24 season, the weather in January was
favorable for yellow rust in the NWPZ. However, the
disease severity remained low due to the adoption of
resistant wheat varieties. Need-based advisories for
managing stripe rust and Karnal bunt were issued.
Awareness about stripe rust management was raised
among farmers through mobile messages, internet,
toll-free numbers, newspapers, discussions, and
lectures during farmer training programs.

Post-harvest surveys

A total of 8100 wheat grain samples collected from
various mandies in different zones and were analyzed at
different cooperating centers. The overall 6.56%
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samples were found infected. The samples from Hisar
showed maximum infection (47.05%). The average
incidence of Karnal bunt (KB) infected grains was
ranging from 0 to 7.3%. The maximum grain KB
infection of 7.3% was observed in a sample from Karnal.
Samples from Madhya Pradesh, Karnataka, Gujarat and
Maharastra were found free from Karnal bunt infection.
In general, the Karnal bunt infection was less in
comparison to previous year.

Field screening of germplasms against Bipolaris
sorokinianain wheat

A panel of 403 genotypes comprising released cultivars,
indigenous and exotic germplasm was screened for two
years (2022-23 & 2023-24) against Bipolaris sorokiniana
usingfour parameters viz., disease severity, area under
disease progress curve (AUDPC), Incubation Period (IP),
lesion length and lesion breadth (Fig. 3.3). Among all
genotypes, minimum DS (12) and minimum AUDPC
(90.1) was found in HW2004, where maximum AUDPC
was recorded in 1C322001 (1313.38) with maximum DS
(99), however, this maximum DS 99 was found in many
other genotypes. Incubation period values ranged from
3-7 days. Maximum lesion length (mm) was noticed 37.6
cm in HINDI 62 genotype and minimum in case of
Chirya-3 (0.23 cm), whereas maximum lesion breadth
was recorded in BACANORA88 (5.7 mm) and minimum
incaseof IC212153AMB (1.0 mm).

Fig 3.3: Field screening of germplasms against Bipolaris
sorokiniana in wheat



Biochemical profiling of genotypes against Spot
blotch pathogens, Bipolaris sorokiniana

After screening of 403 genotypes under field
conditions, five representative genotypes Chirya-3 (R),
HD2967 (MR), HS420 (MR), DBW90 (MS), Sonalika (S)
showing resistance or susceptibility levels were
selected for biochemical profiling. Flag-leaves were
collected after inoculation of Bipolaris sorokiniana and
biochemical profiling was done at 0, 24,48 and 72 hours
post inoculation for nine biochemical tests viz,
Ascorbate Peroxidase (APX), Catalase, Cellulase,
flavonoid, Glutathione Reductase (GR), Hydrogen
Peroxide (H,0,), Phenyl Ammonia Lyase (PAL),
Peroxidase and Polyphenol oxidase (PPO)(Fig. 3.4).

Ascorbate Peroxidase: The Ascorbate Peroxidase activity
increased with the increase in hours post inoculation
(hpi) being maximum at 72 hpi irrespective of cultivars.
APX activity was more in resistant variety as compared
to the susceptible cultivar. The maximum APX activity
(19.26 nmoles/min/g FW) was observed at 72 hpi in
resistant variety Chirya-3. The minimum APX activity
(2.26 nmoles/min/g FW) was recorded at 24hpi in
susceptible variety Sonalika.

Catalase: Among all five varieties maximum CAT activity
was exhibited by Chirya-3 at 72 hpi that was 2.04
pmoles/min/g FW. Minimum CAT activity was observed
for susceptible variety Sonalika (0.11 pmoles/min/g FW)
atOhpi.

Glutathione reductase: Glutathione reductase activity
was observed to be varied significantly with respect to
the varieties as well as due to the different time intervals
post inoculation. Spot blotch resistant variety Chirya-3
exhibited maximum GR activity (11.24 nmoles/min/g FW)
at 72 hpi, whereas minimum GR activity (2.20
nmoles/min/g FW)was observedin susceptible wheatcv.
Sonalikaat 0 hpi.

Hydrogen Peroxide (H,0,): Maximum H,O.,activity was
observed at 24 hpi among all the varieties. Chirya-3
exhibited maximum H,0, activity (21.01 pmoles/g FW)
at 24 hpi, whereas minimum H,O, activity (1.09
pmoles/g FW) was observed in susceptible cv. Sonalika
at72 hpi.

Phenyl Ammonia Lyase: Maximum PAL activity (0.057
pg/hour/g FW) was observed in cultivar Chirya-3 at 24
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hpi, whereas minimum PAL activity (0.0105 pg/hour/g
FW)was observed at Ohpiin Sonalika.

Peroxidase:Maximum Peroxidase activity (2.876
pmoles/min/g FW) was observed in variety Chirya-3 at
72 hpi, whereas minimum Peroxidase activity (0.627
pmoles/min/g FW) was observed in susceptible variety
Sonalikaat 0 hpi.
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Fig. 3.4: Activities of Ascorbate Peroxidase, Catalase, Glutathione reductase,
Hydrogen peroxide, Phenyl Ammonia Lyase, Peroxidase, Poly-phenol Oxidase,
Cellulase and Flavonoid in wheat genotypes against spot blotch at different
timeintervals viz., 0 hpi, 24 hpi, 48 hpiand 72 hpi

Poly-phenol Oxidase: Maximum PPO activity (21.01
nmoles/min/g FW) was recorded in resistant variety
Chirya-3at 72 hpi, whereas minimum PPO activity
(1.839 nmoles/min/g FW) was found in susceptible
variety Sonalika at 0 hpi.

Cellulase: Maximum cellulase activity (0.3595 uM/min/g
FW) was recorded in resistant variety Chirya-3 at 72 hpi,
whereas minimum cellulase activity (0.0815 pM/min/g
FW) was recorded in DBW 90 at 0 hpi.

Flavonoid: Maximum flavonoid activity (1512.11 pg
equivalent/g FW) was noticed in resistant variety
Chirya-3 at 72 hpi, whereas minimum flavonoid activity
(464.00 pg equivalent/g FW) was found in susceptible
variety Sonalika at 0 hpi.

Genome-wide distribution of microsatellites for the
development rapid diagnostic assay for the detection
of Bipolaris sorokiniana

Bipolaris sorokiniana (BS) is an economically important
fungal pathogen causing spot blotch of wheat and
found in all wheat-growing zones of India. The Eastern
Gangetic Plains (EGP) of northern India is the prime hot
spot for spot blotch disease, but only limited efforts
have been made to decipher B. sorokiniana diversity at




the genomic level. Microsatellites provide an ideal
molecular markers system to screen, characterize and
evaluate genetic diversity of several fungal species.
Currently, there is very limited information available on
the genetic diversity of Bipolaris sorokiniana as
determined using a range of molecular markers. In this
study, the whole genomes of nine isolates of B.
sorokiniana (BS112, BRIP10943a, BRIP27492a, WAI2411,
WAI2406, ND90Pr, ND93-1, Sacc. Shoemaker and Yt-6)
that exists in the public domain were explored to
investigate the occurrence, relative abundance and
relative density of microsatellites. The WAI2406 genome
had the highest number of SSRs (5617), followed by
WAI2411 (5290), and BRIP27492a (3878). The highest
percentage of perfect SSRs was found in WAI2411
(97.39%). WAI2406 exhibited the highest relative
abundance (152.28%) and relative density (2739.6). Tri-
nucleotide motifs were the most prevalent across all
genomes, with AAG being the most common motif in
several isolates. Fifty SSR markers universally prevalent
in all the genomes were tested, with 13 markers
showing polymorphism across 30 geographical distinct
isolates of B. sorokiniana, amplifying alleles ranging
from 118 to 207 bp. A total of 39 alleles were identified,
with BSPK3 amplifying the most (6 alleles). AMOVA
revealed 94% genetic variation within populations of B.
sorokiniana. A dendrogram divided the isolates into two
clusters, with 27 isolates in Cluster I and 3 in Cluster Il (Fig
3.5), which was confirmed by STRUCTURE analysis (Fig.
3.6). PCR analysis confirmed the specificity of primers
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Fig. 3.5: Dendrogram generated by adopting UPGMA clustering method
among 30 isolates of Bipolarissorokiniana using polymorphic microsatellite
markers.
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(BSPK1011 F/ BSPK1011R) to B. sorokiniana, with no
amplification in other fungal species. Real time PCR
assay with BSPK1011 F/ BSPK1011R detected DNA
concentrations as low as 0.008 ng, with Ct values
ranging from 18.34 to 27.77 with precision of 96.37%
(Fig.3.7).
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Fig.3.6: Bar plot showing genetic structure of 3
revealed by STRUCTURE v2.3.3.
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Fig. 3.7: Standard curve displaying the regression between DNA log
quantities (ng, X-axis) and cycle thresholds (Ct, Y-axis) for qPCR assay using
BSPK1011 F/ BSPK1011R primers. The standard curve was developed with
serial dilutions of B. sorokiniana; melting curve showing melting
temperatures 80°C required for 150bp gPCR product amplification with
BSPK1011F/BSPK1011R primers.

Diversity and structures of physllosphere
associated bacterial communities in different wheat
genotypes

The phyllosphere provides a unique environment for
microbial colonization, where the microbiota plays a
crucial role in host performance and resilience to
environmental perturbations. Consequently, efforts
have been made to explore the phyllosphere
microbiomes of six wheat varieties: HD2967, Unnat 343,
Agra Local, HD 3086, PBW725, and PBW343.
Metagenomic analysis was conducted on all six
cultivars to assess microbial diversity. The results of
alpha diversity analysis provided insights into the
richness and evenness of microbial communities
among the genotypes (Fig 3.8). PBW343 exhibited the
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highest richness with more than 465 observed OTUs
and an estimated total richness of Chao1=465 and
ACE=460. This was followed by Agra Local, which had
over 457 observed OTUs, with an estimated total
richness of Chao1=457.5 and ACE=465. Moderate
species richness was observed in PBW725 and HD 3086,
while the lowest richness was found in Unnat 343 and
HD2967. Shannon and Simpson indices indicated the
highest diversity and relatively even species
distribution in Agra Local, followed by PBW343.
Moderate diversity was observed in PBW725 and HD
3086, while the least diversity was noted in Unnat 343
and HD2967. The bacterial community was primarily
composed of the phyla Firmicutes (94.84-98.67%),
Proteobacteria (1.04-3.85%), Actinobacteria (0.2-1.4%),
and Bacteroidota (0.06-0.51%). Additional phyla
included Verrucomicrobiota (0.0006-1.895%),
Fusobacteriota (0-0.03%), and Porifera (0-0.03%).
Among these, the highest abundance of Firmicutes was
found in Unnat 343, whereas Agra Local exhibited the
lowest. Proteobacteria were most abundant in PBW343
and least in Unnat 343. Actinobacteria were highest in
Agra Local and lowest in Unnat 343. The bacterial
community at the class level was predominantly
composed of Bacilli (93.08-98.18%), Gammaproteobacteria
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(1.17-2.66%), Alphaproteobacteria (0.24-1.11%), and
Actinobacteria (0.25-1.83%). The mean relative
abundance of Bacilli was highest in Unnat 343 and
lowest in Agra Local. In contrast, other bacterial classes
exhibited maximum relative abundance in Agra Local
compared to Unnat 343. Gammaproteobacteria were
most abundant in PBW343 and least in HD 3086, while
Alphaproteobacteria showed the highest relative
abundance in PBW343 and the lowest in Unnat 343. At
the family level, the phyllosphere bacterial community
consisted of 20 major families, including
Enterobacteriaceae (7-31.02%), Bacillaceae (3.5-11.6%),
Spirosomaceae (3.6-10.6%), Rhizobiaceae (0.7-13.9%),
Enterococcaceae (0.2-25.5%), Pseudomonadaceae (1.9-
16.9%), Lactobacillaceae (1.8-6.2%), Intrasporangiaceae
(2.1-8.2%), Moraxellaceae (0.08-12.2%),
Xanthobacteraceae (2.6-7.6%), Lachnospiraceae (1.7-
7.1%), Paenibacillaceae (0.08-15.8%), Planococcaceae
(0.5-5.7%), Rubritaleaceae (0.4-7.28%),
Methylophilaceae (2.4-3.6%), Dermabacteraceae (0.1-
7.6%), Ruminococcaceae (0.4-3.7%), Microbacteriaceae
(0.5-1.4%), Veillonellaceae (0-1.4%), and
Leptotrichiaceae (0-1.2%).

Bacterial communities belonging to different orders
with relative abundance greater than 1% were
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Fig 3.8: Alpha diversity indices, (a) Richness index (b) Evenness index, Relative abundance of (c) phylum and (d) class of phyllosphere

microbial bacterial community among different wheat varieties
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compared among the wheat genotypes. The dominant
orders included Enterobacterales (6.4-27.59%),
Bacillales (6.12-20.87%), Rhizobiales (5.52-20.70%),
Pseudomonadales (3.14-22.64%), Lactobacillales (6.06-
24.61%), Micrococcales (5.32-13.98%), Cytophagales
(3.2-9.8%), Burkholderiales (3.6-9.2%), Lachnospirales
(1.5-6.5%), Paenibacillales, Verrucomicrobiales (0.37-
6.41%), and Oscillospirales (0.4-5.35%). Among these,
the highest relative abundance of Verrucomicrobiales
was found in HD2967, Pseudomonadales and
Lactobacillales were most abundant in Unnat 343,
Bacillales and Micrococcales were predominant in Agra
Local, Lachnospirales and Oscillospirales were highest
in HD 3086, Rhizobiales, Cytophagales, and
Paenibacillales were more abundant in PBW725, while
Enterobacterales and Burkholderiales were most
prevalentin PBW343.

Identification of effectors in predominant Indian
pathotypes of P. striiformisf. sp. tritici

Stripe rust, caused by Puccinia striiformis f. sp. tritici (Pst),
is one of the most devastating diseases of wheat
(Triticum spp.) worldwide. During infection, the wheat
stripe rust fungus secretes clusters of effector proteins
through the haustorium into host cells, where they
modulate plant immunity and metabolism, ultimately
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increasing host susceptibility. Identifying the key
effectors of Pst is vital for understanding the pathogenic
mechanisms of rust fungi. Therefore, attempts have
been made to identify and confirm the presence of six
effector genes (Pst 12806, PSEC2, PSEC17, PSEC45, PST
EF1, and PNPi) using PCR-based detection in five
predominant Indian stripe rust pathotypes (465119,
1105119, 2385119, 110S84, and 475103). The results
(Fig. 3.9) confirmed the presence of the Pst 12806
effector gene, which produced a 190 bp amplicon in all
pathotypes. Similarly, the PSEC2 effector, a haustorial
protein that inhibits wheat responses to pathogen-
triggered immunity (PTI), was detected in all
pathotypes with a300 bp amplicon.

The PSEC17 and PSEC45 effector proteins, amplified at
200 bp and 120 bp respectively, were also present
across all pathotypes, suppressing wheat PTl responses
(Fig. 3.9). Additionally, the PST EF1 effector, amplified at
250 bp, was identified as a key factor in preventing host
cell death and supporting the survival of Pst. The PNPi
effector, amplified at 220 bp, was found to suppress
acquired resistance in wheat leaves against the
pathogen (Fig. 3.9). These findings confirmed that all six
effector genes (Pst 12806, PSEC2, PSEC17, PSEC45, PST
EF1, and PNPi) are conserved across the five
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predominant Indian stripe rust pathotypes. This study
provides valuable insights into the molecular basis of
Pst pathogenicity and may facilitate the development
of resistant wheat cultivars through targeted breeding
and biotechnological interventions.

Genome sequence analysis of the fungal pathogen
Fusarium graminearum

Fusarium graminearum is a globally significant plant
pathogen that not only causes substantial yield losses
but also contaminates crops with mycotoxins, making
grains unsafe for human and livestock consumption.
While the genomes of several F. graminearum isolates
from different regions worldwide have been
sequenced, no such studies have been conducted on
isolates from India. This study addresses this gap by
sequencing the genome of the F. graminearum isolate
NFG1, obtained from wheat head spikes exhibiting
typical blight symptoms on the PBW343 cultivar grown
in Punjab, India. Sequencing was performed using the
lllumina NextSeq500 platform with 2 x 150 bp chemistry.
The FG-12isolate revealed a 38.04 Mb genome with 93%
coverage and approximately 14,145 predicted genes.
Bioinformatic analyses further identified 11,982 genes
likely encoding secreted effectors. The genome sequence
and annotation data generated in this study offer a valuable
resource forintra-and inter-species comparative genomics
and gene functional studies, potentially enhancing our
understanding of this critical pathogen.

Entomology
Host plant resistance

Shoot fly: Based on the average infestation of shoot fly
at three locations viz., Ludhiana, Dharwad and Kanpur,
the lowest infestation index of 7.35 % of shoot fly was
reported in entry CG1029. However, the highest shoot
fly infestation index of 19.59 % was recorded in entry
DBW222. At Ludhiana centre, the lowest infestation
index of 4.42 % was reported on GW547 and the highest
infestation index of 8.44% on Sonalika. At Dharwad
location, the lowest shootfly index (8.75 %) was
recorded on entry MPO1395 while highest infestation
(40.83%) was observed on Raj4581. At Kanpur location,
the lowest infestation 2.85 % was observed on DBW 386
and the highest infestation of 20.00% was recorded on
entry PBW957.
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Brown wheat mite: At Ludhiana, entry MP1386
recorded the minimum mite population of 9.00/10 cm’
area while the maximum mite population of 15.67 /10
cm’ was recorded in entry HD3468. This seasonal
incidence of mite was very low at Durgapura and
Kanpur locations; therefore data of mite incidence were
notincluded.

Foliar aphid: Based on the average score of aphids at
four locations; Ludhiana, Karnal, Kharibari and Pusa,
four entries viz.,, PBW891, HD3118(C), NIAW4364 and
DBW443 scored an average score of equal or below 3.5
and were in moderately resistance category (grade 3).
Location-wise, at Ludhiana centre one entry entry,
HD3293 (C) were found to be moderately resistance
category (grade 3). Two entries at Karnal viz.,, DBW443 &
DBW426 and two entries at Pusa viz.,, HI1674 and
HI1655 gave resistance response (grade 2). At Kharibari,
entries were found to be either in susceptible (grade 4)
or highly susceptible (grade 5) category. None of the
entry showed the moderately resistance (grade 3) or
resistance (grade 2) reaction at Kharibari.

Root aphid: Among the tested entries, all entries were
found to be either in susceptible (grade 4) or highly
susceptible (grade 5) category against root aphid. None
of the entry showed the moderately resistance (grade 3)
orresistance (grade 2) reaction at Ludhiana.

Resistance against multiple pests

The average infestation index of shootfly was recorded
at three locations (Ludhiana, Dharwad & Kanpur) and it
was lowest (12.82 %) in entry HD3428 and the highest
(19.24 %) forVL2041(1)(C). The lowest population of 8.00
brown wheat mites/10 cm® was recorded in entry
NIAW4114 while HI1669 had the highest population of
16.00 mites/10 cm” at Ludhiana. Based on an average
score of four locations (Ludhiana, Karnal, Pusa and
Kharibari), only one entry entry viz., DBW395 showed
moderate resistance response (grade 3) to foliar aphid.
The rest of entries were found to be either susceptible
(grade 4) or highly susceptible (grade 5) to foliar aphid.
At Ludhiana, only one entry, DBW386 showed
moderatly resistance response (grade 3) to root aphid.
All other entries were found to be either susceptible
(grade 4) or highly susceptible (grade 5) to root aphid.



Survey and surveillance forinsectpestincidence

In order to monitor the insect pest of wheat and
barley, a survey of Punjab state was undertaken
during 2023-24 crop season. The aphid incidence
was below economic threshold level in most parts of
Punjab during the months of February-March. The
natural enemies viz. grubs and adults of coccinellid
beetles, syrphid fly and chrysoperla were observed
in most of the fields infested with aphids. Surveys
were also carried out in the months of November-
December to monitor the pest prevalence in
residue-managed wheat fields. Out of the total
surveyed area, approx. 95% cropped area was free
pink stem borer incidence; 1-5% pink stem borer
incidence was recorded in about 3-4% area and 8-
10% incidence in less than 1% area. About 1% area
was found to be affected with general yellowing of
the crop due to water stagnation in the fields. No
serious infestation of armyworm was recorded
during 2023-24 crop year.

In Maharashtra state, survey was carried out in the
villages of of Nashik and adjoining district
Ahemednagar, Beed, Parbhani, Hingoli and
Buldhana of different crop stages on farmer's field
during the January and February 2024. There were
36 samples were observed, medium incidence of
aphids was recorded during the survey. The
Coccinellids larvae, beetles and Crysoparla carnea
predator adults were also observed. The incidence of
shoot fly, stem borer and jassids was recorded in low
intensity also termite attack was also observed in
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some samples but was very low.

In Kanpur, surveys were conducted in villages viz.,
Sani, Daleep Nagar and Kalimitti during 2023-24.
Incidence of shootfly was recorded between 1 to
1.66 at these locations. The incidence of termite was
observed 12-12.66 per cent on wheat varieties viz.,
PBW343 and HUW 234 of wheat. High infestation
(30-55 aphid/tiller) of foliar aphid was on barley
variety namely, 'Barley Local' at surveyed locations.
The higher incidence of pink stem borer of 1.66%
was observed in irrigated crop 1% in variety HD-
2967 at Daleep Nagar.

Moderate to severe infestations of foliar wheat
aphids were reported in nearby location of Karnal
viz., Indri, Kunjpua, Kathial, Racina, Jind. Early in the
crop growth period, minor damage from termites
and root aphids was also observed in Karnal and
nearby locations. In some fields, pink stem borer and
cutworm infestation was reported both at the
beginning of the season in December and later in
March.The overallincidence of aphids, termites, pink
stem borers, and army worms was moderate,
ranging between 2-5%. Termite and root aphid
infestations were recorded at about 2-3% during
November and December. Aphid infestations began
appearing in January, starting with 5-6 aphids per
tiller, but by February, the numbers had risen
significantly, averaging 30-35 aphids per tiller in the
fields. Natural enemies, coccinellid beetle grubs and
adults and spiders were also observed in aphid-
infested fields.



4 RESOURCE MANAGEMENT

Conservation agriculture and cropping system

The rice-wheat system in South Asia is crucial for
sustenance, food security, and livelihoods. However,
challenges like malnutrition, declining productivity,
and resource degradation persist. Exploring alternative
cropping systems is essential to address these issues
and promote sustainability. Consequently, a field
experiment was conducted at the research farm of
ICAR-IIWBR, Karnal, to evaluate the potential of maize-
based conservation agriculture (CA) compared to
conventional tillage (CT) in enhancing diversification,
energetics, productivity, profitability, and sustainability
in North-West India. Over four-year average, the grain
yield of maize, wheat, pea, mustard, and green gram
under CA-based management practices surpassed that
of CT-based management practices by 6.5,3.3,24.7,12.3,
and 33.6%, respectively. Additionally, system
productivity of CA-based maize-wheat-green gram,
maize-mustard-green gram, maize-pea-wheat, and
maize-wheat systems exhibited improvements of 15.2,
15.5,6.9,and 9.9%, respectively, over their corresponding
CT-based cropping systems. Notably, CA-based cropping
systems led to a substantial increase of 23.3-30.9%
profitability and 10.9-21.8% organic carbon content as
compared to their counterpart in conventional system.
Maize-mustard-green gram (10.7) under CA showed
127.6% higher energy output:input ratio than rice-wheat
system (4.7). Among the systems studied, the CA-based
maize-wheat-green gram emerged as the most efficient
production system, resulting in a notable 60.0% increase
in system productivity and a substantial 129.1% surge in
economic profitability compared to the traditional
farmers'practice, thus, offering scalable alternative.

Rice residue retention (RRR) v/s rice residue
incorporation (RRI)

Rice residue burning poses a significant challenge in the
rice-wheat cropping system of India, leading to
environmental pollution, health issues, and substantial
nutrient loss. To combat this menace, a three-year study

was conducted, investigating the effects of rice residue
retention (RRR) and incorporation (RRI) at graded N
levels (0,50, 100, 150, and 200 kg/ha) alongside farmers'
practices. The primary objective was to enhance wheat
productivity, profitability, and soil fertility within this
system. Pooled analysis revealed that RRR
outperformed RRI at lower nitrogen doses, while RRI
excelled with7.5,7.4,and 10.0% higher biological yields
at higher nitrogen doses (100, 150, and 200 kg/ha). The
success of RRR and RRI was attributed to 10.5 and 5.0%
higher effective tiller/m’, respectively, compared to
farmers' practices at 150 kg N/ha. Notably, RRR
exhibited superior NDVI values at the flag leaf stage
(DC37) (0.76) followed by RRI and farmers' practices
(0.73) at 150 kg N/ha, highlighting the advantages of
RRR practices. At the recommended N dose (150 kg
N/ha), RRR displayed a 9.6% lower cost of cultivation
compared to RRI and farmers' practices, with 19.6%
higher net returns at lower N levels (50 kg/ha),
suggesting its greater benefits under low-input
conditions.

Precision agriculture

The report from ICAR's Network Program on Precision
Agriculture (NePPA) at ICAR-IIWBR showed the
advancements in precision agriculture techniques to
optimize wheat production in India's north-western
states: Punjab, Haryana, and western Uttar Pradesh.
Known as the "grain bowl" of the country, this region is
essential for India's food security, with a dominant rice-
wheat cropping system. However, intensive cultivation
has led to challenges like nitrogen overuse, water
scarcity, and vulnerability to diseases such as yellow
rust. The NePPA program focuses on three core
objectives to address these issues: enhancing nitrogen
use efficiency (NUE), improving water productivity
through precision water management (PWM), and
developing a decision support system (DSS) for yellow
rust monitoring. Field trials, both at the research
stations and at farmers' fields, underscore the potential




of these strategies in making wheat production more
sustainable.

Nitrogen is essential for wheat growth, but the region's
long-standing nitrogen overuse has caused
inefficiencies, high costs, and environmental pollution.
To improve NUE, the experiments were conducted
under NePPA program with graded nitrogen doses
(0-210kg N/ha) on three wheat varieties at ICAR's IWBR
research station. A variety of tools-such as GreenSeeker
(for NDVI), SPAD meters (for Chlorophyll Content Index
or CCl), and drone-based multispectral imaging-were
used to measure crop response to nitrogen.

The trials revealed that nitrogen applications guided by
GreenSeeker could save nitrogen compared to the
standard dose without affecting yield. GreenSeeker was
especially effective in correlating NDVI readings with
grain yield, allowing precise nitrogen adjustments
based on real-time crop conditions. This precision
reduces nitrogen waste and minimizes environmental
impact. In addition, the use of drones for multispectral
imaging showed that SCCCI (Simplified Canopy
Chlorophyll Content Index) had a strong positive
correlation with nitrogen doses, indicating its utility for
future large-scale nitrogen application management.

Nano ureaforenhancing NUE

The demonstrations on farmers' fields showed that 25%
N can be saved to get the similar yield as farmers'
practice by using two sprays of nano urea through
drone application under 75% recommended dose of
nitrogen applied plots (Fig.4.1and 4.2).
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Fig. 4.1 Physiological indices as influenced by farmers’ practice and
75% recommended nitrogen dose along with 2 sprays of nano urea

Wheat and rice grain yield in rice- wheat cropping
system due to different residue management
practices
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Fig. 4.2 Yield and yield attributes as influenced by farmers’
practice and 75% recommended nitrogen dose along with 2
sprays of nano urea
Wheat crop was sown after puddled and direct seeded
rice under conventional tillage (no rice residue, burning
of rice residue and rice residue incorporation) and zero
till condition (no residue, anchored rice residue and full
riceresidue).

> Significantly higher wheat grain yield was obtained
by sowing wheat in anchored, full or no residue
under zero till condition as compared to
conventional method of sowing after puddlled
transplantedrice (Fig.4.3).

» Maximum wheat yield (65.61 g/ha) was obtained
whenwheat sowing was done with Happy Seederin
fullrice residues after direct seededrice.

> Maximum rice yield (48.67 g/ha) was obtained
under puddled transplanted rice condition after
sowing of wheat with happy seeder in full rice
residues.

> Thehighestreturns over variable cost (¥ 248469 per
ha) and B:C ratio (3.50) under rice- wheat cropping
system was realized in direct seeded rice condition
and zero till sown wheat with happy seeder in full
riceresidue (Fig.4.4).
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Fig. 4.3 Wheat and rice grain yield in rice- wheat cropping system
under different tillage and residue management practices
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Fig: 4.4 Economics of different treatments in rice- wheat cropping
system under different tillage and residue management practices

Wheat and rice grain yield in rice- wheat cropping
system due to different residue and nitrogen
management strategies

> Significantly higher grain yield (6112, 6135 and
6086 kg/ha) was recorded when sowing of wheat
was done under zero till conditionin full residue and
N was applied @ 150 kg/ha, 200 kg/ha and
recommended dose of fertilizer under conventional
till method, respectively, as compared to lower
dosesof NornoN (Fig.4.5).

> Similartrend was observedinrice crop also.
> Returns over variable cost (3 230703 per ha) and B:C
(3.19) was realized under full N application in both

the crops and rice residue retention in wheat crop
(Fig.4.6).
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Fig. 4.5 Wheat and rice grain yield in rice- wheat cropping system
under differenttillage and nitrogen management strategies
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Natural farming

In fixed plot experimentation, the initial years finding
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Fig. 4.6 Economics of different treatments in rice- wheat cropping
system under different tillage and nitrogen management strategies

revealed that grain yield of wheat was reduced
significantly under natural farming protocol. Grain yield
of rice was also reduced significantly under natural
farming protocol.

Popularization of Natural Farming

» Training was imparted regarding preparation of
Beejamrit, Jeevamrit and Ghanjeevamrit to
different progressive farmers' groups from Haryana,
Punjab, Gujarat, Rajasthan, UP and Maharashtra.

> Fifteen trainings/awareness programmes were also
organized in Haryana, Himachal Pradesh and
Punjab regarding natural farming and conservation
agriculture. These awareness programmes were
published in national daily newspapers.

> More than 9000 farmers from various parts of
country visited the conservation agriculture and
naturalfarming experiments.

> Ten demonstrations were also conducted at
farmers'field to popularize the technology.

> Kisan mela on Natural Farming was organized from
19.10.2024t022.10.2024 (Fig. 4.7).

Fig.4.7 Kisan melaon natural farming organized during October 19-
22,2024
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» Farmer-cum-scientist workshop was organized
from 23.10.2024 to0 24.10.2024 to popularize natural
farming.

Nutrient Management

Integrated nutrient management in rice-wheat
system

This experiment consisting of seven nutrients
management combinations [Recommended NPK at the
rate of 150:60:40 kg/ha N, P,O, and K,O, respectively (T,),
T,+ FYM 15t/ha, T,+ green manuring, Rec. N only, Rec. P
only, Rec. K only 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 field trial was conducted by using
wheat variety DBW222.The eighth-year results revealed
that biomass and grain yield were significantly lower
where only P or Kwere applied as compared to all other
treatments, indicating the significance of nitrogen. The
highest grain yield was recorded in treatment where all
the major nutrients and FYM 15 t/ha were applied
followed by the treatment in which all the major
nutrients as well as green manuring were applied. These
treatments were significantly better than all other
treatments except recommended NPK treatment. The
application of recommended nitrogen alone brought
significantly higher wheat productivity than alone
recommended P, K or PK together; however, the lowest
yield was recorded where only P, K or no fertilizers
(control) were applied, indicating the importance of
nitrogen alone. The application of FYM or green
manuring improved the organic carbon content
significantly as compared to all other treatments.
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
(HYVs) of wheat (HD 2967, DBW187, DBW222 and DBW
303) and five combinations of organic nutrient supply
(control, farm yard manure (FYM) 10 t/ha, FYM 20 t/ha,
FYM 30 t/ha and recommended doses of chemical
fertilizers at the rate of 150:60:40 kg/ha N, P,O, and K,0,
respectively) with two sprays of nano urea and prilled
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urea at maximum tillering and heading stage thus,
having total 40 treatment combinations, were
evaluated. The results revealed that application of FYM
from 10 t/ha to 30 t/ha increased the biomass and grain
yield of all the high yielding varieties of wheat
significantly 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 significantly higher than
all the organic treatments including 30 t/ha FYM
treatment. Among the high yielding varieties, DBW187
recorded the highest grain yield followed by DBW222
and DBW303 with recommended doses of NPK
fertilizers (150:60:40 kg/ha). All the varieties performed
similarly at all the organics levels and nano as well as
prilled urea spray treatments. Prilled urea spay (3%)
twice at maximum tillering and heading numerically
improved the productivity than nano urea (1250 ml/ha)
spray twice at maximum tillering and heading.

Conservation Agriculture (CA) in maize-wheat-
green gramsystem

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 involving combination of tillage and
residue management {Zero tillage (ZT); ZT with
residue retention (CA); Conventional tillage (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 recommended NPK + FYM
10 t/ha). The sowing was done using Turbo Happy
Seeder. The results of the season 2023-24 showed
that the effect of nutrient management was
significant, whereas, that of tillage and residue
management and their interactions were non-
significant. Among four nutrient management
options, the minimum yield (15.51 g/ha) was
recorded in unfertilized control plots (Fig. 4.8). The
wheat grain yield recorded with application of
recommended NPK + 10 t/ha FYM (62.29 g/ha) was
significantly better than the recommended N alone
(34.95 g/ha) and recommended NPK (57.09 g/ha).



These results indicate the superiority of integrated
nutrientmanagementin producing wheatyield.

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
higherin 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 nutrient managementtreatments.

é

Fig 4.8. Nutrient management in wheat across tillage option in
maize-wheat system
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Field demonstration on direct seeding of wheat
under rice residue and sugarcane trash using Rotary
DiscDrill

Field demonstrations on in-situ crop residue
management in sugarcane-wheat cropping systems
were conducted at farmers' fields. In sugarcane-wheat
cropping system, wheat was directly sown under no-till
conditions using Rotary Disc Drill (RDD) in the presence
of sugarcane trash at farmers' fields of Johar Majra and
Kartarpur villages in Karnal district (Fig. 4.9). The
machine was effective in direct seeding the crop in the
presence of crop residue with lesser power requirement
and lesser soil disturbance. It allows the farmers to take
the additional crop of wheat or other pulse crop like
moong bean and to earn the more profit from the same
land resources through increased cropping intensity in
sugarcane-based systems. The direct seeding of wheat
into sugarcane trash through this technology would be
helpful to expand the wheat area in the sugarcane belt.
Moreover, it can also be used for direct seeding of other
crops such as rice, soybean, barley, green gram, and
pigeonpea.

43
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Fig. 4.9. Field demonstrations of RDD for direct sowing of
wheat under rice residue and sugarcane trash

Zero-till disc drill of ICAR-CIAE, Bhopal, was also tested
in the presence of anchored and loose rice residue. The
machine was able to perform the seeding operation
under zero-till condition with or without anchored
residue but clogging problem was observed under
loose crop residue condition.

Weed managementin wheat

Weed infestation is one of the major biotic constraints
limiting the production and productivity of wheat. For
realizing potential crop yield, efficient weed
management is very important. The average losses
caused by weeds if not controlled are about 25 to 30%
but in some cases depending on weed flora, weed
intensity, time of emergence, soil and environmental
factors, the losses can be up to complete crop failure.
Among various methods of weed control, chemical
weed control method is preferred in wheat due to its
cost and time effectiveness. However, the sole
dependence on herbicides has resulted in the evolution
of new cases of herbicide resistance in weeds, as a result
there is a need of evaluating the new herbicides and
herbicide mixtures from different chemical groups. The
major findings of field and pot experiments conducted
on evaluation of herbicides and herbicide mixtures
against weedsin wheatare as follow:

> In field studies, more than 90% control of diverse
weed flora was observed with pre-emergence
application of pyroxasulfone + pendimethalin 127.5
+ 1500 g/ha, pyroxasulfone + flumioxazine 127.5 +
100 g/ha, pyroxasulfone + metribuzin 127.5 + 300
g/ha and oxyflourfen + metribuzin 300 + 300 g/ha.
The wheat grainyields recorded in these treatments
were statistically similar to weed free check
treatment.

> In another study, pyroxasulfone alone and in
combination with metribuzin was evaluated for




weed control in wheat. Pyroxasulfone alone at 127.5
g/ha applied as pre-emergence effectively
controlled the grass weeds namely, Phalaris minor
and Avena ludoviciana, but was poor for control of
broad-leaved weeds (Rumexdentatus and Medicago
denticulata). However, pre-mix combination of
pyroxasulfone + metribuzin was very effective for
control of diverse weed flora in wheat and the
optimum dose was observed as 337.5 (127.5 +210)
g a.i./ha. As this pre-mix combination is having two
mechanisms of action, the combination will be
helpful in managing the herbicide resistance
problem in weeds. Moreover, the pre-mix
combination had no carry over effect on succeeding
greengramand rice crop.

Pinoxaden alone and in combination with
metribuzin was also evaluated for weed control in
wheat. Pinoxaden alone at 45 g/ha as post
emergence was effective for control of grass weeds
namely, Phalaris minor and Avena ludoviciana, but
was not effective against broadleaved weeds.
Ready-mix combination of pinoxaden+ metribuzin
was very effective for control of grass as well as
broad-leaved weeds in wheat. The optimum dose
was observed as 225 (45+180) g a.i./ha. Also, the
pre-mix combination had no residual effect on the
succeeding crop of green gram and rice.

