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Identify the nature and characteristics of salinity/water quality
problems and areas prone to salinity development in a GIS
framework

Undertake strategic and adaptive research to manage salinity
related problems at different scales and develop options for
preventing land degradation due to excess salts based on better
understanding of salt and water balances

Develop national level network of salinity related activities and
provide funding support to address location specific problems

Research capacity building for prevention, control and
management of salinity problems



Preface

APATI—bard &I AUl ITHIT AR,  HATS
Fqu—gfad fafedl & gaafe ol weed & forg waftia wga
AT FSTAST RITIAT 1969 3 B o7 | 31aId &l H WHITel ScaTGahll
PTG T B fu W T RSwm—smeniRa, SuiE ofd
il | SR Aau-uiREN wod foel & o dza =g
A Tt # @ I aRrof yfieT g & | Rream—amanRa
&Y HaT Yard Hrenfiia] & @ad TR & ey 2.2 ffer
IR W AfF I I BT Ahel YA WHT gaTT B, Ty <
& Qe ScdTa H Uy o 17 ffera e &1 afaRes gfg
g2 2| 390 AfIR®, Su—add! oidt e & wwrdY fparaae &
IROTHERY ERATI, HERTSZ, ORI Qd HAcd AT § 75,000
IR W AP TPRIGI Td Fquii fH &1 Fhel garq wa
BT © | WISy BT JMATIBATA Pl & H @ Y, A + 4=
qal doEE geRl & faemN, gieife el @ S|,
Sg—gaard  ddiiel & SYANT o1 fefred o il & e
1 e # BR R <’ B, a1 i Y Scurewar # 9fg @ o wa
TAT SAGUI—IATIIT 131 BT I g G far 5 9 |

Y 2025 B IRTT AT 7 AGUI-IHTIIT Tl & vaer, Riers g
STl I T[OTa] H GUR AT BV BT STy Ae-RIerd I 3o
BT B &F H 3TH HEdYul I YRR 1ffd @i | 39 sm@afd
P! T SUAREAN § AqUI—yHIiId gaTsil U ot @ Jorast &
TET AR 67 o1 [d9  fI9Y §9 9 Seorg=i1d Y&T, ot <91
T Ud &R &3t @1 gaar Rerf &1 deifHie 3idhold SUle]
PREAT| A Aqu—yariaa &3 § ReRr vd S=a Sarasbdl
ghfea &< & foU I & KRL—423 TT KRL—1083, €T I
CSR—108 TAT AR BT CS—68 ST FAGU—HETRI I~Idl (Al BT
Ahedgad faer far war | Sfde T & a5 # aavia
IRRefRET 4 AT IAEHAT I8 B SRR AGD RIS
FIH AR SIg—IeS Bl Ahel [dbrd fHar T | STaarg
gRace & i Hda-eiiet &, faRves TR 1T Seet, H Saary

The ICAR-Central Soil Salinity Research Institute (ICAR-CSSRI),
Karnal, established in 1969, is a leading institute dedicated to
reclamation and sustainable management of salt-affected soils.
Over the years, it has pioneered innovative technologies, including
gypsum-based soil amendments, subsurface drainage systems
(SSD), and the development of salt-tolerant crop varieties for
sustaining crop productivity and thereby livelihood security of
farmers dwelling in degraded areas. The extensive adoption of
gypsum-based sodic soil reclamation has successfully reclaimed
over 2.2 mha, contributing an incremental annual foodgrain
production of around 17 mt. Furthermore, the implementation of
SSD has led to the reclamation of more than 75,000 ha of
waterlogged saline soils in the states of Haryana, Maharashtra,
Gujarat, and Karnataka. Nevertheless, obstacles such as high
implementation costs, a lack of awareness among farmers, and
variations in site-specific soil conditions impede broader adoption.
Moreover, issues related to climate change, including secondary
salinization, and the inadequate scalability of technology, continue
to pose significant challenges. Looking ahead, ICAR-CSSRI intends
to innovate new amendment materials, develop transgenic crops,
explore bioremediation techniques, and create digital tools aimed
at enhancing land productivity and rehabilitating salt-affected
regions.

During 2025, the Institute has made notable scientific
advancements in managing salt-affected soils, water quality, and
climate resilience. A major milestone was the updation of the
national map of salt-affected soil and groundwater quality. The
Institute strengthened crop adaptation efforts through the release
of salt-tolerant varieties, including KRL-423 and KRL-1083 of wheat,
CSR-108 of rice, and CS-68 in mustard. Technological innovations
such as groundwater recharge filtration units and the cut-soiler-
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AR ORI BT g3% BT b U IE—aRg wrerfiiear based subsurface sodicity management system demonstrated field-
AR IR fbu T E | AR T Iy SN fawr s e level success in Haryana and Punjab. Advances in biological solutions
RN, AR Ud ORI ST TRHRI & FEAIT 9§ STeerayeg included the developmentof an Arbuscular Mycorrhizal Fungi-based
Tq gy LR T IY—Fds! ST FhTT gorrell & fehar=aae Heef biostimulant, enhancing crop productivity under saline conditions.
Rl aRATSTART & AgH W IUe ddeidl UAR Ud fawR Strategic planning tools like village-level priority mapping
BIOPHl Bl 3R goe fhar| dafous 9H UM yonferai @y supported climate adaptation in vulnerable regions such as the
WA B @) 2o § Teq & orgu—ae=eiia ST @ yg=r= Indian Ganges Delta. The Institute also expanded its outreach
R q;fﬁ AffieRer & 9u sawr fRAefad iy T G 5 through a consultancy project with NDDB and government of
STEET e & & § W W SuRIdt aifvia o gY Haryana, Maharashtra and Gujarat implementing subsurface
S HaTe  TRIRTeIT, Wi T gaeal don SR Breeet drainaﬁge in wa;erlogged—saline soils. Diversification effforts include
emm ST : sy identification of salt-tolerant sandalwood germplasm for alternative
?ﬂﬁ;{ OTaTh W?fj::i aj%\[fmqaiﬁlsjj%m a@ﬂy land use systems. In the policy domain, collaborative economic
LT TF ATRTLNT ¥R TR A T O HAr=yarait & e 3 impact assessments and the development of the AgrilmpactSuite
Sivac STt T B €Y &I FEUr W qoT Aad ?ﬁ software strengthened evidence-based decision-making.
i & 8= 8 argd argof) ﬂﬁl’cﬂ BT iR G5 | Infrastructure development was notable with the establishment of
T af @& SNRF W T 12 A BT ST 5747 IO e advanced facilities including a genome editing lab, speed breeding
ESTeAT & A A, R AP S et units, and a Brassica phytotron. The Institute also maintained strong
SRR TR DARE) %ﬁﬂ?ﬁmmmﬁfﬂw SRR & By outputs in seed production, research publications, and scientific
¥ TR SuRufy @ TmRE W Q‘ﬁ'ﬂT qaTE | wRemT recognition, reflecting its continued leadership in salinity research
SOy R @ waei ud WicdTee @ 9Ry 9 %Eﬁ S and sustainable agricultural development.
SRITST b TRIT | 39S SR, dEaTRal e, W oI Du:ing this year, the institute celebrated its 57" Foundation Day on
sor=iy AT @ T TEd B WY SRS U SaTTET B 12" March, Smt. Alka Arora, Additional Secretary (DARE) & Financial
TR Y B oY AT qEareT & HLbc'ICIIli\quv ST B Advisor (ICAR) graced the occasion as Chief Guest. Activities such as
TI'éIJTI ) Hindi Pakhwada were organized to promote the use of Hindi, and
¥ ?ﬁa ST e R @ g ger TR ?ﬁa ST Swachhta Pakhwada was conducted to raise awareness on
S <5 WWW@WWH\» S cIeanIine.ss among employees, students, farmers, and the local
(i FEEE TdeH) Sf. T &, A-d & I S9D Fdd AFiGe, Commur_"ty' ‘
ROTT TE S T B ForT T w1 TSIl e el él 3 Iwould like to.express my heartfelt gratitude to Dr. M. L. Jat, Secretary
I @ T JATTEe Ue WW S e e (DARE) and D}recter General‘(ICAR), and Dr. A. K. Nayalf, DDG (NRM),
A} ST FI9TS SR S BT él Ay 91, <. T, . 4T, <. w ICAR, for their continued guidance and support. Special thanks are
S e e fﬁj\d, &SN e, el v G due to Head of Divisions and RRSs, Dr. S.K. Sanwal, Dr. AK. Rai, Dr.
Z:TQ?@TQ'WH;JT%?[EH? W R o Satyendra Kumar, Dr. Suresh Kumar, Dr. Arvind Kumar, Dr. Sagar
P H:IQ"I el WD e GRR e H TI_qVibbute, Dr. Awtar Singh and Er.Y.S. Ahlawat for their commendable
$, e g @ FRrg § I RS 9 9 o & | s efforts in compiling, editing, and ensuring the timely printing of this
3§ emﬁ@mﬁ e W N+ ~ & - Annual Report-2025. | also extend my appreciation to my colleagues
~ ~ ,\qu? uruf”q BT DR & for their valuable contributions, which have made it possible to
;.\rl.ll:m_:; dgHcd Hedl, by HeHTNIdT Q_CT ‘{‘ngul P PHoawy EXl publish this report on schedule.
ﬂ?[ Tﬁ & —2§215%:‘rw e TfeR Hﬂ;ﬁg‘ﬁl & 8 | am certain that the information contained in this annual report will
g \ﬂjﬁ.am G rerd RREE e e deliver important insights into the institute's current research and
Wﬁﬁ%?ﬁ%ﬁﬁ@mquldl e - g;ﬂllraul'iﬁﬂ’efaﬁ development activities, emerging trends, and challenges in
. o o managing salinity in agriculture. | encourage our readers to provide
jﬁggq\;hifﬁ B;UQJ;‘TFIE. \ﬂ;ﬂq}ﬁl;lf. H%;W dnw; ! Tj; azfliz suggestions and feedback to enhance the quality of our annual
IR & for ve Agwaqel e axarast Rig g | # uredl | report.
e BRAT B b 9 59 Al Hiadad $I Jore, YA vd
TR BT 3R Sfdd Fge a1 & e I 3 984 g 4‘D‘__
Td EARAS URTHST H&TH X | 39 GSId 9 § 39 fcdad bl —_—
3R 31fdre g, STARM Ud T[oraaryul 9 # e g 8 |
Rajender Kumar Yadav

.{\—}\'}j_ jW( Director

XTul OHIN UTad

IRESIED




BBl ATAALT

ATSANAR—B= 1T Fa&T AGUIAT AL HLAF « F&T TGOl d Yoiel Jora
Haelt Al & e 7 dd-ial TaraRi, fee e, yeee 1@ fawr
PBIRIHH] & HETH A Ieelkg+1g W D & | AqoT—41iae FeTal qei Yoiel Torasi
P I T AR IR fhU 70 | Faofia aRRf #§ wer Scraddr 9917
R & folU 31T Tau—H2W] B¥rel e fadmia &1 T, fS 78 BT KRL—423
Td KRL—1083, €T 95T CSR—108 T WAl &I CS—68 T & | ITg—HavT &1 # ¥[uTct
GTROT Bl GGG B o Td—TSullsA Py T Hoidd GARoT eI (fheger)
gHISTl BT HRATE, DA UG HOeH & 14 Wl TR AU a1 717 | AG0i JaTaii
H BH gig Td BIEHIRY (AT BT 9gH & [Ty STeRdeR AshRIgod Htha
(AMF) STRITRT Ush Sid—S<iold (JRI—Redele) ey fear 1am | Siadry uRad=
e Ul & AFfesE g YRA™ W Seel &F & o YH—wiRIY
AT Gabic AFE TR fBAT TT | SRATOM UG USd & a1 rell )
IuAAE! AIRSRIET TaeH & foly He—WigerR B FHTaRiTerdT BT Jaei f6ar 131 | T
<1 21 9 R AU el uRATSHT & Sidvd 200 Ydhe STerRTd Ud araofia A
&1 Raere far a7 | 89 1Ak, ddbfead 1 ITIRT & oIy Aaqu—as]
G SHATSH I Ugd Bl T35 | Aau—aleW] g &I [l Tr SUFde! Siel
1 & anfefep ywrdl @l X@ifded R arel & AIfcTd AE—93 YHIRI fby g,
feM  Aeg—ameRa A FEr &1 9weE yeE fBar| dau-uHiad
FHR—qRRefe! T3 &1 IMAT AT & FHAEN gg I9RN /&3 IHeT
Bl / 3BT B T SFAeT AR S IR fby T & |

SMSXNTIAR—B< g T ST AT ARA & T Yd B¥Iel Iae Yo o
AGUI—THTTIT TN BT AT & FHATE &g I+Id JaT [IeIaxor ddbpl, Td4
U RO, UYe O YEEd, G- B gfodl 9o |ad
FHR—a1fraT gonferdl & e H Iecasiag WIid @ | difegde fafsae gd
FRR—gFhRE WagRISAHET BT SUANT HR F&T TAT BT A1g Ud Feid [aRror
far 1| 39 dbe gRI gaT & Uive A4, faga arcrhan, difsgd sraeinyor
3gurd, fafra i gfaer, qa1 Sifde S, e Araeagdhdr gor g9rae
(Texture) SI¥Y T[OT T Ieaa=1T YATFATT HHT 31T | TE Td-id URURD TANTLITE]
faeetyor @1 o # e, IR—faAereRy o wH drTd arell [deed g g8 |
RISTRIE & auI—3AETRT &3l & &R Jarell § IoRI—3MaRd Had Jometl &
3T FGDG, RFS, XU URfgelcs H=R dorr Rl die S a1 el &r
fSToqq & faddbeu & wu H geuic fbar 74T | 39 ANl &l YfH gaiq e o
A edTdds TRIeTOT fehaT T3T | et UIeh dIcd Haee o Sfaiid foidh, MR Td HiuR
BT TA—B R [IHRIT B T8, R8I UIye dod SUANT S&rar H gfg &I a1 &1
Td g & ST D STa—GGeldroT H FROR IR Yaei yaiRid f6ar | Sieary ulkacd=
AT B TSI PIARTH TR (R far ma, e Jregd 9 g=—31g, had
O] H BT SIS TaRITSS T8, Aehel ArIfid ScaTadhdl 0ol g UTRReIfd! a
e @7 Jad FIRET @7 78 | 399 dau-g41dd aRRIfal § dree !
Heedl HAEquul MR W gg | Slfdd  ASSlthded  3aRie  (Biological
Nitrification Inhibition - BNI) &1 It URhAl 7 319 7ol STdI @l ol H 31feH
SUST TAT 7—17 AT 1fd ATSSIoT Taenyor Yef¥id foar | a8 uRvmd Arsgre
SUANT S&TdT 9 Td qaierviig BT-T T 6H 6+ B Q=i H Hgeyqul FH1a-m
ST 8 | SMEATLSIR—B I Ja&T AU SJH HLA Ud Wel Td P FITS
(FAO) @1 Wgh URATS & IfAd HIATA Td DhId el & FAid el )
MR HaT faRIIeRor foar 737 | o1 3 S1d gan % s1feiaier Jad &Rk

;
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UG BT § TAT J&T A Bl Ud IUA Uy dedi § Heg¥ R+ =1 urg
S 2 | Sredifors e B TN 9 I R ge fb B JaRy wRevr &
|1 TR TS g, fARveR f$u Riars & sidld, g &1 IuS H S gha
PR © | fIBRIT BHal J9 (Fungal Consortia) ITEITIRT JHTHRUT "CSR-Manage-R”
ERT AHT, Uiy Ud &R Ja1:il H €19 & Y3TTel T 60—70 WL Uec B8
A8 & ¥R U T 737 | I8 Il ©d H 3Taeiy Heed & folg ordl g g8 |
SIg—IIoTh] IR Y MY e & I8 Yaiid gaf fd Uiy e a=ra &1 Refd #
BISSUIS JUMell & ST SMMGeR AISD RIS Bha (AMF) &I Thel Haed
BT ST el & | 39S AR, AUIRST Sig—i14 (CBG) WIAT W U AqG fhivgd
NIECRCIE (Fermented Organic Manure - FOM) DI RS JARDI B HH AT B
A1 ST B TR B IATGHAT U4 HaT SR H Seoi@ g GoR g7l | &R
Tl H SHBT UGeH o &1 Soa A1 & FHme UTdT T | Hiv—arf-ian! & &3 d
Fe & SIAICTgUl § 0T WRWAT g AT gafire fafderdr @ vge @ TS |
B AT SFICU 7 IR MANE Feld q ANIRE fharerd yeee el
BT | ASTET JTJeherall 3egd=l Ud U UIR BRIhHl & Aedq I sRA0N &
T H de JmaTRa HR—ara &1 Jerar faar wan, e dmid g &
IATEHAT H IR DI FHEIN G¢1 € | 59 AR, Ao, [&ar qen o=
Ied—ed geT Il & SRS SiAICrsyl &l Wl equ—ywifad gRRerfaar §
e fehar a1 |

BHA IR YANT o FqU-g4T AT qarall H PV IUEDhdl 981 & Ieed |
AGU—Aew] feAll Ud go T ddb il & fadhr H Seela-g WETfa &1 € | 39 faem
H U T U &I SAGU—HIZW] & {1, CSR 108 Ta CSR 64, fehwt fadmRaa @t
TS | CSR 108 BT Sod JUST &A1 TAT SII0TaT Yd &TNIIAT <1 & Ui Afwdr &
w1y fAeRyd far ar 2 | a7 e aRRefl 3 efigds 3819 fhu / gaear
JUST &Sl @I, S CSR 10 I AT H 38 Wfcrerd 3ffdes off | $91 YR, oAdoiia
aRReIfrl # gaa! id SUS 4472 fHUT / FaIR &N, ST CSR 10 DI JofT H 52
Tforere Sfire off | Teh 31 AEayUT SUIRT CSR 64 BT SIERTAT X&), ST Teb shfFgs
T[OTEAT dTell Aau—ARW] JTAA] T 5 & | $91 SR UQ¥ &I &R Jarail
AR ISP TGN BT T« 36 BT el H 5.7 UfTLTd, IIEHCSR30 BT T
# 16.6 TTCIRIT AT 31 fh¥AT BT AT H ST 10 HIRIT Afdds ST H&T Bl |CS
68 TRl [ BT UgaT 10—13 SHIAH Uy Hiex fagfa araaar (EC/EC,,) T2 9.
0—9.4 Uiy A arel! Aol gd &R aRReIfl # 2l & fofg 1 715 | 39! Suw
AT i ama @ Rerfd § 22—24 foded /Tacar dem A= 918l § 26-30
fddce /gacar urg TS | I8 e sleewRan sge, waa <qgan, gffer smiyar
(TS fesey), @ﬁﬁﬂﬁ%ﬂﬁéﬁw?ﬁﬁwaﬁﬁzﬁﬁmélﬁa
H YT IGAT ORI dTell rers-ie ufafte KRL2402®W@WW
SAGOTC YRIETOT o g TredTiad fbam 711 | =1 Ud #RR H AT STHITSH HUsl bl
g o T e el gRReIfRT 7 T80R SUS, 31t Hell W&, od dral
IR TT el MMATS AT (¥ Na* Td 1M K*) el 213 ITamell & Igar &
TS | 39 R, TI—fRfUT CSR 108 UG CSR 64 e fafi=T craur—afwy e+
fore Al & 26.25 faded UoT-d d197 &7 IATEH fhar 131, N 39 fo i & Auh
TRIR B 9T IR I[OTERITTh dIol SueTe] BT e ga |

SMEIYR—Ds Y FaT AU FFHITT HRATT B ﬁiins‘ vd oid e
Srﬁmﬂ%ﬁﬁ YHRT = FaUTdT Teer, STl SIRETVT AT AGU—THATAT &1 & forg wIre
RiaTs dd-idl @& fderT H Agcyul Ul Ui @1 & | DRAINMOD #ISd &I
3feMeh (Calibration) Td HATIA (Validation) ST—®R ITeTg OAT J&T 0T &
A @ forg Awhetargde faar 12, foraH e 0.95 TT 0.86 B Foel R Il




BU | AiSd @ SR, UREH! I TR HAIS &3 H Ufady oA 1,819 S ofdul

S BTAT ST FhdT © | AaU—THIIT FR1311 & ol H AT aTell AER
Td evC 3T 7T (joT) SmenRa Ri=ng dFf fAeRad fam T3 | I8 vometl a1 &
faera ufoRIeraar (Electrical Resistivity) & SR UR 1 &1 PRI &Rl © | 9aT
el 671 & A1 W/ BT ATSCYS 720 I GobR 1295 I P Ugd T, forad
rEIA®s A (Real-time) H HeTdh AT MR WWa 8311 | SUATR! i T4
JOTeAl @ RITYAT | G I (Reclaimed) @aviia JaTRil # Ieciasi GuR <@l
AT | S5, B Ol § AdS! JaT A0l H S| 40 U BI B Tol Bl
TS TAT oTel & FId AT 16.07 H TTHY 5.38 SHRIHH UT Hiex 81 7% | wlie
STINGT URATSTT & ST AT ¢ Ufth IR22EL1055 7 5.09 T / TSI Bl
IS YT 1 AT 33—50 UfTerdd Ri=Tg STel 1 gord Bl | RIgeier sfega=i | g8 W
W g3l o Srafafey 7 &1 smer Sredrafey yedel gars e U ¥ &9 aul
IoTel R H 89 arell fRTae 1 3 #iex d@ & fHar ST FadT 2 | HIROS TRATSTT
& 3 T H fgu Riamg Ud srgdferd Sde Jae & Al | Sfel Scaradhdl
IEPR 29.4 fHarum™ 9T & HIex (kg m?) B TS qAT ATSEIOH SUINT Geram #
gig 8% | 37 APHDI I 21—26 U STl Bl gad g AT SUST H 12—38 Hfwrad
TP gl To1 BITE |

QSIS fag SIHE™ 99T g7 Jau—afew] AE fHl & onfdie wra &1
3MTher fohar T | 31eggd & UReml | W g3l b Sau—ysrfad gareli H g7
Al A Seoi@-1a SUS gfg U Bl © | GIge A1 8.5 9 37eeh arel) &TRIy Jaraii
d aui—dfew] 18 el 7 IR—qu—afew] fbw &1 goiar d 3T 11.80
yferera 21fde Iust U @, STafd faga aradar (EC) 4 SHRIHA Ui Mex 4
31T aTell Ao Harell # I8 @™ 24.30 U= O qol (a1 11| AIfsH vd
AU &3 & e Bl R (Weight) @& WU H 2MMHS - gY Aad AIRT U
g 14.82 UL AT TS | 3eATT & AR AGU—ARY] g fHwi Pl acar
??ﬁ?ﬁ%f 9.77 wfcrerd 2 | i arfdey (Economic Surplus) Al€e B IR
TR ¥ 2012 ¥ 2024 & SRE A qﬁ‘cgsa (Business—as—UsuaI Scenario) | Rl
anfefes 1oy 58,170 fAferas T (a1fifes AT 4,474.6 faferas $u) etideT T3,
fSTRTH 22,850 FATRIIT S IUHITHT ATERIY T 35,320 FAforad T Icured Siferey
eMfie 2 | v 2030 TF & AFAM! & JMFAR, AT TR H FHof e AfdRIy
259,000 AT BUY qoIT 3yreraTal uRged (Optimistic Scenario) H 278,050 ffera
U TP Ugd Hebdll & | Y TR0 T2 & fob Tqur—Afewy] g fobedi # erqu—ynfad
851 B IUTEHAT UG HYDI 1 AT TG D AANS & e & | -hfeerd
Fgermai § WS ST ud S [uIed Sl S+1d ddh-1d] & ATIH A Toi-- HRIHHA!
BT TRT 1, ToRma o faRkre &3f & forg Suyeh fhwl &1 faem, 9g—d-ma
ARW[AT Ud Sld—YgeIdRUl (Biofortification) IO T HHTIL, STGT(-cb— (ol
9HErT (Public-Private Partnership) @ ATEgH | &1ST MYl G Pl Gge bRl ol
T TR B! & MR WR B! aF reir o7 ggrar <1 enfiet 2 | sRaron &
STEVRIGYT U4 oquirg Hi—qikRerfaet a5 # darferd Bk Bee aRars T &
I I STel (T TOTTell BT FRATIAT A Hiel UG H Ieoi@si IR ol
AT | U8 H AGU—AfRW] fhed S¥ 210 7 SUATE] STel [+1T_T YOl §IRT Jd iR
Wl 7 N 56.25 fadeet / BaCAR 3TN SUST WIS I, ST {407 ey ¥ 2967
B gl | 9.22 Hfcrerd 31 off | &= H W I BT 7 SuHAL! T BT
JoTTelT URReICRIT H I Faferd (bl & o=l H§ d8dr Yaei (6T | §74 PB
1692 = ISP 57.20 fdded / TFCIR SUST ol Bl \—rﬁsFH rarferd fheai ot ger
H 34.58 gfcrerd a1y off | I yeeie W U 9 S © b Suwas] S e
goel MR Y YHatd T SUYh du—AfRw] fhl w1 HgH SuAnT
STAMRTIYTH Ud Td9I &3] &1 IHTEHAT H Secl@+ 1 gig B Fahdl o |
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MEHTRMR—DH= 1 F&T FAAUIAT AT G & &I AT D&, HHd A
ORI B A0 afSAI Far3i H Aoy oiel RHams & AT el Icaradhdl
T B Ae@yYl SUATRIT UTe &1 & | Tqu—afew] IRal bl &1 Jedid fbar
T, ORI €S 62 7 aifrd 8.96 fddce / 2acaR €151 SUST &of @ | $Hd 916 CS 61
(8.71 faded /BqCIR) TqAT CS 58 (8.60 fadcel /BACIR) BT 9 N&T| A4
AGU—AEW] BT 77 AT 5 GDM—4 (5.12 fFTTgdeIR) BT JolT H d8ck
e T | g fel | d8ar gig, vfcr dier s1fieie wierdl, S=a sTave SSav ao
ToraTyof fRreaTd urg TS | faery WU [ CS 61 H i TAier TAT BH Yo 3rd
OTIT 71T | 197 fAfert ud sanfacii fa=mat & sremae | BRI 3RS ¥oe 9% (FIRB)
soTTedT, FSTH 60 T AT RIRT UR 30 WHT DI G TR &I HAR TS g, 7 Haledh
9.81 fided /ZaIR I UG UG Bl | S THR, 90 A T R 7 Td rell
UgiT §RT gaTs &1 ¥ d8ax of$ &F d1a+ (Aeration), &H 1o 14, 3ferd
TTeETy, wifcr dier a1feres Wil derm S2a uRIereT MR U 83l | $779 e W 6y 1y
S TR ¥ U8 e gAT b g Fqurdt W (faea arerehar 9 sHiEE ufd
AR a%) &1 faf= feei o gfg vd de s 101 R afdae 94Ta oedT © |
BT, Sal XS b o1 dquiy yRReITAl # 98aR srder &\l Ud A3k gl
TR B | Sig—S<Ioid & WU H Tl AdTel 37 & WANT I Aquiig I1d & J47d
Eﬁw%wamwfﬁwmﬁﬁwﬁﬁﬂ(CanopySpread)ﬁQf%’@élm
IR, EIAS 37t & TANT H Bicl HI dlels, T Td TR g4 H R ga,
T oTavita RH=ms STel & 1T Wl WAl 69 g8 | 7 ST goferal W {6y
Y YT = Bl FAATTOT TAT AU AT G131l & GIR H Hiu—aTia! B
He<aqul AT BT Nifdhd 5T | 9ga & I 0—15 HHI Te-Ts R HaATD 1.28
frerd Ja1 Sifdds dEA &Sl fhar AT, SEfe gofeled o Halltd 24826
T/ TFCIR SITIR Ieq~ {hT | 39 GAHRATIAID OTTerdl 9 7 dbael qal olfdd
Wﬁaﬁ&'aﬁaﬁﬁwzﬁﬂﬁﬁ?ﬁgwqwﬁﬁyw Rl §U SRR I B UgRT Pl
Y A T | |11 8, 39 Yonferdi § Brd shise ur d)%ﬂif?f'lﬁmﬂwmg
TS | |IERAT 37731 Tirerelt # By 7u fawgd e fazemor & ¥z gfe g8 & o=
AT TP AU oidd & SYANT & HROT Ja&T § TR Fauiiexor Td emrgdr
IR 81 T 2 | F= gaT o fIgd araradr 45.57 SHRIH Ui Miex dor |ifsesm
STERITYUT U 48.38 Teh &ol [T 3T, forads URVIMERY <R BI ITGdhdT H
HHT 37TS | U5 & AP GIR BRIHH & fcd KRL 2310, KRL 99, KRL 1803 Ud
SPLASN 23 SIY 3TTRITSTMd SiFICgdl &l Ugem &l s, e aavi afddre
TRl (EC, 6—7 SHIRIHY Ui HIeR) H TSl SUS, Sa¥R TG T HIiel rafey
Hael N W Ipte UeeiH BT | AT H A= Jgorr wRi (0, 6 Ud 9 SHRIR
gfer #iex) W= {3 7T gR1eTon # [IMR4 AT IIMR9 STFIETSUl = a-1d & gRRerfaar #
T aUerTeRd 3ffer YT Td T ISl 9+1Y X1, s S91a! erauiry gRRerfaar |
Tl B FHTIATY IR E8 |

MSTIR—Dbx g FaT AGUIT FTALT HH, &A™ AT D g, AGTS o
SR HaTAT DI AT & FHATE B TdIF YA O], FAET— B2 B
oTerdl AT AAd ITEA dbAId] & [AHRT H Ieekg+ I &I & | Iu—JaT
AIFSRICT & TowIfAed 31t IMETRT Yaed & 3faid |ag W 12.5 SR AehlAd
3 AT IU—HTE H 25 STRAR T 37T & FY<h YANT 3 g DI F1fdIah 5.39
T /TAIR SUST UK §s | I8 RV |gsl fT=F U4 Aeh1iid 3fd & g
SUART & A UTAT IT | SAh &R Td fa=Idl &g Jardl (g > 9.9) H
50 ST HDIHD ¥ fAaT TRIFS AShI A 317l & Adle! TANT A &l &l YIve
ﬂﬁwsmwamﬁﬁﬁﬂ@%wuﬁmﬁsoogﬁwssmaaisnTraTl

ARSTIT—R $9pIRS WSl & fiid 8Ralg, S~1d Ud " forell
HBford 73 YR g9TGC aTell @RI J&T A1 BT fAgeryor fHar mar | eemad |




975—1010 =FMIER AT 2200—2500 ~HMICR TR &l # faftre Wagd dahd
o 8¢, forel ggfafdy Atsfel & A A diva |9, fagd araear vd fafma
AifeT afrerd S &R J9dT & A g IR—IARIGRI JfTdherd &1 FHa-Tg
TelRid @ | d-doc WHidd W & Adfd T o SUS dad 9.8—14.9
frdedt /3R B, i MG MMl UR SR Ydud H UE 31.8
fEcd / TaCIR TS BT T8 | STABIY WIHiTd Wl SUARI H SUT ATSEIoI Tl
fSETgSIoTIoT TolTsH TIfafy § ¥l BH) 18 778 | TIRST WeId X BAS &5 & Ui
Tl ¥ &TRIY FT3H BT ol faRTR 87,147 TFCAR (WIHNITAD &bl B 5.33 Hfcrerd)
T T, T ST et Arerrell @ forg Heeyqul SR SIMHRI TS 88 |
(IR @1 dHoedRId &aRg Jarll # fhy TV gTagaed ead+l | I8 gfe g3 &
9o U4 fgcia oF &% AHIaRTN & Tadidd Aisel a7 Ualtad Aisd (Elovich Model),
TTHTcTeh HIcRTIH HIaiT & GerTeiia dl ITfast Ffshareil Bl \diies Iugth 9=
BRI B | IRTeTeT e, IR SIS IoriRg, dfTerey capleifere aen fanferan
AR I AT gelllthicrd SATU[R & Ugar Ud faRmievor faar |
$T@ 3MIR W "Halo-Cal-D" A& Sid—adre fasfid fhar war, s Wero
37afer 360 3 & | I8 I W H &1 CaCO; & erweial Il JaT & [@—gaisd
(Self-Reclamation) ¥ HETI® [Ag 8311 | HYD Tl TR Y TV Yl § TqU—HfZw]
&1 fheAl, faRTdHRCSR46, 7 B WG UG Halo-Mix T Sifdd @& & A1 URURS
el @1 Gerem 4 23 TfcTerd ¥ i JAfIRTH 31T Sust uard b | fafdeipd wae
JoTferal & Jid # TR (F8 UR), <dT (ATel H) IS4 HRIR § AIRAT § GRorgd!
(Cs7) vvTIel |aiftId IHTGd UTg T8 | 9 YOIl =1 9.03 T/ TacdR UF AAJ
IUST (Rice Equivalent Yield - REY) U @, ST URURSE STH—g 0Tl BT =T 4 44
gfrerd 31t ol | Bel Baal H Grroll WoR [he 7 I=d 4Ivd 949 (9—10) @l
gRRE # A2 ueeE far | 981 MU Wies Usarad wife Red (OFPP)
@ e Urelieli= S H JERaxdmilaR WIe (1:1:1) 3frdT JavdbIbIdIcHiTaR Wia
AT BT SUANT BT A 3708, 711 Td HIThel SI¥il I2Aell SIS aTell el Baal B
ST Ve gl H SR R 31T | I e H BIbIuIc TR Aredd & ATl
@ YUTTell & SUINT I UElf &1 ST, dolels ddls, B AR T el Sl H
HILS IROMH Ul U | FHfdhd PIY JOmell Aieal 4 URYRE er—Tg, HoTTell &l
o1 | 31ferep il v =T b | AeighAgS e SEmRa Hisel | 6000
TIHIER &3 H 1,02,725 TU DI AT YT §g, Sdfh FHM &% & FRIFT wiic |
DA 41,705 TUY DI MM §s | BYQIg olcl H 1064 HYH Tl WR by 7Y yaeHl H
CSR—36, CSR—46, Halo-Mix, FHS1 fSToqH TAT Halo-Cal-D STl Taveilchi HT Ahdl
[T T 137 | 31 Bel | IUST H Seekd-1d gl 20 aT pHH FHHI &l Bl
T |

IMEAR—B=1d Ja&I AaUdT JJAEM I, 831 JqHe D5, b
<18 7 uf¥ed §el & Hdaeiiel Yaxad qikRerfae! &3 a7 Jqurdl, Siadry
gRac AT STTofddT GReT B AR & FAN 8g Seol@1d Wi &l 7 |
FAU—AIRW] g1 5 HFT—7 71 TS 3.69 ST/ TICIR IS U &l Dl
qT aquiig R 9o (ECiw 4 Ud 6 SR Tfar #iex) @ aRRufoal # #egm
Afew few Arer Aifbe v ddaaefiiar f&er BPT 5024 &1 oo H d8cR
ATt d ReRar UafRid &1 | YHUsl Yadhid Hied BT Ahadiydd A
o T, ST aTrRifdes Ua TRV (Simulated) IUST & A& I2d AE<ael AT
BT (31T SUST @ ol R? = 0.91 TT SI99R @ ol R? = 0.92) | 39 #ISel 7 d&afdl
STeTdr] Ud orqord gRReIfeal # “fass @ a1 Scredar @ fawad-a gaigar o
&HaT TR @1 | dl—doic UTdhfad Wl & 3fdeid fhy Y aieen § IR g
(ZeroTillage) & AT AT 3TARNY FRETVT | 4.73 T / TICIR AT ST FHIAZ 9 4.
71 T/ 2aCIR I IUST UK B, SIl PUBI Bl URURS UG (3.01 T/ TIIR) &
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FAT JFAT I 3P off | Ig IucS a1 B qrey uives Ied & TN & I
8% | A1 B, AHIhd Ud UTdhiad Tl YUMTerdl | HaT Sifde die, SucTe Uiy ddl
oI GeAoTdT AT # +f e <=aT 137 | a— S Bel YorTell H IR &
SUANT HeelT AT A HHRIHD YROMH YT 8T | Teb TRTed IR TN 3 U
AT 1.341 fHeRma S Sust a1 g8, I Haifde off | 39 ST, a1 IR
qrel STAR B JoAAT H Bl Pels S a6 JaT bl [Igd Areidhar W &3 uTg TS |
SAY TERI AUl YeeH H IR &1 SUAIRAr g 88 | R SdTs 3ffe] 9
RS U 31 AfeaRT & |rer (977 JuraT arel STl & W< SUANT T eI
TTdT RAg T | 371281 I[uTa dTel STel Ud IW/CPE 0.5 310N TR 25.2 T / 3dcdR
H3 IUST TAT 34.9 fHARA U &7 IR STal ITEHAT U g, Sl Faiterd off |
HIAT JBHT 4 by Y Ay Sitg fAfqear sl § gt 57 A9l Yol o
SEATISRRYT fhaT 1T | S+ AivTe) woferll @l Y@ ¥ Wid urg T8 o
IR Pl U JHE JERYD TSl & w9 d ffed fear war| og <= qod
TIIgRed Wififerd (RFE) &1 R U@ &1 Asferl (Indian Major Carps) @
AT STYh T TR YDhIPpd B A dTeld IAGdHdl H Ieeld-1d I g8 | 39
JoTell H 3502 fhaum /BacaR RA WRI BIU qAT 273.6 [halimd / gacaR
el ITTeaT UT<T 83T | S9N 22,38,150 UM 2dCIR DI YG MM TAT 58 Hferwrd
TS GOl Bl TS | &3 DI TSN AT GRET B AThel- DRl 8 dareiy, AT
UG AMEISTS JATATAT F FERT 23 Hebdd! TR SMETRA STl TR FaADBID
fafia far a7 | Aahdai B RIS MR J&H & & forg Ugidt 9 fafer &
SUIRT T 737 | eI H STNAHT TR DI BT AT A 0.340 TAT
A faerer 0.068 UTT ITT, ST &3 H #ead Wik &1 fafqerdr 1 gwifan 2 | wfda
?a‘v"ﬁ oIl Bl derdTl Gl %@ {&I JMPIR®DI Th-IdH (Land Shaping Technology) Eal
farl & 4 TR BT 737 | |1 €1, FEre SUANT G&Tdl 981 & fofg HH ANTd
qTell ITATER TG dheih qAT STel Jae= RO fIeh AT @1 T8 | &Tar fHHor
BRISHHAT & AT JRNET Vg F&ei ARl & A 9§ 775 9§ i fbari ad
IS+ Tl BT Ahdl TR fhaT a1, [ I eavlig &= 9 ¥ad SN ua
SITSITIhT GREAT BT FTaT e |

Y A aviia S yee 9 Sad Gefta aavfiever w ifae wrd
gHfad e URATSHT & da <o & = p—uRRefer a=f 4
g 7T Fderoll U & W | Heeayet d=nfe ey ure gy € | 39 sl A7
Ui Ud &R STl Fde TT JaT AdoiiaRoT R & fofw SUAnfl da-iat
SIHIRAT TG Bl 8 | ¥oiel I & ATUD ATher o [ &3l 7 oAqordm va
SRl B - Wl 1 IRV ISR 83 | He U9 & ATYR forel
?ﬂ'ﬁ—cﬁ Tl (Remote Sensing) Ud ¥ FTUA (Ground Truthing) @ HAETH A
FAIU—YHTAT RT3 BT FEEA AT TR B TS | eI I {B WIHl IR AR
@I IuRART o1 gfte g5, S8l JaT &1 WTd A1 (pH,) A1 7.38 I 8.43 & dra Tl
faf~rr Aifeam wfcrerd o1 R =1 SIf0ral | urm 3T | 3RT H fAagagR wadt
¥ D AT &RIY el Ud 8% Sfel b AYth SUANT WR by Y ezl I I8 ur
7 b QT STl GIdl BT dabiouds SUART JAAdT 1:1 U H [HS0T PR WR U1
IS DI e STl & SYANT & A BT | Sod JARNE AIfSTH Braie (RSC) dTet
&R STcl § fToFH BT JART HRRSC BT 2.5 me L' dHh B I3 4 [t 31 gfg wd
QU ¥ SecleH I GoR gaTT | f3u Ri=ms & siaeia S wael # aul Sl §aa o
TS STet AT RTSH—S U= Teldhy STel B 1:1 AT H FHATHR IUANT PR WR
e gfeg Td SUST & HIATS YRUMH U1 g | ofaofia STet Yeer Haell uRieron & I8
Rig ger % f3u Riard vd widrem caviia aRRerfoat # gardt faeey € | wawm # 4
S ufd #iex d&% &1 daurdr Tl Sl Bl ST VA Tl oo & T
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B | FHfhd UIve dod Yeud & Ifaiid Tl AR A4 ATSHRIgS] hddb b -

SUIRT ¥ I2d AqurdT (EC,,8 SHIIHW U #ex) 3 uRReIfRl § Huri—ig Bael
YoTTel H IUST BT I YT 0 A A bt T | RS ST eTaofiesRor &1 Foe
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WWﬁgﬂWWWlW@I%‘T Dae RARNIETT BT STIIT W1 4
AT aTell Qd TATeRv—3Tddl fadbed g g | st uRareT wHle &3 &
STARTI Td aquiia afédrea gemil # FrIfd Suadas! Siat e gore! srcda
gAY UTS TS | 39 db1d o T STl & J13T BT HH BT, UI¥d dodi & AReT0T
H HETIAT B TAT ASLIO B BT FATH & gY &9 H e Iuol

DI | BIA DI AJUTI—IAFATT UIddbell Jaraii (Pokkali Soils) H g / Erel memRa
TS TAT 919 DI R DI IR U9 SIAMIRE oI FEDI & IUIART 4 &1 dl
IO, gfg Ud ISl H Seeia1d GER U< gaT |

YREHR AR R

Sf. UA.&. a1 B qETaT (Feol! fas) @ o5 # Sfeae s 8ifth Bifchoaxd
AEATT—2025 HT Bell 3R 3feud ANIES! i Aigdl Afe™dl Us dfex
FATMACI—2023—24 BT Al AT TAT| S DA YSIUd Bl S AfoHICT
P 3.0 H (ST FRATSST 3P Algel AfIe! U diex darferd] & 3R I T
rsfere orare o FHIa fhar TAT| . 31T HIREIST ®I NAAS BT ol 3R
ARATSE! BR TeaiFHE 3 I US dTell e BT Bl AT 71T | Sf. Foldl 3RIST
Pl AT F&T B TG H d8cRIA AN & [Ty CSSRI TadTerd 3fars iR fafewr
ShIANSTh A AT BT AT H TR fhar 77 |

T /BT TATIN BT ATATSI
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® |CAR-CCARI, TTaT H 29 3fFcaR ¥ 01 4R, 2025 & R $1STF AHATSS! 3Hh
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THADI B IR H SIABRI UG D |

far wrrref |arg
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Eb‘RJ‘EFH A & | BRATe, o R TS qAT DT S8 oI &3 Bl R
BRIHH AT fhy e, T faur gTfad Ja1 guR, STeTATg 3 el E
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R1eToT, 4 UEeH QIR 12 MitedT SMATd @l 7% |

Faxise ™ geaiT
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Executive Summary
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ICAR-CSSRI has made significant progress in addressing soil salinity and groundwater
quality challenges through technological advancements, varietal development,
demonstration and outreach programmes. The updated salt-national maps of salt-
affected affected soils and groundwater quality were prepared. A number of salt-tolerant
crop varieties were developed and released such as KRL-423 and KRL-1083 for wheat, CSR-
108 of rice, and CS-68 of mustard to sustain crop productivity in saline environments.
Newly designed groundwater recharge filtration units were implemented in 14 sites
across Karnal, Kaithal, and Kurukshetra to improve groundwater recharge in flood prone
areas. A bio-stimulant based on Arbuscular Mycorrhizal Fungi (AMF) was developed to
enhance crop growth and phosphorus uptake under saline soils. To guide climate change
adaptation strategies, prepared a village-level priority index map for the Indian Ganges
Delta. Efficacy of Cut-soiler in subsurface sodicity management was demonstrated in
selected sites of Haryana and Punjab. Reclamation of waterlogged-saline lands (200
acres) was undertaken in a NDDB funded consultancy project. Additionally, salt-tolerant
sandalwood germplasm was identified for alternative land use. Two policy papers were
published highlighting the economic impact of salt-tolerant wheat varieties and
subsurface drainage, supporting evidence-based policymaking. Division/ Regional
Research station/units-wise key research outcomes for addressing the multifaceted
challenges in salt-affected agro-ecosystems are highlighted below:

The Division of Soil and Crop Management has made remarkable progress in tackling
the challenges of salt-affected soils through advanced characterization techniques,
innovative reclamation strategies, nutrient management, climate-smart practices, and
sustainable agroforestry systems. Proximal Visible and Near-Infrared Spectroradiometry
was successfully used to rapidly characterize soil samples, facilitating a reliable prediction
of soil properties such as pH, EC, SAR, ESP, SOC, gypsum requirement, and texture. This
approach provides a fast, non-destructive, and cost-effective alternative to conventional
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laboratory soil analysis methods. Soil amendments such as FGDG, RFS, Rapid Acidulated
Manure (RAM), and siliceous chalk were evaluated against gypsum in pearlmillet-based
cropping systems to assess their reclamation efficacy in alkali soils in rainfed regions of
Rajasthan.In micronutrient management, nano-formulations of Zn, Fe,and Cu developed
for high nutrient use efficiency and consistent performance in biofortification of rice and
wheat grains. For climate change mitigation, an eddy covariance tower installed for
continuous monitoring of carbon dioxide fluxes, Gross Primary Productivity (GPP), and
Net Ecosystem Exchange in rice-wheat systems for generating valuable insights relating
to carbon dynamics under salt-affected conditions. Biological Nitrification Inhibition
(BNI) elite lines exhibited superior performance, recording higher grain yield and 7-17%
greater nitrogen uptake compared to parental lines, indicating strong potential for
improving nitrogen use efficiency and reducing environmental losses. To design site-
specific soil management interventions under the ICAR-CSSRI-FAO project, the baseline
soil characterization was conducted at selected sites in Karnal district and Kaithal district.
The results show that soils are predominantly alkaline with moderate spatial variability in
soil organic carbon and available nutrient status. Long-term CA Conservation Agriculture)
experiment showed zero-tillage wheat with residue retention, particularly under drip
irrigation, significantly increased wheat yields. In-situ residue management using a
developed fungal consortia formulation “CSR-Manage-R” achieved 60-70%
decomposition of rice straw within six months across normal, saline, and sodic soils.
Research on biostimulants demonstrated successful propagation of Arbuscular
Mycorrhizal Fungi (AMF) in hydroponic systems under nutrient stress, while enriched
Fermented Organic Manure (FOM) from CBG plants, when integrated with reduced
chemical fertilizers, improved crop yields and soil fertility, performing at par with higher
doses of gypsum in sodic soils. In agroforestry, substantial genetic diversity for salinity
tolerance was identified in sandalwood genotypes, with several superior lines showing
better ionic homeostasis and physiological performance. Host compatibility studies and
large-scale dissemination efforts have promoted sandalwood-based agroforestry among
farmers in Haryana for improving productivity of marginal lands. Promising genotypes of
Prosopis, willow, and other high-value tree species were also evaluated for salt-affected
environments.

The Division of Crop Improvement has made significant advances in the development
of salt-tolerant crop varieties and breeding technologies aimed at enhancing agricultural
productivity in salt-affected soils. A major milestone was the release and notification of
two salt-tolerant rice varieties, CSR 108 and CSR 64. CSR 108 was developed for higher
yield potential with dual tolerance to salinity and sodicity. It recorded an average yield of
3819 kg/ha under alkaline stress, showing 38% superiority over CSR 10, and 4472 kg/ha
under saline stress, with 52% superiority over CSR 10. Another important achievement
was the notification of CSR 64, a premium quality salt-tolerant basmati rice variety,
demonstrated consistent superior performance under sodic soils of Uttar Pradesh with
yield advantages of 5.7% over CSR 36, 16.6% over Basmati CSR 30, and around 10% over
other varieties. CS 68 mustard variety was identified for cultivation under saline and
alkaline conditions with ECe/ECiw of 10-13 dS/m and pH 9.0-9.4. Its yield potential is
22-24 g/ha under salt stress and 26-30 g/ha under normal soils along with resistance to
major diseases such as Alternaria blight, white rust, powdery mildew, downy mildew, and
aphid infestation. In wheat, the promising entries such as KRL 2402 (with combined rust
resistance) were promoted to national and state salinity trials. In chickpea and lentil, large
germplasm sets were screened, and superior donors with better yield, pod number, seed
weight, and favorable ionic balance (low Na*, high K) under salinity were identified.
Produced 26.25 quintals of breeder seed of various salt-tolerant rice varieties, including
newly released CSR 108 and CSR 64, ensuring timely seed availability for large-scale
dissemination.
@



The Division of Irrigation and Drainage Engineering at ICAR-CSSRI has achieved key
breakthroughs in salinity management, water saving, and smart irrigation practices for
salt-affected areas. DRAINMOD model was calibrated and validated for predicting the
water table depth and soil salinity with high R* values of 0.95 and 0.86, respectively. Model
estimated that 1,819 tonnes of salt can be safely removed every year in the Western
Yamuna Canal Command. A low-cost sensor and loT-based irrigation system was
developed for salt-affected soils, and the system uses soil electrical resistivity to monitor
moisture. Sensor output rose from 720 to 1295 mV with increasing soil moisture, enabling
precise real-time irrigation scheduling. Subsurface drainage installation brought major
improvements in reclaimed saline soils with reduced surface soil salinity by nearly 40%
and lowered groundwater EC from 16.07 to 5.38 dSm-1 in rice-wheat cropping systems.
Under the Plant Direct project, promising rice lines such as IR22EL1055 produced 5.09
t/ha grain yield while saving 33-50% irrigation water. Simulation studies further showed
that switching to short-duration direct-seeded rice can prevent groundwater decline by
up to 3 metres over ten years compared to traditional long-duration rice. In the HIROS
project, combining drip irrigation with optimized fertilizer use in sugarcane improved
water productivity to 29.4 kg m~ and boosted nitrogen-use efficiency. These practices
saved 21-26% water and increased yield by 12-38%. Mobile-based IrriWatch advisories
supported betterirrigation decisions for sugarcane cultivation.

The Division of social sciences research assessed the economic impact of Salt Tolerant
Wheat Varieties (STWVs), the results revealed that there is a substantial yield gains in salt-
effected soils. In sodic soils with pH >8.5, STWVs recorded an average yield gain of 11.80%
over non-STWVs, while in saline soils (ECe >4 dS/m), the advantage reached 24.30%. The
weighted average yield gain across sodic and saline areas, considering the area of sodic
and saline soils as weight, stood at 14.82%. The estimated presentadoption rate of STWVs,
is 9.77%. Using the economic surplus model, the total economic surplus generated from
2012 to 2024 under the business-as-usual scenario was Rs. 58,170 million (annualized Rs.
4,474.6 million), with consumer surplus of Rs. 22,850 million and producer surplus of Rs.
35,320 million. Projections up to 2030 indicate the total economic surplus could rise toRs.
259,000 million under the business-as-usual scenario and Rs. 278,050 million under the
optimistic scenario, highlighting the strong potential of STWVs for enhancing
productivity and farm income in salt-affected regions. Policy recommendations
emphasize accelerating breeding using speed breeding and gene editing, developing
varieties for specific regions like Gujarat, incorporating multiple stress tolerance and
biofortification traits, strengthening seed supply chains through public-private
partnerships, and aligning variety recommendations with soil health cards. In the Farmer
FIRST Project in waterlogged saline agroecosystems of Haryana, sub-surface drainage
(SSD) installation significantly improved crop performance. In wheat, the salt-tolerant
variety KRL 210 achieved an average grain yield of 56.25 g/ha in SSD-reclaimed plots, with
again of 9.22% over the control variety HD 2967. In rice, improved varieties outperformed
thelocal check under SSD conditions, with PB 1692 recording the highest yield, which was
57.20 g/ha with gain of 34.58% over other prevailing varieties. These demonstrations
clearly show that SSD reclamation combined with suitable salt-tolerant varieties
substantially enhances productivity of waterlogged saline areas.

The ICAR-CSSRI Regional Research Station, Bharuch, made significant progress in
improving crop productivity in saline Vertisols of Gujarat using saline groundwater
irrigation. Salt-tolerant varieties of mustard (STMVs) were evaluated, and it was found that
CS62recorded the highest seed yield of 8.96 g/ha, followed by CS61 (8.71 g/ha) and CS 58
(8.60 g/ha), and STMVs outperformed the local variety GDM-4 (5.12 g/ha). STMVs also
showed superior growth parameters, higher number of pods per plant, better harvest
index, and desirable quality traits such as higher oil contentand lower erucicacid in CS61.
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Among planting methods and geometries, the FIRB (furrow irrigated raised bed) system
with 60 cm bed width and two rows at 30 cm spacing produced the highest seed yield of
9.81 g/ha. Ridge and furrow sowing at 90 cm spacing proved effective in improving
branching, pods per plant, and test weight due to better root zone aeration and reduced
salinity stress. In dragon fruit, a field experiment demonstrated that increasing salinity
levels (up to 9 dS/m) significantly suppressed vegetative growth and structural traits
across cultivars. However, the Jumbo Red cultivar exhibited superior adaptability and
vigour under saline conditions. Application of bio-stimulants (seaweed extract)
effectively mitigated salt stress and, enhanced plant height and canopy spread.
Furthermore, the humic acid improved spine width, density, and areole distance helping
in cultivation with saline irrigation water. Studies on land-use systems highlighted the
potential of agroforestry for carbon sequestration and improvement of saline Vertisols.
Acacia nilotica recorded the highest soil organic carbon (1.28% at 0-15 cm depth), while
Eucalyptus sp. produced the maximum biomass (2482.6 t/ha). These restorative systems
not only enhanced soil organic carbon but also improved physical properties by reducing
cracking behavior, offering opportunities for generating carbon credits. At Sabarmati
Ashram Gaushala, a detailed soil analysis confirmed severe salinization and sodicity (ECe
up to 45.57 dS/m and SAR up to 48.38) due to prolonged use of saline groundwater,
resultingin reduced fodder productivity. Geneticimprovement efforts in wheat identified
promising genotypes such as KRL 2310, KRL 99, KRL 1803, and SPLASN 23, which
performed well in terms of grain yield, biomass, and phenological traits under saline
Vertisols (ECe 6-7 dS/m). In maize, screening under different salinity levels (0, 6, and 9 dS
m™") showed that IIMR 4 and IIMR 9 maintained relatively higher cob and grain yields
acrossstress levels.

ICAR-CSSRI-RRS, Lucknow made significant strides in addressing the challenges of
sodic soils through innovative reclamation strategies, resource-efficient cropping
systems, and sustainable production technologies. In the sulphamic acid-based
management of sub-soil sodicity, the combined application of 12.5 GR sulphamic acid
(SA) on the surface + 25 GR SA in the sub-surface recorded the highest wheat yield of 5.39
t/ha, statistically similar to the integration of marine gypsum and SA. In highly degraded
sodic soils (pH >9.9), surface application of 50 GR SA or FSA significantly lowered surface
pH (up to 8.64) and ESP (from 60.09 to 35.14). Vis-NIR spectroscopy studies on 73 heavy-
textured sodic soil samples from Hardoi, Unnao, and Lucknow districts established
characteristic spectral signatures with prominent scattering in 975-1010 nm and
2200-2500 nm regions, paving the way for rapid, non-destructive estimation of sodicity
parameters (pH, EC, ESP) through multivariate modelling. Under low-budget natural
farming (LBNF), wheat yields were drastically lower (9.8-14.9 g/ha) compared to chemical
input-based practices (31.8 g/ha), with reductions in available nitrogen and
dehydrogenase activity in most NF treatments. Across five districts in the Sharda Sahayak
Canal Command, sodic soils covered 87,147 ha (5.33% of geographical area), providing
critical inputs for targeted reclamation planning. In calcareous sodic soils of Bihar,
incubation studies confirmed that integrated first- and second-order rate equations and
the Elovich model best described native CaCO; dissolution kinetics. Promising halophilic
bacterial isolates (Bacillus pumilus, B. australimaris, B. tequilensis, and Niallia circulans)
were characterized and formulated as “Halo-Cal-D” with a 360-day shelf life for in-situ
CaCO; dissolution and self-reclamation. On-farm demonstrations showed salt-tolerant
rice varieties (e.g., CSR 46) yielding over 23% higher grain than traditional varieties when
combined with green manuring and halo-mix enriched manure. Diversified cropping
systems evaluation identified Pearl millet (ridge) + Dhaincha (furrow) as brown manure -
Toria — Sunflower (CS7) as the most productive system with 9.03 t/ha rice equivalent yield
(REY), recording 44% higher productivity than the traditional rice-wheat system. In fruit
crops, date palm variety Khuneji performed best under high pH (9-10), while the Open



Field Pedoponics Planting System (OFPP) using polythene bags with Soil:Sand:FYM (1:1:1)
or Soil:Cocopeat:FYM media significantly enhanced survival and growth of shallow-
rooted fruits like guava, lemon, and custard apple. Dragon fruit under OFPP with
cocopeat-based media recorded superior plant height, cladode length, canopy spread,
and fruit yield. Integrated Farming System (IFS) models demonstrated higher economic
returns than traditional rice-wheat systems. The fish-field crop-horticulture model
generated Rs 1,02,725 per 6000 sqm compared to Rs 41,705 from the control plot of
similar scale. On-farm demonstrations in Hardoi district across 1064 farmers' fields
validated salt-tolerant varieties (CSR-36, CSR-46) and technologies like Halo-Mix, marine
gypsum, and Halo-Cal-D, achieving notable yield improvements and pH reduction.

ICAR-CSSRI, Regional Research Station, Canning Town made significant strides in
addressing the challenges of coastal salinity, climate change, and livelihood security in
the fragile Sundarbans ecosystem of West Bengal. The salt-tolerant variety Canning 7
recorded the highest grain yield (3.69 t ha™') and demonstrated better resilience under
saline irrigation (ECiw 4 and 6 dS m™) compared to moderately tolerant Sada Minikit and
sensitive BPT 5024. The FAO Aquacrop model was validated with good correlation
between observed and simulated yields (R? 0.91 for grain yield and 0.92 for biomass),
enabling reliable prediction of future rice productivity under changing climate and
salinity regimes. In low-budget natural farming (LBNF) trials, rice yields under zero-tillage
scenarios with residue retention (4.73 t ha™) and dhaincha incorporation (4.71 tha™) were
comparable or superior to farmers' practice (3.01 t ha™) despite no external nutrient
application. Additionally, improvement in soil organic carbon, available nutrients, and
microbial activity observed in integrated and natural farming systems. Biochar
amendment studies in rice-okra systems showed positive effects on okra yield and
reduced soil salinity, with 1% biochar application recording the highest okra yield (1.341
kg per ring) and lower post-harvest soil EC compared to no-biochar control, highlighting
its potential for coastal salinity management. Conjunctive use of poor-quality water in
zero-tillage potato under drip irrigation with straw mulching proved highly effective,
achieving the highest tuber yield (25.2 t ha™) and water productivity (34.9 kg m~) with
good quality water at IW/CPE 0.5. Integration of small indigenous fish Heteropneustes
fossilis (Singhi) with Indian Major Carps under optimized stocking density significantly
enhanced pond productivity (3502 kg ha™ IMCs +273.6 kg ha™ Singhi) and generated net
returns of K238,150 ha™ with 58% profitability. A Livelihood Resilience Index (LRI) was
developed from 23 indicators across environmental, economic, and social dimensions.
The entropy weight method assigned objective weights to the indicators. The overall
mean LRI was 0.340 with a standard deviation of 0.068, showing moderate variability in
the region. Land shaping technology was promoted among farmers for integrated
farming, while low-cost biochar production and water management strategies were
developed to enhance resource-use efficiency. Capacity building efforts reached over
775 farmers through trainings and demonstrations.

The All India Coordinated Research Project (AICRP) on Management of Saline Water
and Associated Salinization in Agriculture has generated valuable insights through
systematic surveys and field experiments across diverse agro-ecological regions.
Comprehensive groundwater quality assessments revealed varying degrees of salinity
and alkalinity challenges. Resource inventories of salt-affected soils in Shajapur district
using remote sensing and ground truthing confirms the presence of sodicity in certain
locations, with pHs values ranging from 7.38 to 8.43 and variable ESP levels. Conjunctive
use of alkali and canal water in til-lentil sequences at Agra produced comparable yields to
canal water alone when alternating irrigations or mixing waters in 1:1 ratio. Gypsum
treatment of high-RSC alkali water to reduce RSC to 2.5 meq L™ significantly enhanced
sesame growth and yield. In bhendi under drip irrigation, combining harvested rainwater
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with gypsum-treated borewell water (1:1) proved highly effective for growth and yield.
Saline water management trials demonstrated the viability of drip irrigation and
fertigation. Alternate use of saline water (up to 4 dS m™") with good quality water in maize
produced yields comparable to best available water. Integrated nutrient management,
including mycorrhizal inoculation (Glomus mosseae), mitigated yield losses in cotton-
wheat systems under high salinity (ECiw 8 dS m™). For irrigation-induced salinization,
conjunctive use of gypsum and Gliricidia sepium in sodic Vertisols improved soil
properties and productivity under paddy-wheat systems, with Gliricidia alone offering a
cost-effective, sustainable option. Controlled subsurface drainage in waterlogged saline
Vertisols of the Tungabhadra Project (TBP) command area effectively reduced drain
discharge, conserved nutrients, and maintained good paddy yields while minimizing
nitrogen losses. In saline-acidic Pokkali soils of Kerala, ridge/mound-based transplanting
and amendments like rice husk ash and dolomite significantly improved rice
establishmentandyields.

Awards and Recognitions

Dr. S.K. Sanwal conferred with fellow of Indian Academy of Horticultural Sciences-2025 in
the field of Horticulture (Vegetable Science) and also the fellow of Indian Society of Soil
Salinity and Water Quality-2023-24. Dr. Kailash Prajapat was awarded with Young Scientist
Award by Indian Society of Soil Salinity and Water Quality, Karnal in International Salinity
Conference 3.0. Dr. Ajay Bhardwaj conferred with fellow of NAAS and fellow of Society for
Advancement of Wheat and Barley Research. Dr. Sanjay Arora conferred with CSSRI
Excellence Award for outstanding contribution in management of salt affected soilsand
fellowship of British Ecological Society.

Conference/Workshops organized

* Conducted the 29th AICRP Biennial Workshop 2023-2024 on Management of Saline
Waterand associated Salinization in Agriculture at ICAR-CCARI, Goa.

* Organized International Salinity Conference 3.0 (WE-CARE-2025): Worldwide Efforts
on Cutting-Edge Approaches for Restoring Saline Ecosystems in association with
Indian Society of Soil Salinity and Water Quality at ICAR-CCARI, Goa during 29 Oct - 01
Nov, 2025

Exhibition and Field Visits

During 2025, a total of 2645 stakeholders including 805 farmers, 1690 students, 125
trainee, 15 extension workers and 10 scientists from India and abroad visited Institute
Technology Information Centre and experimental farms to learn about the technologies
commercialized and being developed.

Farmers' Advisory Services

During the year 2025, a total of 118 agro-advisories were provided on soil testing, salinity
and alkalinity management, salt tolerant crop varieties, crop management practices,
animal husbandry, horticultural crops, and nutrient management were provided to the
farmers through TOLL Free Number 1800 180 1014. Besides, fortnightly advisories on crop
and soil management for salt affected areas were given to over 242 farmers associated
throughWhatsApp groups with the institute.

Capacity building

ICAR-CSSRI organized 21 diverse training programmes in 2025, including ICAR-
sponsored winter schools, advanced courses on conservation agriculture, farm and lab
management, and capacity-building for SC farmers and women. Programmes were held
atKarnal, Bharuch, and regional stations like Lucknow and Canning Town, covering topics
such as salt-affected soil reclamation, climate-smart farming, agri-entrepreneurship, and
sustainable coastal agriculture. Over 1500 participants including scientists, farmers, and



technical staff benefited. A total of 25 capacity building trainings, 4 demonstrations and
12 Goshthis were organized for 452 marginalized farmers and farm women under SC-SP
programme.

International Collaboration
¢ Climate change agriculture and food security (CCAFS)- (Funding CIMMYT)

e Development of high Zinc rice varieties; Trait discovery rain fed ecology; Rice grain
quality and nutritional quality: Low arsenic rice, Bioactives in rice and Low Gl rice
(Funding IRRI)

e Development of Sustainable Resource Management Systems in Water Vulnerable
Regions of India (Funding JIRCAS)

¢ (Climatesmartmanagement practices (Funding IRRI)

e Cropping system intensification in the salt-affected coastal zones of Bangladesh and
West Bengal, India (Funding ACIAR Australia)

Publications

The Institute published 137 research papers in reputed national and international
journals. Additionally, 50 books/manuals/chapters and 44 technical bulletins, folders, and
popular articles were brought out. These publications reflect the Institute's focus on
research, outreach, and knowledge dissemination.

Research projects

A total of 56 research projects are currently ongoing at the institute, comprising 42
Institute Funded Projects, 11 Foreign Funded Projects, 25 Externally Funded, and 1
Collaborative, 2 Consultancy:and 1 Contract Research.
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Introduction

Historical Perspective

ICAR-Central Soil Salinity Research Institute (ICAR-CSSRI) is a premier research institute
dedicated to pursue interdisciplinary researche on salinity/alkalinity management and
use of poor quality water irrigation in different agro-ecological zones of the country.
Government of India constituted an Indo-American team to assist the Indian Council of
Agricultural Research in developing a comprehensive water management programme
for the country. As a follow up of these recommendations, Central Soil Salinity Research
Institute was established under 4" Five Year Plan period. The Institute started functioning
atHisar (Haryana) on 1" March, 1969. Later on, it was shifted to Karnal in October, 1969. In
February 1970, the Central Rice Research Station, Canning Town, West Bengal was
transferred to CSSRI, Karnal to conduct the research on problems of coastal salinity.
Another Regional Research Station for carrying out research on problems of inland
salinity prevailing in the black soils region of western parts of the country started
functioning at Anand (Gujarat) from February, 1989. As per recommendations of the QRT,
the station was shifted from Anand to Bharuch in April 2003. Keeping in view the need of
undertaking research to manage alkali soils of Central and Eastern Gangetic Plains having
surface drainage congestion and high water table conditions, another Regional Research
Station was established during October, 1999 at Lucknow. The Coordinating Unit of AICRP
on Management of Salt Affected Soils and Use of Saline Water in Agriculture is located at
the Institute with a network of eight research centres located in different agro-ecological
regions of the country (Agra, Bapatala, Bikaner, Gangawati, Hisar, Indore, Kanpur and
Tiruchirapalli). In 2014, four new voluntary centres have started functioning at Bathinda
(Punjab), Panvel (Maharastra), Vytilla (Kerela) and Port Blair (Andaman & Nicobar Islands).

Overtheyears, Institute has grown into an internationally recognized centre of excellence
in salinity research. Multidisciplinary research activities at the main institute are being
strengthened through four research divisions. The major research activities in the division
of soil and crop management include preparation and digitization of database on salt
affected soils besides periodic assessment of state of soil resources, developing alternate
amendments for the reclamation of alkali soils, developing technologies for the optimal
management of gypsum amended alkali soils and the use of high RSC and saline water for
crop production. In recent past, Institute focussed on conservation agriculture based
management practices in cereal systems to address the degradation of resource base. In
the post reclamation phase, focus is on developing climate smart agriculture, and
development of farming system models for marginal farmers. Agro-forestry and
horticulture on salt affected soils is another area of focus that includes multipurpose tree
species, fruit plants, vegetables and seed spices. Scaling of individual farmer based
groundwater recharge technologies, subsurface drainage for amelioration of
waterlogged saline soils and development of methodology for large scale soil mapping
through non-destructive soil mapping using EM-38 and GIS are some of the major issues
being addressed by the division of irrigation and drainage engineering. Development of
high yielding genotypes tolerant to salinity, alkalinity and water logging stresses in rice,
wheat, mustard and chickpea through conventional breeding and modern molecular
and physiological approaches are the major focus areas of the Division of Crop
Improvement.The division of social science research identifies the constraints hampering
adoption of land reclamation technologies and theirimpact on rural development.

The Institute has developed technologies for the chemical amendment based
reclamation of alkali soils, reclamation of saline soils through subsurface drainage,
developmentand release of salt tolerant crop varieties of rice, wheatand mustard and the
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biological reclamation of salt affected soils through salt tolerant multipurpose trees. A
microbial consortia namely CSR- GROW SURE as a plant growth enhancer and Halo- CRD
as a residue decomposer has been developed. Land shaping technologies for the
productive utilization of waterlogged sodic soils and coastal saline soils have been
advocated for scaling in domain specific areas. Nearly 2.14 million ha salt affected lands
have been reclaimed using these technologies and put to productive use. It has been
estimated that reclaimed area is contributing about 17 million tonnes food grains to the
national pool. For waterlogged saline soils, subsurface drainage technology developed
by the Institute initially for Haryana has been widely adopted and replicated in Rajasthan,
Gujarat, Andhra Pradesh, Maharashtra and Karnataka. So far, about 72,000 ha
waterlogged saline areas have been reclaimed, through institutional and private modes.
Artificial groundwater recharge is another area of interest for the region with depleting
water table. Besides, the technologies are also being developed for the salt affected areas
of Vertisols and coastal regions of the country. Conservation agriculture based
management technologies are developed by the institute for reclaimed sodic soils to
conserve natural resources and toimprove soiland environmental quality.

An International Training Centre to impart training at national and international level was
established during 2001 under Indo-Dutch collaborative research programme. The
Institute serve as center of education for the M.Sc. and Ph.D students of IARI and CCS
Haryana Agricultural University, Hisar. The Institute faculty also serve as guest teachers
and advisors for the post graduate education and research programmes of other State
Agricultural Universities (SAUs), other Universities and Institutes. The Institute has several
national and international projects to fund its research and development activities. The
notable amongst them are: IRRI sponsored rice improvement programme, ACIAR
sponsored programme for coastal saline soils, CIMMYT sponsored programme on the
improvement of cereal based systems and JIRCAS sponsored programme on reclamation
ofdryland saline agro-ecosystem.

The institute has created state of the art facilities of sodic and saline micro-plots.
Depending upon the objectives, desired stress levels of sodicity and salinity can be
created for screening and better genotypic comparisons. Similarly, an environmentally
controlled glass house facility is in place for growing crops and screening genetic
resources during off-season. This allows precise screening under saline hydroponics and
advancement of breeding generations. A transgenic green house facility and central
laboratory with modern equipments has been established.

Mandate
The mandate of the Institute, as approved by the ICAR, is as follows:

* Identify the nature and characteristics of salinity/water quality problems and areas
prone to salinity developmentin a GIS framework.

e Undertake strategic and adaptive research to manage salinity related problems at
different scales and develop options for preventing land degradation due to excess
salts based on better understanding of saltand water balances.

e Develop national level network of salinity related activities and provide funding
supporttoaddresslocation specific problems.

e Research on capacity building for prevention, control and management of salinity
problems.



Organogram

The current organizational set up for implementing its research programmes is shown below.

Research P . Institute Management
) ) < Director = )
Advisory Committee Committee

Main Institute A 4 Resea atio
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Research Farm, Karnal

Agricultural farm at CSSRI, Karnal has total area of 82 ha. Amotorable road has been laid all
along the boundary of this farm, for regular monitoring, upkeep and proper watch and
ward. Whole of the farm area under cultivation has been divided and laid out in standard
plot size of 1.0 ha size and each plot is connected with road for easy accessibility,
underground water conveyance and lined channels for irrigation. Eight tube wells are
installed in the farm to meet irrigation requirement of general agriculture, research
experiments and water supply in the campus and laboratories. All essential farm
machinery and implements viz., laser leveler, multi-crop thresher, turbo seeder, zero till
machines, tractors, hydraulic trolley, cleaner, shrub master, maize thresher, Straw bailer,
Riper binder, Jet sprayer, Rotavator, bund maker and lawn mower etc. are available; most
of farm operations are mechanized. To achieve the optimization of water and other
inputs, all the plots are precisely leveled with laser leveler at regular intervals.
Combination of different cropping system is being practiced to optimize the land use in
the farm. Experimental crops are grown on 25 ha area, while general crops and orchards
are grown in 18.5 ha, which also includes the 9.5 ha area under seed production mainly of
salttolerant varieties of rice and wheat. A seed processing plantis also installed to provide
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Productivity of crops at CSSRI farm quality of seed of salt tolerant varieties to the farmers. During the period under report, the

Crop Variety Average
yield (t ha")
Rabi 2024 - 25

Wheat’ KRL-210 6.59
KRL-213 5.94
KRL-283 5.51

Mustard* 558 1.31
cs60 1.11
cse1 1.03
cse62 1.01
CS64 1.10

ChickPea’ Karnalchanal — 2.20
Kharif2024

Paddy” CSR30 1.61
CSR56 3.56
CSR76 415
CSR36 3.98

*Breeder Seed Production
"TL Seed production

farm unitgenerated revenue of Rs. 88.5 lakh.To reduce the emission of green house gases,
most of area has been put under minimum tillage and residue burning is not practiced in
thefarm. Agro-forestry systemis practiced on 4.5 ha area of the farm, where multipurpose
tree species have been planted in combination with arable crops of the region. The area
under fruit crops such as guava (Psidium guajava L.), litchi (Litchi chinensis Sonn.) and
mango (Mangifera indica) is 2.6 ha. An herbal garden consisting of 104 species of
medicinal/aromatic herbs, shrubs and trees has also been established and maintained in
anareaof 1.20 ha, besides fish are reared in ponds covering about 2.5 haarea. The 27.3 ha
area of the farm is permanently covered under glass house, net houses, micro-plots,
laboratories, offices, residences, oxidation pond, roads and landscape.

Social Mediaand Web Presence

ICAR-CSSRI, Karnal has one official website, three official social media accounts and one
official YouTube Channel.

Website: https://cssri.res.in/

Facebook Account URL: https://www.facebook.com/CSSRIKarnal
Twitter Account URL: https://twitter.com/CSSRIKarnal

Instagram Account URL: https://www.instagram.com/cssrikarnal/

YouTube Acc.URL: https://www.youtube.com/channel/UCJZ2S52AIm1-uH38wiKdiKcg

| FoLLow Us
© fl¥

All important updates and news regarding Institute are posted on the official website
of the Institute. Photos and program updates are posted on social media platforms.
Institute website also has a separate section for publications where softcopy of all the
latest technical bulletins, folders, Annual Reports, Salinity News Letters and Krishi Kiran
are available to download. Digital Salinity Newsletter (in Hindi) is also available on the
publication webpage of the Institute’s website.

Finances
Summary of allocation and expenditure (Rs. in lakhs) during the year 2025-26 under Plan
and Non-Plan budget is presented below:

Progressive | Progressive | Progressive | Grand
Head Expenditure | Expenditure| Expenditure | Progressive
(other than (TSP) (NEH) Expenditure
NEH & TSP
expenditure)
Capital (Grant for 125.00 2.50 - 127.5
creation of capital assets)
Establishment Expenses 2932.77 - - 2932.77
(grant in aid-salaries)
Pension 747.00 - - 747.00
Grant in aid general 635.00 5.00 - 640.00
SCSP (General) 60.00 - - 60.00
Grand Total 4499.77 7.50 - 4507.27
Loan and advance - - - -




Staff
The total staff strength of the institute is 301. The category wise details are:

Category of post Sanctioned | In position | Vacant % Vacant
Scientific 81 59 22 27.16
Technical 117 77 40 34.18
Administrative 55 24 31 56.36
Skilled Supporting Staff 48 6 42 87.5
Total 301 166 135 44.85
Library

Library plays a crucial role in supporting the research and academic programmes of the
Institute. It identifies, evaluates, procures, processes and then makes these learning
resources available to the faculty and students to meet their teaching and research needs.
Library staff has always been striving hard to meet the expectations of its users. ICAR-
CSSRiI library is well furnished, fully air-conditioned and equipped with four computers,
one server and two UPS. The Institute library has rare and large collection of Technical,
Scientific books, Journals, Reports and other publications. Library possesses Indian and
Foreign publications related to the fields of Water Management, Soil Salinity, Drainage,
Alkalinity, Water Resources, etc. to achieve the mandate of the institute. Presently, the
library has total collection of 15736 books including Hindi books. A separate section is
maintained for Hindi books. There are 8451 bound volumes of the Journals. It has a rich
collection of special publications of FAO, IRRI, UNESCO, ILRI, ICID, IFPRI, ASA, ASAE which
fulfill the needs of scientists, researchers, teachers and students. About 162 theses on
subjects relating to Soil Science, Agric. Engg., Water Management, etc. are available in the
library. Annual Reports from the different Institutes, Agricultural Universities are being
received from time to time.

e-Services

Online Journals: More than 3000 scientific research journals are available online through
Consortium fore-Resourcesin Agriculture (CeRA) (Now jgateplus portal) on request.

CD-ROM Data Bases: World wide agricultural information retrieval services of published
agricultural researches are available on CD-ROM data base where abstracts of the
researches can be consulted. The research databases are available since 1972 of AGRIS,
PlantGene CD, Soil CD.

Online Public Access Catalogue (OPAC): Library book catalogue is available in online
form which is a systematic record of the holding of any collection. It helps to find the
physical location of information in easier to search method using LIBSYS software version
6.0. Now “KOHA" software has also been implemented and all the data of Books, Journals,
Theses, etc. has been migrated to “KOHA" to strengthen the digital resources of all
Libraries under NARS (e-Granth). The Web OPAC of Library in “"KOHA” may be accessed
through http//egranth.ac.in

Institutional Digital Repository: Institute Library has a Digital repository i.e.
“Krishikosh “which has been created through the digitized CSSRI documents including
Institutional Publications, Annual Reports, Foundation day lecture notes, Tech. Bulletins,
rare and important books (150) by IARI, New Delhi centre. The digitized documents
uploaded in “KrishiKosh” may be accessed online through the link
http://krishikosh.egranth.ac.in
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Bar-code based Circulation: Library provides Bar-coded Electronic Membership Cards
toitsreaders foreasy circulation and to know the borrower status.

Documentation and other Services

Documentation Services: Under Documentation Services, Current Awareness Services
(CAS) and Selective Dissemination of Information (SDI) are provided to users with the help
of Fresh Arrivals display on board and in training, advertisement files, etc.

The library also works as a repository center where Institute's Publications such as Salinity
News, Technical Bulletins, Annual Reports, Brochures, etc. are stocked and sent to
Research Institutes, Agricultural Universities, NAAS members, QRT members, RAC
members etc. and also distributed amongst the distinguished visitors, farmers, etc. We
have 03 priced publications also which are supplied on cash payment or D.D.in advance.

Laboratories

Well equipped laboratories for undertaking researches on various aspects of salinity
management are in place with some of the advanced facilities like Atomic Absorption
Spectrophotometer, Inductively Coupled Plasma (ICP), spectrophotometer, HPLC, GLC
Carbon-Nitrogen-Hydrogen-Sulphur analyzer (CNHS), lon Chromatograph, UV VIS
Spectro Photometer, Ultra pure water system, PCR, Gel documentation, Radio meter,
Kjeldahl N-analyser, EM Salinity Probe, Growth Chamber, Modulated flurometer, Dilutor,
Hydraulic conductivity measurement apparatus, Pressure plate apparatus, etc. Large
number of screen houses and micro-plots are also available for precision experimental
works. The facilities of image processing and interpreting satellite imageries and
geographical information system besides testing facilities of drainage filter materials are
also available. A multimedia laboratory is also present to cater to the need of
photographicandimage processing and power point presentation etc.

Allied Facilities

A conference hall, seminar room and an auditorium with modern facilities are available for
scientific meetings and group discussions. The institute has an 'Information Technology
Centre'for displaying salient research findings and the technologies commercialized. This
centre is periodically upgraded with new additions and state of art display
infrastructure/material. An international guesthouse and scientists hostel with boarding
facilities cater to the need of scientists and other visitors. A dispensary with physiotherapy
unit is also available. A community center and sports complex consisting of playgrounds
for football, hockey, cricket, volley ball, lawn tennis court etc. besides indoor facilities for
table tennis, chess, carom and badminton are available. The staff recreation club
functions to meet the recreational requirements of the staff. Besides this, a Staff Welfare
Clubisalsofunctioning actively for the welfare of the CSSRI staff.
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Fig 1.1 Spliced, trimmed and
smoothered soil spectra after
Savistky-Golay filtering pre-
precossing

Database on Salt Affected Soils

Rapid characterization of salt affected soils using Proximal spectroscopic
techniques (Amresh Chaudhary, Nirmalendu Basak, Gajender Yadav, Nishant Kumar
Sinha, Rahul Mishra, A.K.Raiand R.K.Yadav)

Salt-affected soils (SAS) constitute a major global challenge, significantly undermining
agricultural productivity, environmental sustainability, and food security. Conventional
soil survey and laboratory-based analytical methods are often labour-intensive, time-
consuming, and inadequate in capturing the spatial heterogeneity of soil salinity at
operational scales. These limitations restrict informed decision-making by land
managers, policymakers, and farmers regarding appropriate soil management practices,
crop selection, and irrigation strategies. The present study aims to employ proximal soil
spectroscopy specifically Visible and Near-Infrared (VNIR) spectroradiometry. A total of
292 soil samples were collected from four depth intervals (0-15, 15-30, 30-45, and 45-60
cm) across salt-affected regions of Uttar Pradesh, including Azamgarh, Lucknow,
Raebareli, Jaunpur, Mau, Etawah, Mathura, Agra, and Budaun, under three land-use
systems: barren land, rice-fallow, and rice-wheat systems.

The soil samples were analyzed for a wide range of physicochemical properties, including
pH,, EC,, pHs, pHe, ECe, Ca”™*, Mg™, Na*, K, CO,*, HCO5, CI, SO,%, SAR, soil organic carbon,
gypsum requirement, CaCO;, particle-size fractions (sand, silt, clay), exchangeable
cations (ExCa, ExMg, ExK, ExNa), and exchangeable sodium percentage. VNIR reflectance
spectra (350-2500 nm) were acquired using an SVC 1024i spectroradiometer.

The raw VNIR reflectance spectra were visually inspected to assess noise characteristics.
Pronounced noise was observed in the <450 nm, 950-1050 nm, and >2400 nm regions,
along with increased spectral scattering at higher wavelengths. Consequently, bands
below 450 nm and above 2400 nm were removed. To ensure spectral continuity across
the 950-1050 nm region, spectra were trimmed, spliced, and smoothed using the
Savitzky-Golay (SG) filtering technique (Fig. 1.1). Despite SG filtering, multiplicative
scattering effects persisted, particularly at longer wavelengths. Therefore, Standard
Normal Variate (SNV) transformation was applied to correct for scattering effects arising
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Spectra after SNV (Scattering Corrected)
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from particle size variability and light scattering (Fig. 1.2). Subsequently, first-order
derivative spectra were computed to enhance diagnostic absorption features prior to
model development (Fig. 1.3).



LRy [ e & 4

Sawaimadhopur, Rajasthan

Experimental site at KVK,

Reclamation and Management of Alkali Soils

Utilizing innovative reclamation strategies for enhancing productivity and soil
health of sodicity affected rainfed production system of Rajasthan (Parul Sundha,
Arvind Kumar Rai, Gajender Yadav, Kailash Prajapat, Priyanka Chandra, BL Meena, Suresh
Kumar, SK Jha, R. K.Yadav and team from Agriculture University, Kota, Rajasthan: Santosh
Jhajharia, BLMeena, Suresh Bairwa, MK Sharma and Nupur Sharma)

Soil sodicity adversely affects soil health and crop productivity across many arid and
semi-arid regions of India, and the problem is further intensified by emerging secondary
salinization. In Rajasthan, agricultural production is constrained by multiple factors,
including water scarcity, erratic rainfall, soil erosion, and chemical degradation of soils.
The state has approximately 0.5 million hectares of salt-affected soils, of which about 0.18
million hectares are affected by sodicity. This issue is further aggravated by the use of
saline and sodic groundwater for irrigation, leading to salt accumulation in the root zone
and negatively impacting crop growth. The ICAR-Central Soil Salinity Research Institute
has developed several innovative soil amendments as alternatives to mined gypsum.
These amendments have demonstrated appreciable reclamation efficiency compared to
mineral gypsum under irrigated rice-wheat production systems across diverse agro-
ecological regions of Haryana, Punjab, Uttar Pradesh, and Madhya Pradesh.The present
study evaluates the performance of these amendments under rainfed upland production
systems in Rajasthan. The objectives are: (i) to assess the effectiveness of different
reclamation strategies developed by ICAR-CSSRI for sodic soils under rainfed conditions,
and (ii) to evaluate their impact on productivity, quality, and profitability of dominant
cropping systems. The experiment is being conducted across three cropping systems:
pearl millet-wheat, pearl millet-barley, and pearl millet-mustard. The treatments
include: gypsum at 50% gypsum requirement (GR), flue gas desulfurization gypsum
(FGDG) based on 50% GR, pressmud-based amendment (RFS) based on 50% GR, rapid
acidulated manure (RAM) applied at 5t ha” combined with 25% GR gypsum, and siliceous
chalkapplied asa 10% replacement of 50% GR.

Micronutrient biofortification in cereal-based systems using nano-micronutrient
fertilizer forms (Ajay Kumar BhardwajandR.K.Yadav)

Soil fertility and crop nutrition management are key technologies contributing to a major
increase in yield, especially under salt-affected conditions. The fertility status of salt-
affected soils is generally poor due to high pH, excess soluble and exchangeable Na’,
adverse soil physical conditions, and non-available forms of minerals that render
unsustainable crop production. The micronutrient status of the crops grown in alkaline
pH conditionsis especially poor because the availability of most micronutrients becomes
extremely low as the pH increases above 7. Nano formulations have the advantage of
having a lesser amount of active ingredients and higher nutrient use efficiency. The
objective of the project was to compare the performance of four formulations of
micronutrients for Zing, Iron, and Copper, developed at CSSRI [Nano-Zinc, Nano-Iron,
Nano-NMN (liquid combination of Zn, Fe, Cu), and Nano-ECO (granular combination of
Zn, Fe, Cu)] with conventional micronutrient fertilizer, on biofortification and to
understand the effect of the mode of application on the biofortification of the nutrientin
the rice-wheat cropping. There were twelve treatments, including 1) Nano-Zn (foliar
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Fig 2.1 Effect of different
biofortification strategies on the
grain yield of rice and wheat crop
across four consecutive cropping
seasons (2021-2022 to 2024-
2025)

application of Nano-Zinc), 2) Nano-Fe (foliar application of Nano-Iron), 3) Nano-ZnFeCu
(foliar application of Nano-NMN), 4) Granular Nano-ZnFeCu (soil application of Nano-
ECO), 5) Soil Conv. ZnSO, (soil application of Conv.ZnSO, @10 kg acre™), 6) Soil Conv. FeSO,
(soil application of Conv. FeSO, @ 10 kg acre™), 7) Soil Conv. ZnSO, + Conv. FeSO, + Conv.
CuSO, (soil application of Conv. ZnSO, + Conv. FeSO, + Conv. CuSO, @30 kg acre™), 8) Foliar
Conv. ZnSQO, (foliar application of Conv. ZnSO, 0.5% solution), 9) Foliar Conv. FeSO, (foliar
application of Conv. FeSO, 0.5% solution), 10) Foliar Conv. ZnSO, + Conv. FeSO, + Conv.
CuSO, (foliar application of Conv. ZnSO, + Conv. FeSO, + Conv. CuSO, 0.5% solution), 11)
Control (no micronutrient fertilizers applied), and 12) Absolute Control (no macronutrient
or micronutrient fertilizer applied). Foliar application of fertilizer materials was at 30, 45,
and 60 days afterrice transplanting and 60, 75, and 90 days after wheat sowing. The yearly
grain yield performance of rice and wheat under different biofortification treatments
exhibited consistent trends across seasons (Fig. 2.1). During the first year, rice grain yield
inT,, Ty, T3, Ty, Ts, T, Ty, and Tyywas statistically at par. Soil application of FeSO, (Ty), foliar
application of Conv. ZnSQO, (Tg), and T,, recorded comparatively lower yields, while the
lowest yield was observed under T;,. In wheat during the first year, T; and T, produced the
highest grain yields. All foliar applications of conventional salts, viz., Tg, T, and T, along
with soil application of Conv.ZnSO, @ 10 kg acre™ (Ts) and T,, yielded comparatively lower
than the best-performing treatments. The minimum yield was recorded under T,. In the
subsequent years (2022-2024), rice exhibited no significant differences in grain yield
among treatments except T, which recorded significantly lower yield. However, nano
micronutrient treatments viz; T;, T,, T3, and T, gave best yields compared to all others. In
wheat, foliar application of nano micronutrients viz; T, T,, and T; gave the highest grain
yields among all, and were significantly higher to foliar applications of conventional salts
viz: Tg, Ty, and Ty, as well as soil-based applications viz; Ts, T, and T, clearly indicating a
long-term advantage of nanoformulations for yield enhancement.
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Fig 2.2 Eddy Covariance Tower

Fig. 2.3 Diurnal variation of Gross
Primary Productivity (GPP) and
Carbon Dioxide Flux (FCO,). The
line shows median values, *+1
standard deviation (+10).

Climate change mitigation and adaptation strategies for salt affected soils (Ajay
Kumar Bhardwaj, Raj Kumar, Bhaskar Narjary, Satyendra Kumar and Uttam Kumar Mandal)

An eddy covariance tower is a micrometeorological system designed to measure the
exchange of gases and energy between the land surface and the atmosphere at the
ecosystem scale. It directly quantifies carbon dioxide (CO,), water vapor, and heat fluxes
by capturing high-frequency fluctuations in vertical wind speed and gas concentrations,
and calculates fluxes using the covariance between these variables to provide accurate
estimates of Net Ecosystem Exchange (NEE).

An eddy covariance (EC) tower was installed in April 2025 at the farm of the ICAR-Central
Soil Salinity Research Institute (CSSRI), Karnal, to monitor ecosystem-atmosphere
exchanges in rice-wheat system (Fig. 2.2). The tower was positioned at the center of the
experimental site to ensure uniform fetch and representative flux measurements. The
total experimental area covered approximately 10 acres (about 200 m x 200 m), which
was divided into four equal blocks of 2.5 acres each for management and experimental
purposes.The data were collected and compiled on aweekly basis. The diurnal patterns of
Gross Primary Productivity (GPP) and Carbon Dioxide Flux (FCO,) show a clear daily cycle
of ecosystem carbon exchange (Fig. 2.3). The diurnal patterns of GPP and FCO, exhibit a
well-defined daily cycle closely linked to solar radiation availability. During night-time
hours (00:00-06:00 h), GPP values remain relatively stable with low biological activity,
while FCO, shows positive fluxes (approx. 3-4 umol m? s”), indicating net CO, emission
due to ecosystem respiration. After sunrise, GPP declines and becomes negative by mid-
morning, reaching its minimum around 12:00-14:00 h, which corresponds to the period
of strongest photosynthetic activity. Simultaneously, FCO, decreases and crosses zero
around 08:00-09:00 h, marking the transition from net emission to net CO, uptake.
Maximum CO, assimilation occurs between 11:00 and 14:00 h, when median FCO, values
reach their lowest levels. Both GPP and FCO, show the highest variability (+10) during
midday, indicating strong sensitivity to environmental factors such as radiation,
temperature, and vapor pressure deficit. During the afternoon (14:00-18:00 h), GPP
gradually recovers toward neutral values, while CO, uptake weakens and FCO, returns to
positive values by evening, reflecting the dominance of respiration.
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Fig 2.4 Effect of fertility gradient
on the grain yield of rice and
wheat crop during 2024-25
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The project for establishment of nitrogen-efficient wheat production system in
Indo-Gangetic plains by the deployment of BNI technology (Ajay Kumar Bhardwaj,
Awtar Singh, R.K.Yadav)

Three types of experiments, for investigating the nitrogen dynamics as affected by the
BNI function, were initiated: 1) BNI function-Nitrogen Fertility Interaction Trials [BNI-FIT],
2) BNI function-Soil pH Interaction Trials [BNI-SMALYS], and 3) BNI-Crop Residue
Interaction Trials [BNI-LYS], at ICAR-CSSRI, Karnal. The BNI-FIT trials at CSSRI were initiated
in 2023 rice season to test the effects of soil N-fertility gradient on BNI function. The trials
have 5 fertility gradient blocks [0%, 25%, 50%, 75%, 100% of recommended N fertilizer
application] with six BNI elite lines and three local checks [9 treatments] planted in 3
replicationsin each block.The data is being collected systematically in each of these trials
on N,O emissions, NO, formation in soil solution and leachate, plant growth and yield
parameters, soil and plant enzymatic activity, plant N dynamics, and soil N mineralization
dynamics.

The soil and plant samples from different location trials as affected by BNI-function were
collected and analyzed for soil and plant N. Grain yield of both rice and wheat crops
consistently increased with higher fertilizer levels (Fig. 2.4), indicating a strong positive
response to nutrient application. The yield enhancement was more pronounced at 100%
recommended fertilizer dose. Notably, BNI-enabled lines exhibited a significant yield
advantage over their non-BNI parental lines at the 100% fertilizer level. The lowest yields
were recorded under 0% N in both crops, with relatively small varietal differences.
Application of 25% and 50% N substantiallyimproved grain yield, while the highest yields
were achieved at 75% and 100% N levels. Varietal differences became more evident at
higher Nrates, indicating varied responsiveness among genotypes.

Nitrogen (N) uptake (grain + straw) of wheat increased progressively with increasing N
fertilizer levels across all varieties (Fig. 2.5). Under 0% N, total N yield was lowest, with
relatively small varietal differences. Application of 25% and 50% N significantly enhanced
N accumulation in both grain and straw, indicating improved nutrient uptake with
fertilizer addition. Compared to its parent variety Munal, BNI Munal showed clear
improvement in total N yield (grain + straw) at higher nitrogen levels. At 75% N fertilizer,
BNI Munal recorded a 7.04% increase in total N yield over Munal. This improvement

@



Fig 2.5 Effect of fertility gradient
on the grain and straw N of
wheat crop during 2024-25
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became more pronounced at 100% N, where BNI Munal exhibited a 16.9% higher N yield
compared toits parent.

Promotion of sustainable food systems in India through transforming rice-wheat
systems (Gajender, R.K.Yadav, Suresh Kumar, Satyender Kumarand Amresh Chaudhary)

The high-inputintensive rice-wheat production systems, which currently dominate in the
project districts of Punjab and Haryana (located in the Indo-Gangetic Plain), have
generated significant environmental and health concerns both nationally and globally.
These concernsinclude soil degradation, groundwater depletion, water and air pollution.
These challenges are evident both on-farm and in the degradation of the watersheds they
depend on ecosystem services. Keeping these in view, the project, “Promotion of
Sustainable Food Systems in India through Transforming Rice-Wheat Systems”is funded
by the GEF (Global Environment Facility), coordinated by FAO and implemented by the
Ministry of Agriculture and Farmers Welfare (MoA&FW) in four states: Punjab, Haryana,
Chhattisgarh and Odisha. ICAR-CSSRI is implementing the project in Karnal and Kaithal
districts of Haryana. In Karnal district, three blocks viz: Karnal, Gharaunda, Indri and in
Kaithal district Guhla, Rajaund and Siwan block were selected for interventions. Soil
samples were collected from 30 sites at farmer fields covering 3 blocks each of Karnal and
Kaithal districts. Soil pH across the six blocks indicated alkaline conditions (pH > 7.5 but
less than 8.5 at 0-15 c¢m soil), with values largely ranging from moderately to strongly
alkaline. Higher pH values were consistently observed in the sub-surface layer (15-30 cm)
compared to the surface layer, particularly in Karnal, Rajound, Siwan and Guhla blocks. In
contrast, Gharaunda block exhibited relatively lower pHs values and narrower
interquartile ranges, suggesting more uniform soil reaction and comparatively lower
sodicity risk.

Soil organic carbon (SOC) content showed a clear depth-wise decline across all blocks,
with surface soils consistently showing higher SOC levels than sub-surface soils. Overall,
the mean SOC (%) across all the blocks and depths was 0.55%. Among the blocks,
Gharaunda and Rajound exhibited comparatively higher SOC, 0.75 and 0.64% at surface
soil. Indri block showed the highest median nitrogen content (175 kg ha"), especially in
the surface layer. In contrast, Karnal and Siwan exhibited comparatively lower nitrogen
availability, 94 and 90 kg ha”, respectively. Surface soils generally contained higher
phosphorus than sub-surface soils, likely due to fertilizer placement and limited
downward mobility of phosphorus. Karnal and Rajound blocks showed relatively higher
phosphorus availability, whereas Guhla and Siwan exhibited lower and more constrained
phosphorus levels. Available potassium showed the highest concentrations among the
nutrients studied and demonstrated marked block-wise variability. Rajound block
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Fig 2.6 Effects of tillage, residue
and irrigation management
practices on grain yield of rice
and wheat.

showed higher potassium levels 453 kg ha”, followed by Karnal and Indri, 249 and 225 kg
ha™ in surface soils. In contrast, Gharaunda and Siwan exhibited comparatively lower
potassium content. Unlike nitrogen and phosphorus, potassium showed a relatively
modest decline with depth, suggesting its association with soil mineral fractions and
limited susceptibility to leaching under the prevailing conditions.

Enhancing productivity of reclaimed sodic soils through conservation agriculture
and pressurized irrigation systems in a rice-wheat cropping system (R. K. Fagodiya,
A.K.Rai, Kailash Prajapatand Priyanka Chandra)

Impact of long-termtillage and residue management, with revised treatments of drip and
sprinkler irrigation on crop productivity was evaluated. The high-yielding variety rice
(Arize 6129 Gold) and salt tolerant variety of wheat (KRL 270) were cultivated as test crops
during the year 2024-25. The treatment combinations studied were 1) Puddled
transplanted rice followed by conventional tilled wheat (PTR/CTW); 2) PTR with 1/3¢
wheat residue incorporation followed by CTW with 1/3“ rice residue incorporation
(PTR+RI/CTW+RI); 3) Reduce tillage direct seeded rice followed by reduced tillage wheat
(RTDSR/RTW); 4) RTDSR with 1/3“ wheat residue incorporation followed by RTW with
1/3" rice residue incorporation (RTDSR+RI/RTW+RI); 5) Zero tillage direct seeded rice
followed by zero tillage wheat (ZTDSR/ZTW); 6) ZTDSR with 1/3“ wheat residue retention
followed by ZTW with 1/3"rice residue retention (ZTDSR+RR/ZTW+RR); 7) Drip irrigated
RTDSR followed by ZTW wheat with 100% rice residue (Drip-RTDSR/ZTW+RR); 8) ) Surface
irrigated RTDSR followed by ZTW wheat with 100% rice residue (Drip-RTDSR/ZTW+RR); 9)
Mini-sprinkler irrigated RTDSR followed ZTW wheat with 100% rice residue (MSIS-
RTDSR/ZTW+RR); 10) Mini-sprinkler irrigated RTDSR with 1/3" wheat residue
incorporation followed by ZTW wheat with 100% rice residue (MSIS-RTDSR+RI/ZTW+RR);

The grain yield of rice during 2025 and wheat yield during 2024-25 under different
treatments were presented in Fig 2.6. Among all the treatments, only PTR+RI/CTW+RI
system produced higher (0.3%) rice yield compared to PTR/CTW (5.73 t ha'). The grain
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yield in DSR treatments under long-term tillage and residue management practices was
9.5-22.8% lesser compared to PTR. However, the reduction was higher under long-term
zero tillage DSR as compared to long-term reduce tillage DSR. The DSR yield under
different irrigation systems was 8.6%, 11.2% and 13.15-15.0% lesser in surface, drip and
sprinkler irrigation systems. With respect to wheat grain yield, the reduced tillage and
zero tillage treatments increased wheat yield by 5.4-7.8% and 9.6-10.7%, respectively,
relative to the CTW yield (5.2 t ha™). Drip irrigated ZTW+RR recorded the highest wheat
grain yield (5.76 t ha™), representing a 10.4% increase over the CTW, followed by mini-
sprinkler irrigated ZTW+RR which produced a yield of 5.68 t ha™. PTR remained the most
stable and high-yielding practice for rice, with only PTR+RI showing a marginal
advantage. In contrast, wheat responded positively to conservation practices, with zero
tillage wheat with residue retention (ZTW+RR), especially under drip irrigation,
producing the highest yields. Pressurized irrigation systems enhanced wheat
performance but requires further refinement for DSR. Overall, integrating residue
management with conservation tillage in wheat while maintaining transplanted rice
offers the best strategy for sustaining and improving rice-wheat system productivity.

Effect of residue management on soil microbial activities under salt affected soils in
rice-wheat system (Madhu Choudhary, Sanjay Arora, Hardev Jat and Rajender Kumar
Yadav)

For the in-situ management of crop residue the studies were conducted in normal, saline
and sodic soils. After harvesting of rice crop, straw was incorporated and placed on the
surface. Spray of consortia of fungal isolates (Aspergillus flavus, Aspergillus terreus and
Penicillium pinophilum) was done twice. The decomposition was observed more in
residue incorporation treatment than residue retention treatment. This trend was
observed in all three types of soils. After six months of treatment the weight loss was
found in the range of 60-70%. Formulation was also developed and tested for the growth
of fungi up to 30 days and different parameters like EC, pH and microbial cell count were
foundindesired range. For further testing of the formulation in the field, bottles of 500 mL
“CSR-Manage-R" are prepared and will be distributed to the different agencies and
farmers.

Developing biostimulants for stress mitigation, soil health, nutrient cycling, and
resiliency of the cropping system in salt affected soils (Priyanka Chandra, Arvind
Kumar Rai, Parul Sundha, Awtar Singh, Amresh Chaudhary and R.K. Yadav)

Arbuscular mycorrhizal fungi (AMF) play pivotal roles in enhancing plant nutrient
acquisition and overall ecosystem sustainability. The propagation of AMF involves several
methodologies tailored to address specific research or practical objectives. So, enhancing
methods for propagating AMF is pivotal for fostering sustainable agriculture and
maintaining ecosystem balance at the application level. However, traditional substrate-
based techniques focus on the isolation, purification, and cultivation of AMF spores,
thereby enabling the establishment of pure cultures. Hydroponic systems have emerged
as valuable platforms for AMF cultivation, offering controlled environments to study
spore germination, hyphal growth, and mycorrhizal colonization. Hydroponic
techniques for AMF spore propagation involve cultivating these beneficial fungi in
nutrient-rich liquid solutions rather than in traditional soil-based media. This
methodology has gained attention because of its potential to enhance spore production

@

Reclamation and Management of Alkali Soils

Annual Report 2025



Fig 2.7 Evaluation of Arbuscular
Mycorrhizal Fungi (AMF)
propagation in a sorghum-based
hydroponic system under
varying nutrient-supplemented
treatments
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and facilitate controlled experimental conditions. This study utilizes Sorghum as a host
plant in a 24-day experimental timeline (Fig. 2.7). The process begins with a 10-day
establishment phasein a nutrient-rich solution to ensure robust root development. This is
followed by a 7-day treatment phase, where phosphorus deficiency conditions were
imposed.The cycle concludes with a 7-day drought condition phase which stimulates the
fungito produce spores as a survival mechanism, thereby increasing the total harvestable
spore count. AMF serves the plant primarily by scavenging phosphorus; consequently,
when the hydroponic solution is phosphorus-deficient, the plant increases its signaling
to the fungi, leading to significantly higher colonization rates. As observed in the results
under phosphorus stress exhibited denser root structures and higher symbiosis.

Enrichment of FOM produced from CBG plants and development of package of
practices (PoP) for major crops (Arvind Kumar Rai, Parul Sundha, Priyanka Chandra and
Kailash Prajapat)

Fermented organic manure (FOM) is an efficient organic amendments source to
supplement major, secondary and micronutrient for agricultural crop. Therefore,
combined application of organic manure and mineral fertilizers produces higher crop
yield. Further, FOM has synergism for improvement in soil physical and biological
properties of soil. Besides being a source of N, P, K and S and micronutrients, FOM
influences availability of the most of the nutrients through regulating soil pH, oxidation-
reduction regime, increase chelation capacity. These organic amendment helps in
restoring soil physical and biological properties of soils. This project explores the
potentiality of FOM application in soil for crop growth, yield, nutrient uptake and soil
fertility with objectives to characterize the FOM/LFOM produced from different CBG
plants and assess its quality parameters for use as manure, development of pretreatment
techniques and converting them as a manure with suitable quality parameters,
enrichment and value addition of FOM with N reduction process and suitable strains of
bio-consortia for nutrient mobilization and mixing with molasses, rock phosphate, and
vermicomposting and to evaluate the proper dose and application of enriched
fermented organic manure (EFOM) in different cropping system at different locations and
its popularisation. The initial characterization of the FOM collected from different sites
was carried out. The material has potential to be used as source of nutrition and
amendment in sodic soils. The potentially toxic elements Cd, Ni, Pb and Cr were not
detected or below the permissible standards in all the samples. The incubation
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Salt tolerant Rice- CSR 56 in lysimeters at CSSRI experimental site

experiment carried out to treat the FOM/BGS with diluted nitric acid and neutralized with
lime increased the availability of mineralizable nitrogen and water soluble Ca in the FOM
samples. The ammonical-N was increased in all the treatments while nitrate-N declined
after 30 days of incubation. The integrated application of RDF (recommended dose of N, P,
Kand Zn fertilizer) + FOM @ 300, 600, 900 and 1200 kg per acre and 80% RDF NPK + FOM
@ 300, 600, 900 and 1200 kg per acre reported higher grain and straw yield and grain to
straw ratio than the unamended control. The application of 25GR+enriched-FOM
increased therice grainyield at parto 50 GR.
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Management of Waterlogged/Saline Soils

Regional Salt Balance Modeling of Western Yamuna Canal Command of Haryana
(SatyendraKumar, Bhaskar Narjary and Sagar Vibhute)

While canal irrigation has significantly improved agricultural productivity, it has also
contributed to the development of secondary salinization in many areas of the Western
Yamuna Canal Command of Haryana due to injudicious and unscientific irrigation
practices. The sub surface drainage (SSD) is proven technology being promoted for
restoration of land productivity of such waterlogged land. In SSD system, water is allowed
to percolate through the saline soil profile, and the percolated water is collected through
installed perforated lateral and collector pipes. The collected drainage effluentis pumped
into a surface drain. Consequently, the pumped water contributes to the salt load in the
surface drain, which may cause environmental problems downstream. Therefore, for the
safe disposal of drainage effluent, both the volume of water to be disposed of from the
projectand the carrying capacity of the nearby surface drain are crucial.

To quantify the volume and salinity of drained water at the farm or project level, water and
salt balance modeling using the DRAINMOD model was undertaken for a representative
project site at Kahni, located in the Western Yamuna Canal (WYC) command. Input data
related to drainage system design, soil hydraulic properties, irrigation, crop parameters,
and soil salinity were used for model calibration and validation. These parameters were
adjusted within their realistic ranges based on actual field conditions. The field data
recorded during the first year of operation of the project were used for model calibration,
while the second-year data were used for model validation. During calibration, different
parameters were adjusted so that the predicted daily water table depth and soil profile
salinity closely matched the observed data. These parameters included drainage system
design parameters such as effective drain radius (3.2 cm) and equivalent depth from the
surface to the impermeable layer (246 cm), lateral saturated hydraulic conductivity (1.44,
1.34, and 1.04 cm h" for the 0-30, 30-100, and 100-180 cm soil depths, respectively),
relationships between void volume and water table depth, soil water characteristics in
relation to void volume and upward flux, and Green-Ampt infiltration parameters (A: 0.00-
0.02and B:0.11-0.35). Subsequently, the performance of the model during the calibration
period was evaluated using different model performance indicators. A close agreement
was observed between the observed and predicted water table depths, with a mean
absolute error (MAE) of 7.63 cm, model efficiency (ME) of 93%, coefficient of
determination (R?) of 0.95, and normalized root mean square error (NRMSE) of 11.64 cm.

To predict the daily salt concentration in different soil layers, the model was also
calibrated and validated using the recorded data on soil profile salinity (ECe). Model
parameters related to solute transport, such as dispersivity and tortuosity factors, were
adjusted to obtain a close match between the observed and predicted soil salinity values.
The calibrated values of dispersivity and tortuosity were 4.13 and 0.8, respectively. The
model showed good agreement between the observed and predicted soil salinity values,
with MAE, ME, R?, and NRMSE values of 0.98 dSm™,0.95,0.86,and 1.03 dSm", respectively.
The observed and predicted values of water table depth and soil salinity (ECe) are
presentedinfigure3.1.
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Fig 3.1 Observed and predicted
values of water table depth and
soil ECfor calibration period

Fig 3.2 Observed and predicted
values of water table depth and
soil ECeduring validation
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The calibrated model was further used for validation of water table depth and soil EC
during subsequentyear, results are presented in figure 3.2.

The model performance during validation for water table depth simulation was
satisfactory, with a MAE of up to 24.9 cm, ME of 63%, R? of 0.87, and normalized root mean
NRMSE of 14.56 cm. The model performance for simulating soil salinity was also found to
be satisfactory, with MAE, ME, R?, and NRMSE values of 0.69 dSm™, 0.93, 0.65, and 0.35 dS
m”, respectively.

Estimation of surface drainage capacity for safe disposal of drainage effluent

The daily drainage flux and salinity were also simulated using the calibrated and validated
DRAINMOD model to determine the minimum surface drain flow required for safe disposal.
Forarepresentative site of 19 ha, it was estimated that a minimum drain discharge of 48.39 L
s" would be sufficient to safely dispose of the saltload carried by the SSD network. Moreover,
for the safe disposal of the salt load from the entire 160 ha SSD project area, the drain
discharge should be at least 407.50 L s".Further, it is estimated that about 1,819 tones salts
were disposed ofin surface draininayearfrom the project area of 160 ha.

Modelling Soil Salinization in Irrigated Agriculture under Climate Change
Scenarios (Bhaskar Narjary, Satyendra Kumar, Jitendra Kumarand Sagar Vibhute)

Soil salinization in irrigated agriculture is a complex process influenced by irrigation
water quality, soil characteristics, climatic conditions, and interactions with the
groundwater system. Rohtak district of Haryana, which represents an irrigated
agricultural region and is affected by waterlogging and salinity was selected to study the
effect of climate change on soil salinization. Soil samples were collected from 262
locations across the Rohtak district to characterize soil texture and root zone soil salinity
(Fig 3.3). Groundwater table depth and salinity data for 2020-21 were collected from
CGWSB for characterizing groundwater hydrology. Soil texture analysis showed high
variability across the district. The soils of the Rohtak district texturally categories as clay
loam to sandy clay loam with sand percentage varying from 60%-88%. The root zone soil
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Table 3.1 Groundwater table and groundwater salinity area of the study area (Rohtak)

WTD (m) Area (ha) Water Salinity (dS m™) Area (ha)
<15 7,310.25 <2 78,873
1.5-3 179,194.56 >2 87,945
3-5 272,070.80
5-10 315,281.96

10-20 313,188.52
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Fig 3.5 Hydrus model calibration for sandy loam soil

salinity classification of Rohtak district indicates that moderately saline soils (4-8 dS m’)
dominate the area, covering 88,351 ha. Non-saline to slightly saline soils (< 4 dS m”)
occupy 31,154 ha while strongly saline soils (8-12 dS m™) extend over 26,377 ha, posing
moderate to high constraints on crop productivity. The severely saline class (12-16dSm™)
islimited to 3016 ha, indicating that extreme salinity occurs only in small pockets (Fig 3.4).

The groundwater classification of the Rohtak district shows that substantial areas with
shallow to moderately shallow watertable (1.5-5 m) are vulnerable to waterlogging and
salinity development. Groundwater salinity analysis reveals that a considerable area
(87,945 ha) is affected by saline groundwater (>2 dSm™), while 78,873 ha have low-salinity
water (<2 dS m™) suitable for irrigation (Table 3.1). From these major soil types, two soil
types representing heavy (Clay loam) and light (Loam) texture soil were collected for
lysimeter study from Kahni and Madina Villages of Rohtak. For simulating salt water
dynamics, shallow saline groundwater table and saline condition were created in
lysimeter. Salt and water movement was simulated through Hydrus model in shallow
saline groundwater table condition (water table depth: 90 cm and groundwater salinity:
16 dS m") for loam type of soil. The model was calibrated using observed data of soil
moisture content and soil salinity relating to 0-15, 15-30, 30-60 and 60-90 cm soil profile.
There was good agreement between observed and simulated soil moisture contents and
soil salinity as indicated by high R* values. During calibration periods model accounted R* of
0.60for soil moisture contentand 0.50 for soil salinity (Fig. 3.5).

Development of Sensor and loT based Irrigation System for Enhancing Water
Productivity under Salt Affected Environment (Jitendra Kumar, Bhaskar Narjary, Sagar
Vibhute, Satyendra Kumarand AshwaniKumar)

The sensor-based irrigation system enables continuous monitoring of soil salinity and

Management of Waterlogged/Saline Soils

Annual Report 2025



Fig 3.6 Sensor Performance with
variation of soil electrical
conductivity (dSm™) at site
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moisture thresholds in conjunction with decision support advisories and control
mechanisms, thereby facilitating real-time irrigation scheduling based on crop water
requirements. With the aim to develop soil moisture and salinity sensor, an experiment
was conducted to establish the relationship between soil electrical resistivity and
moisture content across different soil types for the developed sensor. Soil resistivity
decreased with increasing moisture content due to enhanced ionic mobility and
improved continuity of the liquid phase within the soil matrix. In general, fine-textured
soils exhibited lower resistivity values than coarse-textured soils; however, under
saturated conditions, sandy soils may also exhibit low resistivity compared to dry soils.
The average soil moisture decreased from 39.71% at 0 h to 37.54% (4 h), 29.32% (12 h),
26.32% (24 h), 24.11% (36 h), 23.18% (48 h), and 21.19% (72 h), corresponding to an
increase in resistance from 11 to 478 ohm-m. A non-linear relationship between soil
resistance and moisture content was observed with R*values ranging from 0.71t0 0.52 as
electrical conductivity increased from 1.2 to 24.5dS m™ in CSSRI field soil and Kahni village
soil under pot conditions (Fig.3.6 a,b). Sensor output voltage increased from 720 to 1295
mV as soil moisture contentincreased from 7.7% to 44.6% in sandy loam soil (Fig. 3.6¢).

Management of Nitrogen Losses in Reclaimed Waterlogged Saline Soil using Agro-
Engineered Techniques (Raj Mukhopadhyay, Sagar Vibhute, Kailash Prajapat, Ram
Kishor Fagdiya and Satyendra Kumar)

Nutrient loss is a major concern in subsurface drainage (SSD)-reclaimed saline soils.
Nitrogen (N), the most critical nutrient for plant growth, is particularly important in the
rice—wheat cropping system, which requires substantial N inputs. However, significant N
losses through leaching and volatilization often result in soil N deficiency and nitrate
contamination of groundwater, compelling farmers to apply excessive nitrogenous
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Fig 3.7 Soil profile of (a) SSD
reclaimed and (b) non-reclaimed
(control) waterlogged saline soil
(depth 0-90cm)

fertilizers. Therefore, mitigating N losses from soil profiles following SSD installation is
essential and requires the adoption of suitable agro-engineered techniques. This project
aims to develop integrated agro-engineered strategies to minimize N losses from soil,
assess nitrogen budgeting in SSD-reclaimed waterlogged saline soils, and provide
farmers with practical, user-friendly recommendations for reducing N losses through
SSD-drained water while promoting efficient and sustainable use of nitrogenous
fertilizers in the rice-wheat system. The SSD-reclaimed site at Kathura was selected for
this study, where 289 ha of waterlogged saline land has been reclaimed over the past four
years. Initial soil and groundwater salinity at both the SSD-installed and control (non-SSD)
sites have been characterized. At the SSD-reclaimed Kathura site, groundwater ata depth

" 0f 90 cm exhibited an average pH of 7.90 + 0.45 and EC of 5.38 + 1.02dS m”, compared to

corresponding values of 7.16 + 0.02 and 16.07 + 0.31 dS m™ at the non-reclaimed site,
indicating significant improvement in groundwater quality due to SSD installation (Fig.
3.7).The bulk density of surface soil (0-30 cm) at the SSD-reclaimed site was 1.87 Mg m?,
lower than that of the non-reclaimed site (2.03 Mg m?), while soil texture (sandy clay
loam) remained unchanged. The pH, and EC, of the upper 0-30 cm soil layer was 7.48 +
0.25and 4.3 +0.32 dS m™ at the SSD-reclaimed site, compared to 7.44 + 0.04 and 7.18 +
1.68 dS m" at the non-reclaimed site, respectively, suggesting that SSD operation
reduced soil salinity by approximately 40% within four years of continuous pumping.

Optimizing Drain Spacing of Subsurface Drainage System in Sugarcane Growing
Areas of Saline Vertisols (Vibhute Sagar Dattatraya, Pathan Aslam Latif, Satyendra
Kumar, Raj Mukhopadhyay, D.S.Bundela, Suresh Kumarand Anil R. Chinchmalatpure)

Subsurface Drainage (SSD) Technology is rapidly expanding across the Vertisol regions of
Maharashtra, Karnataka, and Gujarat, with particularly high adoption in sugarcane
cultivation. However, determining the optimum spacing of lateral drains in Vertisols
remains a subject of ongoing debate, as farmers currently use a wide range of spacing
from 10 to 30 m in sugarcane fields. Different drain spacing has varying implications for
crop yield, salinity control, cost economics, and nutrient losses, each presenting distinct
advantages and limitations. Therefore, the present study aims a system-based approach
to comprehensively evaluate SSD performance under different lateral spacing (10-30 m).
The study will assess multiple parameters in an integrated manner, including soil salinity
reduction, water table drawdown, drain outflow quality (nutrient losses and salt
concentration), economic returns, and potential environmental risks. The methodology
combines field experimentation for generating site-specific data and simulation
modelling using the DRAINMOD model to determine the optimum drain spacing.

A recently installed SSD system located in the salt affected Vertisol region of Gujarat was
selected for calibration and validation of the DRAINMOD model to analyze salt and water
movement under different drain spacing. SSD system with lateral spacing of 10 m and 20
m have been installed at the site. The initial soil conditions corresponding to both spacing
treatments are presented in Table 3.2. It was observed that very high soil salinity is present
in the upper 90 cm soil layer under both drain spacing. In addition, the Exchangeable
Sodium Percentage (ESP) values exceed 20 in these layers, confirming the saline-sodic
nature of the soil. Data on crop performance, drainage effluent, and water table levels will
be collected during the upcoming cropping seasons to develop the required model input
files. The hydrology and salinity modules of the DRAINMOD model will then be used to
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Table 3.2 Initial soil properties under different drain spacing

Soil Depth 10m 20m

cm ECe (dSm™) pHs ECe (dSm™) pHs
0-30 9.61 7.68 10.02 7.80
30-60 10.24 7.78 149 7.80
60-90 6.23 7.87 11.77 7.56
90-120 2.82 8.08 7.85 7.52
120-150 1.80 8.20 4.28 7.58

Input Data: Climate,

Soil, Crop,

Groundwater, Canal

simulate drainage outflow volume, salt load in the effluent, water table fluctuations, and
changesin soil salinity under different drain spacing in salt-affected Vertisols.

Hydro-Salinity Modeling to Assess Salinization Risk in Bhalaut Distributary of WYC
Command (Pathan Aslam Latif, D. S. Bundela, Vibhute Sagar Dattatraya, Kailash Prajapat
and Raj Mukhopadhayay)

Soil salinity is a major global challenge and a significant constraint to agricultural
productivity, particularly in irrigated canal command areas. In India, nearly 2.7 million ha
in canal command regions impacted by secondary salinization due to shallow
groundwater tables, excess irrigation, seepage losses, and inadequate drainage (FAQ,
2021;Sharmaetal,, 2015).These problems are more severe in intensively irrigated regions
where high evaporation and changing climatic conditions accelerate salt accumulation
and waterlogging (CSSRI, 2015). The Western Yamuna Canal command (WYC) area,
including areas under Bhalaut distributary, represents such a vulnerable irrigated region
where improper water management and shallow groundwater conditions may increase
the risk of secondary salinization. Therefore, the present study titled “Hydro-salinity

AquaCrop Model: Crop

MODFLOW Model:
growth, lrrigation, Deep Groundwater flow, GW
Percolation Table
Feedback to AquaCrop, Transport Moc?el':
Capillary rise, Root-zone O (MT3PMS) $a11n1ty
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¢

Output: Salinization Risk
Maps, Management
Strategies

Fig 3.8 Conceptual frame work of hydro-salinity modelling for the study area



modeling to assess salinization risk in Bhalaut distributary of WYC command” aims to
assess the spatio-temporal distribution of soil salinity, identify high-risk salinization
zones, and develop adaptive management strategies for sustainable agricultural
production.

Based on literature review and data availability, a preliminary conceptual hydro-salinity
model for the study has been developed (Fig. 3.8). The conceptual framework identifies
major hydrological components including canal seepage, irrigation return flow,
groundwater recharge, evapotranspiration,and groundwater withdrawal.

For numerical simulation, the groundwater flow model MODFLOW has been identified
for simulating groundwater dynamics within the command area, while the crop-water
productivity model (AquaCrop) is being considered to simulate crop water requirements,
evapotranspiration, and irrigation demand. Integration of these models will allow
simulation of irrigation recharge, groundwater level fluctuations, and potential salinity
risks under differentirrigation scenarios.

Plant Direct: Integrated DSR System for India (Satyendra Kumar, Gajender, Bhaskar
Narjary and Jitendra Kumar)

The present field study was undertaken to evaluate the response of different rice cultivars
to various water stress levels under dry direct seeded rice (DSR) establishment. The crop
was sown on 14" June, 2025 and four water stress regimes were adopted to evaluate
performance of seven varieties/advance lines. The soil matric potential varied from-10 to
-35 kPa were imposed during the different crop growth stages to create stage wise
different water stress level for the crop. The details of water stress treatments are given in
table 3.3. Two released varieties (PR126 and DRR 42) and five advance lines of IRRI
(IR22EL1105,1R22EL1492,IR22EL1071,IR22EL1527 and IR22EL1055) were included in the
study. The water stress regimes were taken as main plot treatment and varieties were
sown in sub plots and considered as sub-treatment. The plot size was 28 x 10 m, in which
each variety was sown in a sub plot of 3.5 x 10 m and 0.5 m buffer was left in between the
two varieties. Each treatment was replicated thrice. To quantify the amount of water
applied to each plot, a pipe network was laid with an independent water meter and outlet
foreach plot.

The average yield obtained for different crop varieties and advance lines under different
irrigation regimes is presented in Fig. 3.9. Figure 3.9a shows that overall (average of all
water stress levels) rice grain yield was the highest under IR22EL1055 (5.09t ha"), followed
by PR126 (4.96tha")and IR22EL1105 (4.96 tha"). The grain yield of other verities/lines was
substantially lower. Further, response of different varieties/lines to water stress levels was

Table 3.3 Crop growth stage wise water stress level adopted under different irrigation regimes

Treatment Establishment phase Vegetative phase Flowering & Maturity phase
(0-21 DAS) (22-74 DAS) (75-115 DAS)
Soil matric potential (kPa)
T 10 10 10
T2 15 15 15
T3 15 25 15
T4 15 35 15
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different (Fig 3.9b). The grain yield of IR22EL1055 was highesti.e.5.39 and 5.33 tha under
T1 and T2 treatments, respectively, followed by PR 106. However, yield reduction was
recorded in PR 126 variety under T3 and T4 where irrigation was scheduled > 25 kPa
during the vegetative phase and at 15 kPa during the remaining period. IR22EL1105
advance lines also produced at par yield i.e. 5.15 and 5.05 t ha', under T1 and T2
treatments, respectively. However, yield penalty was recorded in IR22EL1105 with further
increase in water stress level beyond 15 kPa during the vegetative phase.

The irrigation amount varied from 23.2 to 52.2 cm under different treatments during
vegetative phase coincides with rainy season (Figure 3.10). The variation in water applied
during vegetative phase resulted into variable total amount of irrigation and the highest
(~105 cm) was recorded under T1, while the lowest irrigation (~50 cm) was found in
treatment T4.Thus, T4 saved almost 50 percent irrigation water as compared to T1, while
saving of ~33% was achieved in T2 as compared to T1.That indicates schedulingirrigation
on slightly higher matric potential (-15 kPa) than -10 kPa (near saturation) can also save
significant irrigation. The saving in irrigation and variable varietal response to water
regimes also translated into variable irrigation water productivity (IWP). Overall,
IR22EL1055 line recorded the highestIWP (0.77 kg m”), followed by (0.74 kg m™).



Fig 3.11 Obtained yield for
different varieties and advance
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Various coarse grain varieties were also evaluated their suitability to dry DSR conditions.
Field data on grain yield indicates significant variation among the varieties (Fig 3.11). The
highest yield was recorded for the variety 28P66 (6.11 t ha") which was statistically
comparable to AZ8455DT (5.96 t ha'), SAVA-134 (5.74 t ha"), 27P32 (5.69 t ha"), HKR-49
(548t ha'), SAVA-7501 (5.32 t ha), SWARNA PURVI (5.22 t ha"), IR22EL-1105 (4.87 t ha"),
SWARNA UNNAT (4.80 t ha"), SAVA-7301 (4.70 t ha'), IR22EL-1055 (4.53 t ha") and PR-126
(4.51tha"), butsignificantly higher than IR22EL-1527 (4.45 tha™), IR22EL-1492 (4.28 tha"),
28P67 (4.18 tha"), SWARNA SHAKTI (4.14 tha), 28P68 (4.11tha"), PR-128 (4.11 tha"), CR
DHAN-202(3.55tha™),IR22EL-1071(3.30tha"), PR-131(2.98 tha"), SWARNA SHREYA (2.90
tha™)and SWARNA SAMRIDHI(1.92tha™).

North Indian Centre for Water Technology Research in Agriculture (Satyendra Kumar,
B.L.Meena, Bhaskar Narjary, R.K. Fagodiya and Awtar Singh)

The rice-wheat dominant cropping system, supported by intensive groundwater
irrigation, has resulted in a significant decline in the groundwater table in the study area
covering the districts of Karnal, Kaithal, Panipat, and Kurukshetra (29°9'46.8" to
30°14'52.8" N latitude and 76°10'33.6" to 77°13'22.8" E longitude), covering an area of
7,736.185 km?>. To support the sustainable management of groundwater resources, a
simulation study was conducted focusing on demand-side reduction, particularly
through changes in irrigation requirements. Such reductions can help to bridge the gap
between groundwater demand and supply, thereby moderating or potentially arresting
groundwater decline. Based on this hypothesis, simulations were performed using the
previously calibrated and validated MODFLOW groundwater flow model to evaluate the
impact of rice crop duration on groundwater resources. Two prevalent crop durations
were considered for the analysis i.e. long-duration rice (150 days) and short-duration rice
(125 days). The duration of the wheat crop was assumed to be the same in both scenarios.
The irrigation demand under the short-duration transplanted rice-wheat system was
found to be substantially lower than that of the long-duration rice-wheat system.
Groundwater behaviour was simulated for the period 2013-2021. Simulation results
reveal that if short duration direct seeded rice was grown during last decade (2013-21),
the groundwater decline below ground level would have been 3 m less as compared to
the actual (Fig 3.12). However, difference in declined groundwater level would have been
only ~1.34 m less as compared to actual if long duration DSR was adopted. A critical view
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Fig 3.12 Effect of duration of rice crop on groundwater fluctuation of study area under a) DSR and b) TPR establishment

technique

Fig 3.13 Location of 3 AlPs and 4
FPs in the Hindon river Basin
(Western UP) with five scenarios

on Fig 1b also indicates that short duration transplanted rice is also having positive effect
in controlling declining groundwater level of the study region. The adoption of short
duration TPR (transplanting on 25 June) with 15 Nov of wheat sowing would resulted in
2.4mless groundwater level decline as compared to the actual.

Hindon Roots Sensing (HIROS)-River Rejuvenation through Scalable Water and
Solute Balance Modelling and Informed Farmers Actions (D.S. Bundela, Awtar Singh,
Suresh Kumar, Satyendra Kumar, Bhaskar Narjary, Madhu Chaudhary and R.K.Yadav)

The HIROS project wasimplemented in the Hindon River Basin (Western Uttar Pradesh) to
improve sugarcane productivity, reduce groundwater use, and optimize fertilizer and
pesticide inputs. Three Agro-Innovation Platforms (AIPs) each covering ~2.5 acres with
plot sizes of ~0.5 acre were established (fig. 3.13) at Nandi Firozpur (Saharanpur), Titawi
(Muzaffarnagar), and Doula (Baghpat). Five sugarcane management scenarios (table 3.4)
were tested across three planting seasons (autumn 2022, spring 2023, summer 2023).
Intercrops included black gram (spring) and mustard (autumn). Across all the scenarios,
irrigation scheduling was carried out on soil matric potential (—45 kPa) basis using
tensiometers installed at 30 cm soil depth. Results of five sugarcane management
scenarios (S-1 to S-5) at Titawi and Nandi Firozpur AIP sites for two cropping cycles (Plant
and ratoon) were analyzed and presented. The results (Table 3.5) clearly demonstrate the
advantage of improved management practices over farmers' practice (S-1), particularly
underdripirrigation and reduced input scenarios.
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Table 3.4 Details of five experimental scenarios imposed for plant and ratoon sugarcane at two AIP sites

Scen- | Drivers of change Crop Rotations Water Fertilizer Pesticide

arios Management| Management Management

S-1 | Farmers’Practice (FP) | *Sugarcane -Ratoon |Flood Farmers’ Fertilizer Practice: Farmers’

**Sugarcane - Ratoon |lIrrigation #NPK (kg/ha) - 200:60:60 Pesticide
## NPK (kg/ha) -300:00:00 Practice (FPP)

S-2 | Improved FP with RDF| *Sugarcane-Ratoon |Flood RDF Recommended

and RDP **Sugarcane - Ratoon |lrrigation #NPK (kg/ha) — 150:60:60 Dose of
##NPK (kg/ha) —200:60:60 Pesticide(RDP)

S-3 |Improved FP (15% | *Sugarcane-Ratoon |Drip ~15% reduction in RDF: ~13% reduction
less fertilizers & **Sugarcane+ Irrigation #NPK (kg/ha) — 128:51:51 | in RDP through
pesticides) Mustard - Ratoon ## NPK (kg/ha) -170:51:51 | bio-mechanical

control

S-4  |Improved FP (15% *Sugarcane+Black Flood ~15% reduction in RDF: ~13% reduction in
less fertilizers & Gram-Ratoon Irrigation #NPK (kg/ha) — 128:51:51 RDP through
pesticides) **Sugarcane+Mustard ##NPK (kg/ha) -170:51:51 bio-mechanical

- Ratoon control

S-5 |Improved FP (30 % *Sugarcane-Ratoon  |Drip ~30% reduction in RDF: ~26% reduction in
less fertilizers & **Sugarcane + Irrigation #NPK (kg/ha) - 105:42:42 RDP through bio-
pesticides) Mustard — Ratoon ## NPK (kg/ha) -140:42:42 mechanical

control

* represents spring season planted sugarcane at Titawi AIP & ** represents autumn season planted sugarcane at Nandi F irozpur AIP site
# represents NPK dose for first year sugarcane (plant cane) and ## represents NPK dose f or 2nd year sugarcane (ratoon)
FPP: Farmers' Pesticide Practice; RDP: Recommended Dose of Pesticide

In spring-planted sugarcane, cane yield varied from 89.4 to 114.2 t ha" in plant crop and
61.6 to 72.4 t ha" in ratoon. While S-1 and S-4 recorded the highest plant yields, S-5
achieved comparable yields with substantially lower irrigation water (=65% less) and
reduced inputs. Drip-based scenarios (S-3 and S-5) significantly enhanced IWP (25.0-29.4
kg m?) and TWP (6.8-8.0 kg m?) compared to flood irrigation (9.0-11.8 and 4.5-5.9 kg m?,
respectively). PFPN increased markedly, with S-5 recording the highest values (1032 and
517 kg cane kg” N in plant and ratoon), indicating superior nitrogen use efficiency. S-4
also improved PFPN due to intercropping benefits. In autumn-planted sugarcane, yields
were generally lower but showed strong improvement under S-3, S-4, and S-5. S-5
recorded the highest yields (80.5 and 62.4 t ha) along with maximum IWP (8.7-14.1 kg
m?), TWP (4.4-6.0 kg m?), and PFPN (767 and 448). Drip irrigation again outperformed
flood irrigation in water productivity, while intercropping in S-4 enhanced productivity
compared to S-1 and S-2. Overall, S-5 (drip + 30% reduced inputs) emerged as the most
efficient scenario, achieving high yields with maximum water and nutrient use efficiency,
while S-4 (intercropping) provided a viable alternative under flood irrigation with
improved resource productivity.