In rice-wheat system, double no-till system led to
more problems of Rumex dentatus and Medicago
denticulata. The infestation of Cyperus rotundus in
maize was significantly reduced with adoption of
no-till and application of pre-plant non-selective
herbicide glyphosate in maize-wheat-greengram
system. Wild oat infestation was observed higherin
maize-wheat thaninrice-wheat system.

Inclusion of short duration crops such as pea and
potato in between rice and wheat reduced the
infestation of P. minorin late sown wheat.

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
monitoring of herbicide resistance evolution in P.
minor, 70 biotypes were collected across Haryana
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and evaluated in bioassay for resistance detection
and found widespread multiple resistance (against
clodinafop, pinoxaden and sulfosulfuron). For
management of multiple herbicide resistant P.
minor, A. ludoviciana and Polypogon monspeliensis
(against clodinafop, pinoxaden and sulfosulfuron)
pyroxasulfone, aclonifen + diflufenican, and
metribuzin were found effective.

Pre-emergence application of pyroxasulfone,
pendimethalin, oxyflourfen, flumioxazine and
metribuzin was found effective for control of
ACCase and ALS inhibitor herbicide resistant
population of Phalaris minor. In pot studies, 100%
control of multiple herbicide resistant and
susceptible populations of P. minor was observed
with application of pyroxasulfone 127.5 g/ha,
pendimethalin 1000 g/ha, oxyflourfen 300 g/ha,
flumioxazine 125 g/haand metribuzin 150 g/ha.

For control of metsulfuron resistant Rumex dentatus
and Chenopodium album, halauxifen + fluroxypyr,
aclonifen + diflufenican, 2,4-D, carfentrazone,
pendimethalin, and metribuzin were found
effective.

Cynodon dactylon is a problematic weed
particularly under no till situations. In long term no
till experiments, it has been observed that its
infestation increases if not effectively controlled.
For controlling Cynodon dactylon glyphosate,
paraquat and glufosinate alone and in
combinations were evaluated (Fig. 4.10). It was
observed that paraquat 500 g/ha and glufosinate
400 g/ha were poor for control of Cynodon dactylon.
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The biomass reduction with paraquat and
glufosinate was 56.3 and 54.3%, respectively. Spray
of glyphosate at =1% spray solution (500 lit/ha)
provided the effective control of Cynodon dactylon.

Improving resource use efficiency in wheat

Experiments were conducted to study water
productivity (WP) of 12 wheat genotypes under
different moisture levels (60,80 & 100% of ETc), and seed
rate (60, 80 and 100 kg/ha). The findings of the study are
asmentioned below:

> The mean grain yield (5332 kg/ha) with 80% ETc
irrigation level was similarto 100% ETc (5453 kg/ha),
suggesting 20% savings of irrigation water. The
mean water productivity (WP) increased from 2.11
kg/m’to 2.41 kg/m’ on changing the irrigation level
from 100% ETc to 80% ETc.

> The seed rate of 80 kg/ha was found to be optimum
in terms of grain yield and WP, suggesting 20%
savings of seed.

> Among genotypes, the maximum mean WP was
recorded to be 2.70 kg/m’ for G8 (BWL 6321/QBP
1622) followed by 2.54 (BWL 6321/DBW 88), 2.52
(PBW 765/NW 5054) and 2.51 kg/m’ (DBW 303).

Barley agronomy

The different experiments were conducted on
evaluation of barley genotypes in AVTs under different
production conditions such as date of sowing, seed rate,
nitrogen scheduling, plant growth regulators
application and weed control. The major findings are as
follows:

a5
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The mean productivity of hulless barley reduced
from 46.78 to 29.12 g/ha on shifting the sowing
time from normal to late condition primarily due to
significant reduction in earhead/m?,
grains/earhead and thousand grain weight.

Under salinity condition, the productivity of barley
was higher with 90 kg/ha nitrogen as compared to
60 and 75 kg/ha nitrogen levels due to
improvement in earhead/m” under high dose of
nitrogen application.

For controlling broadleaved weeds in barley,
various herbicides and their combinations were
evaluated. Halauxifen + fluroxypyr 200.6
(6.1+194.5) and metsulfuron + carfentrazone (4+ 20)
g/ha were found effective for control of diverse
type of broadleaved weed florain barley.

The barley grain yield increased with seed rate and
the maximum mean grain yield (49.77 g/ha) was
produced at 100 kg/ha seed rate which was
significantly superior to both the lower seed rates
(60and 80kg/ha).

The application of plant growth regulators showed
significant effect on the grain yield of barley.
Among growth regulators treatments, maximum
grain yield (47.68 g/ha) was recorded with TIBA
(2,3,5-Triiodobenzoic Acid) @100 ppm application
attillering; however, it was statistically at par to two
foliar tank-mix sprays of CCC (Chlormequat
chloride) + tebuconazole (0.2% + 0.1% product
dose) attilleringandjointing.



5 QUALITY AND BASIC SCIENCES

Analysis of AICRP onWheat & BarleyTrials in various quality traits including iron and zinc content

During 2023-24, 176 AVTs, 280 NIVTs, 22 HYPTs, 36  Were identified. All the AVT II™ year entries including
QCWBN, 29 SATSN and 30 IVTs, were analyzed from  checks were also evaluated for chapati, bread and

conditions. Promising genotypes showing superiority ~ 9enotypes (Table 5.1).

Table 5.1 : Promising T. aestivum genotypes for chapati and bread

Category Genotypes
Chapati (Score >8.0)

Check HI1650 (C) (CZ-ITS)
AVT HD3428* (NWPZ-ILS), NWS2222* (PZ-ITS), NIAW4114* (PZ-ILS)

Bread (Loaf volume ~600 ml)
Check DBW222 (C) (NWPZ-ITS), JKW261 (C) (NWPZ-ILS), DBW173 (C) (NWPZ-ILS), GW547(l) (C) (CZ-ITS), CG1040() (C) (CZ-

RITS), MP1378(1) (C) (PZ-ITS), HD3090 (C) (PZ-ILS), DBW187 (C) (CZ-HYPT), DBW377 (I) (C) (CZ-HYPT)

AVT PBW891* (PZ-ITS), AKAW5100* (PZ-ITS), GW543* (CZ-HYPT)

In addition, promising genotypes were identified both

for T. aestivum and T. durum for individual quality  (Table5.2).
parameters like protein content, grain hardness index,

Table 5.2: Promising genotypes for various quality parameters

Parameter Value Genotypes
(T. aestivum)

Protein >12.5% NEPZ: PBW915, KRL2106, DBW107 (C), UP3124, PBW833 (C), WH1323,
WH1324
CZ: GW547(1) (C), MACS6768 (C), HI1634 (C), MP4010 (C), MACS6830, DBW428
PZ: AKAW5100%*, DBW443*, CG1045, LOK79%, NIAW4114*, HI1674%,
HD3090(C), Raj4083 (C), HI1633 (C), NIAW4432, MACS6830, HI1687, DBW426,
MACS6829, HI1605 (C), NIAW3170 (C), DBW359 (I) (C), CG1047, NIAW4267
HYPT (CZ): DBW434
HYPT (NWPZ): DBW187 (C), DBW372(l) ©, DBW380

Sedimentation value > 60 ml NEPZ: WH1323
PZ: MACS6842, DBW359 (1)©
HYPT (CZ): DBW187 (C), WH1320

Hardness Index <35 NHZ:VL2041 ©
NWPZ: NIAW3170 ©
HYPT (CZ): DBW445

Iron >40ppm NHZ: HS562 ©,VL907 ©, VL2041 ©, HPW349 ©, VL2059M

NWPZ: HI1668* HD3086 (C), PBW957M, HD3428* DBW173 (C), NW8071,
DBW422, HI1653 (C), HD3369 (C), PBW644 (C), NIAW3170 (C), DBW296 (C),
PBW927

NEPZ: HI1563 ©, HD3171 ©, JKW 304

CZ: HI1650 ©, MACS6768 ©, HI1683, MACS6830, DBW110 ©, CG1036 ©,
NIAW4267, UAS3029, DBW432

sedimentation value, yellow pigment, iron, and zinc

/A
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Parameter Value Genotypes (T. aestivum)
PZ: PBW891*, WH1306%, NWS2222%, DBW443* MACS6222 (C), MP1378(1) (C),
UAS3026, MACS6844, CG1045, LOK79*, NIAW4120%* RAJ4083 (C), DBW425,
MACS6830, HI1687, DBW426, MACS6829, HI1605 (C), HIT1665(1) (C), DBW359(1)
(C), CG1047, NIAW4267
HYPT (NWPZ): DBW327 (C)
HYPT (CZ): CG1044*, DBW377(l) (C), DBW327(l) (C), MP1399, PBW906,
DBW436

Zinc 240ppm NHZ:VL907 ©,VL2059M
NWPZ: DBW417, HD3494M
CZ: HI1669*, GW547() (C), MACS6768 (C), GW555, HI1634 (C), MP4010 (C),
CG1029 (C), UAS3029
PZ: WH1306*, DBW443*, GW322 (C), MACS6222 (C), MP1378(l) (C), MP3570,
CG1045, LOK79*, HI1674*, HD3090 (C), RAJ4083 (C), HI1633 (C), DBW425,
MACS6830, HI1687, DBW426, MACS6829, DBW359(l) (C), CG1047, NIAW4267
(T. durum)

Protein >13.0% PZ: UAS446(d) (C), UAS478(d)(l) (C), MACS4131(d), GW1368(d), HI8852(d),
UAS484(d), HI8851(d)

Sedimentation value >40 ml CZ: MPO1395(d), MACS4135(d), MPO1398(d)
PZ: MACS3949(d) (C), DDW62(d), MPO1395(d), MACS4135(d), UAS446(d)(C),
UAS484(d)

Yellow Pigment >7.0ppm CZ: UAS484(d)
PZ: HI8848(d), MACS4135(d), UAS478(d)(1) (C), HI8852(d), UAS484(d)

Iron =40ppm CZ: MACS4125(d), MPO1395(d), HI8851(d)
PZ: DDW62(d), HI8852(d), HI8851(d)

Zinc >40ppm CZ: HI8737(d) (C), HI8713(d) (C), MACS4125(d), MACS4135(d), HI8850(d),

HI8848(d)

PZ: HI8737(d) (C), MACS3949(d) (C), HI8849(d), HI8850(d), HI8848(d),
MACS4135(d), UAS446(d) (C), UAS478(d)(1) (C), MACS4131(d), GW1368(d),
HI8852(d), HI8851(d)

Crosses involving Nap Hal source of Glu-D1 double
null : During cropping season 2023-24, crosses were
propagated using NapHal as one of the parents with
high yielding background varieties. The material was
also screened for high grain Fe content (GFeC), grain Zn
content (GZnC), protein clubbed with high phytase and
low phytic acid. Generation wise values of quality
components (mean values and range) and correlation
between Fe and Zn are given in Table 5.3. There was a
positive correlation between GFeC and GZnC across the
generations. Minima and maxima for sedimentation
volume (SDV), GFeC and GZnC were found in the range
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of 16.8-45.1 ml, 30.1-46.2 ppm and 25.4-42.1 ppm,
respectively (Table 5.4). Based on SDV, GFeC and GZnC,
6 entries having NapHal background, have been
selected and sent for multilocation testing. Out of these,
3 entries with low SDV and soft grain character
(hardness index 22-36), can be suitable candidate for
biscuit making (Table 5.4). The rest two entries of
NapHal background have been clubbed with
outstanding entries for GFeCand/or GZnCover baseline
as these were also having high iron & zinc crosses (CRP)
intheir pedigree.
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Table 5.3: Correlation between GFeC and GZnC, mean and range of quality components across various generations

Generation Iron vs Zinc Sed. volume (ml) Fe (ppm) Zn (ppm)
(Correlation) Mean Range Mean Range Mean Range

F4 0.14 27.2 17.7-45.1 39.1 35.1-46.2 30.1 25.4-39.1

F5 0.75 233 21.1-26.4 394 37.7-41.9 30.0 254-33.8

F6 0.90 21.9 18.5-25.1 36.3 33.4-38.7 29.0 27.0-31.8

F7 onwards 0.50 21.7 16.8-38.6 36.1 30.1-44.6 31.9 25.8-42.1

Table 5.4: Promising entries for sedimentation volume, GFeC and GZnC during 2023-24

Pedigree Hardness Sed. Volume (ml) Fe (ppm) Zn (ppm)

HD3086*2/HD 2967*2/NapHal 22 21 41.9 33.8

HD 2967%*2/NapHal 28 23 44.6 33.6

HS 490%2/UP 2425*4/NapHal 36 21 40.6 42.1

DBW187/CRP1663/ HD2967*2/NapHal 48 45 373 39.1

Generation of crosses for enhanced Fe, Zn, protein
and low phytate content using suitable donors with
highyielding cultivars:

Increasing essential micronutrient content in wheat
genotypes and their bioavailability and bioaccessibility
for monogastric animals and human consumption can
ultimately lead to improved animals and human health.
To achieve this goal, based on previous evaluation of
crosses, selection was done for disease free plants at
research field of ICAR-IIWBR, Karnal. During 2023-24
cropping season, several crosses were made into high
yielding wheat cultivars' background (HD 2967, HD

3086, HD 3226, DBW 173, DBW 187, WB 02) using
reasonable phytase and low phytic acid mutants
developed in the background of PBW 502 at ICAR-
Indian institute of Wheat and Barley Research, Karnal
(work done previously) and advanced into higher
generations based on phenotypic evaluations.Table 5.5
is showing various lines and their generations, carrying
beneficial components (Fe, Zn, protein, phytase)
clubbed with less antinutritional factors (phytic acid),
raised during cropping season 2023-24. Different
crosses made for intended quality parameters are at
various generation stages as depictedinTable 5.5.

Table 5.5: Crosses for enhanced Fe, Zn, protein, and low phytate content along with high phytase levels using suitable donors
with high yielding cultivars; selections made and advanced into higher generations during 2023-24 cropping season

High yielding High Fe, Zn and protein High phytase and Low Three way (High Fe, Zn,
cultivars content phytate levels and Phytase)
HD 2967 F, BC,F, BCF, BCF, BC,F,RIL F. F. Fe Fe BCF,, BCF, BCF,, BCF, F, Fs

HD 3086 F, Fs Fs F, Fy, BCF, BCF, BCF, F, Fs Fe F, Fo BCF,, RIL Fs

DBW 187 F, Fs Fe BCF F, Fs F, BCF, BCF, Fs

HD 3226 B2 F, Fs BCF, F,

WB 02 F, BCF, F, F, Fs BCF, RIL F, F,

DBW 173 BC,F, BC/F, F, Fss, BC,F,s, BCF, F. F,

DBW 316 F,

DBW 303 F, Fs

DBW 222 F, F,

DBW 327 F,

DBW 332 F

2

Reflection of generation wise iron and zinc
improvement

Further, generation wise Pearson's correlation between
protein, iron and zinc and corresponding range of grain
Feand Zn hasbeen giveninTable 5.6. The data depicted
positive correlation close to 0.65 throughout

generations between Fe and Zn inheritance. The range
of GFeC and GZnC across the generations has been
found between 30.6-47.6 and 23.1-48.1, respectively.
Six outstanding entries (including two involving
NapHal crosses) have been selected based on GFeC and
GZnCasgivenbelowinTable5.7.
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Table 5.6: Generation wise Pearson’s correlation between biofortification components

Generation Iron vs Zinc Protein vsiron  Protein vs zinc Fe (ppm) Zn (ppm)
Minima Maxima Minima Maxima

F4 0.65 0.49 0.70 31.6 47.6 235 48.1
F5 0.68 0.31 0.32 32.0 43.3 24.8 38.7
F6 0.65 0.42 0.56 30.6 43.8 23.1 43.2
F7 onwards 0.66 0.42 0.59 30.7 40.8 234 36.1
Table 5.7: Outstanding entries for GFeC and GZnC over baseline (40 mg/kg) during 2023-24

Pedigree Sedimentation Fe Zn Phytase Phytic

volume (ml) (ppm) (ppm) (FTU/kg) acid (%)

HD2967/T1-134/CRP1660 53.0 455 48.1 1479 0.57
HD3086/CRP1661/T1-242 38.6 43.2 43.1 1913 0.56
HD3086/CRP1661/T1-242 40.7 449 41.5 1901 0.80
HD 3086/CRP1663 43.8 433 43.2 4413 0.61
DBW187/CRP1660/ HD2967*2/NapHal 22.0 46.2 32.1 2958 0.62
DBW187/CRP1660/ HD2967*2/NapHal 41.0 443 335 2477 0.62

Antigenicity comparison between aestivum and
durum: An experiment was conducted using
monoclonal antibody (Sigma-Aldrich; SAB4200864;
Anti-Gliadin antibody, Mouse monoclonal) to compare
the gliadin antigenicity between aestivum (6) and
durum (9) (released) varieties using indirect ELISA.
Correlation coefficient for aestivum and durum was
found to be 0.68 and 0.24, respectively, though both
found to be non-significant statistically, may be due to
less sample size. The average gliadin antigenicity for
aestivum and durum was found to be 0.83 and 0.55,
respectively foraestivumand durum.

Mitoferrin geneidentification and characterization

Iron (Fe) and zinc (Zn) are vital for plant growth and
human nutrition, regulated by genes and miRNAs. We
identified and characterized 11 mitoferrin genes in
wheat, distributed across chromosomes 3, 4, 6, and
unanchored scaffolds (ChrUn). These genes encode
mitochondrial iron transport proteins, essential for
cellular respiration and Fe homeostasis. In silico
analysis revealed protein molecular weights of 38-68
kDa, instability indices of 38-63, and isoelectric points
(pl) of 6.8-9.6, indicating diverse stability and acidic to
basic properties. GRAVY values (-0.43 to 0.31)
suggested mostly hydrophilic proteins. These findings
provideinsightsinto Fe/Zn homeostasisin wheat.

Validation of Fe/Zn-responsive miRNAs and their
targetgenes

Transcriptomic analysis identified 14 miRNAs linked to
Fe/Zn homeostasis, targeting genes involved in metal
transport, storage, and regulation. Validation via qPCR
in Fe/Zn-efficient genotype, Narmada 195 and
inefficient genotype PBW502 revealed differential
mMiRNA expression in root and shoot tissues under
hydroponic conditions with varying nutrient levels.
Efficient genotypes exhibited higher miR399 and
miR398 expression, aiding nutrient signaling and
oxidative stress management, while PBW502
upregulated miR827 under deficiency. Fe/Zn-deficient
conditions showed upregulation of miRNAs targeting
Fe transporters in both genotypes, but Narmada 195
maintained higher target gene expression, highlighting
its robust regulatory network for efficient Fe/Zn uptake
anddistribution.

Protein, hectoliter weight, flour, and bran recovery
profile of 250 wheat lines atthreelocations

A study of 250 wheat lines from Ludhiana, Jabalpur, and
Samastipur revealed significant regional variations in
protein content, hectoliter weight, and milling profiles.
Jabalpur location showed the highest average protein
content (12.4%), with a range of 10.2 to 15.1%,
attributed to favorable environmental factors (Fig. 5.1).
However, its wheat grains had the lowest hectoliter
weight (75.2 kg/hl), indicating lighter grains. In contrast,
Ludhiana and Samastipur recorded higher average
hectoliter weights (79.3 kg/hl), reflecting denser grains.
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Fig. 5.1: Quality analysis of 250 wheat lines from three different locations
Ludhiana location excelled in flour recovery (47.5%),
followed by Jabalpur (45.9%) and Samastipur (44.0%),
which exhibited the widest variability. Samastipur
location had the highest bran recovery (43.0%), while
Ludhiana had minimal milling waste (11.2%),
showcasing superior efficiency. These regional
differences underline the influence of climate, soil, and
crop practices on wheat quality, offering insights for
tailored breeding and milling strategies to optimize
grain characteristics for specificapplications.
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Profiling of starch composition, digestibility,
glycemic index in fifteen recently released wheat
genotypes

The analysis of starch composition, digestibility, and
glycemic properties in 15 recently released wheat
genotypes grown at Karnal location revealed significant
variability, highlighting diverse nutritional and
processing potential. Total starch content averaged
64.2% (range: 52.8-75.4%), with amylose at 28.7%
(25.3-33.0%) and amylopectin at 71.3% (67.0-74.7%)
(Fig. 5.2). The amylose-to-amylopectin ratio averaged
0.40, affecting digestibility. Glycemic index (Gl) ranged
from 35.8 to 59.8 (average: 47.9), identifying both low-
and high-GI genotypes suitable for health-conscious
populations. Resistant starch (RS) averaged 1.99%
(1.1-3.19%), which is considered as a healthy
contribution to dietary fiber. Digestible starch fractions
showed reasonable variability: rapid digestible starch
(RDS) averaged 27.8%, slow digestible starch (SDS)
35.7%, and total digestible starch (TDS) 63.6%. Ratios
like TDS-to-RS (34.3) and SDS-to-RDS (1.45) further
emphasized genotypic differences. Genotypes with
high RS, SDS, and low Gl are ideal for low-Gl products,
while those with high RDS and TDS suit energy-
demanding applications, aiding tailored breeding
efforts.

Iron and Zn content trends in T. aestivum varieties
released during 1950 t0 2023

Trend analysis of Fe and Zn content (measurad by
EDXRF) in wheat across decades highlights significant
genetic improvements. Fe content in varieties released
from 1950-1970 averaged 34.2 ppm, increasing to 36.4
ppm in the Green Revolution era (1971-1980) due to
dwarfing geneincorporation. From 1981-1990, Fe levels
averaged 37.0 ppm, rising further between 1991-2000
(e.g., CPAN 3004, 41.5 ppm) (Fig. 5.3). Varieties from
2001-2010 showed an average of 37.8 ppm, peaking
with WB 2 (46.3 ppm) from 2011-2023, reflecting
biofortification success. The Zn content followed a
progressive trend, starting with early varieties like NP
809 (38.4 ppm) and Sonalika (31.5 ppm). Green
Revolution varieties showed modest improvement,
while 1981-2000 saw Zn levels in the mid-30s range,
advancing to 40.6-40.7 ppm in 2001-2010 (e.g., PBW



550). Modern varieties like WB 2 (42.5 ppm) and DBW
303 (40 ppm) underscored recent biofortification
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efforts, integrating nutrient-dense traits into wheat
breeding.
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Carbohydrate profiling of 15 wheat genotypes
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Fig. 5.3: Decadal trends in Fe and Zn content (ppm) in T. aestivum
wheat varieties released during 1950 to 2023 grown at Karnal
location during crop season 2022-23. All the genotypes were hand
threshed to avoid mineral contamination especially Fe. Decadal
trends are mean of genotypes mentioned in parenthesis
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Fig. 5.2: Profiling of starch composition, and glycemic index in fifteen recently released wheat genotypes

Quantification of total and soluble pentosan
content in CZ varieties: Wheat, serves as a significant
source of dietary fiber, comprising soluble dietary fibers
(SDFs) and insoluble dietary fibers (IDFs). Among SDFs,
soluble pentosans (SP), also known as water-soluble
pentosans (WSPs), have garnered attention for their
health benefits, including improved intestinal motility,
blood sugar regulation, blood pressure reduction, and
colon cancer prevention. Whole wheat typically
contains 0.8-1.2% soluble pentosans. The total and
soluble pentosan content of 17 wheat varieties grown
across four locations in the Central Zone (Indore,
Vijapur, Powar Khera, and Junagarh) was estimated
using the Orcinol-HCl colorimetric method (Hashimoto
etal.,, 1987).The highest total pentosan (TP) content was
recorded inthe Hl 1634 variety (7.19 %, Junagarh), while



the highest soluble pentosan content was observed in
HD2932 (1.37%, Junagarh). Soluble pentosan
percentages (SP/TP*100) ranged from 8.03 to 28.54%,
with the maximum percentage reported for CG1036
(28.54%, Vijapur).

Investigation of salinity induced alterations in
selected genotypes under field conditions: A field
experiment was performed for two crop seasons (2021-
22,2022-23) with 20 varieties, under control and saline-
sodic conditions. The varieties were tolerant,
moderately tolerant, and sensitive to salinity and
analyzed for their physiological, biochemical, and
molecular response to salinity. Correlation analysis of
parameters under salinity stress showed that
superoxide dismutase and proline parameters were
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strongly positively correlated while Na™ content was
strongly negatively correlated with the grain weight per
spike. Hence, these three factors could serve as effective
criteria for the rapid screening of germplasm against
salinity stress for the identification of new elite lines in
breeding programs. Based on gene expression analysis
of starch biosynthesis, genes like, SS1, SS2b, GBSS and
ADPG, a gene GBSSI was selected for cloning. Cloning
and sequencing of partial gene sequence of GBSST was
performed in DBW187, and three deletions were found
that can be used as potential SNPs for the identification
of salinity tolerance in wheat (Fig. 5.4).

Preparation of wheat grits/ daliya: Dalia is a

traditional breakfast meal commonly consumed in
North India. It is generally prepared by cooking wheat

GBSS TGAGCTCCTCAGCGTAGTAGGGGEC TCACCGTCAGCACCTTGTCGECCTGCAGGATCCCGE 128
BRI-SN-233 TEAGCTCCTOCGOGTAATACGEGC TCACCOTGAGCACCTTGTCGRECTGCAGGAT CCCGG 76
T RRRCRR R R R R R

GBS5S CCTTCATCCAGTTGATCTTGCGCCCCTCCACCGGCT TG TCGTAGCCGTCGATGAAGTCGA 188
BRI-S5N-233 CCTTCATCCAGTTGATCTTGLGCCCCTCCACCOGLTTGTCGTAGCCGT CGATGAAGTCGA 136
GB55S AGGACGACTTGAACCTGTCGGGCAGG TTGAGCTGCGCGAAGTCGTCGAAGGAGAAGTGGT 248
BRI-5N-233 AGGACGACT TGAACCTGTCGEGLAGG TTGAGCTGLGLGAAG TCGTCGAAGGAGAAGLGEL 196
GB55 CCTGGTACGAGATGTTGTGEATGCAGAACGCCACCTATCCATGAMATGGAGTTGCAATGT jee
BRI-S5N-233 CCTGATACGAGATGTTGTGEATGCAGAACGCTACCTGLACATGAAATGAAGTTGCAATGT 256
GB55 AAAATCCAGGCCAGAATGAATGAACCGCAAAAGAAT TGATATGLGGAGAGAAT ATGAAGT 368
BRI -SN-233 AGAATTCTGA - cm e e e e e e s ccccccc e —a=- GAGAGAATAT ABAGT 282

Fig. 5.4: Alignment analysis of GBSS1 gene with cloned sequence of GBSS gene from DBW187. Mismatches and deletions are highlighted.

grits with water or milk and can be consumed as a salty
/sweet preparation. The grits were made by grinding
the wheat using a suitable milling technique. During
the present study, the wheat grit yielding potential of
the local wheat chakki machine was realized. The wheat
grains from DBW 371 and DBW 372 were tempered to
12% moisture content, milled, and then sieved
appropriately to obtain wheat grits. The yield of wheat
grits was 54 and 58% for DBW 371 and DBW 372,
respectively. The work related to the characterization of

wheatgrits is being carried out.

Quality evaluation of chapatti made with blended
flour: A study was conducted to determine the effect of
blending chick pea flour and finger millet flour ranging
from 0-30%. The chapati score for the chick pea flour
supplemented chapati varied from 7.7 (control) to 6.6
(up to 30% addition). The score for finger millet
supplemented chapati ranged from 7.7 (control) to 6.1
(upto30% addition).




6 SOCIAL SCIENCES

India has achieved a record wheat production of 113.29
million tons during 2023-24 despite of heavy rainfall
and water logging during grain filling and harvesting
stages in central India, higher temperature during early
stages of crop establishment, too low temperature at
flowering stage and rise in temperature during second
fortnight of February in northern parts of the country.
Despite of such weather vagaries, the climate resilient
varieties being developed by the ICAR-Indian Institute
of Wheat and Barley Research, Karnal and All India
Coordinated Wheat and Barley Improvement Program
helped in surpassing all-time record production in
2023-24. These varieties being developed are not only
climate resilient but most of them are bio-fortified
which provide nutrients such as protein (>12%), Iron
and Zinc (above 40 ppm) to the consumers, thereby
tackling malnutrition.

During rabi 2023-24, dissemination of wheat and barley
production technologies was carried out among
farmers through 24 KVKs and 15 All India Coordinated
Wheat and Barley Improvement centres and other
centers. The demonstrations were conducted in
different agro-climatic conditions across the country on
the basis of need-based interventions by identifying the
location-specific constraints to bridge yield gap and to
popularize these technologies. Under barley frontline
demonstrations andwheat demonstrations under SCSP,
TSP programs, and cluster demonstrations, critical
inputs were provided to the farmersin addition to seeds
of newly released varieties of wheat and barley. The
neighboring farmers, extension workers and other
stakeholders were invited at different stages of crop
growth at the demonstration sites to demonstrate the
superiority of technologies being demonstrated. The
scientists and extension personnel interacted with the
farmers to educate them about the latest technologies.
The scientists issued need-based advisories to the
farmers during the crop season. The DA&FW and ICAR-
IIWBR Karnal organized regular meetings to issue
advisories to the farmers to tackle heat stress, erratic

53

rainfall and water logging problems. The beneficiary
farmers were also advised to provide seed of improved
varieties to the fellow farmers so that the whole village
is saturated with the latest improved variety. Integrated
communication approach was used to transfer the
efficienttechnologies to farmers' fields

Barley Frontline Demonstrations (FLDs) during
2023-24

During the rabi crop season 2023-24, 350 Barley
Frontline Demonstrations (BFLDs) of one acre each
were allotted to 40 cooperating centers all over India in
seven states/UT namely, Himachal Pradesh, Uttar
Pradesh, Bihar, Jammu & Kashmir, Punjab, Haryana,
Rajasthan and Madhya Pradesh. Out of these, 338 BFLDs
were conducted by 39 centers, covering 346 acres area
of 420 farmers. Improved barley varieties with complete
package of practices (irrigation management, nutrient
management, weed control, seed treatment etc.) were
demonstrated.

All the improved varieties for different production
conditions have been included while calculating the
yield gain over check/regional yield. The highest gainin
barleyyield was recordedin UT of J&K (57.57%) followed
by Central UP (42.52%), Eastern UP (38.56%), All UP
(36.87%), MP (35.23%), HP (34.48%) and Rajasthan
(25.65%). The lowest gain in yield was reported in
Haryana (8.53%) (Table 6.1).

Theyield gain due to improved varieties over check was
highestin NEPZ (34.76 %) followed by NHZ (34.48 %), CZ
(34.19%) and NWPZ (16.64 %).The yield gain under
barley FLD was highest at Basti (81.47%) center
followed by Kanpur (40.59%) in NEPZ; Rewa (64.92%)
followed by RLBCAU Jhansi (62.65%) and Lalitpur
(45.55%) in CZ; Shimla (34.48%) in NHZ; and Kathua
(57.57%) followed by Mansa (34.53%) in NWPZ. The yield
gainwaslowestat Muktsar (04.58%) in NWPZ (Table 6.2).

The varieties BHS400 (29.25 g/ha) at Shimla centre in
NHZ; RD 2907 (44.50 g/ha) at Gorakhpur in NEPZ; RD
2907 (70.40 g/ha) at Durgapura, Jaipur in NWPZ and
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Table 6.1: State wise performance of improved varieties under barley FLDs during rabi 2023-24

State Mean Yield (q/ha) Gain (%)
Improved varieties Check varieties

HP 29.25 21.75 34.48%*
Eastern UP 35.58 25.68 38.56***
Central UP 34.78 24.40 42 52%%*
Western UP 61.25 49.53 23.67%**
All UP 37.78 27.60 36.87%**
Bihar 38.28 31.03 23.37%**
UT of J&K 33.05 20.98 57.57%%%
Punjab 47.50 41.50 14.46%**
Haryana 43.60 40.18 08.53*
Rajasthan (NWPZ) 57.90 51.78 11.83***
Rajasthan (CZ) 40.78 3245 25.65%**
All Rajasthan 51.38 44.43 15.64%**
MP 40.40 29.88 35.23%%**
All India 42.05 33.83 24.32%%*

*** Significant at 1 per cent level, ** Significant at 5 per cent level, * Significant at 10 per cent level

DWRB 137 (47.38 g/ha) at Rajgarh in CZ were the
highest average yielding. The varieties BHS400 (33.75
g/ha), RD 2907 (47.25 g/ha), RD 2907 (70.85 g/ha) and
DWRB 137 (49.40 g/ha) performed better than other

varieties at Shimla, Gorakhpur, Durgapura, Jaipur and
Vidisha centres in the NHZ, NEPZ, NWPZ and CZ,
respectively.

Table 6.2: Zone wise barley productivity under FLDs over check during rabi 2023-24

Zone Mean yield (q/ha) Gain (%)
FLDs Check

NHZ 29.25 21.75 34.48%*

NEPZ 36.15 26.83 34.76%**

NWPZ 47.15 4043 16.64***

cz 39.25 29.25 34.19%**

***Significant at 1 per cent level, ** Significant at 5 per cent level

Major constraints impeding barley production in
the country

Overall analysis of constraints in different zones clearly
indicated that decline in water table, high cost of inputs,
Phalaris minor, small land holding, non-availability of
labour, low price of barley grains, poor participation in
exposure visits arranged by various departments, lack

of facility of canal irrigation water, untimely rain and
poor quality of herbicides/pesticides were the major
constraints affecting barley production and productivity
in the country (Table 6.3). The Farmers need to be
educated and up skilled on recent barley production
technologies, complete package of practices and soil
health management. There is a need of government

Table 6.3: Major constraints impeding barley production in the country (n=369)

Constraints Score Rank
Decline in water table 478 I
High cost of inputs 435 Il
Phalaris minor infestation 393 M
Small land holdings 343 1Y
Non availability of labour 337 Vv
Low price of barley grains 292 Vi
Poor participation in exposure visits arranged by various departments 278 VI
Lack of facility of canal irrigation water 267 Vil
Untimely rain 263 IX
Poor quality herbicides/pesticides 254 X




intervention to ensure supply of quality seed and inputs
to the farmers. Farmers need to be updated on impact
of climate change on barley cultivation and adaptation
strategies for mitigation. To ensure better price, farmers
have to go for quality barley production. Thereis a need
toregister barley growers on e-NAM platform for selling
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of barley.

The ICAR-IIWBR team accompanied by the experts from
the Ministry of Agriculture & Farmers Welfare and the
concerned centres monitored the barley FLDs and SCSP
wheat demonstrations during the rabi crop season
2023-24 atthefollowing centres.

Team Leader Centres Monitored

Dates of Monitoring

Dr. Satyavir Singh
Dr. Anil Khippal
Dr. Raj Kumar

Kathua, Kapurthala

Sangrur, Mansa, Bathinda, Muktsar

Ayodhya, Varanasi, Mirzapur

02-04 April, 2024
12-13 March, 2024
10-14 March, 2024

Wheat demonstrations conducted under SCSP
programmeduring 2023-24

Under SCSP programme, 520 varietal demonstrations
of wheat varieties DBW 187, DBW 332 and DBW 370
were organized during 2023-24 rabi crop season to
assess their performance at farmers' field. The
demonstrations were carried out through KVKs of
Punjab (18), Haryana (4), Rajasthan (2), Jammu &
Kashmir (1); and RLBCAU Jhansi (1) benefitting 520
farmers (Table 6.4). The demonstrations were conducted
in 18 aspirational districts of Punjab (Amritsar, Barnala,
Bathinda, Faridkot, Fatehgarh Sahib, Firozpur,
Gurdaspur, Hoshiarpur, Jalandhar, Kapurthala,
Ludhiana, Mansa, Moga, Muktsar Sahib, Rupnagar,
Sangrur, NawanshaharandTarnTaran), in 360 acres area
benefitting 360 SC farmers; in 4 aspirational districts of
Haryana (Ambala, Fatehabad, Sirsa and Yamunanagar),
in 80 acres area benefitting 80 SC farmers; in 2
aspirational districts of Rajasthan (Sriganganagar and
Hanumangarh), in 40 acres area benefitting 40 SC

farmers; in 1 aspirational district of UT of Jammu &
Kashmir (Samba), in 20 acres area benefitting 20 SC
farmers; and 1 aspirational district of UP (Jhansi), in 20
acres area benefitting 20 SC farmers. In each
aspirational district, 20 demonstrations were
conducted, covering a total of 520 acres area and 520
farmers of Scheduled Castes (SC) category. Improved
wheat varieties DBW 187, DBW 332 and DBW 370 with
complete package of practices (irrigation management,
nutrient management, weed control, seed treatment
etc.) were demonstrated. Atallthe locations, the yields of
demonstrated varieties were morethan the checkvarieties.

The yield gain due to improved variety under SCSP
wheat demonstrations was highest in Sriganganagar
(49.29%) district in Rajasthan state followed by Jhansi
(26.66%) in UP state, Samba (21.60%)district in Jammu
and Kashmir (UT), Amritsar(16.73%) district in Punjab
state and Hanumangarh (13.47%) district in Rajasthan
state. The lowest yield gain was in Hoshiarpur (1.53%)
districtin Punjab state.