The economic analysis (Table 3.6) highlights clear advantages of improved management
scenarios over farmers' practice, with differences driven by input costs, irrigation method,
and intercropping

In spring-planted sugarcane, the cost of cultivation was the highest in S-1, while S-4
recorded the lowest cultivation cost, followed by S-2. Although drip-based scenarios (S-3
and S-5) involved relatively higher costs due to initial investment on drip system
installation, they generated higher gross returns. S-5 achieved the highest gross return
(Rs. 6.69 lakh ha™); however, S-4 recorded the highest net return (Rs. 3.98 lakh ha™) due to
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Table 3.5 Effect of different scenarios on SEY/cane yield, irrigation water productivity (IWP), total water productivity

(TWP), and partial factor productivity of nitrogen (PFPN)

Scenario Cane yield IW applied IWP TWP PFPN
(tha) (mm) (kg m?) (kg m?) (kg cane kg™’ N)
Plant* | Ratoon | Plant* | Ratoon | Plant*| Ratoon | Plant* | Ratoon Plant* | Ratoon
Spring-planted sugarcane at Titawi AIP
S-1 113.2a 61.6C 1010 1001 11.2c 6.2¢C 5.7c 3.5¢ 566d 205d
S-2 89.4b 66.6bc | 988 1027 9.0d 6.5¢C 4.5d 3.7c 596d 333c
S-3 91.3b 67.8ab | 366 624 25.0b 10.9b 6.8b 4.8b 713c 399b
S-4 114.2a 63.0bc | 967 1012 11.8c 6.2¢ 5.9¢ 3.5¢ 892b 370b
S-5 108.4a 72.4a 369 627 29.4a 11.5a 8.0a 5.2a 1032a 517a
Autumn-planted sugarcane at Nandi Firozpur
S-1 51.8b 58.6a 987 716 5.2b 8.2b 2.7b 4.4b 259c 195d
S-2 44.3b 60.1a 939 686 4.7b 8.8b 2.4b 4.6b 296¢ 300c
S-3 76.9a 59.8a 907 437 8.5a 13.7a 4.3a 5.7a 601b 352b
S-4 79.3a 62.4a 1078 713 7.4a 8.8b 4.0a 4.7b 620b 367b
S-5 80.5a 62.4a 920 444 8.7a 14.1a 4.4a 6.0a 767a 448a

*SEY including intercropping of black gram and mustard in spring season and autumn season respec tively.

lower cultivation cost and additional income from intercropping. Net returns under S-4
and S-5 were substantially higher than S-1, indicating better profitability of improved
practices.In autumn-planted sugarcane, cultivation costs were comparatively lower, with
S-4 and S-2 being the least expensive. S-5 recorded the highest gross return (Rs. 5.29 lakh
ha'), closely followed by S-4. However, maximum net return was again obtained in S-4 (Rs.
2.95 lakh ha"), owing to its lower input cost and stable yield performance. Farmers'
practice (S-1) resulted in the lowest profitability, particularly in the planted sugarcane.
Overall, S-4 (intercropping with reduced inputs) emerged as the most profitable scenario
across seasons due to lower costs and stable returns, while S-5 (drip with reduced inputs)
maximized gross returns but with slightly higherinvestment.

Daily Irriwatch thermal remote sensing data for 15 experimental fields under three AlPs
(planted sugarcane: Jan 2023-March 2024; ratoon sugarcane: March-Dec 2024) were
processed using SEBAL 4.0 and Al to estimate vegetation cover, biomass,
evapotranspiration, applied water, soil moisture, and leaf nitrogen at 10 m resolution.The
projected cane yield was validated against field and factory measurements, showing
satisfactory accuracy (4%-11%) at Titawi and Doula, while deviations at Nandi Firozpur
were found due to monsoon flooding. Yield prediction was highly accurate (within 4%)
forS-2,S-3,and S-4, and slightly underestimated (7%-11%) for S-1 and S-5. Applied water
was overestimated by 11%-28% in flood irrigation and underestimated (<11%) in drip
systems. Overall, IrriWatch proved reliable for field applications.

Following validation, IrriWatch was deployed across 172 fields under five Farmers'
Platforms (FPs). Daily soil moisture, crop growth alerts, and irrigation advisories were
delivered through KVKs and sugar mills, enabling proactive crop management. A key
advantage of the tool is early detection of crop and water stress before visible symptoms.
Initially, 24 staff from KVKs and sugar mills were trained, and advisories were
disseminated to farmers via WhatsApp. To improve accessibility, the IrriWatch portal and
mobile app were translated into Hindi, and farmers were trained through hands-on



Table 3.6 Effect of different scenarios on sugarcane economics at both AIP sites

Scenario Cost of cultivation (Rs ha-") Gross return (Rs ha-'") Net return (Rs ha-'")

Plant Ratoon | System Plant | Ratoon | System Plant | Ratoon | System

Spring season planted sugarcane
S-1 2,11,258 | 99,100 3,10,359 418,685 | 2,28,103 | 6,46,788 | 2,07,427 | 1,29,003 | 3,36,429
S-2 1,67,835 | 92,675 2,60,511 3,30,725| 2,46,242 | 5,76,967 | 1,62,889 | 1,53,567 | 3,16,456
S-3 1,92,392 | 1,10,070 3,02,462 3,37,627 | 2,50,914 | 5,88,541 1,45,235 | 1,40,844 | 2,86,079
S-4 1,68,680 | 88,964 2,57,643 422,490 | 2,32,950 | 6,55,440 | 2,53,810 | 1,43,987 |3,97,797
S-5 1,92,458 | 1,05,777 2,98,235 4,00986 | 2,67,960 | 6,68,945 | 2,08528 | 1,62,183 |3,70,710
Autumn season planted sugarcane

S-1 1,66,732 | 95,187 2,61,919 1,91,603 | 2,16,679 | 4,08,282 | 24,871 1,21,493 | 1,46,363
S-2 1,54912 | 73,371 2,28,283 1,64,045 | 2,22,357 | 3,86,402 | 9,133 1,48,986 | 1,58,119
S-3 1,69,898 | 1,00,911 2,70,809 2,84,668 | 2,21,197 | 5,05,865 | 1,14,770 | 1,20,286 | 2,35,056
S-4 1,53,318 | 75,794 2,29,112 2,93,567 | 2,30,791 | 5,24,358 | 1,40,249 | 1,54,997 | 2,95,246
S-5 1,68,609 | 94,339 2,62,948 2,97,827 | 2,30,980 | 5,28,807 | 1,29,218 | 1,36,641 | 2,65,859
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Fig 3.14 Views of IrriWatch App (Hindi) with Moisture and growth alerts, Insight, Irrigation planner, Geotagged fields under
KVK Baghra, and field maps (Soil moisture status, Absolute soil moisture, Cane growth, and Total cane growth)

sessions. Fields were geotagged and linked to individual farmer accounts (figure 3.14),
allowing access to real-time alerts, 7-day irrigation plans, and field maps (soil moisture,
crop growth, NDVI, etc.).

The decision-support system uses Al-based alerts: soil moisture alerts trigger irrigation
when depletion exceeds thresholds, while crop growth alerts help diagnoses moisture
stress, nitrogen deficiency, or pest/disease issues. Farmers respond through irrigation,
fertilizer application, or pest management based on advisory guidance. Field monitoring
and farmer feedback (2025) showed that full compliance of advisories resulted in 21%-
26% water savings, 12%-38% yield improvement, and 10%-21% fertilizer savings, while
partial compliance yielded lower benefits. Overall, IrriWatch demonstrated strong
potential to enhance water and nutrient use efficiency and improve sugarcane
productivity..
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Fig 3.15 SSD technology install-
ation with controlled drainage in
two sites (Ghalwad and Gatad-
wadi in Sangli and Kolhapur),
Good sugarcane crop growth and
farmers’ interaction meeting at
Shirol (Kolhapur).

Astral Consultancy on Subsurface Drainage for Reclamation of Water logged Saline
Heavy and Alluvial Soils in Maharashtra, Karnataka, Gujarat and Haryana States (D.
S.Bundela, Sagar Vibhute, Anil R. Chinchmalatpure, Suresh Kumar, Satyendra Kumar and
R.K.Yadav)

Consultancy services on site identification, pre-drainage investigations and field surveys,

| design and technical approval of new SSD projects for reclamation of waterlogged and

saline black and alluvial soils in Maharashtra, Karnataka, Gujarat and Haryana states were
provided to M/s Astral Ltd, Ahmedabad (Gujarat) during 2025. Four SSD sites at Shedshal,
Shirol, and Ghalwad (Kolhapur district) and Gatadwadi (Sangli) were monitored for the
system performance. Sugarcane crop was planted first time at Shedshal site in November
2024 after 3 years of SSD installation with controlled drainage in 195 ha (Zone-lll). Good
sugarcane growth was observed in the field on 23-24 April 2025 whereas bumper
sugarcane crop was harvested with average yield of 148-150 tons per ha after SSD
installation at Shirol site (Fig 3.15). The SSD systems were functioning well and drainage
water was disposed off safely. Installation of pipe main line and SSD system at Ghalwad
site in 240 ha area and Gatadwadi site in 180 ha was being undertaken to reclaim and
dispose saline drainage water to available outlet drain. Soil and water samples were
collected for system performance analysis. New initiatives such as construction of farm
ponds for storage, and reuse of treated saline drainage water through drip system were
also promoted in SSD projects. These initiatives were quite useful in improving
downstream water quality and ensuring sustainable SSD operations. The Consultancy
firm also launched a new Astral drainage corrugated pipe-Vardaan.The Vardaan pipe has
relative cost advantage compared to GeoRex SWC pipe with similar pipe quality, and it is
being promotedin currentimplementation of SSD projects.

A meeting of 40 farmers from Kolhapur, Sangli and Belgavi districts was organized in
consultation with Shree Datta Shetkari Sahakari Sakhar Karkhana Ltd (SDSSSKL) and
Astral Ltd at Shirol (Kolhapur) on 23 April 2025 where farmers shared their experiences of
SSD system quality and performance in sugarcane (Fig 3.15). The SSD systems are widely
recognized by farmers and drainage industry experts and as a highly successful
technology for reclaiming waterlogged and saline/saline-sodic Vertisols, often leading to
significant improvements in sugarcane yield and farm income. However, the
performance of the system is heavily dependent on precise installation. Improper
installation by inexperienced local contractors often leads to partial system failure,
creating a negative perception of the SSD technology. The Institute is willing to conduct
training for local inexperienced contractors on design and installation of SSD system at
Sangli and all drainage pipe manufacturing companies in Sangli and Kolhapur will be
contacted on this issue. Farmers were of opinion that the SSD installations done by the
government contractors through tendering are often not fully satisfactory while those
implemented by co-operative land reclamation societies with active farmers'
participation are successful in terms of quality of SSD pipes, and system installation and
performance.

In discussions with Deputy Executive Engineer and his team, Irrigation Research &
Development (IRD) in Sangli, key challenges for SSD project implementation were
identified, primarily focusing on low farmer participation and difficulties in collecting
20% beneficiary contribution. A cooperative drainage society model was recommended
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to improve collective action and financial participation of farmers. Suitability of PVC SWC
lateral and collector pipes conforming to IS 9271: 2004 for SSD system was also discussed
while PE/HDPE DWC pipes are only suitable for collectors and pipe main drain, not for
lateral pipes. A meeting with Director, DIRD and his team was organized at Pune on 25
April 2025 in consultation with Astral Ltd to discuss the technical and field level difficulties
hindering the progress of SSD installation in Maharashtra. Design parameters and
economics of SSD system and experiences of SSD installation in Vertisols were shared. A
capacity enhancement training for DIRD Engineers on SSD designing and
implementation in Vertisols was also suggested. Subsequently, a training on Sub-Surface
Drainage technology for reclamation of waterlogged and saline black soils for 19 DIRD
Engineerswasheld at ICAR-CSSRI, Karnal during 19-23 August 2025.
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Management of Marginal Quality Water

Changes in seed quality development of rice-wheat irrigated with residual
alkalinity water (Gajender, R. K. Yadav, Nirmalendu Basak, Anita Mann, Manish Kumar
andVanita Pandey (IIWBR))

Alkalinity related problems in soils and irrigation water significantly threaten to the long-
term sustainability of irrigated agriculture, especially in India's arid and semi-arid zones.
These issues primarily arise from the continuous use of poor-quality irrigation water
containing high amounts of salts. In India's Trans-Indo-Gangetic Plains, groundwater
contributes nearly 60-65% of irrigation needs for the rice-wheat cropping system.
However, due to overuse of good-quality water, farmers increasingly depend on marginal
or poor-quality groundwater. The uncontrolled use of such water, without proper soil,
water, and crop management strategies, leads to degrade soil health and causes
secondary salinization, affecting nearly 17% of irrigated lands. Globally, freshwater
availability for irrigation is a major constraint that limits agricultural productivity. High-
salt irrigation water hampers crop yields by harming soil's physical, chemical, and
biological properties. Bicarbonate-rich water triggers sodium buildup in soil, leading to
clay dispersion, pore clogging, reduced aeration, and lower permeability. These changes
ultimately decrease crop productivity.

This study evaluates the effect of varying alkalinity levels, induced through different
concentrations of residual sodium carbonate (RSC) in irrigation water on crop growth,
seed development, seed quality and subsequent germination in rice. A long-term
experiment is being conducted in lysimeters at the experimental farm of ICAR-Central
Soil Salinity Research Institute, Karnal, India. The lysimeters (2 m x 2 m x 2 m) are equipped
with individual drainage outlets connected to a common gallery. Two saline water
treatments (SW1 and SW2) were prepared with the similar amounts of total salts (total
electrolyte concentration 30 me L"), but differed in residual sodium carbonate (RSC) (5 me
L'in SW1and 10 me L"in SW2), and SW2 was treated to neutralize RSC equivalent to 5 me
L" using gypsum (SW2 + Gypsum) in SW3 and sulphuric acid (SW2 + H,SO,) in SW4. The
irrigation with good quality water (GQW) as a control was contrasted with these
treatments. These treatments were compared to irrigation with good quality water as
control. The experiment was conducted with rice varieties PR 126 and CSR 60. The
reduction in rice grain yield was higher in var. PR 126 and reduction was more with

~ PR 126 ; CSR 60
100 + 100
< s : w0
= <
g g
g E |
g o=
= J T
6 40 | § SW1
—i— SW2 —o— SW3 &) —A— SW2 —o— SW3
20 —a— SW4 20 —A— SW4
0 T T T 1 0 B T T T 1
0 7 14 21 28 35 42 0 7 14 21 28 35 42
Days after anthesis Days after anthesis

Fig 4.1 Effect of residual alkalinity water on germination of Rice cultivars
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increase in residual alkalinity irrigation water. In var. PR 126, rice yield was reduced under
RSC5 that was further reduced in RSC 10 compared to control. In var. CSR 60 the reduction
was less as compared to PR 126. Time to achieve highest germination (%) increased with
residual alkalinity of irrigation water. The germination (%) was significantly lower at RSC
10 (SW2), this trend of germination was recorded in both rice varieties (fig 4.1).

Seed moisture content was estimated on the fresh weight basis using the high-constant-
temperature-oven method with ground seed. The seed moisture dries down trend was
similar across the alkali treatments, but the rate was faster in Var. PR 126 than CSR 60 (Fig
4.2). The average seed weight (g) was reduced significantly at RSC 5 (SW1) and further at
RSC 10 (SW2). The mean seed weight was higher in Var CSR 60 across the treatments

except GQW. RSC 5 neutralized with gypsum or H,SO, (SW 3 and SW 4) slightly increased
the seedfilling period.
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Fig 4.2 Changes in moisture content of fresh seeds and seed weight (g) of rice cv. PR 126 and CSR 60 in differential RSC
induced alkali water irrigation regimes



Development of sustainable resources management systems in the water-
vulnerable areas of India (ICAR-JIRCAS) (Gajender, R.K. Yadav, D.S. Bundela, Satyendra
Kumar, Bhaskar Narjary, A.K. Rai, Suresh Kumarand Amresh Chaudhary)

Sustainable agricultural production in arid and semi-arid regions is increasingly
constrained by land degradation, declining water quality, and climate variability. Among
the major forms of land degradation, soil salinization poses a serious constraint to crop
productivity, soil health, and long-term agricultural sustainability. Globally, salt-affected
soils cover approximately one billion hectares across more than 100 countries, while in
India nearly 6.73 million hectares are affected. The extent of salinity is expected to
increase further due to continued groundwater depletion, use of poor-quality irrigation
water, inadequate drainage, and increasing climatic stress.

In many irrigated regions, secondary salinization has emerged as a major challenge
resulting from inefficient water management practices and excessive reliance on
marginal-quality groundwater. Salt accumulation in the root zone reduces water
availability to plants, disturbs nutrient balance, and ultimately leads to significant yield
losses. Although conventional drainage-based reclamation methods are effective in
controlling salinity, their high establishment costs and limited adaptability often restrict
large-scale adoption, particularly under resource-constrained farming systems.
Therefore, there is a critical need to develop cost-effective, field-applicable technologies
that improve soil drainage and regulate water—salt dynamics while enhancing crop
productivity.

To address these challenges, ICAR-Central Soil Salinity Research Institute, Karnal, in
collaboration with Japan International Centre for Agricultural Sciences, Japan, has
implemented the project entitled “Development of sustainable resources management
systems in the water-vulnerable areas of India.” The project focuses on developing
integrated resource management strategies aimed at improving soil-water-salt balance
and enhancing agricultural resilience under saline and waterlogged conditions. A key
component of this initiative is the evaluation of Cut-soiler-constructed Preferential
Shallow Subsurface Drainage (PSSD), an innovative and low-cost intervention designed
toenhance subsurface drainage through residue-filled channels.

The Cut-soiler technology is integrated with water drop tubes, to improve water
distribution, promote salt leaching, and maintain favourable root-zone conditions. Field
experiments are being conducted in salt-affected environments at ICAR-CSSRI, Karnal,
and [IWBR Research Farm, Hisar, to evaluate the effectiveness of the combined approach
under semi-arid conditions. Supporting infrastructure for controlled saline irrigation has
been established, including subsurface installation of water drop tubes at 20 cm depth
and monitoring systems such as 5TE sensors for soil moisture, electrical conductivity, and
temperature, along with observation wells for groundwater level assessment. These
measurements enable comprehensive evaluation of soil-water dynamics and long-term
system performance under saline environments.

Cut-soiler Drainage and water drop tube experimentin Lysimeter atICAR-CSSRI, Karnal

The Cut-soilerand water drop tube sub surface irrigation were installed in semi controlled
lysimeter at ICAR-CSSRI, Karnal. Border irrigation (Bl) and sub-surface saline (4 dS m™)
irrigation (20 cm depth by water drop tube) was applied to saline sandy loam soil and
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Fig 4.3 Layout of Cut-soiler and
water drop tube experiment in
semi controlled Lysimeter at ICAR-
CSSRI, Karnal

Light texture Soil (Saline soil)
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heavy-textured silty clay soil with Cut-soiler and without Cut-soiler. The layout of
treatment planisgiveninfigure4.3.

A field experiment to study the effect of cut-soiler drainage and subsurface drainage via
water drop tube on reclamation of salinity is in progress at ICAR-CSSRI, Karnal, in a semi-
controlled Lysimeters. The experiment aims to assess how different soil and irrigation
management strategies influence salinity dynamics, particularly under saline irrigation
conditions. One of the significant findings is that there is no salinity buildup in the cut-
soiler-treated plots where wheat was irrigated with saline water (EC 4 dS m™). This
suggests that the cut-soiler can effectively disrupt compacted soil layers, improve water
infiltration and reduce salt accumulation in the root zone. Additionally, subsurface
irrigation at a depth of 20 cm through the water drop tube proved beneficial in lowering
soil salinity levels by facilitating better water movement and leaching of salts from the
upper soil layers.

Soil ECe showed distinct temporal and depth-wise variation under both treatments (Fig.
4.4). In the surface (0-15 cm) and subsurface (15-30 cm) layers, ECe decreased from
February 2024 to October 2024, with greater reductions under the Cut-soiler (CS)
treatment compared with the conventional system (WCS), indicating improved salt
removal from the active root zone. In the 30-60 cm layer, ECe initially declined followed by
aslightincrease toward February 2025, suggesting seasonal redistribution of salts. At the
60-90 cm depth, WCS exhibited gradual salt accumulation, whereas CS maintained
relatively stable ECe levels, implying improved drainage and regulation of downward salt
movement. The results emphasize that the Cut-soiler-based system improved soil water-
salt dynamics and moderated salinity across the soil profile under saline conditions.

Grain and straw yields were significantly influenced by Cut-soiler intervention, soil type,
and irrigation method (Fig. 4.5). The Cut-soiler treatment recorded higher grain and straw
yields compared to the without-cut soiler, indicating the positive role of improved
drainage and salinity management on crop performance. Similarly, yields were



Fig4.4 Changesin soil ECe (dSm™)
at Karnal (WCS: conventional
system; CS: Cut-soiler)

Fig 4.5 Grain and straw vyield of
wheat under lysimeter condition
atKarnal
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significantly higher in the light-textured soil compared to heavy-textured soil which may
likely be due to better aeration and drainage conditions favouring root growth. Among
irrigation methods, water drop tube irrigation produced higher grain and straw yields
than border irrigation, suggesting improved water distribution and reduced salt stress
under efficient irrigation. The results highlighted that integration of cut-soiler-based
drainage with efficient irrigation practices contributed to improved crop productivity
under salt-affected conditions.

Field Experiment on Cut-soilerand water drop tube atICAR-IIWBRResearch Farm, Hisar

A field experiment is being conducted at the ICAR-IIWBR research farm in Hisar to
evaluate the effects of cut-soiler operations and water drop tube irrigation on
groundwater dynamics, soil salinity, and crop performance. The experiment involved
continuous monitoring of the groundwater table and electrical conductivity (EC) using
HYDROS 21, while HH2 sensors were employed to track soil moisture and salinity
variations. These advanced monitoring tools provided real-time data on the hydrological
and salinity conditionsin the experimental plots.

Observations from the study revealed that the groundwater level began torise after June
and remained elevated until March of the following year. This seasonal fluctuation posed
a risk of waterlogging and salt accumulation in the soil, negatively impacting crop
growth. Groundwater level rises after June and remains high until March of the following

Management of Marginal Quality Waters

Annual Report 2025



12 4 mControl mCutsoiler | Y€QT-Cut-soiler construction afterdry season crops proved effective in controlling therise
10 4 of groundwater levels and leaching and reduced the soil salinity by 25.6% as compared to
87 control plots.
% 61 The Cut-soiler treatment markedly improved crop productivity compared with the
% 1 control (Fig. 4.6). Higher biomass, straw, and grain yields were recorded under the Cut-
=21 soiler treatment. The increase in total biomass suggests better resource utilization and
0 =

) ] plantvigour, which translated into higher partitioning toward both straw and grain yield.
Biomass Straw Grain

These results indicated that improved soil-water-salt regulation under the Cut-soiler
Fig 4.6 Effect of cut-soiler systemcontributedtoenhanced crop performanceinsalt-affected conditions.
intervention on productivity of
wheatatHisar

Evaluation of potassium aluminium sulphate (alum) for treatment of irrigation
water having residual alkalinity (Awtar Singh, Raj Mukhopadhyay, Gajender Yadav, AK
Bhardwaj, Priyanka Chandra, AKRai, RKYadav)

The alkali water neutralization in the country is primarily based on the use of mined
gypsums. However, the long-term application of gypsum for neutralizing residual
alkalinity (RSC) of irrigation water leads to CaCO, build-up in soils of Punjab and Haryana
(such areas, where RSC water continuously used for irrigation since several years),
resulting concretion problems, which further creates stress to rice-wheat system.
Moreover, the declining gypsum reserve of requisite quality is identified as a major
challenge in neutralization of the RSC water. ICAR-CSSRI Karnal develops many
alternatives to gypsum for counter acting sodicity stress created by alkali water irrigation.
However, our interaction with around 1000 farmers (during Vikshit Krishi Sanklap
Abhiyan: 29 may to 12 June, 2025) of Kaithal districts of Haryana, it is noticed that non
availability of these amendments is a big challenge to the farmers of these regions.
Several farmers requested for developing locally available amendment for treating alkali
water before irrigation, so they can halt secondary sodification of their lands. Therefore,
potassium aluminium sulphate (alum) is a locally available material, having rich source of
sulfur can be a viable option for treating the alkali water for halting the secondary
sodification in the areas of Haryana and Punjab, where alkali water has been continuously
utilized for irrigation purposes. Therefore, experiments were initiated in July 2025 to
evaluate the effectiveness of potassium aluminium sulphate (alum) for the treatment of
irrigation water having residual alkalinity. A review of the available literature indicated
that RSC values in the range of 5-7 me L™ are commonly reported for groundwater in the
Patiala district of Punjab and the Kaithal district of Haryana. Accordingly, synthetic
irrigation water with an RSC of 7.0 me L" was prepared by dissolving NaCl, Na,SO,,
NaHCO;, MgCl,-6H,0, and CaCl,-2H,0 in the best available groundwater, following an
ionic composition representative of these regions (Table 4.1). This high-RSC water was
subsequently neutralized using alum to reduce the RSC to 3.5 me LK, the threshold value
recommended for soils containing 20-30% clay. The treated water with alum will be used
forirrigation in arice—-wheat cropping system during the subsequent season

Table 4.1 Chemical composition of prepared irrigation water having residual sodium carbonate.

Water RSC SAR | TEC EC pH cr S0,” HCO, Na* Ca™ Mg™
quality (dS/m) (me/L) | (me/L) | (me/L) | (me/L) | (me/L) (me/L)
parameters

Values 7.0 10.0 30 3.0 7.6 12.05 3.15 15.9 21.2 4.4 4.5




Development of leachate collector, rapid GR meter and hydraulic conductivity
measuring device (Arvind Kumar Rai, Nirmalendu Basak, Priyanka Chandra, Parul
Sundha, Gajender, R.K.Yadav)

Agriculture and other land management practices often face the issue of the monitoring
of the movement of water and associated electrolyte. Often face criticism of polluting
ground as well as surface water bodies because of the movement of nutrients and other
constituents with percolating water down the soil profile. Thus, real risk assessment
needs real time monitoring of the leachate volume and its composition. Several studies
from CSSRI also highlight the possibility of predicting soil health and nutrient supplying
capacity by monitoring the quality leachate emanating from the soil profile. Till now real
time monitoring device for leachate quantity and hydraulic conductivity assessment is
not available. ICAR-CSSRI has developed a prototype for low-cost monitoring of the
leachate and profile leaching characteristic along with other features. The objectives of
the study are to develop low-cost device for measuring leachate volume and in-situ
hydraulic conductivity, portable GR meter for rapid analysis of gypsum requirement and
refining prototype for the measurement of the low cost device for column sampling and
measuring saturated hydraulic conductivity using falling head method. This work is being
conducted in collaboration with knowledge partners for the development and
refinement of the insitu leachate collector cum hydraulic conductivity measuring device,
soil column sampler and exsitu-saturated hydraulic conductivity measuring device using
falling head method. The Bharuwa Agri Science Pvt. Ltd., Kankhal, Haridwar, Uttarakhand
after developing an MOU are jointly refining the existing prototype. The Bharuwa Agri
Scienceis working onimproving the pumping device for efficient and effective extraction
of the leachate and data transfer system. The precision agriculture, Bawal is collaborator
for developing low cost column sampler. The three design patents have been granted
under this project namely, saturated unsaturated hydraulic conductivity meter, rapid
gypsum requirement estimation device and leachate collection cum hydraulic
conductivity measuring device..
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Crop Improvement for Salinity, Alkalinity
and Waterlogged Stresses

Genetic improvement of rice genotypes for salt tolerance using Conventional and
Molecular breeding methods (BM Lokeshkumar, Ravikiran KT, Nitish Ranjan Prakash
andDevika$)

This project focuses on identifying salt-tolerant rice donors from diverse genetic
backgrounds and using them to develop improved salt-tolerant genotypes. It includes
the development, evaluation, and dissemination of superior rice varieties through station
and AICRP trials. During Kharif 2025, various AICRIP and experimental trials were
conducted, and breeding materials were advanced accordingly. Observations from these
trials were systematically recorded and submitted to the Director, IIRR, Hyderabad.
Detailed findings and trial information are documented in the Progress Report 2025, Vol.
1 on Varietal Improvement under the All India Coordinated Research Project on Rice,
published by ICAR-IIRR, Hyderabad.

A.AICRP trials conducted:

a) IVT-Alkaline and Inland Saline TolerantVariety Trial-2025

b) AVT-Alkalineand Inland Saline Tolerant Variety Trial-2025

c) Coastal Saline TolerantVariety Trial-2025

d) IVT BasmatiVarietal Trial-2025

e)IVTand AVT - Aerobic trial and Direct Seeded Rice trail- 2025
f) BiofortificationTrail-2025

B.StationTrials
Monitoring, maintenance and development of breeding materials and geneticstocks

Important salt tolerant lines were used in hybridization with high yield varieties and to
enhance the genetic variation and to transfer the salt tolerance in high yielding varieties.
Numbers of segregating populations around 50 crosses F,, 20 crosses F,, F.-F, of 50
crosses and 250 fixed lines were maintained and screened under high salinity (EC,, ~10-
12dS/m)in micro plots and stress field. The top performing progenies were selected from
each segregating population for further screening/evaluation in the next cropping
season. In addition to this we have collected and maintained different breeding materials
and germplasm fromIRRIand evaluated for desirable traits. These lines will be maintained
and conserved properly for future breeding programme.

Evaluation of genotypes from different back ground for saline stress (ECe ~10 dS/m)
condition

A total of 306 lines from both IRRI and CSSRI developed materials from various crosses
were tested under saline stress (ECe ~8dS/m) condition in microplots. The grain yield of
306 genotypes ranged from 90 to 4912 kg/ha with a mean grain yield of 883 kg/ha (Figure
5.1&Table5.1). ThelinesIR22EL1505 and IR22EL1050 were showing highest grain yield of
more than 4000 kg/ha under saline stress condition. The list of top performing lines over
thecheck CSR27is presentedin (Table 5.2).
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Table 5.1 Descriptive statistics of performance of 306 genotypes under saline stress condition (ECe ~8 dS/m)

Statistics D50% Plant Panicle Total Productive Gain Yield
Flowering height length tiller tiller (kg/ha)
Min 74.0 38 10.0 4.6 3.0 90.8
Max 119.0 123.3 26.7 17.3 17.3 4912.3
Average 85.1 87.4 179 10.5 7.5 883.6

Fig 5.1 Response of 306 genotypes
for flowering and grain filling
under saline stress condition (ECe

~8dS/m)

Table 5.2 Best performing genotypes out of 306 genotypes under saline stress condition

(ECe~8dS/m)

Top performing lines Gain Yield (kg/ha)
IR22EL1505 4912.32
IR22EL1050 4378.12
CSR453-18-442-35 3998.86
IR22EL1562 3727.96
IR22EL1234 3642.40
IR22EL1119 3551.96
CSR 27 (Check) 3538.94

Evaluation of 108 rice genotypes from NBPGR under saline stress condition

A total of 108 lines from NBPGR tested under saline stress (ECe ~8 dS/m) condition in
microplots. The vigor score of the genotypes indicated that 92% of the lines showed vigor
score >7 or susceptible symptoms, only five genotypes exhibited score of 7 and only two




genotypes exhibited vigor score 5. The grain yield distribution varied from 0 to 2499 kg
/ha with an average of 529 kg/ha. The plant height varied from 39 to 109 cm with an
averageof62cm.

Mapping of the genomic regions associated with salt stress tolerance at
Reproductive stage

A total of 254 genotypes from IRRI lines were evaluated under moderate sodic stress
(pH™9.2-9.5) and saline (Ece ~ 6 dS/m) stress conditions. Grain yield of genotypes was
ranged from 266 to 3666kg/ha with a mean yield of 1454 kg/ha under saline stress
condition. Similarly, the grain yield of genotypes was ranged from 280 to 4130 kg/ha with
amean yield of 2155 kg/ha under sodic stress condition was recorded. The observations
ondifferent traitalso measured and used for the identification of QTLs.

Rice entries nominated to AICRP during 2025

Based on the performance of rice lines across the locations, across the stresses and across
the season the following entries nominated for testing under AICRP rice:

Trial Name

IVT - DSR CSR 2023-1-160-2-8
CSR 202-340-01-91

IVT -Aerobic CSR 2023-11-60-32
CSR 2023-400-246

IVT-AL&ISTVT CSR 401 -16-125
CSR 388-16-198
CSR 269-16-121

Rice entries promoted from IVT to AVT 1:

Trial IET Name

AVT-1AL&ISTVT 32783 CSR 2022 BR-41-4-64
32776 CSR 2022 ABC-165
32778 CSR2021-AL-29-485

Rice entries promoted from AVT1 to AVT 2:

Trial IET Name

AVT2-AL&ISTVT 31861 CSR2021-AL-2-94-112
31862 CSR2021-AL-294-72
31858 CSR2021-ST-294-168

Breederseed production

Breeder seed of the salt tolerant rice varieties i.e,, CSR 10 (0.5 Q), CSR 13 (0.25 Q), CSR 23
(0.5Q), CSR 27 (0.5 Q), CSR 30 (4.5 Q), CSR36 (0.5 Q), CSR 43 (0.5 Q), CSR 46 (2.0 Q), CSR49
(0.25 Q), CSR52 (0.25 Q), CSR56 (1.5 Q), CSR60(2.0 Q), CSR 76 (1.5 Q) the newly release
varieties namely CSR 101(4.Q), CSR 104 (1.5 Q), CSR 105 (2.5Q), CSR 108 (1.5Q) and CSR 64
(2.0Q). A total of 26.25 Q of breeder seed produced to meet the demand of seed
producing agencies as per DAC (Department of Agriculture and Cooperation) during
2025.
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Ricevarieties

During 2025, salt-tolerant rice varieties, namely CSR 108 & CSR 64 were notified and
released through CVRC.The details of the variety are given below.

Designation: CSR 108 (IET 31055/ CSR 141-11-112)
Parentage: Pusa44 / CSR 27

Flowering duration (FD): Alkaline: ~78 days
Saline: ~85 days

Maturity duration: 115-120 days

Grain type: Long Slender (LS)

Yield performance:

Alkaline soils (pH up t0 9.5 ) : 3819 kg/ha

Saline soils (ECe~8-10 dS/m) : 4472 kg/ha
Normal Soil : 5500-6000 kg/ha

Recommendation for: Recommended for Haryana
and Uttar Pradesh (Zone II)

Designation: CSR 64

Cross: PB1/TRY1

Flowering duration (FD): ~100 days

Maturity duration: 125-135 days

Grain type: Long Slender (LS)

Quality traits: Hulling recovery (HRR): 55.74%,
Amylose content (AC): 23.1%, Gel consistency (GC):
26.6 mm, ASV: 5,

Disease reaction: Moderately tolerant to leaf blast,
neck blast and sheath rot

Insect pest reaction: Moderately tolerant to leaf
folder

Yield performance: 43.85 g/ha

Yield advantage over national and local checks:
5.7-10.8%

Recommended for: sodic soils of Uttar Pradesh

I = .- 1 { i 1 .‘.'.
\ P o | 1 {
Ry | 3 s TN |

Fig 5.2 Field view and details of CSR 108 & CSR 64

Molecular genetic analysis of resistance/tolerance in rice wheat chickpea and
mustard including sheath blight complex genomics (Sub-project 1: Rice
component) (ICAR funded)

(Lokeshkumar B M)

The main aim of this project is to map the important genomic regions / QTLs controlling
salinity tolerance traits in rice. This is a network project involving various components
with salinity/sodicity component being dealt by ICAR-CSSRI, Karnal and genotyping at
IARI, New Delhi.

Phenotyping of mapping population (Pusa44/Bhurarata) for salinity tolerance

The salient findings of the systematic phenotyping of 190 recombinantinbred lines (RILs)



derived from Pusa44xBhurarata cross are presented, 190 RILs along with two parents
were evaluated under saline stresses (ECe~ 8dS/m) with two replication during Kharif,
2025.Grainyield (Kg/ha) ranged from 585(RIL306) to 4587(RIL 280) in under salinity stress,
while spikelet fertility (%) ranged from 8.7(RIL370) to 89.5 (RIL246). The genotype RIL280
(4587kg/ha) showed the highest grain yield followed by RIL299 (4192kg/ha),RIL302 (3937
kg/ha),RIL246 (3877 kg/ha),RIL360 (3619kg/ha), RIL222 (3545 kg/ha),RIL227 (3483 kg/ha),
RIL324(3466kg/ha) and RIL307 (3434 kg/ha) under saline stress (Fig 5.3).Descriptive
statistics of Pusa44/Bhurarata RIL populationis givenin Table 5.3.

Identification of QTLs for yield and yield related traits

Quantitative Trait Loci (QTL) mapping is a vital genomic tool used to identify regions of
the genome associated with complextraits. Table 5.4 provides a list of QTLs for key physio-
morphological traits in the RIL population derived from a cross between Pusa44 and
Bhurarata under saline stress during the reproductive stage. Two significant QTLs, gDFF1,
were identified for days to flowering. gDFF1 located on chromosome 8 with a LOD score
of 7.11, explained 18.53% of the phenotypic variance. The QTL for productive tillers (qPT1)
located on chromosome 3, had a LOD score of 2.67 and explained 7.1% of the phenotypic
variance. The spikelet fertility QTL gSF7 found on chromosome 1 between positions
22037276 and 41841813 had a LOD score of 6.8 and a PVE of 11.3%, indicating significant
genetic influence. For grain yield, qGY1, located on chromosome 1, had a LOD score of
5.19 and explained 10.45% of the phenotypic variance. The other QTL qGTY4 located on

Table 5.3 Descriptive statistics of Pusa44/Bhurarata RIL population

Fig 5.3 Top performing RILs on the
basis of grain yield under saline

stress

SI. No. | Traits Mean Range (saline) Pus44 Bhurarata
1. Days to flowering 95.9 69.8 (RIL354) - 151.2 (RIL386) 105.00 101.33

2. Plant height 92.6 57.2 (RIL353) - 129.3(RIL383) 83.25 102.26

3. Panicle length 18.9 12.9 (RIL212) - 27.2 (RIL301) 1.00 17.75

4, Total tiller 7.5 4.33 (RIL337) - 14.35RIL306) 542 7.65

5. Productive tiller 6.4 3.12 (RIL387) — 13.1 (RIL306) 4.00 5.50

6. Grain Yield(Kg/ha) 1828.4 585 (RIL306) - 4587 (RIL 280) 855.08 2879.57

7. Spikelet fertility(%) 48.2 8.7(RIL370) - 89.5 (RIL 246) 0.15 78.59

322
219
3210

o o -3
o
RIL280 RIL299 RIL302 RIL246 RIL360 RIL222 RIL227 RIL324 RIL307 RIL301 RIL226 RIL300
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Table 5.4 List of QTLs identified in the RILs of Pusa44/Burarata under saline stress condition ECe~8 dS/m

Trait Name QTL Left Marker Right Marker LOD PVE (%) Add
Days to flowering qDFF 8:3742236 8:3969555 7.11 18.53 -6.88
Productive tillers qPT 3:11371003 3:966332 2.67 7.10 0.52
Spikelet fertility qSF 1:22037276 1:41841813 6.85 11.31 -12.21
Grain Yield qGY1 1:22191683 1:22254275 5.19 10.45 -271.9
qGY2 4:9989298 4:10940059 3.05 9.16 255.02
qGY3 9:15488464 9:15598039 3.15 6.38 239.25

Table 5.5 Salt responsive genes Associated with the QTLs identified from RILs of Pusa44/Bhurarata under saline stress
conditionECe~8 dS/m

QTLs Under Lying genes

gDFF LOC_0s08906440, LOC_0s08g06490, LOC_0s08g06610, LOC_0s08g06630, LOC_0s08g06840,
LOC_0s08906890, LOC_0s08g07020, LOC_0Os08g07010

qGY 1 LOC_01g39399, LOC_01g39420, LOC_01g39430, LOC_01g39440, LOC_01g39480,
LOC_01g39490, LOC_01g39510

qGY2 LOC_0s04918320, LOC_0s04g18170, LOC_0Os04g18260, LOC_0Os04g18830, LOC_0Os04g18700,

LOC_0s04g18760, LOC_Os04g19370, LOC_Os04g19390, LOC_Os04g 19600, LOC_Os04g20100,
LOC_0s04g20320

qGY3 LOC_09g25880, LOC_09¢25870, LOC_09g25890, LOC_09925900, LOC_09g25910,
LOC_09g25960, LOC_09g25970, LOC_09g26000, LOC_09926004, LOC_09g26030
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Fig 5.4 Important QTLsidentified in the RILs of Pusa44/Bhurarata under saline stress condition ECe~8 dS/m

chromosome 3, had a LOD score of 3.0 and explained 9% of the phenotypic variance. The
third QTL was identified qGTY3 located on chromosome 9, had a LOD score of 3.0 and
explained 6% of the phenotypic variance (Fig 5.4). Salt responsive genes associated with
the QTLs identified from RILs of Pusa44/Bhurarata under saline stress are displayed in the
Table 5.5. These QTLs harbor key genes associated with salinity tolerance mechanisms.
Salt-responsive genes within these QTLs play a role in regulating various physiological



and molecular responses to salinity stress. Identifying these genes is crucial for marker-
assisted breeding to develop salt-tolerantrice varieties.

Network project on functional genomics and genetic modification in crop
(NPFGGM):SaltTolerancein Rice (ICAR funded) (LokeshkumarB M)

The main aim of this project is to map the important genomic regions / QTLs controlling
salt tolerance traits in rice. This involves collaborative work between CSSRI (for
phenotyping) and National Institute for Plant Biotechnology (NIPB), New Delhi (for
genotyping). A total of 140 RILs developed from cross combination of MTU 1001 X
Kalanamak. A total of 140 genotypes were phenotyped in saline stress (EC, ~ 8 dS/m)
during Kharif 2025.The grain yield was ranged from 9.5 to 4603 kg/ha (RIL40) with mean
of 951 kg/ha under saline condition. The lines RIL-40, RIL-66, RIL-85, RIL33, RIL-103 RIL-32,
RIL-11 and RIL76 performed over the CSR 27 (Figure 5.5). Descriptive parameters of RILs
under saline and sodic conditions are presented in Table 5.6. The correlation analysis
clearly indicated that the grain yield is significantly correlated with plant height (r= 0.40),
productivetillers (r=0.57) and panicle length (r=0.64).

Table 5.6 Mean and range of grain yield and yield contributing traits under of MTU 1001 x Kalanamak RIL population
saline (ECe ~8dS/m) stress condition during 2025

Parameter Plant height | Total tiller Productive tiller | Panicle length Yield (Kg/ha)
Min 62.3 5.8 5.7 0.6 9.5

Max 157.7 51.6 13.0 8.1 4603.9
Average 110.9 17.4 8.9 4.6 971.0
KALANAMAK 97.67 15.65 8.00 5.83 1500.65
MTU-1001 78.44 12.11 7.67 417 527.28

Fig 5.5 Graphical distribution of

grain yield (kg/ha) of

140 RILs

under saline condition (ECe~8

dS/m) during 2025
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One-IRRI Network Breeding Project at Canning and Lucknow (N.R. Prakash,
Lokeshkumar, B.M.,RavikiranK.T.and Devika$S.)

K

Under the ICAR-IRRI collaborative project, the centres at Canning and Lucknow are
actively involved in developing salinity and sodicity-tolerant rice varieties under
Thematic Area 4, which focuses on creating and deploying stress-tolerant crops. During
Kharif 2024, a total of 130 entries, including local checks, were evaluated at both centres
using an alpha lattice design under Stage 1 (SS1) trials. The phenotypic data generated
fromall 10 collaborating centres across India were analyzed using a Sparse Testing Design
approach, and Genomic Estimated Breeding Values (GEBVs) were predicted for selection.
Based on these evaluations, 40 promising entries were shortlisted and advanced to Stage
2 trials for Kharif 2025. These selected entries are currently being tested across both
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Canning and Lucknow, as well as the other eight collaborating centres in India, ensuring
multi-location validation. Additionally, during Kharif 2025, a fresh set of 100 entries is
being evaluated across all participating centres to continue the breeding pipeline.
Among thetested lines, the entry“IR22LT1610”emerged as a superior genotype based on
GEBVs across all centres during Kharif 2024.This line was multiplied at the Canning centre
during Kharif 2025 and is planned for submission to AICRIP in Kharif 2026 for further
evaluationand potential release.

Morphological and molecular characterization of salt-tolerant coastal rice
landraces (N.R.Prakash)

In this project, an association mapping panel of 243 genotypes was developed and
evaluated under low and high salinity conditions during Rabi 2022-23 and 2023-24 at
Canning and Kharif-2023 at Canning, Lucknow, Machhilipattnam, and Dandi centres. We
received the usable genotypic data of 236 genotypes from this panel. Using different
models (MLM, MMLM, CMLM, SUPER, FarmCPU, BLINK), genome-wide association studies
(GWAS) were conducted for all the traits under study, which were related to salt tolerance
at the reproductive stage in rice. The association panel was genotyped using dd-RAD-
Genotyping by sequencing (dd-RAD-GBS), and a total of 6917 workable homozygous
SNPs (MAF>0.01) were used for predicting marker-trait associations (MTAs) for all these
traits. We identified high-quality MTAs (a total of 130 MTAs governing 17 traits) consistent
across either two or more than two environments. It included MTAs for plant height (1),
grain yield (3), straw yield (4), harvest index (2), sodium content in leaves (14), sodium-
potassium ratio in leaves (16), panicle length (11), number of primary branches per
panicle (45), panicle primary branch length (16), Panicle Weight (1), and Spikelet Fertility
(17).The identified marker-trait associations can be used in genomic-assisted breeding to
improve salt tolerance in rice. Of all these traits, grain yield, Straw yield, harvest index,
sodium content in leaves, sodium-potassium ratio in the leaves, panicle weight, and
Spikelet fertility are directly involved in tolerance to reproductive stage salt stress. 210
MTAs (single and multiple environments) were predicted in 190 SNPs governing these
traits. These were 41 on Chr1, 24 on Chr2, 29 on Chr3, 19 on Chr4, 16 on Chr5, 14 on Chr6,
13 on Chr7,14 on Chr 8, 11 on Chr9, 9 on Chr10, 14 on Chr11,and 6 on Chr12. Among all
these, we found 17 SNPs within the range of Meta-QTLs, which are reported to affect salt
tolerance atthe reproductive stage.

Genetic approaches to improve wheat (Triticum aestivum L.) germplasm for salt
tolerance (Neeraj Kulshreshtha, Arvind Kumar, Ashwani Kumar, Ravi Kiran and Monika
Shukla)

The project was initiated with the objective to improve existing salt tolerant lines with
reference to grain yield, grain colour, disease resistance and other physiological and
morphological characters and to develop salt tolerant lines for different stress situations.
A number of experiments related to wheat breeding programme were laid down during
the project period in microplots, sodic soils of ICAR-CSSRI farm and other reclaimed soils
during November-December 2024.

Varietal development

Two salt tolerant varieties KRL 423 and KRL 1803 were approved for release for sodic soils
of UP state on 30.12.2025 during varietal release committee meeting held in Lucknow on



Variety Name: KRL-423

Plant height (cm): 99-112

Maturity duration (days): 124-153

1000-seed weight (g): 40-48

Salinity tolerance (ECe in dS m’):8.8+0.23

Sodicity tolerance (pH2): 9.2 + 0.76

Date of sowing: 5 November to 20 November
Average grain yield in normal soil (q/ha): 64-68
qt/ha

Potential grain yield in normal soil (q/ha): 73.2 qt/ha
Average grain yields in salt affected soils (q/ha): 42-
45 qt/ha

Variety Name: KRL1803

Plant height (cm): 98-115

Maturity duration (days): 132-153

1000-seed weight (g): 41-43

Salinity tolerance (ECeindSm™): 8.5+ 0.21

Sodicity tolerance (pH2): 9.3+ 0.18

Date of sowing: 5 November to 20 November
Average grain yield in normal soil (q/ha): 62-65
gt/ha

Potential grain yield in normal soil (q/ha): 72.1 qt/ha
Average grain yields in salt affected soils (q/ha): 40-
44 qt/ha

Fig 5.6 Field view and details of KRL 423 & KRL 1803

account of their superior performance consistently over checks for three years during
varietal trials in salt affected soils.

Hybridization and generation advancement

Three hundred forty one new cross combinations were attempted and approximately
2200 ear heads were emasculated and hybridized to create the variability for desired
traits. A large number of diverse parents were involved in crossing program which
included Elite or released cultivars (KRL 370, KRL 386, KRL 3-4, KRL 99, KRL 210, KRL 213,
KRL 283, KRL 1803, KRL 1818, KRL 2002, KRL 2009, KRL 2202, KRL 2205, KRL 2207, KRL
2213,KRL 2302, KRL 2309, KRL 2305, KRL 2306, KRL 2310, KRL 2401, KRS 21026, KRS 23070
and KRS 23073) developed at CSSRI, Karnal and popular varieties and genetic stocks
(DBW 187, DBW 316, Unnat PBW 550, PBW 870, PBW 902, PBW 835, HD 3369, HS 545, WH
1403, QLD 122, QLD 120, VL 3028, HPW 489, BRW 3992, DBW 371, DBW 444, GW 543, HI
1669, HI 1673, HS628, LOK 79, PBW 824, PBW 889, PBW 893 and PBW 897) and many
superior lines from 15" HZAN which are carrying the high yielding genes as well as gene
pyramids for resistance to rust and other major diseases, quality characteristics, high Zn
uptake. Under advanced/segregation generation F, (351 crosses), F, (65 Crosses), F, (370
Crosses), F, (850 Crosses), F, (170 Crosses), F,and higher generations (134 Crosses) were
advanced under intensive selections pressure of salt stress and rust diseases. Selections
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Table 5.7 Top 15 genotypes under different stresses in microplots based upon tolerance indices (TI)

SN Normal Saline Tl Sodic TI S+WL TI
(ECiw :10 dS/m) (pH2:9.3) (pH2:9.3)
1 KRL 2215 KRL 3-4 0.95 Kh 65 0.98 Kh 65 0.96
2 KRL 2202 KRL 1-4 0.92 KRL 99 0.96 KRL 99 0.90
3 KRL 2207 Kh 65 0.89 KRL 3-4 0.95 KRL 238 0.85
4 KRL 2205 KRL 19 0.88 KRL 2101 0.93 KRL 283 0.77
5 KRL 2203 KRL 2311 0.87 KRL 2307 0.90 KRL 3-4 0.77
6 KRL 2305 KRL 2308 0.87 KRL 283 0.90 KRL 2101 0.66
7 KRL 2309 KRL 238 0.85 KRL 19 0.89 KRL 2402 0.61
8 KRL 2014 KRL 283 0.84 KRL 2203 0.89 KRL 2307 0.58
9 PBW 343 KRL 2307 0.84 KRL 1-4 0.88 KRL 2308 0.58
10 KRL 2302 KRL 210 0.82 KRL 2308 0.87 KRL 19 0.57
11 KRL 370 KRL 2402 0.81 KRL 2309 0.84 KRL 2203 0.55
12 KRL 2009 KRL 2401 0.80 KRL 2305 0.81 KRL 1-4 0.55
13 KRL 386 KRL 1803 0.79 KRL 2202 0.80 KRL 2303 0.53
14 KRL 210 KRL 99 0.74 KRL 2310 0.75 KRL 210 0.52
15 KRL 283 KRL 2101 0.73 KRL 2303 0.69 KRL 2202 0.51
Evaluation of advanced lines in microplots (pH2: 9.3)
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were made on the basis on salt tolerance, disease resistance and agro-morphological
traits during the rabi season 2024-25.

Evaluation of wheat varieties for salt stress in Microplots

During the cropping season 2024-25, forty two wheat genotypes including 28 advanced
lines were evaluated under four environments (Control, Saline: irrigation with saline
water of EC,, :10 dS/m , Sodic; pH, 9.3 £ 0.11 and Sodic waterlogged: pH, 9.3 + 0.19) for
their per se performance in micro plots. Genotypes were evaluated in RBD with three

replications. Followingis the performance of genotypesin different microplots

@




Fig 5.8 Genetic variation among
wheat lines in sodic microplots
(pH29.3+0.11)

Results of microplots evaluation

» Normal microplots - top performing genotypes were KRL 2215 followed by KRL 2202,
KRL KRL 2207, KRL 2205, KRL 2203, KRL 2305, KRL 2309, KRL 2014, PBW 343 and KRL
2302.

« Saline microplots - KRL 3-4, 1-4, Kharchia 65, KRL 19, KRL 2311, KRL 2308, KRL 238, KRL
283 and KRL 210 based ontoleranceindices.

 Sodic microplots — Kharchia 65, KRL 99, KRL 3-4, KRL 2101, KRL 2307, KRL 283, KRL 19,
KRL 2203, KRL 1-4 and KRL 2308 based on tolerance indices.

Sodic waterlogged microplots — Kharchia 65 was the top performer followed by KRL 99,

KRL 238, KRL 283, KRL 3-4, KRL 2101, KRL 2402, KRL 2307, KRL 2308 and KRL 19 based on

toleranceindices.

Evaluation of CIMMYT's HZAN in sodic microplots under waterlogging
During the cropping season 2023-24, a set 230 entries of CIMMYT's High Zinc Advanced
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Nursery (15" HZAN) was evaluated under control as well as waterlogged microplots (pH,;:
9.3)inaugmented design. Each set was comprised of 10 entries and 3 checks. Following is
the performance of nursery. The entries HZAN 227 followed by HZAN 164, HZAN 96,
HZAN 221, HZAN 67, HZAN 171, HZAN 130, HZAN 223, HZAN 140 and HZAN 203 were
found to possess high tolerance index coupled with high yield in control plots (Fig 5.9).
Some of these entries have undergone introgression with salt-tolerant/high-yielding
genotypes to potentially furtherimprove their performance.

Evaluation of advanced breeding lines for salt stress

During the 2024-25 cropping season, the per se performance of 110 advanced wheat
breeding lines was evaluated at ICAR-CSSRI Karnal. The genotypes were assessed under
two environments: control (normal soil) and sodic soil (pH, 9.2) An augmented design
with five blocks, each comprising 22 test entries and five checks, was employed. The top
15 performing linesidentified in each environmentare presented in the table 5.8

Entries contributed for IPPSN 2024-25

During the cropping season eight promising wheat entries were sent for evaluation
againstrustdiseasesin Initial Plant Pathological Screening Nursery (IPPSN).

Entries Promoted/nominated

+ KRL 2402 was promoted from Salinity/Alkalinity Tolerance Screening Nursery 2024-25
to Salinity alkalinity trial 2025-26 as the entry was at par with the best check KRL 210
alongwith resistance to stem, leaf and stripe rusts.

e KRL2407 wasnominated to NIVT 1A from SATSN 2024-25.

« Salt tolerant entries KRL 2202 and KRL 2214 were promoted for the Uttar Pradesh
Salinity trial 2025-26 where as KRL 2403, KRL 2307 and KRL 2308 were nominated as
new entries for sodicity trial of UP state.

e Entries submitted to SATSN 2024-25:KRL 2407, KRL 2408, KRL 2413, KRL 2414, KRL 2501,
KRL 2502, KRL2503, KRL 2504, KRL 2505 and KRL 2506

e IPPSN2025-26: 16 entries from KRL 2507 to KRL 2522

Table 5.8 Top 10 genotypesamong advanced breeding lines with respect to grainyield/plot (g) in different environments

SN Normal Sodic (pH,: 9.2) Tolerance index
1 KRS23001 KRS23001 KRS 23090
2 KRS 23038 KRS 23037 KRS 23024
3 KRS 23057 KRS 23093 KRS 23037
4 KRS 23095 KRS 23090 KRS 23108
5 KRS 23103 KRS 23095 KRS 23093
6 KRS 23107 KRS 23094 KRS23001
7 KRS 23037 KRS 23089 KRS 23077
8 KRS 23040 KRS 23030 KRS 23067
9 KRS 23051 KRS 23108 KRS 21114
10 KRS23003 KRS 23054 KRS 23089
11 KRS 23094 KRS 23078 KRS 23054
12 KRS 23027 KRS 23027 KRS 23074
13 KRS 23032 KRS 23099 KRS 23091
14 KRS 23028 KRS 21007 KRS 23078
15 KRS 23106 KRS 21114 KRS 23100




Fig 5.10 Performance of wheat
genotypes under sodicity stress
at RRS Lucknow

Trials/nurseries conducted

During 2024-25 following trials and nurseries were conducted and the data was sent to

the coordinating center for compilation. Detailed findings and trial information are

documented in Progress Report of AICRP on Wheat and Barley 2024-25, Crop

Improvement.ICAR-1IWBR, Karnal, Haryana, India. p262.

« Salinity Alkalinity tolerance screening nursery 2024-25 atICAR-CSSRIKarnal (pH,:9.1)

« Salinity Alkalinity tolerance screening nursery 2024-25 at ICAR-CSSRI RRS Lucknow
(pH,:8.9)

« Salinity Alkalinity tolerance screening nursery 2024-25 at ICAR-CSSRI RRS Bharuch
(EC,,:7-8dS/m)

« Salinity Alkalinity tolerance screening nursery 2024-25 at ICAR-CSSRI Microplots (pH,:
7.5) Normal

« Salinity Alkalinity tolerance screening nursery 2024-25 at ICAR-CSSRI Microplots (pH,:
9.3) Sodic

* Special Alkalinity Salinity Trial 2024-25 at ICAR-CSSRI Karnal (pH,: 9.1)

« Special Alkalinity Salinity Trial 2024-25 at ICAR-CSSRIRRS Lucknow (pH,: 8.9)

« Special Alkalinity Salinity Trial 2024-25 at ICAR-CSSRIRRS Bharuch (EC,,: 7-8 dS/m)

Others AICRP trials/nurseries conducted

 National genetic stock nursery 2024-25

« 57"IBWSN (221 genotypes)

+ 32"SAWYT (50entries)

These trials were helpful in genotypic evaluation under stress, enrichment of new
germplasm sources at ICAR-CSSRI and promotion of new entries to the salinity alkalinity
trial.

StationTrial conducted at Lucknow & Bharuch

A station trial comprised of 31 wheat genotypes including checks such as KRL 210, KRL
283 and Kharchia 65 which were tested under sodicity (pH,: 9.5t09.8) in RCBD with three
replications. Observations were recorded on grain yield (plot basis) and its contributing
traits including biomass, test weight, days to heading and maturity, spike length and

Mean performance of wheat genotypes in high sodic stress (pH,: 9.5-9.8)
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Fig 5.11: Performance of wheat
genotypes in terms of grain yield
under saline vertisols (ECiw: 6-8
dSm-1) atRRS, Bharuch, Gujarat

Performance of wheat genotypes in saline vertisols (ECiw: 6-8 dSm")
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number of grains per spike. Based on grain yield, the genotypes KRL 2214 and KRL 2305
outperformed best check Kharchia 65 and KRL 210 in terms of grain yield. Performance of
wheat genotypes tested at RRS, Lucknow centre can be seeninthe Fig 5.10.

In Bharuch, the same experiment was conducted on salt affected Vertisols (EC,, 6-8
dsSm™). GenotypesKRL2310,KRL 1803, KRL 2207 and KRL 2301 outperformed best checks
KRL 210 and KRL 283 in terms of grain yield. Performance of wheat genotypes tested at
RRS, Bharuch, Gujarat centre canbeseenintheFig5.11.

Advancement of mapping populations for salttolerance

During the cropping season three mapping populations namely IC564103-A/Kharchia 65
(population size 290 in F, generation), HD2985/Kharchia Local (population size 360 in F,
generation) and KRL 283/IC401976 (size 120in F,,generation) were advanced.

Breeder/nucleus seed production and seed multiplication

Thefollowing seed-related activities were conducted during the cropping season:

Breeder Seed Distribution: Breeder seed of CSSRI varieties was distributed as follows:
To publicand privateagencies:KRL210 (6 qt), KRL213 (1.5 qt), KRL 283 (4 qt)
Tothe seed production unit (forTL seed): KRL210 (7 qt), KRL213 (0.5 qt), KRL 283 (1.5 qt)

Nucleus Seed Production: Nucleus seed of five released varieties (KRL 1-4, KRL 19, KRL
210, KRL 213, KRL 283) and 20 advanced lines was produced at the CSSRI experimental
farm.

Seed Multiplication: Seed was multiplied for: IPPSN and SATSN entries, three NIVT
entries and important germplasm (Kharchia 65, KRL 99, KRL 3-4, and Kharchia local) for
use as checks.

Genetic Improvement in Barley for Managing Salt-Affected Agro-Ecosystems
(Arvind Kumar, Anita Mann, Neeraj Kulshrestha, Priyanka Chandra, Monika Shukla, Ravi
Kiran,K.T.and Devika$.)

Salt-affected agro-ecosystems pose a major constraint to agricultural productivity in
India, particularly in arid and semi-arid regions. Barley (Hordeum vulgare L.), being the



most salt-tolerant cereal crop capable of withstanding salinity levels up to 250 mM Nadl,
offers significant potential for reclaiming sodic and saline soils. Keeping this in view, the
present project was initiated at ICAR-CSSRI, Karnal, with the objective of developing high-
yielding, salt-tolerant barley genotypes suitable for salt-affected environments.

Germplasm Collection and Parental Line Assembly

During 2024-25, a total of 234 barley germplasm lines were assembled, comprising 210
exotic accessions procured from ICARDA, Morocco, and 24 indigenous lines obtained
from lIWBR, Karnal. In addition, a set of promising good-combiner parental lines (Karan03,
Karan04, Karan18, Karan19, Karan231, Karan265, Karan163, Karan201, Karan92, Karan15,
and Karan280) was consolidated to support hybridization and breeding strategies aimed
atsalinity and sodicity tolerance.

Salinity/Alkalinity ToleranceTrials

The Advanced and Initial Varietal Trials for salinity/alkalinity tolerance (AVT/IVT-SST) were
conducted under sodic field conditions (pH, 9.2; ESP 32.2-37.0) using a randomized block
design with three replications. The trial included 18 test entries and three checks. Grain
yield ranged from 24.50 to 39.81 q haX', with RD3140 emerging as the top performer
(39.80 q halX'), followed by RD3109, RD3138, and RD3102, all significantly superior to the
checkRD2794.

Hull-less Barley Evaluation

The IVT-IRTS-NB (Hull-less Barley) trial was conducted under reclaimed sodic soil (pH, 8.3;
ESP 10.6-14.86) using an alpha lattice design. Grain yield varied from 16.14 to 48.29 q
haX'. Five entries namely PL976, DWRB2428, DWRB2407, RD3125, and DWRB2436
recorded significantly higher yields than the best check DWRB223, indicating strong
potential for furtheradvancement.

International and Exotic Germplasm Evaluation

The International Spring Barley Observation Nursery (IBON 2024-25), comprising 130
genotypes, was evaluated under reclaimed sodic conditions. Grain yield ranged from
26.75 to 63.62 q hal', with nine entries significantly outperforming the check Rihane-
03.Additionally, 108 barley germplasm lines were evaluated under micro-plot conditions
with high sodicity stress (pH, 9.4; ESP up to 45.7%). Genotypes such as SAGGIA, AZAD,
RD2508, NB2, and RD2592 exhibited higher grain yield with lower yield reduction,
indicating superior sodicity tolerance. A separate evaluation of 30 exotic hull-less barley
genotypes identified CSB24353, CSB24125, and CSB24119 as promising donors,
combining high grain yield with excellent hull-less recovery. Further, 104 ICARDA elite
lines were screened under sodic field conditions, five entries (including FFM2300951 and
FFM2301077) significantly outperforming the check DWRB137.

StationTrial and Breeding Progress

In the station trial, 160 advanced breeding lines were evaluated, of which 34 lines
recorded significantly higher yield (40.3-68.83 g ha") than the check NDB-1173 and were
promoted to IBDSN for 2025-26.

Hybridization and Generation Advancement

More than 400 single crosses were attempted using diverse parental lines. Advancement
of 8 F,, 87 F,, and 48 F; populations was successfully completed for strengthening the
breeding pipeline for developing salt-tolerant barley varieties. Overall, the project made
substantial progress in identifying promising genetic resources and advancing breeding
material for sustainable barley production in salt-affected agro-ecosystems.
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Summary

A total of 34 entries (KRLB2501 to KRLB2534) promoted to Initial Barley Disease
Screening Nursery (IBDSN) 2025-26.
» More than 400 single crosses were attempted in best adapted diverse barely cultivars

forenhancing sodicity tolerance.

» Two advance lines i.e.CSB24119 and CSB24125 were identified almost completely hull
less and potential for cultivar development.

* The Germplasm SAGGIA, AZAD, RD2508, NB2, RD2592, BHS46, BS544, PI532038, NB3,
and IBON24-40 were identified as sodicity tolerant candidate parental lines.

« Forsodicity stress tolerance above ground biomass, days to 50 % heading, plant height,

ear weight and seeds weight per ear are utilized for selecting the candidate parental

Field view of Saggia lines.