Table 6.4: State wise wheat yield gain in demonstrations under SCSP programme during 2023-24

State and Zone Mean yield (q/ha) Gain (%)
Improved varieties Check
Punjab 53.63 51.10 04.94%**
Haryana 56.75 54.00 05.09%**
Rajasthan 60.93 47.33 28.74%**
Jammu & Kashmir 23.23 19.10 21.60%**
Overall (North Western Plains Zone-NWPZ) 52.85 49.38 07.04***
Uttar Pradesh (CZ) 50.60 39.95 26.66***

*** Significant at 1 per cent level

Under SCSP wheat demonstrations, the yield gain was
highest (28.74%) in Rajasthan.The lowest yield gain was
4.94 % in Punjab state (Table 6.4). The zonal (NWP2Z)
yield gain was 7.04% . The demonstrated varieties

outperformed the existing varieties

In Punjab state, the significant yield gain due to
improved wheat variety DBW 332 over check mean
yield was highest at Fatehgarh Sahib (28.57%). In




Haryana state, the highest significant yield gain due to
improved wheat variety DBW 187 was at Yamunanagar
(6.76%). In Rajasthan state, the highest significant yield
gain due to improved wheat variety DBW 370 was at
Sriganganagar (80.86%). In J&K (UT), the highest
significant yield gain due to improved wheat variety
DBW 332 was at Samba (24.26%). In UP, the highest
significant yield gain due to improved wheat variety
DBW 187 was at Jhansi (27.81%).

In Punjab, the highest yield of variety DBW 370 was
70.00 g/ha in Sangrur district. In Haryana, the highest
yield of variety DBW 332 was 68.00 g/ha in Sirsa district.
In Rajasthan, the highest yield of variety DBW 370 was
68.80 g/ha in Hanumangarh district. In UT of Jammu &
Kashmir, the highest yield of variety DBW 187 was 28.75
g/hain Samba district. In UP, the highest yield of variety
DBW 187 was 53.75 g/hain Jhansidistrict.

Costs and returns for SCSP wheat demonstrations
and barley FLDs vis-a-vis check plots

Profitability is one of the major factors influencing the
adoption of any crop production technology. In this
section, costs and returns analysis for wheat
demonstrations under the SCSP programme and barley
frontline demonstrations (FLDs) have been attempted
across regions for the improved production
technologies that were tested in the farmers' field
during 2023-2024 Rabi season. Generally, in any
economic study, total costs are discussed under two
categories viz,, variable costs and fixed costs, the widely
adopted norm. Nevertheless, variable costs alone are
reckoned to be the cost incurred by the farmers
ignoring the fixed costs. In any economic analysis of
farm business, the fixed costs should also be taken into
consideration to arrive at total costs for computing the
net income. However, in the present analysis only
operational or variable costs were considered to know
the profitability of technology adoption with the
assumption of fixed costs remain the same for the
particular farm wherein the technology (or variety) has
been demonstrated. Operational costs include
expenditure incurred on labour, seeds, manure,
fertilizers, plant protection chemicals, etc. The returns
over variable costs give an idea of profitability accrued
to the farmer after meeting all the day-to-day expenses.
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Cost of production was estimated to know the cost
incurred in producing a unit quantity of crop outputi.e,
% per quintal. Returns per rupee of investment were also
worked out to know the comparative profitability
between wheatand barley.

Primary data were collected by the cooperating centres
from the selected farmers who were allotted the FLDs. For
wheat demonstrations conducted under the SCSP
programme, the data were collected by the KVKs of the
respective states. The personal interview and discussion
method were adopted with the aid of pre-tested schedules
designed exclusively for the purpose of evaluating the
technologies disseminated through wheat
demonstrations and barley FLDs. The data collected
pertained to the rabi season 2023-2024. The
communicated data were compiled and processed at the
ICAR-Indian Institute of Wheat and Barley Research, Karnal
for further analysis and reporting. Every genuine effort was
made by the coordinators to collect realistic data from the
wheatdemonstrationsand barley FLD beneficiaries.

Costs and returns for wheat demonstrations vis-a-
vis checkplot

On an average, demonstration of improved wheat
varieties at the farmers' field under the SCSP programme
gave %3.44 per rupee of investment in comparison to the
farmers' practice (33.19). A significant difference in
returns per rupee of investment was noticed between
the demonstrated and check plots at the farmer's field.
The profit per hectare in the demonstrated plot was
highest in Rajasthan (133866), followed by Punjab
(398259). The difference in profit levels between
demonstration and check plots was highestin the case of
Rajasthan. Operational costs were found to be lower in
several wheat demonstrations in comparison to the
check plots. Overall, by adopting a new wheat variety, a
farmer earns a profit of ¥95301/ha comprising all regions.
Further, 799 has to be spent to produce a quintal of
wheat through a new variety against ¥871 (farmers'
choice of variety in the check plots).

Costs and returns for barley (FLDs vis-a-vis check
plot)

Onan average, improved barley varieties demonstrated
at the farmers' field under the FLD programme gave
profit around 367404 per hectare. A significant



differencein returns per rupee of investment was noticed
between the demonstration and check plots across
states and zones. Himachal Pradesh registered the
highest returns per rupee of investment (36.58) through
demonstrations, followed by Punjab (%4.25) and
Rajasthan (%3.13). The difference in returns per rupee of
investment between demonstration and check plots was
highest in Himachal Pradesh, followed by U.T of J&K, and
Uttar Pradesh. The profit per hectare in FLDs was highest
in Rajasthan (¥86033), followed by Himachal Pradesh
(*75174) and Punjab (X74516). The difference in profit
between FLD and check plots ranged from 328634 in U.T
of J&K to %5724 in Haryana. Interestingly, operational
costs were lower in FLDs than in check plots for amajority
of the barley growing states. The probable reason might
be a reduction in the use of inputs based on the
recommendation. The returns per rupee of investment
across barley growing zones were highest in the NHZ
(36.58), followed by NWPZ (%3.39) and CZ (2.79).
Estimates of the cost of production indicated that the
cost incurred in producing a unit quantity of barley
output was the least (476 per quintal) in Himachal
Pradesh owing to relatively less operational costs
coupled withrelatively higheryieldlevels.

Overall, the profit analysis on wheat and barley
indicated that the additional returns per hectare from
the demonstrated varieties and/or technologies were
more than the check varieties and/or technologies
establishing the fact that demonstrations carry the
successful technologies from lab to land. For some
beneficiaries, it was found that the operational costs
under check varieties were more than the
demonstrations/FLDs. However, the present estimates
are only the indicators for comparison within the
currentyear's rabiseason (2023-2024) and may not have
a complete inter-year relevance as the demonstrations
(improved varieties were different across regions) were
conducted at different sites as well as by different farm
households. Further, the difference in profit earned
from wheat/barley cultivation is subject to farm-farmer-
region specific conditions as it varies from case to case.

Cluster demonstrations of climate resilient and bio-
fortified wheat varieties during 2023-24

The reductioninyield due to climate change and also to
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overcome malnutrition, Ministry of Agriculture and
Farmers Welfare allocated a project entitled- “Cluster
Demonstration of Climate Resilient and Bio-fortified
Wheat Varieties” under NFSM- National Food Security
Mission dated October 13", 2023. This project is
approved for three years i.e. 2023-24 to 2025-26 by
NFSM Cell - Crops and PHMF division of MOA&FW. In
this project, 33 districts of 7 states are to be covered
during 2023-26. These states and districts are selected
on the basis of need-based interventions by identifying
the location specific constraints to bridge yield gap and
popularize the varieties. Out of these 33 districts, 11
districts were covered during 2023-24 crop season.

During the rabi crop season 2023-24, 440 hectares of
wheat cluster demonstrations were allotted to 11 selected
districts of 7 states, namely Punjab (71): Moga, Haryana
(77): Mewat, Uttarakhand (75): Haridwar, Rajasthan (100):
Dholpur, UP (200): Shrawasti and Balrampur, MP (195):
Chhatarpur and Damoh, and Bihar (322): Sitamarhi,
Muzaffarpur and Begusarai. In these states, 1100 cluster
demonstrations were conducted by 11 KVKs covering 440
hectaresareabenefitting 1040farmers.

During the crop season, farmers were guided by
providing timely advice on different cultural practices.
Among all the demonstrations, maximum yield gain
(27.03%) was recorded in Muzaffarpur (Bihar) and
minimum yield gain (08.12%) was recorded in Shrawasti
(UP). It could be inferred from these findings that in
state like Bihar, yield potential of climate resilient and
bio-fortified wheat varieties could be realized by
organizing cluster demonstrations with complete
package of practices.

The highest performing variety was DBW 332 with yield
of 70 gtl/ha in Mewat, Haryana while at many centres it
was noticed that performance of DBW 187 was the
highestagainst other demonstrated varieties.

Assessment of farmers' perspective on crop residue
management (CRM) in Indo-Gangetic Plains of India

The study was conducted during 2024 in Punjab
involving 120 farmers adopting crop residue
management technologies at their fields. It was found
that experts from research institutes such as KVKs, State
Department of Agriculture, ICAR institutes and
agriculture development officers were the main source



of information for a large majority (84%) of the farmers
of Punjab. Among the sampled farmers, majority (35%)
of them belonged to semi-medium category followed
by medium (28.33%) and small (17.5%). Year-wise
adoption of CRM technologies indicate that maximum
adoption was during 2023-24 (32.5%) and 2022-23
(29.17%) crop seasons, respectively. A large majority
(62%) of them adopted super seeder, followed by zero
till drill (21%), Happy seeder (10%) and Smart seeder
(7%) for wheat sowing. Farmers adopted large number
of varieties at their field and maximum adoption
(12.5%) was for DBW 371, DBW 222 (11.67%), DBW 303
and PBW 826 (10.83%), DBW 327 and DBW 372 (10%),
HD 3086 (9.17%), DBW 187 and DBW 370 (8.33). The
overall adoption of DBW series varieties was 71.67% in
the study area of Punjab. Rate of custom hiring per acre
ranged from Rs 2000 to 4000 depending upon number
of machines used to manage stubbles of rice. The cost of
cultivation of wheat ranged from Rs. 10000 to 14000 per
acre. Paddy-wheat (52%) was the most predominant
crop rotation in the study area. After Paddy-wheat
rotation, paddy-mustard (13%), paddy-wheat-moong
bean (11%), maize-wheat (10%) and cotton-wheat (5%),
were also adopted by the farmers. The most of the
farmers adopted complete package of practices of
Punjab. In terms of no. of irrigations in wheat, 40% of the
farmers applied 5 irrigations, while 33% of them applied
4 and rest 27% applied 6 irrigations. It could be inferred
from the above finding that there is no much water
saving in wheat even with the adoption of conservation
tillage forwheat sowing.

Promotion and impact evaluation of IIWBR
technologies at farmers'field

Under this project, during 2023-24 crop season, 520
wheat demonstrations (1 acre size each) were
conducted at 26 locations in Punjab, Haryana,
Rajasthan, Uttar Pradesh and Jammu & Kashmir states
using IIWBR varieties DBW 187, DBW 332 and DBW 371.
Similarly, 262 barley demonstrations (1 acre size each)
were conducted at 38 locations in Punjab, Haryana,
Rajasthan, Bihar, Uttar Pradesh and Madhya Pradesh
states using IIWBR barley variety DWRB 137. The
Progress of wheat and barley demonstrations were also
monitored at Sangrur, Mansa, Bathinda, Muktsar,
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Kathua, Kapurthala, Ayodhya, Varanasi and Mirzapur
centers. To promote entrepreneurship among farmers,
a seed village programme was initiated in village
Sangoha with 5 progressive farmers using IIWBR variety
DBW 371. The main purpose of this programme is to
increase the adoption of institute varieties in the nearby
villages by adopting horizontal diffusion method. As an
initiative to promote IIWBR technologies, 90q quality
seed of wheat variety DBW 371 was multiplied under
seed value chain model at 5 acres of land in adopted
seed village Sangoha (Karnal, Haryana), during 2023-24.
Out of this seed, 50q seed was spread over more than
100 acres of land with about 17 farmers for the faster
popularity and horizontal spread of IWBR wheat variety
DBW 371 in villages Sangoha, Gheer, Jairampur, and
Badagaon of Karnal district. The feedback about the
wheat variety DBW 371 will be taken from the farmers of
abovevillages during 2024-25.

Tribal-Sub-Plan (TSP) Project: 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 2023-24, namely, Lahaul & Spiti
(Himachal Pradesh), Leh (Jammu & Kashmir), Khudwani
(Jammu & Kashmir), Jabalpur (Madhya Pradesh),
Udaipur (Rajasthan), Bilaspur (Chhattisgarh), Ranchi
(Jharkhand) and Dharwad (Karnataka). During 2023-24,
different TSP activities were carried out. The
demonstrations on wheat crop were conducted with
complete package of practices at 46, 40, 25, 10 and 25
farmers' fields at Khudwani, Udaipur, Bilaspur, Dharwad,
and Jabalpur centers, respectively. Under TSP wheat
demonstrations, the seeds of improved wheat varieties
were supplied and the demonstrations were conducted
with the complete package of practices. One
Awareness-cum-Training Programme on Barley was
organised for 200 farmers at Dalang Maidan, Lahaul &
Spiti (Himachal Pradesh), the agricultural inputs were
distributed to the tribal farmers. One Awareness-cum-
Training Programme in Agriculture was organised for
314 farmers at Dalang Maidan, Lahaul & Spiti (HP), the
vegetable seed kits were distributed to the tribal
farmers.

¥



7 BARLEY IMPROVEMENT

The ICAR-IIWBR, Karnal, spearheads the National Barley
Research Programme under the aegis of the AICRP on
Wheat and Barley by orchestrating multi-disciplinary
and multi-locational experiments across all barley-
growing zones in India. These experiments are
supported by both funded and voluntary centres,
focussed on comprehensive aspects of genetic
improvement of barley, protection, and production of
malt, feed, and food barley. Such initiatives culminate in
the identification of new cultivars that exhibit wider
adaptability, resilience to biotic and abiotic stresses,
superior grain and malt quality, and suitability for
specific production conditions.

The program encompasses experimentation on input
optimization, conservation agriculture, and evaluation
of new varieties under diverse production technologies
to identify widely adaptable genotypes. Additionally,
advanced screening of new genotypes under artificial
epiphytotic conditions, hot spots, chemical control, and
Integrated Pest Management (IPM) is carried out at
designated test centres under the crop protection
section. Furthermore, zonal monitoring during the crop
season and the organization of annual review and work-
planning meetings serve to streamline the objectives of
the AICRP on wheatand barley.

As a result of these coordinated efforts, the barley
improvement program has achieved commendable
productivity, with the national average reaching 30.80
g/ha and a production of 2.22 MT from 8.18 lakh
hectares during 2023-24. The institute enhances these
coordinated research efforts through specialized
initiatives, particularly in malt barley improvement,
disease resistance integration, and quality
enhancement using biotechnological tools. Emphasis is
placed on trait discovery, exploitation of exotic genetic
resources, and creating novel variability.

AICRP coordination activities
Release of new malt barley variety
Hon'ble Prime Minister of India Shri Narendra Modi Ji

dedicated to the nation DWRB219, a two-row hulled
malt barley variety developed by the ICAR-Indian
Institute of Wheat & Barley Research, Karnal, originated
from the cross BETZS/DWRB88 (Fig. 7.1 & 7.2). Officially
notified by the Varietal Identification Committee (VIC)
for commercial cultivation for timely sown, irrigated
conditions in the North-Western Plains Zone of India.

Known for its exceptional productivity, DWRB219
boasts an average yield of 54.49 g/ha and a remarkable
yield potential of up to 93 g/ha, making it a superior
choiceforfarmersintheregion.
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Fig 7.1: DWRB 219, a two-rowed malt barley variety for cultivation
inNWPZ.
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Fig. 7.2: Close up view of spikes and grains of DWRB 219.




DWRB219 demonstrated superior performance by
significantly outyielding standard two-row malt barley
checks, surpassing DWRUB52 by 13.87%, DWRB160 by
12.14%, DWRB182 by 16.13%, and RD2849 by 12.18%.
Additionally, it outperformed six-row feed barley
checks, exceeding BH946 by 18.25% and DWRB137 by
4.74%, based on three years of rigorous trials.
Agronomic trials revealed its superior grain yield, grains
per ear, and 1000-grain weight across varying nitrogen
levels. It exhibited minimal yield reduction (-7.20%) at
lower nitrogen input (N60 kg/ha) and the highest yield
gain (+6.80%) at higher nitrogen input (N120 kg/ha)
compared to checks, showcasing its adaptability to
nitrogen management. This variety possesses
moderate lodging tolerance, critical for optimizing
yield potential, and demonstrates robust resistance to
yellow rust along with moderate resistance to leaf rust.
In Seedling Resistance Tests, it proved resistant to the
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6S0 yellow rust pathotype and the 40A and 122 black
rust pathotypes.

DWRB219 achieved malting quality score of 17/36,
complemented by a significant yield advantage over
both current and long-term checks. It outperformed
DWRB182 in critical malting quality parameters,
including hectolitre weight, grain size distribution,
husk content, and 1000-grain weight, establishing itself
as a superior choice for both yield and quality in the
maltbarley category.

Registration of novel barley geneticstocks

During the year 2024, four distinct barley genetic stocks
namely, DWRBG15, DWRBG16, DWRBG19, and
DWRBG25 have been successfully registered with ICAR-
NBPGR by ICAR-IIWBR, Karnal. These genetic stocks are
recognized for their unique and valuable traits,
contributing significantly to the advancement of barley
geneticresources (Table7.1).

Table 7.1 : Genetic stocks registered with ICAR-NBPGR, New Delhi during 2024.

SN Name INGRN Trait (s)
1. DWRBG15 INGR23084 High protein (14.6%) and 3 glucan contents in grains (6.0%) in six
row hulless barley
. DWRBGI16 INGR23085 High B-glucan (6.1%) in six row hulless barley
3.  DWRBG19 INGR23086 Low beta glucan (3.7%) in two-row malt barley
DWRBG25 (Tested as INBON-HI-(2016)-73) INGR24019 Highter grain beta glucan content (8.0% dwb)

Bold grain percentage (90.7%)
High protein content (16.1% dwb)

Organization of coordinated yield evaluation trials

A total of 102 test entries from 12 centres were
evaluated against 23 checks in coordinated yield trials
under various conditions, including rainfed (plains and
hills), irrigated (plains), and saline soils. The entries
comprised malt, feed, dual-purpose, and hulless barley,
with hulled types predominating and a few hulless
entries observed in the northern hills and plains. The
trials were conducted across 10 primary centres and 31
additional sites, including ICAR and SAUs, during Rabi
2023-24. Of the 123 proposed trials, 122 were
conducted against 23 checks, with one salinity and
alkalinity tolerance trial at Bhilwara omitted. At Hisar,
two salinity and alkalinity trials were rejected due to
poor crop stand, as verified by the monitoring team.
Timely data were received for 120 trials, of which 93
(75.61% of proposed and 77.50% of received) were

found suitable forreporting.
Promising entriesin AVT/IVTs

Following a comprehensive multilocation evaluation
of various trial series across country, the 51 entries
demonstrated significant yield superiority over the best
check (Table 7.2). Additionally, 15 entries exhibited
numerical superiority across different trials/zones;
however, they were statistically at par with the best
check. Notably, seven entries, while also statistically at
par with best check, possessed additional desirable
traits. The decision regarding their promotion or
retention in the AICRP trials for the subsequent year will
hinge on strict promotion criteria, including significant
superiority over the check or the presence of additional
trait(s), as well as monitoring reports for purity,
disease/pestresistance, and relevant quality traits.
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Table 7.2 : Leading entries in various trials for 2023-24

SN Trial name Zone Significantly superior Numerically superiorin AT par with check in grain
in grain yield grain yield over yield but having traits of
over check check + desirable trait(s) quality or economic

importance

a. Malt Barley Trials (Plains)

1. AVT-I-MB NWPZ DWRB235, DWRB238, -
RD3064

2. IVT-IR-MB NWPZ DWRB2307, DWRB2309, RD3087 -
DWRB2311, DWRB2312,
RD3084, RD3086, RD3105,
PL958, PL959

b. Rainfed Barley Trial (Plains)

3. AVT/IVT-Rainfed NEPZ None HUB288, RD3098 ==

C. Salinity/Alkalinity Barley tolerance Trials (Plains)

4. IV/AVT-Sal/Alk Plains RD 3102 RD 3109 KB2031, HUB294

d. Hulless Barley Trials (Plains)

5. AVT-(1&Il) -NB NWPZ DWRB223, DWRB 244 -—- -

6. AVT-(1&I1) -NB cz NONE -

7. IVT-NB NWPZ NONE PL960, RD3091 RD3092,R D3089, RD3090

8. IVT-NB NEPZ DWRB2304, DWRB2306, -
PL960, RD3088, RD3089,
RD3091,RD3092, UPB1121

9. IVT-NB (o4 PL960, RD3088, DWRB2304, DWRB2306 RD3092
RD3089, UPB1121

e. Rainfed Trials (Hills)

10. IVT/AVT-FB NHZ HBL884, VLB187 BHS498, HBL886, VLB185 ==

11. IVT/AVT-DP NHZ BHS552, BHS498, --
HBL884,VLB184, UPB1118

12. AVT-1-HB NHZ NONE BHS497 ==

13. IVT-HB NHZ BHS499 BHS500 -

f. Feed Barley Trials (Plains)

14. AVT-II-FB NEPZ UPB1106 === ==

15. IVT-FB NWPZ RD3095, BH1059, PL955 --- ---

16. IVT-FB NEPZ BH1059, HUB290, PL955 - --

17. IVT-FB cz - - -

g. Dual Purpose Barley Trials (Plains)

18. IVT-DP NWPZ JHSBB19, JHSBB16, - --
JHSBB22, JHSBB28,
DWRB2318, DWRB2313

19. IVT-DP NEPZ NONE - -

International Trialsand Nurseries

During the Rabi 2023-24, two international trials and
one international germplasm nursery were received
from the International Center for Agricultural Research
in the Dry Areas (ICARDA) and planted at different
locations as indicated in Table 7.3. The trials, IBYT-FFM
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and IBYT-ASA, each comprised 24 test entries along
with 3 control checks, one of which was a designated
national check. The nursery, IBON-2024, consisted of
139 test entries, 2 control checks replicated three times
each, and one locally replicated Indian check (also
repeated three times). In total, 148 genotypes were




obtained from ICARDA for testing. The IBYT-ASA trial
was conducted across multiple locations: Durgapura,
Hisar, Ludhiana, Pantnagar and Karnal. The IBYT-FFM
trial was evaluated at Durgapura, Ludhiana, Hisar and
Karnal. Meanwhile, the IBON nursery was tested at
Durgapura, Pantnagar, Kanpur, and Karnal. A Field Day
was organized at Karnal on March 19, 2024, to provide
barley breeders from the National Agricultural Research
System (NARS) with the opportunity to review and
select materials from these nurseries according to the
specificneeds of their respective regions.

In addition one national trial of Elite International Barley
Germplasm Nursery (EIBGN) was also established and
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shared with different locations in the country. EIBGN
consisted of 24 germplasm lines and six released
varieties-BH946, HUB113, BHS400, PL891, DWRB123,
and DWRB137-used as checks. These 24 promising
germplasm lines were selected from various
international trials and nurseries based on their
performance during the Rabi 2022-23 season. A total of
48 entries, including six checks, were distributed to
twelve locations across NWPZ (Hisar, Karnal, Ludhiana,
Durgapura, Pantnagar, Chatha), NEPZ (Kanpur, Varanasi,
Kumarganj), and NHZ (Khudwani, Shimla, Bajaura). The
nursery trials were successfully conducted at all these
locations.

Table. 7.3: International trials and nurseries evaluated during crop season 2023-24.

SN. Trials/Nurseries Genotypes received National Check  # SetsLocations

1 2024 International Barley Yield 24 DWRB1374 Durgapura, Hisar, Ludhiana, Karnal
Trial for Feed, Forage and Malt in
Favourable Environments
(IBYT-FFM-24)

2 2024 International Barley Yield Trial for 24 Lakhan6é Durgapura, Hisar, Ludhiana, Karnal,
Arid and Semi-Arid regions (IBYT-ASA) Pantnagar, Kanpur

3 2024 International Barley 147 + 6 checks DWRB1375 Hisar, Kanpur, Karnal, Durgapura,

Observation Nursery (IBON-24)

Pantnagar

International Barley Yield Trial for Food, Feed, and
Maltin Favourable Environments-24 (IBYT-FFM-24)

The International Barley Yield Trial for Food, Feed, and
Malt in Favourable Environments (IBYT-FFM) consisted
of 24 entries, including one Indian local check variety,
DWRB 137 (C1, Entry IBYT-FFM-1), and two ICARDA
checks: Entry IBYT-10 (V Morales =C2) and Entry IBYT-FFM-
20 (Rihane-03 = C3). The trial was conducted at four
locations-Durgapura, Hisar, Ludhiana, and Karnal-within
the Northwestern Plain Zone (NWPZ), under high-input
conditions. Entry IBYT-FFM-17 achieved the highest yield,
recording 63.6 quintals per hectare, followed by IBYT-FFM-
22with 63.10g/ha,and IBYT-FFM-19 with 61.30 g./ha.

International Barley Yield Trial-ASA-2024-(IBYT-
ASA-2024)

The IBYT-ASA-2024 trial, consisting of 24 entries,
including one Indian local check variety 'Lakhan' (C1,
Entry IBYT-FFM-1), and two ICARDA check varieties,
Entry IBYT-10 (Rihane-03 = C2) and Entry IBYT-FFM-20
(Furat-03 = C3), was evaluated using an Alpha-Lattice
Design with two replications across six locations:

Durgapura, Karnal, Kanpur, Hisar, Pantnagar, and
Ludhiana. Data from all locations were integrated into a
national pooled analysis. Entry IBYT-ASA-7 achieved the
highest yield with 46.41 g/ha, followed by IBYT-ASA-4
with45.94 q./ha, and IBYT-ASA-12 with 45.69 g/ha.

International Barley Observation Nursery-High
Input-2024 (IBON-HI-2024)

The IBON-24 trial comprised 139 test entries alongside
three check varieties-two ICARDA checks (Rihane-03
and V Morales) and one local check (DWRB137), with
each check replicated three times. This nursery was
conducted across five locations: Durgapura, Kanpur,
Pantnagar, Karnal, and Hisar during 2023-2024. Data
were collected from all locations. The entry No. 30
recorded the highest grain yield nationally (43.36q/ha),
followed by entries 26 (41.48qg/ha), 25 (40.73g/ha),
32(40.57g/ha), 22 (39.57g/ha), and 40 (39.11g/ha).
Among the check varieties, the local check DWRB137
achieved the highest grain yield, with an average of 42.7
g/ha and a range from 15.03 to 43.36 g/ha across the
locations.



Elite International Barley Germplasm Nursery
(EIBGN-2023-24)

The EIBGN trial was established with 24 germplasm
linesandsix released varieties-BH946, HUB113, BHS400,
PL891, DWRB123, and DWRB137-used as checks. These
24 promising germplasm lines were selected from
various international trials and nurseries based on their
performance during 2022-23. A total of 48 entries,
including the six checks, were distributed to twelve
locations across the NWPZ (Hisar, Karnal, Ludhiana,
Durgapura, Pantnagar, Chatha), NEPZ (Kanpur, Varanasi,
Kumarganj), and NHZ (Khudwani, Shimla, Bajaura). The
nursery was successfully conducted at all these
locations. Each entry was sownin 1.5 m?plot consisting
of two rows, each 2.5 m in length with a spacing of 30
cm. Grain yield data, recorded in grams per plot, were
converted to g/haforanalysis. The results were analysed
on both a centre-wise and zone-wise basis for each trait
acrossthe 12 testinglocations.

In the NWPZ, the highest location mean for grain yield
was observed at Durgapura (89.4 g/ha), followed by
Karnal (31.1 g/ha) and Pantnagar (30.7 g/ha), with an
overall zonal mean of 38.8 g/ha. Notably, the grain
yields at Durgapura were exceptionally high across
different entries. The highest zonal mean for grain yield
was recorded by the entry IBYT-FFM-2023-15 (53.4
g/ha), followed by IBON-HI-2023-57 (52.7 g/ha) and
IBON-HI-2023-3 (52.4 g/ha). Among the checks, BH946,
avariety recommended for NWPZ, recorded the highest
grainyield of 47.5 g/ha.

Inthe NEPZ, grain yields were low atVaranasi (18.5 g/ha)
and Kumarganj (12.8 g/ha), whereas the Kanpur
location showed appreciable yields with a location
mean of 40.8 g/ha. The highest grain yield in this zone
was recorded by IBON-HI-2023-55 (37.1 g/ha), followed
by IBYT-FFM-2023-6 (32.1 g/ha) and IBON-HI-2023-3
(30.6 g/ha). Among the checks, the two-rowed variety
DWRB123 performed the best with a grain yield of 28.4
g/ha.

In the North Hill Zone, the highest location mean for
grain yield was observed at Khudwani (32.2 g/ha),
followed by Bajaura (28.8 g/ha) and Shimla (24.0 g/ha),
resulting in azonal mean of 28.3 g/ha.The highest yields
among the check varieties were recorded by BH946 at
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Khudwani (41.3 g/ha), BHS400 at Shimla (22.1 g/ha), and
PL891 at Bajaura (31.3 g/ha). The entry IBYT-FFM-2023-
17 recorded the highest zonal mean grain yield (35.3
g/ha), followed by IBYT-ASA-2023-4 (33.9 g/ha) and
IBYT-FFM-2023-22 (32.8 g/ha). BHS400 emerged as the
best-performing check variety in this zone, with a grain
yield of 29.8 g/ha.

National Barley Genetic Stock Nursery (NBGSN-
2023-24)

The NBGSN nursery consisting of 12 promising genetic
stocks with valuable breeding traits was distributed to
12 centres for utilization, including Hisar, Karnal,
Ludhiana, Durgapura, Pantnagar, Chatha, Kanpur,
Varanasi, Kumarganj, Khudwani, Shimla, and Bajaura.

Coordination of Breeder's Seeds Production of
Barleyduring 2023-24

Breederseedindent, allocation, and production

A total of 571.55 quintals of breeder seed, spanning 29
varieties, was indented by the Seed Division, DA&FW,
New Delhi, for productionin 2023-24 and distributionin
2024-25. This request was made by seven states-
Rajasthan, Uttar Pradesh, Punjab, Haryana, Himachal
Pradesh, Madhya Pradesh, and Uttarakhand-and five
public sector agencies, including the National Seeds
Corporation, IFFDC, NDDB, KVSS, and NSAI. Rajasthan
submitted the largest indent of 200 quintals (35%),
followed by Uttar Pradesh with 100 quintals (17%),
KVSSL with 12%, and National Fertilizer Limited. The top
five indenting agencies collectively represented nearly
85% of the total breeder seed demand. Of the total
indent, 554.35 quintals, encompassing 20 varieties, was
allocated to nine BSP centres across six states. Among
the allocated varieties, DWRB 137 received the highest
indent (129.55 quintals), followed by RD 2907 (68.50
quintals) and RD 2899 (60.0 quintals). Breeder seed
production during 2023-24 totalled 787.50 quintals,
surpassing both the indent of 571.55 quintals and the
allocation of 554.35 quintals. This resulted in a surplus of
215.95 quintals compared to the allocation and 233.15
quintalsagainst the indent. Among the nine production
centres, RARI, Durgapura recorded the highest output
with 405.80 quintals, followed by IIWBR, Karnal (148.00
quintals) and CCSHAU, Hisar (96.00 quintals). The top
five indented varieties constituted 61.28% of the total



indent. Additionally, 19.04 quintals of nucleus seed for
24 varieties were produced under BNS-1 during 2023-
24, exceeding the allocation of 17.60 quintals.

Molecularprofiling of barley AVT 2023-24

Molecular profiles were generated to distinguish
entries with their respective checks for barley AVT-MB-
NWPZ and AVT-NB-NWPZ trials 2023-24. A set of 46
SSR/STS markers covering all the seven linkage groups
of barley was screened with twelve genotypes
including entries and checks. During UPGMA clustering
of AVT-MB-NWPZ, three entries under evaluation were
grouped in single cluster at similarity coefficient (Sm)
value 0.77 and showed sufficient genetic variability at
molecularlevel (Fig.7.3).

Average polymorphic information content (PIC) of AVT
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Fig. 7.3. UPGMA based clustering of AVT-MB-NWPZ 2023-24 entries
and checks for genetic variability

entries and checks of this trial entries varied from 0.31 to
0.44 across seven linkage groups of barley and
chromosome 6H was found most variable (Fig. 7.4).
Likewise, for AVT-NB-NWPZ trial, five genotypes
including one entry and four checks clustered within

Polymorphic information content [PIC) in AVT-MB-
NWPZ Trials 2023-24
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Fig. 7.4. Polymorphic information content (PIC) in AVT-MB-NWPZ
Trials 2023-24
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Smrange of 0.63to 1.0.(Fig.7.5).
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Fig 7.5. UPGMA based clustering of AVT-NB-NWPZ 2023-24 entries
and checks for genetic variability

Average polymorphic information content (PIC) of AVT
entries and checks of this trial varied from 0.23 to 0.46
across seven linkage groups of barley and chromosome
7Hwas found mostvariable (Fig.7.6).

Polymorphic information content (PIC) in AUT-NB-
NWPZ Trials 2023-24
ns
A5 3
o4
0.35
34—
.35 - — =] — !
oy - - -
.15
o1
0.05 +
01— T T T T
Chrl Chr2 Chri Chrd Chrg Chrk Chrl

Fig. 7.6. Polymorphic information content (PIC) in AVT-NB-NWPZ
Trials 2023-24

In both dendrograms, each entry is uniquely placed at
separate node and is distinct from rest of entries and
check lines, respectively. The eventual intend of this
effort is to develop molecular markers-based
amplification profiles for varietal characterization and
toassessthelevel of genetic diversity in Indian barley.

Barley germplasm exchange, conservation and
rejuvenation

Atotal of 358 barley accessions were supplied to various
institutions across the nation, while 168 new barley
germplasm accessions were integrated into the existing
collection. The germplasm repository efficiently
safeguards and manages 8,239 barley accessions in the
Medium-term Storage Module at ICAR-IIWBR, Karnal,
under stringent conditions of 4°C and 30% relative
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humidity. Additionally, 56 barley accessions, including
45 wild accessions of Hordeum spontaneum, are
meticulously preserved. The barley database,
encompassing 106 notified varieties, 67 genetic stocks,
and the complete germplasm inventory, undergoes
regular and precise updates to maintain its accuracy
and comprehensiveness. Twenty-five barley genotypes,
including 23 high-malting types and 2 hulless entries
from the AVT final year, were rigorously characterized

Table.7.4 : Accessions that exhibited promising characteristics
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based on 32 DUS (Distinctness, Uniformity, and
Stability) traits, strictly adhering to established DUS
guidelines. This year, 1044 barley germplasm
accessions were successfully rejuvenated, with detailed
data collection emphasizing numerous promising
traits. Specific accessions exhibiting favourable
characteristics have been identified and documented
(Table.7.4).

Trait Criteria Promising Accessions

Days to heading <70 days BCU 407, BCU 446, BCU 443, BCU 447, BCU 4865, BCU 411, BCU 485, BCU 594, BCU 457, BCU 591

Days to maturity <120 days BCU 449, BCU 4656, BCU 4865, BCU 5327, BCU 4827, BCU 4829, BCU 4830, BCU 4889, BCU 599,
BCU 600, BCU 4826, BCU 4858, BCU 4883

Plant height <80 cm BCU 4956, BCU 411, BCU 4865, BCU 4907, BCU 594, BCU 633, BCU 420, BCU 370, BCU 616, BCU
558, BCU 924

Grain yield (g/plot) High BCU 4372 (1476 g), BCU 4364 (1404 g), BCU 4342 (1228 g), BCU 4259 (1136 g), BCU 4094 (1124

g), BCU 4282 (1120 g),BCU 4118 (1116 g)

DUS project on barley (Funded by PPV&FRA) Four
candidate varieties-2880/3840, 2883/2394,
23BABC7301, and 23BARANAOQ2 were planted for their
first-year evaluation. Concurrently, the barley reference
collections, comprising 49 and 106 released varieties,
were systematically maintained. DUS data compilation
is in progress for submission to the PPV&FRA, New
Delhi.

Malt Barley Improvement

Breeding materials and hybridization program for
maltbarley

During 2023-24, a total of 139 crosses were strategically
executed using diverse parental lines characterized by
superior malting quality, agronomic adaptability, and
earliness. A comprehensive crossing block comprising
350 entries with potential donor lines was established

under the malt barley breeding program. Of the crosses
attempted, 50 were advanced at the off-season nursery
in Dalang Maidan for generation advancement. Within
the malt barley breeding program, rigorous individual
plant selections and family selections were conducted,
prioritizing traits such as yield, yield-contributing
factors, and disease resistance. Detailed information on
the breeding materials selected and cultivated during
2023-24 is provided in Table 7.5. The 25 Bulks has been
selected from F7 and F8 to be evaluated in station trials.
Atotal of 166 new crosses were attempted as part of the
malt program, focusing on quality traits. This effort
included the raising of 134 F1 populations and 720
segregating progenies derived from 468 crosses, all
aimed at improving quality traits essential for malt
production.

Table.7.5 : Malt barley breeding materials selected and grown during rabi 2023-24

Generations Families Crosses
F, 10 8

F, 9 4

F, 42 20

F, 120 59

F, 90 48

F, 154 76

F, 105 105

F, 139 139
Total 669 459
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The coordinated malt barley initial varietal trials for
2024-25 feature key entries showcasing advanced
genetic combinations. DWRB2401 (DWRB123/RD2849),
DWRB2402 (PL426/DWRB101), DWRB2403
(DWRB123/SK), and DWRB2404 (DWRUB52/IRINA)
highlight efforts to integrate diverse traits forimproved
yield, resilience, and adaptability. These entries reflect
innovation in breeding programs aimed at enhancing
agricultural performance.

Feed and food barleyimprovement
Feed barley

To develop superior varieties for feed and dual-purpose
barley, a total of 96 fresh crosses were attempted to
incorporate tolerance to abiotic stress (combined heat
and drought stress tolerance; tolerance to salinity stress
and tolerance to drought stress) and biotic stresses
(yellow rust and leaf blight). Four donors for resistance
to yellow rust resistance in naked barley (BHS479,
BHS483, BHS485, BHS486) were used from the National
Barley Genetic Stock Nursery (NBGSN 2023-24) Sixteen
F, cross combinations were raised at Dalang Maidan
during summer 2024 for generation advancement and
the harvested F,s from these materials were planted at
ICAR-IIWBR, Karnal Farm. The materials in different
generationaregiveninTable.7.5.

Food Barley

To maintain the genetic variability and exploitation of
existing variability, a crossing block was constituted with
125 diversified germplasm lines of hulless barley and 93
lines of hulled barley during 2023-24. By selecting the
desirable donor parents from the crossing block, 66 new
crosses were attempted to broaden the genetic base,
high yield, quality traits, and for attaining the tolerance
against bioticand abiotic stresses. Out of these, 23 F,cross
seeds were advanced at Dalang Maidan, and
subsequently, F,generations of their crosses are grown at
ICAR-IIWBR, Karnal,during 2024-25.

Evaluation of advanced breeding lines under
different station trials

Feed barley station trials

Twenty-two lines, three of which were two-rowed were

evaluated for grain yield in the Barley Station Trial (Feed
Barley) along with three yield checks (DWRB137, BH946
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and RD2715). Four lines (BST-FB-2024-08, BST-FB-2024-
16, BST-FB-2024-11 and BST-FB-2024-07) were found
superior for grain yields (50.2 to 69.75 qg/ha) over the
best check and possessed high levels of disease
resistance, particularly toyellow rust.

Dual purpose barley (Feed and fodder) station trial

Out of 22-lines evaluated in the station trial, six lines
namely BST-DPB-2024-9, BST-DPB-2024-19, BST-DPB-
2024-12, BST-DPB-2024-13, BST-DPB-2024-6, and BST-
DPB-2024-14 have registered superior green fodder yields
(26.1t032.4t/ha)at 55 days of sowingand grainyields over
the dual-purpose barley variety RD2715 (Fig. 7.7). Grain
yields (26.0 to 38.2 g/ha) obtained in these lines after the
cut were also superior over the check variety. These lines
havealso possessed high levels of disease resistance.

Fig 7.7.Dual purpose barley.

Preliminaryyield evaluation

The 29-homogenous bulks of hulled and naked barley
in F, generation were evaluated in two-rowed plots of
4M each in two replications along with the check
varieties PL891(hulless) and DWRB137 (hulled). Seven
of the high yielding bulks among the hulled barley type
were selected for their further evaluation in station trial
for feed and dual-purpose barley in larger plot size.
Similarly, among the naked barley genotypes, six high
yielding bulks were identified for their further
evaluationin the station trial for naked barley.

Selection of high yielding lines in the Elite
International Barley Germplasm Nursery (EIBGN
2023-24)

Twenty-four high yielding germplasm lines selected
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from different international barley trials and nurseries
received from ICARDA were evaluated in an augmented
field design along with six-check varieties. Two of these
germplasm lines (EIBGN 2023-24-2 and EIBGN 2023-24-
2) which gave superior grain yields were selected for
their further evaluation in station trials for feed and
dual-purposebarley.

Contribution of promising entries to the All India
Coordinated Research Project on Wheat & Barley
Improvement (AICRPW&B)

During the crop season 2023-24 a set of 4-entries was
promoted to IVT-Feed Barley trials and another set of 6-
entries was contributed to IVT-Dual Purpose Barley for
all the zones of plains. Based on the performance the
test entry DWRB2313 has been promoted to AVT-I-
(2024-25) of dual-purpose barley in NWPZ and CZ
zones. DWRB2314 and DWRB2316 have also been
promoted to AVT-I1-(2024-25) trials of dual-purpose
barley in CZ zone. Among the feed barley test entries,
one test entry DWRB2302 was promoted to the AVT-I-
(2024-25) trials of feed barley in NEPZ.

For Initial Varietal Trials (2024-25) four test entries
DWRB2411, DWRB2412, DWRB2413 and DWRB2414
have been contributed to feed barley trials, and six test
entries DWRB2415, DWRB2416, DWRB2417,
DWRB2418, DWRB2419 and DWRB2420 have been
enteredin dual purpose barley trials.

Table 7.6 : Salient features of hulless barley variety DWRB 223.
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Food barley station trial and entries contributed in
coordinated trials

Based on the yield performanceand yellow rust
resistance, five hulless genotypesviz;DWRB2407,
DWRB2408, DWRB2409, DWRB 2410, DWRB 2424 and
DWRB2425 were contributed to the initial varietal trial
(IVT-IR-TS-Naked barley) during 2024. In additiontwo
genotypes namely, DWRB 2304 and DWRB2306 were
promoted from IVT to AVT-l in NEPZ and central zone
while, DWRB244 was promoted from AVT-I to AVT-Il in
the NWPZ. DWRB223, a six row hulless entry was
identified by varietal identification committee for
irrigated timely sown conditions in north western plain
zone. It had grain yield of 42.98 g/ha and resistance to
yellow rust

New entry identified for release DWRB 223

The Varietal Identification Committee identified DWRB
223 as a breakthrough six-row hulless barley entry for
irrigated, timely sown conditions in the NWPZ (Table
7.6). This superior variety demonstrated remarkable
performance, delivering an 18.18% higher grain yield
compared to the six-row hulless variety Karan16 and a
14.13% improvement over the two-row hulless variety
PL891. In addition to its exceptional yield, DWRB 223
stands out for its robust resistance to yellow rust,
solidifying its potential as a game-changer in barley
production for the region (Fig. 7.8).

Variety Production Daysto  Days to 1000 grain  Test weight beta- Protein  Iron zinc

condition heading maturity weight(g) (Kg/hL) glucan (%) (%) (ppm) (ppm)
DWRB irrigated, timely 92 138 36.7 711 6.0 1.7 43.7 47.8
223 sown of NWPZ

The hulless barley genotype DWRB 244 has been
contributed to AVT-Il trials. This six-row hulless barley is
specifically suited for production under NWPZ
conditions, achieving an average yield of 40.6 g/ha. It
exhibits resistance to yellow rust and moderate
resistance to leaf blight, ensuring better disease
management (Fig. 7.9). Additionally, it is notable for its
high nutritional quality, with a zinc content of 38.2 ppm,
an iron content of 43.3 ppm, and a beta-glucan level of
7.8%, making it a valuable strain for both productivity
and health benefits.
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Fig.7.9. Field view of DWRB 244.

Identification of novel genetic resources for food
andfeed barley

Identification of germplasm resources for high Zn,
Fe and anti-oxidants: Fifteen-germplasm lines
namely, HLR-10, HLR-24, HLR-34, HLR-64, HLR-125, HLR-
136, HLR-153, HLR-196, HLR-310, HLR-322, HLR-355,
EC0578267, 1C0532979, 1C0438103 and 1C532985 were
screened for contents of Zn and Fe, and antioxidant
activity along with the four check varieties (registered
genetic stocks) DWRB-191 for Zn, DWRB-192 for Fe and
KASOTA and DWRB-189 for anti-oxidant activity. Five
lines namely, HLR-136, EC0578267, 1C0532979,
IC0438103 and 1C532985 had pigmented grains (Fig.
7.10). All the nineteen lines were raised at five locations
namely Durgapura, Karnal, Ludhiana, Pantnagar and
Kanpur for Zn and Fe and additionally at Hisar for
antioxidant activity. The harvested seed-samples of
these lines and checks obtained from these six locations
were examined for the nutritional components.

Zn-content in grains ranged from 25.1ppm (HLR153) to
39.5 ppm (1C0532979). Seven test entries (IC0532979,
EC0578267,HLR-136,1C0438103,1C532985, HLR-24 and
HLR-64) outperformed the check DWRB192 for grain-Zn
content.In case of Fe contentin grains, itranged from 31
ppm (HLR10) to 43.2 ppm (DWRB-192); and anti-oxidant
activity from 40.8% to 64.9 % (DWRB-189). No test entry
surpassed the checks used for these two nutritional
quality traits. However, Fe-contents recorded in three
test entries namely, 1C532985(42.2ppm), HLR24 (41.4
ppm) and HLR-64 (41.2 ppm) were close to the check
DWRB192 (43.2 ppm). The results also showed that the
genetic stock DWRB189 (64.9 %) registered for

ICAR-IIWBR ANNUAL REPORT 2024

antioxidant activity is the best source for genetic
improvement of antioxidant activity in barley as the
second-best test entry HLR-196 had 54.4 % of
antioxidantactivity.
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Fig.7.10.Pigmented naked barley.
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Diversified germplasm resources for yellow rust in
barley:

A set of 398 land races of barley was screened at Bajaura
during the crop season 2021-22 against yellow rust
under field conditions for adult plant reaction (APR), the
infection was facilitated by artificial inoculation of a
mixture of different pathotypes received from RS,
Flowerdale and planting of a susceptible variety after a
regular interval of 10-lines. During the same period this
set of land races was also screened at RS, Flowerdale for
Seedling Resistance Test (SRT) against 14-pathotypes of
yellow rust. The promising 18-land races were further
screened for APR and SRT at these locations during
2023-24 . Eight land races (HLR 75, HLR 103, HLR 115,
HLR 134,HLR 137,HLR 271, HLR 272 and HLR 273) giving
consistent results both for APR and SRT were screened
for their reaction to yellow rust during 2023-24 at multi-
locations (Bajaura, Hisar, Ludhiana, Durgapura, Karnal
and Jammu), the hot spots for the disease along with all
the 15-genetic stocks registered for resistance to yellow
rust from time to time. An immune reaction was
observed in three land races HLR115, HLR137 and
HLR271 and 100S was observed in the susceptible
check (infector). The three land races have also given
nearly immune reaction against all the 14-pathotypes
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of yellow rust tried in SRT. Though six of the 15 genetic
stocks registered for resistance to yellow rust also
exhibited immune reaction to the disease, but the 3-
land races exhibiting zero score for the disease can
serve asdiversified sources foryellow rust disease.

Diversified germplasm resources for resistance to
Barley Leaf Blight: Twelve accessions(HVS-14, HVS-7,
HVS-9, HVS-27, HVS-28, HVS-32, HVS-33, HVS-40, HVS-
42, HVS-43, HVS-44, HVS-45 of Hordeum vulgare ssp.
Spontaneum) out of 45 races which had shown promise
against leaf blight in preliminary screening, were
screened at multi-locations (Ayodhya, Pantnagar,
Kanpur and Varanasi) along with the genetic stock
registered for resistance of this disease and the infector
(susceptible) line. Disease pressure was sufficient for
screening. Performance of HVS-7, HVS-14 and HVS44
was better as compared to the registered genetic stocks
used as resistance checks. Since these are wild
accessionsof spontaneum

Based on yield performance and yellow rust resistance,
five entries of hulless barley viz, DWRB2407, DWRB2408,

Table. 7.7 : Characteristic features of DWRBG19.
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DWRB2409, DWRB2410, DWRB 2424 and DWRB2425
contributed to the initial varietal trial (IVT-IRTS-Hulless
barley) during 2024-25. In addition, two entries namely,
DWRB 2304 and DWRB 2306 were promoted from IVT to
AVT-l in the north eastern plain and central zone while
DWRB 244 was promoted from AVT-I to AVT-Il in north
western plain zone. DWRB 223 was identified by varietal
identification committee for cultivation in irrigated
timely sown conditions in NWPZ. It gives average grain
yield (42.96 g/ha) and resistance to yellow rust.

Marker assisted selection and breedig (MAS/MAB)
program for quality traitsin barley

DWRBG19 (RMB2103) developed for low beta glucan
(3.7% dwb) using integrated approach of marker
assisted selection and multi-location based
biochemical estimation of beta-glucan content and
registered as genetic stock was contributed for malt
barley station trial during 2023-24 for yield
performance (Table 7.7 & 7.8). This entry is found
competentinyield performance and promoted to NIVT-
MB for 2024-25 for multi-location testing.

Genotype TGW (g) Test Wt (Kg/hL) Starch (%) Protein (%)

Grain 3-glucan (%) QTL Chr Significant marker

DWRBG19  51.1 62.7 62.9 10.9

37 QBgnm.StMo-7H.1 7H  HvCs1f-6Brz

Table. 7.8 : Characteristic features of MBST25.

Entry name Grain yield/plot 1000-grain weight Hectoliter weight Bold grain % Thin grain %
MBST-25 (DWRB101/ 2553 g (42.55g/ha) 46.09 69.54 81.46 2.79
SLOOP SAWL3167)

Marker aided selection for grain protein and malt
quality traits regulating QTLs in barley

Five marker assisted selected and fixed lines, 02
(RMB2301 & RMB2302) of backcross 2*DWRB101/SLOOP
VICB 9953 and 02 (RMB2303, RMB2304 & RMB2305) lines
of backcross 2*DWRB101/ SLOOP SAWL 3167 were
contributed in BQSN for multi-location testing for rabi
2023-24. Significant markers identified for High DP, FAN
& MaltYield QTLs (QBgnm.StMo-7H.1-BRZ & QDp.StMo-
4H-HVM67; 7H-EBmac471) were used for foreground
selection during BC1 and BC2 populations. Off these
lines, RMB2301 (DWRBG30) is identified for high
diastatic power (113.4°L), FAN content (174.6 ppm) and
higher malt yield (89.3 %). This line will be submitted for
genetic stock for superior malt quality in elite
background (DWRB101)in hulled barley.

Three marker assisted selected lines, 02 (RMB2306 &
RMB2307) of backcross 2*DWRB101/BK1127 and 01
(RMB2308) of backcross 2*DWRB101/BK306 were
contributed in BQSN for multi-location testing for rabi
2023-24. Significant markers for grain protein content
(GPC) QTLs QGpc.HaMo-4H (HVM40) and QS/T. HaMo-6H
(ABG387) were used for foreground selection in during
BC1 and BC2 populations. Of these, RMB2307
(DWRB101/BK1127) is identified for high protein (14.5%)
as compared to existing best check line BK306 (11.1%)
and BK1127 (14.0%). Other quality traits identified for line
are 59.3 gm TGW, 63.3 hectolitre weight (Test weight in
kg/hl) and 94.8% bold grain percentage. This line can be
considered as the potential source of high protein in
hulled barley malt background and can be included for
improving protein contentin barley breeding.
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Assessment of grain and malt quality in barley
(Hordeum vulgare) across diverse genotypes and
locations

Malt quality is governed by a range of grain and malt-
related parameters, which are influenced by genotype,
environmental conditions, and their interactions (GxE).
A study was conducted under the ICAR-AICRP Barley
program to assess these effects, involving 20 genotypes
cultivated across six locations (Karnal, Hisar, Durgapura,
Pantnagar, Kanpur, Ludhiana) in India using a
randomized complete block design with three
biological replicates. The analysis revealed wide
variation in grain quality parameters (Table 7.9).
Similarly, malt quality parameters showed significant
variability (Table 7.10), with malt yield ranging from
82.76% to 90.36%, friability from 23.44% to 95.57%,
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homogeneity from 59.16% to 99.72%, wort filtration
rate from 136.67 ml/hr to 323.33 ml/hr, diastatic power
from 56.21°L to 116.32°L, hot water extract from 68.76%
to 85.57% (fwdg) and other traits listed in Table 7.10.
Statistical analysis indicated that grain quality traits
were significantly influenced by genotype,
environment, and GXxE interactions. For malt quality,
most parameters were significantly affected by these
factors, except saccharification rate, which was not
influenced by location, and malt yield and hot water
extract, which were not significantly affected by GxE
interactions. These findings highlight the complex
interplay of genetic and environmental factors in
determining barley quality, providing a foundation for
optimizing barley cultivation and malting processes to
meet specificindustrial requirements.

Table 7.9 : Descriptive statistics of grain quality parameters across all the locations.

(HW: Hectoliter Weight; TGW: Thousand Grain Weight).

Parameter Minimum Maximum Mean = SEM Range SD CV%
Protein (%) 7.93 (BCU5924) 16.03 (BK1127) 11.07 £0.62 8.1 1.5 6.9
Moisture (%) 8.63 (BCU6040) 13.93 (BCU6304) 10.22 £0.36 53 0.6 43
Starch (%) 59.03 (BCU5732) 63.40 (BCU6315) 60.94 +£0.43 43 0.9 0.9
HW (kg/hl) 50.80 (BCU6369) 68.70 (DWRUB52) 30.27 £1.12 17.9 3.1 2.3
TGW (9) 30.95 (BCU6369) 73.28 (DWRB160) 48.23 +2.07 42.7 9.2 5.3
Bold grain (%) 48.96 (BCU6369) 99.61 (DWRB92) 88.07 £2.91 50.6 10.3 4.1
Thin grain (%) 0.22 (DWRB160) 14.38 (BCU6369) 251+£1.12 14.1 2.7 66.2
Table 7.10: Descriptive statistics of malt quality parameters across all the locations

(WFR: Wort Filtration Rate; DP: Diastatic Power; HWE: Hot Water Extract; FAN: Free Amino Nitrogen)

Parameters Minimum Maximum Mean +SEM Range SD CV%
Malt yield (%) 82.76 (BCU6315) 90.36 (DWRUB64) 87.48 £ 1.05 7.6 1.5 1.47
Friability (%) 23.44 (BCU5732) 95.57 (BCU6315) 62.95 +£4.58 72.1 14.4 9.04
Homogeneity (%)  59.16 (DWRUB64) 99.72 (BCU6316) 89.14 + 3.58 40.5 9.8 4.99
WER (ml/h) 136.67 (BK1127) 323.33 (BCU6306) 242 + 22.67 186.6 48.6 11.54
DP (olL) 56.21 (DWRUB52) 116.32 (BCU5957) 98.85+5.62 60.1 13.6 6.61
HWE (%) 68.76 (BCU5924) 85.57 (BCU6306) 7821 +2.24 16.8 3.5 3.51
FAN (ppm) 56.71 (BCU5957) 212.78 (BCU6040) 164.42 + 14.6 156.0 293 10.98

DWRBG25 (INBON-HI-(2016)-73): A promising
source of hulless barley genotype with high grain
beta glucan, high protein and high bold grain
percentage

Epidemiological studies confirm that whole grain
barley is a nutritional powerhouse, offering protection
against life style related diseases like diabetes, obesity,
and cardiovascular issues. This is attributed to its rich
content of beneficial phytochemicals, including f-

glucan, phenolic acids, flavonoids, lignans, tocols,
phytosterols, and folate. Among these compounds, 3-
glucan stands out forits numerous health benefits.

DWRBG25 (INBON-HI-(2016)-73), a 6-row hulless barley
genotype was assessed across six locations during the
2022-23 rabi season. Quality analysis conducted at
ICAR-IIWBR Karnal's Barley Quality laboratory revealed
significantly superior characteristics, including higher
bold grain percentage, elevated grain beta-glucan and
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protein content, very low thin grain percentage and
high thousand-grain weight (TGW), compared to the
hulless barley checks (Barley Network AICRP Report,
2022-23) (Table 7.11-7.13). These notable qualities
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make DWRBG25 (INBON-HI-(2016)-73) well-suited for
direct consumption and as a donor for transferring
these desirable traits into high-yielding hulless barley
varieties.

Table 7.11: Grain beta glucan content (%db) in DWRBG25 (INBON-HI-(2016)-73) at different locations during 2022-23

Genotype Hisar Durgapura Karnal Ludhiana Pant Nagar Kanpur Mean
INBON-HI-(2016)-73 8.0 8.4 7.8 79 8.1 NA 8.0
INBON-HI-(2016)-69 6.9 7.2 7.5 7.5 NA 6.7 7.2
DWRFB-40 © 74 6.9 5.6 8.5 6.9 7.2 7.0
DWRFB-58 © 6.2 6.5 5.8 6.8 NA 6.1 6.3
Table 7.12: Bold grain percentage in DWRBG25 (INBON-HI-(2016)-73) at different locations during 2022-23.

Genotype Hisar Durgapura Karnal Ludhiana Pant Nagar Kanpur Mean
INBON-HI-(2016)-73 92.8 93.5 894 87.0 NA NA 90.7
INBON-HI-(2016)-69 91.0 91.7 85.0 84.8 NA 88.5 88.2
DWRFB-40 © 90.1 834 79.0 83.9 93.1 93.2 87.1
DWRFB-58 © 77.6 86.6 57.1 77.2 NA NA 74.6
Table 7.13: Grain protein content (%db) DWRBG25 (INBON-HI-(2016)-73) at different locations during 2022-23.

Genotype Hisar Durgapura Karnal Ludhiana Pant Nagar Kanpur Mean
INBON-HI-(2016)-73 16.7 15.4 16.5 15.6 NA NA 16.1
INBON-HI-(2016)-69 NA 16.1 15.4 14.9 NA 13.6 15.0
DWRFB-40 © 11.0 11.2 14.5 12.0 1.4 1.4 11.9
DWRFB-58 © 11.9 12.6 16.2 14.0 NA 12.9 13.5

Revenue generation through barley quality testing
and analysis

A comprehensive quality analysis of various barley
samples was conducted to assess grain and malt
parameters, including beta-glucan and enzyme
activities, received from multiple organizations. This
testing not only contributed to advancing knowledge
in barley quality but also generated significant revenue
through service charges.

Barley Plant Pathology
Status of barley disease and pests:

Surveys and surveillance for diseases and pests were
conducted by different scientists of cooperative
centres, no case of severe rust occurrence was reported
in the surveyed areas during the crop season. In the
month of December, spot blotch in barley crop with
severity ranges from 01 to 12 was noticed at farmer's
field in Bhagalpur and adjoining areas viz., Barari,
Jagdishpur, Nathnagar, Sabour and Kahalgaon in Bihar.
During mid-January the incidence of leaf stripe, loose
smut, covered smut and bacterial streak was noted in
barley crop in traces at few locations in the areas of
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districts Jaipur and Dausa of Rajasthan. During mid-
February to last week of February, spot blotch incidence
was recorded up to 89 in barley crop at farmers' field in
Pundibari,and Coochbehar.

Observation of any new barley diseases/ insect
pests

To keep the strict vigil on the appearance of any
quarantine pests on barley crop, the nurseries were
observed for any new symptoms during the crop
season till the harvest. There was no report from any
centre for presence of any of quarantined pests (disease
/ insect pest) viz.,, glume rot, barley stripe mosaic and
barley ergot; in their respective areas during the crop
season 2023-24.

Evaluation of breeding lines against stripe rust
disease

Total 696 barley entries were evaluated against stripe
rust disease of barley caused by Puccinia striiformis f. sp.
hordei at Karnal under different barley plant
pathological nurseries viz.,, IBDSN (492), NBDSN (154)
and EBDSN (50). Stripe rust inoculum was multiplied on
susceptible barley cultivars viz., Jyoti, Lakhan, RD 103,




Raj Kiran etc. through syringe inoculation under
polyhouse conditions. This multiplied inoculum was
sprayed and inoculated under field conditions and
disease epiphytotic was created. The disease data was
recorded for stripe rust and rust resistant entries were
identified based on AUDPC (Fig.7.11 &7.12).

Barley entries evaluated at Karnal agalnst siripe rust
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Fig. 7.11. Barley entries evaluated against stripe rust disease at
Karnal during 2023-24

Fig. 7.12. Creation of epiphytotic conditions in Barley screening
nursery atKarnal

Stripe rust inoculum multiplication, creation of
disease epiphytotics and data recording: Stripe rust
inoculum Puccinia striiformis f. sp. hordei was multiplied
on susceptible barley cultivars viz., Jyoti, Lakhan, RD
103, Raj Kiran etc. through syringe inoculation under
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polyhouse conditions. The inoculum was supplied to
the breeder and disease epiphytotic was created for
recording of data in segregating material and advanced
bulks.

Multiplication of spot blotch pathogen Bipolaris
sorokiniana inoculum, creation of disease
epiphytotic and data recording: The Spot blotch
pathogen Bipolaris sorokiniana was isolated from
diseased leaves on the PDA medium containing Petri
plates. Seven days old B. sorokiniana culture was
inoculated on pre autoclaved sorghum grains in 250 ml
flasks. The inoculum was multiplied and was provided
to the breeder and disease epiphytotic was created for
recording of datain segregating material.

Evaluation of barley genotypes against stripe rust
disease: Total 109 barley genotypes were evaluated
against stripe rust caused by Puccinia striiformis f. sp.
hordei at Karnal. Out of these genotypes, total fifteen
genotypes viz.,, 1IC137789, EC328942, EC328957,
1C138302, 1C138007, 1C138009, 1C138029, 1C138034,
IC138048, 1C138055, 1C138058, 1C138059, 1C138083,
IC138103 and 1C138108 were found resistant against
stripe rust of barley based on AUDPC.

Evaluation of barley genotypes against spot blotch
disease:

Around 109 barley genotypes were evaluated against
spot blotch caused by Bipolaris sorokiniana at Karnal
and Kalyani locations. No entry was found resistant
against spot blotch disease. However, three lines viz.,
EC328973, 1C138009, and 1C138041 were recorded as
moderately resistant.
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Development of barley leaf rust differential sets

A differential system for designating the pathotypes of
Puccinia hordei causing barley leaf rust in India was
developed. Using a binomial system of nomenclature,
11 distinct pathotypes of P. hordei occurring in India
were identified and named. The establishment of an

Indian differential system (Table 8.1) for the designation
of P. hordei isolates will help in monitoring the shift in
virulence patterns, predominance, and emergence of
new pathotypes in the future and will help scientists of
other countries to make comparisons with their
virulences.

Table 8.1: List of three sets of differentials for the identification of pathotypes of Puccinia hordei

S. No. Set0 SetA SetB

1 Astrix Sudan (Rph1) Egypt-4 (Rph8)

2 Topper Rph10 Emir (Rph20)

3 Q21861(RphQ) Rph11 Prior (Rph19)

4 HBL113 Rph13 Yeron (Rph23)

5 BHS46 Rph14 Abyssinian (Rph9)
6 RD3016 Ribari (Rph3) Gold (Rph4)

7 BH1035 Peruvian (Rph2) Quinn (Rph2+5)

8 PL908 Magnif 104 (Rph5) Bolivia (Rph2+6)
9 RD3013 CebadaCapa (Rph7) Ricardo (Rph2+21)
10 Barley Local Triumph (Rph12)

Sr65: a widely effective gene for stem rust resistance
inwheat

Sr65 is an all-stage resistance gene that has been
mapped on chromosome 1AS from Indian wheat
landrace Hango-2. It is a globally effective all-stage
resistance gene that has a potential to protect wheat
from stem rustin Australia, India, Africaand Europe.

Indian landrace Hango-2 showed resistance to Pgt races
in India and Australia. Screening of a Hango-2/Avocet'S'
(AvS) recombinant inbred line population identified
two stem rust resistance genes, a novel gene
(temporarily named as SrH2) from Hango-2 and Sr26
from AvS. A mapping population segregating for SrH2
alone was developed from two recombinant lines. SrH2
was mapped on the short arm of chromosome 1A,
where it was flanked by KASP markers KASP_7944
(proximal) and KASP_12147 (distal). SrH2 was delimited
toaninterval of 1.8-2.3 Mb on chromosome arm 1AS.

The failure to detect candidate genes through

MutRenSeq and comparative genomic analysis with the
pan-genome dataset indicated the necessity to
generate a Hango-2 specific assembly for detecting the
gene sequence linked with SrH2 resistance. MutRenSeq
however, enabled identification of SrH2-linked KASP
marker sunCS_265. Markers KASP_12147 and sunCS_265
showed 92 and 85% polymorphism, respectively,
among an Australian cereal cultivar diversity panel and
can be used for marker-assisted selection of SrH2 in
breeding programs. The effectiveness of SrH2 against
Pgtraces from Europe, Africa, India, and Australia makes
it a valuable resource for breeding stem rust-resistant
wheat cultivars. Since no wheat-derived gene was
previously located in chromosome arm 1AS, SrH2
represents a new locus and named as Sr65 (Fig. 8.1).
Detailed information has been published in the journal
Theoretical and Applied Genetics 137:1 (2024,
https://doi.org/10.1007/s00122-023-04507-7).
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Fig. 8.1 Genetic linkage map showing position of the SRH2 locus on
the shortarm chromosome 1A along with markers developed from
90 K SNP Chip array, RNASeq and MutRENSeq datasets. Distances
shownin centiMorgans.

Incidence of wheat and barley rusts in India and
Nepalduring2023-24

During the crop season 2023-24, all rust diseases of
wheat appeared endemically in India. Stripe (yellow)
rust of wheat was first reported on 24" January, 2024
from RS Pura (Jammu) on an unknown variety and at
Badyal Qazian on HD2967. Subsequently, the stripe rust
was observed in 4 fields of villages NikuNangal and
Dhokli in district Ropar (Punjab) on February 8, 2024.
Low incidence of stripe and leaf rust was reported
during March 28-29, 2024 from farmers' fields of Hansi,
Shekhupur, Narnaund and other villages in Hisar
(Haryana). Leaf (brown) rust (severity 5MS to 10S) was
first observed from the farmers' fields near Dharwad
(Karnataka) on 19 December, 2023. The occurrence of
leaf rust in farmer's fields of Dewas, Indore, Sehore and
Dhar districts of Madhya Pradesh was observed in
February, 2024.1n Bihar, leaf rust (up to 20S) was noticed
in farmer's field of Sabour, Barari, Jagdishpur, Goradih,
and Nathnagar. Stem (black) rust (severity up to 5MS)
was first observed from the farmers' fields near
Dharwad (Karnataka) on 19 December, 2023, and
subsequently from other villages during the second
fortnight of January, 2024. First incidence of stem rust
from Maharashtra during the season was reported from
Umbarkhed village (Niphad) on 31st January 2024. Leaf
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rust (severity 20S to 40S) and stem rust (20S to 60S) was
also observed on off types and varieties from private
companies during 2nd and 3rd week of February 2024
from the farmers' fields in Pune, Satara and Sangli
districts. The incidence of stem rust was notably higher
this season, particularly in the peninsular zone,
compared to previous seasons. The wheat and barley
rusts were kept under check with the help of
cooperators, through exhaustive rust surveillance in
different wheat growing areas of India and neighboring
countries.

Pathotype distribution of Puccinia species on wheat
and barley

During 2023-24, 858 samples including three rusts of
wheat, stripe rust of barley collected/received from
eleven states and Nepal were analyzed. Detail of the
pathotypedistribution is discussed below.

Stripe rust of wheat and barley (Puccinia striiformis)

During this crop year, 173 stripe rust samples of wheat
were analyzed from six Indian states (Himachal Pradesh,
Punjab, Haryana, Uttarakhand, Uttar Pradesh and
Rajasthan) and Nepal. A total of nine pathotypes
{2385119, 1105119, 465119, T (475103), P (465103),
78584, 110584, 79568, and 650} of wheat stripe rust
pathogen were identified. Stripe rust pathogen
populations were avirulent to Yr5, Yr10, Yr15, Yr16, Yr32,
and YrSP. Most of the stripe rust samples of wheat were
analyzed from Punjab (67) followed by Uttar Pradesh
(21) and Uttarakhand (20). During the cropping season,
frequency of pathotype 2385119 was maximum
(36.4%) followed by 1105119 and 46S5119. The
frequency of 465119 (virulent on Yr2, Yr3, Yr4, Yr6, Yr7,
Yr8, Yr9, Yr17,Yr18, Yr19, Yr21, Yr22, Yr23, Yr25, and YrA)
increased to 26.0%. However, other pathotypes were
identified in low frequency (<4%).

Stemrust of wheat (P. graminisf. sp. tritici)

A total of 208 black rust samples received from Gujarat,
Himachal Pradesh, Madhya, Pradesh, Maharashtra,
Karnataka, Uttar Pradesh, Uttarakhand and Tamil Nadu;
and Nepal were pathotyped on wheat differentials.
Eight pathotypes, 11, 15-1, 21, 21-1, 21A-2, 40A, 40-2
and 40-3, of Puccinia graminis f. sp. tritici (Pgt) were
identified. The Pgt population was avirulent to Sr26,
Sr27, 5r31, Sr32, Sr35, Sr39, S5r40, Sr43, SrTt3 and SrTmp.




Maximum number of samples was pathotyped from
Karnataka (61) followed by Tamil Nadu (51) and Gujarat
(28). Pathotype 11 (79G31=RRTSF), virulent on 5r2, 5r5,
Sr6, Sr7b Sr9a, Sr9b, Sr9c, Sr9d, Srof, Sr9g, Sr10, Sr13, Sri4,
Sr15, Sr16, Sr17, 5r18, Sr19, Sr20, Sr21, Sr28, 5r29, Sr30,
Sr34,5r36, Sr38 and SrMcN, was recorded in 47.5 % of the
samples. Pathotypes 40A and 40-2 were identified in 21
and 14% of the samples, respectively. Pathotypes 15-1
and 21 were identified in two samples while pathotype
21-1 was found only in one sample collected from
Uttarakhand.

Leafrust of wheat (P. triticina)

A total of 477 samples of wheat leaf rust were
pathotyped from 10 states of India and neighboring
country, Nepal. Among the 26 pathotypes of Puccinia
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triticina that were identified in these samples,
pathotype 77-9 (121R60-1) was the most widely
distributed and occurred in 44.8% of the samples
followed by 52-4 (121R60-1,7) in 22.3% samples.
Pathotype 77-5 (121R63-1), that remained the most
predominant for more than 20 years was observed in
9.5% samples only. The remaining 23 pathotypes were
identified in 75 samples only. In Nepal, fourteen
pathotypes were identified in 76 samples. Pathotype
77-9 was the most predominant and recorded in 47.4 %
samples received from Nepal.

The detail of predominant pathotypes of Puccinia spp.

observed on wheat in India during 2023-24 is listed in
Table 8.2.

Table 8.2: Predominant pathotypes of Puccinia spp. on wheat in India

Wheat Rusts Predominant pathotypes

Stem 79G31(11), 62G29(40A) and 127G29 (40-3)

Leaf 121R60-1(77-9), 121R63-1,7 (52-4) and 121R63-1(77-5)
Stripe 2385119, 1105119 and 465119

Seedling resistance test (SRT) and characterization
ofLr,Srand Yrgenesin AVT lines

Screening of wheat and barley lines for rusts
resistance atseedling stage

For identifying rust resistance sources, more than 5500
wheat and barley lines were evaluated during 2023-24
at seedling stage under controlled conditions using an
array of pathotypes of stem (P. graminis f. sp. tritici), leaf
(P. triticina) and stripe rust (P. striiformis f.sp. tritici)
possessing different avirulence/virulence structures. Of
these, 350 lines including 146 of AVT and 204 of
NBDSN/EBDSN were subjected to multiple pathotypes
screening under controlled light and temperature
conditions. Seedling (all-stage) rust resistance remains

effective throughout the life of wheat plants. Advanced
wheat lines (146) were evaluated at seedling stage
against 60 pathotypes of three Puccinia spp. on wheat.
The gene matching technique was used to postulate
rustresistance genes whereverrequired.

RustResistantLinesin AVT

Only entry VL2059 possessed resistance to all pathotypes
of three rust pathogens (Table 3). Resistance to black and
brown rusts was observed in 27 entries. Entries PBW916,
WH1402(1)(C) wereresistant to black and yellow rusts. Ten
lines were found resistant to leaf rust, whereas thirteen to
stem rust pathotypes. Fourteen entries conferred
resistance to only yellow rust pathotypes (Table 8.3).