Development of salt tolerant and high yielding Indian Mustard (Brassica juncea L.
Czern & Coss) genotypes using Classical and Modern breeding approaches
(JogendraSingh, Vijayata Singh, Ravikiran KT, Ashwani Kumar and Kailash Prajapat)

Development of salt tolerant Indian Mustard CS 68 (CS2020-10;1C657307)
Developed salt tolerant Indian Mustard CS 68 and identified by “Varietal Identification
Committee” during “32™ Annual group meeting of AICRP on Rapeseed & Mustard on
06/08/2025 for salt affected soils and water [ECe/EC,, 10-13 dS m/alkalinity (pH) 9-9.4] of
the country. Ityielded 22-24 g/hain salt stress and 26-30 g/ha in normal soils. It flowers in
54 days and attains a height of 190 cm. It produces a high number of primary (7) and
secondary (14) branches, with a main shoot length of 70 cm, bears an average of 60 siliqua
on the main shoot, and a 1000-seed weight of 5.2 g. The oil content in the seeds is
Field view of CS 68 approximately 40%. This variety showed resistance to Alternaria blight, White rust,
Powdery Mildew, Downy Mildew, Stag head, Sclerotinia stem rot and mustard aphid
under field conditionsalso.

Germplasm collection, documentation and conservation-2024-25

We conserved, maintained, evaluated, and documented a diverse range of Indian
mustard germplasm, including wild relatives, landraces, and cultivated varieties from
various environments as Germplasm accessions (2750); advanced breeding lines (1350
lines: PYT, YET, BC, segregating generation); multiple stress tolerant line (31), four
RecombinantInbred Lines (RILs) population [1000 lines: (1) CS 614-1-100-13xCS 56; (2) CS
245-2-80-7xCS 56; (3) CS 245-2-80-7xVaruna; and (4) CS 614-1-100-13xVarunal],
Introgressed lines (209) of Brassica super pan-genome combining genomic elements of B.
juncea, B. fruticulosa, Erucastrum abyssinicum, and Diplotaxis tenuisiliqua; donors for heat,
drought, frost (6 lines): Pusa Bahar (Heat tolerance); RH-781(Drought and frost tolerance);
RH-819 (Drought tolerance) and white rust/Alternaria (3 lines: DRMR 2019, Bio YSR &
DRMR 2035; donors for salt tolerance (6 lines: CS 60, CS 52-SPS-1-2012, CS 2009-159, CS
2009-420, CS 2009-124, and Swarn Jyoti/RH-9801).

Development and Evaluation of advanced breeding lines (PYT) in semi- reclaimed
alkalisoils 2024-25

A total of 25 advanced breeding lines and 8 checks (Kranti, Pusa Bahar, Giriraj, CS 60, RH
781, RH 819, RH 749 and CS 58) were evaluated in PYT for seed yield in normal and
reclaimed alkali soils (pH, 9.3) at Karnal. Seed yield ranged from 1.3to 2.6 tha" (Mean 2.0t
ha", CD s 0.17 t) under normal conditions while it ranged from 0.9to 1.5tha' (Mean 1.2



tha’, CD s, 0.10 t) under alkali condition. 12 genotypes produced significantly higher
yield over the best check CS 60 (1.9 tha™) with CS2013-39 (2.6 t ha") followed by CS 2013-
47 (2.5 t ha") recorded maximum seed yield under normal conditions, while two lines
gavessignificantly higheryield over the best check CS60 (1.4t ha") with CS2013-47 and CS
2020-24(1.5tha’) recorded maximum seed yield underalkali stress.

Development and Evaluation of advanced breeding lines (YET) in semi-reclaimed
alkalisoils-2024-25

A total of 32 advanced breeding lines and 8 checks (Kranti, Pusa Bahar, Giriraj, CS 60, RH
781, RH 819, RH 749 and CS 58) were evaluated in YET for seed yield in normal and alkali
soils (pH, 9.3) atKarnal. Seed yield ranged from 1.3to 3.4 tha" (Mean 2.4 tha", CD s, 0.20
t) under normal conditions while it ranged from 0.8 to 1.6 t ha' (Mean 1.1 t ha", CD .,
0.13 t) under alkali condition. Twenty-seven lines gave significantly higher yield over the
best check CS60 (1.9 tha™) with CS 17000-2-3 (3.4 tha") followed by C52013-51(3.0tha™)
under normal condition, while Three lines gave significantly higher yield over the best
check CS60 (1.4t ha") with CS 22000-7-5 (1.6 t ha") followed by RIL87& RIL199 (1.6 t ha™)
recorded maximum seed yield under alkali stress.

Development and Evaluation of Multi-stress tolerance advanced breeding line
(drought, frost, heat and salt stresses) conditions

The objective behind these crosses was to develop multi-stress (salinity, heat, drought
and frost) tolerant mustard genotypes with higher yields. A total 25 advanced breeding
linesand 4 checks [CS 60 (salinity tolerance), Pusa Bahar (heat tolerance), RH-781(drought
& frost tolerance), and RH-819 (drought tolerance)] were evaluated for seed yield under
multi-stress (drought, frost up to -5 °C and heat stresses up to 42 °C along with sodic soils
pH,9.78) conditions (Table 5.9).

AICRP research trials

Rapeseed- Mustard Salinity/Alkalinity Trial-2024-25 and agronomic trial 2024-25 were
successfully conducted and Observations systematically recorded and submitted to the
Director, DRMR, Bharatpur. Detailed findings and trial information are documented in the
Progress Report 2025 of All India Coordinated Research Project on rapeseed Mustard,
published by ICAR-DRMR, Bharatpur.

Table 5.9. Development of multi stress tolerance advanced breeding line

Sr.No. | Genotype Pedigree Sr.No. | Genotype Pedigree

1 CS2020-1 CS 204-2-2 x Rohini 14 CS2020-14 CS330-1xQ2061-41
2 (CS2020-2 RH 781 x CS 204-2-2 15 CS2020-15 Q2061-41xCS 56

3 (CS2020-3 CS 204-2-2xQ 2061-41 16 CS2020-16 CS 330-1 x Rohini

4 CS2020-4 Rohini x CS 54 17 CS2020-17 Rohini x CS 330-1

5 (CS2020-5 Pusa Bahar x CS 330-1 18 CS2020-19 Q2061-41 x CS 330-1
6 CS2020-6 Pusa Bahar x CS 204-2-2 19 CS2020-20 Pusa Bahar x CS 54

7 CS2020-7 Rohini x CS 56 20 CS2020-21 CS 56 x RH 781

8 (CS2020-8 Rohini x CS 204-2-2 21 (CS2020-23 CS 330-1xQ2061-41
9 CS2020-9 CS 56 x Rohini 22 (CS2020-25 RH 781 x CS 330-1

10 CS2020-10 RH 781 x CS 56 23 (CS2020-27 CS 54 x Rohini

11 CS2020-11 CS56xQ2061-41 24 CS2020-29 CS 54 xRH 781

12 (CS2020-12 CS54xQ2061-41 25 CS2020-30 RH 781 x CS 54

13 (CS2020-13 CS 204-2-2 x Pusa Bahar
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Commercialization of salt tolerant varieties developed at ICAR-CSSRI Karnal and
released by CVRC through the Production and distribution of breeder seeds

During the year 2024-25, breeder seed (1.50 tonnes graded) of Indian mustard varieties;
CS52(0.051),CS54(0.05t),CS56(0.05t),CS58(0.71),CS60(1.21),CS61(0.5t) and CS 64
(0.6 t) while 0.4 tonnes of TL seed of CS 62 was produced and distributed to stakeholders,
centraland state govt.agencies.

Outputduring the period underreport

 Developed genotypes CS 2009-154 (CS 66; 1IC654506), CS 2009-335 (CS 65; 1C654507)
identified by UP State SVRC for release under Sodic condition-2025.

 Developed and maintained 1000 lines of 4 Recombinant Inbred Lines (RILs) population
(250 lines of each) in F,,, generation and 1250 advanced breeding lines (F,, F,,and F,,,
Mutant, BILs) of Mustard according to objectives of the project.

 Developed genotypes CS 2009-219, and submitted to AICRP on Rapeseed & mustard
for AVT-ITimely sowing andirrigated trial-2025-26.

» Developed genotype CS 2002-63, CS 2004-102, CS 2013-63, CS 22000-7-5, CS 2013-47
and CS52020-24 and submitted to UP State AdaptiveTrial 1" year under Sodic condition-
2025-26.

 Developed genotypes RIL 199 and CS 2013-5, and submitted to UP State Adaptive Trial
2"year under Sodic condition-2025-26.

Molecular approaches for mapping of novel gene(s)/ QTL(s) for resistance/
tolerance to different stresses in Rice, Wheat, Chickpea and Indian Mustard
including sheath blight complex genomics and resistance mechanisms.
Component4:Indian Mustard (Jogendra Singh and Vijayata Singh)

Insight into the mechanism of Salt stress responsive genes through Proteomics to
uncover promising candidate proteins that regulate metabolic processes,
hormonal crosstalk, and signalling pathways interpreting salinity tolerance in
Mustard (Brassica juncea) cultivar CS 60

Experimental material for this study comprised of Indian mustard (Brassica juncea)
genotype CS 60 (salt tolerant variety released by CVRC). Seeds of CS 60 were germinated
on sterile germination paper (Axiva, 135 g/m’ GSM) moistened with double distilled
water, placed in a plastic tray for 6-7 days at 24 XC temperature. On 7" day, the seedlings
were separated carefully from germination paper and 120 seedlings were transferred to
hydroponic tray prefilled with Hoagland solution till 10" day. After 10" day, 40 seedlings
were exposed to Hoagland solution (as control), 40 seedlings treated with Hoagland
solution supplemented with saline salts (as salt treatment) for 24 h, 48 h and 72 h. Saline
mixture was prepared by dissolving Na,SO,, NaCl, CaCl,, and MgCl, with Na: Ca and CI:SO,
ratiosas 6.3: 1 and 6.1: 1, respectively, to maintain the sodium absorption ratio within the
permissible limit of 11.3. To avoid osmotic shock to seedlings, salinity was gradually
increased. On 15" day, the desired level of salinity (EC,, 12 dS/m) was achieved which was
considered as salt treatment. Post 15" day, the effects of salinity were observed at 24 h, 48
h and 72 h. After salt stress treatment, seedlings were harvested and immediately frozen
in liquid nitrogen and kept at —80°C for further experiments. Three independent
biological replicates were prepared for proteomic analyses.

Proteome dynamicsinresponse tosalt stress
The effects of salt stress on the protein profiles of CS 60 were analyzed using 2-DE. To
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Fig 5.12 Two-dimensional electrophoresis (2-DE) gel
images of proteins of CS 60
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Fig 5.13 Two-dimensional electrophoresis (2-DE) gel
images of proteins of CS 60 treated with salt stress ECiw

12 dS/m. The 42 salt-stress-responsive protein spots
identified by tandem mass spectrometry (MS/MS), which
are numbered and indicated by arrows, correspond to
the spotnumbersinTable 5.10.

analyze proteome dynamics in response to salt stress, we measured several time points,
from 24 hto72h, afterEC,, 12 dS/msalinity treatment (Fig.5.12).

Approximately 500 protein spots were detected on silver-stained 2-DE gels in the range of
pH 4-7. Differential protein abundance between the control and salt stressed plants
under different time points was assessed. Total 62 protein spots were observed to be
reproducibly and significantly (p < 0.05) altered in abundance by more than two-fold in at
least one-time point after salt treatment (Fig.5.13).

Among these, 42 were identified by MS/MS analysis (Table 5.10). To determine the
functional roles of these proteins in salt adaptation, their dynamic changesin abundance
were analyzed. ATP synthase (chloroplast) was identified in seven spots (spot 13, 18, 28,
31,32,36and 37),and 60-kDa chaperonin was identified in three spots (spot4, 16,and 19),
whereas chloroplast ribulose-1, 5-bisphosphate carboxylase/ oxygenase activase (spot 7
and 30), heat shock protein 70 (spot 20 and 25), and chitinase (spot 26 and 29) were
identified in two spots. These phenomena are commonly observed in 2-DE gel analysis
and may result from the presence of different isoforms, differential post-translational
modification or degradation in the protein extracts; they can also be related to allelic
polymorphism.

The identified salt-stress-responsive proteins were further divided into seven categories
on the basis of their functions (Fig. 5.14), including Chl biosynthesis (3.0%),
photosynthesis (2.0%), stress and defence (12.9%), signal transduction (7.9%), ROS
homeostasis (23.8%), protein metabolism and energy synthesis (23.8%), and cell
structure damage repair (5.9%), transcription (5.9%) and membrane transport (5.9%). At
the 24-h time point, 12 protein spots exhibited increased abundance and 16 spots
exhibited decreased abundance. The number of down-accumulated proteins upon salt
stress decreased and was much lower than the number of salt-induced proteins.

Only five spots were down-accumulated, while 15 protein spots were up-accumulated, at
the 48-h time point. The changes persisted and at the 72-h time point, the abundance of
18 protein spots was increased and only four spots showed decreases in abundance. The
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Table 5.10. Quantification summary of differentially accumulated proteins of B. juncea var. CS 60 under salt stress

Spot | Protein Prot Peptide sequence (LC-MS/MS) CeIIu_Iar
score location
Biosynthesis
1 glutamate 1 -semialdehyde 62 DNGALLIFDEVMTGFR chloroplast
aminotransferase
Photosynthesis, energy synthesis and membrane transport
3 photosystem | subunit VI 193 IYDTCIGCTQCVR,CESACPTDFLSVR chloroplast
5 Sedoheptulose-1,7- 120 NEIRFEETLYGTSR, FEETLYGTSR chloroplast
bisphosphatase
7 Chloroplast ribulose- 1,5- 256 GLAYDTSDDQQDITRGK, LMEYGNMLVMEQENVKR, chloroplast
bisphosphate carboxylase/ VQLADQYLNEAALGDANADAIGR
oxygenase activase
10 phosphoribulokinase 164 ANDFDLMYEQVK,ILVIEGLHPMFDERVR, chloroplast
KPDFDAFIDPQK
12 Lhcb6 protein 27 TAENFANYTGDQGYPGGR chloroplast
14 33 kDa oxygen-evolving 130 GGSTGYDNAVALPAGGR chloroplast
protein
17 chlorophyll a/b binding 84 GPSGSPWYGSER, NRELEVIHCR chloroplast
protein
23 23kD protein of oxygen 139 WNPSREVEYPGQVLR, EVEYPGQVLR chloroplast
evolving system of PS I
30 chloroplast ribulose- 1,5- 62 VQLADQYLNEAALGDANADAIGR chloroplast
bisphosphate carboxylase/
oxygenase activase
38 Ribulose bisphosphate 54 DTDILAAFR chloroplast
carboxylase large chain
39 transketolase-1 124 SIITGELPAGWEK, ALPTYTPESPGDATR chloroplast
42 clpA 254 QLGHNYIGSEHLLLGLLR, TAIAEGLAQR, YRGEFEER, chloroplast
GELQCIGATTLDEYRK, YTDESLVAAAQLSYQYISDR,
HAQVPEEARELEK, RPYTWLFDEIEK
13 ATP synthase -f subunit 42 GMDWDMGNPLSVPVGGATLGR chloroplast
18 ATP synthase gamma chain, 43 RPYIPVDKYLEAGTLPTAK, GIYPAVDPLDSTSTMLQPR chloroplast
chloroplast precursor
27 F1-ATPase -a subunit 100 AVDSLVPIGR, EAFPGDVFYLHSR mitochondrion
28 ATP synthase CF1-f subunit 158 TREGNDLYMEMK, MPSAVGYQPTLSTEMGSLQER, chloroplast
VALVYGQMNEPPGAR
31 ATP synthase CF1-a subunit 167 IAQIPVSEAYLGR, ASSVAQWTSLQER, VINALANPIDGR chloroplast
32 ATP synthase-f subunit 613 AHGGVSVFGGVGER,VGLTALTMAEYFR, chloroplast
DVNEQDVLLFIDNIFR, FVQAGSEVSALLGR,
ELQDIIAILGLDELSEEDR
36 ATP synthase-f subunit 204 AHGGVSVFGGVGER,DVNEQDVLLFIDNIFR, chloroplast
ELQDIIAILGLDELSEEDR
37 ATP synthase-f subunit 68 VGLTALTMAEYFR, FVQAGSEVSALLGR chloroplast
6 pyruvatedehydrogenaseE1(3 149 VLAPYSAEDAR, AAEKLAEEGISAEVINLR, mitochondrion
IAGADVPMPYAANLER
34 malate dehydrogenase 126 ELVKNDEYLNGEFITTVQQR mitochondrion




Transcription and Protein metabolism
2 cyclophilin, partial 38 IVMELYADTVPETAENFR plasma
membrane
4 60-kDa chaperonin 104 NWLDEFGSPKWNDGVTIAR, AIELPDAMENAGAALIR mitochondrion
15 20S proteasome a- subunitB | 64 ETIPVTQLVR cytoplasm
16 60 kDa chaperonin subunit-$ | 90 SAENALYWEGMQFDR,AAVEEGIWGGGCTLLR chloroplast
19 60 kDa chaperonin subunit-3 | 108 AAVEEGIWGGGCTLLR,YEDLMAAGIIDPTKWR chloroplast
20 heat shock protein 70 410 TTPSYVAFTDSER, MVNHFVQEFKR, nucleus
cognate DAGVIAGLNVMR, IINEPTAAAIAYGLDKK
21 heat shock protein 60-3A 67 ASLDDLAVLTGAEVISEER,ALDNLQTENEDQRR mitochondrion
25 heat shock cognate protein | 408 DAGVIAGLNVMR, IINEPTAAAIAYGLDKK, nucleus
hsc70 MVNHFVQEFKR, TTPSYVAFTDSER
33 elongation factor Tu 411 KYDEIDAAPEER, QTELPFLLAVEDVFSITGR, chloroplast
VGETVDLVGLRETR, ILDEALAGDNVGLLLR
41 chaperonin hsp60 271 GYTSPYFITNQK, AAVEEGILPGGGVALLYAAR, cytoplasm
ELEKLPTANFDQK
Signal transduction, Cell structure damage repair, ROS homeostasis, and Stress defense
8 Fe superoxide dismutase 1 32 TFMNNLVSWEAVSSR peroxisome
9 glutathione transferase 78 KIPVLLHDGR peroxisome
22 dehydroascorbate reductase| 203 ESFKNTEAQTEDVIAGWRPK,NTEAQTEDVIAGWRPK mitochondrion
11 thiazole biosynthetic enzyme | 175 ALDMNTAEDAIVR, EWPGMIVTGMEVAEIDGAPR chloroplast
35 RSH2 195 ADILDSALLRPGRFDR,TPGFSGADLANLLNEAAILAGR, chloroplast
AILSEFTEIPPENR
24 cinnamyl alcohol 78 AGDTVGVGYFLDSCR cytoplasm
dehydrogenase
26 chitinase 27 LPGYGVITNIINGGLECAGR cytoplasm
29 chitinase 189 SFPSFGNTGDLAMR, DLGLELLKNPDVASSDPVIAFK, cytoplasm
LPGYGVITNIINGGLECAGR
40 N-glyceraldehyde- 120 GDKLIEGVPETLDMLR, ENPGCLFIATNR cytoplasm
2-phosphotransferase-like
A 30% 3.0% B
© Biosynthesis © Cell Wall
© Cellular structure ,/112 0 :ghy::;’f;“
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Fig 5.15. Hierarchical cluster analysis of the
dynamic profiles of the 42 identified proteins.
Protein names and spot numbers are labelled to
the right of the corresponding heat maps. The
proteins that increased and decreased in
abundance are indicated in red and green,
respectively. Proteins showing no significant
changes are indicated in black. The intensity of the
colours increases with increasing accumulation
differences, as shown to the left of the bar. 1 and |l
indicated Cluster | and Il, while A-E indicated
subgroup A-E.
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salinity-responsive proteins displayed different dynamic patterns during the time course
experiments. For example, no significant change in protein abundance was detected for
chitinase (spot 29) at 24 h; however, it was up-accumulated at 48 h.The abundance of the
ATP synthase beta subunit (spot 37) was significantly decreased at 24 h, and then
increased at48h.

To further reveal the proteome dynamics in response to salt stress, hierarchical cluster
analysis was performed (Fig. 5.15). The results indicated that leaves at 24 h and 48 h were
grouped into a single group, and leaves at 72 h were in another cluster. The 42
differentially accumulated protein spots in response to salt stress were grouped in two
main clusters. The first cluster (Cluster 1) included 14 protein spots whose abundance
mainly decreased upon high salinity. Most of these proteins are involved in Chl
biosynthesis, photosynthesis, respiration and energy synthesis. This cluster could be
separated into two subgroups according to the changing patterns of the spots. In
subgroup A, the abundance of most down accumulated proteins at time point 24 h was
increased attime point48 hand 72 h, while the highest depression effect of salinity on the
accumulation of proteins in subgroup B was observed at time point 72 h. The second
cluster (Cluster Il) included 28 protein spots whose abundance was increased by salt



treatment. Most of them belong to protein families for protein metabolism, damage
repair and defense response. This cluster could be further divided into three subgroups.
The first subgroup (subgroup C) included 10 protein spots showing the highest up-
regulation upon salt stress treatment at time point 72 h. The accumulation levels of 11
spots in the second subgroup (subgroup D) and seven spots in the third subgroup
(subgroup E) was strongly induced by salinity at time point 24 hand 48 h, respectively.

Photosynthesis under salt stress

Proteomic analysis showed that 12 proteins related to photosynthesis were salinity
responsive, including six photosynthetic proteins and six enzymes crucial for CO2
fixation. Interestingly, most of the proteins involved in the light reaction, including
photosystem | subunit VII (spot 3), Lhcb6 protein (spot 12), 33 kDa oxygen-evolving
protein (spot 14), Chl a/b binding protein (spot 17), and 23kD protein of oxygen evolving
system of photosystem Il (spot 23), were up-accumulated in response to salt stress.
However, the protein abundance of enzymes in CO, assimilation, including Ribulose
bisphosphate carboxylase (RuBisCO) large chain (spot 38), sedoheptulose-1, 7-
bisphosphatase (spot 5) and phosphoribulokinase (spot 10), was significantly decreased
after salt-stress treatment, especially at the 24-h time point. In support of this finding, the
reduction in stomatal conductance and transpiration rate was far larger than the
reduction in intercellular CO, concentration after salt stress treatment (Table 5.10). These
observations suggested that the salt-induced reduction in photosynthesis capacity
could be mainly attributed toimpaired CO, fixation in mustard seedlings.

Energy synthesis under salt stress

In this study, proteomic analysis identified eight spots (spots 13, 18,27, 28,31, 32, 36, 37)
as ATP synthase subunits, whose abundances changed under salt-stress conditions
(Table 5.10). Most of these proteins were down-accumulated, especially at the 24 h time
point, and the enzyme activity analysis result was consistent with this finding. These
results suggested that energy synthesis might be repressed in salt-stressed Brassica
juncea.

Protein metabolism under salt stress

Salt stress can severely affect protein synthesis and disrupt protein folding in the
endoplasmic reticulum (ER), leading to the accumulation of unfolded proteins and ER
stress in plants. Proteomic analysis in the present study indicated that elongation factor
Tu (spot 33), which is involved in protein biosynthesis and chaperones (cyclophilin, 60
kDa chaperonin/HSP60 and HSP70) related to protein folding, was significantly induced
in salt-stressed leaves (Table 5.10). By contrast, a protein associated with protein
degradation (20S proteasome) was decreased by salinity stress treatment. The up-
accumulation of elongation factor Tu mightenhance protein biosynthesis and thus repair
the damage of salt stress on photosynthetic proteins in chloroplasts. The results
suggested that these proteins related to protein metabolism might participate in salt-
stress tolerancein Brassicajuncea seedlings

Damagerepairand defenseresponse under salt stress

Oxidative stress caused by the generation of excess ROS is a well-documented indirect
form of damage caused by salt stress. The up-accumulation of antioxidant enzymes, such
as FeSOD 1 (spot 8), glutathione transferase (spot 9), and dehydroascorbate reductase
(spot 22), might promote ROS scavenging and mitigate the oxidative damage under salt
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stress in Brassica juncea. The thiazole biosynthetic enzyme (THI) protein (spot 11) plays a
role in thiamine biosynthesis, and its involvement in DNA damage repair and stress-
tolerance mechanisms has been observed in bacteria, yeast and Arabidopsis thaliana
(Table 5.10). Three up-accumulated proteins related to the defense response were
identified in Mustard, including cinnamyl alcohol dehydrogenase (spot 24), chitinase
(spot 26 and 29) and N-glyceraldehyde-2-phosphotransferase-like protein (spot 40).
Cinnamyl alcohol dehydrogenase (CAD) is a key enzyme in lignin biosynthesis and
enhanced CAD might increase the extent of lignification, which might represent a salt-
adaptationresponsein plantroots.

Analysis of proteome changes shows that proteins involved in reactive oxygen species
(ROS) detoxification, photosynthetic adjustment, energy synthesis, and protein
metabolism and damage repair are differentially accumulated under saline conditions,
suggesting their crucial roles in alleviation of the deleterious effect of salt stress and
conferring salt tolerance. These findings provide valuable molecular targets for
developing salt-tolerant mustard varieties through breeding or genetic engineering
approaches.

Characterization of Chickpea Germplasm Resource to Accelerate Genomics-
assisted Crop Improvement (DBT funded) (Jogendra Singh and Vijayata Singh)

The objective of this project to identify salinity-tolerant chickpea germplasm is nowadays
importantto ensure the production of food and the sustainability of the food industry.

Phenotypicscreening of Chickpea germplasm

A total 986 diverse panel of chickpea pan-gene germplasm and 3550 accessions of
Chickpea for their maintenances along with national checks CSG 8962 (Salt tolerant) and
HC5 (Salt sensitive) were sown in normal and salinity (EC,, 6 dS m™) conditions for
phenotypic screening (Fig.5.16).

Descriptive statistics of phenotypic traits

The mean performance, standard error of mean (SEm), range and coefficient of variation
(CV) of test entries (Chickpea accessions) and the check varieties for all traits are given in
the table 5.11. The Perusal of the results indicate that checks are superior than the test
entries for all the traits studied except for yield/plant and no. of filled pods under the
normal condition. However, test entries are superior on checks all the remaining traits
studied.The checks recorded more productive branches, filled pods, 100 seed weightand
yield/plant under saline ecology, since they are developed and selected for the situation
and hence, they are more adapted than the test entries. However, several accessions were
found better than checks for particular traits under the specific environment. Of these,
the accessions for Yield/plant: ICC16921, 1CC83787; Filled pods: ICC83787, ICC83869;
Productive branches: ICC19036, ICC18917;100 seed weight: ICC14216 and 1CC15452
were found better than checks under the normal condition.

However, Yield/plant: ICC18933, ICC18937; Filled pods: ICC18933, ICC83526, ICC18937;
Productive branches: ICC18933, ICC18937, ICC83526; 100 seed weight: 1ICC19114,
ICC19064,1CC19001; Highest shoot K conc.: ICC18889,1CC13185,1CC19150; Least CI conc.
in shoot: ICC83559, ICC83555, ICC83751; Least ClI conc. in root: ICC16186, ICC15295 and
ICC83380 were found better than checks under saline environment. Hence, these
genotypes may be used as a potential parent in hybridization programmes to obtain
superior genotypes for selected traits.



Fig 5.16. Phenotypic screening of
Chickpea germplasm (A) Drone
image of chickpea field (control),
(B) Salinity evaluation of chickpea
germplasm grown in pots
supplemented with water of
ECiw 6 dS/m, (C) Comparison of
genotype with national checks
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Table 5.11 Descriptive statistics of parameters for 986 accessions of Chickpea
Mean Range CV (%)

Traits 2024-25 Normal Salinity Normal Salinity Normal|Salinity

Testentries | Checks | SE+ |Testentries| Checks | SE+ |Testentries | Checks |Testentries | Checks
Days to 50% flowering 84.51 83.80 0.35 75.47 80.75 0.61 86.0-109.0 | 95.0-108.0 | 76.0-107.0 86.0-91.0 3.86 4.04
Days to maturity 123.78 125.60 | 0.49 136.62 132.50 | 0.89 | 136.0-153.0 [ 141.0-132.0 | 118.0-142.0 | 126.0-137.0 | 2.15 241
Plant height (cm) 50.60 59.23 | 0.35 3437 51.59 0.36 | 31.67-79.00 | 36.33-73.0 | 17.0-59.0 33.67-47.70 | 12.96 | 4.93
Productive branches 5.44 8.93 0.06 0.13 2.00 0.02 | 3.0-13.67 4.33-12.0 1.0-12.33 2.33-6.0 3.50 16.86
No. of filled pods 111.60 13152 | 1.76 0.55 6.66 0.10 | 5.0-326.0 98.0-229.3 | 1.0-32.63 3.0-353 12.68 | 15.69
Yield/plant (g) 21.06 3240 | 037 0.46 7.86 0.08 | 0.18-97.05 | 40.18-70.73 | 0.10-29.98 1.62-27.0 11.01 | 20.69
100 Seed weight (g) 18.88 17.84 | 0.27 0.29 373 0.05 | 7.34-39.0 16.75-27.13 | 1.8-13.6 4.20-9.18 1140 | 22.84
Na“ conc. shoot (mg/g dw) 34.64 29.65 1.88 38.32 57.00 0.70 | 10.0-29.81 | 18.20-25.19 | 0.61-99.9 41.57-94.95 | 1259 | 16.69
K" conc. shoot (mg/g dw) 87.33 56.73 | 30.43 39.13 33.36 0.67 | 25.70-99.89 | 28.25-36.39 | 0.19-99.95 11.25-28.17 | 9.22 17.82
Cl conc. shoot (mg/g dw) 1.54 1.28 0.03 3.06 244 0.08 | 0.38-2.40 1.0-2.80 0.14-7.90 2.20-4.20 1.54 18.80
Na" conc. root (mg/g dw) 34.88 33.85 0.71 38.22 54.67 0.69 | 10.18-98.16 | 18.05-22.62 | 2.05-99.7 45.33-95-12 | 10.72 | 17.90
K" conc. root (mg/g dw) 52.78 56.57 | 3.06 36.94 34.98 0.72 | 11.89-98.16 | 29.89-37.78 | 1.70-99.8 11.17-2830 | 11.44 | 17.98
CI conc. root (mg/g dw) 1.27 1.04 0.03 2.03 249 0.05 | 0.21-5.10 0.95-2.50 2.1-6.0 2.10-3.80 1.27 20.24

Analysis of variance of augmented block design

The Analysis of variance revealed significant mean sum of squares for all traits for different
sources of variation. The Block effect (both ignoring treatments and eliminating
treatments) were non-significant for all traits under the normal and salinity condition,
indicating homogeneity of evaluation blocks. The treatment effects (both ignoring
treatments and eliminating treatments) were significant for all the traits except Na“ conc.
shoot, Na“ conc. root, K conc. root and CI conc. root under the non-saline and saline
ecology exhibit the presence of variability among the test entries (Chickpea accessions).
Similarly, the effects due to checks and varieties were significant. However, the mean
square due to check and checks v/s varieties was significant for all the traits, indicating
thereby that the checks and test entries were responded significantly different from
each-otherunderthe normaland saline environment.

Standard errors of mean and LSIfor comparison of adjusted means
The standard errors of difference (Table 5.12) were computed for all traits for comparison
of difference between two check varieties (Sc), difference between adjusted means of
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Table 5.12 SE of mean and LSI for comparison of adjusted means for traits of 986 accessions of Chickpea under normal and

saline conditions

Difference between adjusted | Least sig. increase Test entries Mean value|Critical value for traits = | No. of entries
Traits 2024-25 test entry and check mean (LSI): ta (1.833).Svc Check mean % LS| desired for trait

(Sve): Vi(R+1) (C + 1) MSE}/R.C

Normal Salinity Normal | Salinity Normal Salinity Normal Salinity | Normal | Salinity

Days to 50% flowering 3.24 2.57 5.94 4.71 84.51 75.47 77.86 76.04 3 203
Days to maturity 6.70 1.73 12.28 3.17 123.78 136.62 113.32 129.33 0 31
Plant height (cm) 13.63 7.91 24.98 14.50 50.60 34.37 84.21 66.09 0 2
Productive branches 3.05 0.81 5.59 1.48 5.44 0.13 14.52 348 0 6
No. of filled pods 29.67 2.07 54.39 3.79 111.60 0.55 185.91 10.45 87 18
Yield/plant (g) 10.38 1.41 19.03 2.58 21.06 0.29 51.43 10.44 10 4
100 Seed weight (g) 251 0.43 4.60 0.79 18.88 0.46 22.44 4.52 250 32
Na“ conc. shoot (mg/g dw) 26.21 7344 48.04 134.62 34.64 38.32 18.39 77.62 202 213
K" conc. shoot (mg/g dw) 39.19 37.02 71.84 67.86 87.33 39.13 128.57 101.22 0 0
CI conc. shoot (mg/g dw) 0.69 2.48 1.26 455 1.54 3.06 0.02 2.11 0 450
Na“ conc. root (mg/g dw) 43.99 59.30 80.63 108.70 34.88 38.22 46.78 54.03 723 752
K" conc. root (mg/g dw) 68.14 44.99 124.90 82.47 52.78 36.94 181.47 117.45 0 0
CI' conc. root (mg/g dw) 1.07 249 1.96 4.56 1.27 2.03 0.92 2.07 277 544

two test entries in the same block (Sb), difference between adjusted means of two test
entries in different blocks (Sv) and difference between adjusted test entry and check
mean (Svc). The least significant increase was computed to identify the test genotypes
that significantly surpassed the best check. In our study, the number of accessions that
surpassed the best check under the non-saline condition was 10 (yield/plant), 87 (no. of
filled pods), 250 (100 seed weight), and 277 (CI conc. root). However, accessions that
surpassed the best check were 4 (yield/plant), 6 (productive branches), 32 (100 seed
weight), 450 (CI conc. shoot), 544 (CI conc. root), 203 (Days to flowering and 31 (Days to
maturity) under the salinity. The genotype CSG 8962 was the best check for all traits than
HC5.

Association between traits

The knowledge of traitassociationsin Chickpea breeding material is essential for a variety
of reasons: it enables us to perceive the diversity of breeding material and identify the
trait through which a chickpea plant is able to grow successfully in a given ecological
condition with optimum productivity and to avoid characters that have little or no
breeding value. In combination with the principal component analysis, it enables us to
narrow down to a very few traits that not only account for large amount of variation but
have abreeding value correlated with seed yield.

In this research, the traits like no. of filled pods (r=0.82**), productive branches (r=0.28*¥),
100 seed weight (r=0.17**), days to 50% flowering and maturity (r=0.09**) were
associated significant positively with yield per plant under the non-saline condition.
However, under the salinity, traits like no. of filled pods (r=0.91*¥), productive branches
(r=0.79**), 100 seed weight (r=0.77**), K" conc. in shoot (r=0.39**) and root (r=0.11%*), and
plant height (r=0.09*), exhibited a highly significant positive association with yield per
plant, while CI conc. in shoot (r=-0.11**) and root (r= -0.07**), Na" conc. in shoot (r= -
0.14*)and root (r=-0.11%*) associated significantly negatively with the yield under salinity.

Salttoleranceindex(STI)
Thesalttolerance index (STI) was calculated as: STI= (Y, xY,)/ (M,)*

Where Y, and Y, are the yields of accession under normal and salt stress conditions



respectively and M, is the mean yield of all the accessions under normal conditions. Based
on the salinity tolerance index, we categorized genotypes as sensitive (STI=0.00 - 0.30),
andtolerant (STI=>0.30).We found 8 accessions ICC 18933 (STI=0.73),1C83644 (STI=0.45),
IC95053 (STI=0.42), ICC 18937 (STI=0.41), 1C83526 and 1C95076 (STI=0.37), 1C83789
(STI=0.33) and 1C83785 (STI=0.32) as highly tolerant, and 978 salt sensitive from 986
chickpea accessions. The accessions with the higher number of filled pods; productive
branches, 100 seed weight and K" conc. in shoot; the least concentration of CI and Na“in
shoot and root should be given priority in breeding for enhanced yield under the saline
ecology. Donors for various traits were identified which may be used in future Chickpea
breeding totargetyield enhancementand diverse geographical adaptation.

Genetic Improvement of Lentil (Lens culinaris Medikus) for Salinity Tolerance and
Yield Enhancement Using Conventional Breeding Approaches (Vijayata Singh, Ravi
Kiran KT, Kailash Prajapati and Jogendra Singh)

The present work integrates agro-physiological screening, ionic balance assessment,
large-scale germplasm evaluation, and comparative analysis of advanced RIL
populations during 2024-2025 to identify elite genotypes and breeding populations
suitable for developing salt-tolerant, high-yielding lentil cultivars.

A. Agro-Physiological and lonic Responses of Lentil Genotypes under Salinity
Stress in ICARDA germplasm

Twelve lentil accessions comprising ICARDA lines and Indian cultivars (FLRP-10, FLRP-15,
FLRP-21, FLRP-22, FLRP-27, FLRP-28, FLRP-31, FLRP-32, FLRP-45, FLRP-46, PSL-9, and PDL-
1) were evaluated under control and salinity stress (ECe 7 dS/m) conditions. Both potand
field experiments were conducted to assess phenological traits, growth parameters, yield
components, biomass accumulation, and ionic homeostasis. Salinity stress generally
resulted in earlier flowering and reduced maturity duration, indicating stress-induced
phenological acceleration. FLRP-10 and FLRP-22 maintained early flowering and stable
maturity, suggesting an effective escape mechanism under saline conditions. In contrast,
PSL-9 and PDL-1 exhibited delayed maturity under stress, reflecting susceptibility.
Salinity significantly reduced plant height, pods per plant, seed yield, and biological yield.
Among the traits, seed yield and biomass were the most sensitive to salinity, showing
nearly 60% reduction across genotypes. However, FLRP-45 and FLRP-10 consistently
outperformed other genotypes, maintaining higher pod number, seed weight stability,
and yield retention. PDL-1, despite showing tolerance at the ionic level, suffered severe
yield penalties, indicating pooragronomic stability.

Biomass partitioning: Root and shoot dry weights declined under stress; however,
FLRP-45 showed balanced root-shoot development, with even increased shoot biomass
under salinity, suggesting improved osmotic adjustment and assimilate partitioning.
Such balanced biomass allocationis critical for sustained growth under salt stress.

lonic balance and tolerance mechanisms: Na*exclusion in PDL-1 restricted NaXuptake
efficiently but failed to translate this into yield stability. K’ retention in FLRP-10 and FLRP-
21 maintained higher K* concentrations and favorable K'/Na" ratios, supporting
metabolic activity under stress. Balanced ionic regulation in FLRP-45 combined
moderate Na“exclusion with strong K" retention, resulting in superior yield stability.
Identification of tolerant genotypes: Based on combined agro-physiological
performance, yield stability, biomass retention, and ionic balance: FLRP-45 emerged as
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the most promising genotype with balanced tolerance. FLRP-10 showed early flowering,
stable yield, and high K’ retention. FLRP-21 demonstrated strong ionic regulation. PDL-1
canserveasadonorforNa'exclusion but notasadirect cultivar.

B. Preliminary Evaluation of Lentil Germplasm for Seed Weight and Yield (Rabi
2024-25)

Experimental material: A total of 725 lentil germplasm lines sourced from NBPGR were
evaluated during Rabi 2024-25 under field conditions using single-row plots. The
objective was to assess phenotypic variability for 100-seed weight and seed yield per line.
Variation in seed yield: The germplasm exhibited wide variability for seed yield,
indicating a broad genetic base. Several accessions showed outstanding performance,
including: EC257528 (450 g/line), 1C268243 (435 g/line), 1C424852 (430 g/line), along with
other lines yielding =400 g/line. These accessions represent elite high-yielding genetic
resources suitable foradvancementand multi-location evaluation.

Variation in seed weight: IC255504 recorded an exceptionally high 100-seed weight
(5.66 g), followed by 1C329161 and EC255503. Although some bold-seeded genotypes
exhibited moderate yields, they constitute valuable donor parents for improving seed
size and market preference.

(C) Comparative Performance of F, RIL Populations

The IPL 220 x PDL-1 population consisted of the largest number of RILs (270), providing a
broad genetic base and greater opportunity to capture rare favorable recombinants. In
contrast, IPL 526 x PSL-9 (45 RILs) represented a smaller but more uniform population,
while IPL 316 x ZS3 (105 RILs) showed intermediate population size. Comparative
descriptive statistics foryield and 100-seed weightis presentedinTable 5.13.

100-seed weight: The highest mean 100-seed weight was observed in IPL 526 x PSL-9
(2.86 g), indicating a generally bolder-seeded population. However, this population
exhibited the narrowest range (1.97-3.31 g), suggesting relatively lower variability for
seed size. In contrast, IPL 220 x PDL-1 recorded the lowest mean seed weight (2.02 g) but
the widest range (1.17-2.94 g), indicating substantial segregation and strong scope for
improving seed boldness through selection. The IPL 316 x ZS3 population showed an
intermediate mean (2.62 g) with considerable variability (1.81-3.48 g), reflecting
balanced potential for selection.

Seed yield per line: Mean seed yield was highest in IPL 220 x PDL-1 (222 g/line),
highlighting its superior overall productivity. This population also displayed a very wide
yield range (25-390 g), indicating the presence of both poor and exceptionally high-
yielding recombinants. The IPL 316 x ZS3 population exhibited the widest yield range
(10-385 g), despite a lower mean vyield (160.28 g), suggesting strong transgressive
segregation and high responsiveness to selection. In IPL 526 x PSL-9, the mean yield
(180.44 g) and narrower range (60-289 g) indicate moderate variability and relatively
stableyield performance.

Table 5.13 Comparative descriptive statistics for yield and 100-seed weight

Mapping No. of Mean 100-seed Range (g) Mean seed Range (g)
population (F,) RILs weight (g) yield (g/line)

IPL 316 x ZS3 105 2.62 1.81-3.48 (1.67) 160.28 10-385 (375)
IPL 526 x PSL-9 45 2.86 1.97-3.31(1.34) 180.44 60-289 (229)
IPL 220 x PDL-1 270 2.02 1.17-2.94 (1.77) 222 25-390 (365)




Table 5.14 Genetic advance (GA) and response to selection (5% intensity)

Population GA for 100-seed GA for seed yield Selection efficiency

weight (% of mean) (% of mean)

IPL 316 x ZS3 13.70% 53.20% Very high for yield; valuable for
identifying extreme high-yielding
segregants.

IPL 526 x PSL-9 10.90% 35.10% Offers bold seed size with moderate
yield variation, suitable for targeted
improvement of seed traits.

IPL 220 x PDL-1 21.30% 36.20% Combines high mean yield with wide
variability, making it ideal for
simultaneous improvement of yield and
seed weight. (High for both traits)

Genetic Advance and Selection Efficiency in mapping population

The genetic advance (GA) expressed as a percentage of the population mean for 100-
seed weight and seed yield in three F, lentil RIL populations, providing insight into the
expected response to selection and overall selection efficiency (Table 5.14).

Across all populations, seed yield exhibited higher GA than 100-seed weight, confirming
that yield is more responsive to selection at the F, stage. IPL 316 x ZS3 is best suited for
aggressive yield improvement. IPL 220 x PDL-1 is ideal for simultaneous improvement of
yield and seed size. IPL 526 x PSL-9 is useful for moderate gains, particularly when
combined with multi-trait selection.

Genetic improvement of chickpea for salt tolerance through conventional and
molecular breeding approaches (S.K. Sanwal, Avni Dahiya and Anita Mann)

The basic objective of this project is to identification and development of salt tolerant
genotypes/varieties and identification of salt tolerant QTLs.

Phenotyping of chickpea RILs for salinity tolerance

During the rabi season 2024-25, 330 chickpea RILs along with their salt tolerant parent
(CSG-8962) and salt susceptible parent (BG1103) were tested for their performance in
saline (EC,, 6 dS/m), sodic and control condition. Three saline irrigation of EC,, 6 dS/m was
done at 30,60 and 90 days after sowing to give the salt stress to the population. However,
in control condition field trial was irrigated with normal tube well water and in sodic
condition irrigation was not given. In the experiment quantitative data on days to 50%
flowering, plant height(cm), number of pods/plant, blank pod, 100 seed weight(g), grain
yield per plant(g), ionic analysis of root and shoot (Na “and K *) were recorded to find out
the effect of salinity stress in both conditions.

Variability in the RIL population for salinity tolerance

The days to 50% flowering were significantly delayed under control conditions compared
to salinity stress (Table 5.15). The RIL population comprising 330 lines exhibited
significant variability for salinity stress tolerance in traits such as days to 50% flowering,
number of pods per plant, and grain yield per plant. The mean performance, range and
coefficient of variation (CV) of the population for all traits are given in the Table 5.15. The
coefficient of variation (CV) was higher under salinity stress compared to control and
sodic conditions, with values of 5.5% for days to 50% flowering, 47.6% for pods per plant,
and 44.3% for grain yield per plant under salinity stress. But for blank pods highest
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Table 5.15 Mean performance, range and coefficient of variation(CV) of 330 RILs along with their parents

Sr.no. Trait Mean Range cv
Control Saline Sodic Control Saline Sodic Control Saline Sodic

1 Days to 50% Flowering | 90.31 93.93 89.26 85-95 83-114 85-94 2.1 5.5 2.3

2 Plant Height(cm) 68.51 26.71 58.01 36.7-88.3 17-42.17 31.3-85.6 | 10.6 133 19.2
3 No. of pods/plant 189.55 7.49 71.27 67.7-361.3 0.4-22 10-203 29.7 47.6 39.6
4 Blank pod 12.35 1.83 571 0-50 0-9 0-27 60.8 53.1 81.9
5 100 seed weight(g) 14.84 8.51 15.72 4.08-27.1 2.8-28.81 11.7-283 | 21.5 355 209
6 Yield/plant(g) 53.52 3.32 19.93 22.3-102.6 0.11-9.22 | 4.5-40.9 28.8 443 37.6
7 Na’/K'_R 0.67 1.95 3.10 0.2-1.73 0.72-449 | 0.9-7.5 383 38.7 294
8 Na’/K"_S 0.18 0.24 0.42 0.06-0.46 0.09-0.84 | 0.12-1.09 | 453 337 385

variability was observed under sodic conditions (81.9), followed by the control
environment (60.8). This increased variability is due to the wide range in total pod
number across genotypes, resulting in values ranging from zero to a high number of
blank pods. In contrast, under control conditions, the CV values were 2.1% for days to 50%
flowering, 29.7% for pods per plant, and 21.5% for grain yield per plant. The higher CV for
grain yield per plant and hundred seed weight under salinity stress followed by sodic
stress conditions suggests substantial genetic variation within the population for these
traits under stress conditions. This genetic variability highlights the potential of this RIL
population for selecting salinity and sodicity tolerant genotypes.

STl in salinity tolerant group of genotypes, having highest grain yield/plant in saline
stress, was greater than 0.1, while in the sodicity tolerant group it was 0.49-1.05 (Table
5.16). The seed yield ranged from 22.26g (RIL95) to 102.63g (RIL48) under control, 0.11g
(RIL327) t0 9.22(RIL233) under saline and 4.54g (RIL29) to 40.91(RIL14) under sodic stress
conditions. Na'/K" ratio under all three conditions is provided in Table 5.15. The top ten
lines from each treatment were selected based on higher grainyield/plant (Table 5.16).

Introgression of Salinity tolerance traits into elite chickpea cultivars

High-yielding but salt-susceptible chickpea cultivars were strategically crossed with
salinity-tolerant genotypes, ICCV-10 and CSG-8962 to introduce salinity tolerance
without compromising yield potential. The resulting F2 progenies were advanced to F3,
and F3 to F4 generations, with selection pressure applied for salinity tolerance. In the
selected crosses, backcrossing was employed to recover the genotypic background of
high-yielding recurrent parental lines while maintaining salinity tolerance. This breeding
scheme facilitated the development of promising elite lines that combine stress
resilience with productivity.

Table 5.16: Promising genotypes along-with their parents based on yield/plant

Treat s Promising Genotypes Range Parents performance STI
reatmen GY/plant(g) (GY/plant) (GY/plant) range
Control RIL48(102.63), RIL317(99.11), RIL159(96.40), RIL209 |85.92-102.63 | CSG-8962(46.12), -
(94.7), RIL269(90.71), RIL300(89.97), RIL272(89.16), BG1103(52.24)
RIL36(87.73), RIL282(86.99), RIL204(85.92)
Saline RIL233(9.22), RIL286(7.25), RIL23(6.92), RIL84(6.69), |6.09-9.22 (CSG-8962(3.2), 0.10-0.14
RIL255(6.41), RIL8(6.39), RIL11(6.2), RIL14(6.18), BG1103(0.62)
RIL289(6.1), RIL263(6.09)
Sodic RIL94(40.91), RIL92(40.51), RIL326(39.71), 35.62-40.91 |CSG-8962(18.53),
RIL201(38.42), RIL234(38.25), RIL314(37.48), BG1103(20.14) 0.49-1.05
RIL185(36.99), RIL172(36.43), RIL294(36.09),
RIL96(35.62)




Maintenance of germplasm and parental lines
A total of 392 germplasm lines and 84 parental lines were maintained for their use in
future breeding programme.

Breeder seed production
During 2024-25, 6.3 q breeder seed of the salt tolerant variety Karnal Chana-1 was
produced to meet the demand of different stakeholders

Molecular approaches for mapping of novel gene(s)/ QTL(s) for resistance/
tolerance to different stresses in rice, wheat, chickpea and Indian mustard
including sheath blight complex genomics and resistance mechanisms. Sub Project
3:Chickpea (S.K.Sanwaland Anita Mann)

Phenotyping of F,-derived F; lines under saline environment

Three hundred forty F,-derived F; lines were phenotyped at the vegetative stage under
both control and salinity stress conditions (ECiw 10 dS/m). The experiment was
conducted on sand medium over a period of 35 days under both conditions. In the
control treatment, plants were irrigated with normal tube well water at 8-day intervals.
Forthe salinity stress treatment, the first two irrigations were with normal water, followed
by two saline irrigations (ECiw 10 dS/m) given at 18 and 27 days after sowing to impose
salt stress. One genotype failed to establish under salinity stress. Quantitative
measurements of 339 genotypes were recorded for root and shoot length, fresh and dry
biomass of root and shoot, and sodium (Na") and potassium (K’) content in roots and
shoots of the plants. These data were used to identify genotypes exhibiting tolerance and
susceptibility to salinity at the early growth stage.

Root and shoot ion accumulation as indicators of salinity tolerance in Chickpea at
vegetative stage

Based on their ability to absorb less Na" under salt stress, 11 top-performing genotypes
were selected from 339 F,-derived F; lines and were categorized as salinity-tolerant
(Table 5.17). The table presents data on sodium (Na‘) and potassium (K") concentrations

Table 5.17 Na* and K* content and biomass traits of 11 Low-Na* absorbing, salinity tolerant F,-derived F; lines at the
vegetative stage under salt stress

Genotype SFW | RFW SDW RDW Shoot K* Shoot Na* Root K* | Root Na*
7 3.34 3.51 0.49 0.397 3.89 6.33 17.66 27.48
159 2.93 3.11 0.512 0.462 17.34 2.38 115 17.08
256 5.15 6.45 0.75 0.525 29.14 18.76 1.82 4.73
257 5.3 6.59 0.72 0.538 36.32 24.42 3.08 7.44
281 3.64 5.11 0.68 0.388 0.83 4.55 18.53 31.67
290 3.24 5.61 0.53 0.472 23.62 4.18 491 9.6
329 4.74 477 0.59 0.37 13.98 16.74 38.73 5.14
333 3.54 2.81 0.52 0.24 42.39 15.9 15.52 23.57
334 3.8 3.35 0.55 0.26 18.45 11.1 7.89 13.63
341 4.28 4.88 0.67 0.32 16.2 7.04 14.3 21.77
343 3.65 4.08 0.56 0.29 12.37 6.4 9.21 10.58

SFW: Shoot fresh weight (gm); RFW: Root fresh weight (gm); SDW: Shoot dry weight (gm);
RDW: Root dry weight (gm); Shoot and Root K* and Na* in mg/Kg.
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Table 5.18 lonic composition and biomass traits of 15 salinity tolerant chickpea genotypes having high root Na* and
low shoot Na* at vegetative stage

Lines SFW | RFW SDW RDW Shoot K* Shoot Na* Root K* | Root Na*
36 453 2.7 0.58 0.194 38.96 30.93 36.1 56.97
223 3.33 4.1 0.48 0.305 20.42 27.81 24.49 52.34
233 2.62 2.3 0.39 0.302 7.55 9.31 37.05 52.78
236 4.09 5.99 0.61 0.483 7.80 8.61 40.6 56.58
243 3.24 4,05 043 0.284 26.9 31.52 38.33 58.05
293 422 3.12 0.61 0.256 36.63 28.67 58.89 83.84
305 3.31 483 0.55 0.40 31.93 29.87 33.29 56.24
308 3.78 492 0.61 0.39 31.98 35.7 65.29 81.04
313 2.95 2.02 043 0.17 26.67 15.47 33.59 53.43
315 3.84 3.93 0.6 0.32 23.38 15.44 72.31 85.99
322 3.68 5.41 0.58 0.42 29.44 25.38 40.08 57.59
324 4.25 5.35 0.64 0.41 32.08 31.73 41.03 58.6
335 4.14 478 0.75 0.36 9.12 6.69 86.28 104.14
360 3.35 493 0.62 0.37 12.35 6.23 34.58 53.32
381 1.78 3.4 0.4 0.28 22.66 34.66 37 56.15

SFW: Shoot fresh weight (gm); RFW: Root fresh weight (gm); SDW: Shoot dry weight (gm);

RDW: Root dry weight (gm); Shoot and Root K* and Na* in mg/Kg.
in roots and shoots, as well as biomass-related traits shoot and root fresh weight (SFW,
RFW) and dry weight (SDW, RDW) at the vegetative stage under salt stress. Genotypes
159, 290, and 257 demonstrated higher shoot K* and lower shoot Na® levels, reflecting
efficientionicregulation. Additionally, genotypes 256 and 257 exhibited greater biomass
accumulation, indicating better growth under saline stress conditions.
Based on their capacity to retain high sodium (Na") levels in roots while limiting its
accumulation in shoots, 15 top-performing chickpea genotypes were selected from F,
derived F, lines and identified as salinity-tolerant (Table 5.18). These genotypes exhibited
efficient ionic regulation under salt stress, characterized by elevated root Na" and
potassium (K" levels and reduced shoot Na“ content. Genotype 335 recorded the highest
root Na* (104.14) and root K* (86.28), with low shoot Na+ (6.69) and shoot K™ (9.12),
reflecting strong Na* sequestration. Genotype 315 also showed high root Na*(85.99) and
rootK"(72.31), with moderate shoot Na“ (15.44) and shoot K' (23.38), along with favorable
biomass traits (SFW: 3.84 g, RFW: 3.93 g, SDW: 0.60 g, RDW: 0.32 g). This trend was
consistent across all 15 genotypes, highlighting their potential in developing salinity-
tolerantchickpea cultivars.
Thus, the genotypes given in Table 5.17 & 5.18 demonstrate a physiologically efficient
response to salinity stress by minimizing Na toxicity in shoots, which could be valuable
for breeding salt-tolerant cultivars targeting vegetative-stage performance.

Coordinated evaluation of advance material for salinity tolerance

Ninety eight chickpea genotypesincluding advance breeding lines, interspecific crosses,
backcross inbred lines of CSSRI, IARI, IIPR and PAU, Ludhiana along with salt tolerant
checks (KC-1 and ICCV 10) were tested for their performance in saline (ECiw 6 dS/m)
conditions Three saline irrigation of ECiw 6dS/m was done at 30, 60 and 90 days after
sowing to give the salt stress to the genotypes. In the experiment quantitative data on



Fig 5.17 Design of the tray
experiment (A) Image of the set-
up of the experiment taken from
the front (B, C) Experiment in the
control condition (D, E, F)
Experiment in the salinity-stress
condition
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Table 5.19 Basic statistics for agronomic and ionic parameters of 100 chickpea genotypes grown on saline soil

Traits mean SD median MAD Min Max Range SE

DF 87.81 2.8 88 2.97 83 94 11 0.28
DM 123.97 2.6 124 2.97 119 129 10 0.26
PH(cm) 4747 8.8 47.5 8.77 27.0 79.67 | 52.67 0.88
HSW(gm) 11.35 34 11.1 3.85 4.99 22.98 17.99 0.34
GY/plant(gm) 7.73 3.6 7.0 3.83 1.56 15.65 14.09 0.36
K*/Na*_root(mg kg™1) 0.61 0.21 0.58 0.16 0.23 1.46 1.23 0.02
K*/Na*_shoot(mg kg™1) 245 0.67 2.39 0.67 1.13 4.20 3.07 0.07

days to 50% flowering (DF), 50% physiological maturity (DM), plant height (PH), hundred
seed weight (HSW), grainyield per plant, ionic analysis of rootand shoot (Na" and K*) were
recorded to find out the salinity tolerant and susceptible genotypes. Basic statistics of
agronomic and ionic parameters of 100 chickpea genotypes grown on saline soil is
presentedintable 5.19.

The mean represents the central tendency of trait performance under salinity stress. In
this study, the average K'/Na" ratio was higher in shoot tissues (2.45) compared to roots
(0.61), indicating that, on average, genotypes maintained a more favourable ionic
balance in the shoot. A higher shoot K'/Na" ratio (>2.45) is considered advantageous
under saline conditions, as it reflects the plant's ability to selectively accumulate
potassium over sodium an essential mechanism for maintaining physiological function
and sustainingyield under salt stress.

Ranking Chickpea Genotypes for Salinity Tolerance Using Multivariate Analysis

Principal Component Analysis (PCA) reduced the multidimensional trait data into seven
components. The first two components, PC1 and PC2, explained 31.5% and 26.6% of the
total phenotypicvariance, respectively (Fig. 5.18B). PC1 was predominantly influenced by
grain yield per plant (GY/plant), hundred seed weight (HSW), and plant height (PH),
indicating its relevance to productivity under salinity stress (Fig. 5.18C & 5.18D). In
contrast, PC2 was mainly associated with days to flowering (DF) and maturity (DM),
suggesting it captures variation in phenological traits (Fig. 5.18A). Thus, genotypes with
higher PC1 scores are likely to exhibit better productivity under saline conditions, while
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PC2 differentiates genotypes based on their phenological adaptation. Based on the PCA
results, genotypes were classified into tolerant and susceptible groups. Genotype
ranking were provided using PC1 score as we wanted to select the best performing
genotypes under salinity stress. Genotypes IARI-23, PAU-13, T-39L, PAU-23, and CSG-20-
16 exhibited the highest PC1 scores, indicating superior performance for yield-related

Table 5.20 Rank of genotypes based on their multivariate performance under salinity

Genotype | PC1score|Rank| DF | DM PH(cm) | HSW (g) | GY/plant(g)| K'/Na‘'root | K'/Na*shoot | Group

IARI-23 3.77 1 91 128 56.33 22.98 12.68 0.5 3.51 Tolerant
PAU-13 2.95 2 93 129 56.33 14.34 15.63 0.74 4.2 Tolerant
T-30L 2.92 3 91 126 64.33 14.05 13.21 0.31 3.31 Tolerant
PAU-23 2.83 4 88 | 125 56.00 18.33 13.51 0.61 3.13 Tolerant
CSG-20-16 2.44 5 90 | 126 58.00 16.33 13.83 0.79 3.07 Tolerant
MABC-3 242 6 89 | 123 48.33 16.70 12.08 0.52 3.8 Tolerant
IARI-16 2.38 7 86 121 49.00 13.51 15.65 0.55 3.66 Tolerant
IIPR-7 2.36 8 83 124 42.67 16.65 15.60 0.51 3.35 Tolerant
CSG-20-6 2.32 9 88 123 57.00 15.07 11.79 0.69 3.64 Tolerant
S-12-1 1.96 10 86 120 66.33 14.74 11.72 0.63 2.04 Tolerant
ICCV-10 0.42 41 89 123 42.10 9.72 11.72 0.39 2.73 Tolerant
CSG8962 0.10 45 94 | 126 41.50 7.75 11.85 0.59 3.14 Tolerant

DF: Days to 50% flowering; DM:

Days to 50% maturity; PH: Plant height (cm); HSW: Hundred seed weight (gm); GY/plant: Grain yield per plant (gm);
K*/Na“ root: potassium by sodium ratio in root (mg/kg); K*/Na" shoot: potassium by sodium ratio in shoot (mg/kg)



traits in salinity stress. In contrast, genotypes like IARI-21, PAU-31, IARI-14 and IARI-7
showed strongly negative PC1 scores and were considered less suited for saline
environments. Performance for other traits of ten most tolerant genotypes, along with
the checkvarieties, are presented inTable 5.20.

Leveraging genetic resources for accelerated genetic improvement of Linseed
using comprehensive genomics and phenotyping approaches (S.K. Sanwal &
Ashwani Kumar)

One of the objectives of this project was development of the mapping population for key
physiological traits underlying salt stress response using accessions from the reference
set. So after two year screening, a total 12 mapping population were developed by using
contrast parents for different physiological and yield parameters. Out of 12 populations, 4
mapping population are F3 stage and eightare F2 stage. In due course of time these lines
will be stabilized.

F3 F2 F2

T397 x Shubhra EC0041478-B x 1C0499060 EC041467 x 1C0498672
1C0384566 x Mukta EC0041478-B x 1C0498452 EC041467 x 1C620559
1C0499182 x Shubhra 1C0427794 x 1C0498672 1C0520865 x 1C620559
T397 x Heera 1C0427794 x 1C0498935 1C0520865 x 1C0498561

Developing strategies for sustainable integration of nano N and P for enhancing
nutrient use efficiency under salt stress (Ashwani Kumar, Anita Mann, A.K. Bhardwaj
and R.K. Yadav)

Field Experiment-Wheat

Morpho-Physiological parameters: Significant differences were observed among
treatments for various morpho-physiological traits in wheat under integrated nutrient
management (Table 5.21). Plant height was significantly highest under T3 (100.0 cm),
which included DAP with split urea application, and was statistically at par with T4 (99.1
cm) and T5 (97.6 cm) involving nano-N applications. The lowest plant height was
recorded under the control T1 (65.7 cm). SPAD values followed a similar trend, with
maximum chlorophyll content in T3 (40.0), statistically at par with T4 (39.8) and slightly
reduced in nano-based treatmentsT5-T8 (38.5-38.2). The control recorded the minimum
SPAD (27.9). Leaf area was significantly influenced by the treatments, with the highest
valueinT3 (562.7 cm*/plant), followed by T4 (535.2 cm?/plant), while T1 (167.8 cm*/plant)
had thelowest.

Significant differences were observed in leaf relative water content (RWC), chlorophyll
content,and photosynthetic parameters among different N treatments. The highest RWC
was recorded in T3 (86.94%), which received DAP along with three equal urea splits,
followed by T2 (83.65%). Replacement of the third split of urea with nano-N (T4 and T5)
showed a slight reduction in RWC (80.76% and 79.92%, respectively), while extensive
nano-formulation use in T11 reduced RWC by 18.52% in comparison to T3. The control
(T1) recorded the lowest RWC (67.59%). Total chlorophyll content was highest in T3 (3.04
mg/g FW) followed by T4 (2.89 mg/g FW) and T2 (2.82 mg/g FW), indicating the positive
effect of Nand P on pigment synthesis. Conventional urea-based treatments (T11 and T9)
showed moderate chlorophyll values (2.32-2.46 mg/qg), while T1 recorded the lowest
(1.58 mg/g FW). Photosynthetic rate (Pn) showed maximum value in T3 (22.42 pmol
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Table 5.21 Effect of integrated conventional and nano-fertilizer on Yield and yield attributes of wheat
. Number of il Sp'ike Spikelet’s | Number of ngght ‘?f 100.seed
Treatments/Traits tillers |?:g‘t)h Wigg)ht I;Spike grainsrspike gram(sgl)Splke we(|gg)ht
Control (NoN &P) (T1) 165.679g 7.98d 1.76d 26.179g 32.17e 1.16d 3.90e
s Urea + % Urea + ¥ Urea (T2) 258.50cd 9.82ab 2.50ab 46.83ab 47.33ab 2.15ab 4.62ab
DAP +Y; Urea + %5 Urea + % Urea (T3) 289.17a 10.07a 2.66a 49.50a 48.50a 221a 4.73a
DAP +'5 Urea + 5 Urea + /5 Nano-N (Spray) (T4) 277.17ab 9.45bc 2.53ab 43.50bc 42.00bc 1.96abc 4.49abc
Nano DAP (Seed priming) + /5 Urea + K Urea + 257.50cd 9.40bc 2.49ab 41.67bcd 41.17bc 1.93abc 4.40bcd
.E 5 Nano-N (Spray) (T5)
g Nano DAP (Seed priming) & 50% DAP (Broadcast) 261.33cd 9.32bc 2.48ab 39.67cde 40.83cd 1.92abc 4.34bcd
% [+ " Urea+ Y5 Urea + %5 Nano-N (Spray) (T6)
g Nano DAP (Seed priming) +'s Urea + ; Urea & 251.50d 9.25¢ 2.42ab 36.67def 39.00cd 1.84abc 4.44bc
§1 Nano-DAP (Spray) + ¥ Nano-N (T7)
© [Nano DAP (Seed priming) + %5 Urea + %5 Urea +% 267.50bc 9.23c 2.56ab 39.50cde 39.33cd 1.80abc 4.41bcd
£ [Nano-N & Nano-DAP (Spray) (T8)
Nano DAP (Seed priming) + /5 Urea + s Urea & 230.67e 9.07¢ 2.44ab 36.67def 38.17cde 1.75bc 4.29cd
Nano-DAP (Spray) + 5 Nano-N & Nano DAP (Spray) (T9)
Nano DAP (Seed priming) & 50% DAP (Broadcast) * 226.17e 8.92¢ 2.30bc 35.50ef 37.00cde 1.69¢ 4.23cd
+ %5 Urea + /5 Urea & Nano-DAP (Spray) +
5 Nano-N (Spray) (T10)
Nano DAP (Seed priming) + /5 Nano-N & DAP (Spray) 208.17f 8.23d 2.09cd 33.17f 34.50de 1.57cd 4.16de
+ 5 Nano-N & DAP (Spray) + %3 Nano-N (Spray) (T11)
CD @ 5% 12.981 0.559 0.337 5.431 6.363 0.415 0.279

Means with atleast one letter common are not statistically significant (p < 0.05) using Tukey’s Test. **Represent significant at p<0.01.