Table 8.3: Rust resistance in advanced wheat material during 2023-24

Rusts No.of lines  Variety/line

Brown, Black and Yellow 01 VL2059

CG1029, DBW426, GW547(l), GW554, GW555, GW556, HD3090(C), HI1563(C), HI1633(C),

HI1634, HI1650, HI1669, HI1674, HI1683, HI1684, HI1687, HP1978, LOK79, MACS6222,
MACS6768, MACS6829, MACS6830, NIAW4114, NIAW4120, NIAW4267, NIAW4432, WSM138

Brown and Black 27

Brown and Yellow 01 PBW908

Black and Yellow 02 PBW916, WH1402(1)(C)
Brown only 10

UAS446, UAS484

CG1036, HIT665, MACS3949, MACS4125, MACS4131, MACS4135, MPO1398(d), PBW833,
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Rusts No. of lines  Variety/line

Black only 13 AKAWS5100, CG1040(1), DBW110, DBW173(C), DBW443, HD3447, HI1655, K1317(C), MACS6844,
MP1378(1), PBW771(C), PBW891, VL907(C)

Yellow only 14 BCW29, DBW476, DBW477, HD3455, HD3494, JKW304, NW8071, PBW725, PBW913, PBW915,

PBW921, PBW927, PBW957, PBW958

Characterization of rust resistance genes

Wheat rust resistance genes (Lr, Sr, Yr) were
characterized using gene matching technique. Rust
resistance genes were characterized in those lines
where differential host-pathogen interaction was
present. In addition, linked characters, morphological
markers, characteristic infection types and pedigree
also formed the basis for postulating rust resistance
genes in absence of host-pathogen differential
reactions.

a. Yrgenes

Among the 146 lines of AVT, Yr genes were
characterized in 80 lines. Yr genes were postulated in
lines where differential interactions were observed and
some cases of tight linkage of Yrgenes to other Lrand Sr
genesalsoimplicated the presence of aresistance gene.
Three Yr genes viz. Yr2, Yr9, and YrA contributed to
yellow rust resistance in Indian wheat material. Among
the postulated Yr genes, the frequency of Yr2 was
maximum and it was characterized in 73 lines while Yr9
was postulatedin 10 entries.

b. Srgenes

Thirteen stem rust resistance genes (5r2, Sr5, Sr7b, 5r8a,
Sr8b, Srob, Sr9e, Sr11,5r13,5r24, Sr28, Sr30 and Sr31) were
characterized in 121 AVT lines. The frequency of Sr2,
postulated based on morphological marker micro
flecking, was maximum as it was postulated in 48 AVT
entries followed by Sr11, Sr7b, and Sr13 which were
characterized in 37,35 and 34 entries, respectively. Sr31
linked with Lr26 and Yr9 and conferring resistance to all
the known Pgt pathotypes in Indian subcontinent was
postulated in ten AVT entries, while Sr24 linked to Lr24 was
characterized in twenty-one entries. Other Sr genes i.e. 9b,
9e, and 8a were characterized in 14, 6, and 3 lines
respectively, while Sr30and Sr5inten linesand Sr8b and 5r28
were postulated in one line each. The Sr genes were
characterized singly orin combination of uptothreegenes.

c. Lrgenes
Eight Lr genes Lr1, Lr3, Lr10, Lr13, Lr23, Lr24, Lr26, and

Lr28 were characterized in 115 entries. Lr13 was the
most commonly postulated leaf rust resistance gene
that was characterized, alone or in combination, in
maximum number of lines (63) followed by Lr10 (31
lines),and Lr7 and Lr23 (21 lines). Lr24 that is linked with
Sr24, was postulated in 21 entries. Lr26, tightly linked
with Yr9and Sr31, was characterized in 10 lines. Lr28 was
postulated only in PBW915. Resistance to leaf rust in
seven entries was based on a combination of three
differentgenes.

Rust resistance in barley NBDSN and EBDSN lines
during 2023-24

One hundred thirty-nine NBDSN and fifty EBDSN entries
were screened against different pathotypes of three
rust pathogens of barley under precise conditions of
temperature and light. Confirmatory and selected
testing was also undertaken wherever required. These
lines were evaluated against seven pathotypes of
Puccinia striiformis f. sp. hordei (M, 57, 24, G, Q, 650 and
750), five pathotypes of P. graminis f. sp. tritici (11, 21A-2,
40A, 117-6 and 122), and 11 isolates/pathotypes of P
hordei (H1, H2, H3, H4, H5, H6, H7, H8, H9, H10 and H11).
None of the NBDSN and EBDSN entries was resistant to
all the tested pathotypes of Pst, Pt and Pgt. The detailed
reportis presented below.

NBDSN

Atotal 139 entries of NBDSN were evaluated against the
different pathotypes of Puccinia spp. on barley. None of
the lines was resistant to all three rusts of barley. Eight
lines BHS498, GB1, RD2715(C), RD3096, RD3097,
RD3100, RD3104, and RD3108 were resistant to all
tested pathotypes/isolates of both leaf and stripe rust
pathogens. DWRB-182 (C) was resistant against all the
pathotypes of black and yellow rust pathogens
Moreover, 33 lines were resistant to stripe rust and 15
lines to leaf rust. Resistance to all the pathotypes of P.
graminis f. sp. tritici was observed only in two lines
DWRB2319and UPB-1124 (Table 8.4).




Table 8.4 : Seedling rust resistance in NBDSN during 2023-24
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Resistant to rusts No. of lines Lines

Stripe and stem 01 DWRB182 (C)

Stripe and leaf 08 BHS498, GB1, RD 2715 (C), RD3096, RD-3097, RD-3100, RD-3104, RD3108

Stripe 33 BH1058, BH1059, DWRB 2301, DWRB 2314, DWRB-137 (C), DWRB2303, GB2, HBL888, HUB 290,
HUB 291, HUB113, JHSBB19, JHSBD11, JHSBD22, JHSBF21, JHSBF28, PL955, PL956, RD2552 (C),
RD3095, RD-2794 (C), RD2899 (C), RD2907(C), RD3088, RD3089, RD3090, RD3102, RD3103,
RD3111, UPB1122, UPB1123,UPB1119, UPB1120

Stem 02 DWRB2319, UPB1124

Leaf 15 BHS380(C), BHS400(C), BHS501, DWRB2315, DWRB2312, DWRB238, HBL113(C), HBL885,

NDB1821, NDB1829, RD3080, RD3093, RD3107, UPB1121,VLB186

EBDSN

Fifty EBDSN lines were evaluated for resistance to three
rusts of barley. Resistance to all three rusts was not
recorded in any EBDSN line. However, DWRB182 was
resistant to stem and stripe rusts. Resistance to all the
pathotypes of Puccinia striiformisf. sp. hordeiand P.

Table 8.5 : Seedling rust resistance in EBDSN during 2023-24.

hordei was observed in 4 lines (BHS474, BHS478,
BHS479, BHS481). Twelve lines were resistant to stripe
rust and 4 lines to leaf rust. Resistance to all the
pathotypes of P. graminis f. sp. tritici was observed only
inHVS-9 (Table 8.5).

Resistant to rusts No.of lines Lines

Stripe and stem 01 DWRB182

Stripe and leaf 04 BHS474, BHS478, BHS479, BHS481

Stripe 12 DWRB127, DWRB137, DWRB143, HLR 134, HLR271, HLR272, HLR273, HVS27, RD2794, RD2907,
RD3077,RD3078

Stem 01 HVS9

Leaf 04 BHS486, DWRB190, VLB175, DWRB240

Genetics of rustresistance and developing rust
resistant geneticstocks

Pyramiding multiple rust resistance and generation
advancement

Germplasm lines harboring different leaf rust resistance
genes such as Lr10, Lr67, Lr23, Lr46, Lr13 and Lr26 were
crossed to develop F, lines with more than two leaf rust
resistance genes. A total of 15 F,and F,families with 2 Lr
genes each and 5 rows per family were sown in 2023-24
cropping season. These entries were evaluated and
superior lines were selected as male and female parents
for further crossing. The selected lines were screened
using molecular markers for confirmation of Lr genes.
The parental lines were then emasculated and crossed
in all combinations to produce all possible 4 gene
combinations among the 7 Lr genes. Nearly 90 crosses
involving both direct and reciprocal crosses were made.
The crossed seeds (F,) along with parental lines were

harvested. From each of F,/F,families 10 ear-heads were
also harvested for generation advancement.

Development of durablerustresistance

The brown rust resistance line Hango-2 harboring Lr80
gene was crossed with FLW lines that carry yellow rust
resistance. A total of 8 direct and reciprocal crosses were
made. Crosses were also made among FLW lines and
Yr10 and Yr15 to develop lines with high durable
resistance to yellow rust. The F, generation from cross
between Hango-2 and FLW17 carrying resistance to all
the three rusts (Lr80, Lr26/Yr9/5r31, Sr65 and YrSp) was
advancedto next generation.

In barley, for the purpose of developing leaf rust
resistant genetic stocks, seeds of F, populations of
several crosses that possessing leaf rust resistance
genes Rph5, Rph7 and Rphi2 in the background of
major varieties RD3016, BH 1035, RD 3089, VLB173,
RD3013,RD 3028 and KB 1926, were harvested.
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Molecular Studies

Molecular profiling of AVT lines using molecular
markers

Wheat rust resistance genes (Lr, Sr, Yr) were identified
using molecular markers in AVT material of 2023-24.
DNA from all 146 AVT entries was isolated by following
the method of Murray and Thompson (1980) after some
basic modifications. DNA quality was checked on 1%
agarose gel electrophoresis and quantified on
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nanodrop. Robust molecular markers were applied on
isolated DNA lines to ascertain additional rust resistance
in these wheat lines. Eight previously validated
molecular markers (5r24#50, SCSS30.2, CFd71, CsGsSTS,
VENTRIUP, csLV34, WMC44 and GWM533) were used for
identification of race specific and race nonspecific rust
resistance genes in these lines. Details of molecular
markers, linked genes, and the AVT lines consisting
resistantgeneare giveninTable 8.6.

Table 8.6 : Detail of molecular markers, associated genes, and AVT lines containing resistant genes.

S. No. Molecular Marker Linked Genes No. of lines
1. SCSS30.2 Yr9/Lr26/Sr31 10

2. Sr24#50 Sr24/Lr24 21

3. CFd71 Lr67/Yr46/Sr55/Pm46/Ltn3 3

4. CsGsSTS Lr68 38

5. VENTRIUP Yr17/Lr37/Sr38 62

6. csLvV34 Yr18/Lr34/Sr55 11

7. WMC44 Yr29/Lr46 26

8. GWM533 Sr2 62

Amplification of Yr9/Lr26/Sr31

In AVT material, Yr9/Lr26/5r31 gene complex was
validated by SCS530.2 marker which amplified a sharp
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Fig.8.2. Electrophoresis on 2.5% agarose gel showing amplification
profile of marker SCSS30.2 indicated the presence of Yr9/Lr26/Sr31
gene complex. Upper row, Lane 1(MM)- Gene Ruler 100 bp DNA
ladder;Lane 2(+ve)-Lr26 NIL as positive check for gene Lr26; Lane 3 (-
ve)-LWH as negative check; Otherlanes: AVT entries.

band of 550bp in ten AVT lines i.e. AKAW5100%,
DBW173(C), HD3090, HI1633(C), HI1650, HI1634,
MACS6768, MP1378(l), PBW771(C) and VL907(C) (Fig.
8.2A,B,C,andD).

Amplification of Lr24/5r24

In AVT material, 200bp amplicon produced by
dominant marker Sr24#50 indicated the presence of
Lr24/Sr24 gene complex in twenty-one wheat lines i.e.
CG1029(C), GW547(l), GW554, GW555, GW556,
HI1563(C), HI1669%, HI1674, HI1683, HI1684, HI1687,
LOK79%*, MACS6222, MACS6829, MACS6830,
NIAW4114%, NIAW4120%, NIAW4267, NIAW4432,
VL2059,and WSM138.

Amplification of Yr18/Lr34/Sr55

Amplification of 150 bp band by molecular marker
csLV34 indicated the presence of race nonspecific
Yr18/Lr34/Sr55 gene complex in 11 AVT lines
(AKAW5100%*, BCW29, DBW107(C), HI1563(C),
HI1633(C), HI1634, KRL2106, PBW644, RAJ4083(C),
VL907(C) and WSM138) while 229 bp band showed the
absence of Lr34 geneinrestofthe AVT lines.

Amplificationof Yr17/Lr37/5r38

Amplification of 259bp band by molecular marker
VENTRIUP showed the presence of race nonspecific
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Yr17/Lr37/5r38 gene complex in maximum of 62 AVT
entries.

Wheat- rustinteraction studies

Narrowing down genomic region responsible for
rustresistance

Sugar transporters play a pivotal role in facilitating the
movement and allocation of sugars within the wheat-
rust infection zone. Their indispensable contribution
liesin the establishment of a secondary sink at the point
of invasion by the fungal pathogen within plant cells.
These transporter proteins, present on the membranes
of both plants and pathogens, are the main players in
defense signaling as they control how sugars are
distributed between them and determine whether an
encounter will result in resistance or susceptibility.
Sugar transporter protein gene families are identified in
wheat genome and studied for their chromosomal
location, conserved motif domains and phylogenetic
relationship with Arabidopsis thaliana.

Identification of Sugar Transport Protein gene
familyinwheatgenome

International Wheat Genome Sequencing Consortium
(IWGSC) database was searched for identification of
Sugar Transport Protein (STP) gene family in wheat by
using Sugar tr Hidden Markov Model (HMM) profile
(Pfam: PF00083) as the query in a BlastP. A total of 476
TaSTP proteins with E-value of <1e-5, these sequences
checked for presence of the Sugar_tr domain using
Pfam database. 86 candidate STP proteins were
discarded due to either a partial or complete absence of
the STP domain and remaining 390 putative TaSTP
sequences used for phylogenetic analysis along with 14
AtSTPs (Sugar transporter proteins from Arabidopsis
thaliana, named as AtSTP1 to AtSTP14, retrieved from
NCBI database.

Distribution of sequences in phylogeneticanalysis

A phylogenetic tree, constructed based on the protein
sequences of these 390 putative TaSTPs and 14 AtSTPs,
revealed three subgroups (Fig. 8.3). Second subgroup
exclusively housed all Arabidopsis sugar transporter
proteins. This group represents monosaccharide
transporters, and further we investigated only
monosaccharides of this group in wheat. Within this
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subgroup, 81 wheat genes shared structural similarities
with Arabidopsis thaliana.

Fig. 8.3. Unveiling the phylogenetic relationship and delineating
subfamily classifications among Sugar Transport Protein (STP)
derived from both wheatand Arabidopsis thaliana

Chromosomal mapping of genes on all three
genomes of Triticum aestivum

Chromosomal mapping of 81 STPs revealed an uneven
distribution of these TaSTP genes on the long or short
arms of the A, B, and D chromosomes (Table 8.7). The
TaSTPs analyzed showed a coding sequence (CDS)
length ranging from 1080 to 1848 base pairs. This
variation indicates moderate to large gene sizes,
potentially encoding structurally diverse proteins. The
corresponding amino acid lengths ranged from 359 to
615 residues. The wide range suggests the presence of
both shorter and longer protein isoforms, which may
exhibit variations in structural complexity and
functional roles. The molecular weight of TaSTPs was
calculated to be between 39.55 and 67.04 kDa. This size
range is typical of transport proteins and aligns with
their potential role in complex membrane transport
functions. The predicted isoelectric points (pl) ranged
from 8.42 to 10.05, indicating that the majority of these
proteins are basicin nature. This suggests a possible role
in interacting with negatively charged molecules, such
as phospholipids or nucleic acids, within cellular
environments. The number of predicted
transmembrane domains ranged from 6 to 13. The
presence of multiple TMDs strongly supports the
classification of TaSTPs as integral membrane proteins,
potentially involved in the transport of ions, small
molecules, or other substrates across cellular
membranes.
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Table 8.7: Distribution of Putative STPs on Chromosomes
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Chromosome No. No. of genes Chromosome No. No. of genes Chromosome No. No. of genes
1A 4 1B 4 1D 3
2A 7 2B 8 2D 6
3A 2 3B 3 3D 3
4A 3 4B 4 4D 3
5A 8 5B 5 5D 7
6A 3 6B 2 6D 1
7A 2 7B 1 7D 2

MapDraw software was used to determine
approximate locations of the TaSTP genes on the
chromosomes of wheat showed presence of 81 genes
were located separately on chromosomes A, B, and D.
Moreover, TaSTP14-TaSTP18, TaSTP21-TaSTP26, TaSTP28-
TaSTP32, TaSTP53- TaSTP55, TaSTP61-TaSTP63, and
TaSTP66 -TaSTP68 formed a gene cluster with more than

three genes on chromosomes 2A, 2B, 2D, 5A, 5B, and 5D,
respectively. Based on the linkage map, the wheat sugar
transporter (TaSTP) genes are mapped to specific
chromosomes. The detail of linkage map revealed the
chromosomal position of the wheat sugar transporter
(TaSTP) genes on all three genomes of Triticum aestivum
(Fig.8.4).
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Fig.8.4.Chromosomal locations of the wheat sugar transporter (TaSTP) genes according to the linkage map

Conserved Motifs of STPs- Pfam analysis gave
conserved motifs present in STPs and this

comprehensive exploration provides valuable insights
into the distribution of conserved motifs among TaSTP
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https://fungidb.org/fungidb/app

proteins, shedding light on their potential functional
significance. The STP proteins exhibited conserved
motifs, namely Motif A, B, C, D, and E. The representation
of these motifs involved motif logos and amino acid
compositions within the Sugar_tr motifs. On the x-axis,
the amino acid types and positions are depicted, while
the y-axis conveys the overall height of amino acid
stacks, reflecting the sequence conservation at specific
positions. The height of individual symbols within a
stack signifies the relative frequency of a nucleotide
base at that particular position. The graphical
representation provides a comprehensive view of the
conserved patterns and amino acid compositions
withinthe STP proteins' Sugar_tr motifs (Fig. 8.5).

Table 8.8 : Fungal proteins associated in different activities
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Identification of Puccinia proteins associated in
different metabolicactivities

Whole genome of three species of Puccinia was used for
the protein targeting and localisation analysis. InterPro
Domain search was performed on whole genome of
different species of Puccinia given below at FungiDB
(https://fungidb.org/fungidb/app). A total number of
7550 genes, encoding proteins with TM domain, were
identified in the three genomes. 1941 genes in Puccinia
graminisf. sp. tritici, 3821 in Puccinia striiformis and 1942
in P. triticina have been identified. Genome of all three
wheat rusts was searched for protein associated in
different activities. The detail of Puccinia proteins
identifiedislistedinTable 8.8

Interpro Hypothetical Elongation ATP-binding Mitochondrial ABC transporter domain- Total no. of
Domain protein factor EF-3  cassette ABC transporter ATM  containing protein proteins

P. graminis tritici 21 2 3 1 1 28

P, striiformis 34 7 41

P, triticina 32 1 1 1 35

Wheat disease monitoring/ SAARC nursery

The 56" wheat disease monitoring nursery was planted
at 38 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 and ICAR-IARI, RS,
Shimla. More than 40S severity of yellow rust was
reported from NHZ and NWPZ except Durgapura where
maximum yellow rust severity was 55 on Agra Local. At
least six entries of WDMN had > 40S severity at Almora,
Bajaura, Khudwani, Dalang, Kathua, Jammu,
Dhaulakuan, Gurdaspur, Ludhiana and Langroya.

Brown rust was reported from 12 locations of NHZ and
NWPZ It was reported from all the locations of NEPZ
except Kalyani and Ranchi. In central zone, brown rust
appeared at Vijapur, Indore and Powarkheda and in PZ
and SHZ, only at Pune and Wellington. At Durgapura,
brown rust appeared only on HD2329 (TS), Lal Bahadur
(TS), WH147 (TMS) and RNB1001 while at Shimla it was
reported only on three entries i.e. PBW752 (10S), Agra
Local (20S) and Lal Bahadur (15S) while other entries
were brown rust free. Of the 33 locations of WDMNs,
black rust was observed at Vijapur, Indore and
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Powarkheda in CZ, Dharwad in PZ and Wellington in
SHZ. All the entries of WDMN were black rust free in
NHZ, NWPZ, PZ and NEPZ. Leaf blight was reported from
WDMNs planted at Rajouri, Kathua, Jammu
(Udhaywalla), Sabaur, Pusa, Kalyani, Ranchi, Ayodhya,
Kanpur, and Niphad. Powdery mildew was observed
only at Almora, Rajouri, Kathua, Jammu, Dhaulakuan
and Wellington.

SAARC wheat disease monitoring nursery was planted
at 27 locations in India, Bangladesh, Bhutan, Nepal and
Pakistan. Data were received from all the locations in
India and Nepal whereas; it is still awaited from other
SAARC countries.

National repository of pathotypes of Puccinia
species onwinter cereals

A collection of more than 150 pathotypes of different
rust pathogens of wheat, barley, oat and linseed were
maintained in live culture as well as cryo-preserved. For
the smooth conduct of wheat and barley rust research,
nucleus/bulk inoculum of different pathotypes of
wheat and barley rust pathogens was supplied to more
than 41 scientists/centers under public and private
sectoracross India.
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The ICAR-IIWBR, Regional Station located at Dalang
Maidan, Lahaul & Spiti in Himanchal Pradesh act as a
national service centre for providing various kind of
support to wheat and barley researchers across the
country. The efficient utilization of Off-season summer
nursery facility is for development of varieties in shorter
period of time, to improve the genetic gain and make
the wheat breeding programme more efficient and
effective. The ICAR-IIWBR Regional Station Dalang
Maidan, Lahaul & Spiti, Himachal Pradesh is one of the
strategic locations which helps in attaining this goal of
many plant breeding programs. The natural
environment of the valley provides excellent
opportunity to the wheat and barley scientists of the
country to use the facility for generation advancement
and screening against yellow rust and powdery mildew
diseases. The shuttle breeding approach helps in

removing the photoperiodic alleles and providing
better stability to the genotypes.
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REGIONAL STATION DALANG MAIDAN,
LAHAUL & SPITI (HP)

Generation advancement of wheat and barley crops
during off season, 2024

During the period of May-October, 2024, more than
37000 lines of wheat and barley breeding material from
43 co-operators of different Institute across the country
were advanced at ICAR-IIWBR Regional station, Dalang
Maidan, by utilization summer nursery facility. The
materials from all the major wheat zones were
advanced at the station. The maximum materials were
from NWPZ followed by NHZ, CZ, NEPZ and PZ. Apart
from ICAR-IIWBR Karnal, ICAR-IARI New Delhi, CCS HAU
Hisar, PAU RS Gurdaspur, NABI Mohali, VPKAS Almora,
BISA Ludhiana and CSHPKV Palampur were major co-
operators for utilizing the off-season facility. The
sowing of all the materials was done during 24 - 26"
May, 2024. All the research material was harvested at
maturity in the month of Sep-Oct, 2024 and supplied to
the respective researchers well in time. The disease
pressure for both stripe rust and powdery mildew was
adequate for screening of the lines and properly
utilized by wheat workers across the country.

Corrective hybridization:

The summer nursery (2024) was also utilized for
corrective crossing and backcrossing for gene
introgression, mapping of the traits for genetic study
and various breeding programmes of wheat and
barley. More than 1050 corrective crosses, back
crosses/three-way crosses were attempted during the
Off-season. Scientific, Technical/RA/SRF and staff
members from different institutes such as ICAR-IIWBR
Karnal, ICAR-IARI New Delhi, ICAR-IARI-RS, Shimla,
ICAR-VPKAS Almora, SKUAST-J Jammu, CSKHPKVYV,
Palampur, NABI Mohali, PAU-RS, Gurdaspur and many
others visited the nursery during months of July and
August, 2024, forattempting crosses.

Disease screening

The season was very favorable for the screening of
yellow rust and powdery mildew. Around 13,500 lines
were screened by various centers. The yellow rust
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incidence was first observed during mid of July and
disease pressure was highest during beginning of
August, 2024. Powdery mildew also appeared at the
end of August 2024. The yellow rust incidence was first
observed during last week of July and the disease
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pressure was highest during August.

Natural Repository of Wheat and Barley
Germplasm:

The off-season facility also acts as a natural repository
for wheat and barley germplasm and at present, about
12000 wheat germplasm accessions and about 8000
barley accessions are being conserved and maintained
under natural cool temperature conditions at the
station.

Seed multiplication of important Barley cultivars/
varieties

The seed multiplication of few barley genotypes from
ICAR-IIWBR, Karnal was carried out at the station.
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1 Q SEED AND RESEARCH UNIT, HISAR

The ICAR-Indian Institute of Wheat and Barley Research,
Seed and Research Unit, Hisar is located at the Southern
bypass in the North-West of Hisar city. With an area of
200 acres, it is 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. The main research focus is
on evaluation of wheat and barley genotypes under
natural soil salinity conditions.

Breeder seed production and revenue generation

Breeder seed production of popular/newly released
wheat and barley varieties isan important activity of the
Seed and Research Farm Hisar (Fig. 10.1) and during the
season pertaining to 2023-24, 1179.08q of breeder seed
of one wheat (DBW303) and six barley varieties
(DWRB101, DWRB123, DWRB137, DWRB160 and
DWRB182) was produced. The variety wise seed
productionisgivenintheTable 10.1.

Table 10.1: Breeder seed production of different varieties during 2023-24

S. No. Variety/Crop Class of seed/mixture Quantity (q)
1 DWRB101 (Barley) Breeder seed 14.40

2 DWRB123 (Barley) Breeder seed 30.35

3 DWRB137 (Barley) Breeder seed 293.85

4 DWRB160 (Barley) Breeder seed 15.75

5 DWRB182 (Barley) Breeder seed 19.23

6 DWRB219 (Barley) Breeder seed 52.50

7 DBW 303 (Wheat) Breeder seed 753.00

Total 1179.08

Trials under multi-locational and multi-disciplinary

research programme on wheat and barley

improvement

« Barley AVT/IVT-SST with 18 entries in 4 replications
under two salinity environments was conducted
during rabi 2023-24 and the data was supplied to the
Principal Investigator barley.

» All India Coordinated Salinity/Alkalinity Tolerance

w

Screening Nursery SATSN-Wheat) with 29 entries
including 5 checksin ABD was conducted.

» Response of new feed barley genotypes to different
Nitrogen levels under salinity condition in NWPZ was
tested with 4 varieties (KB2031, RD2907, NDB1173
and RD2794) in four replications and 3 nitrogen
levelsinsplitplotdesign.

Station trials conducted

* Wheat Station Trial (NWPZ/NEPZ/CZ/PZ-RI-TS) with
25 entries in 2 replications in simple lattice was
conducted.

Selection

« Selection was exercised in F6 generation in 10
crosses.

» Selection was exercised in F5 generation in 65
crosses.

Mutation breeding in barley

+ Atrial for mutation breeding in barley was laid out in



2023-24 crop season. The M1 generation of three
popular and new barley varieties viz. DWRB137,
DWRB219 were raised. The varieties were given
gamma dosage of 250 & 300 Gy. The objective of the
trial is selection of a hull less mutant (Nud7 mutant)
from agronomically superior hulled varieties. A total
of 5000 individual spikes were selected from the M1
generation toraise the M2 generation.

Barley accessions validated for salinity tolerance:

A total of five wild barley (Hordeum spontaneum)
accessions (1C144117, 1C144121, 1C144123,
IC144128 and IC145508) were screened for tolerance
to salinity and these were found to be promising
accessions for salinity tolerance as donor parents.

25 barley genotypes from ICARDA with different
geographical origin were validated to harbor salinity
tolerance and these, as well, can be used as donor
parents.

A total of 22 Himalayan landraces of barley were

validated under salinity environment at ICAR-IIWBR,
Hisar.
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A set of 105 released varieties was evaluated under
field soil salinity conditions at Hisar Farm during
2023-24 in augmented block design. Promising
varieties with high levels of salinity tolerance
included K-508 (6R), Jyoti (6R), K-507 (6R), PL419 (6R)
andRD2552 (6R).

Material screened for aphid resistance:

398 accessions collected from the Himalayas were
screened for tolerance to aphid infestation under
natural conditions. Out of these 23 accessions were
found to be resistant to aphid infestation with an
aphidresistance score of 2.

Diversity analysis in 366 Himalayan landraces

A total of 366 Himalayan landraces were planted in
augmented block design with seven checks (Bilara-
2,DWRB-137,RD-2552,BH-946,RD-2907, DWRB-182
and RD-2794) and diversity analysis was performed
on the data recorded on 10 agro-morphological
traits. The GxE plot and dendrogram analysis
revealed a significant proportion of genetic diversity
intheanalysed panel (Fig. 10.2).

Fig. 10.2 Dendrogram depicting diversity in

landraces
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1 1 EXTENSION ACTIVITIES

Training programmes organized/conducted by ICAR-IIWBR, Karnal

S. no. Date Duration (Days) No. of Trainees  Subject Organized by

1. 09.01.2024 1 50 Farmers Awareness-cum-Training ICAR-IIWBR, Karnal in
Programme on Agricultural collaboration with KVK,
Technologies’ Tepla, Ambala, Haryana

2. 10.01.2024 1 50 Farmers Awareness-cum-Training ICAR-IIWBR, Karnal in
Programme on Agricultural collaboration with KVK,
Technologies’ Kaithal, Haryana

3. 11.01.2024 1 50 Farmers Awareness-cum-Training ICAR-IIWBR, Karnal in
Programme on Agricultural collaboration with KVK,
Technologies’ Jhajjar, Haryana

4, 15.03.2024 1 100 Farmers ‘Training Programme on ICAR-IIWBR, Karnal, in
Conservation Agriculture and  collaboration with KVK,
Spray Techniques' at Ganju Ambala, Haryana
Majra, Ambala, Haryana

06-10-2024 1 94 Dealers Wheat and Barley Marketing HAMET], Jind Haryana
6. 21-23 Dec., 2024 3 40 Farmers Uttarakhand me Gehoon evam ICAR-IIWBR, Karnal

Jau ki Adhunik Kheti

Coordination of visits at ICAR-IIWBR, Karnal

S.No. Date Numbers of visitors Institute/States of the visitors

1. 09-01-2024 40 Farmers Firozabad, Uttar Pradesh

2. 19-01-2024 45 Farmers Sri Ganganagar, Rajasthan

3. 30-01-2024 50 Farmers Nagore, Rajasthan

4. 31-01-2024 07 Officers Ujjain, Madhya Pradesh

5. 01-02-2024 48 Farmers Fatehpur, UP

6. 01-02-2024 50 Farmers Alwar, Rajasthan

7. 05-02-2024 20 Students PM Shri Govt. Sr. Sec. School, Kunjpura, Karnal, Haryana
8. 06-02-2024 245 Students PM Shri Kendriya Vidyalaya ITBP, Bhanu Ramgarh, Panchkula (Haryana)
9. 06-02-2024 35 Students GDGU, Gurugram, Haryana

10. 07-02-2024 37 Farmers ICAR-CSWRI, Avikanagar, Tonk, Rajasthan

11. 07-02-2024 50 Farmers Hanumangarh, Rajasthan

12. 08-02-2024 23 Farmers Sugarcane Breeding Institute, Karnal, Haryana

13. 13-02-2024 48 Students Govt. Sr. Sec. School, Nara, Panipat, Haryana

14. 13-02-2024 59 Farmers ICAR-CSWRI, Avikanagar, Tonk, Rajasthan

15. 13-02-2024 50 Students Gouvt. Sr. Sec. School, Kutail, Panipat, Haryana

16. 13-02-2024 50 Students PM Shri Govt. Sr. Sec. School, Nilokheri, Karnal, Haryana
17. 16-02-2024 14 Farmers Raisen, Madhya Pradesh

18. 19-02-2024 26 Students ICAR-NDRI, Karnal, Haryana

19. 21-02-2024 160 Students PM Shri Govt. Sr. Sec. School, Urlana Kalan, Panipat

20. 23-02-2024 100 Students Uncha Samana, Haryana

MBI
ICAR




ICAR-IIWBR ANNUAL REPORT 2024

S.No. Date Numbers of visitors Institute/States of the visitors

21. 23-02-2024 150 Students PM Shri Kendriya Vidyalaya No. 2 Ambala Cantt., Haryana

22. 26-02-2024 30 Farmers Department of Agriculture, Meerut, Uttar Pradesh

23. 26-02-2024 43 Students Shri Vaishnav Vidhyapeeth University, Indore (MP)

24. 28-02-2024 58 Students Bharath University, Chennai

25. 02-03-2024 43 Students Ahmednagar, Maharashtra

26. 05-03-2024 40 Students College of Agriculture, Baramati, Pune, Maharashtra

27. 06-03-2024 19 Farmers Amritsar, Punjab

28. 06-03-2024 08 Officers Datiya, Madhya Pradesh

29. 07-03-2024 04 Offices JIRCAS, Japan

30. 07-02-2024 112 Students JSA college of Agriculture & Technology, Tamil Nadu

31. 07-03-2024 119 Students Don. Bosco College of Agriculture, Arakkonam, Tamil Nadu

32. 12-03-2024 25 Farmers Batala, Gurdaspur, Punjab

33. 12-03-2024 85 Students DAESC KDM TNAU, Tamil Nadu

34. 12-03-2024 119 Students MIT College of Agri. & Technology, Musiri Tamil Nadu

35. 12-03-2024 85 Students SBA College & Res. Foundation, Karaikudi, Tamil Nadu

36. 12-03-2024 96 Students Krishna College of Agri. and Tech. Usilampatty, Tamil Nadu

37. 13-03-2024 35 Students CSAUA&T, Kanpur, Uttar Pradesh.

38. 13-03-2024 44 Farmers CAFAD Ghaziabad, Uttar Pradesh

39. 13-03-2024 34 Students CSAUA & Tech., Kanpur

40. 13-03-2024 110 Students TNAU, Tamil Nadu

41. 14-03-2024 179 Students AC&RI, Madurai, TNAU, Tamil Nadu

42. 14-03-2024 115 Students AC&RI, Killikulum, TNAU, Tamil Nadu

43. 15-03-2024 110 Students Adhiyaman College of Agri.& Res., Krishnagiri, Tamil Nadu

44, 16-03-2024 24 Students CoA, Jodhpur Agricultural University, Jodhpur, Rajasthan

45. 18-03-2024 42 Students CCSU, Meerut, Uttar Pradesh

46. 22-03-2024 122 Students Adhiparasakthi Agricultural College, Tamil Nadu

47. 22-03-2024 95 Students SRM College of Agricultural Sciences, Baburayanpettai, Tamil Nadu
48. 26-03-2024 20 Students ICAR-NBPGR, New Delhi

49, 27-03-2024 95 Students SRM College of Agricultural Sci., Changalpattu, Tamil Nadu

50. 29-03-2024 118 Students Pushkaram College of Agri. Sci., Thiruxarangulam, Pudu & Katai
51. 01-04-2024 77 Students RVS Padmavathy College of Horticulture, TNAU, Dindigul

52. 02-04-2024 105 Students College of Agriculture, Jodhpur, Rajasthan

53. 03-04-2024 05 Students Sam Higginbottom University of Agriculture and Technology, Prayagraj, Uttar Pradesh
54, 04-04-2024 107 Students Aravindhar Agricultural Institute of Technology, Tiruvannamalai, Tamil Nadu
55. 05-04-2024 45 Students Mayurakshi College of Agriculture, Jodhpur, Rajasthan

56. 08-04-2024 85 Farmers Gautam Nayak Surya Foundation Project, New Delhi

57. 09-04-2024 21 Students Meerut Institute of Technology, Meerut, Uttar Pradesh

58. 09-04-2024 49 Students Palar Agricultural College, Vellore, Tamil Nadu

59. 12-04-2024 80 Students Nammazhvar College of Agriculture and Technology, Kamudi, Tamil Nadu
60. 16-04-2024 73 Students IFTH University, Moradabad, UP

61. 16-04-2024 122 Students PGPCAS, Namakkal, Tamil Nadu

62. 06-05-2024 23 Students CCSHAU, College of Agriculture, Kaul, Haryana

63. 07-05-2024 123 Students TRIARD-TNAU, Tamil Nadu

64. 27-05-2024 22 Students SVPUA&T, Meerut, Uttar Pradesh

65. 04-06-2024 22 Students SVPUA&T, Meerut, Uttar Pradesh

66. 26-06-2024 01 Officer Ms. Endo Noriko, Project Coordinator JICA Project Japan

86 \&\i?é%

=L
A .
P

B Ll
by A




ICAR-IIWBR ANNUAL REPORT 2024

S.No. Date Numbers of visitors Institute/States of the visitors

67. 28-06-2024 61 Students IGKV, BTS-CARS, Bilaspur, Chhattisgarh

68. 08-07-2024 04 Students Kings College, Rohtak, Haryana

69. 10-07-2024 01 Officer Dr. Jagdish Rane, ICAR-CIAH, Bikaner, Rajasthan

70. 22-07-2024 40 Students Mahender Singh Sangor, Firozabad, UP

71. 26-07-2024 76 Students DPS, Karnal, Haryana

72. 09-08-2024 79 Students GMSSSS, Biana, Karnal, Haryana

73. 21-08-2024 51 Farmers Basti, Uttar Pradesh

74. 13-09-2024 67 Students GSSS Nara, Panipat, Haryana

75. 17-09-2024 30 Farmers ATMA, Muzzafarpur, Bihar

76. 24-09-2024 60 Farmers Bhavna Seva Sansthan, Lucknow, Uttar Pradesh

77. 25-09-2024 12 Students SST University, Gurugram, Haryana

78. 26-09-2024 60 Farmers Bhavna Sewa Sansthan, Lucknow, Uttar Pradesh

79. 29-09-2024 70 Farmers Gramin Bal Vikas Evam Prashishaksan Sansthan, Basti, UP
80. 08-10-2024 12 Farmers ATMA, Datia, Madhya Pradesh

81. 16-10-2024 29 Farmers CCSHAU, Hisar, Haryana

82. 16-10-2024 35 Farmers Deoria, Uttar Pradesh

83. 16-10-2024 22 Students Phonics Group of Institution, Roorkee, Uttarakhand
84. 16-10-2024 32 Farmers Department of Agriculture, Baliya, Uttar Pradesh

85. 18-10-2024 50 Farmers Agriculture Department, Baghpat, Uttar Pradesh

86. 22-10-2024 20 Trainee Agriculture University, Kota, Rajasthan

87. 23-10-2024 41 Farmers Amethi, Uttar Pradesh

88. 24-10-2024 12 Farmers Agriculture Division, Lahaul &Spiti, Himachal Pradesh
89. 25-10-2024 50 Farmers Department of Agriculture, Baghpat, Uttar Pradesh
90. 28-10-2024 84 Students GSSS, Kutail, Haryana

91. 12-11-2024 20 Farmers IPS Foundation, Ambala, Haryana

92. 12-11-2024 42 Students JUIT Solan, Himachal Pradesh

93. 13-11-2024 35 Farmers Garib Uthan Seva Sansthan, Azamgarh, Uttar Pradesh
94, 15-11-2024 40 Farmers ATMA, Jodhpur, Rajasthan

95. 20-11-2024 37 Students Kalasalingam Academy of Research and Education, Tamil Nadu
96. 21-11-2024 17 Students Geeta University, Panipat, Haryana

97. 22-11-2024 36 Students Radha Krishna Public School, Thol, Haryana

98. 22-11-2024 71 Students LNCT College, Bhopal, Madhya Pradesh

99, 02-12-2024 30 Students ATMA, Tulsi Sarovar Ashoknagar, Madhya Pradesh
100. 03-12-2024 25 Farmers ATMA, Kullu, Himachal Pradesh

101. 03-12-2024 52 Students Dayal Singh Public School, Karnal, Haryana

102. 18-12-2024 200 Students PM Shri KendriyaVidhyalaya, Beholi, Samalkha, Panipat
103. 18-12-2024 50 Farmers ATMA, Bharatpur, Rajasthan

104. 19-12-2024 60 Students CDTRI Partapur, Meerut, Uttar Pradesh

105. 19-12-2024 76 Students GSSS, Ghimana, Jind, Haryana

106. 20-12-2024 84 Students GSSS, Patti Afgan, Kaithal, Haryana

107. 24-12-2024 74 Students TMU Moradabad, Uttar Pradesh

108. 26-12-2024 52 Farmers Pragya Gramotthan Seva Samiti, Fatehpur, UP

100. 27-12-2024 30 Farmers Department of Agriculture, Mandi, Himachal Pradesh
110. 31-12-2024 61 Farmers Garsa, Kullu, Himachal Pradesh
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Organization of Farmers Day/Field Day/Foundation Day etc.
Subject
Kisan Pathshala ka Ayojan at Village Furlak, Karnal

Sr.no. Date
29 January, 2024

Organized by
ICAR-IIWBR, Karnal

2. 08 February, 2024 International Women Day ICAR-IIWBR Karnal

3. 09 February, 2024 10th Foundation Day of ICAR-IIWBR, Karnal ICAR-IIWBR Karnal

4 09 April, 2024 Field Day ICAR-IIWBR Karnal at Village Bachki
and Garhi Roran, Kurukshetra, Haryana

5. 21 June, 2024 International Yoga Day ICAR-IIWBR, Karnal

03 December, 2024
05 December, 2024
23 December, 2024

ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal
ICAR-IIWBR, Karnal

Agricultural Education Day
World Soil Day at Village Sangoha, Karnal
Rashtriya Kisan Diwas

Participation in Exhibitions

S.No. Programme Date Organized by
1. Kshetriya Krishi Mela 03-04 Feb., 2024 ICAR-Indian Institute of Vegetable Research, Varanasi, Uttar Pradesh
2. Virat Kisan Mela 01-03 March, 2024 Department of Agriculture, Uttar Pradesh at Samrat Prathviraj Chauhan
Degree College, Baghpat, Uttar Pradesh
3. Kisan Mela 03 March 2024 Gurbachan Singh Foundation for Research Education and Development,
Kachhwa Road, Karnal, Haryana
4. National Potato Festival-2024  09-10 March 2024 ICAR-Central Potato Research Institute, Regional Station, Modipuram,
Meerut, UP
Krishi Kisan Mela (Kharif) -2024 18-19 March, 2024 Chaudhary Charan Singh, Haryana Agriculture University, Hisar, Haryana
National Conference on 08-09 Nov., 2024 Maharana Pratap Horticulture University, Karnal, Haryana
SmartFarming Solutions for
Ornamental Horticulture
7. Global Soils Conference 2024  19-22 Nov., 2024 Indian Society of Soil Sciences and International Union of Soil Sciences

at NASC Complex, New Delhi

TV Programme

Date Name of the programme
09.01.2024 DD Kisan Prashan Manch
23.12.2024 DD Kisan Prashan Munch
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1 2 LINKAGES

ICAR - IIWBR has a strong and wide network of linkages and collaborations with
research organizations both in India and abroad.

coordinated
centers and
other institutes

Research
Linkages

Academic
Linkages

IIWBR-SAUs
Partnership

Linkages with
industry

Linkages with
TERI

Linkages with
Startup

........................................................................................................................................

------ “" 28 Funded centers

Department of Agriculture of 17 states
Around 96 voluntary centers

.............................................................................................................................................

Australian centre for international Agricultural Research (ACIAR); Cornell University , USA; University of
Sydney, Australia and International crop research institute for semi Arid Tropics (ICRISAT) , Hyderabad ;
JIRCAS Japan;Nationalinstitutes like IARI, NBPGR, New Delhi (ICAR); and PPV & FRA, New Delhi; National
Agri-food Biotechnology Institute (NABI), Mohali (Punjab), Indira Gandhi Krishi Vishwavidyalaya, Raipur
(Chhattisgarh); Kumaun University, Nainital (Uttarakhand); Jaypee University of Information
Technology, Waknaghat (Himachal Pradesh); Guru Jambheshwar University of Science and Technology,
Hisar (Haryana); Punjab Agricultural University, Ludhiana (Punjab); Indo Jordan Joint Agricultural
Technical Committee (IJJATC); ICAR-IISS, Mau.

o

Deenbandhu Chhoturam University of Science and Technology, Murthal (Haryana); Amity University,
Jaipur (Rajasthan); Mahatma Jyoti Rao Phoole University, Jaipur (Rajasthan); CSKHPKV, Palampur,
(Himachal Pradesh); Indian Institute of Food Processing Technology, Thanjavur (Tamilnadu); DAV
University, Jalandhar (Punjab); Lovely Professional University, Jalandhar (Punjab); Pandit Jawaharlal
Nehru College of Agriculture and Research Institute, Karaikal (Puducherry); CCSHAU, Hisar (Haryana);
Ch. Charan Singh University, Meerut , (Uttar Pradesh); Banasthali University, Banasthali Vidyapith,
(Rajasthan); Indian Institute of Science Education and Research, Kolkata, Mohanpur, (West Bengal);
ICAR-CSSRI, Karnal, (Haryana); Kurukshetra University, Kurukshetra; CCS University , Meerut , RVSKWV
Gwalior; Guru Jambeshwar university, Hisar; Jay Pee University of information technology , Solan Ch.
Devi lal University, Sirsa; Maharishi Markendeshwer University; Mullana, Ambala ; Kumaun University,
Nainital and ICAR-NDRIfor pursuing their M.SC/ Ph.d under the guidance of ICAR - [IWBR scientists.

o

In order to promote ICAR-IIWBR wheat and barley varieties in different zones, 10 agreements were
signed between ICAR-IIWBR and following SAU'S and ICAR institutes for large scale multiplication of
breeder seed and further distribution in the respective zones SKAUST, Jammu ; GBPUA &T, Pantnagar;
BHU -Varansasi; JKNVV , Jabalpur; RVSKVV, Gwalior; SKNAU, Jobner; SKRAU Bikaner; BAUT Bandha;
RLBCAU, Jhansi.

o

..............................................................................................................................................

Evaluation of Nano Fertilizers developed by the Energy Resource Institute (TERI), Gurugram (HR) in
wheat and barley at ICAR- IIWBR, Karnal. Further, nano seed treatments in mitigation of biotic and
abiotic stressesin wheatis being explored with TERI, Gurugram.

o

Developed collaboration with start-up named RAAV Tech labs Private Limited, Delhi to develop NIR
based protein analyser under public private partnership of "Make in India" programme.
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1 3 INSTITUTE ACTIVITIES AND MAJOR EVENTS

75" Republic Day Celebration

ICAR-IIWBR, Karnal Celebrated 75" Republic Day (26"
January 2024) with full enthusiasm in the presence of
all institute staff, supporting workers, and students
admitted under IARI Mega Univeristy, Karnal Hub. Dr.
Gyanendra Singh, Director ICAR-IIWBR, Karnal hoisted
the National Flag and acknowledged the efforts of
institute staff as well as predecessors for their significant
contribution to the institute. The Director also
congratulated all the winning players and participants
who took part in the ICAR -Zonal Sports Meet 2023 for
North Zone.

=

Kisan Pathshala

Kisan Pathasala was organized by ICAR-IIWBR, Karnal on
29" January, 2024 at village Phurlak, District Karnal,
Haryana under the Haryana Vigyan Manch. On this
occasion farmers also gave heartily farewell and honour
to Dr Randhir Singh. This meeting was coordinated by
DrRajinder Singh, member, HaryanaVigyan Manch.

Women's day

International Day of Women and Girls in Science was
celebrated at ICAR-Indian Institute of Wheat & Barley
Research, Karnal on 8" February, 2024. Director, ICAR-
IIWBR, Dr. Gyanendra Singh graced the occasion and
shared his views about the role of women and girls in
science. He appreciated the multifaceted duties played
by women at the office and at home and congratulated
them for making proactive contributions to the




institution. Women staff of the institute including
scientists, technical, young professionals, SRFs,
students and administrative personnel participated in
this event and shared their respective views about
increasing the contribution of women in science and
at the same time maintaining a happy work-home
balance.

Foundationday

ICAR-IIWBR, Karnal celebrated 10" Foundation Day on
9" February, 2024. Dr. Gurbachan Singh, and Dr. Arun
Kumar Sharma were the chief guests on this occasion.
Progressive farmers were also participated and they
were honoured by the chief guestand Director.

HraEmaner o el w e dha
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India and CIMMYT Wheat Improvement Partnership
Program

A Review and Planning Meeting under India and
CIMMYT Wheat Improvement Partnership Program was
held on 23" February, 2024 at ICAR-IIWBR, Karnal. From
CIMMYT Dr. Kevin Pixley (Wheat Program Director), Dr.
Arun Kumar Joshi (BISA Managing Director), Dr.Velu
Govindan (Senior Wheat Breeder), Dr. Sridhar Bhavani
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(Senior Scientist, Head of Rust Pathology and Molecular
Genetics) and Dr. Pradeep Bhati (Wheat Breeder, BISA)
participated in meeting and presented the
achievements made under wheat improvement
program. Dr. Gyanendra Singh gave the overview and
achievements of CIMMYT activities under the CIMMYT
India partnership.

National Women Day

National Women Day was organized by ICAR-IIWBR,
Karnal on 8" March, 2024 at farmers field. Scientist of
ICAR-IIWBR, Karnal interacted with the women
engaged inagriculture atvillage Subri, District,Karnal.

Public Private Partnership meeting

ICAR-Indian Institute of Wheat and Barley Research,
Karnal successfully organised one day “Technology
Showcasing and Interface Meeting for Technology
Commercialization through Public Private Partnership”
on 19" March, 2024. More than 50 private seed
company representatives, 40 progressive farmers,
representatives from farmer producer organizations of
Punjab, Haryana, Uttar Pradesh and Rajasthan attended
the meeting.




5" IGM Meeting

ICAR-IIWBR organized the 5" IGM meeting on “Climate-
Proofing Cereal Agriculture: Strategies for Resilience
and Sustainability” from 24-27 March, 2024 at ICAR-
[IWBR, Karnal. Dr. Trilochan Mohapatra (Chairperson,
PPVFRA, Former Secretary, DARE & DG, ICAR, New Delhi)
was the chief guest of the program. Dr. Suresh Kumar
Chaudhari (DDG, Natural Resource Management, ICAR,
New Delhi) joined the program through online mode.

Field Day

Field Day was organized at Sherpur Khelmau Haridwar
in association with KVK Dhanauri Uttarakhand under
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cluster demonstration on climate resilient and
biofortified variety on 5" April, 2024.
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Brainstormingsession

A special brainstorming session on "Augmenting pre-
breeding for wheat improvement" was organized on
12" April, 2024 at ICAR-IIWBR, Karnal, in hybrid mode. In
this session, Dr.Gyanendra Singh, Director ICAR-IIWBR,
Karnal was the chairman and Dr. NS Bains, former
Director Research, PAU Ludhiana, was co-chairman.




Meeting on wheat diseases and containment
strategy

One-day meeting on important wheat diseases and
containment strategy was organized at ICAR-IIWBR,
Karnal in hybrid mode on 23" April 2024. Dr Gyanendra
Singh, Director ICAR-IIWBR Karnal welcomed the
participants and presented salient achievements.
Former Director, ICAR-IIWBR, Karnal, Dr. Indu Sharma
was the chief guest of the program. The discussion was
held on status of wheat diseases and emerging new
threats.

Visitof ICAR-CSSRI, QRT team

An interactive meeting with QRT ICAR-CSSRI was
organized on 25" April, 2024 at ICAR-IIWBR, Karnal. Dr.
NK Tyagi, Chairman and Dr. Ashok Kumar, Dr. SK Gupta
members, QRT-ICAR CSSRI along with Dr. RK Yadav,
Director CSSRI and Dr. AK Rai, Head, Division of Soil &
Crop Management and Dr. SK Sanwal, Head, Division of
Crop Improvementattended the meeting.

Second brainstorming session

One day brainstorming session at IIWBR RS,Flowerdale,
Shimla was organised on 26 April, 2024 entitle " Rust
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Research in India: Retrospect and Prospect. Secretary
DARE and Director General, ICAR Dr Himanshu Pathak
was the Chief Guest, who first unveiled a bust of Dr KC
Mehta (Founder of this station) and made special
remarks about importance of wheat rusts during
brainstorming meeting and also visited facilities at this
nationalfacility onrusts.

Inauguration of S. Nagrajan Hall

It was a historic moment for ICAR-IIWBR to receive Dr
Himanshu Pathak, Secretary DARE and DG ICAR on 28" April
2024. He unveiled Dr S Nagarajan bust and inauguratedz
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newly created facilities such as Board Room and S Nagarajan
Hall. He interacted with all the staff members and
congratulated wheatfamily for their success.

IP Day 2024

Institute Technology Management Unit of ICAR-IIWBR,
Karnal organized a lecture in respect of World IP Day
2024 under the chairmanship of Director, ICAR-IIWBR,
Karnal on 30" April, 2024. An IP Guest lecture on“IPRs as
a Tool for Innovation in R&D” was delivered by Dr. SK
Soam Principal Scientist ICAR-NAARM, Hyderabad.

World Environment Day

ICAR-IIWBR, Karnal organized World Environment Day
.y -da o Rl e (4
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on 5" June 2024. On this occasion, Director IIWBR and all
staff planted more than four hundred trees to cope up
with the pollutionin the environment.

THIHIRIRFOAIRY (b
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International Yoga Day

10" International Yoga Day was organized at ICAR-
IIWBR, Karnalon 21" June 2024.

IRC Meeting

The Institute Research Council (IRC) meeting was held
on 9" July, 2024 under the chairmanship of Dr. Ratan
Tiwari, Director ICAR-IWBR Karnal. All the Principal




Investigators, and Scientists of the institute attended
the meeting. Scientists from Flowerdale Shimla and
Hisar centre joined the meeting online.

IMC Meeting

The 32™ IMC meeting was held on 19" July 2024 in Dr.
V.S. Mathur Hall, ICAR-Indian Institute of Wheat & Barley
Research, Karnal under the chairmanship of Dr. Ratan
Tiwari, Director, ICAR-IIWBR, Karnal.

Independence Day Celebration

ICAR-IIWBR celebrated the Independence Day on 15"
August 2024 and Director-IIWBR, Dr. Ratan Tiwari
hoisted theflag.
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29" August 2024 and planted many plants in the name

of mothers.
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Swachhta Pakhwada

Various Swachhta Pakhwada activities were taken up by
ICAR-IIWBR from 14" September-2™ October 2024)

Research Advisory Committee Meeting

29" Research Advisory Committee (RAC) meeting was
held atICAR-IIWBR, Karnal on 18" November 2024. in
the presence of Dr. P. L. Gautam, Chairman RAC and
Former Vice Chancellor (GBPUAT, Pantnagar) & Former
Chairman, PPVFRA, New Delhi and other distinguished
members of RAC.
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National Agriculture Education Day

National Agriculture Education Day was organized on
03" December 2024 at ICAR-IIWBR, Karnal with school
students.
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World Soil Day

World Soil Day was organized on 5" December 2024 at
Village Sangoha by ICAR-IIWBR Karnal with the theme
“Caring for soils: measure, monitorand manage”

Awareness Programme

A workshop on "Prevention of Sexual Harassment at
Workplace" was successfully organized at ICAR-IIWBR,
Karnal on 9" December 2024. The event aimed to raise
awareness about the POSH Act, 2013 and foster a safe
and supportive work environment for women.
Esteemed speakers, including madam Iram Hasan
(Chief Judicial Magistrate), Dr. Anuradha Punia (Retired



Principal, Government College for Women),and Madam
Babli (Sub-Inspector, Sonipat), shared their expertise on
legal, practical, and social aspects of addressing
workplace harassment. More than sixty members
participated in the workshop.

1JSC Meeting

The first meeting of 10" 1JSC was conducted on 11
December 2024 at ICAR-IIWBR, Karnal. The meeting was
chaired by Honble Director, Dr. Ratan Tiwari. Various
important agenda items related to employees of ICAR-
IIWBR, Karnal were discussed and approved by the
committee.
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Swachhta Pakhwada

The cultural program was organized on 16 dec-2 jan
during Swachhta Pakhwada. The students spread the
message of cleanliness for a healthy and happy life
through theiracts. On this occassion, Sh. Dheeraj Kumar,
Deputy Municipal Commissioner of Karnal participated
as the chief guest in the presence of Dr. Ratan Tiwari,
Director ICAR-IIWBR, Karnal. The chief guest showed his
happiness on the clean and green campus of the
institute and appreciated the initiatives taken by the
Director. The participants were encouraged to give up
the single use plastic to make this mission more
effective. The decomposable plastic carry bags were
alsodistributed on this occasion.




1 4 DISTINGUISHED VISITORS

Dr. Balraj Singh (VC-SKNRAU, Jobner) & Dr. Wazir Singh
(DDA, Karnal) visited on 15 January, 2024 and discussed
aboutthe newly released wheatand barley varieties

-\.E_P'.'

Dr. Seth Meyer, Chief Economist, United State
Department of Agriculture, USA along with Mr. Clay
Hamilton, Minister Council, USDA, USA; Dr. Santosh
Singh, Senior Agricultural Specialist, and Ms. Joanna
Brown, Agri. Attache, Embassy of the United States of
America, New Delhi visited on 1% February, 2024 and
discussed issues about the current scenario and
prospects of wheat production in India. Deliberations
onthevarietal release system, climate-resilient varieties
in the seed chain and possible future collaborations
with USDA were made during theinteraction.

Dr. Gurbachan Singh and Dr. Arun Kumar Sharma were
the chief guests on the occasion of 10" Foundation Day
(9" February, 2024) of ICAR-IIWBR.

Dr. R.K. Yadav, Director, ICAR-CSSRI, was Chief guest on
13" February, 2024 for inaugural of 21 Days Vocational
Training for Empowering Youth to Strengthen Seed
Sectorfrom 13 February-04 March 2024.

Dr. Daniel Muleta Fana (Coordinator-National Irrigated
Wheat Project), Mr. Hailu Mengistu Biru (Wheat
Breeder), Mr. Shimelis Alemayehu Seta (Wheat Breeder)
and Mr. Lemma Mamo Haile (Soil Scientist, Soil Salinity
Center) from Ethiopian Institute of Agricultural
Research, visited the wheat and barley breeding
experimental field trials and interacted with ICAR-IIWBR
scientists on 16" February, 2024.

g
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Dr. Kevin Pixley (Wheat Program Director, CIMMYT), Dr.
Arun Kumar Joshi (BISA Managing Director), Dr. Velu
Govindan (Senior Wheat Breeder), Dr. Sridhar Bhavani
(Senior Scientist, Head of Rust Pathology and Molecular
Genetics and Dr. Pradeep Bhati, Wheat Breeder, BISA
participated in review and planning meeting under
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India and CIMMYT wheat improvement partnership
program on 23" February, 2024.

Dr. Sanjay Kumar, Director, ICAR-Indian Institute of Seed
Science, Mau visited on 28" February, 2024 and
reviewed the nucleus seed production program, grow
out test facility at new farm of the institute and breeder
seed production program and STR experiments.

Dr. M.S. Saharan, Head, Department of Plant Pathology,
ICAR-IARI, New Delhi interacted and delivered a lecture
on "Disease free seed production of field crops" in 21
days Vocational Training for Empowering Youth to
Strengthen the Seed Sector organised by ICAR-IIWBR,
Karnal.

WLATEEEEETL [
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Dr. B. Mishra, Former Vice Chancellor, SKUAST, Jammu
and Former Director, DRR and DWR, Karnal visited on 4"
March, 2024 at the closing ceremony of “21 Days
Vocational Training for Empowering Youth to
Strengthen Seed Sector”
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Sh. Sanjay Singh, IAS, Former Secretary, Steel,
Additional Secretary DARE & Secretary ICAR, visited the
institute on 4™ March, 2024 and interacted with the
scientists about wheatand barley scenarioin India.

ke Y
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Dr. Yoshihasi, Dr. Kumashiro, Ms. Ozonoe from JIRCAS,
Japan and Ms Endo Noriko visited the institute on 7"
March, 2024 and interacted with the scientists about
wheatand barleyresearch.
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Dr.R.S.Paroda, President TAAS & Former Secretary DARE
&DG-ICARvisited the ICAR-IIWBR on 15" March, 2024.
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Dr.R.P.Singh, international wheat scientist&PadmaShri  Dr.Trilochan Mahapatra, Chairman-PPVFRA & Former
Awardee and Dr. PK. Singh, Agriculture Commissioner, Secretary of DARE & DG-ICAR, New Delhi & Dr. Suresh
visited the Institute on 16" March, 2024. Kumar Chaudhari, DDG (Natural Resource
- : Management) ICAR- New Delhi inaugurated the 5"
International Group Meeting on “Climate Proofing
Cereal Agriculture Strategies for Resilience and
Sustainability.

Dr. S.K. Malhotra, Vice Chancellor, Maharana Pratap
Horticultural University Karnal was the Chief Guest in
one day Technology Showcasing and Interface meeting
for Technology Commercialisation through Public
Private Partnership on 19" March, 2024. Dr. S.K. Malhotra (VC-MHU, Karnal) visited the ICAR-

[IWBR on 29" March, 2024.

Dr. N.S. Bains, Former Director Research, PAU Ludhiana,
was co-chairman in special brain storming session on
“Augmenting Pre-breeding for Wheat Improvement”.

1 SPECIAL TES NE FESSION ON .

EDING E

Dr. A.K. Singh, Vice Chancellor, ICAR-IARI Mega
University & Director IARI visited the ICAR-IIWBR on 21*
March, 2024 and interacted with the mega university
students about theirfacilities and constraints.
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Prof. B.S. Gill, Kansas State University, USA and Prof. Julie
King, University of Nottingham, UK joined online for
delivering lectures in special brain storming sessionon”
Augmenting Pre-breeding for WheatImprovement”.

Dr. Indu Sharma (Former Director, ICAR-IIWBR, Karnal),
Dr. S.C. Bhardwaj (Scientist Emeritus, RS IIWBR,
Flowerdale, Shimla) & Dr. M.S. Saharan (ICAR-IARI, New
Delhi) visited the Institute on 23 April, 2024.

Dr. Himanshu Pathak, Secretary DARE & DG- ICAR
visited ICAR-IIWBR on 28" April, 2024.

Dr. Sunil Tiwari (Director ICAR- IIFSR) & Dr. Ravi Shankar
(Coordinator & Scientist) visited the Institute on

10"May, 2024.

¢
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Dr.S.S. Singh (Ex Project Director, DWR, Karnal) with his
national coordinator team visited the institute on 27"
May, 2024.

Dr. AK. Singh, Director ICAR-IARI & VC IARI Mega
University Hub visited ICAR-IIWBR, Karnal on 18" June,
2024.

Ms.Endo Noriko, Project Coordinator JICA Project Japan
visited the Institute on 26" June, 2024.

Dr. Jagdish Rane, Director, ICAR-CIAH Bikaner,
Rajasthan visited the Institute on 10" July, 2024.

Dr. Tilak Raj Sharma, DDG ,Crop Science visited ICAR-
IIWBR, Karnal on 24" July,2024.




Dr. RK. Yadav, Director ICAR- CSSRI, Karnal visited the
Institute on 26" July, 2024.

Dr. Anupama Singh (Dean, ICAR- IARI Mega University
Hub) & Dr. Monika A. Joshi (Hub Associate Dean)
interacted with the students and faculty of IARI Mega
University, Karnal Hub on 5" August, 2024.

Dr. Kaveri Chauhan, Psychologist, Dayal Singh Public
School, Karnal delivered a lecture on “Gender
Sensitization”for the graduate/postgraduate students of
IARIMega University, Karnal Hub on 16" August, 2024.

Dr. Satoshi Tobita (Principal Investigator, JIRCAS), Ms. Ai
Leon (Senior Researcher, JIRCAS) and Endo Noriko
(Project Coordinator JICA Project Japan) visited the
institute on 6" September2024.
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Sh. Anurag Yadav (lAS), Secretary Agriculture, UP
interacted with scientists of the institute on different
issues on wheatand barley on 1" October, 2024.
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Dr. P. Govindaraj, Director ICAR- Sugarcane Breeding
Institute, Coimbatore and Dr. M.L. Chhabra, Head,
Regional Centre SBI, Karnal visited the ICAR-IIWBR on
19" October, 2024.

Madam Iram Hasan (Chief Judicial Magistrate), Dr.
Anuradha Punia (Retired Principal, Govt. College for
Women) and Madam Babli (Sub-inspector, Sonipat,
Haryana) were invited on 9" December, 2024 at ICAR-
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IIWBR, Karnal to share their expertise in prevention of
sexual harassmentat workplace.

Dr. B.E. Mishra, Director, ICAR-NBAGR was chief guest in
training programme on “Accelerated Breeding for
Mainstreaming Zinc Enrichment in Wheat” on 10"
December,2024.

Hon'ble Union Minister of Agriculture & Farmers'
Welfare, Sh. Shivraj Singh Chouhan ji, visited in the
institute on 11" December, 2024 and appreciated the
work done on wheat by the staff of ICAR-IIWBR, Karnal.
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15 AwARDS AND RECOGNITIONS

Awards

Dr. Mamrutha HM received ICAR-IIWBR best scientist
award for the year 2023 on 9" February 2024 during
foundation day of ICAR-IIWBR, Karnal.

Dr. Mamrutha HM is bestowed with SA Dadlani
memorial award for the year 2024 from Society for
Advancement of Wheat and Barley Research, Karnal,
Haryana.

Dr. Vikas Gupta received the SA Dadlani Memorial
Award- 2023 from Society for Advancement of
Wheat and Barley Research, Karnal, Haryana for his
contributions in wheat research during the 5"
International Group Meeting organized at ICAR-
[IWBR, Karnal on March 27,2024.

Dr. Umesh Kamble was awarded Young Scientist
Award 2024 by Prerna Foundation, Meerut during
the 6" Global Meet on Science and Technology:
Climate Smart Agriculture including Horticulture for
Sustainable Development held during 21-22
September, 2024 at MHU, Karnal

Dr Prem Lal Kashyap was conferred with Prof. J.P.
Chathrath Endowment Award -2023 for significant
contributionin the field of crop protection.

ICAR Certified Technologies

Seven resource management technologies of ICAR-IIWBR, Karnal were certified by ICAR in 2024:

Dr. Prem Lal Kashyap ranked among world's top 2%
scientists published by Stanford University (USA)
released forthe year2024.

Dr Charu Lata conferred Early Career Travel Award
from Wheat Initiative Germany to attend 3"
International Wheat Congress held at Perth,
Australia.

Dr. OP Gangwar was conferred the most cited paper
award (2023) to article 'Barley diseases and their
management: an Indian perspective' published in
Journal of Cereal Research {2018, 10(3): 138-150} by
SAWBAR.

Research paper entitled "Weed control in wheat with
pyroxasulfone and its combinations with other
herbicides" by Chhokar RS and Sharma RK in Weed
Biology and Management (WBM) Vol.23 No.2 pp.58-
70 got the Weed Science Society of Japan Best Paper
Award.

Fellow

Dr. Mamrutha HM has been selected as Fellow of
Indian Society for Plant Physiology for the year 2024

Sr.No. Name of Technology Developer Code Year
1 Intensification of rice-wheat Lead:S. C. Tripathi ICAR-NRM-IIWBR- 2024
cropping system Associates: Subhash Chander, Raj Pal Meena, Technology-2024-197
Rice-wheat -green gram Karnam Venkatesh, Ajay Verma
Rice-wheat —~cowpea
Rice-vegetable pea-wheat
2 Intercropping for 25% N saving in wheat Lead:S. C. Tripathi ICAR-NRM-IIWBR- 2024
Maize+pulses-wheat Associates: Karnam Venkatesh, Raj Pal Meena, Technology-2024-198
Subhash Chander, G. P. Singh
3 Skipping of P either in rice or in wheat Lead: S. C. Tripathi ICAR-NRM-IIWBR- 2024
with similar rice-wheat productivity Associates: Subhash Chander, Raj Pal Meena Technology-2024-199
4 Management of complex weed flora in Lead: Anil Kumar Khippal ICAR-NRM-IIWBR- 2024

barley through Pinoxaden +
carfentrazone application

Associate: A.S. Kharub, Lokendra Kumar,
R.S. Chhokar, S. C. Tripathi, Raj Pal Meena,
Gyanendra Singh
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Sr.No. Name of Technology Developer Code Year
5 Improving wheat yield through use of Lead: R.S. Chhokar ICAR-NRM-IIWBR- 2024
growth retardants (CCC +tebuconazole)  Associate: Neeraj Kumar, Subhash Chander Gill, ~ Technology-2024-201
under high fertility conditions S.C. Tripathi, Anil Kumar Khippal,
Raj Pal Meena Gyanendra Singh
6 Regulated deficit irrigation strategiesin ~ Lead: Raj Pal Meena ICAR-NRM-IIWBR- 2024
wheat for efficient water use Associate: Karnam Venkatesh, S. C. Tripathi, Technology-2024-202
RK Sharma, R. S. Chhokar GP Singh
7 Rice residue retention and 2 per cent K Lead: Raj Pal Meena ICAR-NRM-IIWBR- 2024
spray to enhance water use efficiency Associate: Karnam Venkatesh, Rinki Khobra, Technology-2024-203

S. C.Tripathi, Kailash Prajapat, R. K. Sharma,
Anil Khippal, G. P. Singh

Best Oral Presentation

e Dr. Sunil Kumar received best oral presentation
award for the topic "Celiac antigenicity analysis of
Indian aestivum and durum wheat varieties" at 5"
International Meeting on Climate-proofing cereal
agriculture: Strategies for resilience and
sustainability held at ICAR-IIWBR, Karnal during
March 27-29,2024.

e Dr. Mamrutha HM received best oral presentation
award during International salinity conference on
Rejuvenating salt-affected ecologies for land
degradation neutrality under changing climate held
at CSSRI, Karnal, Haryana, during 14-16 February,
2024.

Award for promotion of Hindilanguage
Best Exhibition Stall Award

« 3" Best Exhibition Stall Award at Virat Kisan Mela-
2024 organized by Department of Agriculture, Uttar
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Pradesh at Samrat Prithviraj Chauhan Degree
College, Baghpat, Uttar Pradesh during 01-03 March,
2024.

3" Best Exhibition Stall Award at National Conference
on Smart Farming Solutions for Ornamental
Horticulture organized by Maharana Pratap
Horticultural University, Karnal, Haryana during 08-
09 November, 2024.

Recognitions

Dr. Sunil Kumar, imparted invited training lecture
'Wheat Quality, Processing & Current Understanding'
on October 09, 2024 to participants in hands on
training on 'Effective extension methods for
upscaling and outscaling of wheat and barley
production technologies' during October 7-11, 2024
(organized jointly by Extension Education Institute,
Nilokheriand ICAR-IIWBR, Karnal).




1 6 TRAINING AND CAPACITY BUILDING

Training and capacity building
As per the ICAR guidelines, annual training
calendar was prepared for the scientists, technical,

Table 16.1: National trainings attended

administrative, and supporting staff. The details of

below:

training attended by the staff under ATP are given

S.No. Employee name Category Training Place of training (ICAR)  Duration (Days)

1. Dr Prem Lal Kashyap  Scientific Pedagogical Competencies for NASC, New Delhi Jan 29- Feb 02, 2024
Agricultural Education

2. Dr Sunil Kumar Scientific Pedagogical Competencies for NASC, New Delhi 04-08 March, 2024
Agricultural Education

3. Dr Rajender S Chhokar Scientific Pedagogical Competencies for NASC, New Delhi 04-08 March, 2024
Agricultural Education

4. Dr Charan Singh Scientific Pedagogical Competencies for NASC, New Delhi 04-08 March, 2024
Agricultural Education

5. Dr Anuj Kumar Scientific ITU/FAO workshop on Cultivating NASC, New Delhi 18-20 March, 2024
tomorrow: Advancing digital
agriculture through loT and Al" and
Workshop on Digital Agriculture
by ICAR

6. Dr Neeraj Kumar Scientific ITU/FAO workshop on Cultivating NASC, New Delhi 18-20 March, 2024
tomorrow: Advancing digital
agriculture through loT and Al"
and Workshop on Digital
Agriculture by ICAR

7. Dr Anuj Kumar Scientific Short-term course on Food Quality  [ITT and BCAS, Delhi 26 June - 26 July
and Safety Management systems 2024

8. Dr Anuj Kumar Scientific Pedagogical Competencies for NASC, New Delhi April 29 to May 3,
Agricultural Education 2024

9. Dr Jogendra Singh Scientific Pedagogical Competencies for NASC, New Delhi April 1-5,2024
Agricultural Education

10. Dr Jogendra Singh Scientific Developing Winning Proposals ICAR-NAARM, Hyderabad  15- 19 July, 2024

11. Dr Chuni Lal Scientific Fostering Collaborative Ecosystem  ICAR-NAARM, Hyderabad  18-20 Sept., 2024
for Promoting Agri-Startups

12. Mr. Jayanth Kallugudi  Scientific Streamlining Data Recording and ICAR-IIWBR Karnal 11 - 15 March, 2024

Reporting under AICRP on Wheat
and Barley

Table 16.2: Trainings organized

S.N. Name Date Venue
1. Streamlining data recording and reporting under March 11-15, 2024 ICAR-IIWBR, Karnal
AICRP on Wheat and Barley
Awareness-cum- Training Programme on Agriculture 19 March, 2024 ICAR-IIWBR, Karnal
Brainstorming on Rust Research in India: Retrospect 26 April, 2024 ICAR-IIWBR, Regional Station,
and Prospects Flowerdale, Shimla
4, Training Program in Agriculture 25to 27 June, 2024 Sirmour, HP in association with KVK
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S.N. Name Date Venue
Hand on training on CRISPR/Cas9 genome editing 15 -24 October, 2024 ICAR-IIWBR, Karnal
in Wheat

6. “Accelerated Breeding for Mainstreaming Zinc 10-13 December, 2024 ICAR-IIWBR, Karnal

Enrichment in Wheat” organized under the Zinc
Mainstreaming Project

Table 16.3: Capacity building programmes organized under ICAR Seed Project during 2024

S.No. Training Title

Date

Kind of Stakeholders

Promotion of climate resilient varieties
and quality seed production of wheat,
barley and paddy at ICAR-IIWBR, Karnal

1 Farmers’ Awareness cum
Training programme

2 Awareness -cum- Training Promotion of the latest wheat and barley
Programme varieties for accelerated genetic gain in
eastern UP at CSAUT, Kanpur
3 Technology Showcasing Technology commercialization through

and Interface Meeting Public Private Partnership at ICAR-IIWBR,

Karnal

4. Technology
Commercialization and
Interface Meeting

Promotion of wheat and barley varieties
at ICAR-IIWBR, Karnal

5. Seed Distribution Week Seed distribution week at ICAR-IIWBR,
for farmers Karnal

6. Awareness -cum- Training Promotion of latest wheat varieties and
Programme technologies in eastern Uttar Pradesh at

ICAR-NISST, Mau

Feb 06-09, 2024

March 13,2024

March 19, 2024

May 29, 2024

Oct. 19-25, 2024

Nov. 25,2024

Progressive farmers sponsored
by ATMA, Department of
Agriculture, Govt. of Haryana.
(25 participants)

Progressive farmers, post
graduate students, seed
growers, FPO and seed
companies representatives
(250 participants)

Private seed company
representatives, progressive
farmers and representatives from
farmer producer organizations
from Punjab, Haryana, Uttar
Pradesh and Rajasthan

(120 participants)

Progressive farmers and seed
companies representatives
(50 participants)

Farmers from different wheat
growing states (More than 18000
farmers)

Progressive farmers and FPO'’s
from eastern Uttar Pradesh
(300 participants)

Academic capacity building

The [IWBR was entrusted upon as nodal institute for
Karnal Hub under IARI Mega University programme in
2023. All three tiers of agricultural education viz., B.Sc.
Ag, M.Sc. Ag and Ph.D. programmes were initiated at

Karnal hub.The session wise detail of academic capacity
building is given in Table 16.4. Besides, IARI MU Karnal
Hub activities, IIWBR usually offers one month training
foron-rollUG &PG students.