CO,/m?/s), statistically higher than T2 (20.31 pmol CO,/m?*/s) and T4 (21.01 umol
CO,/m?/s). Nano-N addition maintained photosynthetic efficiency similar to

conventional treatments, while excessive nano formulations reduced Pn, particularly in
T10 (17.19 pmol CO,/m?/s) and T11 (16.24 pumol CO,/m?/s), with the lowest in T1 (10.71
umol CO,/m?/s).
Yield attributes: The data presented in table 5.21 show significant differences in yield
and yield-attributing traits of wheat with varied nitrogen treatments. The total number of
tillers was highestinT3 (289.17), followed by T4 (277.17), with a comparable performance
under T2 (258.50). Treatments involving nano-DAP and nano-N, such as T5 to T8,




maintained moderate tiller numbers (257.50-267.50), while T11 (208.17) and control (T1-
165.67) showed the lowest tiller count. Spike length varied significantly among
treatments, with maximum spike length inT3 (10.07 cm), followed closely by T2 (9.82 cm).
Replacement of urea with nano-N reduced spike length slightly in T4 (9.45 ¢cm), and
furtherintegration with nano-DAP led to reduced valuesin T5-T10 (9.40 cm-8.92 cm).The
minimum spike length was observed inT1 (7.98 cm)and T11 (8.23 cm). Spike weight was
also significantly affected, with the highest recorded in T3 (2.66 g) followed by T4 (2.53 g)
andT8(2.56 g). Treatments T9to T11 showed a gradual decline in spike weight (2.44-2.09
g), with the control (1.76 g) being the lowest. The number of spikelet's per spike showed
maximum value in T3 (49.50), statistically at par with T2 (46.83). Treatments with partial
nano-replacement showed reduced spikelet numbers, particularly in T9-T11
(36.67-33.17), with T1 recording the lowest (26.17). Number of grains per spike followed a
similar pattern, with the highest in T3 (48.50), T2 (47.33), and moderate values in T4-T6
(42.00-40.83). Nano-based treatments (T7-T11) exhibited a reduction in grain number,
especiallyinT11(34.50), whileT1 recorded the minimum (32.17).

Grain weight per spike was significantly higherin T3 (2.21 g) and T2 (2.15 g), followed by
T4 (1.96 g). Treatments involving extensive nano formulations resulted in lower grain
weight (T8-T11; 1.57-1.80 g), and the lowest value was observed inT1 (1.16 g). The 100-
seed weight was found to be highestin T3 (4.73 g) and T2 (4.62 g), indicating the positive
impact of balanced DAP and urea application. Treatments T4-T8 maintained moderately
high seed weights (4.49-4.41 g), while T11 and T1 recorded the lowest values (4.16 g and
3.90g, respectively).

Data presented in Figure 5.19 shows the effect of integrated conventional and nano-
fertilizer application on wheat grain and straw yield. Maximum grain yield was recorded
inT3 (4.81t/ha) followed by T4 (4.68 t/ha) and T2 (4.53 t/ha), indicating the positive impact
of combining DAP and urea. Maximum straw yield (6.00 t/ha) was also observed in T3,
followed closely by T4 (5.82 t/ha) and T2 (5.84 t/ha), highlighting the superior
performance of T3 (DAP + urea application in three splits). Treatments T5 and T8, which
included nano-DAP seed priming along with partial replacement of nitrogen through
nano-N spray, also showed statistically comparable grain yields (4.48 t/ha and 4.56 t/ha,
respectively) but lower than T3. The lowest grain (2.45 t/ha) and straw yield (3.91 t/ha)
were recorded under control (T1), Notably, T11, with complete replacement of urea and
DAP through nano-forms, showed reduced grain yield (3.42 t/ha), reflecting the
limitations of exclusive nano-fertilizer use under field conditions.

Soildata

Among the various Nano-NP management scenarios (figure 5.20), the highest available
soil nitrogen N was noted in T3 (167.87 kg ha™) treatment which was statistically at par
with T4 (152.88 kg ha), T6 (150.27 kg ha™), T8 (152 kg ha™), T10 (160.72 kg ha™), and T11
(152.88 kg ha"). The lowest available soil N was recorded in T1 (130.67 kg ha) treatment.
The highest available soil phosphorus (P) was noted in T3 (51.30 kg ha™) treatment which
was statistically at par with T4 (43.61 kg ha"),and T10 (46.22 kg ha") treatment.The lowest
available Pwas achieved inT5 (32.55 kg ha™) treatment. The maximum grain N uptake was
observedinT3(86.93 kg ha') treatment which was statistically at par with T2 (30.6 kg ha),
T4(82.90kgha"),T5 (74.55kgha"), T8 (77.31 kg ha™),and T9 (78.64 kg ha™) treatment. The
lowest grain nitrogen uptake was observed in T1 (41.93 kg ha") treatment which was
statistical at parwithT11(53.88 kg ha").In case N uptake in straw (figure 5.21), the highest
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Fig 5.21 Effect of various Nano-NP management scenarios on uptake of nitrogen and phosphorus.

value was recorded in T5 (25.11 kg ha") treatment which was statistically at par with T2
(21.08kgha"),T3(22.29kgha"),T6 (19.54 kg ha™), T7 (20.46 kg ha™), T8 (20.49 kg ha™), and
T10(23.30kg ha") treatment.The lowest straw N uptake was observed inT1(13.81kgha").
The maximum grain P uptake was observed in T3 (27.81 kg ha™) treatment which was
statistically at par with T4 (20.09 kg ha™), T5 (23.75 kg ha™), T7 (19.35 kg ha™), T8 (25.88 kg
ha"),and T10 (21.49 kg ha™) treatments, while lowest grain P uptake was recorded in T1
treatment (7.07 kg ha"). The highest straw P uptake was recorded in T3 (6.48 kg ha")
treatment which was statistically at par with T4 (5.78 kg ha) treatments. The lowest straw
P uptake wasachievedinT1(3.28 kg ha™) followed byT11(3.63kg ha') treatment.

Enhancing climateresilience and ensuring food security with genome editing Tools

Wheat Component (Anita Mann, Arvind Kumar, Ashwani Kumar, Avni Dahiya, S.K.
Sanwal, R. K. Yadav)

Two wheat varieties, HD 3406 & HD 3226 have been taken for improvement of salt
tolerance using CRISPR-Cas9 system through genome editing targeting two genes TaTre1
and TaSall. Short and long amplicon primers were designed and synthesized for
identification of conserved domain through the accurate amplification of three copies of
Trel geneon 1A, 1B, 1D each and multiple copies of Sal7 on 4A, 5A, 5B, 5D, 7A & 7D (Table
5.22). The targeted genes were aligned at NCBI Databases including all exons of all the
homologs. Primer3 was used for designing primers targeting the divergent exonic region



Fig 5.21 Resolution
varieties

Table 5.22 Identification of full gene sequence along with functional domain of Trehalase
and Sal1 genedetailsin wheatgenome through amplicons sequencing

Gene Tulrel Gene Position
1A Sequence Start from Product Hit Complete Hit
size
Regionlk ACCACTGACCAGCGIATGAIAL 223 2949 2 1A: 331.323,548-331,323,572
1B: 355,678,973-355,678,997
RegionlR TCTGGTCTAGGTTTGTTCCACA 3172 8 1A: 331,320,620-331,320,644
1D: 257,112,193-257,112,217
Region2F GACAGTCTACCCGGTCCAAA 2615 3351 2 1A:331,321,159-331,321,179
1B: 355,676.564-355.676.584
Region2R TAGTGTTGGCTGTAGGTCGG 5966 4 1A: 331,317,827-331,317,847
Region3F TGGGATTTTAGCTCTCGATGGA 3377 2794 3 1A: 331,320,394-331,320,418
1B: 355,675,800-355,675,821
1D: 257.411,966-257,411.990
Region3R | ATCAAGAGGGITGGTIGTTTTIGG 6171 2 1A: 331,317,621-331,317,645
SA Gene TaSal 1
Region 1F CGTATCTCACATCCGCTCCT 314 3739 10 5A: 253,597,011-253,597,031
Region IR AGGCCCAGCTACTCACAATT 4053 3 SA: 253,597,212-253,597,232
Region 2F GTACGTCGTAGTCCTCCCAG 1138 3214 40 5A: 253,593.816-253.593.836
4A: 243.906,125-243,906,145
1B: 162,192,025-162,192,045
Region 2R TGTTGATGTTGGACTCCGGA 4352 6 5A: 253,593,292-253,593,312
SD: 193,637,290-193,637,310
Region 3F IGGICTIGCGCAAATGAACA 3196 2588 15 5A: 253.595.874-253.595.894
Region 3R ACGAATCCTCTTGGCCTTGA 5784 17 5A: 253,598,443-253,598,463
7D: 139,194,977-139,194,997
1A:162,130,215-162,130,235
6A:33,309,278-33,309,298
3D: 93,450,455-93.450.,475
Region 4F TCAATGTGGTCTTGCGCAAA 3190 3947 6 5A: 253,595,868-253,595,888
7B: 111,950,330-111,950.350
Region 4R GGACCTCCTTCAGACTTCCC 7137 5 5A: 253,599,796-253,599,816
5B: 216.656.272-216,656.292
5D: 193,636,125-193,636,145
Region 5F AATTGTGAGTAGCTGGGCCT 4534 3590 3 5A: 253,597,212-253,597,232
Region5R GGTTTACCCACTTCTGCAGC 8124 6 5A: 253,600,783-253,600,803
5B: 216,655.290-216,655,310

of gene copies for full gene sequence. Primer sequences were aligned against the
complete wheat genome in Ensemble Plants to confirm binding at the intended locus for
precise amplification and sequencing of multiple gene copies present in the wheat A, B,
and D sub-genomes. High-fidelity PCR and optimized annealing conditions were
employed to ensure specific amplification. Subsequent sequencing and bioinformatics
analysis confirmed the successful discrimination of homeologous and paralogous gene
sequences in our wheat varieties and Single-nucleotide differences (SNPs) were
identified using Chinese Spring genome as a reference. Each small amplified fragment
size ranged between 400-600bp and long amplicons between 2000-4100 bp (Figure
5.21) with overlapping regions to ensure complete gene assembly. Competent cells of
E.Coli and Agrobacterium were prepared for gene cloning and transformation. A total of

of long amplicons (2-4 Kb) in wheat Fig5.22 Co-cultivation (A,D), Selection (B,E) and Regeneration

(C,F) in variety HD3226 and HD3406 with gene construct
JD633_g2Tre1.
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1946 wheat embryos (both mature and Immature embryos) of both the wheat varieties
have been rescued for gene transformation. Two guide RNAs for Tre1 gene for both the
varieties have been transferred in Agrobacterium (Figure 5.22) and plants are in shooting
stage. Regeneration protocol for rooting and shoot emergence for the both the varieties
is being standardized.

Rice Component (N.R. Prakash and Lokeshkumar B.M.)

In this activity the OsARF18 gene region (chr06:28586493-28590206), spanning
approximately 3714 bp, was targeted in the rice variety BPT5204 (Samba Mahsuri).
Amplification of the gene was carried out using 14 overlapping PCR primers, followed by
paired-end Sanger sequencing to ensure sequence accuracy and coverage. For
functional validation, three guide RNAs (sgRNAs) were designed from different exons of
the gene to generate knockout mutants through CRISPR/Cas9-mediated genome
editing. A binary vector construct (HPTII::P355-POsU3::sgRNA-PUBI::SpCas9) based on
pPRGEB32 was developed incorporating all three sgRNAs. Cloning of the construct was
initially performed in Escherichia coli strain DH5a using the Bsal Golden Gate cloning
strategy. The confirmed plasmid was subsequently mobilized into Agrobacterium
tumefaciens strain EHA105 following a standardized laboratory protocol for plant
transformation. All necessary regulatory approvals were obtained prior to
experimentation, including clearance from the Institute Biosafety Committee (IBSC) and
approval of the D1 form by the Review Committee on Genetic Manipulation (RCGM).
Callus induction protocols for the target variety BPT5204 were optimized using a
Murashige and Skoog (MS) medium background. Additionally, whole-genome
resequencing data (SRA: SRR14553101) for BPT5204 was retrieved from NCBI and
assembled using IR64 as a reference genome. This assembly will facilitate downstream
functional analysisand molecular characterization.

Agrobacterium
containing
desired construct

Plating Shooting Rooting

Cocultivation
generation using Agrobacterium tumefaciens-mediated transformation

Mustard Component (Jogendra Singh, Vijayata Singh and N. Kulshreshtha)

The main aim of this activity is the establishment of genome editing methods and tools,
and deciphering the function of FAE 7 genes and it's knocking down by CRISPR-Cas9-
based Site-Directed Nuclease 1 (SDN1) approach for improving nutritional quality (Zero
Erucic Acid) in the Mustard variety CS 60.The FAET (Fatty Acid Elongase 1) geneis a critical
component in the biosynthesis of very-long-chain fatty acids (VLCFAs) in plants. It



encodes an enzyme known as 3-ketoacyl-CoA synthase (KCS), which catalyzes the initial
and rate-limiting step in the elongation of long-chain fatty acids. These VLCFAs play vital
rolesin seed oil biosynthesis, influencing the oil composition in plants like Brassica juncea.
In Brassica species, the FAET gene is responsible for converting C18 fatty acids (oleic acid)
into C20 and C22 fatty acids, primarily erucic acid. Erucic acid is a major component in
Brassica oil and has industrial applications, though it is undesirable for human
consumption. Reducing or knocking out the FAE1 gene is a common breeding objective
to produce low-erucic acid (canola-quality) oils.

Output/outcome during the reporting period-2024-25

RCGM considered and noted Form D1 with IBKP UAC No.INDTOC9G0236 to carry out R&D
- using the CRISPR-Cas9 SDN1 approach to edit the FAE1 gene in Brassica juncea cv CS 60
tolowerthe erucicacid contentin seed.

Standardization of protocol for Agrobacterium tumefaciens mediated transformation in
CS60is completed and transformation was done using gene construct pZP200-pt35Sde-
bar-ocspA::ptCsVMV-SpCas9-pA:BjFAET (gRNA1,2). A total of 8 Transformant (with
selection marker gene Basta resistant) were obtained for further development of root
and shoot (Fig.5.23).

Metatranscriptomics and Systems Biology Approach for Deciphering the Molecular
Basis of Salt Stress Response in Crop Plants (Avni Dahiya, Anita Mann, Nitish Ranjan
Prakash)

Building upon the foundational work completed during previous year, which involved
extensive dataset curation, methodological standardization, and initiation of meta-
transcriptomic analysis in rice, the current reporting year focused on comprehensive
differential expression analysis, identification of core salt-responsive genes, and
functional characterization in rice and wheat, along with initiation of similar analyses in
chickpea. Publicly available RNA-seq datasets representing salt-tolerant and salt-
sensitive cultivars across diverse tissues, developmental stages, and experimental
conditions were rigorously curated and processed through a standardized analytical
workflow to ensure cross-study comparability, reproducibility, and statistical robustness.
In rice, differential expression analyses conducted independently across datasets under
uniform thresholds identified 14,326 unique differentially expressed genes (DEGs).
Comparative intersection analysis revealed a consensus set of 420 core salt-responsive
DEGs consistently regulated across independent studies, representing a robust gene set
associated with salinity adaptation (Fig.5.24A). Functional enrichment analysis
demonstrated significant overrepresentation of biological processes related to stress
response, ion transport and homeostasis, oxidative stress mitigation, and transcriptional
regulation (Fig. 5.25A). Pathway enrichment further highlighted key metabolic pathways,
including carbon metabolism, photosynthesis, amino acid metabolism, and secondary
metabolite biosynthesis, reflecting coordinated metabolic reprogramming under salt
stress conditions.

Parallel meta-analysis in wheat, based on three independently curated RNA-seq studies,
led to the identification of 1,659 core salt-responsive DEGs conserved across datasets
(Fig.5.24 B). Functional annotation and pathway enrichment analyses revealed
significant enrichment of stress signalling, cellular homeostasis, and metabolic
adjustment pathways, including carbon and carbohydrate metabolism and amino acid
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Figure 5.24 Identification of consensus salt-responsive genes through meta-analysis

Venn diagrams illustrating dataset-specific and shared DEGs across independent RNA-seq studies in (A) rice and (B) wheat. Intersection analysis identified
420and 1,659 core salt-responsive genes in rice and wheat, respectively.

biosynthesis, suggesting conserved molecular mechanisms underlying salinity tolerance
in cereal crops (Fig.5.25B).

To advance beyond differential expression analysis and prioritize key regulatory
determinants, systems biology-based network modelling has been initiated. Weighted
gene co-expression network analysis (WGCNA) is currently underway in rice and wheat to
identify stress-responsive co-expression modules and highly connected hub genes.
Concurrently, RNA-seq datasets for chickpea are being systematically curated to extend
the meta-transcriptomic framework to a legume crop, enabling cross-species
comparative analyses to distinguish conserved and crop-specific regulatory mechanisms
governing salinity tolerance.

(A) GO Enrichment Analysis - (B) GO Enrichment Analysis e
cell junction ™
extracellular region == extracellular region ===

cytoplasmic membrane bound veside organelle
membrane bound vesicke cell part
cytoplasmic veside
oxidoreductase activity, targeting CH-CH group of donors - ct'oeti
i i it antioxiaant activi I
pﬂif;’::::::g:c[::g structural molecule activity ==
. L2 nucleic acid binding transcription factor activity ==
mn?z?mﬁ::::g transponera.ctiv-i‘ty —
Ci binding
cetalylic actiy catalytic activity

cell wall macromolecule metabolic process
cell wall macromolecule catabolic process
polysaccharide catabolic process
polysaccharide metabolic process
carbohydrate metabolic process

defense response

lipid transport

Tesponse to stress

positive regulation of biological process
negative regulation of biological process
reproductive process

signaling

developmental process

response to SHMUILS  —
biological reguiation  —
localization ——

Tesponse to stimuls

cellular process

=

40 60 80 100 1 4

bolic process

o

200 40 60 800 1000 1200 1400
Gene Count (clusterProfiler) Gene Count clusterProfiler

Figure 5.25 Gene Ontology enrichment analysis of core salt-responsive genesin rice and wheat

Bar plots showing significantly enriched GO terms among the 420 core DEGs inrice (A) and 1,659 core DEGs in wheat (B). Enriched categories are grouped into
Biological Process (BP), Cellular Component (CC), and Molecular Function (MF), highlighting conserved stress response, metabolic regulation, and cellular

homeostasis under salinity stress.



Fig 6.1 Biomass of sandalwood
genotypes under control and
salinity (ECiw 8 dS m™) with
corresponding salt tolerance (%),
showing genotypic variation in
stressresponse.
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Assessing the genetic diversity and deciphering the molecular mechanism for
salinity tolerance in Sandalwood (Santalum album L.) (Raj Kumar, Rakesh Banyal,
Ashwani Kumar, Manish Kumar, Avni)

Assessment of genetic diversity: This project was initiated during October 2021 with
the aim to assess genetic diversity and identify germplasm for salinity tolerance in the
sandalwood (Santalum album L.). A total of 122 sandalwood genotypes collected from
across the country were examined at ECiw 8 dS m™ to determine mechanisms of salinity
tolerance and identify superior genotypes (Fig. 6.1). Experimental data demonstrated
significant genetic diversity and relationships in genotypes for salinity-induced
morphological and physiological traits. The findings revealed that the salinity stress
caused an average reduction of 27% in plant height, 22% in collar diameter, and 38% in
biomass. However, significant variability was observed among genotypes as some
genotypes (H-18, H-15, K4-12, and K4-11) maintained more than 90% of plant heightand
collardiameter, indicating strong tolerance potential. Salt tolerance varied widely among
genotypes, ranging from approximately 30% in sensitive to nearly 75-80% in highly
tolerantgenotypes (Fig.6.1). Genotypes suchasH-15,H-18,K4-12,and K4-11 maintained
over 70% tolerance by sustaining higher biomass under salinity stress. In contrast, several
genotypes exhibited lower tolerance (<40%), reflecting greater biomass reduction and
higher sensitivity to saline conditions. These genotypes were subsequently validated
under field conditions, where 100 genotypes were planted in August 2024 and recorded
an overall survival rate of 80%. Tolerance was closely associated with improved ionic
regulation, particularly reduced sodium accumulation, higher potassium retention,and a
favorable K'/Na" ratio. Physiologically, tolerant genotypes maintained comparatively
higher photosynthetic efficiency and chlorophyll content. Molecular analysis revealed
activation of antioxidant and nitrogen metabolism pathways under salinity stress.
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Plantation of sandalwood with
different host species

Notably, the APX (ascorbate peroxidase) gene showed enhanced expression, especially
when sandalwood was associated with compatible host species.

Development of cultivation and management practices

Given the semi-root parasitic nature of sandalwood, host association played a decisive
role in growth and stress response. Nine host species were evaluated for their effect on
growth performance of sandalwood (Photo). Results showed that the growth
performance varied markedly depending on host compatibility. Maximum plant height
and DBH were recorded with Dalbergia sissoo and Melia Dubia, while highest total
biomass was observed with Casuarina equisetifolia. Plants grown without a host
exhibited consistently inferior growth attributes. Nutrient uptake patterns were also
host-dependent: nitrogen content was highest with Dalbergia sissoo, phosphorus with
Melia dubia, potassium with Swietenia macrophylla, and calcium with Casuarina
equisetifolia, while micronutrient accumulation varied across species. Physiological traits
such as photosynthesis, transpiration, and stomatal conductance were highest when
sandalwood was associated with Dalbergia sissoo. Principal Component analysis
confirmed distinct host-driven growth patterns, with overlapping responses between
Melia dubia and Casuarina equisetifolia. Root studies and haustorial observations further
highlighted the structural and functional importance of host integration. Application of
300 ppm IBAimproved root developmentand establishmentin sandalwood seedlings.

Upscaling and adoption of sandalwood-based agroforestry systems
The cultivation of sandalwood (Santalum album) has gained notable momentum in
recent years due to its high economic value and long-term benefits. Farmers across
Haryana are increasingly adopting sandalwood-based agroforestry systems as a
profitable and sustainable farming practice, with strong institutional support from ICAR-
Sandalwood plantation at Central Soil Salinity Research Institute (CSSRI), Karnal. Through on-farm trials,
farmers’field in Haryana state  demonstration plots, and farmer-centric initiatives, ICAR-CSSRI has actively promoted
sandalwood cultivation (Photo). This shift is particularly important as conventional
agriculture in many areas has become less profitable and increasingly unsustainable.
Between 2022 and 2024, the Institute facilitated the establishment of sandalwood-based
agroforestry models by distributing over 7,000 high-quality seedlings to farmers. More




Glimpses of plantation activities
at Hisar Farm, Haryana (a) and
Samni farm, Bharuch Gujarat (b)

than 20 farmer-led trials have demonstrated the viability and profitability of sandalwood
farming, generating wide interest in the community. To build capacity, nearly 50 farmers
received hands-on training and demonstrations on host species selection, planting
techniques, irrigation management, and intercropping models. As a result of these
efforts, around 100 farmers across Haryana have already taken up sandalwood
cultivation, generating employment in nursery management, field operations, and
agroforestry enterprises. A notable achievement has been the development of an 8-acre
model sandalwood farm in Village Sambli (District Karnal), which now serves as alearning
hub for farmers from across the state. Farmers are additionally benefitting from
intercropping with cereals, vegetables, and fruits, generating annual returns of
X40,000-50,000 per acre during the initial years before sandalwood reaches maturity.
Beyond its economic potential, sandalwood cultivation is also contributing to soil health
improvement, biodiversity enhancement, and carbon sequestration, thus aligning with
climate change mitigation goals. Importantly, this innovation is transforming
unproductive and abandoned lands into valuable assets, creating a long-term, reliable
source of income. The long lifecycle of sandalwood trees acts as a form of natural savings
and security for farming families, enhancing their resilience against climate variability
and market fluctuations.

Exploring the potential of salt tolerant genotypes of high value agroforestry tree
species in diverse agro-ecological regions: A field evaluation (R. Banyal, Rajkumar,
Manish Kumar, B.L. Meena, A.K. Dubey and David Camus D.)

A field out-planting evaluation study was conducted to identify salt-tolerant genotypes
of Salix spp. (clones), Santalum album, Melia dubia, and Moringa oleifera suitable for salt-
affected environments across agro-ecological regions ranging from AER-2 (Western
Plains: hot arid region with saline soils) to AER-5 (Central Highlands and Gujarat Plains
with deep black soils) (Photos). The study aimed to assess their adaptability and potential
for soilimprovement under salt-affected conditions.

In the first phase, 150 saplings comprising 90 willow clones, 30 Melia dubia, 12
sandalwood (Santalum album), and 12 Moringa oleifera were planted at the Seed Farm of
ICAR-IIWBR, Hisar, Haryana. Plantation was carried out using the sub-surface furrow
planting method in block-line geometry with spacings of 6 X 2m, 6 x 3 m,and 6 X 5 m,
covering about 1.5 acres. Baseline soil characterization indicated extremely adverse
conditions, with electrical conductivity (ECe) ranging from 19.5-45.7 dS m", soil pH
8.78-9.27,and soil organic carbon 0.21-0.32%. Available nitrogen ranged from 19.6-51.0
kg ha®, phosphorus 19.9-27.8 kg ha”, and potassium 261-405 kg ha™ across the 0-90 cm
soil profile. Exchangeable sodium ranged from 24.8-86.0 me L™, calcium 11.5-47.5 me LK,
and magnesium 8.0-16.5 me L. Beating-up operations were undertaken twice during
January-February and August-September 2025 to compensate for early mortality.
However, saplings exhibited extremely poor establishment, with survival limited to
5.56% in willow clone J799, 13.3% in Melia dubia, and 6.25% in sandalwood, followed by
complete mortality. The failure was mainly attributed to extremely high soil salinity and
prolonged waterlogging. Site-specific salinity levels ranged from 20.9-95.6 dS m” in
willow plots, 22.4-90.3 dS m” in Melia dubia, 21.7-95.4 dS m" in sandalwood, and
27.0-97.5 dS m" in Moringa. These extreme physico-chemical conditions exceeded the
tolerance limits of the tested genotypes, indicating that these species are unsuitable for
plantation in sites with severe salinity combined with waterlogging.
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In the second phase, the same clones and genotypes were planted under identical
spacing in deep black soils (Vertisols) at Samni Farm, RRS-CSSRI, Bharuch, Gujarat (AER-5).
Atotal of 180 saplings were planted, including 75 willow (Salix) clones, 45 Melia dubia, and
60 sandalwood (Santalum album). Soil EC increased with depth from about 0.12-0.25 dS
m™ in the surface layer (0-15 cm) to 0.40-1.00 dS m™ at 90-120 cm. The Salix clone SI-64-
017 recorded the highest EC (~0.95-1.00 dS m”), followed by sandalwood (~0.75 dS m™)
and Melia dubia (~0.65 dS m™). Soil pH, also increased with depth, ranging from near-
neutral (=7.0-7.9) at the surface to moderately alkaline values (=8.0-8.3) in deeper layers.
Among the species, Salix clone 131/25 recorded the highest height (76.5 cm), while SI-64-
017 showed the maximum collar diameter (16.0 mm), indicating better vigor. Melia dubia
attained moderate height (62.9 cm) with slender stems (3.5 mm), whereas Santalum
album recorded the lowest height (48.6 cm) but maintained a moderate collar diameter
(6.5mm).

Development of Prosopis germplasm bank (R Banyal)

Eleven Prosopis genotypes maintained in the germplasm bank were evaluated during
2025-26 for survival and growth performance (Table 6.1). Survival ranged from
75.0-91.7%, with the highest survival observed in PG6,PG7,PG8,PG10and PG11 (91.7%),
while PG1-PG5 recorded relatively lower survival (75%). Among the genotypes, PG4 (P.
juliflora) attained the maximum plant height (8.78 m), whereas PG5 (P. juliflora) recorded
the highest stem diameter (18.3 cm) and crown spread (45.1 m?), indicating superior
canopy development. PG9 (P. laevigata) and PG10 (P. juliflora) also exhibited relatively
larger crown spreads (33.8 and 31.1 m? respectively). In contrast, PG11 (P. alba) showed
the poorest growth with the lowest height (3.98 m), stem diameter (3.10 cm), and crown
spread (4.10 m?). Overall, PG5 and PG10 of P. juliflora demonstrated superior growth
performance, while PG6, PG8 and PG10 combined high survival with moderate growth,
indicating their suitability for plantation under the prevailing conditions. The overall
performance ranking of genotypes based on survival and growth traits was: P. juliflora
(PG5) > P.juliflora (PG10) > P. pallida (PG6) > P. laevigata (PG9) > P. cineraria (PG8) > P. pallida
(PG7) > P.juliflora (PG4) > P. cineraria (PG2) > P. cineraria (PG3) > P. cineraria (PG1) > P. alba
0579 (PG11)inthe eight-year-old germplasm bank.

Table 6.1 Survival and growth of Prosopis genotypes

Prosopis genotype(s)* | Survival (%) Plant height (m) Stem dia. (cm) Crown spread (m?)
PG1 75.0 (+0.77) 5.64 (+0.05) 11.9 (+0.31) 12.0 (+0.27)
PG2 75.0 (+0.79) 6.54 (+0.21) 11.5 (+0.26) 15.3 (+0.04)
PG3 75.0 (+0.69) 5.81 (+0.19) 12.4 (+0.37) 14.8 (+0.02)
PG4 75.0 (+0.77) 8.78 (+0.13) 15.9 (+0.51) 14.3 (+0.20)
PG5 75.0 (+0.45) 7.87 (+0.17) 18.3 (+0.51) 45.1 (+0.34)
PG6 91.7 (+0.94) 6.70 (+0.03) 11.9 (+0.39) 27.8 (+0.08)
PG7 91.7 (+0.05) 4.63 (+0.07) 6.40 (+0.00) 15.0 (+0.12)
PG8 91.7 (+0.34) 6.98 (+0.13) 13.0 (+0.23) 13.1 (+0.15)
PG9 83.3(+0.48) 7.43 (+0.01) 13.2 (+0.20) 33.8 (+1.03)
PG10 91.7 (+0.39) 6.84 (+0.08) 11.6 (+0.16) 31.1 (+0.23)
PG11 91.7 (+0.46) 3.98 (+0.09) 3.10 (+0.10) 4.10 (+0.08)

(Values in parenthesis are SEm. *PG1: Prosopis cineraria; PG2: P. cineraria; PG3: P. cineraria; PG4: P. juliflora; PG5: P. juliflora; PG6: P. pallida; PG7: P. pallida;

PG8:P.cineraria; PG9:P.laevingataand PG10:P.juliflora: PG11:P.alba 0579)




Fig 6.2 Correlation matrix
illustrating relationships among
growth attributes, xylem
anatomical traits, biochemical
parameters, and hydraulic
conductivity in mahogany
seedlings under varying saline
irrigation treatments
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Evaluation of Willow and Mahogany genotypes for salt tolerance (Manish Kumar, Raj
Kumar, R.Banyaland A.K. Rai)

An experiment was conducted at the ICAR-Central Soil Salinity Research Institute, Karnal,
to evaluate the effects of saline irrigation on growth, biochemical responses, and xylem
anatomical and hydraulic traits of mahogany seedlings. Nine-ten-month-old seedlings
were grown under sand culture and subjected to different levels of saline irrigation
treatments ranging from 4 to 20 dS m”, along with a non-saline control. Salinity
treatments were imposed for 110-120 days, and plants were harvested at 120 days after
treatment (DAT) for detailed physiological, biochemical, and anatomical assessments.
Salinity stress resulted in significant reductions across all measured growth parameters.
Seedlings receiving non-saline irrigation exhibited superior growth performance,
characterized by greater collar diameter, plant height, and leaf number. In contrast,
progressive declines in these parameters were observed with increasing salinity levels.
Relative to the control, collar diameter declined by 16-67%, plant height by 18-60%, and
leaf number by 17-72%, indicating significant growth inhibition under saline conditions.
Further, correlation analysis of anatomical and hydraulic traits under salinity revealed
strong negative associations between tissue sodium (Na') concentration and key
functional traits (Fig 6.2). Increasing Na" accumulation was associated with reductions in
hydraulically weighted vessel diameter (Dh), potential specific hydraulic conductivity
(Kp), plant height, and collar diameter. These results demonstrate that salinity-induced
ionic stress constrains xylem development and hydraulic efficiency, ultimately limiting
plant growth. A strong positive correlation between Dh and Kp was observed, confirming
a close functional linkage between xylem anatomy and hydraulic performance. Larger
vessel diameters contributed to enhanced hydraulic conductivity, whereas salinity-
induced reductionsin vessel size led to diminished water transport capacity.
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Fig 6.3 Microscopic view of xylem
vessels in mahogany (Swietenia
macrophylla) seedlings. The
illustration of saline irrigation
impact on xylem vessel
characteristics: (a) changes in
hydraulically weighted vessel
diameter (Dh) at salinity levels,
and (b) distribution and relative
abundance of xylem vessel
diameter classes under control
and salinity treatments
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Growth-hydraulic coordination was further supported by a significant positive
relationship between collar diameter and Dh (R*=0.66), indicating that trees with greater
radial growth develop larger xylem vessels. Similarly, root hydraulic conductivity (Kp)
increased significantly with collar diameter (R* = 0.61), emphasizing coordinated
adjustments between growth and water transport capacity. Control plants consistently
exhibited higher hydraulic conductivity, reflecting superior water transport efficiency
under non-saline conditions. Hydraulically weighted vessel diameter (Dh) decreased
significantly with increasing salinity (Fig 6.3). At 16 dS m”, Dh was reduced by 37.8%
relative to the control. Salinity also altered vessel size distribution patterns. Under high
salinity, 62% of vessels were confined to the smaller 10-20 um diameter class, and larger
vessels (>30 um) were nearly absent. In contrast, control plants exhibited a broader vessel
size spectrum, with diameters extending up to 40-50 um. The reduction in both the
frequency and range of vessel sizes under saline conditions represents an adaptive
anatomical adjustment aimed at minimizing cavitation risk in high osmotic
environments. Furthermore, lumen area percentage varied markedly among treatments
and was strongly influenced by salinity stress. The highest lumen area (approximately
22%) was recorded under control conditions, whereas it declined sharply to ~11% under
high salinity (16 dS m"). The pronounced reduction in lumen area under saline irrigation
exerted a strong inhibitory effect on hydraulic conductivity, further constraining water
transport and growth. Overall, the results indicate a clear stress-response pathway:
salinity leads to vessel narrowing, reduced hydraulic efficiency, and suppressed growthin
mahogany seedlings. While reduced vessel diameter and lumen area limit hydraulic
conductivity and growth, these structural adjustments likely represent adaptive
strategies to enhance hydraulic safety and reduce cavitation risk under prolonged salt-
induced water stress.

Salinity — Smallervessels — Lower conductivity — Reduced growth

In another study, twenty specific Salix clones were selected for a study aimed at
identifying salt-tolerant genotypes and advancing the understanding of underlying
tolerance mechanisms. Acquired from UHF Nauni, the clones were propagated in a
nursery for experimental use. A hydroponic system using saline water (4-12 dS m”) was
established to screen rootstocks with enhanced salinity tolerance. This approach is
anticipated toyield valuable insights into the physiological responses of willow to salinity
stress.



Reclamation and Management of Alkali Soils
of Central and Eastern Gangetic Plains

Sulphamic Acid Based Management of Sub-soil Sodicity in Partially Reclaimed
SodicSoil (S.K.Jha, Sanjay Aroraand A K. Dixit)

The experiment which was initiated in 2024 considering treatments : T1- Control; T2 - 50
GR gypsum (GYP) at surface (S); T3 — 50 GR marine gypsum (MG) at surface (S); T4 — 25 GR
MG (S)+25 GR MG at sub-surface (SS); T5-12.5 GR sulphamicacid (SA) at surface (S)+25 GR
SA (SS);T6-12.5GRSA(S)+12.5GRSA (SS);T7-12.5GRMG(S)+25GRSA(SS);T8-12.5GR
formulation (FSA) at surface (S)+25 GR FSA (SS) continued for the second year at Shivri
research farm of ICAR-Central Soil Salinity Research Institute, Regional Research Station,
Lucknow. After the rice harvest, wheat was sown in November, 2024 which was harvested
in April, 2025. The performance of the crop is depicted in Fig. 7.1. Maximum wheat yield
of 5.39t ha" was found in the treatment T5 as statistically similar to treatmentT7 (Fig. 7.2).
The soil samples (augur hole) were collected after wheat harvest from three depths viz 0-
15 cm, 15-30 cm, and 30-45 cm and subjected to physico-chemical analysis. Among the
treatments, the average pH, varied from 8.71 to 9.0 in 0-15 cm depth with maximum
reduction in T, treatment (pH 8.71) statistically similar to each other treatments. In 15-30
c¢m soil depth maximum decrease was noticed in the treatment T5 where followed by T7,
statistically similar to T3 and T8 (Table 7.1). In 30-45 cm depth, there was no significant
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Fig. 7.1 Performance of wheat crop Fig. 7.2. Effect of amendment on wheat yield
Table 7.1 Changes in pH and Electrical conductivity under different treatments
pH (1:2) EC(1:2),dSm"
TRT Treatments = = - -
0-15 cm 15-30 30-45 0-15 cm 15-30 30-45

cm cm cm cm

T1 Control 8.97 9.52 9.92 0.41 0.53 0.79
T2 50 GRGYP (S) 8.91 9.44 9.84 0.54 0.63 1.03
T3 50 GR MG (S) 8.71 9.23 9.75 0.38 0.60 0.77
T4 25 GR MG (S)+25 GR MG (SS) 8.73 9.31 9.69 0.41 0.77 0.74
T5 12.5 GR SA (S)+25 GR SA (SS) 8.73 9.05 9.59 0.39 0.67 0.88
T6 12.5GR SA (S)+12.5 GR SA (SS) 9.00 9.35 9.59 0.54 0.75 0.55
T7 12.5 GR MG (S)+25 GR SA (SS) 8.77 9.20 9.67 0.46 0.64 1.06
T8 12.5 GR FSA(S)+25 GR FSA (SS) 8.74 9.26 9.69 0.44 0.51 1.04
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Table 7.2. Change in pH of soil under different depth after rice harvest

Treatments pH 0-15 cm pH 15-30 cm pH 30-45 cm
Control 9.60° 9.89° 9.99
50 GR Gyp (5) 9.14" 9.71° 9.92°
50 GR SA (S) 8.64° 9.21° 9.67%
25 GR SA (S)+25 GR SA (SS) 9.03% 9.34° 9.60™
25GRSA (S) 9.07* 9.66 9.89°
50 GRFSA (S) 8.62° 9.35° 9.74®
25 GRFSA (5)+25 GR FSA (SS) 9.18™ 9.37° 9.52°
25 GRFSA-2 (S)+25 GR FSA-2 (SS) 9.15” 9.42* 9.62"
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Fig 7.3 Changes in exchangeable sodium percentage Fig 7.4 Rice yield in partially reclaimed sodic soil in kharif
under different treatments season

change in pH observed after the after wheat harvest. The electrical conductivity, EC,
varied from 0.38 to 0.54 dS m™ in 0-15 cm soil depth whereas in 15-30 cm and 30-45 cm
depths, the EC, varied from 0.53t00.77 dSm"and 0.55to 1.06 dSm™, respectively.

In Kharif season, along with the present experiment, an experiment was also conducted
on highly degraded sodic soil having pH 9.98, 10.1, and 10.22 for 0-15 cm, 15-30 cm, and
30-45 cm soil depth, respectively taking sulfamic acid (SA) as the main ameliorant. The
experiment on highly sodic soil was conducted by taking 8 treatments and 3 replications
on 20 m’ plot size in RBD design. The treatments were: T1- Control; T2 - 50 GR gypsum
(GYP) at surface (S); T3 - 50 GR SA at surface (S); T4 — 25 GR SA (S)+25 GR SA at sub-surface
(SS); T5 - 25 GR SA at surface (S); T6 — 50 GR formulation, FSA (S); T7 - 25 GRFSA (S)+25 GR
FSA (SS); T8 — 25 GR formulation (FSA-2) at surface (S)+25 GR FSA-2 (SS). The rice was
transplanted in July, 2025 in which mortality were noticed in some of the SA treated plots,
which might be due to incomplete reaction of SA with soil system. But the soil physico-
chemical properties improved significantly after the rice harvest. The pH of 0-15 cm soil
depth decreased maximum in the treatment 50 GR SA (S) with pH 8.64 w.r.t. control, which
was statistically similar to 50 GRFSA (S) whilein 15-30 cm depth, maximum decrease in pH
was observed in 50 GR SA (S) having pH 9.21 w.r.t. control (pH 9.89), statistically similar to
25 GRSA (S)+25 GR SA, 50 GR FSA (S), and 25 GR FSA (S)+25 GR FSA (SS). But, in 30-45 cm
soil depth maximum decrease in pH was noticed (pH 9.52) w.r.t. control (pH 9.99) in 25 GR
FSA (S)+25GRFSA(SS) (Table 7.2). Similarly, under 0-15 cm soil depth, maximum decrease
in exchangeable sodium percentage (ESP) was noticed in 50 GR SA (S) (ESP 35.14) w.r.t.
control (ESP 60.09) (Fig.7.3).
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Table 7.3 Changes in soil pH in partially reclaimed sodic soil after rice harvest

Treatments pH 0-15 cm pH 15-30 cm pH 30-45 cm
Control 9.07° 9.62° 9.94
50 GR Gyp (5) 8.86" 9.59" 9.84
50 GR MG (S) 8.66° 9.45® 9.78
25 GRMG (S)+25 GR MG (SS) 8.75® 9.52* 9.65
12.5 GR SA (S)+25GR SA (SS) 8.76™ 9.24° 9.82
12.5 GR SA (S)+12.5GR SA (SS) 8.97* 9.52* 9.93
12.5 GR MG+25 GR SA (SS) 8.85” 9.51® 9.87
12.5 GR FSA(S)+25 GR FSA (SS) 8.84™ 9.50® 9.78

However, under partially reclaimed sodic soil, the rice yield was observed maximum (4.19
tha') in treatment T5 where 12.5 GR sulfamic acid (SA) was applied on surface (S) and 25
GRSA applied on sub-surface (SS)i.e.(12.5 GRSA (S)+25GR SA (SS) (Fig. 7.4) followed by 50
GR GYP (S) (4.14 t ha™), which was statistically on par to 12.5 GR MG (S)+25 GR SA (SS). A
significant decrease in pH was observed in T3 treatment (pH 8.66) under 0-15 cm soil
depth where MG was applied on surface @ 50 GR (Table 7.3). This was followed by T8
where 12.5 GR FSA on surface and 25 GR FSA on subsurface was applied which was
statistically similar to T2, T4, T5, T6, and T7. Under 15-30 cm soil depth, a significant
decrease in pH was observed in treatment T5 (pH 9.24) with respect to control while no
significant difference was noticedin 30-45 cm soil depth.

The experiment s still in progress and a subsequent change in the soil characteristics has
to be observed. Sulphamic acid could be a very good ameliorant of heavy textured sodic
soils where CO,” and HCO, salts of Naand CaCO, (amorphous and calcrete) dominates.

Feasibility of harvesting salt from high salinity lands using polythene lined pond
and enhanced evaporation techniques (A. Rahman, Sanjay Arora and A.K Dixit)

This project was continued with objectives to assess salt flushing under the bordered
surface flush irrigation technique with good quality of water and observing treatment
effect on crop yield attributes under the rice-wheat cropping system. The description of
experimental setup and treatments undertaken during rabi season 2024-25 are given in
Table 7.4.The relevant soil attributes before the sowing of wheat crop in the experimental
plotsisgiveninTable7.5.

DatainTable 2 showed that the pH was minimum in treatmentT,(1% slope + gypsum) in
the soil depth zones of 0-15 cm and 15-30 cm, both. Similarly, the Na* ions was also
minimum in the depth zone 0-15 cm and this was due to the application of gypsum,
which chemically freed more Na* ions due to addition of Ca™ ions in soil. This freed Na*
ionsflushed outalong the field slope and pH is reduced. InT,(level field+ gypsum) the soil
pHand Na'ions both were high due to less horizontal flushing and relatively more vertical

Table 7.4 Description of experimental setup and treatments during rabi season 2024-25

S.N. | Item Features Treatment

1. Plot size 24 m x4.0 m (96 m?) T1:level field+ no gypsum

2. Date of sowing 16/11/2024 T2: level field+ gypsum@50GR

3. Wheat variety KRL-283 T3:1% field slope+ no gypsum

4. Fertilizer basal dose NPS: 20:20:13; 2.9 kg/plot T4:1% field slope + gypsum @ 50GR
5. Split doses of urea 635g/plot (twice) -

©
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7.5 Soil chemical parameters before wheat sowing

Treatment pH Na+ Co.” HCO,
Depth (cm)— 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30
T1 9.23 9.70 18.21 12.51 4.0 2.0 7.0 6.33
T2 9.24 9.55 18.24 18.25 2.0 1.8 5.0 6.17
T3 9.16 9.61 16.60 12.00 3.0 2.3 53 5.50
T4 9.02 9.52 17.08 13.90 1.7 2.3 4.7 6.67

Table 7.6 The yield parameters of wheat crop under different treatment

Treatment Plant height (cm) | Ear head (cm) | Straw yield (t/ha) GrainYield (t/ha) | HarvestIndex
T1 69.7 9.0 4.00 2.30 0.365
T2 69.5 9.0 3.98 2.30 0.366
T3 70.3 9.1 4.03 2.37 0.370
T4 74.30 9.2 430 2.53 0.373
Na+ pH
21

9.4

Na (meq/l)
T
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Wheat crop in experimental Fig 7.5 Effect of treatmenton sodiumionsand pH

plots (Rabi 2024-25)

leaching. The flushing effect is also visible in T, (1% slope+ no gypsum), as Na*
concentration and pH both were low compared toT,(level field+ gypsum).

In the experimental plots, the standing wheat crop is shown in photo. The plant height,
ear-head length, straw and grain yield of wheat, recorded at the end of crop period, are
reportedinTable7.6.

It was observed that the straw yield, grain yield and the harvestindex all were highestinT,
(1% slope + gypsum) with corresponding values of 4.3 t/ha, 2.53 t/ha and 0.373,
respectively. This was followed by T, (1% slope+ no gypsum)with values of 4.03 t/ha, 2.37
t/ha and 0.370, respectively. A minimum value of wheat straw, grain yield and harvest
index were observed in T, (level field+ no gypsum) with values of 4.0 t/ha, 2.30 t/ha and
0.0.365, respectively. The data trend showed that the gypsum application under slopy
land condition was most beneficial, in terms of wheat yield attributes. Further, in case of
no application of gypsum, creating a small gradient in the land slope would be helping
the farmers in lowering the pH value and getting good crop in high sodic fields, as slope
aggravates the salt removal from the field, particularly in 0-15 cm soil depth zone. The
effect of treatments on Na'ions and pH reduction is shown in Fig. 7.5.

Characterization of heavy textured sodic soils of Uttar Pradesh by Vis-NIR
spectroscopy for rapid and non-destructive estimation SAS parameters (A. Rahman,
Sanjay Arora, Amresh Choudhary and R.H.Rizvi)

The vis-NIR spectroscopy is a proximal sensing technique for rapid and non-destructive




Table 7.7 Ranges of chemical parameters of samples (N=73)

pH EC pH, EC, Na* K Ca” S
10.7-75 5.378-0.184 | 10.02-7.67 8.67-0.127 95.0-11.92 0.345-0.041 5.5-0.5 | 56.08.-6.41
Mg™ o, HCO, cr oc CEC ESP
35-05 80.0-0.00 44.0-1.50 55.0-1.50 0.538-0.03 18.73 -4.894 98.23 - 1.085

Fig 7.6
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estimation of soil parameters. The spectral dispersion due to absorption of
electromagnetic energy by soil constituent leads to their quantification, as dispersion is
proportional to the concentration of the components. The spectral absorptions in vis-NIR
region are weak, and sources of absorption overlaps, hence quantitative analysis are
implemented through empirical, multivariate statistical models. The performance of vis-
NIR spectral absorptions is objectively evaluated for different soil samples of wide area for
accuracy in measurement. The objective of this project was to acquire soil samples from
the heavy textured highly sodic areas such as Hardoi, Unnao and Lucknow districts of
Uttar Pradesh and to analyze the samples in laboratory for chemical properties, and for
vis-NIR spectroscopic spectral signatures. Based on these objectives 73 samples were
collected from these areas and analyzed in laboratory for pH, EC, pHs, ECe, Na", K" Ca™
Mg"™* CO," HCO, CI,0C CEC and ESP, and ranges of chemical parameters are reported in
Table7.7.

The collected and chemically analyzed soil samples were processed and sieved through
2.0 mm sieve and putin the sample holders for spectral scanning, as shown in Fig 7.6. The
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samples were put inside a black wooden box for reflectance spectral signatures using
XHR-1024i spectroradiometer operated in Vis-NIR (350-2500 nm). The spectroradiometer
was calibrated using a white Teflon plate. The necessary adjustments were done to
standardize thereflectance intensity.

The raw spectral signatures for samples were recorded as shown in Fig 7.7. Irrespective of
the location of soil sampling, the spectral signatures showed prominent diffused
scattering over the wavelength range of 975-1010 nm and 2200-2500 nm (Fig 7.8). The
diffused scattering could be attributed to the soil attributes which could be estimated on
the basis of their own scattering nature.

The raw spectral signatures was processed by averaging multiple observations of
reflectance data of a sample and then all were integrated, cleaned and normalized. This
processed spectral signature will be smoothen further by Saitzky-Golay filtering for first-
order derivative of signals, and a standard normal variate spectra (SNV) would be
developed with removal of linear trend for modelling of the processed spectra to extract
relevant information using mathematical and statistical techniques. Further, some
strong absorption were observed at ~1400 nm, ~1900 nm and 2200 nm, but all of them
are related to feature of water, ~1400 nm and ~1900 nm, and clay lattice OH features
at~1400nmand ~2200nm.

Low Budget natural farming for sustainable crop production (Arjun Singh, SKJhaand
A.K.Dixit)

In the sixth cropping cycle of the project, effect of the natural farming component was
evaluated on growth and productivity of the wheat (var KRL283). Six treatments among
which 2 treatments (viz; Sc-1 and Sc-2) were based on recommended chemical input-
based farming practices whereas 4 treatments (viz; Sc-3, Sc-4, Sc-5 and Sc-6) were based
on package and practices of LBNF components. There was drastic reduction in yield of
wheat under the treatments receiving natural farming components, the plot yield ranged
from 9.8 g/ha to 13 g/ha. The results of the field experiments with wheat showed
significant changes in the soil chemical as well as biological activity. With respect to the
OC data in wheat natural farming registered decrease in OC levels except for Sc4 (Table
7.8). Under the NF treatments the reduction in availability of soil nitrogen was also
observed as compared to control treatment, it was found that under NF treatments, AvI N
ranged from 78 to 107 kg/ha whereas the treatments receiving chemical inputs has AvIN

Table 7.8. Changes in soil properties (chemical and biological) under wheat cultivation (var. KRL 283) following low
budget natural farming as well as fertilizer based agronomic practices.

Organic Available Available Available Dehydrogenase
Treatments Carbon Nitrogen Phosphorous Potassium activity

(%) (Kg/ ha) (Kg/ ha) (Kg/ha) (ng/ml/hr)

I F I F I F I F I F
Scl 0.47 0.43 198.6 190.5 | 15.71 16.55 189.1 175.8 132.2 107.0
Sc2 0.46 0.48 196.6 200.8 | 15.40 15.94 | 189.3 1924 110.9 125.1
Sc3 0.50 0.43 89.52 78.04 | 9.803 10.15 164.3 154.3 106.7 89.05
Sc4 0.42 0.46 1133 107.0 | 10.08 11.80 | 165.7 162.4 121.2 94.26
Sc5 0.53 0.44 111.9 107.7 14.29 14.82 166.2 165.2 101.9 126.6
Sc6 0.50 0.43 114.7 105.4 14.45 15.69 167.0 163.7 118.2 126.4

I-Initial; F-Final



Fig 7.9 Trends of yield under LBNF
(Sc3, Sc4, Sc5, Sc6) as well as
fertilized treatments (Sc1, Sc2)
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to the range of 190-200 kg / ha. Changes in soil microbial biomass was estimated in terms
of dehydrogenase activity. It was found that dehydrogenase activity also decreased in all
the natural farming treatments, only Sc5 (LBNF + HaloMix + Residue) and Sc6 (LBNF +
HaloMix + Residue+ Green Manuring) showed increase in dehydrogenase activity (Table
7.8). The yield response of the wheat was low under the application of natural farming
components. It was found that maximum yield of 14.9 g/ha was obtained under natural
farming whereas under conventional farming yield response was 31.8 g ha (Figure 7.9).

The use of natural faming components increased the microbial biomass of the soil and
improved its soil organic carbon and nitrogen. Still the recommended doses of the
components are not sufficientto meet out the yield potential of rice and wheat.

Investigating role of bacterial endophytes for ameliorating salt stress in wheat
(Arjun Singhand S.K. Jha)

Bacterial root endophyte isolation was initiated from wheat cultivars Kh65, KRL210,
KRL238 and HD3226 grown under sodic conditions pH2 9.2, 9.5 and 10.0. The bacterial
isolation scheme from the varieties started with surface sterilization of the root surface
with crushing in phosphate buffer saline. The crushed samples in PBS were subjected to
serial dilution and were plated on following culture media viz; Nutrientagar, nutrient agar
(half strength), nutrient agar (1/10 strength), SCA, R2A, TYA, Norris N free medium , SEA
and King's B medium.Theisolation experiment resulted 300 bacterial isolates in which 25
bacterial isolated could not be revived back hence; a stock of 275 bacterial isolates has
been maintained. The bacterial isolates were subjected to functional screening for stress
amelioration, for there alkaline pH tolerance, aminocyclopropane-1-carboxylate (ACC)
deaminase production, alkaline protease production, beta-glucosidase production,
exopolysaccharide (EPS) production, Auxin production and seed germination assay.
Among 275 isolates, 91 isolates were found to be tolerating pH 10.0 when subjected to
screening on Horikoshi-1 medium. Hence these alkali tolerant isolates were further
selected for functional characterizations for stress ameliorating traits in which 57 isolates
showed ACC deaminase activity, EPS production was observed in 38 isolates, 6 bacterial
isolate showed alkaline protease production, 7 bacterial isolates showed halo-tolerant 3-
glucosidase production. The auxin production was recorded in all the 81 alkali tolerant
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Table 7.9 Quantitative estimation of effect of bacterial endophytes in increasing seed vigour

Bacterial Isolate Auxin (IAA mg-1) Seed vigour Wheat Host
Plumule (cm) Radicle (cm)

Isolate 12 17.15 33 1.5 Kharchia 65
Isolate 13 17.76 3.5 2.2 KRL283
Isolate 09 18.45 3.6 2.6 Kharchia 65
Isolate 22 18.34 0 1.5 KRL 283
Isolate 1 10.2 0 3.0 Kharchia 65
Isolate 2 8.45 0.5 3.0 Kharchia 65
Control 0 0.5

Fig 7.10 Morphological diversity
of root bacterial endophytes
from wheat

roduction
-

Fig 7.11 (a,b)- Distribution of salt stress ameliorating traits in bacterial endophyte isolates. (c)- Effect of bacterial endophytes

inimproving seed vigour of wheat variety KRL 283
isolates. The seed vigour assay was performed by selecting the top ten-auxin producing
bacteria in which five bacterial isolates were found to induce early germination in the KRL
283 seeds.The bacterial root endophytes were possessed many of the stress ameliorating
traits which are being extended to its host plant (table 7.9). The bacterial endophytes
were also able to induce breaking of the seed dormancy which proves that it is being
colonising the spermo-sphere of the wheat seeds and improving the seed vigour.

Spatial and Temporal Analysis of Waterlogging and Salt Dynamics for Crop
Planning in Sharda Sahayak Canal Command of Uttar Pradesh (R.H. Rizvi and Sanjay
Arora)

This project was initiated in March, 2022 with the aim of mapping waterlogged salt
affected areas in Sharda Sahayak Canal Command. This command comprises of 18
districts of Uttar Pradesh and has geographical area of 359864.38 km’. For this project, six
districts namely Amethi, Barabanki, Jaunpur, Pratapgarh, Lucknow and Raibareli were
selected from Canal Command. Field survey was conducted in Sharda Canal Command of



Table 7.10 Summary statistics for soil samples of Jaunpur district in Sharda Canal Command

Depth: 0-15cm pH EC (dS/m) | Na(ppm) pH., EC, CEC ESP

Minimum 8.38 0.476 18.76 7.10 1.422 5.754 28.66
Maximum 10.63 4.29 611.52 10.24 18.92 9.495 70.97
Mean 9.34 1.72 195.79 8.44 6.47 7.49 56.59

Table 7.11 LULC statistics of Jaunpur district for May 2023 and May 2025

LULC classes May-2023 May-2025

Area (ha) Area (%) Area (ha) Area (%)
Sodic soils 48496.14 12.02 50647.25 12.55
Water' W' bodies 12725.99 3.15 9431.27 234
Builtups/ Sandy areas 73148.22 18.13 79369.39 19.67
Bareland/ Fallowland 66046.1 16.37 86071.88 21.34
Vegetation/ Plantations 202991.88 50.32 177888.546 44.10

403408.33 403408.33

Table 7.12 District-wise area under Sodic soils in study districts (May 2023)
District Geog. Area (ha) Sodic soils
Area (ha) Area (%)

Amethi 275064.47 17563.67 6.38
Barabanki 358582.32 20125.16 5.61
Pratapgarh 370932.86 11298.54 3.05
Raebareli 227385.70 12054.34 5.30
Jaunpur 403283.57 26105.31 6.47
Total 1635248.92 87147.02 533

Jaunpur district of Uttar Pradesh and 15 geo-referenced soil samples (at 2 depths) were
collected. These samples were analysed in lab for soil parameters viz. pH, EC, OC, Na, K, Ca,
Mg and saturation extract pH,and EC..

I.Soil Analysis

The geo-referenced soil samples from 15 sites each (2 depths) were collected from
Jaunpur district in Sharda Sahayak Canal Command of Uttar Pradesh. These soil samples
were analysed in laboratory by standard methods for soil parameters like pH, EC, Na, K,
OC, etc (Table 7.10). Analysis of these samples revealed that mostly samples were sodic
(pH>8.5) and non-saline (EC<4). Soil pH of the samples varied from 8.38 to 10.63 and EC
varied from 0.476 to 4.29 dS/m. maximum pH and pHe for sodic samples was as high as
10.63 and 10.24, respectively. Exchangeable sodium percent (ESP) was found as high as
70.97 in these samples. A very wide variation was observed in Na ranging from 18.76 to
611.52ppm.

Il. Remote Sensing Analysis

Land use and land cover (LULC) analysis

Sentinel-2 MSI data for two periods (May 23 & May 25) has been downloaded. These
remote sensing images were mosaicked and clipped from district boundary. Land use
land cover (LULC) classification was done by ISODATA method in QGIS software. LULC
analysis revealed that area under sodic soils in the district increased from 48496.14 ha in
May 2023 to 50647.25 ha in May 2025 (Table 7.11). LULC map of Jaunpur district is
depicted in figure 7.12 (sodic soils in pink colour). Under the Sharda Sahayak Canal
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Fig 7.12 LULC map of Jaunpur district for May 2023 Fig 7.13 LULC of study districts in Sharda Sahayak Canal command

project, LULC analysis for five study districts namely Amethi, Barabanki, Raebareli,
Jaunpurand Pratapgarh was done. Area under sodic soils in these districts was estimated
tobe87147.02 ha, whichis 5.33% of their geographical area (Table 7.12 & Figure 7.13).

Harnessing productivity potential of calcareous salt affected soils of Bihar through
improved reclamation technologies (Sanjay Arora, S.K. Jha, Arjun Singh, S.P. Singh and
S.S.Prasad)

Development of model for estimating native CaCO, dissolution in calcareous sodic
soils

Incubation batch kinetics study was conducted on 10 calcareous sodic soils of Bihar at
field capacity to ascertain a suitable dissolution model. It showed an initial release of Ca
ranging from 3.0t0 6.25 meg/l on day 1 ofincubation thatincreased to the extent of 8.5 to
25.5 meq/l after 4 weeks of incubation (Table 7.13).

Different dissolution rate models were tested and it was observed that integrated rate
equation (first and second order integration) best fitted with R’ value dominating
between 0.96 to 0.99 and SE values 0.002 to 0.029 for first order and 0.008 to 0.032 for 2™
order in soils have diverse CaCO, content. Elovich equation also fitted well in almost all
soils with free CaCO, contentranging from 5.8 t023.2% (Fig. 7.14).

Table 7.13 Kinetic rate equations for dissolution of CaCO3 in calcareous sodic soils

Calcareous sodic soils | Integrated rate equation Elovich Power function | Parabolic diffusion
R2l | S.E.lI | R2ll | S.E.l | R2 S.E. R2 S.E. R2 S.E.
S1(16.2%) 0.96 | 0.029 | 0.99 | 0.025 | 0.99 | 0.193 | 0.98 0.015 0.88 0.067
S2 (5.8%) 0.99 | 0.004 | 0.99 | 0.016 | 0.96 | 0.159 | 0.98 0.004 0.95 0.016
S3(9.2%) 0.99 | 0.013 | 0.99 | 0.025 | 0.95 | 0.369 | 0.92 0.019 0.75 0.065
54 (6.4%) 0.99 | 0.013 | 0.99 | 0.028 | 0.98 | 0.204 | 0.98 0.009 0.84 0.048
S5 (12.3%) 0.99 | 0.002 | 0.99 | 0.021 | 0.99 | 0.142 | 0.99 0.006 0.92 0.039
S6 (14.1%) 0.99 | 0.007 | 0.99 | 0.020 | 0.95 | 0.231 | 0.94 0.012 0.76 0.048
S7(18.5%) 0.99 | 0.002 | 0.98 | 0.032 | 0.96 | 0.116 | 0.96 0.005 0.79 0.026
S8 (20.4%) 0.99 | 0.011 | 0.99 | 0.008 | 0.98 | 0.278 | 0.97 0.019 0.84 0.078
S9 (23.2%) 0.99 | 0.012 | 0.99 | 0.023 | 0.96 | 0.199 | 0.90 0.019 0.79 0.056
S10(16.5%) 0.99 | 0.009 | 0.99 | 0.019 | 0.98 | 0.228 | 0.99 0.004 0.96 0.024




Fig 7.14 Kinetics of Ca release
from calcareous sodic soils of

Bihar
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Database of extent and nature of calcareous salt affected soils of Bihar

The GPS based soil samples were collected from different districts of Bihar and analysed
for different soil properties including soil pH and free CaCO, content.The calcareous sodic
soils geo-coordinate sites were digitally mapped and using district boundary maps (Fig.
7.15).The same is being refined as decision support tool for effective use of stakeholders
fordeciding the possible suitable intervention based on soil properties.

Bio-Chemical characterization of potential CaCO, dissolution bacterial isolates

Bio-chemical characterization of 12 potential bacterial isolates having traits for calcium
carbonate dissolution was done. It was observed that the IAA production by the isolates
ranged from 7.9 to 22.7 ug/ml and out of 12 isolates, 9 were positive for catalase, 6 were
positive for MR and citrate utilization test to ascertain organisms to utilize citrate as sole C
source. Nine bacterial isolates were positive for starch and 6 were positive for HCN
production.Three isolates were only positive for siderophore production, 5 were positive
for ACC deaminase activity and 7 were positive for urease activity (Table 7.14). Based on
the biochemical tests, salt tolerance and from the quantification of Ca release kinetics in
liquid media, the 4 isolates were subjected to molecular characterization and consortia

Table 7.14 Biochemical characterization of CaCO3 dissolving bacterial isolates

CultureID | IAA (pg/ml) Catalase | MR Citrate | Starch HCN Siderophore | ACC Urease
CDHB-1 18.453 +ve +ve +ve +ve +ve -ve +ve +ve
CDHB-2 9.616 -ve +ve -ve +ve -ve -ve -ve +ve
CDHB-3 11.477 +ve -ve -ve -ve +ve +ve -ve +ve
CDHB-4 17.640 +ve +ve +ve +ve -ve -ve +ve +ve
CDHB-5 7.899 -ve -ve +ve -ve +ve -ve +ve +ve
CDHB-6 16.709 +ve +ve +ve +ve -ve -ve -ve -ve
CDHB-7 22.756 -ve -ve -ve +ve +ve -ve -ve -ve
CDHB-8 13.570 +ve +ve +ve +ve +ve -ve -ve -ve
CDHB-9 13.337 +ve +ve -ve +ve +ve -ve -ve -ve
CDHB-10 16.471 +ve -ve -ve +ve -ve -ve +ve -ve
CDHB-11 18.570 +ve -ve +ve +ve -ve +ve -ve +ve
CDHB-12 12.988 +ve -ve -ve -ve -ve +ve +ve +ve
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Table 7.15 Dissolution of CaCO, by isolates in broth

Culture Id pH Ca (megq/l)
3d 10d 3d 10d
0.5% CaCo,
Control 7.84 6.41 12.0 9.5
CDHB-9 8.19 7.80 51.0 59.0
CDHB-10 7.84 7.94 23.0 15.5
CDHB-11 8.24 7.66 58.5 60.5
1.0% CaCO,
Control 7.98 6.58 14.0 135
CDHB-9 8.19 8.00 51.5 58.5
CDHB-10 8.24 8.18 26.5 46.5
CDHB-11 8.51 8.36 55.0 59.5
1.5% CaCO,
Control 8.25 7.84 16.5 16.5
CDHB-9 8.00 8.37 57.0 64.0
CDHB-10 8.01 7.28 28.0 40.5
CDHB-11 8.31 8.37 56.0 62.5

Fig 7.16 Liquid formulation ‘Halo-
Cal-D’ consortia of efficient
calcite dissolving bacteria

Halo-Cal-D (halophilic calcium carbonate dissolving bacteria) was mass multiplied,
standardized carrier media and shelflife forvalidationin calcareous sodic soils.