Table 16.4: Academic capacity building activities at ICAR-IIWBR Karnal hub under IARI Mega University

Sr. No. Name of the Program

Session 2023-2024

Session 2024-2025 Total Students

uG
1 B.Sc. (Agriculture) 22

PG 16
2 M.Sc. (Agronomy) 05
3 M.Sc. (Plant Pathology) 06
4 M.Sc. (Genetics & Plant Breeding) 05
5 M.Sc. (Plant Physiology) 00
6 M.Sc. (Soil Science) 00
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Sr. No. Name of the Program

Session 2023-2024

Session 2024-2025 Total Students

Ph.D. 07
7 Ph.D. (Agronomy) 03
8 Ph.D. (Plant Pathology) 01
9 Ph.D. (Genetics & Plant Breeding) 03
10 Ph.D. (Plant Physiology) 00
11 Ph.D. (Soil Science) 00

International Training / Deputation Abroad

« Dr. Ratan Tiwari, Director, participated in the 3"
International Wheat Congress 2024 and Workshop
on Trait Mapping during 22-27 September, 2024 at
Perth, Australia

e Dr CN Mishra participated in training on GISH
(Genomic In Situ Hybridization) technology to
confirm the incorporation of the Leymus racemosus
chromosome N short arm into BNI-enabled wheat
from18-21 Feb 2024 at Tsukuba Japan.

« Dr CN Mishra and Dr Ratan Tiwari participated in
AGG annual meeting from 22-25 October 2024 at
NairobiKenya.

» Dr CN Mishra participated in 5th BNI international
Consortium held from 03-06 Dec 2024 at Tsukuba
Japan.

Onboard of ICAR-IIWBR on GOT KARMAYOGI

Karmayogi Bharat is a national program for civil services

1 18

02 05
02 03
03 06
02 02
02 02

capacity building, aimed at establishing a robust digital
ecosystem to enable continuous, anytime-anywhere
learning and making officials future-ready through the
common platform iGOT. This special purpose vehicle
(SPV) is responsible for managing, maintaining, and
improving digital assets, including the intellectual
property rights (IPR) of all software, content, and
processes, on behalf of the Government.

To fulfill this vision, HRM Nodal Officers of ICAR
institutes, acting as Mission Directors (MDOs), have
been directed to onboard institute staff onto iGOT and
assign courses as per cadre, in accordance with ICAR-
HRM-HQ guidelines. At ICAR-IIWBR, a total of 96 staff
members have been successfully registered on iGOT
with the support of the institute's HRM cell. These
members have been assigned training programs
designed cluster-wise to address the specific needs of
different staff categories by MDO (HRD Nodal Officer).
Twenty-three personnel have already completed
prescribed courses such as Critical Thinking, Leave
Rules, Introduction to E-Office, Annual Performance
Appraisal Report (APAR), and Yoga at the Workplace in
2024.The purpose of this initiative is to encourage staff
members to explore additional courses aligned with
institutional goals and individual growth areas. This
systematic and tailored approach ensures the
development of competencies across all cadres,
fostering a culture of continuous learning and
professional growth at ICAR-IIWBR.

Table 16.5: An overview of the iGOT Karmayogi on-boarding process of ICAR-IIWBR Karnal

IIWBR Staff Metric on iGOT Value IIWBR Staff Metric Value
Total On-boarded users 96 Completed 1 or more courses 46
Enrolled in at least 1 course 59 Completed 5 or more courses 20
Completed at least 1 course 46 Completed 3 or more courses 30
Total Enrolments in courses 428 Completed 10 or more courses 13

109 &Tj

MBI
ICAR




1 /7 RESEARCH PROJECTS

A. Institute's funded projects: Institute's funded projects are being carried out under 7 programmes

RESEARCH PROGRAMS (2020-25)

Prog. 1
Prog. 2
Prog. 3
Prog. 4
Prog.5
Prog. 6
Prog.7

Multilocational and Multidisciplinary Research Programme on Wheat and Barley Improvement
Wheat improvement for enhancing genetic gain and productivity under changing climate
Biotic stress management in wheat

Enhancing the productivity, sustainability and resilience of wheat-based cropping systems
Wheat Improvement for Industrial and Nutritional quality

Barley for feed, food and Industrial purposes

Technology outreach and Impact Evaluation

Program 1. Multilocational and Multidisciplinary Research Programme on Wheat and Barley Improvement
(CRSCIIWBRCL20200010194)

Programme Leader: Dr. Ratan Tiwari, Director, ICAR-IIWBR

Crop Improvement
Co-PIs

Crop Protection

Co-Pls

Resource Management
Co-PlIs

Quality & Basic Sciences
Co-Pls

Barley Improvement
Co-PIs

Social Sciences

Co-PIs

Pl: Dr. BS Tyagi

Drs. OP Ahlawat, Arun Gupta, Sindhu Sareen Hanif Khan, Sonia Sheoran, AK Sharma, Satish Kumar, Charan
Singh, CN Mishra, Mamrutha HM, Vikas Gupta, UR Kamble, Rakesh Kumar Bairwa, Rinki, Ajay Verma

PI: Dr. Pradeep Sharma w.e.f 12.06.2024

Drs. Prem Lal Kashyap, Ravindra Kumar, OP Gangwar, P Prasad, Charu Lata Sharma, Jayanth Kallugudi

Pl: SCGill

Drs. SC Tripathi, RS Chhokar, Anil Khippal, Neeraj Kumar, Ajay Verma

PI: Dr. Sunil Kumar w.e.f 01.08.2024/ Dr. Sewa Ram (till 31.07.2024)

Drs. Sunil Kumar, OP Gupta, Vanita Pandey, Anuj

Pl: Dr. Omvir Singh

Drs. Chuni Lal, Jogendra Singh, Lokendra Kumar, Rekha Malik, OP Gupta, Santosh Kumar Bishnoi, Rinki, Ajay Verma
PI: Dr. Satyavir Singh

Drs. Anuj Kumar, Anil Khippal

Crop Improvement

Program 2. Wheat improvement for enhancing genetic gain and productivity under changing climate (CRSCIIWBRCL20200020195)
Programme Leader: Dr. BS Tyagi

Project 1: Developing high yielding and climate resilient wheat varieties
1.1: Breeding wheat genotypes for high yield and wider adaptability in North Western Plains

Co-Pls

Co-Pls

1.3: Breeding high yielding wheat genotypes for stress conditions of warmer regions of India
Drs. Amit Kumar Sharma#, Pradeep Sharma, UR Kamble, Pramod Prasad
1.4: Improving wheat genotypes for grain quality and end products

Drs. BS Tyagi, Vanita Pandey, Parmod Prasad, Satish Kumar#

1.5 Project: Breeding for early maturing and short duration wheat genotypes

Drs. Vikas Gupta, Sonia Sheoran, Rinki, Gyanendra Singh*

Co-PIs

Co-PlIs

Co-PI

*upto 31.05.2024

(PI: Dr. BS Tyagi)
PI: Dr. Hanif Khan

Drs. CN Mishra, OP Gangwar, Raj Kumar, Mamrutha HM, Sunil Kumar, Rakesh Kumar Bairwa
1.2: Breeding wheat genotypes for high yield in North Eastern Plains

PI: Dr. Vikas Gupta

Drs. Gyanendra Singh*, Charan Singh, AK Sharma, Sonia Sheoran, Sewa Ram**, Ravindra Kumar

PI: Dr. Sindhu Sareen

PI: Dr. CN Mishra

Pl: Dr. Charan Singh

**upto 31.07.2024 #w.e.f. 09.07.2024
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Project 2: Pre-breeding and germplasm enhancement (PI: Dr. BS Tyagi)
2.1: Wheat improvement utilizing novel germplasm resources through pre-breeding Pl: Dr. BS Tyagi
Co-Pls Drs. Sindhu Sareen, Vikas Gupta, Arun Gupta, Hanif Khan, OP Gangwar, Rinki,

Charan Singh, CN Mishra, Rakesh Kumar Bairwa
2.2: Strengthening of Wheat and Barley genetic resources for utilization Pl: Dr. Arun Gupta
Co-Pls Drs.: Charan Singh, Pradeep Sharma, Rakesh Kumar Bairwa, Rekha Malik
2.3 Strategic research for improving biotic stress PI: Dr. Satish Kumar
Co-Pls Drs. CN Mishra, AK Sharma, PL Kashyap, Jayanth Kallugudi#

#w.e.f. 09.07.2024
Project 3: New insights & basic studies for integrating molecular, physiological and bioinformatic tools for augmenting wheat

improvement (PI: Dr. OP Ahlawat)
3.1 Biotechnological, bioinformatics and microbiological interventions for wheat improvement PI: Dr. OP Ahlawat
Co-Pls/CC-Pls Co-PI: Drs.Ratan Tiwari, Rajender Singh, Pradeep Sharma, Sonia Sheoran,

Suman Lata, Charu Lata
CC-PlIs: Dr. Dinesh Kumar (IASRI-New Delhi), Dr. Harsh Vardhan Singh (NBAIM-Mau)

3.2: CRISPR/Cas9 genome editing and physiological interventions for wheat improvement Pl: Dr. Mamrutha HM
Co-Pls Drs. Rajender Singh, Rinki, Sewa Ram*, Vanita Pandey, Charu Lata, Jayanth Kallugudi
*upto 31.07.2024

Crop Protection
Program 3. Biotic stress management in wheat (CRSCIIWBRCL20200030196)

Programme Leader: Dr. Pradeep Sharma (PI-CP) w.e.f 12.06.2024
Project 1: Management of biotic stresses of wheat by integrating innovative approaches (PI: Dr. Pradeep Sharma w.e.f 12.06.2024)
1.1: Management of wheat diseases by integrating molecular and agro-ecological approaches PI: Dr. Ravindra Kumar

Co-PIs Drs. Prem Lal Kashyap, Arun Gupta

1.2: Management of wheat insect-pests through climate-smart pest management strategies*** Pl: Dr. Poonam Jasrotia

Co-Pls Drs. Sindhu Sareen, Rajender Singh, Prem Lal Kashyap

1.3 Etiology and management of spike disease complex in wheat Pl: Dr. Prem Lal Kashyap
Co-PlIs Drs.Vikas Gupta, Rajender Singh, Pradeep Sharmat

***Project concluded on 09.07.2024 #w.e.f. 09.07.2024
Project 2: Physiologic specialization, resistance and molecular studies on wheat and barley rusts (RS- Flowerdale, Shimla)
(PI: Dr. O.P. Gangwar)

2.1 Mapping phenotypic diversity in wheat and barley rust pathogens, identifying resistance PI: Dr. O.P. Gangwar

sources, and upkeep of culture collection
Co-Pls Drs. Pramod Prasad, Charu Lata, Jayanth Kallugudi Associate: Dr. Subodh Kumar
2.2 Molecular studies on wheat and barley rust pathogens, gene pyramiding, and genetics of rust resistance Pl: Pramod Prasad
Co-Pls Drs. O.P. Gangwar, Charu Lata, Hanif Khan, Jayanth Kallugudi Associate: Dr. Subodh Kumar

Resource Management
Program 4. Enhancing the productivity, sustainability and resilience of wheat-based cropping systems (CRSCIIWBRCL20200040197)
Programme Leader: Dr. SC Gill (PI-RM)

1.1 Efficient nutrient management strategies for wheat-based cropping systems PI: Dr. SC Gill
Co-Pls: Drs. SC Tripathi, RS Chhokar, OP Ahlawat and Sunil Kumar

1.2: Conservation agriculture for sustainable intensification of wheat-based systems PI: Dr. Anil Khippal
Co-Pls: Drs. SCTripathi, RS Chhokar, SC Gill, Neeraj Kumar, OP Ahlawat, Mamrutha HM,

and Charu Lata Sharma Raghuveer Singh (IIFSR, Modipuram), Santosh Bishnoi,
Er. Swapnil Chaudhary (HAU) Associate: Ravindra Kumar

1.3: Improving resource use efficiency in wheat under conservation and conventional tillage practices Pl: Dr. Neeraj
Co-Pls: Dr. SC Tripathi
1.4: Development of effective weed management practices for wheat-based cropping systems PI: Dr. RS Chhokar

Drs. SC Tripathi, SC Gill, Anil Khippal, and VK Choudhary (DWR, Jabalpur)
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Quality & Basic Sciences

Program 5. Wheat Improvement for Industrial and Nutritional Quality (CRSCIIWBRSL20200050198)

Programme Leader: Dr. Sewa Ram/ Dr. Sunil Kumar (w.ef. 01.08.2024) (PI-QBS)

Project 1: Improvement of processing and nutritional quality of wheat using biochemical and molecular approach
Pl: Dr. Sewa Ram/ Dr. Sunil Kumar (w.e.f. 01.08.2024)

Co-Pls Drs. Sunil Kumar, OP Gupta, Vanita Pandey, Anuj Kumar, BS Tyagi

Barley Improvement

Program 6. Barley for Feed, Food and Industrial Purposes (CRSCIIWBRCL20200060199)
Programme Leader: Dr. Omvir Singh (PI-BI)
Project 1: Barley improvement and technological interventions for yield, quality, biotic and abiotic stress tolerance for better

farmers' livelihood (PI: Dr. Omvir Singh)
1.1: Pre-breeding for novel genetic variability in barley using innovative techniques Pl: Dr. SK Bishnoi
Co-Pls Drs. Omvir Singh, Chuni Lal, Rekha Malik, Jogendra Singh, Associate : OP Gupta
1.2: Genetic enhancement of malt barley with changing industrial requirements using conventional
and molecular approaches Pl: Dr. Omvir Singh
Co-PIs Drs. Lokendra Kumar, Rekha Malik, SK Bishnoi, Ravindra Kumar, Rinki, OP Gupta, Ajay Verma#
1.3: Genetic amelioration of grain quality and yield in feed and food barley PI: Dr. Chuni Lal
Co-Pls Drs. Omvir Singh, Jogendra Singh, Rekha Malik, Ravindra Kumar, Rinki, OP Gupta, Lokendra Kumar, Anuj (Jr)#

#w.e.f. 09.07.2024

Social Sciences

Program 7. Technology Outreach and Impact Evaluation (CRSCIIWBRSL20200070200)
Programme Leader: Dr. Satyavir Singh (w.e.f. 01.02.2024)

Project 1: Evaluation, dissemination and impact assessment of production technologies (PI: Dr. Satyavir Singh)
1.1: Assessment of farmers’ perspective on crop residue management in Indo-gangetic plains of India Pl: Dr. Anuj Kumar
Co-Pls: Dr. Satyavir Singh

1.2: Promotion and impact evaluation of ICAR-IIWBR technologies at farmers’ field Pl: Dr. Satyavir Singh

Co-Pls: Drs. Satyavir Singh, Anuj Kumar, Anil Khippal, Raj Kumar, Ajay Verma#, Dr. R Sendhil (Puducherry University, Puducherry)

B. Externally Funded Projects
Externally funded project (National Agencies)

S. No. Name of the project Funding Agency P1/CCPI Co-Pls Duration
1. DUS testing in wheat PPV&FRA, New Delhi  Nodal officer: Co-nodal Off.: Dr Charan Singh Since 2003
Dr Arun Gupta
2. DUS testing in barley PPV&FRA, New Delhi  Nodal officer: Co-nodal Off.: Dr Arun Gupta  Since 2013
Dr Charan Singh
3. ICAR-Network project on ICAR Dr SCTripathi Drs. Anil Khippal, Neeraj Kumar, 2021-2026
precision agriculture RP Meena, Mamrutha HM, Ravindra
(NePPA 1013333) Kumar, SC Gill, RS Chhokar
4. Characterisation of genetic DBT Dr. OP Gangwar Drs. Hanif Khan, Pramod Prasad March 2020 -
resources: Germplasm Feb. 2025

characterization and trait
discovery in wheat using
genomics approaches and

its integration for improving
climate resilience, productivity
and nutritional quality
Sub-proeject-1 Biotic stress
component




S. No. Name of the project

5. Development of herbicide
tolerant wheat lines through
physical mutagenesis

6. Genetic and genomic
characterization of resistance
to Karnal bunt of wheat

7. Deciphering the genetic
variability and factors
responsible for rhizosheath
formation in wheat for
drought stress tolerance

8. Artificial intelligence enabled

biotic & abiotic stress detection

and advisory mobile
application for crops

9. Development of synthetic
microbiome for biotic stress
and nutrient management
in wheat

10.  CRP on conservation
agriculture (Enhancing the
productivity and profitability
of wheat-based conservation
agriculture systems)

11.  Enhancing climate resilience

and ensuring food security with

genome editing tools

12.  Improvement of stress adaptive
traits in crops using endophytes

under different agroecology
13.  CRP-Molecular breeding to

biotic and abiotic stresses, yield

and quality traits in crop
14.  Incentivizing research -
Molecular genetic analysis of

resistance/tolerance to different
stresses in rice, wheat, chickpea

and mustard including sheath
blight complex genomics-
Wheat Component

15.  Development and promotion
of natural farming practices in

wheat based cropping systems

for sustainability and climate
resilience in Haryana

16.  CRP Biofortification in selected
crops for nutritional security
(ICAR) (Component: Wheat)

Funding Agency
BRNS - DAE

SERB-DST (ANRF)

DBT

NASF, ICAR

ICAR-NBAIM, Mau

ICAR

ICAR-EFC project

ICAR-NICRA

ICAR

ICAR

RKVY, Haryana

ICAR

PI/CCPI
Dr Satish Kumar

Dr Satish Kumar

Dr. Om Parkash
Ahlawat

Dr. Prem Lal
Kashyap

Dr. Prem Lal
Kashyap

Dr RS Chhokar

Dr. Mamrutha HM

Dr. Mamrutha HM

Dr CN Mishra

Dr. Sonia Sheoran

Dr. Anil Kumar
Khippal

Dr Sunil Kumar
(wef 01/08/2024)
Dr Sewa Ram
(Till 31/07/2024)
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Co-Pls
Dr Rajender Singh

Dr Pradeep Sharma

Dr. Anuj Kumar

Dr. Poonam Jasrotia

Drs. SC Gill, Neeraj Kumar

Drs. Vanita Pandey
Rajender Singh, Rinki, Jayanth
Kallugudi, Charu Lata Sharma

Dr Satish Kumar

Drs. Rinki, Raj Kumar

Drs. OP Ahlawat, PL Kahsyap,
SCTripathi, Neeraj Kumar,
Mamrutha HM, SC Gill,

RS Chhokar, Charu Lata, Rinki

Drs. OP Gupta, Anuj Kumar,
Vanita Pandey, CN Mishra,
BS Tyagi

Duration
2023-2026

2024-2027

Sep. 2023- Sep.

2026

2024-2027

2024-2027

Jul, 2015-2026
(ongoing)

2023-26

2022- Mar.

2025

2020-25

2021-26

2023-2025

2014-ongoing
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S. No. Name of the project Funding Agency PI/CCPI Co-Pls Duration
17.  Cluster demonstration of DoA&FW Dr Anuj Kumar Drs. CN Mishra, RS Chhokar, 2023- 2026
climate resilient and biofortified ~ (NFSM Cell) Satyavir Singh, Umesh Kamble
wheat varieties
18.  CRP on Hybrid Technology - ICAR Dr. Sindhu Sareen  Drs. BS Tyagi, Satish Kumar, 2017-ongoing
Wheat Pradeep Sharma
19.  Germplasm characterization DBT Dr. Sindhu Sareen  Drs. Vikas Gupta, Charan Singh, March 2020 -
and Trait discovery in wheat Arun Gupta, S. Sheoran Feb. 2025
using genomics approaches
and its integration for improving
climate resilience, productivity
and nutritional quality" Sub
project-3: Evaluation of wheat
germplasm for abiotic stresses
20. Germplasm characterizationand  DBT Dr. OP Gupta Dr. BS Tyagi March 2020 -
trait discovery in wheat using (w.e.f.01/08/2024) Feb. 2025
genomics approaches and its Dr. Sewa Ram
integration for improving (Till 31/07/2024)
climate resilience, productivity
and nutritional quality" under
mission programme of
"Characterisation of genetic
resources" Sub project-3: Quality
21.  CRPon Agrobiodiversity (Wheat)  ICAR (NBPGR) Dr. Arun Gupta Drs. Sewa Ram(till 31/07/2024) Since 2021
Ravindra Kumar, Vanita Pandey
(wef 01/08/2024), Rakesh Kumar
Bairwa, OP Gangwar
22. ICAR Seed Project- Seed ICAR Dr. Amit Sharma Drs Umesh Kamble, Mar 2008
production in agri. crops Rakesh K. Bairwa (ongoing)
23.  Tribal-Sub-Plan (TSP) project on Ministry of Dr. Satyavir Singh  Drs. Anuj Kumar, AK Khippal,  Since 2015
Improving the socio-economic Agriculture & Raj Kumar
condition and livelihood of tribes  Farmers'Welfare
in India through extension
education and development
programmes
24.  Frontline demonstrations on Ministry of Dr. Satyavir Singh  Drs. Anuj Kumar, AK Khippal, = Ongoing
barley Agriculture & Raj Kumar
Farmers’Welfare
25.  Monitoring of pesticide residues  RKVY, Haryana Dr. Poonam Jasrotia Drs. Prem Lal Kashyap, 2022-24
in rice -wheat cropping systems Anil Khippal
and mitigation strategies for
reducing pesticide usage
26. Intellectual property and ICAR-NAIF Dr Vikas Gupta Drs. Umesh Kamble, Ongoing
technology management (IP&TM) Anuj Kumar (FT)
IPR (NAIF), component-I
27.  Creating state of the art RKVY, Haryana Dr Ravindra Kumar Drs. Amit Sharma, BS Tyagi 2024-25

diagnostic facility for Karnal bunt
in wheat to facilitate wheat trade
for disease free regions
benefitting farmers of Haryana
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S. No. Name of the project Funding Agency P1/CCPI Co-Pls Duration
28.  Establishing of an agri- RKVY, Haryana Dr Sunil Kumar Drs. Anuj Kumar, Vanita Pandey, 2024-25
reneurship cum food processing Vikas Gupta, Anuj Kumar (Sr.),
centre for wheat-based products OP Gupta

to enhance the income of small
and marginal farmers of Haryana

Externally funded projects (International Agencies)

S. No. Name of the Project Funding Agency Pl CO-Pls Duration Budget (Rs Lakhs)
1. Accelerating genetic gainsin ~ BMGF -CIMMYT Dr Satish Kumar  Drs. BS Tyagi, Hanif Khan, ~ 2021-2024 446.23
maize and wheat for improved Vishnu Kumar, SK Bishnoi

livelihood (AGG)
2. Establishment of nitrogen- JICA and JIRCAS,  Dr CN Mishra Drs. BS Tyagi, HM Mamrutha 2022-27  400.00
efficient wheat production Japan
systems in Indo-Gangetic
plains by the deployment
of BNI- technology.
3. Accelerating the CIMMYT, Mexico  Dr CN Mishra Drs. BS Tyagi, OP Gupta 2021-25  104.00
mainstreaming of elevated
zinc in global wheat
breeding: A“Fluoride in the
water” approach to nutrition

C. Contract Research Projects

S.No. Name of the project Funding Agency Pl Duration

1. Mapping of major soil borne pathogens in wheat ~ Syngenta India Pvt Ltd. Dr Prem Lal Kashyap 2024-2026
based cropping systems in India

2. Evaluation of Amistar Gold 250 SC (Azoxystrobin Syngenta India Pvt Ltd. Dr Prem Lal Kashyap 2022-2024

12.5% + Difenoconazole 12.5% w/v) against
major wheat diseases

3. Evaluation of Pinoxaden 5% + Metribuzin 17.5% EC Syngenta India Ltd. Dr RS Chhokar 2022-2024
(225 g/L w/v) for weed control in wheat

4. Efficacy of GPH 1120 against complex weed flora  UPL India Ltd., Mumbai Dr RS Chhokar 2022-2024
of wheat

5. Agronomic interventions for management of Syngenta India Ltd. Dr RS Chhokar 2021-2024

P. minor in wheat

6. Response of wheat to the application of Smartchem Technologies Ltd. Dr Mamrutha HM 2023-2025
bio-stimulants through foliar spray in terms
of growth, yield, and quality of grains

7. Evaluation of bio-efficacy and phytotoxicity of UPL India Ltd., Mumbai Dr Poonam Jasrotia 2022-24
monocrotophos 15% SG against foliar aphids
and pink stem borer in wheat
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Research Papers in referred journals
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SC, Kashyap PL, Kharub AS, Kumar L, Kumar N, Sharma
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(NAAS rating:9.90)
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microbial dynamics for enhanced rice-wheat
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doi.org/10.3390/su16219406.(NAAS rating:9.90)
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rating:9.90)
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Bhardwaj SC, Gangwar OP, Prasad P and Kumar S (2024).
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and Kashyap PL (2024). Insights into the influence of
partial disease resistance components on host
preference of Bipolaris sorokiniana in wheat. Journal of
Plant Pathology, 106, 1247-1258. https://doi.org/
10.1007/542161-024-01670-8. (NAAS rating: 8.20)
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policy framework. Frontiers in Nutrition, 10, 1310020.
(NAAS rating: 10.00)
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Structural Characteristics, Bioavailability, Biofunctional
Attributes, Industrial Utilization, and Global Trade.
Nutrients. 21: 16(6):900. doi: 10.3390/nu16060900
(NAASrating: 10.80).

Srivastava S, Chandrapati A, Gupta A, Rana M, Karnwal
A, Katyayani KKS, Manda RR, Kaushik D, Bhattacharjee S
and Kumar R (2024). Toxins in plant pathogenesis:
Understanding the role of toxins in host-pathogen
interaction. Journal of Applied Biology & Biotechnology.
12(4):47-61.doi: 10.7324/JABB.2024.156511.
Mahapatra S, Chakraborty S, Kundu R and Kashyap PL
(2024). Arapid detached leaf assay for the phenotyping
of spot blotch of wheat. Vegetos, 37(4), 1574-1582.
https://doi.org/10.1007/s42535-023-00709-y. (NAAS
rating:5.68).

Tripathi SC, Venkatesh K, Kumar N and Meena RP
(2024). Unravelling the Potential of Rice Residue-




Boosting Wheat's Productivity, Profit, and Soil Health
with Varying N Levels. International Journal of Plant
Production, 18(2), 201-215., https://doi.org/ 10.1007/s
42106-024-00288-1.(NAASrating:8.10)

Tripathi SC, Kumar N and Venkatesh K (2024).
Enhancing wheat profitability with eco-friendly
nitrogen management under restricted irrigation for
small-scale farming in India. International Journal of
Plant Production. DOI: https://doi.org/10.1007/ s42106-
024-00300-8 (NAASrating:8.10)

Tripathi SC, Kumar N and Venkatesh K (2024). Yield and
quality of different wheat cultivars as influenced by
agronomic biofortification of N, K, S and Zn through
foliar sprays in North-Western India. Journal of Plant
Nutrition. DOl - 10.1080/01904167.2024.2380790
(NAASrating:7.60)

Yadav J, Jasrotia P, Jaglan, Singh M, Sareen S, Kashyap
PL, Kumar S, Yadav, Singh S, Singh G and Singh GP
(2024). Unravelling the novel genetic diversity and
marker-trait associations of corn leaf aphid resistance
in wheat using microsatellite markers. PLOS One 19 (2):
https://doi.org/10.1371/journal.pone.0289527, (NAAS
rating:8.90).

Yashavantha KJ, Navathe S, Krishnappa G, Ambati D,
Baviskar V, Biradar S, Magar N, Mishra CN, Mamrutha
HM, GovindanV, Singh GP and Singh G (2024). Multi-
environment analysis of nutritional and grain quality
traits in relation to grain yield under drought and
terminal heat stress in wheat (Triticum aestivum L.).
Agronomy and Crop Science. https://doi.org/10.21203/
rs.3.rs-3704573/v1.(NAAS rating: 9.70).

Book Chapters:

Adhikari S, Kumar A, Joshi A, Bharati A and Prasad P
(2024). Speed Breeding: Rapid Generation Tool for
Breeding Climate Smart Crops. In Climate-Resilient
Agriculture: A Molecular Perspective (Ed. Ashutosh Singh
and Saurabh Pandey. pp. 303-342, Apple Academic
Press, USA.

Aggarwal SK, Kaur H, Kashyap PL, Mehta S, Goyal P,
Singh A, Chaudhary A, Bhushan B, Saharan V and Jat HS
(2024). Antimicrobial capacity of different nanoparticles
in pursuit of eradicating biotic stress. In: Nanomaterial-
Plant Interactions, Microbiome and Nano-Cross-Talk,
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Editor(s): Kanchan Vishwakarma, Nitin Kumar, Agbaje
Lateef, Academic Press, 2024, pp 277-297, https://doi.
org/10.1016/B978-0-443-18822-0.00013-X.

Chauhan K, Yadav N, Singh R, Kumar A, Mandakini, H
and Kumar, N (2024). Seafood as Functional Food
Ingredients and Nutraceuticals. In Functional Foods and
Nutraceuticals: Chemistry, Health Benefits and the Way
Forward (pp. 221-231). Cham: Springer International
Publishing.

Kashyap PL, Kumar S, Kaul N, Kapoor P, Jasrotia P and
Singh GP (2024). Emerging and re-emerging viruses of
wheat: current status and future challenges, In: Viral
Diseases of Field and Horticultural Crops, Editor(s): L.P.
Awasthi, Academic Press, pp 49-53, https://doi.org/
10.1016/B978-0-323-90899-3.00093-8.

Krishnappa G, Mamrutha HM, Rathan ND, Khan H,
Mishra CN, Kumar V, Reddy KV, Pandey V, Khobra R,
Singh C and Yashavantha KJ (2024). Micronutrient
Biofortification in Wheat: Status and Opportunities. In
Wheat Science (pp.285-301). CRCPress.

Kumar S, Singh A, Singh AP, Ram S, Gupta OP, Pandey V,
Khan H, Soni R and Singh GP (2024). Gluten-Related
Disorders: Current Understanding, Myths, and Facts. In:
Gupta OP, Kumar S, Pandey A, Khan MK, Singh SK &
Singh GP (Eds.), Wheat Science: Nutritional and Anti-
Nutritional Properties, Processing, Storage, Bioactivity,
and Product Development (1" ed.). CRC Press, USA. pp-
321-338.D0OI:10.1201/9781003307938-12.

Kundu A, Nain A, Kumar S, Sanwal, Singh V, Tyagi BS,
Sharma A, Yadav S, Dahiya A, Rohila N, Mann A and
Kumar A (2024). Halophytic Genes to Edit Glycophyte's
Genome for Salinity Tolerance. Pp 367-383, In Haplophytes
visavis Saline Agriculture- Perspective & Opportunities
for Food security; Book published by Springer

Kundu A, Tyagi BS, Ojha A, Nain A, Sheoran S, Singh V,
Singh G and Kamboj MC (2024). Unveiling the Potential
of Wheat Amphidiploids to Boost Grain Yield in Response
to Drought and Heat-Drought Stress; Agricultural
Mechanizationin Asia.

Mamrutha HM, Pandey V, Kumar A, Dhansu P, Wadhwa
Z, Deswal K and Rinki (2024). Understanding the
Possible Roles of Non-structural Carbohydrates Under
Abiotic Stress Conditions In: Non-structural




Carbohydrates and Rust Resistance in Wheat (Eds. Renu
Munjal, Urmil Bansal, Vinod Goyal and Harbans
Bariana). NIPA® Genx Electronic Resources & Solutions
Pvt.Ltd., Delhi.

Pandey V, Singh A, Patwa N, Ankush, Gupta OP,
Gopalareddy K, Kumar S, Kumar A,Ram S, and Singh GP
(2024). Wheat-Based Anti-Nutritional Factors and Their
Reduction Strategies. In: Gupta OP, Kumar S, Pandey A,
Khan MK, Singh SK and Singh GP. (Eds.), Wheat Science:
Nutritional and Anti-Nutritional Properties, Processing,
Storage, Bioactivity, and Product Development (1st ed.). CRC
Press, USA.pp-183-218.DOI:10.1201/9781003307938-6.

Prasad P, Bhardwaj SC, Gangwar OP, Charu L, Adhikari S,
Kumar S, Thakur RK, Manjul AS, Sonu, Thakur A, Swami P
and Beniwal RS (2024). Nine Decades Snapshot of Wheat
Rust Research in the Indian Subcontinent. In: Non-
structural Carbohydrates and Rust Resistance in Wheat
(Eds. Renu Munjal, Urmil Bansal, Vinod Goyal, and
Harbans Bariana). Pp. 103-128, NIPA, Genx Electronic
Resources &Solutions P.Ltd., New Delhi, India.

Ram M, Keloth A, Srivastava S, Kumar R, Shete PP,
Manda RR, Jangid A and Rana M (2024). Sclerotium
rolfsii: Pathogen Biology, Symptomatology, and Host
Range of the Devastating Soil-borne Pathogen. In:
Deepa Srivastava, Rajarshi Kumar Gaur and Ajay K.
Tiwari (eds.), Plant Diseases and Their Management,
Apple Academic Press, pp 159-190.

Singh SK, Singh AM, Gupta OP and Singh PK (2024).
Wheat Origin, History, and Production Practices. In:
Gupta OP, Kumar S, Pandey A, Khan MK, Singh SK and
Singh GP (Eds.), Wheat Science: Nutritional and Anti-
Nutritional Properties, Processing, Storage, Bioactivity,
and Product Development (1st ed.). CRC Press, USA. pp-
1-32.D0OI:10.1201/9781003307938-1.

Srivastava S, Kumar R, Pal C, Manda RR, Singh VK and
Prashanth Babu H (2024). Diagnosis and Detection of
Seed-Borne Pathogens in Field Crops. In: Singh V.K. et
al. (eds.), Diseases of Field Crops: Diagnostics and
Management, https://doi.org/10.1007/978-981-97-
6160-9 6,pp 109-151.

BIHR AR T, FHET T 1R, et v Al vd AR g
(2024). E H TG WRUTAR YT | 39, G, MR
A1, o1 U 9N, & (UfeTd): Taied WRUTAR

TEE D1 T4 qh-baAl, AIHATY — WRUTAR AJHET
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Ir'\'lcigllc*lél, STClYR, HE UG, 482004, HIRM, &S 14 —20.
Souvenirarticles

Tyagi BS, GuptaV, Gupta A, Sharma AK, Singh C, Kumar
S, Mishra CN, Kamble UR, Singh G, and Tiwari R (2024).
Wheat germplasm and stocks developed for climate
resilience resistance to biotic stresses and superior
quality. In Souvenir of 63 All India Wheat and Barley
Research Workers Meet held at ANDUA&T, Ayodhya
from 11-13 September, 2024, 80-86.

Gupta OP, Kumar S, Pandey V, Kumar A, Ram S and
Tiwari R (2024). Wheat quality parameters and their
relevance. In souvenir of All India Wheat & Barley
Research Worker's Meet. Pp.76-79.

Khan H, Sheoran S, Mamrutha HM and Tiwari R (2024).
Novel techniques targeting genetic gains in wheat. In
souvenir of 63rd All India Wheat & Barley Research
Worker's Meet.Pp.67-71.

Khippal AK, Ghosh S, Gill SC, Chhokar RS, Kumar N,
Ahlawat OP, Kashyap PL, Kumari K, Rinki, Mamrutha
HM, Lata C, Bijarnia KK, Singh S and Tripathi SC (2024).
Agri-resources optimization through natural farming.
In souvenir of 63rd All India Wheat & Barley Research
Worker's Meet. Pp.39-43.

Kumar A, Kulshrestha N, Singh O and Bishnoi SK (2024).
Enhancing barley productivity in salt-affected agro-
ecosystems in India. In souvenir of 63rd All India Wheat &
Barley Research Worker's Meet.Pp.56-61.

Kumar R, Sharma P, Kashyap PL, Navathe S, Vaish PS,
Shekhawat, Singh |, Raj S, Rathore AS and Tiwari R
(2024). Leaf blight of Wheat and Barley: Detection,
Diagnosis and Management. In souvenirof 63rd All India
Wheat & Barley Research Worker's Meet. pp 87-91.