A broth experiment was conducted to quantify the amount of dissolution of CaCO, by
isolates during time interval with different concentration of calcium carbonate. It was
observed that pH of broth reduced from 7.84 to 6.41, 7.98 to 6.58 and 8.25 to 7.84 in
control with 0.5, 1.0 and 1.5% CaCO,. Inoculation of calcite dissolving bacteria decreased
the pH and increased Ca content in broth with maximum value observed in CDHB-9 and
CDHB-11 bacterial strains (Table 7.15).

16S rRNA for molecular identification

The 4 potential bacterial isolates were subjected to DNA extraction and the PCR product
is purified and subjected to Sanger sequencing using universal primers (27F and 1492R)
to target the 16S gene, producing an amplicon of roughly 1500 bp. Through BLAST
repository, the three potential isolates were identified as Bacillus pumilus, Bacillus
australimaris, Bacillus tequilensis and Niallia circulans (Table 7.16).

Standardization of Media and Bioformulation development

The potential consortia of calcite dissolving bacteria having compatibility were
continued for ascertain for shelf life test in liquid standardized carrier media as per norms.
Liquid based formulation prepared Halo-Mrida Sudharak was transformed to “Halo-Cal-
D" with a satisfactory shelf life of 360 days at room temperatures. The formulation is ready
for widespread multi-location testing for promoting in-situ dissolution of native CaCO, in
calcareous sodic soils for self-reclamation and plant growth promotion (Fig 7.16).

Table 7.16 Molecular identification of potential calcite dissolving isolates

CDHB-8 Bacillus pumilus
CDHB-9 Bacillus australimaris
CDHB-10 Bacillus tequilensis
CDHB-11 Niallia circulans




Effect of interventions on performance of salt tolerant variety grown on calcareous
sodicsoil

In Samastipur and Muzaffarpur district of Bihar, on-farm demonstrations during Kharif
2025 were conducted at 4 locations where farmers have preserved the seeds of STV of
previous season. The paddy was found to be superior with interventions viz. green
manuring, halo-mix enriched cow manure and pressmud with salt tolerant variety (CSR
46). It was observed that salt tolerant rice variety (STV) performed better over the
traditional variety with more than 23% more grainyield on an average.

Development of resource efficient cropping systems for sodic environment (Anoop
Kumar Dixit, Anil Kumar Dubey, Sanjay Aroraand Arjun Singh)

To develop remunerative and resource efficient cropping system in place of traditional
rice-wheat system under sodic environment, afield study was initiated at research farm of
CSSRI-Regional Research Station, Lucknow. In field experiment, nine cropping systems
viz.; CS 1: Rice — Wheat, R-W (Farmer's Practice), CS 2: Rice — Wheat — Dhaincha as green
manure, R-W-DGM, CS 3: Rice-Barley-Dhaincha as green manure, R-Ba-DGM, CS 4: Rice -
Berseem, R-Be, CS 5: Rice (Early variety) — Lentil + Mustard (6:1) - Dhaincha as green
manure, RE-L+M-DGM, CS 6: Dhaincha (Seed production) — Barley, DSP-Ba, CS 7: Pearl
millet (Ridge) + Dhaincha (Furrow) as brown manure - Toria — Sunflower, PMR+DBM-T-S,
CS 8: Pearl millet (Line) + Dhaincha (Broadcasting) as brown manure — Toria — Sunflower,
PMF+DBM-T-S up torabi2024-25and Rice (Early variety) —Toria - Sunflower - Dhaincha as
green manure, RE-T-S-DGM from kharif 2025 and CS 9: Fodder sorghum (Raised bed) +
Rice (Sunken bed) — Lentil (Raised bed) + Barley (Sunken bed) - Dhaincha as green
manure, FS(RB)+R(SB)-L(RB)+Ba(SB)-DGM were tested in randomized block design with
threereplications.In CS9 treatment, 15 cm height raised beds were made by cutting of 7.5
cm top soil from shunken bed area and put that soil on raised bed area. All the component
crops were established at their suitable time with recommended package of practices.
1/3 crop residue of rice, pearlmillet, wheat, barley, mustard/toria and sunflower was
used as residue for succeeding crop cultivationin different cropping systems.

During rabi, 2024-25, treatment wise rabi crops viz., toria, berseem, lentil, mustard, barley
and wheat were sown with recommended package of practices. Yield of various rabi
season crops have been recorded (Table 7.17) and to compare it among different
cropping system, yield of different component crops have converted into rice equivalent
yield. During rabi 2024-25, highest REY (3.00 t/ha) was recorded under CS 2 and CS 7
followed by CS 4 & CS 8 (2.88 t/ha), CS 1 (2.83 t/ha), CS 6 (1.87 t/ha), CS 3, (1.76 t/ha), CS 9
(1.73t/ha) and CS 5 (1.44 t/ha) cropping system. Similarly during zaid season 2025, yield of
differentcomponent crops was recorded and converted into REY (Table 7.17and 7.18).

Data onrice equivalentyield of different cropping system during 2024-25 was calculated
and presentedin table 7.18 & figure 7.17. It was observed that cropping system CS 7: Pearl
millet (Ridge) + Dhaincha (Furrow) as brown manure - Toria — Sunflower, PMR+DBM-T-S,
recorded significantly higher rice equivalent yield (9.03 t/ha) than all the other cropping
systems except CS 8: Pearl millet (Line) + Dhaincha (Broadcasting) as brown manure -
Toria - Sunflower, PMF+DBM-T-S which was at par, whereas significantly lowest REY (3.11
t/ha) was recorded by CS 6: Dhaincha (Seed production) — Barley, DSP-Ba cropping
system.CS 7 cropping system recorded 44 per cent higher REY and CS 6 recorded 50.4 per
centlower REY than traditional Rice —wheat system (CS 1) under sodic soil environment.
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Table 7.17 Yield (t/ha) of different component crops under various cropping systems during rabi, 2024-25 & zaid, 2025.

Rabi, 2024-25 Zaid, 2025
Cropping system Fodder | Wheat/Barley Lentil Mustard Sunflower DGMA*

Berseem

(4 cuts) Grain | Straw | Grain | Stover | Seed | Stover | Seed | Stover
CS1:R-W (FP) 2.31 3.69 - - - - - - -
CS2: R-W-DGM 2.58 2.56 - - - - - - 30.67
CS3: R-Ba-DGM 1.79 2.02 26.56
CS4: R-Berseem 26.48 - - - - - - - - -
CS5: Re-L+M-DGM - - - 0.16 0.26 0.35 0.51 - - 26.56
CS6: DSP-Ba - 1.90 2.13 - - - - - - -
CS7: PMR+DBM-T-S - - - - - 1.13 1.70 1.48 1.86 -
CS8: PMF+DBM-T-S - - - - - 1.08 1.68 1.49 1.86 -
CS9: FS(RB)+R(SB) -L(RB) - 1.01 1.07 0.23 0.65 - - - - 14.17
+Ba(SB)-DGM

*dhaincha biomass as green manure addition

Table 7.18 Rice equivalent yield, REY (t/ha) of different cropping systems during kharif, 2024, rabi, 2024-25 & zaid, 2025

Rice equivalent yield, 2024-25
Cropping Total Rabi, 2024-25 Zaid, 2025 System
system kharif,| £ qder | Wheat Total Total

2024 |gorseem /barley Lentil Mustard Sunflower

(4 cuts) | Grain | Straw | Seed | Stover|Seed |Stover Seed (Stover

CS1: R-W (FP) 3.44 - 243 | 040 - - - - 2.83 - - - 6.27
CS2: R-W-DGM 3.40 - 272 | 0.28 - - - - 3.00 - - - 6.40
CS3: R-Ba-DGM 3.30 - 1.54 | 0.22 - - - - 1.76 - - - 5.06
CS4: R-Berseem 3.47 2.88 - - - - - - 2.88 - - - 6.35
CS5: Re-L+M-DGM | 2.93 - 048 | 0.03 | 091 | 0.02 [1.44 - - - 4.38
CS6: DSP-Ba 1.23 - 1.64 | 0.23 - - - - 1.87 - - - 3.1
CS7: PMR+DBM-T-S | 1.27 - - - - - 293 | 0.07 [3.00 | 468 | 0.08 | 4.76 9.03
CS8: PMF+DBM-T-S | 1.14 - - - - - 2.81 | 0.07 [2.88 | 473 | 0.08 | 4.81 8.84
CS9: FS(RB)+R(SB) - | 3.24 - 0.87 | 0.11 | 0.68 | 0.07 - - 1.73 - - - 497
L(RB) +Ba(SB)-DGM

Note: Price of different commodities used for the calculation of REY: MSP of Paddy (common): Rs 2300, Paddy straw: Rs 100, Green fodder: Rs 250,
PearImillet grain MSP:Rs 2625, Pearl millet stover: Rs 250, Dhaincha seed: Rs 9000 and Dhaincha stover:Rs 150 per quintal, MSP of Wheat: Rs 2425, MSP of
Barley: Rs 1980, MSP of Lentil: Rs 6700, Wheat/barley/lentil straw/berseem green fodder: Rs 250, MSP of mustard: Rs 5960, MSP of Sunflower: Rs 7280,
Mustard/Sunflower stover:Rs 100 per quintal.
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Table 7.19 Organic carbon conte

nt (%) and DHA (ug/ml/hr) in soil after harvesting of rabi crop 2025

Cropping system Organic carbon, % DHA,
0-15cm | 15-30cm | ug/ml/hr

CS 1: Rice - Wheat (Farmers practice) 0.19 0.14 21.39
CS 2: Rice - Wheat - Dhaincha as green manure, DGM 0.21 0.15 30.15
CS 3:Rice - Barley - DGM 0.20 0.13 35.20
CS 4: Rice — Berseem 0.21 0.17 35.61
CS 5:Rice (Early variety) — Lentil + Mustard (6:1) - DGM 0.22 0.14 36.08
CS 6: Dhaincha for Seed - Barley 0.23 0.15 31.15
CS 7: Pearl millet (R) + Dhaincha (F) as BM-Toria — Sunflower 0.24 0.15 33.93
CS 8: Pearl millet (L) + Dhaincha (BC) as BM- Toria — Sunflower 0.23 0.15 28.53
CS 9: Fodder sorghum (RB) + Rice (SB) - Lentil (RB) Raised Bed 0.24 0.19 51.04
+ Barley (SB) - DGM (only in furrow) Shunken bed 0.17 0.12 30.62
Initial 0.19 0.13 -

Note: Prices of different component crops considered for conversion of individual crop yield into rice equivalent yield (REY): Paddy grain @ Rs 23.69/kg,

paddy straw @ Rs 1.00/kg, pearl millet gra
@Rs 1.5/kg.

Fig 7.18 Rice equivalent yield
(t/ha) by different cropping
systems under soidic soil
environmentduring kharif 2025

in @ Rs 27.75/kg, green fodder/ pear| millet stover @ Rs 2.50/kg, dhaincha seed @ Rs 90/kg and dhaincha stover

Soil samples after harvesting of rabi season 2025 were taken and analyzed for organic
carbon (OC) content and dehydrogenase activity (DHA). Data on organic carbon content
shows that with the diversification or inclusion of legumes or 1/3 crop residue
management in Rice-wheat, there was a remarkable improvement in all the cropping
systems. However, in case of Shunken beds of CS9 treatment OC content was lower than
its initial value, this may be due to the turning of top soil (7.5 cm) from shunken bed area
for making of raised bed. In case of DHA, raised beds of CS9 system recorded highest
dehydrogenge activity (51.0 ug/ml/hr) followed by CS5, CS4, CS3, CS7, CS9 (Shunken
beds),CS2,CS8 and CS1systems(Table7.19).

During kharif 2025, all the kharif crops were sown and treatments were executed as per
approved technical programme for the year 2025-26. Among different kharif season
crops, all the crops thrives well except pearl millet which fail to properly establish due to
continuous rainfall during initial growth phase. Yield of various kharif season crops have
been recorded and to compare it among different cropping systems, yield of different
crops have been converted into rice equivalent yield (Table 7.20 and figure 7.18). Highest
REY (3.68 t/ha) was recorded under CS 6: Dhaincha for Seed - Barley (3.68 t/ha), followed
by CS2: Rice - Wheat — Dhaincha as green manure (3.29 t/ha), CS9: Fodder sorghum
(Raised bed) + Rice (Sunken bed) - Lentil (Raised bed) + Barley (Sunken bed) - Dhaincha as
green manure (3.28 t/ha), CS3: Rice-Barley-Dhaincha as green manure (3.22 t/ha), CS4:

4.00 W Total REY (t/ha) from kharif 2025 3.68

3.50 311 3.29 3.22 314 3.28
3.00 - 2.90 2.85

2.50 1

2.00 -
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Table 7.20 Crop wise yield (t/ha) and rice equivalent yield, REY (t/ha) of different kharif season crops under various

cropping systemsunder sodicenvironmentduring kharif, 2025

:;:&':i‘“g i?:::::': sz‘:g::; Rice Pearl millet/ dhaincha Total

addition | Fodder| REY | Grain | Straw | REY | Grain/seed | Stover | REY REY
CS1:R-W (FP) - - - 2.90 496 3.1 - - - 3.1
CS2: R-W-DGM - - - 3.14 3.52 3.29 - - - 3.29
CS3:R-Ba- DGM - - - 3.07 3.45 3.22 - - - 3.22
CS4:R-Be - - - 3.00 3.31 3.14 - - - 3.14
CS5: RE-L+M- DGM - - - 2.78 2.85 2.90 - - - 2.90
CS6: DSP-Ba - - - - - - 0.89 4.86 3.68 3.68
CS7: PMR+DBM-T-S 2.61 - - - - - 0.00 0.00 0.00 0.00
CS8: RE -T-S-DGM - - - 2.73 2.80 2.85 - - - 2.85
CS9: FS(RB) +R(SB) - - 13.85 1.46 1.74 1.89 1.82 - - - 3.28
L(RB)+Ba(SB) - DGM

Note: Prices of different component crops considered for conversion of individual crop yield into rice equivalent yield (REY): Paddy grain @ Rs 23.69/kg,
paddy straw @ Rs 1.00/kg, pearl millet grain @ Rs 27.75/kg, green fodder/ pearl millet stover @ Rs 2.50/kg, dhaincha seed @ Rs 90/kg and dhaincha stover

@Rs 1.5/kg.

Rice — Berseem (3.14 t/ha), CS1: Rice —Wheat (3.11 t/ha), CS5: Rice (Early variety) — Lentil +
Mustard (6:1) - Dhaincha as green manure (2.90 t/ha) and CS8: Rice early - Toria -
Sunflower- dhaincha green manuring (2.85 t/ha) cropping system. However, due to poor
establishment of pearlmillet in CS 7: Pearl millet (R) + Dhaincha (F) as BM- Toria —
Sunflower system, no any significant yield has been recorded from the pearl millet crop
and only 2.61 t green biomass of dhaincha has been incorporated in soil as brown
manuring.

Exploring production potential of economically important fruit crops and
development of sustainable fruit production systems for salt affected soils (A.K
Dubey, Arjun Singhand S.K. Jha)

Evaluation of different varieties of date palm under varying pH levels of high
textured soils

Vegetative performance of four date palm varieties were assessed after two years
planting under two soil pH conditions: (1) pH 9-10 and (2) pH <9.0, at the Shivri Research
Farm.These all varieties were spaced at a distance of 7m x 7m and planted during 2023 on
raised beds and pits filled with a mixture of soil, sand, and FYM in a 1:1:1 ratio. Varying
performance were noticed under two regimes of pH. The Khuneji performed better at
higher pHi.e., 9-10in terms of survivability and growth. Growth data indicated significant
variations in plant height, trunk girth, canopy spread, total cross sectional area and
canopy volume after two years growth under both pH conditions. In soil with pH 9-10, the
higher plant height was noted in Khuneji (1.38 m) and Khadrawi (1.33), similarly trunk
girth, spread, canopy diameter and canopy volume were also found to be the highestin
Khuneji followed by Khadrawi (Table 7.21). However, all varieties performed significantly
better in pH <9.The highest plant height (1.62 m) was measured in Khuneji, while it was
Khandrawi which had highest trunk girth (27.00 cm) followed by Medjool (26.67 cm). out
of four varieties, Khuneji and Khadrawi had higher canopy spread, TCSA and canopy
volume under pH <9. Compared to the higher pH, all four varieties performed remarkably
better when planted in pH <9 soil under high-textured sodic conditions.



Table 7.21 Performance of date palm under varying pH of high textured sodic soils.

Characters Plant height (m)| Plant girth (cm) | Canopy spread (m) | TCSA (cm2) Canopy volume (m3)
pH above 9-10 E-W N-S

Khuneji 1.38 21.67 0.83 0.70 |37.82 143.15
Medjool 1.08 15.18 0.82 043 |18.36 31.70
Barhi 1.10 13.15 0.40 0.60 |13.82 34.19
Khadrawi 1.33 15.88 1.33 0.59 |20.10 57.32
pH <9.0

Khuneji 1.62 2533 1.12 1.17 | 5143 368.66
Medjool 1.23 26.67 0.97 0.83 |56.69 22491
Barhi 1.15 23.33 1.05 1.20 |43.79 222.86
Khadrawi 1.45 27.00 1.17 0.97 |64.89 389.53
CD at 5% 0.14 3.45 0.34 027 |6.45 15.23

Evaluation of open filed pedoponics planting system (OFPPS) for shallow rooted
fruit crops under high pH conditions of highly textured sodic soils

An experiment was conducted with five shallow-rooted fruit crops: pomegranate (var.
Bhagwa), pummelo (var. Pusa Arun), sweet orange (var. Pusa Sharad), lemon, custard
apple, and guava (var. CISH Sweta) under high pH conditions in highly textured sodic
soils. Polythene bags of 100-gauge, measuring 3 x 2 feet, were filled with a mixture of
virgin sodic soil, sand, and FYM (1:1:1) and inserted into previously dug pits measuring 4 x
3 feet. Two holes were made in each bag to drain excess water. Twelve saplings of each
crop were planted in these bags in two rows. Control plants were planted on the same
raised beds using the traditional planting method. Due to the non-survivability of control
plants, data could not be recorded for the controls. Except pomegranate, all other fruit
crops such as pummelo, sweet orange, and lemon, guava and custard apple performed
satisfactorily in terms of plant height, trunk circumference, and mortality. the custard
apple (1.87 m) had highest plant height followed by lemon (1.83 m) and guava (1.82 m),
while TCSA was measured highestin guava (2875.41mm?) followed by lemon and custard
apple (Table 7.22). Likewise, canopy volume was also found to be the higher in guava and
lemon after two year of growth. Observations on chlorophyll fractions, chlorophyll 'a' to
'b' ratio, and relative water content (RWC) revealed variations among treatments.
Chlorophyll 'a' (1.84 mg/g fwt), chlorophyll b (1.15 mg/g fwt) and total chlorophyll (2.93
mg/g fwt) were highest in pomegranate, followed by custard apple and lemon. The
chlorophyll a/b ratio was recorded highest in lemon (2.45), followed by pomegranate
(1.60). Similarly, RWC varied among crops, with pomegranate, sweet orange and acid lime
showing more than 70% RWC (Table 7.22). Lemon and guava has started flowering and
fruiting after two years of growth and lemon yielded 60 fruits/tree, while guava yielded
24 fruits/tree (Table 7.22and 7.23).

Evaluation of dragon fruit varieties in different media and planting methods in high
textured sodicsoils

Two dragon fruit varieties (red-pulped and white-pulped), were evaluated for their
performance under different planting methods and growing media. The experiment
consisted of three planting methods: Traditional planting (TP, T1), Alternate pit planting
(APP, T2), and (3) Open-Field Pedoponics planting (OFPP, T3); and three growing media:
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Table 7.22 Performance of shallow rooted fruit crops under high pH >10 planted in of open field pedoponics planting

system (OFPP)
Crop/variety Plant Trunk diameter TCSA Canopy Canopy
height (m) (mm) (mm?2) volume (m3) diameter (m)
Pomegranate ‘Bhagwa’ 0.93 22.18 782.80 2.79 0.850.80
Pummelo ‘Pusa Arun’ 0.77 21.99 774.70 1.58 0.680.80
Sweet orange’ Pusa Round’ 143 35.23 1969.09 4.74 0.821.05
Lemon 1.83 38.62 2372.93 28.36 1.832.27
Custard apple 1.87 32.79 1718.84 3.49 0.680.73
Guava ‘CISH Sweta’ 1.82 42.77 287541 29.22 2.052.12
CD at 5% 0.39 6.56 309.21 4.56 0.480.56

Table 7.23 Performance of shallow rooted fruit crops under high pH >10 planted in open field pedoponics system (OFPP)

Crop/variety Chlorophyll Chlorophyli Total a/b RWC No of
‘a’ ‘b’ Chlorophyll ratio (%) fruits/ tree
(mg/g fwt) (mg/g fwt) (mg/g fwt)

Pomegranate ‘Bhagwa’ 1.84 1.15 293 1.60 75.74 3.00
Pummelo ‘Pusa Arun’ 0.76 0.65 1.35 1.17 72.55

Sweet orange ‘ Pusa Round’ 0.97 0.85 1.72 1.14 74.31

Lemon 1.25 0.51 1.76 2.45 69.56 60.33
Custard apple 1.32 1.05 2.35 1.26 68.55

Guava‘CISH Sweta’ 1.22 1.12 2.32 1.09 71.22 24.00
CD at 5% 0.07 0.05 0.08 0.03 2.67

Table 7.24 Initial chemical composition of soils of experiment of open field pedoponics
system (OFPP) of different fruit crops

Character Soil depth

0-15cm 15-30 cm
EC,, 0.77 1.01
pH., 9.21 9.44
EC 1.57 1.60
pH. 8.69 8.71

M1 —Soil:sand:FYM (1:1:1), M2 = Soil:FYM (1:1),and M3 — Soil:cocopeat:FYM (1:1:1).In each
planting system, two plants were established adjacent to a cement pole used for support.
In all treatments, the central pit was used for fixing the cement pole. The planting media
werefilled into the designated pits according to the treatment.InT1, planting was donein
both pits adjacent to the pole. In T2, planting was carried out in alternate pits, while the
remaining pits were also filled with the same growing media. In the OFPP system (T3),
polyethylene/gunny bags (100 x 30 cm) filled with the respective planting media were
placed in pre-dug pits on both sides of the cement poles. A proper drainage system was
providedinall treatments to avoid waterlogging.

Data pertaining to plant height and cladode length indicated significant effect of media
and planting system. Mean effect of media exhibited highest plant heightin M3 medium
(1.80 m), while mean effect of planting system showed highest plant heightin OFPP and
lowest was found in TP in both varieties. Furthermore, combined effect suggested
higher plant height in both varieties while planting was done following OFPP system in



Table 7.25 Growth and survival of dragon fruit planted in Alternate pit Planting system and OFPP compared to traditional
planting system in different growing media under high textured sodic soils

Treatment Plant height (cm) Mean

Red pulped M1 M2 M3

TPS 1.55 1.49 1.80 1.61

APP 1.70 1.67 1.70 1.69

OFPP 1.85 1.80 1.90 1.85

Mean 1.70 1.65 1.80

White pulped

TP 1.28 1.68 1.48 1.48

APP 1.47 1.11 1.58 1.39

OFPP 1.45 1.59 1.97 1.67
1.40 1.46 1.68

Red pulped Cladode length (m)

TP 0.51 0.60 0.91 0.67

APP 0.71 0.87 0.74 0.77

OFPP 0.87 0.82 0.95 0.88
0.70 0.76 0.87

White pulped

TP 0.30 0.64 0.46 0.47

MP 0.65 0.50 0.50 0.55

OFPP 0.71 0.49 0.53 0.58
0.55 0.54 0.50

TP; Traditional planting, APP; Alternate Pit Planting, OFPP, Open Field Pedoponics Planting, T1, Soil: sand: FYM (1:1;1); T2, Soil:FYM (1:1); T3,

Soil:cocopeat:FYM (1:1:1)

M3 medium. The length of cladode varied across treatments. Irrespective of varieties and
planting system, the highest length of cladedo was measured in M3 media in red pulped
variety, while M1 and M2 media exhibited superiority for white pulped varietyover M3.
Considering the effect of planting system alone produced longest cladedo in both
varieties. Joint effect of variety, media and planting system showed that in red pulped
variety, the longest cladedo was noted in M3 media while planted under OFPP. However,
in white pulped highestlength of cladedo was measured in M1 media in OFPP. Compared
both varieties, red pulped variety exhibited superiority in terms of plant height and
cladedo length under each planting system and media (Table 7.25).

Media and planting system significantly impacted canopy spread in dragon fruit varieties
(Table 7.26). Considering the effect of media alone, M2 and M3 media was found equally
effective with respect to canopy spread in both directions. The mean effect of planting
system indicated better performance of OFPP in both side canopy. The combined effect
of treatments showed highest canopy diameter (E-W and N-S) with M2 media while red
pulped variety planted under OFPP. However, in white pulped, M1 media had longer
canopy diameterin both directions while planted under OFPP.

DHA activities also showed significant alterations due treatment alone and jointly (Table
7.26).The higher MDH activities were noted in M2 media in Red pulped variety, but it was
non-significant in white pulped variety. Mean effect of planting system indicated
superiority of M3 media for red pulped variety, but it was found to be non-significant for
white pulped variety. The combined effect showed highest MDH activities in OFPP in M2
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Table 7.26 Canopy spread of dragon fruit planted in Alternate Pit Planting system and OFPP compared to traditional
planting system in different growing media under high textured sodic soils

Treatment Canopy spread (m) E-W Mean

Red pulped M1 M2 M3

TPS 1.07 1.08 1.38 1.18

APP 1.42 1.50 1.38 1.43

OFPP 1.70 1.93 1.78 1.80

Mean 1.40 1.50 1.51

White pulped

TP 0.75 1.06 0.85 0.89

APP 0.95 0.71 0.86 0.84

OFPP 1.55 1.08 0.80 1.14
1.08 0.95 0.84

Red pulped Canopy spread (m) E-W

TP 1.32 1.17 1.46 1.32

APP 1.55 1.37 1.28 1.40

OFPP 1.69 1.95 1.77 1.80
1.52 1.50 1.50

White pulped

TP 0.38 0.82 1.08 0.76

MP 0.78 0.79 0.76 0.78

OFPP 1.52 1.30 0.83 1.22
0.89 0.97 0.89
Mean DHA (IU/ml)

Red pulped

TP 17.37 17.73 21.21 18.77

APP 16.31 16.64 18.76 17.24

OFPP 24.81 32.08 22.62 26.50
19.50 22.15 20.86

White pulped

TP 17.53 19.34 13.48 16.78

MP 17.77 19.03 14.49 17.10

OFPP 20.38 16.04 19.55 18.66
18.56 18.14 15.84

TP; Traditional planting, APP; Alternate Pit Planting, OFPP, Open Field Pedoponics Planting, T1, Soil: sand: FYM (1:1;1); T2, Soil:FYM (1:1); T3,

Soil:cocopeat:FYM (1:1:1)
mediain red pulped variety, but it was M1 media which has higher MDH activities in white
pulped variety. The data presented in table 7.27 clearly indicated variation among
treatments. In red pulped variety, the mean effect of media showed highest fruits (9.00) in
M2 followed by M3 (soil: cocopeat:FYM). Irrespective of media, planting system exhibited
highest fruits in OFPP system (19.67) followed by TP (2.33). In white pulped also, mean
effect of media and planting system showed that M2 media and OFPP produced higher
fruits. Interaction between treatments showed highest fruit (27) in OFPP system under
M2 media, similarly, in white fleshed also same combination had highest fruits.



Table 7.27Yield of dragon fruit planted in Alternate Pit Planting system and OFPP compared to traditional planting system
indifferent growing media under high textured sodic soils

Treatment Yield (No of fruits) Mean

Red Flesh M1 M2 M3

TPS 0 0 7 2.33

APP 1 0 2 1.00

OFPP 18 27 14 19.67

Mean 6.33 9.00 7.67

White Flesh

TP 0 3 0 1.00

APP 0 0 0 0.00

OFPP 6 7 0 433
2 3.33 0.00

Table 7.28 Growth and survival of dragon fruit planted in Alternate Pit Planting system and OFPP compared to traditional
planting system in different growing media under high textured sodic soils

Treatment Fruit weight (g)

Red Flesh M1 M2 M3
TPS 176.67 171.00 -
APPS - 169.00 186.00
OFPS 185.67 207.67 216.67
White Flesh

TPS

APPS

OFPS 21533 218.33 231.67
Red Flesh Pulp (%)

TPS 63.40 61.87

APPS 58.53 64.47
OFPS 63.73 60.33 64.13
White Flesh

TPS

APPS

OFPS 61.80 61.80 63.47
Red Flesh TSS (%)

TP 15.30 12.80

MP 14.70 13.90
OFHP 14.70 14.60 15.30
White Flesh

TP

APP

OFPS 11.80 12.20 13.40

TP; Traditional planting, APP; Alternate Pit Planting, OFPP, Open Field Pedoponics Planting, T1, Soil: sand: FYM (1:1;1); T2, Soil:FYM (1:1); T3,
Soil:cocopeat:FYM (1:1:1)

Fruit weight, pulp recovery and TSS varied among treatments (Table 7.28). In red pulped
varieties, no flowering and fruiting were observed in plants planted in APP in M1 medium
and TP planting in M3 media. In white pulped variety, flowering and fruiting was noted in
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IFS1

IFS 2

OFPP in all media, while none plant produced flowering neither in TP nor APP in either
medium. In red pulped variety, highest fruit weight (216.67 g), pulp recovery (64.13%)
and TSS (15.60 °B) were recorded in M3 medium planted under OFPP. Almost similar
pattern was noted in white pulped variety. It is worth mentioning that in both varieties,
M3 medium and OFPP system had earlier flowering in both varieties. Harvesting span was
noted from August to December.

Development of integrated farming system for resource poor farmers of sodic soil
of Uttar Pradesh (A.K Dubey, A.K. Dixit, S.K. Jha, Arjun Singh, Deepa Hansraj Dwivedi
(BBAU, Lucknow) and Aditya Kumar (NBFGR)

Evaluation different models under high textured sodic soils

Three IFS models, each based on different commodities, were tested alongside the
traditional farming system known for high-textured sodic soils.

IFS-1:Fish+water+ chestnut-date palm-vegetables based model

This system has total area of 6300 sqm (pond covering an area of 4100 sqm, 800 sqgm
meter for vegetable production and 1400 sqm was used for roads and paths. A total 30
trees of Khuneji variety of date palm was planted on the three side of embarkment of the
pond atadistance of 7 meter. Additionally, 10 plants of sweet orange/pummelo were also
planted along the fourth side of the embankment. During the monsoon season, bottle
gourd and during winter season lettuce, tomato, brinjal, cauliflower etc., were planted in
area earmarked for vegetables. The vegetables yielded a harvest that has market value of
Rs 1.42 lakh/.The performance of winter crops such as spinach, cauliflower and lettuce, as
well as in rainy season crops such as bottle gourd was found highly satisfactory.
Cauliflower and lettuce was found to be highest remunerative. The vegetative growth
performance of the date palm variety 'Khuneji' was found highly satisfactory. Due to non-
availability of water, fish and water chest cultivation was notinitiated.

IFS-2: Fish- Horticulture (guava- marigold) -fodder crop-dairy based model for high
textured sodicsoils

A total 5700 sgm area was earmarked for this model. This model is based on fish-
horticulture-dairy. In this model, 3000 sqm area was earmarked for fish pond, 600 sqm for
guava plantation, 1000 sqm for fodder/marigold, 300 sqm was allotted to dairy unit and
remaining area of 800 sqm was allocated to paths and roads. The guava varieties BNR and
CISH Sweta was planted at distance of 4m x 4m.The total income from this system was Rs
25000/-from selling of fish. A cow was also kept in this system utilizing and Rs 30440/- was
realized from milk.in addition FYM and cow urine was added to the filed. A total Rs
60880/-was realized from the system. Guava plant did not start flowering sofar.

IFS-3: Fish-field crop (paddy+wheat+mustard) -Horticulture (vegetables + fruit)
based model for high textured sodic soils

A total 6000 sqm area was allotted in this system. A pond (1500 sqm) for fish culture and
two varieties of fish was applied in the pond, vegetable (400 sqm area), 650 sqm for
fodder, field crops (1700 sgm) was allotted and remaining was used for road and paths.
The embarkment of pond was used for perineal grasses in three directions and forth
direction was utilized row planting of fruit crops and the 10 plants of different citrus
species have been planted.Yield of wheat, paddy and different vegetables were recorded.
During summer monsoon season, bottle gourd was planted, however, lettuce, brinjal,
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tomato and cauliflower were planted.Vegetables were harvested and yield was recorded.
This year, Rs 35000/- was earned from selling of fish plush Rs 33934/- was realized from
vegetables. In addition, Rs 6180- was earned from paddy and wheat from an area of 3000
sgm. In addition, Rs 30440 was obtained from milk. Grass planted on the ridge of pond,
beseem (3200 kg), paddy straw and wheat straw was used as fodder for cow. Cow manure
and urine was used for cultivation of wheat, paddy and also in fish ponds. The total Rs
102725/-was realized from the system.

Control:Traditional farming system: Rice-wheat based traditional system
Traditional rice-wheat/mustard system was also tested for comparison with above
mentioned model. Total 2300 sgm area was used in this system. A yield of 5 g and 8 q of
paddy and wheat was realized from this system. In addition, wheat straw (12 q) and paddy
straw (8 q) was also obtained from the system. his system yielded Rs 41705 from an area of
2300sgm

Sodic Soil management through farmers adaptable technological interventions for
boosting productivity of Hardoi (HCL-CSSRI Consultancy project) (Sanjay Arora, Atul
K.Singh, C.L.Verma, S.K.Jha, A.K.Dubey and R.K.Yadav)

During Rabi 2024-25 and Kharif 2025, demonstrations of salt tolerant varieties of wheat,
mustard and paddy, reclamation and amelioration technologies at CATT, Sandila has
been continued. These demonstrations were visited by 14 batches of farmers
representing 7 blocks of Hardoi district during 2025. On-farm assessment of varieties
demonstrated in crop cafeteria and technological interventions including microbial
bioformulations, nano formulations was done. Soil samples of about 1272 farmers
selected for demonstration of halophilic microbial bioformulation based amelioration
coupled with salt tolerant varieties was done. Three on-site farmer's trainings were
organized in different blocks of Hardoi district with total beneficiary of 136 farmers to
boost productivity of sodic soils. On-farm demonstrations in wheat and mustard were
conducted during rabi 2024-25 and paddy in Kharif 2025 on about 1064 farmers field in 8
blocks of Hardoi district with moderate to high sodic soils. Different interventions like
residue management through Halo-CRD, salt tolerant variety, dhiancha and liquid
formulation Halo-Mix.

On-farm demonstrations

Crop Cafeteria

In a Crop Cafeteria, eleven varieties of paddy that includes CSR 101, CSR 56, CSR 10, CSR
30,CSR 23, CSR 36, CSR 60, CSR 46, N-97, Ganga kaveri and Damini were demonstrated on
sodicsoil at CATT center, Sandila, Hardoi. Paddy variety CSR-36 and CSR-46 out performed
with grain yield of 0.63 kg/m?’ followed by Ganga Kaveri with yield of 0.58 kg/m”and N-97
with yield of 0.57 kg/m’compared to Damini with yield of only 0.36 kg/m’in sodic soil of
pH 9.32.The growth and yield observations for performance of varieties are presented in
Table7.29.

Technology Demonstrations

Technology demonstration was continued at CATT demonstration plots where seven
improved technologies for sodic soil management were demonstrated in paddy (variety
CSR46).These include liquid halophilic bioformulations Halo Azo, Halo PSB, Halo Zincand
Halo-Mix, Compost enricher block and nano-formulations Nano Zinc and Nano NMN as
foliar spray compared with spray of zinc sulphate. It was observed that plant height was
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Table 7.29 Performance of paddy varieties in crop cafeteria plots

Variety Avg Plant No. of tillers Avg Production of 1000 grainweight
Height (cm) (Avg) Grains (kg/m2) (9)
CSR-101 86.0 11.0 0.355 285
CSR-56 91.0 11.5 0.520 36.5
CSR-10 79.0 11.5 0.460 35.0
CSR-30 127.5 10.5 0.440 30.0
CSR-23 92.0 12.5 0.545 315
CSR-36 108.5 12.5 0.610 335
N-97 100.0 13.0 0.575 29.0
CSR-60 111.0 14.0 0.545 320
CSR-46 116.0 14.5 0.610 31.0
Ganga Kaveri 1335 13.5 0.585 235
Damini 88.0 8.5 0.360 18.5
Table 7.30 Paddy growth and yield as influenced by different technological interventions in sodic soils
Technology Plant Height (cm) | Number of tillers | Number of Panicle Grain Yield (kg/m2)
Control 92 11 10 0.33
Compost EB 110 14 13 0.47
Halo-AZO 105 12 12 0.49
Halo-PSB 112 14 12 0.53
Halo-Zinc 107 10 12 0.47
Halo-Mix 115 13 12 0.57
Nano Zinc 101 10 9 0.53
Nano NMN 115 13 12 0.54
Table 7.31 Paddy performance as influenced by sodic soil reclamation technological interventions
Technology Plant height Number of Number of Grain yield 1000 weight (g)
(cm) tillers Panicles (kg/m2) grain
CEA 115 10 9 0.55 27
Halo-Cal-D (Mrida sudharak) 105 10 8 0.61 28
Halo-CaRe 98 7 7 0.57 24
F-SA2 86 10 10 0.42 24
Mineral Gypsum 112 9 8 0.61 29
Marine Gypsum 120 10 9 0.58 26

maximum of 115 with the application of Halo-Mix and Nano-NMN while minimum in
control (Table 7.30). Grain yield was maximum of 0.57 kg/m?” in Halo-Mix followed by 0.54
kg/m’in Nano-NMN, 0.53 kg/m’each in plots applied with Halo-PSB and Nano-Zinc.

Technological interventions in paddy (variety CSR46) was executed in demonstration
plots in sodic soils of Sandila, Hardoi during Kharif 2025. It was observed that maximum
plant height was recorded in marine gypsum treatment followed by compost enricher
block amendment. Grain yield was maximum of 0.61 kg/m’ in mineral gypsum and Halo-
Cal-D treated plots followed by 0.58 kg/m’in plots treated with marine gypsum and 0.57
kg/m’ with Halo-CaRe as amendment (Table 7.31). Similarly, 1000 grain weight was
maximum in marine gypsum treatment followed by Halo-Cal-D showing an increase of
about20% over Halo-CaRe and F-SA2 applications.




Table 7.32 Effect of reclamation technological interventions on sodic properties

Treatment Depth EC (dS/m) pH
FSA-2 0-15 0.51 7.69
15-30 0.37 8.90
30-45 0.50 9.63
Marine Gypsum 0-15 144 8.23
15-30 0.39 9.13
30-45 0.58 9.73
Gypsum 0-15 0.17 8.35
15-30 0.75 9.25
30-45 0.50 9.97
CEB 0-15 0.47 8.26
15-30 0.43 8.95
30-45 0.37 9.47
Halo Care 0-15 0.91 8.73
15-30 0.26 8.95
30-45 0314 9.21
Halo-Cal-D 0-15 0.449 8.89
15-30 0.213 8.76
30-45 0.413 9.39

Maximum reduction in surface soil pH (7.69) was observed in FSA-2 followed by 8.23 in
marine gypsum and 8.26 in compost enricher block application for reclaiming sodic soil
of pH9.36. Further sub-soil pH was also improved with the FSA-2, compost enricher block,
Halo-CaRe and Halo-Cal-D applicationin paddy (CSR-46) (Table 7.32).

Horticultural demonstrations in sodic soils of Hardoi

Fourteen horticultural demonstrations on 1 bigha each representing 7 blocks were
established with guava (L-49) orchard on farmers field in sodic soils of Hardoi. The pH, of
surface soil ranged from 8.33 to 9.42 where guava were planted using planting mixture
including gypsum, Halo-Mix and compost treated with compost enricher block. The
success of establishment was 97% cumulating to all the sites.

IFS Demonstration Modelin sodic

Total of 5 kg fish fingerlings of different species were released bin the pond size of 600 m*
inthelFS demonstration model developed in sodic soil of Sandila, Hardoi. The pond water
was having pH of 8.87 and EC 0.458 dS/m. Fingerlings of Catla, Rohu and Grass carp were
released in the pond. On the dykes of the pond, plantation of napier grass and lemon
plants were established.

Sulphur oxidizing bacteria for enhancing efficiency of chemical ameliorants for
sodicsoils

Bio-chemical characterization of the 13 isolated sulphur oxidizing bacteria were
continued as per standard protocol and screened 3 promising salt tolerant strains based
on solubility of insoluble S and production of IAA (ranging from 7.41 to 21.24 ug/ml) as
well as ACC deaminase activity which was positive in 6 of the 13 isolates. The other bio-
chemical tests for each bacterial isolate are presented in Table 7.33.

Out of the 13 sulphur oxidizing bacterial isolates, 8 isolates showed tolerance upto 12.5%

@

Reclamation and Management of Alkali Soils of Central and Eastern Gangetic Plains

Annual Report 2025



Table 7.33 Bio-chemical characterization of the isolated sulphur oxidizing bacteria

Isolates Catalase Citrate Starch Gelatin MR 1AA (pg/ml) ACC
Test utilization | Hydrolysis | lequification Qual. | Quan.
SOHB-1 -ve +ve -ve -ve +ve +ve 19.151 -ve
SOHB-2 -ve -ve -ve +ve -ve -ve 14.849 -ve
SOHB-3 +ve +ve -ve -ve -ve -ve 7.756 -ve
SOHB-4 +ve +ve +ve -ve +ve -ve 9.616 +ve
SOHB-5 -ve +ve -ve -ve +ve +ve 15.779 +ve
SOHB-6 +ve -ve -ve +ve +ve +ve 19.151 -ve
SOHB-7 -ve -ve -ve -ve -ve +ve 7.407 -ve
SOHB-8 +ve -ve +ve -ve -ve +ve 12.407 -ve
SOHB-9 +ve +ve -ve -ve +ve +ve 8.105 +ve
SOHB-10 +ve -ve -ve -ve +ve -ve 18.686 +ve
SOHB-11 -ve -ve -ve -ve -ve -ve 14.733 +ve
SOHB-12 +ve -ve -ve -ve -ve -ve 18.570 +ve
SOHB-13 +ve +ve -ve -ve -ve +ve 21.241 -ve
Table 7.34 Change in pH and sulphur oxidation by isolated sulphur oxidizing bacteria
ID of the SOB Zone Reduction of pH in Thiosulphate broth Sulphur Sulphur
isolate size (initial pH 8.0) @450nm (mg/L)
SOHB-1 8 7.26 0.417 1.259
SOHB-2 10 6.14 0.638 3.811
SOHB-3 10 6.12 0.744 5.035
SOHB-4 5 5.47 1.235 10.704
SOHB-5 13 6.89 0.914 6.998
SOHB-6 6 6.15 1.028 8.314
SOHB-7 2 6.86 0.621 3.614
SOHB-8 2 5.28 0.743 5.023
SOHB-9 2 5.12 1.103 9.480
SOHB-10 3 5.38 0.430 1.409
SOHB-11 14 5.53 0.704 4,573
SOHB-12 14 4.85 0.855 6.316
SOHB-13 4 6.72 0.392 0.970
Control 7.64 0.281 0.678

NaCl while all isolates tolerated upto 10.0% NaCl concentration in the culture media.
Similarly, all the isolates were able to tolerate pH ranging from 5 to 11 in the liquid media
indicating halotolerance of the isolates. In broth, reduction in pH was also noticed
ranging from 4.85 to 7.26 with the initial pH of 8.0 indicating production of acids by the
organisms. Sulphur oxidation to the extent of 10.704 mg/L by bacterial isolate SOHB-4
followed by 9.480 mg/L by SOHB-9 and 8.314 mg/L by isolate SOHB-6 compared to 0.678
mg/Lin uninoculated control (Table 7.34).

Geospatial mapping of sodic soils in the parts of Punjab for estimation of gypsum

requirement (PRSC Collaborative project) (Sanjay Arora, CCPI)

Using historical information, sites were identified using remote sensing imageries and

geocoordinates marked for sampling from different districts of Punjab.




Fig 7.19 Geo-coordinate points of
probable salt affected soils of
Punjab
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Soil sampling will be conducted in the probable sites after harvest of rabi crops followed
by laboratory assessment of soil properties in relation of ESP and gypsum requirements.

Characterization and standardization of agro-techniques for millet varieties and
land races in salt-affected soils to boost productivity (Ravikiran K.T., Sanjay Arora
and Arjun Singh)

As part of the first objective, exploratory surveys were conducted to collect millet
landraces from farmers who have been cultivating these crops traditionally over several
generations. Field visits were carried out across multiple districts, including Sitapur,
Hardoi, Amethi, Raebareli, Bahraich, Gonda, Mau, Ghazipur, Azamgarh, Deoria, Ayodhya,
Basti, Shravasti, Prayagraj, Pratapgarh, Chitrakoot, Kanpur, Kushinagar, and Sonbhadra. In
addition, millet germplasm originating from Uttar Pradesh, along with associated GPS
coordinates, was procured from the ICRISAT genebank, Hyderabad. In total, 149 landraces
were assembled, comprising 20 genotypes of sorghum, 20 of pearl millet, 42 of finger
millet, 14 of foxtail millet, 28 of kodo millet, 32 of barnyard millet, one proso millet
genotype, and seven little millet genotypes (Fig. 7.20). These landraces were sown in
February 2025 at the Experimental Research Farm, Shivri, CSSRI Regional Research
Station, Lucknow, for seed multiplication. Of these, 144 genotypes successfully
germinated. Distinctness, Uniformity, and Stability (DUS) characterization revealed
substantial phenotypic variation both within and among the different millet species,
underscoring therichness of the collected germplasm.

A preliminary observational experiment was conducted to identify millet groups capable
of surviving under extreme sodicity (soil pH > 9.6). Performance of various millet crops in
high sodicity can be seen in the table 7.35. Three randomly selected landraces from each
millet group were evaluated under control and sodic conditions until physiological
maturity in a pot experiment. The results, summarized in Table 7.36, demonstrated that
only finger millet and barnyard millet were able to complete their life cycle up to seed set
under high sodicity, indicating their inherent tolerance. In contrast, the remaining millet
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Table 7.35 Performance of various millet crops in high sodicity (pH > 9.6)

Millet Response in high sodicity

Pearl millet Poor germination followed by seedling death
Sorghum No germination

Kodo millet Seedling death

Barnyard millet

Completed lifecycle

Finger millet Completed lifecycle

Foxtail millet Poor germination, seedling death, death at vegetative stage
Proso millet Death at vegetative stage

Little millet Seedling death

Table 7.36 Mean grain yield per plant (g) of landraces belonging to different millets tested under normal (pH2 ~ 7.5),
moderate sodic (pH2 ~ 9.0) and high sodic (pH2 ~ 9.7) conditions

Mille group Normal Moderate sodic High sodic % reduction
Moderate sodic| High sodic

Sorghum 9.53 8.95 - 6.09 -

Pearl millet 16.23 9.59 - 40.91 -

Finger millet 1.95 - 1.44 - 26.15

Foxtail millet 3.16 - - - -

Barnyard millet 2.01 1.91 1.84 4.98 8.46

Kodo millet 3.16 - - - -

Landraces collected

42

No landraces

32 collected/ available

Fig 7.20 Crop wise millet
landraces collected from various
millet growing areas of Uttar
Pradesh

Fig 7.21 Field evaluation of millet
landraces under normal (pH2 ~
7.5), moderate sodic (pH2 ~ 9.0)
and high sodic (pH2~9.7)

Moderate sodic

Normal High sodic

groups either failed to germinate or succumbed at the seedling or vegetative stages.
During the subsequent Kharif season, 137 millet genotypes successfully multiplied in the
previous summer were evaluated under three soil conditions: normal (pH, ~ 7.5),
moderately sodic (pH, ~ 9.0), and highly sodic (pH, ~ 9.7), along with widely cultivated
varieties as checks (Fig 7.21). Agronomic data recorded to date revealed that only finger
millet and barnyard millet survived under high sodicity, corroborating the pot experiment
findings. Under moderately sodic conditions, sorghum, pearl millet, finger millet, and



Fig 7.22 Occurrence and
distribution of microplastic
contaminates across the
sampling sites representing
agricultural fields of Shivari,
Lucknow, Uttar Pradesh

barnyard millet exhibited appreciable growth, whereas foxtail and kodo millet failed to
establish even atthis stress level. All millet groups, however, showed luxuriant growth under
normal soil conditions. Comparative analysis of grain yield reduction under high sodicity
relative to the control revealed a mean reduction of 26.15% in finger millet, whereas
barnyard millet exhibited remarkable resilience with an exceptionally low mean reduction
of only 8.46%. This tolerance was also evident under moderate sodicity, where barnyard
millet showed a yield reduction of merely 4.98%. In contrast, pearl millet experienced
substantial yield losses under moderate sodicity (40.91%), largely attributable to sodicity-
induced waterlogging, while sorghum showed moderate yield reduction (6.09%). Notably,
sorghum displayed tolerance to sodicity-associated waterlogging stress, highlighting its
adaptive potential under moderate sodic conditions.

Understanding the impact and the fate of microplastic contaminantsin agricultural
ecosystem Vis a Vis developing pathways for future abatement strategy (Arjun
Singh, Sanjay Aroraand Ram Kishore Fagodiya)

As per the first activity of the project the presence of microplastics in the agricultural soil
as well as irrigation water was assessed in agricultural fields of Shivari, district Lucknow,
Uttar Pradesh. In this regard sampling of the soil (9 sites) and irrigation water from bore-
well (n=4) were collected to detect presence of microplastics. The borewell water does
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Fig 7.23 Fingerprints of
microplastic polymers across the
sampling sites representing
agricultural fields of Shivari,
Lucknow, Uttar Pradesh.
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not showed any presence of microplastic, but the analysis of the soil samples from the
agricultural fields in Shivari, Lucknow revealed contamination with microplastic. The
abundance of the microplastic were detected from 0-30 cm of the soil depth, in which at
0-15cm of depth the particles abundance was high whereas lower abundance was
recorded at 15-30 cm depth (Figure 7.22a,b). Among the sites most contaminated site
was S9 (2336 MP particles Kg™ soil), whereas site S6 (326 MP particles Kg" soil) had the
lowestabundance. Distribution with respect to the size indicated MP particle in the range
of 125um - >50um were the most abundant whereas the smallest MP particle size
recorded in the study was of 6-um size in all the sites and in both the depths (Figure 7.22¢).
The shape wise characterization of MP particle revealed that fragments and microbeads
were the most abundant in the soil (Figure 7.22d). The plastic polymer fingerprints
indicated prevalence of polyethylene, polyvinyl chloride, polypropylene, poly-carbonate
in the sampled sites (Figure 7.23). This is the first report of detection of microplastic in
agricultural soil from Lucknow region and which further indicates risk to the environment
andthe human populationinand around thisregion.



Reclamation and Management of Salt
Affected Vertisols

Improved Agronomic Practices for Enhancing Indian Mustard (Brassica juncea L.)
Yield under Saline Vertisols of Gujarat (Monika Shukla, and Anil R. Chinchmalatpure,
David Camus and Bisweswar Gorain)

Oilseeds rank second globally after cereals in terms of area and production. Several
studies have shown that saline groundwater with an EC of 6-7.5 dS m” can be safely used
for supplemental irrigation in mustard, with only a marginal reduction in yield. In the Bara
tract, nearly 75% of the land is affected by subsurface soil salinity, and more than 50% of
the area is irrigated using tubewells, where groundwater quality ranges from saline to
highly saline. Consequently, rabi cropping is largely restricted to salt-tolerant crops.

Earlier, the potential of salt-tolerant mustard varieties developed by ICAR-CSSRI for saline
Vertisols of Gujarat was explored; however, the yields obtained (8-10 g ha") were
significantly lower than the crop's potential. Refinement of region-specific agronomic
practices could help improve mustard productivity under these conditions. In view of
this, the present study was undertaken to evaluate the performance of different salt-
tolerant Indian mustard varieties under saline water irrigation in saline Vertisols, and
identify suitable planting methods and geometries for achieving higher mustard
productivity in such environments.

EXPERIMENT-1

SaltTolerant Mustard Varieties: Performance Evaluation under Saline Vertisols
Experiment was conducted with 6 salt tolerant varieties released from ICAR-CSSRI (CS 56,
58, 60, 61, 62 & 64) and one locally popular variety of Gujarat (GDM 4). At 30 DAS, CS 60
gave highest plant height (26.80 cm). At 60 & 90 DAS, CS 58 recorded the highest plant
height (101.67 cm & 176.73 cm), which was statistically at par with CS 60 and CS 56, while
the minimum was observed in GDM 4 (148.33 cm) (Table 8.1). Regarding branching, the
number of primary branches were statistically non-significant and the maximum number
of secondary branches was observed in CS 61 (19.00), followed by CS 58 and CS 62. Plant
population per meter row length indicated better establishmentin the CS series varieties.
The highest number of pods per plant was recorded in CS 62 (258), followed by CS 61 and
CS 64, while the lowest was observed in GDM 4. Highest seed yield was obtained from CS
62 (8.96 g ha"), followed by CS 61 (8.71 g ha') and CS 58 (8.60 g ha"), whereas the lowest
yield was recordedin GDM 4 (5.12 q ha™). A similar trend was observed for total biological
yield, and stovar yield. Harvest index ranged from 17.95% in GDM 4 to 22.20% in CS 62,
indicating more efficient partitioning of biomass towards seed yield in CS 62. Test weight
varied from 3.84 g in GDM 4 to 4.73 g in CS 58. Qil content among varieties ranged from
38.32% in GDM 4 to 38.87% in CS 61. Erucic acid content showed noticeable variation,
with the lowest value recorded in CS 61 (11.55%), while the highest was observed in CS 60
(15.75%). Overall, varieties CS 62, CS 61, and CS 58 performed better in terms of yield and
associated traits compared to the other varieties, while GDM 4 recorded the lowest values
for most of the parameters. These results indicate that salt tolerant CS series varieties,
particularly CS 62 and CS 61, have superior growth, yield potential, and desirable quality
attributes under the saline conditions of Vertisols as compared to the local variety.

The highest number of pods per plant was recorded in CS 62 (258), followed by CS 61 and
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Table 8.1 Growth and yield parameters of different mustard varieties under saline water irrigation

Plant Height (cm) No. of Branches Hiants No. of Seed . Tota'l Stovar Test oil
) i perm Podsper| Yield B|ol.og|cal Yield Harvest Wt. | Content Eru.cic
Variety 30 60 20 Pri- Secon- Row Plant (qha") Ylelt.:! (gha") Index (©) (%) Acid
DAS DAS DAS mary dary Length (q ha”)

GDM4 | 253 86.8 148.3 54 12.8 8.7 1184 5.12 28.53 23.41 17.95 3.84 38.32 14.51
CS56 25.7 99.3 1729 5.7 16.4 10.8 184.3 8.40 39.23 30.83 21.51 4.52 38.77 14.90
CS58 26.6 101.7 176.7 6.1 17.2 11.4 183.5 8.60 40.07 31.47 21.54 4.73 38.76 14.80
CS60 26.8 100.2 173.5 6.1 16.7 11.4 182.5 7.82 37.46 29.65 20.89 4.66 38.55 15.75
cs61 26.1 96.9 167.8 6.2 19.0 11.4 220.1 8.71 40.13 31.42 21.78 4.35 38.87 11.55
CS62 25.0 93.0 161.1 6.2 171 11.4 258.0 8.96 40.35 31.39 22.20 4.37 38.75 15.06
CS 64 258 98.2 170.6 59 13.9 11.2 190.8 8.31 39.52 31.21 21.07 4.32 38.43 14.28
SeM 0.8 2.5 4.9 0.4 0.6 0.3 4.6 0.21 1.62 1.48 0.61 0.09 0.06 0.49

b 23 7.5 14.3 NS 1.9 0.9 13.6 0.61 4.77 436 1.81 0.25 0.16 143

CS 64, while the lowest was observed in GDM 4. Highest seed yield was obtained from CS
62 (8.96 g ha"), followed by CS 61 (8.71 g ha") and CS 58 (8.60 g ha"), whereas the lowest
yield was recorded in GDM 4 (5.12q ha™). A similar trend was observed for total biological
yield, and stovar yield. Harvest index ranged from 17.95% in GDM 4 to 22.20% in CS 62,
indicating more efficient partitioning of biomass towards seed yield in CS 62. Test weight
varied from 3.84 g in GDM 4 to 4.73 g in CS 58. Qil content among varieties ranged from
38.32% in GDM 4 to 38.87% in CS 61. Erucic acid content showed noticeable variation,
with the lowest value recorded in CS 61 (11.55%), while the highest was observed in CS 60
(15.75%). Overall, varieties CS 62, CS 61, and CS 58 performed better in terms of yield and
associated traits compared to the other varieties, while GDM 4 recorded the lowest values
for most of the parameters. These results indicate that salt tolerant CS series varieties,
particularly CS 62 and CS 61, have superior growth, yield potential, and desirable quality
attributes under the saline conditions of Vertisols as compared to the local variety.
EXPERIMENT-2

Suitable Planting Method and Planting Geometry for Mustard Crop under Saline
Vertisols

An experiment was conducted to evaluate the effect of different planting methods and
crop geometries on mustard. A total of nine treatments were tested in plots of 7m x5 m,
comprising various sowing methods and spacing arrangements. Under the flatbed
sowing method, four crop geometries were evaluated: T1 (30cm x 10cm), T2 (40cm x 10
cm), T3 (45 cm x 20 cm), and T4 (50 cm x 20 cm). Treatment T5 involved ridge and furrow
sowing with 90 cm spacing. The remaining treatments were based on the Furrow
Irrigated Raised Bed (FIRB) system with different bed widths and row arrangements.
Treatment T6 consisted of FIRB with 60 cm bed width having two rows at 30 cm; T7 FIRB
with 120 cm bed width, four rows at 30 cm; T8 FIRB with 90 cm bed width with two rows at
45 cm spacing. TreatmentT9 consisted of FIRB with 180 cm bed width with four rows at 45
cmspacing.

Growth parameters

Data in table 8.2 revealed that highest plant height at 60 DAS and 90 DAS was recorded
underT5 (ridge furrow sowing at 90 cm spacing) with values of 57.27 cm and 183.13 cm,
respectively. This was followed by T8 (FIRB 90 cm bed with 2 rows at 45 cm) and T3 (flatbed
sowing 45 cm X 20 cm). The maximum number of primary and secondary branches was
recorded underT5 (ridge furrow sowing at 90 cm spacing), with 5.73 and 16.60 branches,
respectively), followed closely by T8 (FIRB 90 cm bed with 2 rows at 45 cm), whereas the



Table 8.2 Growth parameters and plant stand of mustard under different Planting method and planting Geometry

Plant Height (cm) No. of Branches No.of |PlantPopulation| Plant Plant
Treatment 30 60 90 | Primary Secondary| Rows per m Row Population| Population
DAS | DAS | DAS |Branches| Branches | PerPlot Length perPlot | (lakh ha’)
T1:Flatbed sowing [19.33 |44.67 | 156.87| 4.33 7.93 23 11.22 1290.56 3.69
30cm X 10 cm
T2 :Flatbed sowing [19.00 |49.67 | 173.80| 4.60 10.67 17 11.32 962.39 2.75
40cm X 10cm
T3 :Flatbed sowing [20.00 |53.00| 176.87| 5.00 12.60 15 7.78 583.33 1.67
45cm X 20 cm
T4 :Flatbed sowing [18.73148.40| 170.47| 5.13 13.53 14 7.86 549.89 1.57
50cm X 20 cm
T5 : Ridge furrow 19.60 |57.27 | 183.13| 5.73 16.60 8 11.52 460.89 1.32
sowing at 90 cm
T6 : FIRB (60 cm bed, [18.07 |50.07 | 163.67| 5.27 10.73 12 11.29 677.33 1.94
2 rows at 30 cm)
T7:FIRB (120 cm bed,|17.40 |45.40| 154.73| 5.07 8.47 16 11.22 897.78 2.57
4 rows at 30 cm)
T8 :FIRB (90 cm bed, [18.27 |54.60| 177.87| 5.73 16.20 10 11.33 566.67 1.62
2 rows at 45 cm)
T9:FIRB (180 cm bed [17.60 | 50.27 | 165.87| 5.47 14.07 12 11.16 669.33 1.91
4 rows at 45 cm)
SeM 0.73 | 237 | 6.02 0.21 1.03 0.43 31.50 0.09
CcD NS | 688 | 1750 | 0.61 3.00 1.25 91.58 0.26
Table 8.3 Yield parameters and Yield of mustard under different Planting method and planting Geometry
No. of Pods| Seed Yield/| No.of | SeedYield| Biological | Stovar | Test |Harvest
Treatment perPlant | Plant(g) |Seedper| (qha”) Yield Yield | Weight | Index
pod (qha) (qha”) | (g)
T1 : Flatbed sowing 179.67 4.76 7.79 8.39 46.71 3833 3.17 17.95
30cm X10cm
T2 :Flatbed sowing 213.87 593 9.04 8.14 42.30 34.15 3.19 19.31
40cm X 10 cm
T3 : Flatbed sowing 230.80 7.27 9.33 8.66 40.45 31.80 | 4.35 21.51
45 cm X 20 cm
T4 : Flatbed sowing 215.13 8.11 9.34 8.74 40.76 32.02 4.55 21.48
50cm X 20 cm
T5 : Ridge furrow 257.27 8.51 10.06 8.35 39.29 3094 | 4.66 21.55
sowing at 90 cm
T6 : FIRB (60 cm bed, 203.00 7.02 8.98 9.81 42.96 33.15 433 22.87
2 rows at 30 cm)
T7 :FIRB (120 cm bed, 193.87 6.00 8.48 7.74 36.97 29.23 336 21.11
4 rows at 30 cm)
T8 : FIRB (90 cm bed, 236.80 8.14 9.74 8.50 43.04 3454 | 433 19.74
2 rows at 45 cm)
T9 : FIRB (180 cm bed 220.33 7.04 9.12 7.12 36.01 2889 | 4.18 19.82
4 rows at 45 cm)
SeM 7.65 0.39 0.37 0.35 1.79 1.77 0.11 1.23
CcD 22.23 1.13 1.08 1.01 5.19 5.16 0.31 NS
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Furrow Irrigated raised bed System, 2 rows on bed Flatbed sowing System 30 cm spacing

minimum number was observed under T1. The maximum number of rows per plot was
recorded under T1 (23 rows) due to closer spacing, followed by T2 (17 rows) and T7 (16
rows), while the minimum number of rows was observed underT5 (8 rows) because of the
wider ridge-furrow spacing. Plant population varied considerably with spacing. The
highest plant population per plot and per hectare was recorded underT1 (3.69 lakh ha™),
followed by T2 and T7, whereas the lowest was observed underT5 (1.32 lakh ha™).

Yield Parameters

The maximum number of pods per plant was recorded under T5 (ridge furrow sowing at
90 cm spacing) with 257.27 pods per plant, followed by T8 (FIRB 90 cm bed with 2 rows at
45 cm) and T3 (flatbed sowing 45 cm x 20 cm). The highest seed yield per plant was
recorded under T5 (8.51 g) followed by T8 and T3, while the lowest seed yield per plant
was observed under T1 (Table 8.3). This increase in seed yield per plant under wider
spacing was mainly due to better branching and pod development. The maximum
number of seeds per pod (10.06) observed under T5 followed by T8. The highest seed
yield was recorded underT6 (FIRB 60 cm bed with 2 rows at 30 cm) with 9.81 q ha', which
was significantly superior to most treatments. This was followed by T4 (flatbed sowing 50
cm x 20 cm) with 8.74 g ha”, T3 (flatbed sowing 45 cm x 20 cm) with 8.66 q ha", and T8
(FIRB 90 cm bed with 2 rows at 45 cm) with 8.50 q ha™. The maximum biological yield was
recorded under T1 (46.71 q ha") followed by T8 and Té6. A similar trend was observed in
stover yield, where T1 recorded the highest stover yield (38.33 q ha™) followed by T8 and
T2. The highest test weight was recorded under T5 (4.66 g) whereas the lowest was
observed underT1 (3.17 g). Harvest index ranged from 17.95% underT1 to 22.87% under
T6; however, the differences among treatments were statistically non-significant. Overall,
the results indicate that ridge-furrow and FIRB planting systems improved yield
attributes and FIRB with 60 cm bed and two rows at 30 cm spacing (T6) produced the
highest seedyield per hectare.

Combined Effects of Salinity Stress and Bio-stimulants on Growth, Physiology, and
Fruit Quality of Dragon Fruit (David Camus D., Anil R. Chinchmalatpure, Monika Shukla
and Bisweswar Gorain)

A field experiment was initiated during the year 2024 at the ICAR-CSSRI, Regional
Research Station, Bharuch, to evaluate the combined effects of saline irrigation water and
bio-stimulants on the growth and structural traits of dragon fruit. Three cultivars (Jumbo
Red, Sri Lankan Red, and Lemon Orange) were evaluated under four salinity levels
(control, 3, 6, and 9 dS m”) along with bio-stimulant treatments comprising seaweed
extract and humic acid. Results revealed that increasing salinity significantly reduced
plant height, canopy spread, cladode dimensions, and rib width, indicating strong



Table 8.4 Impact of bio-stimulants on dragon fruit salt tolerance under high salinity (9 dSm™)

Category | Parameter Cultivar Untreated Stress +Bio- % Change vs.
Control (I11B1) stimulant(14+B) Stress Control
Vegetative| Plant Height (m) Jumbo Red 2.61 2.47 (Seaweed) +1.2%
Cladode Width (cm) Jumbo Red 7.85 5.90 (Seaweed) +24.2%
Rib Width (cm) Srilankan Red 4.35 3.55 (Seaweed) +20.3%
Canopy Spread (cm) Lemon Orange 116.0 75.0 (Seaweed) +226.0%
Structural | Spine Width (cm) Srilankan Red 0.30 0.20 (Humic Acid) +100.0%
Spine Density Jumbo Red 3.0 3.0 (Humic Acid) +50.0%
Areole Distance (cm) Jumbo Red 3.85 2.95 (Humic Acid) +15.7%
Areole Frequency Lemon Orange 3.15% 14.2 (Humic Acid) -23.2%

*Improvement in Areole Frequency is represented by a decrease in value, indicating reduced stunting

growth inhibition under saline conditions. High salinity caused stunted growth
characterized by reduced areole distance and increased areole frequency, particularly in
the Lemon Orange cultivar, confirming its higher sensitivity to salt stress. Untreated
plants under severe salinity also showed reduced development of defensive structures,
with spine width decreasing to 0.10 cm and spine density reducing to approximately two
spines per areole. Application of bio-stimulants effectively mitigated salinity stress
through two distinct mechanisms. Seaweed extract primarily enhanced vegetative
growth by improving plant height and canopy development. Conversely, humic acid
strengthened structural traits by increasing spine width, spine density, and areole
distance. The maximum areole distance (5.65 cm) was recorded in Jumbo Red treated
with humic acid, indicating superior recovery compared to untreated controls. The
specificimpact of these treatments under maximum stress is detailed in table 8.4.

Among cultivars, Jumbo Red exhibited superior growth vigour and adaptability under
saline irrigation, responding most effectively to both bio-stimulants. Sri Lankan Red
showed moderate structural stability, maintaining spine characteristics under moderate
stress conditions. In contrast, Lemon Orange performed poorly, exhibiting severe
morphological changes, including the highest areole frequency (18.5) under high salinity
stress. Regression and correlation analyses indicated a strong positive relationship
between plant heightand canopy spread (R>=0.598;r=0.773""). A significant correlation
was also observed between spine width and spine density (r = 0.529"). Principal
Component Analysis (PCA) showed that the first five components explained 77.13% of
total morphological variation, confirming clear and reliable treatment effects across
variables. The study demonstrates that integration of suitable cultivars with bio-
stimulant application enables successful dragon fruit cultivation using saline irrigation
water. Forimproving productivity and resilience in saline Vertisols, adoption of the Jumbo
Red cultivar combined with seaweed extract for growth promotion and humic acid for
structuralimprovementis recommended.

Carbon Credit Generation Potential and Cracking Behavior in the Saline Vertisols of
Western India: Effect of Land Use Systems (Bisweswar Gorain, Anil R. Chinchmalatpure,
Monika Shukla and David Camus)

A study is being conducted at the Experimental farm, Samni of ICAR-CSSRI, RRS Bharuch,
Gujarattoinvestigate the effect of different land-use systems on carbon credit generation
potential and cracking behavior of saline Vertisols. The land-use systems selected for the
study include: agroforestry species viz. Acacia mangium, Salvadora persica, Acacia nilotica,
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Table 8.5 Tree attributes and above ground biomass in different tree species

Height (m) | DBH (cm) | Volume (m’ tree™) | Volume (m’ ha”) | Above ground biomass (t ha™)

Mangiferra indica 5.30 68 6.18 1710.84 1806.65

Psidumsp 2.60 15.50 0.02 5.68 7.35

Manilkara zapota 2.60 38.00 0.13 35.18 56.64

E.tereticomis 14.44 65.00 2.00 3324.56 2482.45

A.mangium 4.5 33.33 0.08 137.33 101.56

A.nilotica 6.27 40.00 0.62 247.60 314.58
Pongamiapinnata 3.07 25.00 0.02 7.61 8.67
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Fig 8.1 Soil organic carbon in O'g

different tree species across the
soil profile
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Pongamia pinnata, and Eucalyptus sp., horticultural species viz., guava (Psidium guajava),
chikoo (Manilkara zapota), and mango (Mangifera indica), arable crops: cotton, pigeon-
pea, and wheat. The key objectives include quantifying carbon (C) sequestration and
economic credit values, assessing soil organic carbon (SOC) under different land use
systems and understanding land-use effects on soil physical properties and cracking
behavior. Tree biomass was estimated using allometric equations based on diameter at
breast height (DBH) and tree height. Carbon inventory for trees considered four pools
(aboveground biomass, belowground biomass, litter, and SOC), while crop inventory
focused on belowground biomass and SOC. The study aims to identify land use systems
that improve soil cracking behavior while enhancing C sequestration and carbon credit
generation. Soil analysis at different depths revealed that the highest organic carbon
(1.28%) was recorded in Acacia nilotica (0-15 cm depth), whereas the lowest (0.59%) was
observed under Eucalyptus (Fig. 8.1). Organic carbon content decreased consistently with
soil depth across all land use systems. Eucalyptus sp. recorded the maximum biomass
production (2482.6 t ha"), while Psidium sp. recorded the minimum (7.35tha™) (Table 8.5).
The maximum soil electrical conductivity (ECe) of 8.17 dS m" was observed under
Eucalyptus sp. at 0-15 cm depth, whereas the minimum value (0.25 dS m”') was recorded
under Acacia nilotica at 15-30 cm depth. Soil pH ranged from 6.03 at 0-15 cm to a
maximum of 7.78 at 60-90 cm depth under Acacianilotica.

The study highlights that restorative land-use systems, particularly agroforestry species
such as Acacia nilotica, significantly enhance SOC, while Eucalyptus tereticornis exhibits
the highest biomass production potential. These systems may offer a dual benefit:




improving the physical stability of saline Vertisols and generating substantial economic
value through carbon credits.

Planning, Monitoring and Evaluation of Subsurface Drainage Project at the Farm of
Sabarmati Ashram Goshala (Anil R. Chinchmalatpure, Sagar D. Vibhute, Monika Shukla,
Satyendra KumarandR.K.Yadav)

The Economics and viability of an animal production system largely depend on
availability of quality fodder. The continuous use of groundwater having EC,,3to8dSm"
for irrigating fodder crops (oat, Jowar, paddy and other) in about 160-acre area of
Malarpura Sabarmati Ashram Gaushala, Bidaj Farm, has led to the development of salinity
and sodicity in medium black soils (Typic Haplusterts), resulting in a decline in soil
productivity. In addition to the continuous application of low-quality saline irrigation
water, prevailing climatic conditions have further degraded soil quality. Consequently,
salinization has severely impaired crop growth, causing forage yield to decrease from 6.4
metric t acre” to 4.0 metric t acre. To mitigate soil salinity and sodicity, a comprehensive
reclamation project has been developed, incorporating multiple interventions such as
subsurface drainage (SSD), gypsum application, and the use of green manuring crops.To
assess the initial status of soil salinity and sodicity, soil samples were collected from 15
different blocks of the farm using a soil auger. Sampling was carried out at four depths (0-
15 ¢cm, 15-30 cm, 30-60 cm, and 60-90 cm), and geocoordinates were recorded for each
sampling point.The collected samples were processed in the laboratory and analyzed for
key soil properties, including pH, electrical conductivity (EC), soluble cations,and anions.

Descriptive statistical analysis revealed that soil salinity across the farm varied widely,
with EC values ranging from 0.63 to 45.57 dS m ™. The standard deviation of 6.87 indicated
high variability in salinity levels. The surface layer is highly salinized as compared to
subsurface layers.Inadequate irrigation management with water of high salt contentand
lack of drainage has contributed to soil salinization in these soils. The pH of soils ranged
from 7.00 to 8.43 showing neutral to alkaline in nature. Sodium adsorption ratio is ranged
from 6.27 to 48.38 (Table 8.6). The major dominating soluble cation is sodium followed by

Table 8.6 Soil properties of the Malarpura farm

Plot No. Depth EC,, pH EC,, PH, Organic SAR
(cm) (dSm™) (dSm”) Carbon (%)

A1l 0-15 1.27 7.85 3.37 7.32 0.54 13.73
15-30 0.98 8.53 1.32 8.02 0.26 11.17
30-60 1.02 8.68 1.21 7.97 0.30 10.99
60-90 1.09 8.57 0.96 8.02 0.09 6.94

A2 0-15 16.39 7.49 45.57 7.00 0.27 48.38
15-30 5.90 8.03 17.48 7.10 0.21 47.70
30-60 432 8.03 8.44 7.32 0.24 34.87
60-90 4.23 7.97 9.35 7.50 0.38 26.31

B1 0-15 1.40 8.24 3.22 7.56 0.62 18.87
15-30 1.81 8.51 3.25 7.77 0.08 16.46
30-60 1.77 8.45 3.51 7.70 0.33 18.92
60-90 1.65 8.45 3.26 7.64 0.20 22.28

B2 0-15 4.35 8.02 10.93 7.38 0.44 26.91
15-30 344 8.23 9.01 7.55 0.39 27.40
30-60 3.84 8.35 9.25 7.73 0.26 39.21
60-90 2.91 8.52 5.12 7.80 0.15 28.47
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Plot No. Depth EC,, pH EC,, PH, Organic SAR
(cm) (dSm™) (dSm™) Carbon (%)
1 0-15 1.08 8.12 3.49 7.67 0.56 17.27
15-30 1.33 8.55 2.72 7.92 0.08 19.37
30-60 1.23 8.60 3.02 7.93 0.12 19.10
60-90 1.07 8.70 1.94 7.96 0.15 14.02
D1 0-15 1.04 8.00 346 742 0.63 10.29
15-30 0.94 8.32 3.13 7.68 0.23 11.32
30-60 0.84 8.58 2.75 7.82 0.27 15.66
60-90 0.68 8.71 1.14 8.12 0.27 11.15
E1 0-15 0.74 8.25 2.27 7.60 0.62 10.66
15-30 0.65 8.56 1.84 7.89 0.39 25.62
30-60 0.60 8.81 0.84 7.94 0.41 6.27
60-90 0.69 8.80 0.63 8.02 0.18 11.40
E2 0-15 0.68 8.21 1.93 7.61 0.50 8.87
15-30 0.71 8.60 1.56 7.90 0.35 11.91
30-60 0.69 8.92 0.97 8.30 0.29 8.41
60-90 0.96 8.95 1.13 8.43 0.26 13.79
F 0-15 0.73 8.05 2.37 7.48 0.57 8.84
15-30 0.83 8.11 3.1 7.60 0.33 11.76
30-60 1.18 8.12 3.56 7.63 0.41 19.89
60-90 1.15 8.49 3.65 7.76 0.18 25.90
G 0-15 0.67 8.20 2.17 7.47 0.68 9.89
15-30 0.78 8.56 2.38 8.04 0.32 17.14
30-60 1.18 8.52 1.95 8.20 0.33 15.96
60-90 1.42 8.70 2.18 8.23 0.38 20.83
H 0-15 1.12 8.30 343 7.82 0.48 17.95
15-30 1.55 8.49 3.26 7.99 0.32 23.96
30-60 1.67 8.55 2.23 8.23 0.26 20.67
60-90 1.52 8.60 2.14 8.30 0.23 18.91
| 0-15 2.18 8.15 5.73 7.94 0.50 22.34
15-30 1.34 8.47 3.81 8.05 0.39 24.20
30-60 1.38 8.40 4.03 8.04 0.39 25.54
60-90 1.52 8.50 3.82 7.99 0.36 25.34
K 0-15 8.02 7.96 22.97 7.51 0.66 33.32
15-30 4.11 8.30 11.30 7.69 0.41 28.06
30-60 3.71 8.36 10.90 7.64 0.51 36.67
60-90 3.35 8.34 11.01 7.56 0.39 27.32
L 0-15 1.03 8.01 3.21 7.62 0.44 17.58
15-30 1.20 8.18 3.16 7.78 0.59 21.76
30-60 1.15 8.20 3.59 7.81 0.33 17.77
60-90 1.16 8.31 3.88 7.60 0.44 19.67
Descriptive Maximum 16.39 8.95 45.57 8.43 0.68 48.38
statistics Minimum 0.60 7.49 0.63 7.00 0.08 6.27
Mean 2.04 8.37 5.14 7.78 0.35 20.09
Std. 242 0.28 6.85 0.29 0.15 9.32
Deviation
Coeff of 118.80 3.39 133.23 3.78 42.84 46.40
variation




Table 8.7 Soluble cations and anions in saturation extract of soil samples

Plot No. Depth, Ca” Mg™ Na* cr SO,” co,” HCO,
cm (mel’) (mel’) (mel”) (mel’) (mel”) (mel’) (mel”)
Al 0-15 4,50 4.00 28.30 35.00 8.58 0.90 2.10
15-30 1.00 1.00 11.17 10.00 2.07 0.80 0.50
30-60 1.00 1.00 10.99 10.00 3.94 0.00 0.35
60-90 1.50 1.00 7.76 5.00 2.40 0.60 1.70
A2 0-15 83.00 69.50 422.48 545.00 25.53 0.90 2.00
15-30 22.50 17.00 212.00 150.00 23.17 1.00 1.50
30-60 12.50 4,00 100.15 55.00 22.89 0.90 0.20
60-90 13.00 10.50 90.20 50.00 26.23 0.80 0.50
B1 0-15 3.50 4.00 36.54 25.00 5.59 0.90 2.40
15-30 3.00 2.00 26.03 30.00 7.74 1.30 1.35
30-60 3.50 3.50 35.39 35.00 8.73 0.60 1.50
60-90 3.00 2.00 35.22 25.00 8.89 0.70 0.75
B2 0-15 16.50 12.50 102.48 90.00 8.09 1.30 0.75
15-30 7.50 8.50 77.51 65.00 13.87 0.60 1.35
30-60 8.50 6.00 105.57 55.00 26.49 0.60 0.90
60-90 3.00 3.50 51.33 45.00 8.49 0.70 0.65
C1 0-15 3.00 4.00 32.31 25.00 4.29 2.20 1.10
15-30 2.50 1.50 27.40 25.00 3.69 0.60 0.60
30-60 1.50 2.50 27.01 20.00 4.26 0.60 1.55
60-90 1.00 2.00 17.18 15.00 3.62 0.30 1.35
D1 0-15 4.50 5.50 23.01 30.00 294 1.20 1.95
15-30 3.50 4.00 21.93 25.00 3.31 1.30 0.45
30-60 3.00 1.50 23.49 20.00 1.54 0.90 1.05
60-90 0.50 1.00 9.65 165.00 0.42 0.70 0.90
E1 0-15 3.50 3.50 19.94 15.00 2.50 1.50 2.65
15-30 0.50 0.50 18.12 10.00 2.59 0.60 1.00
30-60 2.00 1.50 8.30 15.00 1.52 0.60 2.00
60-90 0.00 0.50 5.70 5.00 0.41 1.00 0.20
E2 0-15 3.00 3.50 16.00 15.00 2.75 1.50 1.00
15-30 1.50 2.50 16.84 15.00 1.73 0.60 1.40
30-60 0.50 1.50 8.41 10.00 0.21 0.90 0.90
60-90 0.00 1.50 11.94 10.00 3.03 0.90 1.35
F 0-15 3.00 4.50 17.13 20.00 2.62 1.60 1.65
15-30 2.50 5.50 23.52 20.00 484 0.90 0.60
30-60 2.50 3.00 32.98 30.00 5.68 0.50 1.15
60-90 1.50 2.50 36.62 25.00 5.55 0.80 0.90
G 0-15 1.50 4.00 16.41 15.00 1.75 1.60 2.35
15-30 0.50 2.50 20.99 15.00 3.72 1.20 1.95
30-60 0.50 2.50 19.55 15.00 4.89 0.30 1.55
60-90 0.00 2.00 20.83 15.00 3.05 0.90 1.10
H 0-15 2.00 4.00 31.09 25.00 1.65 1.90 3.90
15-30 1.00 2.50 31.69 25.00 0.89 0.60 2.00
30-60 0.50 1.50 20.67 15.00 1.57 0.70 1.30
60-90 1.00 1.50 21.14 15.00 493 0.60 1.20
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Plot No. Depth, Ca” Mg"™ Na* cr SO,” co,” HCO,
cm (mel?) (mel") (mel”) (mel?) (mel”) (mel?) (mel?)

Al 0-15I 0-15 4.00 6.00 49.96 45.00 5.60 1.101.85
15-30 2.00 2.00 34.23 25.00 4.34 0.70 1.15
30-60 2.00 3.00 40.38 30.00 5.32 0.70 1.30
60-90 1.50 2.50 35.84 30.00 5.15 0.90 1.20

K 0-15 14.00 51.00 189.96 215.00 15.60 1.30 2.75
15-30 8.50 15.50 97.20 80.00 8.87 0.70 1.25
30-60 7.50 14.50 121.61 95.00 8.38 1.10 1.00
60-90 7.00 17.50 95.61 95.00 10.23 0.50 0.80

L 0-15 1.50 4.50 30.45 25.00 4.79 1.50 2.50
15-30 1.00 3.00 30.77 25.00 6.14 0.50 1.20
30-60 2.00 3.50 29.47 25.00 3.60 0.30 1.50
60-90 2.00 4.00 34.06 30.00 5.83 0.30 2.00

Descriptive Maximum 83.00 69.50 422.48 545.00 26.49 2.20 3.90

statistics Minimum 0.00 0.50 5.70 5.00 0.21 0.00 0.20
Mean 5.13 6.25 48.62 46.52 6.54 0.88 1.36

Std. 11.38 11.26 65.30 78.05 6.52 0.42 0.70
Deviation
Coeff of 221.68 180.18 134.32 167.79 99.67 47.31 51.33
variation
Table 8.8 Properties of irrigation water samples and drain water sample of the farm
Sample EC pH| Na' K Ca” Mg* CO,” | HCO, ar SO, | SAR |Class
(dSm™) (mel”) | (mel”) | (meL") | (mel”) [(mel")|(melL”) [(meL’)|(melL")

Tube well 1 5.99 |735| 36.40 0.13 6.90 14.85 4.0 10.0 5.0 7.58 [12.03 | C4S2

Tubewell3| 460 |7.59| 31.09 | 0.10 522 | 1137 24 7.0 4.0 3.58 [11.75 | C4S2

Tubewell4| 4.40 |8.43| 31.24 0.12 0.80 8.90 4.0 7.4 3.8 6.24 [14.48 | C4S2

Drain water| 20.93 |7.55| 173.00 0.11 19.26 23.77 2.8 13.2 18.4 29.08 |42.33 -

calcium and magnesium. Among anions chloride is dominant followed by sulphate,
bicarbonate and carbonate (Table 8.7). The origin of salt in these soils is saline irrigation
water of C4S2 type (Table 8.8). These soils are classified as highly saline sodic soils. The
most effective approach to restore their productivity is through an integrated use of
multiple reclamation technologies. The productivity of these degraded soils can be
restored to optimum levels by adopting an integrated reclamation strategy that includes
engineering options such as subsurface drainage (SSD), chemical amendments like
gypsum, and biological measures including the use of salt-tolerant forage species and
green manuring crops.

Genetic Enhancement of Maize (Zea mays L.) for the Development of High Yielding
and Climate Resilient Hybrids (Monika Shukla; Collaborative project with ICAR-IIMR,
Ludhiana)

Thirty maize genotypes (IMR-1 to IMR-30) were evaluated under varying levels of
irrigation water salinity (EC,, values 0, 6 and 9 dS m”) on salt affected Vertisols in rabi 2024-
25. The objective was to identify salt tolerant lines along with key physiological traits
related to enhanced salt tolerance. It was observed that the germination and plant
growth affected significantly with saline water irrigation. IMR-5 did not germinate in the
experiment. The performance of thirty maize entries under three treatments (T1: Control,




Table 8.9 Range of various growth and yield parameters under different levels of saline water irrigation

Parameter Best available water 6 dS m" irrigation water 9 dS m" irrigation water
Max Min Max Min Max Min
Plant height 284 156 268 133 253 112
(IIMR 10) (IIMR 30) (IIMR11) (IIMR 30) (IIMR 11) (IIMR 30)
No. of cobs 2.5 13 2.3 1.0 1.8 1.0
per plant (IIMR 7,12, 30) (IMR 11, 27) (IIMR 30) (IIMR 14, 23, 27) (IMR 12) | (several varieties)
Cob length 20.0 11.9 19.4 11.1 17.2 10.3
(cm) (IIMR 4) (IIMR 26) (IIMR 4) (IIMR 26) (IIMR 4) (IIMR 29)
Biomass yield 10.26 2.69 8.89 1.26 6.16 0.54
per plot (kg) (IIMR9) (IIMR 30) (IIMR 4) (IIMR 7) (IIMR 4) (IIMR 7)
Cob yield 3.97 0.50 3.39 0.09 2.76 0.05
per plot (kg) (IIMR 4) (IIMR 29) (IIMR 4) (IIMR 29) (IIMR 4) (IIMR 29, 30)
Grain yield 3.07 0.26 2.71 0.04 1.69 0.07
per plot (kg) (IIMR9) (IIMR 30) (IIMR 2) (IIMR 29) (IIMR 4) (IIMR 7)
100-seed 41.5 214 35.0 19.8 322 14.3
weight (g) (IIMR 8) (IIMR 21) (IIMR 8) (IIMR 21) (IIMR 8) (IIMR 27)

T2:EC,, 6 dSm”,and T3: EC,, 9 dS m") revealed substantial variation in growth, yield, and
yield-attributing characters (Table 8.9). Across entries, plant height consistently declined
with increasing irrigation water salinity levels. Under control conditions, plant height
ranged from 156 to 284 cm, with varieties IIMR 9 and IIMR 10 recording the maximum
height (283-284 cm). Exposure to 6 dS m™” and 9 dS m” water resulted in a progressive
reduction in plant height, indicating the adverse effect of higher EC,, on vegetative
growth. The number of cobs per plant also showed a declining trend with increasing EC,,.
Under control conditions, the number of cobs ranged from 1.3 to 2.5, while under 9dSm"
itreduced to 1.0-1.8 across entries. Entries IMR 7, IIMR 12, and [IMR 30 recorded relatively
higher cob numbers under control conditions, but this advantage diminished under
elevated EClevels. Cob length was significantly affected by EC,,. Under control conditions,
cob length ranged from 11.9 to 20.0 cm, with variety IIMR 4 producing the longest cobs
(20.0 cm). Increasing EC,, reduced cob length across all entries, with the lowest values
observed under 9 dS m’”, reflecting stress-induced reductions in reproductive growth.
Biomass yield followed a similar declining trend. Under control conditions, biomass yield
ranged from 2.69 to 10.26 kg per plot, with variety IIMR 9 recording the highest biomass

Table 8.10 Best performing maize genotypes under different levels of saline water irrigation

Best available water 6 dS m™ irrigation water 9 dS m™ irrigation water
Germplasm |Cob yield per plot(g) | Germplasm | Cob yield per plot (g)| Germplasm | Cob yield per plot (g)
IIMR 4 3.97 [IMR 4 3.39 IIMR 4 2.76
IIMR 9 3.89 [IMR 2 3.29 IIMR 1 2.56
IIMR 1 3.78 IIMR 1 3.19 IIMR 20 2.27
IIMR 13 3.64 [IMR 9 2.95 IIMR 9 2.21
IIMR 6 3.37 [IMR 6 2.59 IIMR 6 2.20
IIMR 18 3.42 [IMR 24 2.52 [IMR 18 2.00
[IMR 24 3.02 IIMR 25 2.48 [IMR 24 1.93
[IMR 2 3.45 IIMR 11 2.43 IIMR 2 1.80
[IMR 25 2.73 IIMR 20 2.39 [IMR 17 1.52
IIMR 17 2.71 IIMR 17 2.21 [IMR 25 1.53
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Different Maize lines screening experiment at different salinity levels conducted at RRS Bharuch

yield. Biomass production decreased markedly under 6 dS m”and further under 9dSm”,
particularly in sensitive varieties such as IIMR 7, IIMR 27, and [IMR 30. Cob yield per plot
and grain yield per plot were significantly influenced by EC stress. Under control
conditions, cobyield ranged from 0.50 to 3.97 kg, while grain yield varied from 0.26 to 3.07
kg per plot. Entries IIMR 4 and IIMR 9 consistently recorded higher cob and grain yields
across all treatments, indicating better tolerance to EC,, stress. In contrast, varieties IMR 7,
IIMR 27, IIMR 29, and IIMR 30 showed sharp yield reductions under higher EC levels,
suggesting higher sensitivity. The 100-seed weight also declined progressively with
increasing EC,,. Under control conditions, seed weight ranged from 21.4 to 41.5 g, with
entry IIMR 8 recording the highest test weight (41.5 g). Under 9 dS m”, seed weight
declined substantially across most entries, indicating impaired grain filling under stress
conditions. Overall, increasing EC,, negatively affected plant height, cob number, cob
length, biomass yield, cob yield, grain yield, and seed weight across all maize varieties.
However, varieties IIMR 4, IIMR 9, IIMR 6, and IIMR 11 maintained comparatively higher
yield and yield components under stress conditions (Table 8.10).

Genetic Approaches to Improve Wheat (Triticum aestivum L.) Germplasm for Salt
Tolerance (Neeraj Kulshreshtha, Arvind Kumar, Ashwani Kumar, Ravi Kiran KT and Monika
Shukla)

Experiments atICAR CSSRIRRS Bharuch

Experimentno. 1: KRL, Screening Wheat

Thirty-one genotypes, including KRL series and other popular released varieties of ICAR-
CSSRI, Karnal and IIWBR, Karnal were evaluated in RBD with three replications on salt
affected Vertisols (ECe 6-7dSm™) in 2024-25. Considerable variation was observed among
the wheat varieties with respect to growth parameters, phenological traits, yield
attributes and yield (Table 8.11). Plant height ranged from 68.56 cm (HD 2851) to 110.78
cm (KH 65), indicating wide genetic variability. Most KRL varieties exhibited moderate
plant height (82-94 cm), which is desirable for lodging resistance. Days to flowering varied
from 56 to 64 days, while days to maturity ranged between 105 and 116 days. Early
maturity was recorded in KRL 2207, KRL 2309 and HD 2851 (105 days), whereas KRL 2304
showed the longest maturity duration (116 days). Among yield parameters panicle
length ranged from 8.10 cm (KRL 99) to 10.43 cm (KRL 2214). Higher panicle weight was
observed in DBW 187 (4.25 g), followed by KRL 2307 (4.09 g) and DBW 222 (4.06 g),
reflecting better sink strength in these varieties.

@



Table 8.11 Growth, yield attributes and yield of top 10 performing KRL entries during 2024-25

Variety Plant Days to Days to Panicle | Panicle Grain Biomass 1000-
height 50% Maturity | length | weight yield/ yield seed
(cm) Flowering (cm) (g) plot (g) (g) weight (g)
KRL 2310 88.22 64 115 9.13 3.62 419 986 554
KRL 99 86.00 57 106 8.10 2.47 400 858 50.2
KRL 1803 85.33 58 107 8.82 2.84 398 876 49.3
KRL 2207 93.78 58 105 10.05 3.87 395 1029 49.2
KRL 2301 90.44 57 107 8.33 3.41 391 914 49.1
KRL 283 79.44 59 107 8.33 2.86 387 880 45.2
KRL 2307 87.56 58 114 9.85 4.09 381 998 48.2
KRL 386 89.33 58 115 8.62 3.50 376 965 455
KRL 2308 88.44 64 115 947 4.05 370 1077 48.0
DBW 222 87.33 64 115 9.63 4.06 365 896 429

KRL, Screening Wheat

Vi

Grain yield showed substantial variation, ranging from 257 g (KRL 2303) to 419 g (KRL
2310) (Plot size 0.9 m?). The highest grain yield was recorded in KRL 2310 (419 g), followed
by KRL 99 (400 g) and KRL 1803 (398 g), indicating their superior yield potential. Biomass
yield ranged from 767 g (KRL 423) to 1162 g (KRL 2304), with KRL 2304, KRL 2308 and KRL
2303 producing higher biomass. The 1000-seed weight varied from 39.1 g (KRL 2306) to
55.4 g (KRL 2310). Varieties KRL 2310, KRL 2303 and KRL 99 recorded higher test weight,
which contributed positively to grain yield. Overall, varieties KRL 2310, KRL 99, KRL 1803,
KRL 2207 and KRL 2301 exhibited superior performance in terms of grain yield and yield-
attributing traits.

Experimentno.2:SPLASN, Screening Nursery wheat

Wheat SPLASN trial with 24 entries with 3 checks was conducted in 2024-25. (Plot size 3
m?). The data presented in table 8.12 reveal substantial variability among the SPLASN
entries for agromorphological traits, yield attributes, and yield. Plant height ranged from
80.3 cm (SPLASN 17) to 110.9 cm (SPLASNCK 03). Most entries exhibited medium plant
height (85-95 c¢m), which is considered desirable for better lodging resistance and
efficient biomass partitioning. Days to flowering varied from 56 to 64 days, while days to
maturity ranged from 102 to 116 days. The earliest maturity was observed in SPLASNCK
01 and SPLASNCK 02 (102 days), whereas SPLASN 04 and SPLASNCK 03 matured later at
116 days. Panicle length showed marked differences among entries, ranging from 5.21

@
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Table 8.12 Growth and yield attributes and Yield of top 10 performing SPLASN entries during 2024-25

Entry Plant Days to Days to Panicle | Panicle 1000- Grain Biological
height flowering | maturity length | weight | grainwt. | yield (g/ yield
(cm) (cm) (9) (9) plot) (kg/plot)
SPLASN 23 86.7 58 115 9.60 3.47 39.25 1900 4.35
SPLASN 24 87.7 57 115 9.40 343 36.85 1600 341
SPLASN 05 91.3 64 115 9.65 3.36 32.40 1510 4.03
SPLASN 12 98.7 56 106 8.95 2.56 42.70 1500 3.52
SPLASN 18 92.0 56 115 9.50 343 41.10 1500 3.17
SPLASN 15 81.0 64 115 9.40 3.70 40.20 1490 3.71
SPLASN 09 87.3 64 115 8.10 2.75 43.80 1475 348
SPLASN 22 92.7 57 115 10.15 3.79 33.40 1470 3.37
SPLASNCK 02 834 56 102 8.95 2.86 31.58 1467 3.84
SPLASN 08 91.0 56 106 8.60 3.29 4545 1434 3.28

SPLASN, Screening Nursery
wheat

cm (SPLASN 10) to 10.20 cm (SPLASN 04). Longer panicles were also recorded in SPLASN
16, SPLASN 20 and SPLASN 22 (10.15 cm), which may contribute to higher sink capacity.
Panicle weight varied from 2.22 g (SPLASN 02) to 3.84 g (SPLASN 07), indicating
significant differences in grain-bearing potential. The 1000-grain weight ranged from
31.58 g (SPLASNCK 02) to 55.35 g (SPLASN 13). Higher test weight observed in SPLASN 13,
SPLASN 21 and SPLASN 08 reflects better grain filling and seed quality. Grain yield per plot
exhibited wide variation, ranging from 960 g (SPLASN 03) to 1900 g (SPLASN 23). The
highest grain yield was recorded in SPLASN 23 (1900 g/plot), followed by SPLASN 24
(1600 g/plot). Biological yield ranged from 2.50 kg/plot (SPLASN 02) to 4.39 kg/plot
(SPLASN 19), with higher biomass also recorded in SPLASN 23 and SPLASNCK 03,
suggesting better overall growth performance. Overall, entries SPLASN 23, SPLASN 24,
SPLASN 05, SPLASN 12 and SPLASN 18 emerged as superior in terms of grain yield and
biomass production.

Experimentno. 3: SPLAST, Screening Nursery wheat

Wheat SPLAST trial with 4 entries with 3 replications was conducted in 2024-25 (Plot size
14.4 m’). The agromorphological performance of four SPLAST entries exhibited
considerable variation across growth, yield, and yield-attributing traits (Table 8.13). Plant
height ranged from 84 to 120 cm, with SPLAST-04 recording the maximum height (120



Table 8.13 Growth and yield attributes and Yield of different SPLAST entries 2024-25

Entry Height Days to Days to Length | Weight Grain Biomass 1000
(cm) Maturity Heading | of Panicle| of Panicle  Yield Yield Grain

(em) (9) (9) (kg) Wt. (g)
SPLAST-01 20 106 57 8.18 2.95 4574 12.12 44.37
SPLAST-02 89 114 58 8.85 2.69 4392 12.77 42.20
SPLAST-03 84 102 56 9.40 2.63 5179 1244 47.79
SPLAST-04 120 116 64 8.28 242 3322 13.05 52.30

SPLAST, Screening Nursery
wheat

=

c¢m), while SPLAST-03 was the shortest (84 cm). Days to maturity varied from 102 to 116
days; SPLAST-03 matured earliest (102 days), whereas SPLAST-04 was the latest maturing
genotype (116 days). A similar trend was observed for days to heading, which ranged
from 56 to 64 days, with SPLAST-03 showing the earliest heading and SPLAST-04 the
latest. Panicle length differed moderately among entries, ranging from 8.18 to 9.40 cm.
The longest panicles were recorded in SPLAST-03 (9.40 cm), followed by SPLAST-02 (8.85
cm). Panicle weight ranged from 2.42 to 2.95 g, with SPLAST-01 producing the heaviest
panicles (2.95 g). Grain yield showed marked variation, with SPLAST-03 producing the
highest grain yield (5179 g), followed by SPLAST-01 (4574 g), while SPLAST-04 recorded
the lowest yield (3322 g). Biomass yield ranged from 12.12 to 13.05 kg, with SPLAST-04
registering the highest biomass yield (13.05 kg). The 1000-grain weight varied from 42.20
to 52.30 g, with SPLAST-04 recording the highest test weight (52.30 g), indicating bolder
grains, whereas SPLAST-02 had the lowest (42.20 g). Overall, SPLAST-03 emerged as a
superior genotype in terms of early maturity, longer panicles, and highest grain yield.
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Reclamation and Management of Coastal
Saline Soils

Impact of climate change on rice yield in the coastal deltaic region of West Bengal
(T.D.Lama, U.K.Mandal, D.Burman, N.R. Prakash and K.K. Mahanta)

Climate change poses a major threat to fragile coastal ecosystems by intensifying salinity,
water scarcity, and sea water intrusion, thereby reducing agricultural productivity and
endangering food and livelihood security of the resource-poor farmers. This study aims to
assess the impact of climate change and salinity on rice yields and validate the FAO
Aquacrop model for predicting future yield responses. A field experiment was conducted
during the dry season of 2024-25 at the ICAR-CSSRI, RRS, Canning Town, West Bengal, to
evaluate the response of rice varieties, namely, Canning 7 (tolerant), Sada Minikit
(moderately tolerant),and BPT 5027 (sensitive) under three irrigation water quality (good
water, EC,,-4and EC,,-6dSm") to calibrate the FAO Aquacrop model. Canning 7 recorded
the highest average yield (3.69 t ha"), followed by Sada Minikit (3.45 t ha™) and BPT 5204
(143 tha") (Table 9.1). While the highest grain yield (3.90 t ha") was recorded with good
quality irrigation water, the lowest (1.95 t ha") was observed with irrigation water salinity
of 6dS m’. Significant interaction effects between salinity and variety were also noticed.
Similarly, straw yield declined with increasing salinity and the highest straw yield was
recorded by the tolerant variety Canning 7 (5.53 t ha"), followed by Sada Minikit
(moderately tolerant, 4.92t ha')and BPT 5204 (sensitive, 3.57 tha"). There was a reduction
in rice yield by 10.4-27.1% in Canning 7 followed by 28.8 to 53.2% in Sada Minikit with
saline water irrigation of 4 and 6 dS m™, respectively. Whereas in the sensitive variety BPT
Table 9.1 Grainand straw yields of rice varieties at different salinity levels of irrigation water

Treatments Grain yield Straw yield
(tha') (tha')
Water quality

Good quality water (GW) 3.90a 5.73a
Saline irrigation water (SW,, EC,,-4 dSm") 2.72b 4.52b
Saline water (SW,,EC,,-6 dSm") 1.95¢ 3.77¢

Variety
Canning 7 (V1) 3.69a 5.53a
Sada Minikit (V2) 3.45a 4.92b
BPT 5024 (V3) 1.43b 3.57c

Interaction

GWV1 4.22ab 6.02a
SW1V1 3.78bc 5.51ab
SW2v1 3.08de 5.05b
GWV2 4.75a 5.88a
SW1V2 3.38cd 4.98b
SW2v2 2.23f 3.92c
GWV3 2.73ef 5.28b
SW1V3 1.01g 3.07d
SW2v3 0.549g 2.36e

Treatment means with the same letter are not significantly differentat p<0.05
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Fig 9.1 Observed and simulated
grainyield and biomass of rice
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5204, the yield reduction was by 62.6 to 80.2%. Yield penalty was higher under saline
water irrigation with 6 dS m™” even in case of tolerant variety and was severe in case of
sensitive variety like BPT 5204. FAO Aquacrop model was validated using the field
experiment data obtained during 2025 and its performance was evaluated (Fig.9.1). The
average per cent deviation of the simulated data from the observed data was -3.04% for
rice grain yield and -11.13% for biomass. RMSE, model efficiency (E), index of agreement
(d) and R’ obtained during validation were respectively, 0.36,0.90, 0.97 and 0.91 for grain
yield and 1.00, 0.79, 0.95 and 0.92 for total biomass yield. Assessment of rice yields under
future climate change and salinity regimes using the validated modelisin progress.

Low budget natural farming for sustainable crop production (D. Burman, U.K. Mandal
andT.D.Lama)

The field experiment was conducted during 2025-26 at RRS, Canning Town to evaluate
the components of low budget natural farming under coastal agro-ecosystem. The
experiment consisted of the following scenarios, S,: Rice-Mungbean-Fallow (CT-CT)
(Rice-transplanted, Mungbean-line sown, all residue removed, Nutrient: farmers'
recommendation); S,: Rice-Mungbean-Dhaincha (CT-ZT-ZT) (Rice-transplanted,
Mungbean-line sown, dhaincha-broadcast; full rice and mungbean residue retained,
dhaincha incorporated; rice - RDF, Mungbean - RDF); S,: Rice-Mungbean (CT-ZT) (Rice-
DSR, Mungbean-line sown, full rice and mungbean residue retained; rice - RDF,
Mungbean - RDF (N through FYM + CSSRI Formulation)); S,: Rice-Mungbean (CT-ZT)
(Rice-DSR, Mungbean-line sown, full rice and Mungbean leaf residue retained, Nutrient:
50% through organic & 50% through inorganic); S,: Rice-Mungbean-Dhaincha (CT-ZT-
ZT) (Rice-transplanted, Mungbean-line sown, dhaincha-broadcast, full rice and
Mungbean residue retained, dhaincha incorporated; Nutrients — Nil; Low budget natural
farming (LBNF)); S,: Rice-Mungbean-Dhaincha (ZT-ZT-ZT) (Rice- unpuddled
transplanted, Mungbean-line sown, dhaincha-broadcast, full rice and Mungbean residue
retained, dhaincharetained; Nutrients — Nil; Low budget natural farming (LBNF)); S,: Rice-
Mungbean-Dhaincha (CT-CT-CT) (Rice-transplanted, Mungbean-line sown, dhaincha-
broadcast, anchored rice and Mungbean residue retained, dhaincha incorporated;
Nutrients: rice - 50% RDF, Mungbean - 50% RDF; Low budget natural farming (LBNF)).
The plot size was 6.5 m x 11.5 m. In addition, one large plot of 10 m x 50 m was also used
forlaying out of scenario S..

During summer 2025 mungbean (variety Sea Label) and during kharif 2025 rice (variety
Amalmana) were taken as test crops as per the scenarios. Mung bean yield was
significantly highest under S, (3.18 q ha”) followed by S, (2.84 q ha"), while LBNF-only
scenarios showed comparatively lower mung productivity. In' S, (LBNF + 50% inorganic),



Table 9.2 Rice growth and productivity under different scenarios

Scenarios Grain yield Straw yield Mungbean grain Mungbean haulm
(tha”) (tha™) yield(q ha™) yield (q ha”)
S1 3.07a 9.26a 2.84ab 1.17
S2 4.08a 7.87a 3.18a 1.56
S3 3.37a 9.80a 0.85cd 0.13
S4 3.80a 9.14a 0.79cd 0.09
S5 3.18a 9.20a 1.26cd 1.20
S6 4.73a 9.54a 0.18d 0.09
S7 3.19a 10.67a 1.66bc 1.03
S5-LP 4.71a 11.52a 0.50cd 0.15

Values followed by the same letters are not significantly diff erent

Fig 9.2 Variation in soil properties
under different scanarios
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theyield was 1.66 q ha” followed by 1.26 ghainS..In S,and S, as well as S, scenarios, the
yields obtained was significantly very low below 1 q ha™. The highest haulm yield of
mungbean was obtained in S, (1.56 t ha™). During kharif 2025 highest grain yield of rice
(4.73 tha") was obtained in scenario S, which was at par with S.-LP (large plot) (4.71t ha'),
followed by S2 (4.08 t ha™). The lowest yield was recorded in S, (3.01 t ha') (Table 9.2).
However the variations in grain yield across the scenarios was not statistically significant.
No significant variation in straw yield was noticed with the highest straw yield in S,-LP and
S,.The results indicated that the performance of rice crop under LBNF was comparable to
those with use of chemical fertilizers as well as with its integrated use with FYM. Analysis
of the soil samples collected from 0-15 cm depth after the harvest of mungbean crop
revealed that highest organic carbon content was observed in scenario S, (1.23%), where
100% N had been applied through FYM and full crop residue was retained (Fig. 9.2). The
lowest soil organic carbon content was recorded in scenario S1(0.84%). The available N, P
and Kwas also found to be higher in scenario S,. The highest soil dehydrogenase activity
wasrecordedinS, (13.5ugTPFg" h")followed by S, (10.2 ug TPF g™ h™) in 0-15cm (Fig. 9.2).
The soil properties showed improvement under integrated and LBNF-based systems,
with higher SOC, available N, P,and Kand microbial activity compared to farmers' practice
(S).

Biochar amendment for coastal salinity management in rice-based cropping
system (U.K. Mandal, T.D.Lamaand D.Burman)

This project explores biochar-based soil amendment as an integrated, climate-resilient,
and sustainable strategy for managing coastal salinity while enhancing productivity and
soil health in rice-based cropping systems. Experiments was carried out within concrete
well rings (70 cm diameter) at the research farm of ICAR-Central Soil Salinity Research
Institute, Canning Town, West Bengal during kharif and rabi season to study the effect of
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CSSRI biochar experiment in
well ring under rice-vegetable
systems

Table 9.3 Properties of biochar prepared from rice straw

Biochar Value

Maximum water holding capacity (%) 168.1-220.8

pH (1:2) 9.25-9.66

EC (1:50) (dSm™) 2.54-3.56

Total C (%) Straw biochar 39.3%; wood biochar 50.1%

Total N (%) 1.42-1.47

Total P (%) 0.010-0.039

Total K (%) 2.019-3.068

Available N (kg ha™) 100.35-125.44

Available P (kg ha™) 36.13-48.36

available K (kg ha™) 303.75-413.50

CEC (meq 100g™) 35.42-48.22

Ca (ppm) 112.86

Mg (ppm) 71.42

Na (ppm) 1894
Table 9.4 Okra yield and soil salinity and salinity level in leachate collected during okra

Okra Yield Leachate Soil collected
collected after Okra
on 29.10.25 harvest
(15.1.26)
Treatment Yield kg/ 70 cm STDEV EC pH ECe pH
diameter ring (dSm™) (dSm™)

Biochar @ 1% 1.341 0.014 1.56 7.54 2.99 7.81
Biochar @ 0.5% 1.081 0.178 1.22 7.36 3.09 6.5
Biochar @ 0.2% 1.181 0.221 1.21 7.38 3.42 6.79
No biochar 0.986 0.233 1.08 7.18 3.79 6.6

biochar on soil properties under saline water use for irrigation. Vegetable okra was taken
astest crop during kharif 2025 while rice was grown during rabi season (2025-26) (Photo ).
There were four biochar treatments. T1: Biochar @ 1% where 1.5 kg biochar was mixed
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with 148.5 kg soils in a well ring; T2: Biochar @ 0.5% where 0.750 kg biochar was mixed
with 149.250 kg soils in a well ring; T3: Biochar @ 0.2% where 0.300 kg biochar was mixed
with 149.700 kg soils in a well ring and T4: No biochar application. Different quality of
irrigation water (S) was applied in sub plot treatment; SO: fresh water; S1:irrigation with 6
dS m™ irrigation water; S2: irrigation with 12 dS m™ irrigation water. During kharif season
noirrigation was applied for okra and crop was grown as rainfed whereas different quality
of irrigation was applied during rabi rice. Properties of biochar prepared from rice straw
was presented in Table 9.3. Okra yield showed that application of biochar enhanced the
yield of okra (Table 9.4).

Assessment of ground water in sea water inundated locations of coastal West
Bengal using geo-electrical method (ShishirRaut, D. Burman andT.D.Lama)

The ground water salinity in the coastal West Bengal leads to low productivity of crops
particularly in spring season. In many areas ground water may occur in perched aquifer at
greater depths (>30 m and up to 300 m) which is non saline and available for cultivation of
crops. Exploration of ground water sources by geo-electrical method is one of the inexpensive
and in-situ methods and has been used for long. Therefore, it is necessary to study ground
water potentialand quality in differentareasin the villages of coastal West Bengal.

Field investigations were carried out in the Kanthalberia village. Two vertical section
consisting of eight resistivity locations (VES 1,2,3,4 and VES 5,6,7, 8) across the river Matla
were carried out (Fig. 9.3) to determine the resistivity of different subsurface layers and
correlate with the nearby borehole lithologs to understand the overall geohydrological
situations.The field data were interpreted for true resistivity and corresponding thickness
of different sub-surface horizons. Ground water samples were collected from tube wells
situated near different VES locations and analyzed for EC, pH, Na*, K, Ca*, Mg™, CO.%,
HCO,, CI' etc. Ground water samples from nearby tube wells were also collected for
geochemical analysis.

Resistivity data of VES 1 was compared with the borehole lithology of adjoining tube well
to assign resistivity values to different subsurface configuration. The interpreted (true)
resistivity values along with the thickness of different formations for VES points indicate
five geoelectric layers (Table 9.5). The layer wise description of different subsurface
configurationsisgivenin Table 9.6.

Physico-chemical parameters were studied from the soils collected from Kathalberia
village. Soil samples were collected during Feb. -March, 2025. Soils were collected from
eight different sites coming near the VES locations and analyzed for texture, EC, pH,
organic carbon and saturated moisture content. Clay content in different sites of
Kathalberia village varied from 27-47% and was sandy clay loam to clay (Table 9.7). Sand
contentforthe same soils varied from 34-57%.In 0-20 cm depth. EC,values were low 0.24-
1.05dSm™. Organic carbon content varied from 0.20-2.2%. High organic carbon content
(2.2%) may be due to the addition of organic matter on thatssite.

The electrical conductivity (EC) of ground water ranged from 1.08 to 2.25 dS m™ (Table
9.8), representing medium (C3) salinity group of USDA classification of irrigation water.
Therelatively high salinity (C3) of irrigation water near one of the VES points was possibly
duetothe presence of saline aquifer zone. The pH of the water samples varies from 7.1-8.8
with majority of the samples having pH>7.0, which indicates that the ground water was
alkaline. Carbonates in the ground water samples were in trace amount in most of the
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Table 9.5 Interpreted resistivity values for different VES points

Layer no.

VES NO. I i i v v

1 h 15 30 376 24 ?
b 200 250 370 9% 86

2 h 1 6 27 20 ?
o 177 81 201 166 200

3 h 2 10 15 225 ?
P 250 300 400 180 150

4 h 1 57 20 15 ?
o 300 450 190 150 250

5 h 3 25 30 15 ?
o 300 200 400 100 80

6 h 2 10 20 25 ?
o 350 180 300 150 200

7 h 15 15 18 20 ?
b 320 200 320 300 100

8 h 15 15 25 15 ?
P 310 200 320 180 170

h- thickness in m; p-resistivity in ohm-m
Table 9.6 Description of different geo-electric layers

Geoelectric | Depth below Resistivity Inference
layer ground range
level (Ohm-m)

1 1-15 177-350 Upper ploughed layer and unsaturated soil. Predominantly clayey,
high resistivity of 300 ohm-m at VES 6 is due to the presence of
hard plant root. Existence of a hard layer below the puddle rice soil

2 5.7-30 180-450 It is lower ploughed layer and saturated soil

3 15-37.6 190-400 Semi weathered zone of gneisses, contains clay and
fine sand at lower depth up to 15-38 m and clay and hard sand
(kankar) with relatively high resistivity. Occurrence of good quality
ground water.

4 15-25 100-320 Water potential zones. Relatively high resistivity
at VES 2, 3, 7 & 8 indicates materials with less saline to good quality
ground water.

5 Up to 90 170-320 Relatively low resistivities indicated presence of clay

in most of the VES points. High resistivity at VES 4
indicated unsaturated zone

Table 9.7 Physico-chemical parameters of soil collected from Kathalberia village

Sites Sand % Silt % Clay % EC(1:2) pH Organic (%) Saturated
(dSm™) moisture (%)
1 53 20 27 0.60 5.9 1.60 60
2 54 19 27 0.24 6.4 1.70 59
3 53 10 37 0.50 6.2 2.20 58
4 57 20 27 1.05 6.7 1.10 58
5 34 19 47 0.86 6.4 0.50 68
6 37 19 44 0.67 6.0 1.30 69
7 34 29 37 0.84 5.7 0.86 61
8 43 10 47 050 5.7 0.20 65




Table 9.8 Geochemical parameters of ground water collected from Kanthalberia village

Tube well [EC (dSm™) | pH Cations and anions (me L") RSC (mel") SAR
location Na’ K Ca” | Mg* | €O0.” HCO, | CI

1 1.10 8.0 0.60 | 0.10 7 7 2 13.0 8.0 1.0 0.23
2 1.13 7.8 0.17 | 0.12 6 7 1 14.0 15 2.0 0.10
3 1.46 7.7 0.17 | 0.13 9 3 1 13.5 15 2.5 0.10
4 1.17 7.8 0.3 0.10 4 6 3 10.0 14 3.0 0.13
5 1.72 7.1 0.65 | 0.35 6 7 2 14.0 4.0 3.0 0.26
6 1.08 8.7 0.17 | 0.13 6 4 1.5 11.0 9.0 2.5 0.45
7 1.16 8.8 0.17 | 0.10 4 4 2.0 9.0 8.0 3.0 0.10
8 2.25 7.5 043 | 0.15 5 5 1.0 12.0 10 3.0 0.20

Tube well location: 1. Near VES 1, 2. Near VES 3, 3. Near VES 4, 4. Near VES 5, 5. Near VES 6. 6. Near VES 7 7. Near VES 8, 8. Near VES 8

Table 9.9 Correlation matrix for geochemical parameter, soil texture and EC

Variables S (dS) (30 m) T (ohm m?) (30 m)
Sand % (0-0.15m) -0.30 0.20
Silt % (0-0.15m) -0.26 0.25
Clay % (0-0.15m) 0.24 -0.32
EC (1:2) (dSm™) 0.27 -0.21

tube wells (1.0-2.0 me L"). Bi-carbonate ions ranged from 9.0-14.0 me L. High
bicarbonate caused slight alkalinity in the ground water. The residual sodium carbonate
(RSC) of the samples varied from 1.0 to 3.0 me L. According to RSC irrigation water
classification, samples 1,2,3,6 could be safe, although RSC of other samples were slightly
higher (4, 5, 7, 8), the harmful effects were not prominent because of low carbonate
content. In clay loam to loam soil under Indian conditions, the other samples are also
considered to be safe, although these are not suitable for use as per USDA classification.
The sodium absorption ratio (SAR) of ground water samples varied from 0.10-0.45 me L'
On the basis of USDA classification, the samples may be classified under S1 (low alkali
hazards). The high chloride concentration in sample 2, 3,4 &8 (> 5 me L") in the ground
water samples were responsible for relatively high SAR values. On the whole, the ground
water of the study area could be grouped as C351 of USDA irrigation water quality
classification. The longitudinal conductance value (S) was positively correlated with EC of
soil (r= 0.27) and clay (0.24). The S value was negatively correlated with sand and silt
content (r values are -0.30 and -0.26, respectively). The transverse unit resistance (T)
showed reverse trend (Table 9.9).

Conjunctive use of poor quality water for zero-tillage potato under micro-irrigation
systemin coastal salt affected soil (K.K. Mahanta, D. Burman, U.K. Mandaland T.D.Lama)

The rainfall in coastal West Bengal is confined to a few months of monsoon. All the coastal
low lands are inundated with rain water during kharif season where mainly paddy is
cultivated and the productivity is low. As the rainy season ends, the rainfall is erratic and
there is fresh water scarcity for agriculture. The water scarcity is more towards summer as
the surface water sources dries up. During paddy harvesting time, the excess water
ponded in fields is drained out. It takes lot of time to dry the soil and prepare the field for
next crop in conventional rabi cropping. However, zero tillage potato can immediately be
cultivated with less water by utilizing residual soil moisture available during rice harvest,
paddy straw mulching and incremental water saving by applying irrigation through
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efficient micro-irrigation systems. An experiment was carried out at the institute farm of
ICAR-CSSRI, RRS, Canning Town for zero tillage mulched potato under micro-irrigation
and by conventional method with objectives; (i) evaluates the water saving as well as
performance of zero-tillage potato under micro-irrigation system and conventional
practice, (i) to study the effect of fertigation and irrigation with water of different qualities
through irrigation system and conventional method on crop productivity, (iii) to devise
irrigation scheduling for better cropping. The test crop is potato (var. Kufri Pukhraj). The
soil type of the experimental plot was silty clay loam. Before experimentation, soil
samples were collected in the root zone and analyzed for EC and pH. After kharif paddy
harvesting, when soil was wet and no water inundation was there in the field, potato
seeds were planted. The plots were covered with straw mulch (10 cm thick) after
application of FYM and basal dose of fertilizer (10:26:26). The drip laterals are placed over
the straw layer and water of desired quality supplied from tanks by a 0.5 hp electric pump.
Water salinity such as 1~2 dS m™and 5~6 dS mare prepared and used in the experiment.
Irrigation scheduling is done based on IW/CPE ratios 0.5 and 0.7. There were eight
treatments for two water qualities such as T1: ECw(1~2 dS m"), IW/CPE=0.5; T2: ECw (5~6
dSm’"), IW/CPE=0.5; T3: ECw (1~2 dS m"), IW/CPE=0.7; T4: ECw (5~6 dS m), IW/CPE=0.7
irrigated with drip system and TC1: ECw (1~2 dS m") IW/CPE=0.5; TC2: ECw (5~6 dS m),
IW/CPE=0.5; TC3: ECw (1~2 dS m"), IW/CPE=0.7; TC4: ECw (5~6 dS m"), IW/CPE=0.7
irrigated as per farmers' practice (Control) by spraying water on the crop. Saline water
irrigation was implemented after 1 month of seed sowing and the crop got established.
Recommended doses of fertilizers applied at 30, 45 and 60 days after date of sowing.
Irrigation for conventional zero tillage potato was given through garden pipe by spraying
wateronthe crop.

Soil moistureinthe top soil (15 cm) was measured before and after irrigation and found to
vary from 25~51 % (Fig. 9.4). Sowing of the potato seed was done on 4" week of Nov.,
2024 when the soil salinity (ECe) was less than 3dS m™ and harvesting of potato was done
in 3“week of Feb, 2025.The weather during the cropping period was almost dry with only
4.5 mm rainfall.

It was observed that the growth of potato plant was superior for T1 and T3 where good
quality water (1-2dSm) was applied with drip irrigation system. The chlorophyll content
of potato plants was measured using SPAD (KONICA MINOLTA) and found that there was
little variation among the treatments. The highest chlorophyll content of potato plants
under drip irrigation was found to be 96.5 and it was 72.4 for plants under conventional
practice. The chlorophyll content was found to vary in the range 15-96 nmol cm™(Fig.9.5).
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Pot experiment on rice
genotypes under different
salinity treatments

Fig 9.8 Effect of Salinity Stress on
SPAD Values in Tolerant and
Sensitive Rice Genotypes

with straw mulch under different treatments

Salinity of the top soil (15 cm) was highest (4.78 dS m”) for saline water (5~6 dS m™) with
IW/CPE=0.7 in control (TC4) at the time of harvest (Fig. 9.6).

The harvesting was done by just removing the straw and laterals and picking up the
potatoes. Potato yield was highest for T3 where irrigation of good quality water was
applied through drip (25.2 t ha"). However, water productivity was highest (34.9 kg m?)
whendripirrigation was carried out with good quality water at IW/CPE =0.5 (Fig 9.7).

Morpho-physiological responses and grain quality of rice genotypes under salinity
stress (Devika S, U.KMandal,T.D.Lama, N.R. Prakash and RaviKiran KT)

The experiment was conducted during the kharif season of 2025 at ICAR-CSSRI, RRS,
Canning town under controlled salinity conditions (Photo) using a Factorial Completely
Randomized Design (FCRD) with three replications. Twelve rice genotypes (CSR 30, CSR
36, CSR 10, Nona Bokra, Canning 7, Amalmana, CSR 60, CSR 43, CSR 46, IR 29, Swarna, and
MTU 1010) representing varying levels of salinity tolerance were evaluated. Salinity
treatments included four levels: TO (0dS m™),T1 (4dSm™), T2 (6 dSm™),and T3 (8 dSm™),
imposed at the panicle initiation stage. Observations were recorded on morphological
(plant height, root length, days to flowering), physiological (RWC, SPAD, MSI, chlorophyll
aand b), andyield traits (tillers, productive tillers, panicle weight, grains per panicle, grain
yield, and biomass). Data were analyzed to assess the effects of salinity, genotype, and
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Fig 9.9 Effect of salinity stress on
chlorophyll content a and b
values in tolerant and sensitive
rice genotypes
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their interaction, and Principal Component Analysis (PCA) was used to identify key traits
associated with salinity tolerance.

Salinity stress exerted a significant influence on morpho-physiological traits and yield
components of rice genotypes, with all observations expressed as mean + standard error
(SE) across three replications. A progressive decline in physiological parameters was
observed from control (TO) to severe salinity (Ts). The SPAD values (Fig 9.8) decreased
markedly with increasing salinity, indicating reduced chlorophyll content; however, salt-
tolerant genotypes such as CSR46 and CSR 43 maintained relatively higher values (38.5 +
1.2atT2and 32.4 + 1.0 at T3) compared to sensitive genotypes like IR29 (18.6 £ 0.8 at Ts),
suggesting better chlorophyll stability under stress. Similarly, membrane stability index
(MSI) declined with increasing salinity, but tolerant genotypes exhibited higher stability
(72.3 £ 1.5 at T3) than sensitive ones (45.2 + 1.3), reflecting reduced membrane damage.
Chlorophyll a and b contents followed a similar trend, with tolerant genotypes showing
lesser reduction (chlorophyll a: 2.15 + 0.09 mg g" FW at T3) compared to sensitive
genotypes (1.02 + 0.05 mg g"' FW), indicating better preservation of photosynthetic
efficiency (Fig 9.9). Morphological traits such as plant height and root length were also
significantly affected by salinity stress. Tolerant genotypes maintained relatively higher
plant height (98.4 cm) and root length (21.3 cm at T3) (Fig 9.10A,9.10B), whereas sensitive
genotypes showed a sharp decline under higher salinity levels (plant height: 72.5 cm at
T3).The maintenance of greater root length under stress conditions suggests an adaptive
mechanism for enhanced water and nutrient uptake. Yield components including tiller
number, productive tillers, panicle weight, and grains per panicle were significantly
reduced with increasing salinity. Tolerant genotypes such as CSR 43 maintained higher
tiller numbers (18 + 0.7 at T2), while sensitive genotypes like IR 29 showed a drastic
reduction (10 £ 0.5 at T3). Panicle weight and grains per panicle also declined across
treatments; however, tolerant genotypes maintained comparatively higher values (CSR
46 3.2g atT3) than sensitive genotypes (1.5 g) (Fig 9.11), indicating better spikelet fertility
and assimilate partitioning under stress conditions. Grain yield and total biomass were
significantly reduced under salinity stress, with a progressive decline from TO to T3.
Nevertheless, tolerant genotypes such as CSR 46, CSR 10, and Nona Bokra exhibited
comparatively lower yield reduction (18.6 g plant™ at T3) than sensitive genotypes like IR
29 (7.4 g plantX'). Similarly, biomass accumulation was higher in tolerant genotypes (42.5
g) compared to sensitive ones (25.3g) (Fig 9.12), indicating sustained growth under saline
conditions. Overall, the reduction in physiological and yield traits under salinity stress can
be attributed to ionic toxicity and osmotic imbalance, which disrupt metabolic activities.
The ability of tolerant genotypes to maintain higher chlorophyll content, membrane
stability, and yield components highlights their superior adaptive mechanisms. The
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Fig 9.14 Correlation analysis of Morphological and Physiological traits of
rice genotypes under salinity condition

significant genotype X salinity interaction further indicates the presence of genetic
variability, and traits such as root length, chlorophyll stability, MSI, and grain yield (Fig
9.13and 9.14) can be effectively utilized as selection indices for breeding salt-tolerant rice

varieties.

Assessment of Ichthyofaunal diversity, biology and population dynamics of

selected species along the estuary of Sundarbans (R.N. Bhutia, U.K. Mandal)

Under this project, a total of 57 fish species belonging to 34 families and 15 orders were
recorded (Fig. 9.15). Analysis of species composition based on relative abundance
indicated a strong dominance pattern within the fish community. The ten most dominant
species collectively contributed 61.6% of the total catch, suggesting that a relatively
small group of species plays a major role in shaping the overall community structure.
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Fig 9.15 Family-wise species
richness and relative contribution
inthe estuary

Fig 9.16 Spatial trends of feeding
mode guild
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Such dominance patterns are typical of estuarine ecosystems, where environmental
variability often favours species that are highly adaptable to fluctuating conditions.

From a functional perspective, the analysis of feeding guilds revealed that piscivorous
fishes were the dominant group in the Matla Estuary. The dominance of piscivores was
consistently observed across all sampling stations, indicating a trophic structure skewed
towards higher trophic levels (Fig. 9.16). This suggests a well-developed food web with
sufficient prey availability to sustain top predators. The trophic level of the recorded
species ranged from 1 to 3.64, reflecting the presence of organisms from primary
consumers to higher-level carnivores. Such a range underscores the ecological
complexity and energy transfer dynamics within the estuarine ecosystem.

Further insights into ecosystem functioning were obtained through the evaluation of
ecotrophic efficiency of different functional groups. Groups such as prawns and shrimps,
heterotrophic benthos, small pelagic fishes, and zooplankton exhibited high ecotrophic
efficiency ranging from 0.94-0.99, indicating that these groups are effectively utilized
within the food web and has high exploitation rate. Another important ecological
finding of the study was the identification of croakers as a keystone fish group within the
Matla Estuary with relative total impact of 0.872. Overall, the study provides a
comprehensive understanding of the fish assemblage structure, trophic organization,
and ecological functioning of the Matla Estuary. The dominance of piscivorous species,
high salinity conditions even during monsoon, and the identification of key functional
groups and keystone species collectively highlight the unique ecological characteristics
of this estuarine system. These findings are crucial for informing management and
conservation strategies aimed at sustaining the biodiversity and productivity of the
Matla Estuary.

Enhancing the production potential and profitability of ponds through integration
of small indigenous fishes in coastal region of West Bengal (R.N. Bhutia, D. Burman,
U.K.Mandal and S. Mallick)

The integration of Heteropneustes fossilis (singhi) with Indian Major Carps (IMCs) has



Table 9.10 Growth and production performance of IMCs and H. fossilis

Species Avg. 1. Wt (g) Avg. Final Wt (g) Abs. Wt. Gain (g) Total Production (kg ha™)
IMC 35¢ 550q 515 3502
Singi 39 419 38 273.6

previously been identified as a highly viable aquaculture model, offering enhanced
productivity and profitability. Previous years findings established that an optimized
stocking density of 60,000-80,000 fish/ha of H. fossilis resulted in the highest economic
returns (Rs. 183,890/ha) while maintaining balanced growth performance. Based upon
these findings, the present study was conducted to validate this integrated culture
system under real farmer field conditions at Canning | block, where demonstrations were
carried outin three farmers' ponds.

The results from the field demonstration indicated strong growth and production
performance of both IMCs and H. fossilis. IMCs exhibited an average weight gain of 515 g,
reaching a final weight of 550 g, while H. fossilis attained a final weight of 41 g with an
absolute gain of 38 g. The total production recorded was 3502 kg ha™ for IMCs and 273.6
kg ha' for H. fossilis (Table 9.10). Farmers observed enhanced growth and higher
production of IMCs compared to previous years. This improvement can be attributed to
reduced intra- and interspecific competition for space and resources, resulting from the
relatively lower stocking density of IMCs in the H. fossilis integrated culture system. The
findings indicate good ecological compatibility of H. fossilis with IMCs under pond
conditions. These results emphasize the critical role of optimizing species composition
and stocking density inimproving overall pond productivity.

The economic analysis of the integrated culture system proved highly profitable,
generating a total income of Rs. 648,150 ha" against an input cost of Rs. 410,000 ha’,
resulting in a net return of Rs. 238,150 ha" and a profitability of 58.08%. The higher
profitability was largely driven by the high market value of H. fossilis, despite its
comparatively lower production volume. Overall, the study confirms that integration of
H. fossilis with IMCs under optimized stocking densities is a sustainable and economically
rewarding strategy, suitable for large-scale adoption in farmers' ponds.