Singh O, Kumar L, Singh J, Bishnoi SK, Lal C, Gupta OP,
Malik R and Tiwari R (2024). Strategies for promotion of
hulless barley as a nutri-cereal. In souvenir of 63rd All
India Wheat & Barley Research Worker's Meet. Pp.52-55.

AICRP & CRPreports:

ICAR-IIWBR 2024. Progress Report of All India
Coordinated Research Project on Wheat and Barley
2023-24, Wheat Quality. Eds: Sewa Ram, Sunil Kumar,
O.P. Gupta, Anuj Kumar, Vanita Pandey, Gyanendra
Singh and Ratan Tiwari. ICAR-Indian Institute of Wheat
and Barley Research, Karnal, Haryana, India. P-159.



CRP Annual report 2024. Eds: Sunil Kumar, Sewa Ram,
O.P. Gupta, Anuj Kumar & Vanita Pandey. Progress Report
of Consortium Research Project on Biofortification Wheat.

Technical Bulletin:

Mamrutha HM, Rinki, Arun Gupta, Vikas Gupta, Anuj
Kumar, Vineet Kumar, Pretty Rani, Pradeep Kumar, BS
Tyagi and Gyanendra Singh (2024). Climate Resilient
Wheat Varieties. Technical Bulletin 34. ICAR- IIWBR,
Karnal pp 56.

Newsletter published:

News Letter (Special Edition on Seeds): Edited by
Amit Sharma, Umesh Kamble, Ravindra Kumar, Aunj
Kumar and Ratan Tiwari. English Volume 18: 2024; and
HindiVol. 13 (2024) were published in Sept., 2024

Research Bulletin:

Arun Gupta, Charan Singh, RK Bairwa, Vineet Kumar,
Pradeep Kumar, BS Tyagi, Gyanendra Singh and Ratan
Tiwari (2024). Wheat germplasm catalogue- IX.
Research Bulletin 52.ICAR- lIWBR, Karnal, 142pp.

Manual:

Mamrutha HM. Rakesh Kumar, Zeenat Wadhwa,
Rajender Singh, Vanita Pandey and Ratan Tiwari (2024).
CRISPR/Cas9 genome editing in wheat. ICAR-IIWBR.
pp-58:1SBN:978-93-341-1828-5

Extension Bulletin:

Singh O, Singh J, and Kumar L 2024. Hulless barley: A
nutraceutical wonder offering unmatched health
benefits and a superior cereal alternative. Extension
Bulletin, 101.

Tripathi SC, Meena RP, Kumar N, Kumar N, Samota SR,
Shivani, Ranjan R, Khippal AK, Mamrutha HM, Gill SC,
Chhokar RS, Kumar R and Tiwari R 2024. Precision
Nitrogen and Water Management in Wheat for
Improving Resource Use Efficiency. Extension Bulletin
No. 100. ICAR- Indian Institute of Wheat and Barley
ResearchKarnal, 132001, India.

g ofl, Rig & gd {AR, o (2024). feserant 3fe <it - v
3T WIS 3T, Julle Wy &M 3R U&h 8k

TS faehen. fawdR geife, 102.

FHAR T, BIAR 3R T, T IR &, Frel v 901, R,
U, F3ardt o 31 vd fan 31k (2024). e fown fgat woa
3TERIY Yae B Udh AAIaH ddeiidh | 3718 ..M WIRA-I
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g U4 Sl ST AR $HeATe, f[IRIR getfes 5 104,
AT IS 6.

Extension leaflet:

Gupta A, Tyagi BS, Singh C, Gupta V, Sharma AK and
Gyanendra Singh. 2024. Bread wheat variety Karan
Shivangi (DBW 359) for restricted irrigated, timely sown
conditions of central and peninsular zones. Extension
folder99/2024.ICAR-IWBR, Karnal, 4 pp.

Popular Article/Technical Article:

Ankush, Abhishek, Anuj Kumar, Sunil Kumar, Vanita
Pandey, Om Prakash Gupta aur Sewa Ram (2023).
Gehoon va isse banne waale mukhya utpad. Gehoon
evamJauSwarnima, 15,108-110.

IS FAR, JRUE. BN, I HAR, 8Yad dleN],
3TBUT I, 3STAT ATt D!, W3UT Td s+ RiE (2024).
g B UNU—geh b Td My Seured ddhe .
TR : &3 B FeAT (03—05 HRAW, 2024) ATl
DY gIRT TR U HHfg, IS 78—85.

Rfds BAR, IS BAR, 1A FAR M, [T i,
YA JT91, g HAR R, Sear g, ddy $ar 9wrg
Tq s RiE (2023). SN B! BT Hed, S8 oV
dTel T T Qd I7e0T Fde | g Ud Sif wafor (awseaf
3(P), I55 01—07.

JHEN Bidel, AT HAR T, TROT {8, fdg AR, fHRor
MIHATS T4 Y HAR (2024). HISAT g B I=1d
Ul Ud die Sdied dd+id  publication in
Krishisewa on 15th September, 2024. (https://www-
krishisewa-com/seed&production/1635&seed-
production-techniques-durum-wheat-varieties-html)
M HAR, WA HAR (e, e HAR, AT,
S g, SR Rig, $3ax 8 vd sis Rig (2024).
SR IRA H SIf Bl H T dTel Aol I9T Td DT
U< | https//www-krishisewa-com/disease-management/
1600-important-diseases-barley-crop-north-india-html

Abstracts Published in Symposium /Conferences

Ahlawat OP, Walia N, Khippal AK, Gopalareddy K,
Kumari K, Sheoran S, Bijarnia KK, Kumar L, Tripathi SC
and Singh G (2024). Residue Retention and Tillage
Impact on Microbial Dynamics for Enhanced Rice-
Wheat Production. 5th International Group Meeting on
Climate-Proofing Cereal Agriculture: Strategies for
Resilience and Sustainability. March 27-29, 2024. ICAR-
Indian Institute of Wheat & Barley Research, Karnal.



Aradhna Sagwal, Rajender Beniwal, Ravindra Kumar
and Pooja (2024). Evaluation of the bio-efficacy of plant
extracts, fungicides and bioagents in vivo against
Bipolaris sorokiniana causing spot blotch in barley. In:
Souvenir / Abstract Book 7th International Conference
on “Global Approaches in Agricultural, Biological,
Environment & Life Science for Sustainable Future” held
at D.AV.College (Affiliated to Tribhuvan University) Lalitpur,
Kathmandu, Nepal during June 8-10,2024 p.72.

Aradhna Sagwal, Rajender Beniwal and Ravindra Kumar
(2024) Genetic diversity analysis of Bipolaris sorokiniana
(Sacc) Shoemaker causing spot blotch disease in barley.
In: Varshney R.K. and Chitikineni A. (Eds) Poster
Presentations Abstract Book, IWC 2024, September 22-
27,2024, Perth,Western Australia, pp 191.

Chhokar RS, Kumar N, Gill SC, Khippal AK, Tripathi SC
and Singh G (2024). Management of herbicide resistant
weeds for sustainability of rice-wheat system. 5th
International Group Meeting on Climate-Proofing Cereal
Agriculture: Strategies for Resilience and Sustainability.
March 27-29, 2024. ICAR-Indian Institute of Wheat &
Barley Research, Karnal.

Deswal K, Mamrutha HM, Munjal R, Wadhwa Z, Rani P,
Ahlawat OP and Singh G (2024). Perspective of
Transformation Methods for Developing Transgene-
Free Genome Edited Wheat Crops. 5th International
Group Meeting on Climate Proofing Cereal Agriculture:
Strategies for Resilience and Sustainability. March 27-
29, 2024. ICAR-Indian Institute of Wheat & Barley
Research, Karnal.

Gupta A, Kumar P, KumarV, Dayal G, Bairwa RK, Singh C,
Tyagi BS and Singh G (2024). Agro-morphological
Characterization for Examining the Variability in Global
Durum Wheat Panel. 5th International Group Meeting on
Climate-Proofing Cereal Agriculture: Strategies for
Resilience and Sustainability. March 27-29, 2024. ICAR-
Indian Institute of Wheat & Barley Research, Karnal.

Kamble UR, Kumar S and Sharma AK (2024).
Halopriming for improving seed quality attributes and
biochemical parameters in wheat cultivars. 5th
International Group Meeting on Climate-Proofing Cereal
Agriculture: Strategies for Resilience and Sustainability.
March 27-29, 2024. ICAR-Indian Institute of Wheat &
Barley Research, Karnal.
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Kaur A, KumarV, Singh SK, Nimbal S, Singh Gand Gupta
V (2024). Identification and Characterization of Heat
Tolerance in Wheat Using Stress Indices. 5"
International Group Meeting (IGM) Climate-Proofing
Cereal Agriculture: Strategies for Resilience and
Sustainability held during March 27-29, 2024 at ICAR-
IIWBR, Karnal.

Kumar A, Kumar R, Tiwari R, Singh R, Singh C, Vaish SS,
Patel SS, Raj S, Kashyap PL, Jasrotia P and Singh G
(2024). Morpho-cultural variability among Bipolaris
sorokiniana isolates collected from different locations.
In: Proceeding and souvenir of Indian Phytopathological
Society, National Conference, Plant Health for Food
Security: Threats and Promises held at ICAR-Indian
Institute of Sugarcane Research (lISR), Lucknow, Uttar
Pradesh during February 1-3,2024, pp-219.

Kumar A, Kumar R, Tiwari R, Singh R, Vaish SS and Patel
SS (2024). Host response of diverse wheat genotypes
against spot blotch of wheat incited by Bipolaris
sorokiniana. In: Proceeding and souvenir of International
Conference Current Innovations and Technological
Advances in Agriculture & Allied Sciences (CITAAS-2024)
at GKU, Bathinda (Punjab) during 29-31 Aug, 2024.

Kumar N, Tripathi SC, Samota SR, Shivani, Sirswal P,
Khippal AK, Meena RP and Mamrutha HM (2024).
Optimizing wheat yields in the North Western Plain
Zone: A case study on farmer's fertilizer practices for
high productivity. 5" IGM on Climate- Proofing Cereal
Agriculture; Strategies for Resilience and Sustainability,
27-29 March, 2024 at ICAR-IIWBR, Karnal.

Lal C and Singh G (2024). Augmentation of barley
production in India: A roadmap for the next five years
(2024-25 to 2028-29). Policy Paper 3. ICAR-Indian
Institute of Wheat and Barley Research, Karnal, pp. 1-21.

Mamrutha H.M, Deswal K, Wadhwa Z, Singh T, Singh R,
Kumar R, Ahlawat OP and Singh G (2024). Harnessing
the Potential of Sdn1-Crispr/Cas9 Genome Editing for
Wheat Improvement. 5th International Group Meeting
on Climate-Proofing Cereal Agriculture: Strategies for
Resilience and Sustainability. March 27-29, 2024. ICAR-
Indian Institute of Wheat & Barley Research, Karnal.

Mamrutha HM, Wadhwa Z, Padmaja AS, Abhishek RR,

Shetty N, Nataraja K.N, Ahlawat OP and Singh G (2024).
Revealing the Potential of Fungal Endophytes in



Enhancing Abiotic Stress Tolerance in Wheat. in
International Salinity Conference on Rejuvenating Salt
Affected ecologies for Land degradation Neutrality
Under changing Climate form 14-16 February 2024 at
ICAR-CSSRI, Karnal.

Pandey A, Kumar R, Mamrutha HM and Singh G 2024.
Over expression of Multiple-Stress Responsive Genes
in Indian Wheat via Agrobacterium-mediated
Transformation. 5th International Group Meeting on
Climate-Proofing Cereal Agriculture: Strategies for
Resilience and Sustainability. March 27-29, 2024. ICAR-
Indian Institute of Wheat & Barley Research, Karnal.

Rani P, Mamrutha HM, Wadhwa Z, Rinki, Kumar Y,
Ahlawat OP and Singh G 2024. Elucidating Molecular
Marker For Photosynthesis In Wheat. 5th International
Group Meeting on Climate-Proofing Cereal
Agriculture: Strategies for Resilience and Sustainability.
March 27-29, 2024. ICAR-Indian Institute of Wheat &
Barley Research, Karnal.

Reddy DVSC, Rabi N. Sahoo, Kondraju T, Rejith RG,
Ranjan R, Bhandari A, Moursy A, Tripathi SC and Kumar
N (2024). Drone-based Multispectral Imaging for
Precision Monitoring of Crop Growth Variables. 4"
International Electronic Conference on Agronomy
session Precision and Digital Agriculture held on 2nd
December2024.

Rinki, Sheoran S, Pratibha, Kumar R, Ahlawat OP and
Singh G (2024). Comprehending wheat lodging by
analyzing stem architectural traits. In 5th International
Group Meeting (IGM) on Climate-Proofing Cereal
Agriculture: Strategies for Resilience and Sustainability.
March 27-29, 2024. ICAR-Indian Institute of Wheat and
Barley Research, Karnal.

Samota SR, Kumar N, Tripathi SC, Sinha NK, Shivani,
Sirswal P, Khippal AK, Chhokar RS and Kumar N (2024).
Optimizing wheat yield through precision fertilizers
application: A soil test-based approach for targeted
results. 5" IGM on Climate- Proofing Cereal Agriculture;
Strategies for Resilience and Sustainability, 27-29 March,
2024 atICAR-IIWBR, Karnal.

Singh C, Sapna, Gupta V, Rinki, Sheoran S, Gupta A,
TyagiBS, Ahlawat OP and Singh G (2024). Unlocking the
Potential of Early Maturity Genotypes. 5" International
Group Meeting (IGM) Climate-Proofing Cereal
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Agriculture: Strategies for Resilience and Sustainability
held during March 27-29,2024 at ICAR-IIWBR, Karnal.

Singh T, Mamrutha HM, Singh R, Jaiswal JP, Deswal K,
Wadhwa Z, Kumar R, Ahlawat OP and Singh G (2024).
Enhancing CRISPR/ Cas9 mediated genome editing
efficiency through gRNA design optimization in wheat.
5th International Group Meeting on Climate-Proofing
Cereal Agriculture: Strategies for Resilience and
Sustainability. March 27-29, 2024. ICAR-Indian Institute
of Wheat & Barley Research, Karnal.

Singh V, Gill SC, Bijarnia KK, Kumar N, Chhokar RS and
Tripathi SC (2024). Wheat yield and economics as
influenced by Phalaris minorinfestation under different
tillage and residue management practices. Poster
presentation in 5" International Group Meeting (IGM) on
“Climate-Proofing Cereal Agriculture: Strategies for
Resilience and Sustainability” held at ICAR-IIWBR, Karnal
during March 27-29, 2024

Wadhwa Z, Mamrutha HM, Nataraja KN, Padmaja AS,
Abhishek RR, Ahlawat OP and Singh G (2024). Exploring
Fungal Endophytes for Mitigating Abiotic Stresses in
Wheat. 5th International Group Meeting on Climate-
Proofing Cereal Agriculture: Strategies for Resilience and
Sustainability. March 27-29, 2024. ICAR-Indian Institute
of Wheat & Barley Research, Karnal.

Yashavanthakumar KJ, Navathe S, Krishnappa G,
Baviskar V, Mamrutha HM and Singh G (2024). An
Examination of Wheat Grain Quality, Nutritional
Characteristics, and Yield in Drought and Heat Stress
Conditions Using Multiple Environments. 5th
International Group Meeting on Climate-Proofing Cereal
Agriculture: Strategies for Resilience and Sustainability.
March 27-29, 2024. ICAR-Indian Institute of Wheat &
Barley Research, Karnal.

Oral/Lead talkin conferences/Seminar/Symposia

Kumar S, Ankush, Ram S, Gupta OP, Pandey V, Gupta A
and Singh G (2024). Celiac antigenicity analysis of
Indian aestivum and durum wheat varieties. 5th
International Group Meeting on Climate-Proofing Cereal
Agriculture: Strategies for Resilience and Sustainability.
March 27-29, 2024. ICAR-Indian Institute of Wheat &
Barley Research, Karnal.

Tripathi SC, Kumar N and Singh G (2024). Climate
change mitigation strategies for cereal based cropping



system. Lead talk in 5" IGM on Climate- Proofing Cereal
Agriculture; Strategies for Resilience and Sustainability,
27-29 March, 2024 at ICAR-IIWBR, Karnal.

Dr Ravindra Kumar delivered an Oral Presentation
entitled “Virulence analysis of Bipolaris sorokiniana,
fungal incitant of spot blotch disease in wheat” under
theme Biotic Stress dynamics under changing
environments in 5th International Group Meeting
(IGM) on “Climate Proofing Cereal Agriculture:
Strategies for Resilience and Sustainability” organized
at Karnal (Haryana) by Society for Advancement of
Wheat & Barley Research (SAWBAR) and ICAR-IIWBR,
Karnal during March 27-29,2024.

Dr. Prem Lal Kashyap delivered oral Presentation on
"Genetic Diversity, Phylogeographic Relationships,
And Population Structure of Wheat Loose Smut Fungus
Ustilago tritici From the Hill and Plain Terrains of India"
in 5" International Group Meeting (IGM) on Climate-
Proofing Cereal Agriculture: Strategies for Resilience
and Sustainability from Mar 27,2024 to Mar 29, 2024 at
ICAR-IIWBR, Karnal.

Dr. Prem Lal Kashyap delivered invited lecture on“Plant
Disease Diagnostics: Research Trends, Knowledge
Gaps and Opportunities” in National Conference titled
"Expanding the Horizons of Microbial Research in
Agriculture" from June 10-11, 2024, at the ICAR-
National Bureau of Agriculturally Important
Microorganisms (NBAIM), Mau, Uttar Pradesh

Dr. Prem Lal Kashyap delivered invited lecture on
“Phenotyping of genome edited plants for biotic
stresses” as a resource person in a training programme
organised October 22,2024 at ICAR-IIWBR, Karnal

Dr Anuj Kumar delivered oral Presentation at 5"IGM on
title Blending millets with whole wheat flour for
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enhancing nutritive value of biscuits organized during
27-29 March 2024 atICAR-IIWBR, Karnal.

Dr Anuj Kumar delivered oral presentation at AMU
Millet-legume-wheat amalgamation for food products
with enhanced nutritional potential to attend the Joint
International Conference on Millets for Food Security
on 21-22 February 2024 organized by the Faculty of
Agricultural Sciences, Aligarh Muslim University,
Aligarh, India

Dr. Vanita Pandey delivered oral presentation in 5th
International Group Meeting (IGM) on "Climate-
Proofing Cereal Agriculture: Strategies for Resilience
and Sustainability at IIWBR, Karnal, Haryana from
March 27-29,2024 on Evaluation of Genetic Diversity of
Hexaploid Wheat Cultivars for Total and Soluble
Pentosan Contentacross Diverse Growing Conditions'.

Dr. Vanita Pandey delivered oral presentation in
International Salinity Conference (ISC-2024) at ICAR-
CSSRI, Karnal during 14-16 Feb 2024 on 'Salinity stress
in wheat: effect on physiological, biochemical,
molecular parameters and grain quality of wheat
genotypes.

Gupta OP delivered oral presentation on“Unveiling the
complexities of NaFeEDTA and ascorbic acid
fortification on Fe and Zn bioavailability in wheat
cultivars” at 5th International Group Meeting (IGM) on
“Climate-Proofing Cereal Agriculture: Strategies for
Resilience and Sustainability” during 27-29 March,
2024.

Ram S and Kumar S (2024). Wheat for human nutrition:
Facts and misconceptions. Keynote presentation at 5"
International Meeting on Climate-proofing cereal
agriculture: Strategies for resilience and sustainability held
atICAR-IIWBR, Karnal during Mar 27-29, 2024.
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2(0 PERSONNEL

Headquarter, Karnal
Director

Dr.RatanTiwari

Directorcell

Smt. Shakuntla, PS to Director
Sh.Sunder Lal,STA

Sh. Aman Kumar, SSS

Crop Improvement
Scientific staff

Dr.OP Ahlawat, Pr.Scientist &Pl
Dr.BSTyagi, Pr.Scientist

Dr. Arun Gupta, Pr. Scientist
Dr.Sindhu Sareen, Pr.Scientist
Dr.Raj Kumar, Pr.Scientist
Dr.Rajender Singh, Pr.Scientist
Dr. AmitKumar Sharma, Pr.Scientist
Dr.Sonia Sheoran, Pr. Scientist
Dr.Hanif Khan, Pr. Scientist
Dr.Satish Kumar, Sr. Scientist
Dr.Charan Singh, Sr. Scientist
Dr.CN Mishra, Sr. Scientist
Dr.HM Mamrutha, Sr.Scientist
Dr.Vikas Gupta, Sr. Scientist
Dr.Umesh RKamble, Sr. Scientist
Dr.Rinki, Sr.Scientist
Dr.Rakesh Bairwa, Scientist
Technical & Supporting staff
Sh.Surendra Singh, CTO
Sh.Yogesh Kumar, CTO
Sh.Yogesh Sharma, CTO
Sh.Surendra Singh, CTO

Sh.P Chandrababu, ACTO
Dr.Rajendra Kumar, ACTO
Sh.Om Prakash, TO

Sh.Suresh Kumar, TO
Sh.Rajesh Kumar, TO
Sh.Rahul, Technician
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Ms. Kirti Gupta, Technician

Sh. Abhilash Kumar, Technician
Sh.MohitDhaka, Technician
Sh.RaviRanjan Kumar, Technician
Smt. ShantiDevi, SSS
Smt.Amresh, SSS

Crop Protection

Scientific staff

Dr.Poonam Jasrotia Pr. Scientist &PI (Till09/06/2024)
Dr.Pradeep Sharma, Pr.Scientist &Pl (Since 10/06/2024)
Dr.Prem Lal Kashyap, Sr. Scientist

Dr.Ravindra Kumar, Sr.Scientist

Technical & Supporting staff

Sh.Ishwar Singh, TO

Sh.Bhal Singh, TO

Resource Management

Scientific staff

Dr.SCTripathi, Pr.Scientist & PI (Till05/08/2024)
Dr.SCGill, Pr.Scientist &Pl (Since 06/08/2024)
Dr.RS Chhokar, Pr. Scientist

Dr. AnilKhippal, Pr. Scientist
Dr.NeerajKumar, Scientist

Technical & Supporting staff
Sh.PHPVerma, ACTO

Sh.Rajinder Pal Sharma, TO

Sh.Madan Lal, TO (upto 31/01/2024)

Sh. Ambarish Kumar Patel, Technician

Quality and Basic Sciences

Scientific staff

Dr.Sewa Ram, Pr.Scientist & PI (Till 31/07/2024)

Dr. Sunil Kumar, Pr.Scientist &Pl (Since 01/08/2024)
Dr.Om Prakash Gupta, Sr. Scientist

Dr. Anuj Kumar, Sr.Scientist

Dr.Vanita Pandey, Scientist (SS)




Technical & Supporting staff
Smt. Sunita Jaswal, ACTO
Sh.Vijay Singh,TO

Social Sciences

Scientific staff

Dr.Randhir Singh, Pr.Scientist & Pl (upto 31/01/2024)
Dr.SatyavirSingh, Pr. Scientist & Pl

Dr.AjayVerma, Pr.Scientist

Dr.Suman Lata, Pr.Scientist

Dr. AnujKumar, Pr.Scientist

Technical & Supporting staff

Dr.Mangal Singh, CTO

Sh.Harinder Kumar, SSS

Barley Improvement
Scientificstaff
Dr.OmVirSingh, Pr.Scientist &Pl
Dr.ChuniLal, Pr.Scientist
Dr.Jogendra Singh, Pr.Scientist
Dr.Lokendra Kumar, Pr. Scientist
Dr.Rekha Malik, Pr.Scientist

Technical & Supporting staff
Sh.Rampal Saini, Technician
Sh.Raghuraj Pratap, Technician

PME Cell
Dr. Satish Kumar, Sr. Scientist, Officer-In-charge
Dr.Ramesh Chand, ACTO

Administration
Sh.RaviKDobriyal, CAO
Sh.Subhash Chand, AO
Sh. Sunil Kumar, AAO
Sh.Ramesh Kumar, AAO
Smt.PromilaVerma, AAO
Sh.Ramesh Chand, Asstt.
Sh. Amar Singh, Asstt.
Smt. Shruti Bajaj, Asstt.
Ms. Nisha, Asstt.

Sh. SunilKumar, UDC
Sh.Naresh Kumar, UDC
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Smt.Hem Lata, PS
Sh.BiruRam, SSS

Sh. Lakhwinder Singh, SSS
Sh.Desh Raj, SSS

Accounts and Audit
Sh. Anil Siddharth, CFAO
Sh.Krishan Pal, Asstt.
Sh.Sushila, Asstt.
Sh.Sahil Kundu, Asstt.
Sh.Ramu Shah, SSS

Library
Dr. Ajay Verma, Officer-In-charge
Sh.Abhay Nagar, CTO

Farm Section

Dr.Vikas Gupta, Officer-In-charge
Dr.Rajendra Kumar, ACTO
Sh.Hawa Singh, Landscaping

Vehicle Section

Dr.Ramesh Chand, ACTO &In-charge
Sh.Ram Jawari, TO

Sh.Kehar Singh, TO

Sh.Rajbir Singh, STA

Sh.SunderLal, STA

Sh.Vinod Kumar, STA

Regional Station, Flowerdale, Shimla
Scientific staff

Dr.OP Gangwar, Sr. Scientist
Dr.Pramod Prasad, Sr. Scientist
Dr.Charu Lata, Scientist
Dr.JayantKullugudi, Scientist
Technical & Supporting staff
Dr.Subhodh Kumar, ACTO
Sh.Swaroop Chand, Technician

Sh. Mukesh Kumar Mahato, Technician
Sh.Khem Chand, SSS

Administrative staff

Sh. Anil Kumar, UDC
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Regional Station, Dalang Maidan, Lahaul & Spiti
Scientific staff

Dr.Charan Singh, In-charge

Technical staff

Sh. Nand Lal, Sr. Tech.
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Seed and Research Farm, Hisar
Scientific staff
Dr. S.K. Bishnoi, Scientist




"2 | STAFF POSITION AND FINANCE

Staff position as on 31° December 2024
Scientific cadre strength

Designation Sanctioned Filled Vacant
IIWBR, Karnal and Seed and Research Farm, Hisar
Director 01 01 -
Principal Scientist 05 02 03
Senior Scientist 12 8 04
Scientist 42 30 12
IIWBR Regional Station, Shimla
Principal Scientist 01 - 01
Scientist 05 04 01
IIWBR Regional Station, Dalang Maidan
Scientist 01 - 01
Total 67 (66+1) 45 (44+1) 22
Administrative cadre strength
Designation Sanctioned Filled Vacant
A.lIWBR, Karnal
CAO 01 01 -
AD(OL) 01 - 01
CF&AO 01 00 01
AO 01 01 =
AAO 03 03 -
FAO 01 = 01
PPS 01 01 -
Assistant 12 07 05
ubDC 04 02 02
LDC 06 00 06
PS 01 01 )
PA 02 - 02
Steno Grlll - 01* -
Total (A) 34 16 18
B.IIWBRRegional Station, Shimla
PA 01 01 - 01
uDC 01 01 01 -
Total (B) 02 01 01
GrandTotal (A+B) 36 17 19

*As per the revised cadre strength this position has been abolished from the Institute cadre and the surplus personnel is being adjusted

against other unfilled position.
Technical cadre strength

Designation Sanctioned Filled Vacant

A.IIWBR, Karnal

T-3 (Cat.l) 19 10 09

T-1(Cat.l) 23 21 02

B.IIWBR Regional Station, Shimla

T-3 (Cat.l) 02 01 01

T-1(Cat.l) 03 02 01

IIWBR Regional Station, Dalang Maidan

T-1(Cat.l) 01 01 -

Total (A+B+C) 48 35 13
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Skilled supporting staff cadre strength

Station Sanctioned Filled Vacant
IIWBR, Karnal 16 09 07
IIWBR Regional Station, Shimla 02 01 01
IIWBR Regional Station, DalangMaidan - - -

Total (A+B+C) 18 10 08
Summary

Cadre Sanctioned Filled Vacant
Director 01 01 00
Scientific 67 44 23
Technical 48 35 13
Administrative 36 17 19
Skilled supporting staff 18 10 08
Total staff 170 107 63

*one steno is surplus.

FINANCE

Resource Generation
Resource Generation Through Commercialization of Technologies

Commercialization of Wheat varieties was carried out through granting of licenses under MoA with different
private seed companies and registered seed growers. A total of 150 MoAs were signed with different stakeholders
for production and distribution of seeds/Rotary disk dril(RDD) of the following wheat varieties.

1. DBW377 17 Agreements 6. DBW303 09 Agreements 11. DBW372 08Agreements
2. DBW359 02 Agreements 7. DBW327 36 Agreements 12.  JKW 261 02 Agreements
3. DBW187 48 Agreements 8. DBW332 01 Agreements 13. RDD 02 Agreements
4. DBW222 07 Agreements 9. DBW370 01 Agreements
5. DBW296 01 Agreements 10. DBW 371 16 Agreements

A total revenue of Rs.9027000/- (Ninety lakh twenty seven thousand only) was generated through
commercialization of wheat varieties and Rotary disk drill(RDD).

Expenditure statement upto 31.03.2024 (in lakhs)
ICAR-IIWBR, Karnal

EXPENDITURE

Name of HEAD BE NET RE Otherthan NEH TSP SCSP  TOTAL % of Exp.
Scheme 2023-24 2023-24 NEH, TSP EXP. Against
& SCSP Revised
Estimate
IIWBR, KARNAL Grants in Aid - Capital  335.00  359.00 324.00 15.00 0.0 20.00 359.00 100.00
Grants in Aid - Salaries  2480.00 2446.48 2446.48 0.0 00 0.0 2446.48 100.00

Grants in Aid - General :

(1) Pension-1270 160.00  264.16 264.16 0.0 0.0 0.0 264.16 100.00
(2) Others-0085 820.00 1038.06 920.00 87.06 7.00 24.00 1038.06 100.00
Grand Total (GIA-Capital, Salary, General) 3795.00 4107.70 3954.64 102.06 7.00 44.00 4107.70 100.00
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EXPENDITURE
Name of HEAD BE Otherthan NEH TSP SCSP  TOTAL % of Exp.
Scheme 2023-24 NEH, TSP EXP. Against
& SCSP Revised
Estimate
AICRP (Wheat & Barley) Grants in Aid - Capital ~ 13.00 10.00 300 0.0 00 13.00 100.00
Grants in Aid - Salaries  1803.18 1803.18 0.0 00 0.0 1803.18 100.00
Grants in Aid - General :
(1) Pension 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(2) Others 248.00 231.00 21.74 10.00 2400 286.74 100.00
Grand Total (GIA-Capital, Salary, General) 2064.18 2102.92 2044.18 24.74 10.00 24.00 2102.92 100.00
Expenditure Statement upto 31-12-2024 (In Lakhs)
ICAR-IIWBR KARNAL
EXPENDITURE
Name of HEAD Pregressive Other than NEH TSP SCSP  TOTAL % of Exp.
Receipt of NEH, TSP EXP. Against
Grant against & SCSP Revised
Scheme 2024-25 Estimate
IIWBR, KARNAL Grants in Aid - Capital 199.50 55.85 0.0 0.0 0.0 55.85 27.99
Grants in Aid - Salaries 2123.29 2009.29 0.0 00 0.0 2009.29 94.63
Grants in Aid - General :-
(1) Pension 305.00 304.63 0.0 0.0 0.0 304.63 99.88
(2) Others 710.51 514.62 0.0 3.11  2.70 520.43 73.25
TOTAL 3338.30 2884.39 0.0 3.11 2.70 2890.20 86.58
AICRP ON WHEAT & BARLEY
EXPENDITURE
Name of HEAD Pregressive Other than NEH TSP SCSP  TOTAL % of
Scheme Receipt of NEH, TSP EXP. Against
Grant against & SCSP Revised
2024-25 Estimate
AICRP (Wheat & Grants in Aid - Capital 10.50 8.00 0.0 00 00 8.00 76.19
Barley) Grants in Aid - Salaries  1015.13 997.48 0.0 0.0 0.0 997.48 98.26
Grants in Aid - General :-
(1) Pension 0 0 0 0 0 0 0.00
(2) Others 233.21 151.69 8.01 8.98 18.67 187.35 80.34
TOTAL 1258.84 1157.17 8.01 8.98 18.67 1192.83 94.76
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22 JOINING, PROMOTIONS,
TRANSFERS AND RETIREMENTS

Joining
e Shri Raghuraj Pratap & Miss Kirti Gupta, T-1 joined
ICAR-IIWBR, Karnal w.e.f.22.04.2024

e Shri Ablilash Kumar, T-1 joined ICAR-IIWBR, Karnal
w.e.f.23.04.2024

e Shri Ambarish Kumar, Patel T-1 joined ICAR-IIWBR,
Karnalw.e.f.24.04.2024

. Shri Mohit Dhaka, T-1 joined ICAR-IIWBR, Karnal
w.e.f.01.05.2024

e Sh. Subhash Chand, AO joined ICAR-IIWBR, Karnal
onTransferw.e.f.02.05.2024

e ShriMukesh Mahato, T-1 joined ICAR-IIWBR, Karnal

w.e.f.03.05.2024

e Shri Ravi Ranjan, T-1 joined ICAR-IIWBR, Karnal
w.e.f.07.05.2024

. Sh. Ankur, Assistant joined ICAR-IIWBR, Karnal
w.e.f.09.08.2024

. Sh. Sahil Kundu, Assistant joined ICAR-IIWBR,
Karnalw.e.f.09.08.2024

. Sh. Amar Singh, Assistant joined ICAR-IIWBR,
Karnalw.e.f. 16.08.2024

e Smt. Shurti Bajaj, Assistant joined ICAR-IIWBR,
Karnalw.e.f. 16.08.2024

e Miss Nisha, Assistant joined ICAR-IIWBR, Karnal
w.ef.w.ef.25.09.2024

«  Dr Binay Kumar, Principal Scientist joined ICAR-
IIWBR, Karnalw.e.f.21.10.2024

Transfers

*  Dr. Poonam Jasrotia, (PS), selected as Assistant
Director General (Plant Protection and Biosafety)-
18.06.2024

e Sh. Shiva Bhardwaj, Stenographer Gr.lll, selected
as Personal Assistant Grade Il in Cabinet
Secretariat Govt. of India, New Delhi—02.09.2024

e Sh. Ankur, Assistant, selected as Field Investigator in
Town and Country Planning Department of Haryana,
Govt.ofHaryana-04.11.2024
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Sh. Anil Kumar Siddharth, FAO transferred to ICAR-
IASRI, New Delhi-27.12.24

Promotions

Dr. Santosh Kumar Bishnoi Scientist promoted to
the nextgrade Level-12w.e.f.-15.12.2022

Dr. Charan Singh Scientist promoted to the next
grade Level-13Aw.e.f-15.12.2022

Dr. Neeraj Kumar Scientist promoted to the next
gradeLevel-11w.e.f.-04.01.2023

Dr. Sonia Sheoran Sr. Scientist promoted to Pr.
Scientistgrade Level-14 w.e.f-07.01.2023

Dr. Hanif Khan Sr. Scientist promoted to Pr.
Scientistgrade Level-14 w.e.f-07.01.2023

Dr. Om Prakesh Gangwar Scientist promoted to
the nextgrade Level-13Aw.e.f-27.04.2023

Dr. Mamrutha HM Scientist promoted to the next
grade Level-13Aw.e.f-02.05.2023

Dr. Rinki Scientist promoted to the Sr. Sci. next
gradeLevel-12w.e.f-01.07.2023

Dr. Anuj Kumar Scientist promoted to the next
grade Level-12w.e.f-01.07.2023

Sh. Sunder Lal promoted to (TO) Level-7 w.ef
07.11.2023

Sh. Rajbir Singh promoted to (TO) Level-7 w.e.f
07.11.2023

Sh. Om Singh promoted to (TO) Level-7 w.e.f
07.11.2023

Sh. Rajendra Kumar promoted to CTO Level-12
w.e.f20.05.2024

Sh.Rahul promotedtoT-2, Level-4 w.e.f19.12.2023

Sh. Ramesh Chand promoted to CTO, Level-12
w.e.f30.04.2024

Superannuation

Dr. Randhir Singh, Principal Scientist, ICAR-IIWBR,
Karnal superannuated on31.01.2024

Sh. Madan Lal, Technical Officer, ICAR-IIWBR,
Karnal superannuated on 31.01.2024




Sh Om Singh, Technical Officer, ICAR-IIWBR, Karnal
superannuatedon 31.03.2024

Dr. A.S Kharub, Principal Scientist, ICAR-IIWBR,
Karnal superannuated on 30.04.2024

Sh. O.P Dhillon, CTO, ICAR-IIWBR, Karnal
superannuated on 30.04.2024
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Dr. Gyanendra Singh, Director, ICAR-IIWBR, Karnal
superannuated on 31.05.2024

Dr. Sewa Ram, Principal Scientist, ICAR-IIWBR,
Karnal superannuated on 31.07.2024

Sh. Surendra Singh, Technical Officer, ICAR-IIWBR,
Karnal superannuated on31.12.2024
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