Exploring livelihood resilience of agricultural households in coastal salt-affected
region (Sonali Mallick, T.D.Lama, Richen N. Bhutia, U.K. Mandal and D.Burman)

The study reveals important insights into the livelihood resilience of agricultural
households in the Sundarbans region. A comprehensive household survey was
conducted across 19 administrative blocks in the Indian Sundarbans region. In each
block, two villages were selected, and within each village, 20 households were randomly
surveyed, resulting in a total sample size of 760 households. A Livelihood Resilience Index
(LRI) was constructed based on the survey data, incorporating 23 indicators organized
under three primary dimensions: environmental resilience, economic resilience, and
social resilience. Indicator weights were objectively determined using the entropy weight
method to minimize subjectivity in aggregation. The overall mean livelihood resilience
index was found to be 0.340 with a standard deviation of 0.068, indicating moderate
variability across the region. Households were categorized into three groups: low
resilience (<0.2718), somewhat resilient (0.2718-0.4087), and high resilience (>0.4087). A
majority of households (66.97%) fall under the “somewhat resilient” category, while
17.63% and 15.39% of households fall under the low and high resilience category,

Reclamation and Management of Coastal Saline Soils

Annual Report 2025



BASANTI
Livelihood Resilience Score v
Gosaba i
HAROA
CANNING-1 oo
CANNING-2 HINGALGAN] i
JAYNAGAR-1 -
Gosaba JAYNAGAR-2 :
::e: KAKDWIP %
KULTALI g
HAROA MATHURAPUR-1 0.47_5
MATHURAPUR-2 E
HASNABAD SRRARR
NAMKHANA
PATHAR PROTIMA 02
HINGALGANJ o
SANDESHKHALI-1
JAYNAGAR-1 SANDESHKHALI-2 .
JAYNAGAR-2 E g g 883 %: ¢t g EIE
2 2 2 8 2 2 2 ¢ § 2 2 sz 3
KAKDWIP i: i383 i
£ 1 5 ES

BASANTI
Total 0.5
SANDESHKHALI-2 0.4
SANDESHKHALI-1 03
SAGAR b
0.1
PATHAR PROTIMA 0
NAMKHANA
MINAKHA
MATHURAPUR-2
MATHURAPUR-1
KULTALI

MATHURAPUR-1
MATHURAPUR-2
‘ATHAR PROTIMA
ANDESHKHALI-1
ANDESHKHALI-2

Fig 9.17 Ranking of blocks based on livelihood resilience Fig 9.18 Statistical difference of Livelihood Resilience between the

score

blocks

respectively. Significant spatial variation in resilience levels was observed across different
blocks (Fig. 9.17). The Kruskal-Wallis test (H = 470.38, p < 0.001) confirmed statistically
significant differences in livelihood resilience among blocks, which was further
supported by Dunn's post-hoc test. Block-wise analysis shows that Sagar consistently
ranks higheracross environmental, economic, and social resilience dimensions (Fig. 9.18).
In the environmental resilience dimension, Sagar is ranked higher. In the economic
resilience dimension, Sagar, Mathurapur-l ranked higher. Sagar, Kakdwip and Namkhana
ranked better in the social resilience category. In contrast, Mathurapur-I, Mathurapur-li,
Jaynagar-l, and Kultali resulted as low-resilience blocks, indicating greater vulnerability to
climaticand socio-economic stressors.

CGIAR funded project: Asian Mega-Deltas project on Securing the Asian Mega-
Deltas from sea-levelrise, flooding, salinization and water insecurity (D.Burman, T.D.
Lama, U.K. Mandal, R.N.Bhutiaand N.R. Prakash)

Under this project, the research activities implemented under WP1 (Adapting Deltaic
Production Systems) in the Ganges Delta to develop context-specific agronomic
packages for diversified and climate-resilient farming systems. Key strategies included
improving land and water productivity through better resource management, crop
planning, and agronomic practices, and building the capacity of small and marginal
farmers.

Improved varieties of rice (Super Shyamali, Santoshi, CR-1017, Bangabandhu, Mali-4), jute
(JROG 1, CO 58, JRO 204, S 19), and mustard (CS 58, CS 62) were demonstrated in farmers'
fields across various locations in South and North 24 Parganas. Kharif rice yields were
significantly higher with improved varieties (4.86 t ha') compared to farmers' varieties
(4.11 t ha") (Fig 9.19). Similarly, improved mustard cultivars yielded 1.78 t ha”, out
performing the traditionally grown varieties (1.24 t ha”). In jute, improved varieties
produced 3.45tha”, compared to 2.75 t ha'from local cultivars. The adoption ofimproved
rice, mustard, and jute varieties, along with recommended management practices,
resulted in a 27.4% increase in rice equivalent yield (REY) under the rice—-mustard—jute
cropping system compared to rice-rice cropping system in the salt-affected coastal
region of the Ganges Delta. Additionally, the introduction of zero tillage potato with rice
straw mulching in rice-based systems enabled the inclusion of a third crop-green gramin
the cropping system. This intensified system recorded a substantially higher REY (28.5 t



Fig 9.19Yield of jute, rice, mustard
crops and cropping system with
improved vs.farmer’s varieties

Fig 9.20 Yield of potato under on-
farm trials potato cultivation
under ZT&CT
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ha") compared to the conventional rice-rice system (8.70 t ha'), indicating its potential
forenhancing productivity and profitability in coastal farming systems.

A farmer field trial on potato cultivation was conducted during rabi season in three
locations across South and North 24 Parganas districts, covering a total of 486 plots
managed by 451 farmers.The trial compared two tillage practices, zero tillage with paddy
straw mulching and conventional tillage using two potato varieties: Kufri Pukhraj and
Kufri Jyoti.In the previous year, only Kufri Jyoti was included in the trials. Of the total trial
plots, 76% were under zero tillage, and 30% were managed by women farmers. This
second year of experimentation built on earlier work conducted in the villages of
Ramgopalpur and Chatrakhali, South 24 Parganas. To reinforce farmers' experience with
zerotillage potato cultivation, these two locations were retained for the trial. Additionally,
Takipur village in North 24 Parganas was included as a new site with a limited number of
participants, aimed at assessing community interest and agro-ecological suitability.
Analysis of the trial data revealed that the potato variety had a significant effect on yield
across all tuber size categories—small, medium, large, and total yield indicating that
varietal differences were the dominant factor influencing productivity (Fig 9.20). Kufri
Pukhraj produced a slightly higher total yield (33.56 t ha) compared to Kufri Jyoti (29.94 t
ha).
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Tillage practice also had a notable impact, significantly affecting yields of medium and
large tubers. Furthermore, a significant interaction between variety and tillage was
observed for total tuber yield, suggesting differential varietal responses under different
planting conditions. However, the average total yield did not differ significantly between
tillage types, with 31.90 t ha” for zero tillage and 31.60 t ha" for conventional tillage. A
significant variation in small tuber yield was noted across villages, implying that local
environmental or agronomic factors may influence the production of smaller tubers.
Gender of the farmer did not have a significant effect on yield in any tuber size category.
Similarly, most interaction effects involving village, gender, tillage, and variety were non-
significant, with only afew marginal exceptions.

These findings suggest that genetic factors (variety) and to a lesser extent management
or environmental conditions (tillage practices) are the primary determinants of potato
yield, while socio-demographic variables such as gender had minimal impact in this
study. It is possible to get almost similar yield of potato under zero tillage conditions
compared to conventional systemin the coastal salt affected region.

Screening of potato varieties under zero tillage with paddy straw mulching and
conventional tillage was conducted in a rice-potato system at ICAR-CSSRI, RRS Canning
Town. The objective was to identify varieties suitable for the deltaic region and support
seed system interventions by replacing less adapted cultivars. The study also evaluated
the feasibility of zero-tillage. A total of 13 genotypes (Kufri Surya, Kufri Khyati, Kufri Thar 1,
Kufri Thar 2, Kufri Thar 3, Kufri Chandramukhi, Kufri Pukhraj, Kufri Himalini, Kufri Sukhyati,
Kufri Kanchan, Kufri Lima, Kufri Jyoti and Kufri Mohan) were tested under both
management practices.

ANOVA revealed that both total and marketable tuber yields were significantly
influenced by tillage (p =0.0108 and 0.0342, respectively) and genotype (p < 0.001). Total
yield was consistently higher under zero tillage, with minor genotype x tillage
interaction, suggesting stable genotypic performance. Marketable yield also increased
under zero tillage, though interaction effects (p = 0.0938) indicated some genotype-
specific responses. Zero tillage also improved plant height and average tuber weight,
with significant interactions observed for the latter. These results highlight the potential
of zerottillage and targeted genotype selection to enhance productivity and resource-use
efficiency in potato cultivation systems. Plant vigor at 45 days after planting (DAP) was
consistently higher under zero tillage across genotypes. Kufri Surya, Kufri Mohan, Kufri
Jyoti, and Kufri Pukhraj recorded the maximum vigor score of 7.0 under ZT, while under
CT, the vigor scores for these same genotypes ranged from 2.33 to 4.33. This enhanced
early vigor under ZT suggests better physiological establishment in minimally disturbed
soil under normal salinity. Plant height showed a marked increase under ZT. The tallest
plants were observed in Kufri Mohan (65.69 cm), Kufri Sukhyati (64.56 cm), and KufriThar 2
(64.05 cm) under zero tillage. These values were significantly higher compared to their
performance under CT, where maximum plant heights ranged from 32.76 cm t0 46.95 cm.
This suggests that the absence of soil disturbance under ZT may facilitate better root
establishment and nutrient uptake. Dry matter content varied across genotypes and
tillage systems. Kufri Lima exhibited the highest dry matter under ZT (25.5%), followed by
Kufri Kanchan (CT: 22.8%) and Kufri Khyati (CT: 22.3%). Some genotypes, such as Kufri
Sukhyati (ZT: 13.2%) and Kufri Jyoti (ZT: 13.7%), showed lower dry matter, indicating
variability in processing suitability under zero tillage. Marketable tuber yield was
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significantly improved under ZT. The highest yields were recorded in Kufri Surya, Kufri
Khyati, and Kufri Pukhraj under zero tillage. In contrast, the same genotypes produced
lower marketable yields under CT.

Several meetings, trainings and field visits were conducted involving total 775 farmers
(521male, 254 female) in the project sites for capacity building, implementation of field
experiments, dissemination of technologies, demonstrations and up scaling activities.

ACIAR funded project: Mitigating risk and scaling-out profitable cropping system
intensification practices in the salt-affected coastal zones of the Ganges Delta (D.
Burman, S. K. Sarangi, U. K. Mandal, K. K. Mahanta, S. Mandal, T.D. Lama, S. Mallick and
Suresh Kumar)

The successful completion of Phase | of the ACIAR-funded project on “Cropping Systems
Intensification in the Salt-Affected Coastal Zones of Bangladesh and West Bengal, India”
led to theinitiation of Phase I, titled “Mitigating Risk and Scaling-Out Profitable Cropping
System Intensification Practices in the Ganges Delta.” This phase (2020-2025),
implemented by ICAR-CSSRI, RRS, Canning Town, covered farmers' fields in Gosaba
(Gosaba, Chandipur, and Bali islands) and Canning | blocks of the Indian Sundarbans.
During 2025-26, surface and groundwater quality studies continued alongside cropping
system interventions involving 701 farmers (489 male, 212 female). The project focused
on enhancing cropping intensity through improved practices, new crops, and varieties,
supported by on-farm trials, large-scale demonstrations, and capacity-building
programs. Ongoing experiments include evaluation of fodder crops and shade-tolerant
crops forhomestead intensification.

Water samples from surface (rivers, canals, drainage channels (Nayanjali), ponds) and
groundwater sources were analyzed. Groundwater was collected using piezometers at
6.1 m depth. Water pH remained near neutral across locations. At Sonagaon (Gosaba
Island), groundwater depth reached 2.03 m below ground level, with salinity ranging
from 0.29-38.74 dS m™ (mean 10.99 dS m”). In Bali Island, salinity ranged from 0.21-6.78
dS m' (mean 2.73 dS m"), with the lowest groundwater depth of 3.92 m in May. At
Chandipur, salinity varied from 0.13-7.10 dS m” (mean 1.98 dS m™"), and maximum
groundwater depth was 2.96 m in June 2023. Surface water was sampled from 12
locations in Bali, 11 in Chandipur, and 10 in Gosaba. River salinity was generally higher,
with lower values during monsoon. Pond water, sustained by rainwater harvesting,
remained <2 dS m™in monsoon but increased in the dry season. At Balilsland (Fig.9.21)
the salinity increased to 2.67 dSm’, while highest pond water salinity at Chandipur and
Gosaba was observed 3.68 dS m” and 9.35 dS m”, respectively. Tube well salinity was
higher than pond water, ranging from 1.11-1.85 dS m™ in Bali, 2.01-3.78 dS m" in
Sonagaon (Gosaba), and 1.65-3.96 dS m” in Chandipur. Nutrient concentrations showed
seasonal variation, highest in pre-khariffollowed by kharifand rabi.

The study evaluated the feasibility of cultivating fodder crops in coastal, non-cropped
saline areas during the Rabi season under three planting dates: D, (1 December), D, (1
January), and Ds (1 February). Mean green fodder yield was highest with 1 December
sowing (105.6 t ha), followed by 1 January (90.0 t ha) and 1 February (79.9 t ha"),
showing a decline with delayed planting (Fig. 9.22). Among crops, highest yields were
recorded in super napier (130.3 t ha™), HNB Co-3 (130.0 t ha™), smart napier (129.3 t ha™),
HNBCo-5(128.3tha"),HNBCo-4(123.0tha"), red napier (121.7 tha"),and sorghum (119.3

@

Reclamation and Management of Coastal Saline Soils

Annual Report 2025



Fig 9.21 Surface water salinity at
Balilsland

Fig 9.22 Effect of planting dates
andfodder crops on green fodder
yield at Balilsland.
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tha™). Moderate yields were obtained from nandi grass (95.0 t ha™) and para grass (74.3 t
ha"), while lower yields were observed in oat (50.3 t ha"), guinea grass (48.3 t ha”),
berseem (46.7 t ha"), alfalfa (45.3 t ha"), and humidicola grass (41.0 t ha”). In terms of
livestock preference, smart napier and sorghum were suitable for goats, HNB varieties for
dairy cattle, and oat for both. Leguminous fodders (alfalfa, berseem) improve nutrition
and soil fertility through biological nitrogen fixation, while para grass is suitable for
waterlogged lowlands. Overall, integrating cereal and legume fodders enhances soil
health, livestock nutrition, and resilience in saline coastal systems.

Homestead farming (HSF), practiced adjacent to farmers' dwellings, was promoted to
enhance food and nutritional security in salt-affected coastal areas through the inclusion
of shade-tolerant crops. During kharif, spinach, beet, and turnip were cultivated, followed
by elephant foot yam, turmeric, and ginger; ginger was also successfully grown in soil-
and manure-filled bags for space-efficient production. A total of 438 farmers (252 male
and 186 female) participated in the intervention.

At Sonagaon (Gosaba), the yield of elephant foot yam ranged from 25.2 to 33.5 t ha’,
turmeric from 17.3 to 108.0 t ha’, and ginger from 21.1 to 38.6 t ha". At Chandipur,
elephant foot yam yields varied between 19.0 and 33.9 t hal', turmeric from 28.1t0 59.6 t
ha, and ginger from 24.3 to 36.6 t ha™. At Bali Island, elephant foot yam yields ranged
from 24.4t036.7 tha', turmeric from 15.4t0 91.0tha, and ginger from 25.5t0 56.3 tha™.
The system also integrated diverse vegetables: bitter gourd, cucumber, cowpea, green
chilli, okra, pumpkin, and ridge gourd in kharif, and spinach, tomato, cauliflower,
cabbage, carrot, beet, broccoli, knol-khol, potato, radish, and coriander in rabi. This
diversification ensured year-round nutritional supply and additional income from surplus
produce, demonstrating HSF as an effective approach for improving livelihood security
and nutrition in coastal farming communities.



5.0 ~ 450000 4 - - 100000
45 | - 400000 3 %{ 50000
40 | L . 80000 —~
.5 | 0000 2 3 Eﬁ 70000 £
3'0 1 | 300000 & 2 L 60000'2
e 250000 = e 1 50000 =
25 ’ £ 22 ~ 40000 £
1 200000 s =
20 + 2 1 - 30000 &
e \7 150000 & i 20000 =
E - 1 | -
101 - 100000 3 1 10000 2
05 1 . 50000 O CLRA AR R AR RN R RN AN NN R RN R RN RN RN RN RN NN RN RN NN RN RN RN RN RRY] O
0.0 T 1 5 913172125293337414549535761656973
Plot number
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Plot number e Net return (X/ha)-Bali e Net return (X/ha)-Chandipur
“~Netreturn-Paddy+veg " Netreturn-Paddy ~~— BCR-Paddy+veg ~ BCR-Paddy s BCR-Bali @ BCR-Chandipur

Fig 9.23 BCR and net return from the cultivation of sole  Fig 9.24 BCR and net return from green gram cultivation
paddy and paddy+vegetables during kharif 2025 during rabi2024-25

2,

s ; —y During the reporting period, the most promising cropping system intensification option-
' rens paddy + vegetable cultivation during the kharif season, zero tillage potato with paddy
§ straw mulching -green gram sequence were successfully scaled out across four
i Sundarbans clusters (Gosaba, Bali, Chandipur, and Canning). The paddy + vegetable
1 system proved highly profitable under coastal rainfed lowland conditions and gained
strong acceptance in West Bengal, particularly among women farmers due to favourable
‘\ labour dynamics. Vegetables (bitter gourd, snake gourd, sponge gourd, cucumber, and
'y ridge gourd) were grown in soil and manure filled sacks, enabling cultivation under
\ \ ‘ L @& waterlogged conditions (Photo). By 2024-25, 228 farmers (predominantly women) had
Paddy-+vegetables cultivation ~adopted the technology. The cost of cultivation for sole paddy ranged from
during kharif ¥51,173-58,790 ha™ (avg. 254,978), with net returns of 56,224-68,041 ha™ (avg. 361,665)
and a BCR of 2.0-2.3 (avg. 2.1) (Fig. 9.23). In contrast, the paddy + vegetable system had a
higher cost (384,148-112,730 ha™; avg. 397,296) but delivered substantially higher net
returns (3101,841-384,356 ha"; avg. ¥226,887) and BCR (2.1-4.6; avg. 3.3), indicating
significantly greater profitability.
Zero tillage potato cultivation with rice straw mulching was demonstrated across 221
farmers' fields in three islands—Bali, Chandipur, and Gosaba. The potato tuber yield
ranged from 23.2t039.6tha” (average 31.1 t ha") at Bali, 24.4 t0 30.6 t ha” (average 27.5 t
ha) at Chandipur, and 26.2 to 29.8 t ha” (average 28.0 t ha) at Gosaba. Following the
harvest of zero tillage (ZT) potato, green gram was cultivated under the rice-ZT
potato—green gram cropping system. During the current year, the green gram crop
performed well across all sites except Sonagaon, where crop failure occurred due to the
ingress of highly saline river water into the cultivated fields. The benefit—cost ratio (BCR)
and netreturns from green gram cultivation are presented in Fig 9.24.
During the reporting period, several meetings, trainings and field visits were conducted
at the project sites to facilitate the dissemination of cropping system intensification
technologies, as well as to support the implementation of field experiments,
demonstrations,and scaling-up activities.

NICRA Project: Climate change mitigation and adaptation strategies for salt
affected soils (U.K. Mandal, K.K. Mahanta, S.Raut; R.N. Bhutia; Pl: A.K. Bhardwaj)

Under this project we studied the village scale environmental hazards in the Indian
Sundarbans. The Ganges delta has faced numerous environmental hazards that have
remarkably affected the lives and livelihoods of its natives. The coastal and low-lying
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areas of the Sundarbans in Gangetic delta are highly vulnerable to multiple hazards.
§ Along with tropical cyclone rising soil salinity and persistent waterlogging have
. significantly reduced agricultural productivity and made fishing and farming activities
highly risk prone in the region. We studied Sentinel-2 multispectral images in identifying
§ soil salinity using soil physico-chemical properties, spectral indices and image analysis
) techniques (Fig. 9.25). Sentinel-1images from June, July, August, September and October
were used to generate extents of inundation in the corresponding months for 2021 as the
& year 2021 recorded maximum rainfall in the study region (Fig. 9.26). We have identified
) 960, 716, 144, 839, 727 km’ area as saline waterlogged, slightly saline waterlogged,
waterlogged, saline (without waterlogging), and slightly saline (without waterlogging)
g area, respectively in the region. Climate hazards were assessed using future climate data
¥ from the IPCC's 6 assessment report (CMIP6, Coupled Model Intercomparison Project
Phase-6). Climate hazard levels were assessed by integrating the impacts of four
temperature extremes and five rainfall extremes critical to crop growth. Nine climate
parameters of temperature and rainfall, were analysed for climate hazard for both
historical value and projected values based on SSP585 (Shared socio-economic
pathways) for the period 2041-2060. Cyclone track data since 1895 were downloaded
from India Meteorological Department (IMD) to generated maps for windspeed, cyclone
frequency and cyclone return periods of the region. Fuzzy logic approach was used to
standardise the different factors on a range of 0 to 1 followed by fuzzy GAMMA overlay
operation for salinity, waterlogging, cyclone and climate hazard map to produce the
environmental hazard map. The output was extracted in village scale for prioritization
programme. Out of 1070 No. villages in Indian Sundarbans 453,385, 159, 64 and 9 villages
are very high, high, medium, low and very low category, respectively of environmental
hazards indicating vulnerability of the region (Fig. 9.26). The applied approach can help
the local authorities in identifying environmental hazard areas and building actionable
strategies for mitigationin the Indian Sundarbans.

22°40'N




DST funded project: Enhancing food and water security in degraded coastal soils
through improved management of blue, green and gray water (U.K. Mandal, KK.
Mahanta, S. Mandal,T.D.Lamaand D.Burman)

' A low-cost biochar kiln was developed using locally available kerosene drum of 200 L
J " capacity.Thekiln is about 60 cm diameter and 90 cm height with one square shaped hole
of 16 cm x 16 cm cut at the kiln top for loading residues which can be closed by a metal lid
with a handle. 25 holes of each 4 cm diameter were cut at the base of the cabinet to make
equidistance concentric circles at the bottom rim of the drum. Prior to loading a bamboo
pole was inserted through top hole and fixed to central bottom vent of the kiln to create a
central vent through the packed residues. Then load the kiln with dried residue with
: il .. gentle shaking and mount the kiln on raised stones to facilitate primary air flow through
Measuring temperature using an the bottom vents. Ignite it from the bottom for 3-4 min. Before ignition, the pole was
infrared thermometer while  carefully removed leaving a central vent through the loaded residues to ensure efficient
biochar preparation flow of hot gases from bottom to top for continuous heat transfer through the residues.

8 ‘ ; ., Thetargetend stage of bio-carbonization was indicated by distinctive thin blue hot gases
st : " with puff of flame at the top hole of the kiln. At this stage, the kiln was ready to be sealed
. withmud torestrict the flow of air. The metal lid was placed over the top vent to block the

upward movement of hot exhaust gases. Transfer the kiln to flat ground, seal with mud.
Biochar samples in the kiln should be left for cooling for 3-4 h by heat loss through natural
convection and radiation. After cooling, the sealed mixture was removed thoroughly and
. the biochar was taken out and sieved. Here the residue from weeds, paddy straw, cotton
'stalk, water hyacinth and wood were used for biochar preparation The kiln body

Biochar prepared from paddy
straw

temperature was monitored during biochar preparation using an infrared thermometer
and the temperatures varied between 180-505°C (Photo). A column study was conducted
to study the effect of biochar (Photo) on salt leaching from the coastal saline soils of West
Bengal. The study indicated that application of biochar in salt effected soil was reducing
the salt content of soil by leaching out the salt from the soil.

We also monitored the groundwater depth and quality from groundwater samples
collected from shallow and deep tube wells of Basanti block of Sundarbans. The
conductivity, salt of both anions (CI, SO,”, HCO,) and cations (Na*, K*, Ca", Mg™) were
analysed. The groundwater quality map for Basanti block was prepared. The salt content
was inversely proportional with depth. Experiment conducted on okra and sunflower
under drip irrigation using different level of saline water up to 12 dS m™. The results of
three years' yield data showed that sunflower crop can be grown without any yield
reduction up to 8 dS m” saline water under no mulching and up to 12 dS m” with rice
straw mulching condition whereas okra showed yield reduction under saline water
irrigation both mulching and no mulching condition. We have estimated block wise food
requirement, water demand and surface and groundwater available and water gap in
Indian Sundarbans region. Our estimation shows that the block Kakdwip, Mathurapur-I|
and Gosaba may face water scarcity in near future.

DST funded project: Livelihood improvement of the disadvantaged SC farmers
through Land Shaping Technology in the Climatically Vulnerable Indian
Sunderbans (T.D. Lama, D. Burman, U.K. Mandal, K.K. Mahanta, R.N Bhutia and Sonali
Mallick)

Crop productivity in the coastal area (Sundarbans) of West Bengal is limited due to

@
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4+ waterlogging during monsoon and lack of sufficient fresh water for irrigation during the
rabi or dry season when the soil salinity is at the highest. Besides there is added risk of
losses due to the vagaries of extreme weather events like cyclones. Due to these
constraints, the crop yields are low, most of the area are left fallow during dry season and
income from agriculture is not sufficient due to which the farmers migrate to other places

LOCATION MAP

in search of alternate livelihood options. In this context, land shaping technologies which
is a unique technology will help in addressing the key challenges like land degradation
(salinity), drainage congestion and scarcity of fresh water for irrigation and in turn have

CANING-|

GOSARA

the potential to enhance production, productivity, income and employment. Beside it
has the potential as a climate resilient technology and aids in mitigating climate
associated risks. The project is being implemented in Uttar Redokhali and Dabu villages
Canning | Block and Birajnagar and Bijoynagar villages in Gosaba Block of South 24
Parganas district of West Bengal which are located in the climatically vulnerable
Sundarbans delta (Photo).

To address the problems of waterlogging during rainy season and lack of fresh water for
irrigation and salinity during dry season, 34 land shaping units (Photo) were
implemented in the farmers' field in the selected vilages of Canning | and Gosaba blocks
of South 24 Parganas. It involves modifying the surface of the farm land for harvesting of
excess rain water as well as making the land surface suitably shaped for the adoption of

Project site in the Sundarbans
Delta

improved cultivation of diversified crops and integrated farming.

Field demonstrations are being conducted to optimize nitrogen fertilizer application in
boro rice using a leaf colour chart (LCC), aimed at improving nitrogen use efficiency and
minimizing excessive N inputs. Improved varieties of rice, Jeerakattiand GMS hybrid 2608
are being demonstrated in the farmers' field during boro 2026. Under the project,
pumpsets and paddy seeds and fertilisers were also distributed to the project
beneficiaries (Photo). For awareness and capacity building of the small and marginal SC
farmers, one Stakeholder Analysis Meeting and Awareness Programme and 4 training
programmes were conducted on various aspects covering improved technologies for
crop production, land shaping an innovative technology to improve productivity and

i, West Bengal, India &=
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Land shaping units implemented in the farmers field



Field activities under the project:
Promoting use of leaf colour
chart for N fertilizer application
and distribution of pumpsets,
paddy seeds and fertilizers

Training programmes conducted
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resilience of degraded coastal lands improved aquaculture and animal husbandry
practices and sustainable eco-friendly bio-intensive management for pest and diseases

problem in different agricultural and horticultural crops (Photo). These programmes aim
to improve the knowledge and empower the farmers thereby empowering them to take
better decisions and adopt scalable innovations which can improve their income and
livelihood while addressing and adapting to climatic risks.
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Chikoo plantation showing the
highest SOC and high available
nitrogen

AICRP on Management of Salt Affected Soils
and Use of Saline Water in Agriculture

Effect of Different Land Uses on Soil Sodification and Nutrient Dynamics in the

Vertisol of Malwa Plateau (BL Meena, AK Rai, Ashim Datta, Priyanka Chandra, RK Yadav,
RL Meena, Rajkumarand Bharat Singh)

i A field study was conducted to evaluate the impact of different land use systems (Neem,

Ber, Chikoo, Rice-Wheat, and Grassland) on soil sodicity and nutrient dynamics in sodic

# \Vertisols of the Malwa Plateau. The study assessed depth-wise variations in soil pH, EC,

organic carbon (OC), available nitrogen, bulk density, and calcium carbonate content.
The results (Table 10 .1) revealed that soil pH increased with depth under all land use
systems, indicating greater sodicity in deeper soil layers. Tree-based systems, particularly
Chikoo and Neem plantations, exhibited comparatively lower surface soil pH than
Rice-Wheat and Grassland systems. Soil organic carbon and available nitrogen were
generally higher in surface layers and declined with depth. Chikoo-based land use
recorded the highest OC and available N, suggesting improved nutrient cycling and
organic matter accumulation. Bulk density tended to increase with depth, while CaCO;
accumulation was more pronounced in deeper layers, especially under Ber and Chikoo
plantations.

Overall, tree-based land use systems showed better soil quality indicators and may
contribute to long-term improvement of sodic Vertisols compared to conventional
cropping systems.

Table 10.1 Effect of Different Land Use Systems on Surface Soil Properties (0-15 cm) in Sodic Vertisol of the Malwa Plateau

Land Use System pH EC Organic Available N Bulk Density CaCO;
(dSm™) Carbon (%) (kg ha™) (Mg m?) (%)
T1-Neem 8.65 0.46 0.37 73.50 1.46 10.80
T2-Ber 8.85 0.44 0.50 62.72 1.47 11.25
T3-Chikoo 8.92 0.52 0.57 70.56 1.73 13.56
T4-Rice-Wheat 9.72 0.55 0.53 71.54 1.50 3.30
T5-Grassland 9.49 0.46 0.44 57.82 1.63 297

Effect of Saline Water Drip Irrigation and Plastic Mulch on Coloured Capsicum under
Naturally Ventilated Polyhouse Conditions (BL Meena, RL Meena, SK Sanwal and
Jitendra Kumar)

Thirty-day-old seedlings of red capsicum (NS-280) and yellow capsicum (NS-281) were
transplanted on 30 September 2025 under a naturally ventilated polyhouse. Three
irrigation water salinity treatments, viz., BAW, 3 EC and 6 EC, were evaluated under drip
irrigation and plastic mulch conditions. The crop exhibited normal growth and fruit
development under all salinity treatments. Colour developmentin fruits commenced 113
days after transplanting. The cumulative harvest recorded up to March 2026 indicated
that saline irrigation up to 6 EC did not adversely affect capsicum production under
polyhouse conditions. The highest total marketable yield (79.12 kg) was recorded under
the 6 EC treatment, followed by 3 EC (72.26 kg) and BAW (65.79 kg). Preliminary results
suggest that coloured capsicum can be successfully grown under polyhouse conditions
using moderately saline irrigation water. The 6 EC treatment produced the highest
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Performance of Red and Yellow
Capsicum under Different
Irrigation Water Salinity
Treatments

cumulative yield among the treatments evaluated. However, harvesting is still in progress
and yield recording is continuing; therefore, the final conclusions will be drawn after

completion of the crop season and analysis of the complete yield data.
Resource Inventories of Poor Quality Groundwater for Irrigation

Survey and characterization of underground irrigation water of districts of Andra
Pradesh (Bapatla)

A groundwater quality survey was undertaken across three districts (Bapatla, Guntur,
Vizianagaram, and Visakhapatnam) of Andhra Pradesh during December 2022 -March
2024 to revisit earlier monitoring sites to assess and characterize groundwater for
irrigation water. In Bapatla district, 883 groundwater samples were collected across all 38
mandalsin December2022.The pHranged from 5.3 to 8.4, while ECvaried from0.15t0 7.3
dS m?, covering non-saline to highly saline conditions. Carbonate and bicarbonate
concentrations ranged from nil to 1.6 me L" and up to 21.2 me L, respectively. Chloride
levels extended from safe to crop-injurious ranges. High SAR alkali waters was prominent
in Gara, Kotturu, and Ponduru mandals. Comparison with data from 2007-08 indicated a
decline in good-quality water and an increase in marginally saline and alkali types,
reflecting gradual quality deterioration.

In Vizianagaram district, total 736 samples covering all 34 mandals were collected in
February 2023. The analysis revealed that chloride, magnesium, and sodium contents
varied widely, with sulphate ranged between 0.01 and 4.8 me L". About 541 collected
samples resembled seawater based on electrical conductivity (EC) and ion
concentrations. Based on EC, 90.35% of collected samples were classified as good for
irrigation without growth limitations, while based on chloride content, 73.78% were
found excellent category. About 98% samples recorded pH > 7.0, and 42.66% were found
strongly alkaline. However, based on SAR, 97.42% samples were characterized as safe,
while 3.94% and 6.52% samples were classified as marginally alkaline and alkaline,
respectively. Overall, 85% samples were found of good quality, which indicates that most
groundwater of the districtis good forirrigation.

In Visakhapatnam district, 800 samples were collected from 43 mandals during Feb—Mar
2024. Analysed samples revealed pH >7.0 for 60% samples, while >8.0 for 2.88%. EC varied
from non-saline to saline, and bicarbonate reached 29.4 meL". Based on EC, 80.13% were
found good for irrigation; while 58.13% samples were classified as excellent based on
chloride concentration. About 95% of samples were characterized as safe for SAR, while
7.5% and 5.75% samples were marginally alkaline and alkaline respectively. Overall
comparison with 2006-07 revealed a decrease in good-quality water from 96.9% to



85.63% and arise in salinity, underscoring progressive groundwater degradation and the
need for sustainable management.

Compilation and mapping of groundwater quality of Andhra Pradesh using GIS
(Bapatla)

The groundwater analytical data of Krishna zone comprising erstwhile districts of Krishna,
Guntur and Prakasam districts and scarce rainfall zone comprising of Kurnool, Nandyala,
Ananthapuram and Annamaiah districts generated at Saline Water Scheme, Bapatla has
been compiled into a common database. The data were cleaned and organized into
required format for generation of thematic maps in QGIS. Initially the delimited text layer
plotted and exported as shapefile. Further the shapefile containing groundwater location
coordinates is clipped for the new district boundaries of the zone viz. Krishna, NTR,
Bapatla, Guntur, Palnadu and Prakasam districts and the new district boundaries of the
scarce rainfall zone . Further data points were interpolated using IDW and thematic maps
of pH, EC, chloride, sodium, RSC and SAR were generated in QGIS. Similarly considering
all the data points, the water quality map was generated for Krishna Zone and Scarce
rainfall zone in GIS environment.

Survey and Characterization of Underground Water for Irrigation (Bikaner)

Suitability of groundwater for irrigation and its effect on soil while irrigating crop was
analysed  for Barmer and Jalore districts. In Barmer district, total 247 groundwater
samples and 224 surface soil samples were collected from 141 villages spanning eight
tehsils-Dhorimana, Gudamalani, Sindhari, Siwana, Baytu, Sheo, Barmer Shahar, and
Chohtan. The results revealed significant spatial variability in water and soil chemical
composition. Good quality water was observed mostly in Siwana (73.53%) and Barmer
Shahar (48.39%), whereas marginally saline water dominated in Chohtan (74.08%) and
Sheo (57.58%). Saline water occurred in smaller proportions (3%-18%) across some
tehsils, while high SAR saline waters were notably high in Dhorimana (56.67%),
Gudamalani (80.01%), and Sindhari (56.67%). Marginally alkali waters appeared only in
Dhorimana and Gudamalani (3.33% each), and highly alkali waters were found in Sindhari
(43.33%), Dhorimana (13.33%) and Gudamalani (10%). Soil pH, values ranged from 7.63
to 9.86, which is higher in Barmer Shahar (8.62-9.86) and Chohtan (8.55-9.44), while
variability in EC, between 0.03 and 1.82 dS/m, reflects variable salinity levels.

In Jalore district (2023-24), groundwater samples from 240 tube wells across 141 villages
and 239 soil samples were collected from eight tehsils namely Ahore, Bhadrajun, Bhinmal,
Jalore, Jaswantpura, Sayla, Bagora, and Raniwara. Analysis of collected samples revealed
that good quality water is dominant in Jaswantpura (74.29%), Raniwara (75.68%),
Bhadrajun (72.41%), and Ahore (66.67%), while high SAR saline water is more in Sayla
(66.33%), Bagora (50.00%), and Bhinmal (33.33%). Marginally saline water ranged from
6.67% in Ahore to 36.67% in Bagora, and highly alkali water were found highest in Jalore
(12.90%) and Bhinmal (5.56%). Soil pH varied from 7.01 to 9.64, with mean values
between 8.09in Jalore and 8.69 in Bhadrajun, whereas ECe ranged from 0.06 to 3.99 dS/m.
Mean soil EC values spanned from 0.50 in Ahore to 1.29 in Sayla, indicating broad spatial
differencesin salinity and overall groundwater-soil chemical variability across the district.

Survey and characterization of groundwater for irrigation of Panchkula Ambala,
CharkhiDadri and Yamuna Nagar district of Haryana (Hisar)

A survey and characterization of groundwater for irrigation was carried out in Barwala,
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Morni, Pinjaur, and Raipur Rania blocks of Panchkula district during 2022-23, and in
Ambala, CharkhiDadri,and Yamuna Nagar districts during 2023-24. In Panchkula district,
the majority of water samples (97.7%) were classified as good quality and only 2.3% fell
under the marginally alkali category. In Ambala district, 90.48% samples were found
under good quality category, followed by 7.14% and 1.19% categorized as marginally
saline, and high SAR saline categories, respectively. In Charkhi Dadri district, only 28.89%
of the samples were found of good quality. The remaining samples were distributed
across marginally saline (22.22%), saline (0.44%), high SAR saline (30.67%), marginally
alkali (15.56%), alkali (0.44%), and highly alkali (1.78%) categories. In contrast, in Yamuna
Nagar district, all the water samples (100%) were charaterized as good quality.

Survey and characterization of groundwater for irrigation of coastal districts of
Tamil Nadu (Tiruchirappalli)

A detailed assessment of groundwater for suitability of irrigation was carried out in the
inland districts of Kanchipuram (2023) and Salem (2024) in Tamil Nadu. In Kanchipuram
district, 150 groundwater samples were collected using GPS.The pH of collected samples
ranged from 3.29 to 8.49 and EC from 0.09 to 5.22 dS m”, that indicates wide variation in
alkalinity and salinity levels. The RSC values varied from nil to 32 meq L, while SAR ranged
between 0.19 and 34.78. Overall, about 38% of samples were found under good quality,
25% alkali, 17% highly alkali, 15% marginally alkali, 3% marginal saline, and 5% high SAR
saline. Block-wise, Uthiramerur and Sriperumbudur had the highest proportion of good-
quality water, while alkali water was found the maximum in Kanchipuram (37%) and
Walajabad (29%).

Survey and characterization, fluoride and nitrate content in groundwater of
Barnala and Sangrurdistrict of Punjab (Bathinda)

Groundwater quality assessment for irrigation in Barnala and Sangrur districts was done
based on electrical conductivity (EC), sodium adsorption ratio (SAR), and residual sodium
carbonate (RSC). In Barnala, 39% of groundwater samples were categorized as good, 40%
as saline, and 21% as alkaline, whereas in Sangrur, only 3% were good and 87% were
alkaline. Fluoride concentrations in Barnala ranged from 0.01 to 0.24 mg/L (mean 0.03
mg/L), with all samples < 1.0 mg/L, making them suitable for drinking. However, nitrate
levels varied from 22.0 to 408 mg/L (mean 92.41 mg/L), with 88% exceeding the BIS
permissible limit, indicating potential health risks. In Sangrur, fluoride content was < 1.0
mg/L in 94% of samples, while 6% exceeded this value. Nitrate concentrations ranged
from 25.7 to 995 mg/L (mean 202.3 mg/L), but only 4% samples were within safe limits,
demonstrating widespread nitrate contamination and degraded groundwater quality.

Resource Inventories of Salt Affected Soils

Characterization and delineation of salt affected soils using remotely sensed data
and ground truth of Shajapur district, Madhya Pradesh (Indore)

A detailed reconnaissance soil survey was conducted in Gulana and Shajapur tehsils of
Shajapur district, Madhya Pradesh, to assess the extent and characteristics of salt-affected
soils. A total of 101 surface soil samples were collected from different villages, and their
analysis revealed that soil pH ranged from 7.38 to 8.43, while electrical conductivity (ECe)
varied between 0.94 and 1.99 dS m™. The sodium adsorption ratio (SAR) ranged from 0.29
t0 0.81, and the cation exchange capacity (CEC) was between 30.1 and 51.5 cmol (p*) kg™.



Table 10.2 Influence of RSC levels of irrigation water and soil application of gypsum on growth, yield and economics of

The exchangeable sodium percentage (ESP) was found to vary from 6.5 to 23.0, indicating
the presence of sodicity in certain locations.

1.MANAGEMENT OF POOR QUALITY WATERS
Management of Alkali Water
Conjunctive use of alkaliand canal water forTil and Lentil Cropping sequence(Agra)

A study was conducted during to evaluate til-lentil crop rotation under conjunctive use
of alkali (RSC 8 meq/l) and canal water with different combinations. Results showed that
both grain and stover yields were highest under canal irrigation and lowest under alkali
water. Both the treatment of alternating one canal irrigation with one alkaliirrigation and
the 1:1 mixing of canal and alkali water resulted in comparable yields, with similar trends
observed fortiland lentil crops across treatments.

Management of Alkali water (High RSC) for enhancing the growth and yield of
Sesame (Tiruchirappalli)

A field experiment conducted in the Cauvery delta zone aimed to address the challenge
of sesame cultivation after rice, where the use of alkaline bore well water adversely affects
crop growth and yield. Alkali water was treated with gypsum to lower residual sodium
carbonate (RSC) levels to 4, 2.5, and 1.25 meq L, with corresponding gypsum doses
applied once as a basal soil treatment. The results indicated that reducing RSC to 2.5 meq
L" was optimal, producing higher sesame yield and an improved benefit-cost ratio under
alkali soil conditions. The results of growth and yield parameters (Table 10.2) revealed
that application of gypsum either to soil or through irrigation water significantly
increased the growth and yield parameters of sesame. Highest yield was recorded in T,
treatment which involves gypsum bed treated irrigation water to the RSC level of 1.25
meg-1. Though highest yield was recorded in T, (Gypsum treated alkali water with RSC
level of 1.25 meq. /lit), while comparing the B : Cratio, T, (Gypsum bed treated water with
RSC of 2.5 meq./lit) performed (B: C ratio of 2.41) better over other treatments. It was also
observed that, gypsum bed treatment of irrigation water (T,, T,, and T4) performed better
than soil application of gypsum (T,, T,, T,) for the same quantity of gypsum applied. It can
be concluded from the experiment that treating high RSC alkali water with gypsum to the
level of 2.5 megL" found to be optimum for getting higher yield and B: C ratio of sesame
underalkalisoil environment.

sesame
Treatments | Plant Height | Seedyield | Haulm yield Oil Cost Gross income | B:C
(cm) (kg ha™) (kg ha) content (%) | (Rsha") (Rs ha”) ratio
T1 72 320 675 49.8 31250 36800 1.18
T2 87 838 1760 50.6 40970 96370 2.35
T3 85 827 1756 50.9 39350 95105 241
T4 84 680 1435 50.7 37730 78200 2.07
T5 85 750 1575 50.5 40970 86250 2.1
T6 83 700 1470 50.4 39350 80500 2.04
T7 82 610 1281 50.4 37730 70150 1.86
S.Ed 1.59 13.2 28.6 0.45
CD (0.05) 3.1 26 55 0.9
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Field view of Improved Doruvu
Technology and Bore wells

Management of Saline Water

A case study on the functioning of Doruvu technology in farmers' fields in coastal
area (Bapatla)

Over six years, water quality in Doruvu and shallow bore wells was monitored to assess
irrigation suitability. Improved Doruvu wells consistently supplied good-quality water
year-round, while bore wells showed higher salinity and reduced availability during
summer. Cropping intensity was higher under Doruvu wells, though installation costs
were substantially greater (21,00,000) compared to bore wells (2,000-3,000). From
2019-2025, electrical conductivity (EC) varied seasonally, peaking between June and July
and declining between October and December due to monsoon recharge. No clear long-
term improvement or decline was observed, but EClevelsin 2024-2025 were higher than
those in 2021-2023, especially in bore wells. Doruvu wells maintained more stable EC,
with slight increases from January to April. To address salinity risks, sustainable measures
such as artificial recharge, conjunctive water use, crop scheduling based on EC cycles, and
blending with better-quality water are recommended for long-term groundwater
management. It was observed that BW SAR is often higher, especially at Sites 10-11: IDW
=4.71,4.73 vs. BW = 104, 8.41. High SAR in BWs indicates greater sodium hazard for
irrigation use. Lower SAR in IDWs suggests better water quality in terms of soil structure
compatibility. BW has higher sodium hazard than IDW. IDW water is more suitable for
irrigation.

Table 10.3 Relationship between IDW and BW based on different parameters

Parameter IDW (Improved Doruvu) BW (Bore Well) Relationship
pH Neutral Neutral Comparable
EC Low to Moderate Moderate to High BW > IDW
SAR Low to Moderate Moderate to High BW > IDW

« IDW wells generally have better water quality in terms of salinity (EC) and sodium
hazard (SAR) compared to borewells.

» Borewells may access deeper, older, and more mineral-rich water tables, leading to
higherECand SAR.

« The improvement in doruvu wells is reflected in their lower salt and sodium content,
making them more suitable forirrigation in terms of long-term soil health.

Influence of levels of nitrogen and Azospirillum doses on rice crop in saline soils
(Bapatla)

Field experiment on studying effect of nitrogen levels and Azospirillum doses onrice crop
in saline soils revealed that Leaching + green manure incorporation @+ 25 per cent extra
RDN+Azosprillum @750mL acre ' recorded the highest yield attributes and grain (6117
kg/ha) and straw yield (8663 kg/ha) of paddy (Table 10.3).

Nitrogen contentbothinrice grain and rice straw was significantly influenced by nitrogen
levels and azospirillum doses. Significantly the highest nitrogen content in rice grain
(1.27%) in rice straw (0.62%) nitrogen uptake both in rice grain (77.5 kg/ha) and in rice
straw (53.8) was recorded with Leaching+ green manure incorporation+ 25% extra
RDN+750mL/ac Azosprillum and the lowest was recorded with Leaching+ green manure
incorporation+RDN treatment.



Table 10.4 Influence of nitrogen levels and Azospirillum doses on yield, harvest index and test weight of rice

Treatments GrainYield | Strawyield | Harvestindex | Test weight
(kg ha) (kg ha") (%) (9)

T1- Leaching+ green manure incorporation + RDN 4067 5717 415 17.5

T2- Leaching+ green manure incorporation+RDN 5283 7333 41.9 17.9

+500mL/ac Azosprillum

T3- Leaching+ green manure incorporation+RDN 5367 7717 41.0 18.4

+750mL/ac Azosprillum

T4- Leaching+ green manure incorporation+RDN 5400 7633 41.4 18.3

+1000mL/ac Azosprillum

T5- Leaching+ green manure incorporation+ 5583 7900 41.4 18.2

25% extra RDN

T6- Leaching+ green manure incorporation 5483 7683 41.6 18.9

+ 25% extra RDN+500mL/ac Azosprillum

T7- Leaching+ green manure incorporation 6117 8683 41.3 18.5

+ 25% extra RDN+750mL/ac Azosprillum

T8- Leaching+ green manure incorporation 5867 8117 42.0 18.3

+ 25% extra RDN+1000mL/ac Azosprillum

Sem + 301 437 0.3 0.96

CD (0.05) 913 1325 NS NS

CV (%) 12.6 12.9 1.5 11.8

Effect of Saline Water Irrigation on Growth, Yield attributes and Yield of different
varieties of Fennel through Drip (Bikaner)

A field experiment conducted during the rabi season of 2021-22 evaluated the effect of
irrigation water salinity on fennel growth and yield. The study involved four salinity levels
viz. ECiw 0.25 (BAW), 4, 6, and 8 dS/m and four fennel varieties (AF-1, RF-157, RF-281, and
RF-290) in a split-plot design with five replications. Results of the study indicate that
irrigation salinity significantly affected plant height, umbels per plant, umbellates per
umbel, seeds per umbellate, test weight, and seed yield. Based on pooled data, the
highest values for plant height (129.33 cm), umbels per plant (17.95), umbellates per
umbel (23.32), seeds per umbellate (22.33), test weight (5.44 g), and seed yield (11.17qha’)
were obtained under BAW (ECiw 0.25 dS/m), closely followed by ECiw 4 and 6 dS/m.
Salinity levels beyond ECiw 6 dS/m caused a marked decline in all growth and yield
parameters. Among the tested varieties, RF-290 consistently exhibited superior
performance, confirming its higher productivity and tolerance to moderate salinity
conditions.

Effect of nitrogen fertigation utilizing good and saline water under drip irrigation
systemin vegetable crops (Hisar)

A two-year study (2022-23 and 2023-24) examined the impact of saline water irrigation
under fertigation on garlic and onion yields. In 2022-23, garlic was grown under drip
irrigation with varying nitrogen application levels (75%, 100%, and 125% of
recommended dose of nitrogen-RDN) and irrigation water salinity (2.5 and 5.0 dS/m). At
75% RDN, yields declined by 10.43% and 27.08% at 2.5 and 5.0 dS/m, respectively,
compared to canal water. At 100% RDN, reductions were 8.16% and 22.16%, and at 125%
RDN, 7.67% and 20.04%. On average, garlic yield decreased by 8.62% at 2.5 dS/m and
22.78% at 5.0 dS/m. In 2023-24, onion exhibited similar trends: yield declines at 75%,
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100%, and 125% RDN were 5.48%, 5.13%, and 4.59% at 2.5 dS/m,and 27.26%, 22.62%, and
20.68% at 5.0 dS/m. Mean reductions were 5.05% with 2.5 dS/m water and 23.36% with
5.0 dS/m water irrigation. Higher nitrogen application (125% RDN) marginally mitigated
salinity-inducedyield lossesin both crops.

Performance of mycorrhizal (Glomus mosseae) inoculation in cotton-wheat under
saline waterirrigation (Hisar)

A two-year experiment (2022-23 and 2023-24) evaluated the impact of high salinity
irrigation water (ECiw 8 dS/m) on cotton and wheat yields under varying nutrient
management practices. In cotton, mean seed yield declined by 20.01% in 2022 and
21.53% in 2023 with saline irrigation as compared to canal water. The lowest yields
occurred in the control (35.75 g/plant in 2022; 33.33 g/plant in 2023), while the highest
yields were achieved under RDF + FYM + Mycorrhiza (64.18 and 63.05 g/plant),
statistically at par with RDF + Mycorrhiza (63.06 and 62.05 g/plant) and RDF alone (62.71
and 61.37 g/plant). In wheat, mean yields decreased by 20.28% in 2022-23 and 28.76% in
2023-24 under saline irrigation. The lowest yields were in the control (25.92 g/pot; 24.65
g/pot), while the highest were in RDF + FYM + Mycorrhiza (51.86 and 52.27 g/pot),
comparable to RDF + Mycorrhiza and RDF alone. The findings show that integrated
nutrient management mitigates yield losses from salineirrigation.

Performance of vegetable guar with different doses of Sulphur and Potassium
under different water quality (Bathinda)

An experiment was conducted to study the effect of three doses of sulphur (0, 30, and 45
kg/ha) and potassium (0, 30, and 45 kg/ha) on vegetable guar under two irrigation water
qualities—canal water and saline tube well water. Canal water was of good quality ECiw <
2 dS/m; SARiw< 10 mmol/L; RSC < 2.5 meq/L), while tube well water was high-SAR saline
(ECiw > 4 dS/m; SARiw > 10 mmol/L). Uniform nitrogen (22 kg/ha) and phosphorus (60
kg/ha) doses were maintained across treatments. Saline irrigation reduced germination,
plant height, and green pod yield by 38.6%, 24.6%, and 15.1%, respectively, compared
with canal water. However, saline water increased seed potassium and sulphur content by
8.1% and 2.1% and straw potassium and sulphur contentby 15.7% and 7.5%, respectively.

Management of Wastewater

Effect of treated sewage water as a source of irrigation and nutrients supply for
Marigold-Chrysanthemum rotation (Agra)

Afield experiment was carried out in 2023-24 to study the effect of treated sewage water
as a source of irrigation and nutrients supply for Marigold-Chrysanthemum rotation in
sandy loam soil. Total eight treatment combinations of different water quality (sewage
and tube well water) and varying dose of RDF were evaluated in a randomized block
design . Results showed that crops irrigated with sewage water (SW) along with the
recommended dose of fertilizer produced the highest flower yield compared to tube well
water (TW). Treatments such as TW + 125% RDF, SW + 75% RDF, and 1SW:1TW + RDF
recorded the second highest flower yields.

Effects of fluorideinirrigation water on yield and quality of brinjal (Bathinda)

An experiment was conducted under polyhouse with varying concentration (0.12, 2.0,
4.0,6.0,8.0and 10.0 mg F/ L) of fluoride in irrigation water in two brinjal varieties namely
PBH-4 (Long Fruited) and PBHR-42 (Oblong fruited). The brinjal yield was significantly
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reduced, whereas F content in leaf and fruits were significantly higher with increasing F
concentration in irrigation water. PBHR-42 produced significantly higher yield as
compared to PBHR-4, whereas PBH-4 contains significantly higher leaf and fruit fluoride
content, but was found under safe limit ((< 1.0 ppm).

2.MANAGEMENT OF IRRIGATION INDUCED SALINIZATION AND ALKALINIZATION

Management of Irrigation Induced Alkali Soils

Management of Sodic Vertisols through Conjunctive use of Gypsum and Gliricidia
sepium under Paddy-Wheat Cropping System (Indore)

A field experiment on paddy (CSR-10) was conducted in sodic vertisols from 2023-2025
using three gypsum levels (0%, 50%, 75% GR) and three Gliricidia sepium leaf doses (0, 5,
10 t/ha) in a split-plot design. Application of 75% GR gypsum with 10 t/ha Gliricidia
significantly reduced bulk density, pH, and EC while increasing organic carbon and
available N, P, and K. Exchangeable Na" and ESP declined, improving soil health and
reclamation. Results also revealed that though gypsum improves productivity, Gliricidia
alone records the highest net returns and benefit-cost ratio, indicats it as a sustainable,
cost-effective option for managing salt-affected soils.

Management of sodic Vertisols through resources conservation technologies
(Indore)

A two-year study (2020-21 and 2021-22) was conducted on sodic Vertisols using wheat
(HI 1544) and paddy (CSR-10) under three tillage systems viz. conventional, reduced, and
zerotillage, with or without rice residue mulch. In wheat, the highest grain (3749 and 3969
kg/ha) and straw yields (5080 and 5698 kg/ha) were obtained under conventional tillage
during both years, significantly higher than reduced and zero tillage. Application of rice
residue mulch @ 5 t/ha enhanced straw yield (4792 and 5488 kg/ha) compared to no
mulch (4506 and 5064 kg/ha). For paddy, conventional tillage produced the highest grain
yields (3606 kg/ha in 2021 and 4002 kg/ha in 2022), with straw yield showing a similar
trend. Soil analysis revealed the lowest exchangeable sodium percentage (ESP) under
conventional tillage (21.8 in 2021 and 19.6 in 2022) and in mulch treatments (25.1 and
23.3) compared to no mulch (25.9 and 24.5), indicating significant improvement in soil
health and productivity under conventional tillage combined with mulching.

Management of Irrigation Induced Waterlogged Saline Soils and Coastal Saline
Soils

Enhancing water use efficiency in reclaimed waterlogged salineVertisols by
implementation of subsurface srainage aystem (Gangavathi)

A field investigation initiated to devise strategy for enhancing water use efficiency and
minimizing nitrate-N losses from subsurface drainage installed field. The experiment
consisted four treatments viz. conventional drainage with continuous flooding (CF, T1),
conventional drainage with alternate wetting and drying (AWD, T2), CF with controlled
subsurface drainage (CF-CDF, T3), and AWD with controlled subsurface drainage (AWD-
CDF,T4). Across four Kharif and three Rabi seasons, CF had higher average drain discharge
(1.22 mm d”) than AWD (0.93 mm d"). Drain water salinity maintained below 4.0 dS m”
with little variation for different treatments. A greater salt and nitrogen losses were found
with CF, while controlled drainage helped in minimize them. AWD saved 19.95 cm (kharif)
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and 17.8 cm (rabi) irrigation water, maintaining a shallower water table. Paddy yields
increased in all treatments, with CF giving about 3% higher yield, showing AWD with
controlled drainage improves resource efficiency with minimal yield impact.

Feasibility of drip irrigation in puddled transplanted rice (PTR) under saline
vertisols of TBP Command Area, Karnataka (Gangavathi)

A field experiment was conducted during kharif-2023 to study the feasibility of drip
irrigation in puddled transplanted rice (PTR) under saline Vertisols. Two sorghum varieties
(GNV-1801 and GVT-05-01) under four irrigation levels (1.2, 1.4, 1.6, and 1.8 ET) were
evaluated using a split-plot design. Despite 39% lower rainfall (332 mm), drip irrigation
effectively met crop water demand through 14 irrigations and saved 34.7%-45.2% water
as compared to conventional methods. Soil salinity remained below 4 dS m™. GNV-1801
achieved higher grain (6165 kg ha”) and straw yields (6843 kg ha™) than GVT-05-01. The
irrigation applied at 1.6 ET produced the highest yields (6592 and 7300 kg ha”) and water
use efficiency (80.56 kg ha' cm”), followed by 1.4 ET, while the lowest under 1.2 ET
irrigation. Economic returns were the highest for 1.6 ET irrigation and with GNV-1801,
recorded gross returns of 21,57,989 ha™, net returns of 78,264 ha”, and a B:C ratio of 1.99,
though varietal and irrigation interactions were insignificant.

Comparative efficacy of nano and conventional urea on growth and yield of rice
(Oryza sativa L.) under waterlogged saline soil in Tungabhadra Command Area,
Karnataka (Gangavathi)

To assess efficacy of nano and conventional urea on rice growth and yield in waterlogged
saline soils, a field experiment was conducted in kharif-2024 in the Tungabhadra
Command Area, Karnataka. Total ten treatments in a randomized block design were
tested. Initial soil pH and ECe ranged between 8.20-8.70 and 5.10-9.80 dS/m,
respectively, and soil salinity declined at panicle initiation and rose slightly at harvest but
remained within the safe root zone limits (<4.0 dS/m). Treatment T5 (125% RDN + foliar
spray of 1% conventional urea at active tillering and panicle initiation) achieved the
highest plant height (81.10 cm), tillers per hill (15.1), panicles per hill (13.2), grain yield
(5995 kg/ha), and straw yield (6388 kg/ha), and the performance was at par with T2, T9,
and T10. Findings suggest that combining higher RDN levels with foliar spray of
conventional urea significantly boosts rice productivity while maintaining acceptable
salinity under waterlogged saline conditions.

Effect of different levels of organic manures and mulching on vegetables (Brinjal,
Chilliand Tomato) underdrip irrigation (Panvel)

A field experiment was conducted during rabi season 2022-2023 to study the effect of
different levels of organic manures and types of mulch on performance of selected
vegetables (Brinjal, Chilli and Tomato) under drip irrigation. Results indicate that plastic
mulch significantly reduced soil electrical conductivity and pH as compared to paddy
straw mulch and no mulch. It also maintained higher soil moisture than paddy straw
mulch no mulch. However, paddy straw mulch recorded the highest yields of brinjal, chilli,
and tomato. Moreover, combining paddy straw mulch with farmyard manure (7.5 t haX')
and vermicompost (2.5 t ha") produced the highest yields, indicating that organic
amendments under paddy straw mulch enhance soil conditions and crop productivity
effectively.



Effect of planting windows and irrigation on dibbling of wal (Field bean) grown
under zero tillage in coastal saline soils of Konkan (Panvel)

Afield experiment was conducted to evaluate the effects of sowing date and irrigation on
the growth and yield of dibbling of wal (Field bean), as well as on changes in soil
properties. The initial soil EC,,; was 2.89 dS/m. Three irrigation treatments (nil, one and
two numbers) and three window of sowing (after harvest of Rice, 10 days and 20 days
after harvest of rice) were evaluated. Results indicate two irrigations at flowering and pod
formation reduced soil EC and pH while maintained higher moisture. Sowing field bean
immediately after rice harvest further improved soil moisture, lowered EC, and raised pH.
Though two irrigations enhanced soil properties, one irrigation also significantly
increased yield, especially when combined withimmediate post-rice sowing.

Management of Saline-Acidic Soils

Management of salinity and acidity of Pokkali soils using suitable amendments
(vyttila)

This study investigated the effectiveness of of Calcium salts and silica on managing soil
acidity and salinity and to find out a suitable ameliorant for economic yield in IFS in
Pokkali ecosystem. Eight treatments were tested under randomized block design with
three replications. Treatments consist of calcium salts (calcium nitrate, calcium chloride,
calcium sulphate, rock phosphate, dolomite, lime) and rice husk ash @1000 kg ha™. The
crop failed in 2023 due to flooding. Experiment repeated in 2024 with Vyttila-11 variety.
Results indicate that all calcium amendments raised soil pH from initial value of 4.57,
while calcium nitrate (5.69) and dolomite (5.56) was found most effective. Treatments
reduced salinity, improved nutrient availability (notably with rock phosphate and
dolomite), and Al solubility found below undetectable levels. Dolomite treatment
recorded the maximum plant height, while most tillers and most productive tillers were
found under gypsum and calcium nitrate treatments, respectively. Rice husk ash gave the
highest grain yield (27.49 q ha") and improved pH (5.53) due to silica-enhanced stress
resistance, followed by dolomite (26.51 q ha' grain, 35.28 q ha” straw). Rice husk ash and
dolomite appear most promising for saline-acidic Pokkali soils.

3.ALTERNATELAND USE

Development of Horticulture Based Agri-horti System under Saline Water
Conditions (Bikaner)

An experiment was initiated to assess the suitability and economic viability of
horticulture-based agri-horti systems under saline water conditions. Three irrigation
water salinity levels (ECiw 0.25, 2.4, and 6.0 dS/m) were tested using cluster bean as an
intercrop in bael tree alleys during kharif, and mustard, taramira, oat, and barley during
rabi. Results of kharif 2023 and 2024 revealed significant decreases in cluster bean seed
and straw yields with increasing irrigation salinity. The pooled (2018-2023) data indicates
yield reductions of 13.41% and 45.92% at ECiw 2.4 and 6.0 dS/m, respectively. Yields of
Rabi crops also declined under increased salinity, though reductions were mostly non-
significant except in oat at 6.0 dS/m. Bael fruit yield, recorded from 2022 onward, was
highest under BAW (0.25 dS/m), followed by 2.4 dS/m, and the lowest under 6.0 dS/m.
Economic analysis found irrigation with BAW and 2.4 dS/m as most profitable, while 6.0
dS/m reduced profits. The Cluster bean-Bael-Mustard system proved most salinity-
tolerantand economically viable, followed by barley, taramira, and oat.
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Technology Assessed and Transferred

Economics impact assessment of technologies for management of salt-affected
soils in India. ICAR-NIAP Network Project on production systems, Agribusiness and
Institutions (Component-l Impact assessment of agricultural technologies) (Suresh
Kumar and Anil Kumar)

Economic Impact of Salt-tolerant Wheat Varieties
Yield gains of STWVs over the prevailing wheat varieties in salt-affected soils

There is a negative association between soil pH and yield of all varieties including STWVs
and non-STWVs (Figure 11.1). However, the yield gap between STWVs and non-STWVs
widens with an increase in soil pH. At lower pH levels (7.50-8.5) non-STWVs perform
better than STWVs in normal soils. The widening yield gap at higher pH levels (>8.5)
indicated the superiority of STWVs over the prevailing cultivated varieties. Since, sodic
soils have pH > 8.5; the yield advantage of STWVs in sodic soils is considered to be above
this pH level. In this range of sodicity, the observations from the field show that the mean
yield of STWVs is approximately 11.80% higher than that of non-STWVs. The yield
advantage of STWVs in the saline soils (ECe > 4 dS/m) is estimated at approximately
24.30% (Figure 11.2).

or analytical purposes, we calculated the weighted average of the yield gains of the
varieties grown in sodic and saline soils, with weights being the cultivated areas. Thus, the
overallyield gainis 14.82%.

Adoptionrate of STWVs

The adoption rate of STWVs was estimated based on the breeder seed supply by the ICAR-
CSSRI.From 2012 to 2024, the adoption rate of STWVs reached 9.77% (Figure 11.3).

For ex-ante analysis, the adoption path of STWVs was traced using the logistic curve
model up to 2030 under two cases: Business-As-Usual (BAU) and Optimistic Scenario (OS).
The projected adoption rate may reach 18.5% under BAU and 25.0% under OS. The OS
signifies a hypothetical scenario emphasizing the increasing demands of breeder seeds
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Table 11.1 Parameters of Economic Surplus model
Parameter Symbol Value Sources
Production quantity in domain Q, 9.93 Authors’ estimation based on the
areas (mt, TE 2012) domain area and yield
Price (Rs /t, 2023-24) P, 23300 Gol (2025)8
Increase in yield (%) E(Y) 14.82 Authors’ estimation
Increase in variable cost per ha (%) E(C) 4.64 Authors’ estimation
Maximum adoption rate (%) Ao 18.5 (BAU) & 25.0(0OP) | Expert opinion and authors’
estimation using the logistic model
Supply elasticity g, 0.22 Kumar and Mittal (2022) 5
Demand elasticity &, -0.34 Kumar et al. (2011) 6
Exogenous growth rate EGR 1.50% Authors’ estimation-based data Gol
(2025) 7

of STWVs particularly by the private seed firms in the recent years, which is expected to
increase further in future. To factor-in these developments, we assume that, in future, the
demand for STWVsis likely to increase significantly. Therefore, the economic gains due to
the adoption of STWVs were computed for the period 2012 to 2024 and, also estimated
upto 2030. The values of the parameters used in the economic surplus model were
estimated through primary survey and from available publications relevant to the
economicimpactassessment of salt-tolerant wheat varieties (Table 11.1).

Economiclmpact of STWVs

For the period 2012-2024 under BAU, the consumer surplus is estimated at Rs. 22850
million, with an annual value of Rs. 1757.7 million. The producer surplus is Rs. 35320
million or Rs. 2716.9 million per annum. The total economic surplus amounts to Rs. 58170
million, with an annual value of Rs. 4474.6 million. For the period 2012-2030 under BAU,
the consumer surplus may increase to Rs. 101750 million (annualized at Rs. 5355.3
million), and the producer surplus may rise to Rs. 157250 million, with an annual value of
R.s 8276.3 million. With this, the value of the total economic surplus is projected to reach
Rs. 259000 million, with an annualized value of Rs. 13631.6 million. Similarly, under
optimistic scenario, the estimated value of the total economic surplus may reach Rs.
278050 million, with an annual value of Rs. 14634.2 million (Table 11.2). These estimates
highlight the potential of STWVs for enhanced economic benefits by ensuring the proper
management of salt-affected lands, and the projected benefits highlight the need for
proper policy support to realize these benefitsin the future.




Table 11.2 Estimated value of economic surplus due to STWVs in India

Economic surplus

Value (Rs Million)

Business as usual Optimistic scenario

2012-2024 2012-2030 2012-2030
Consumer surplus 22850 (1757.7) 101750

(5355.3) 109230 (5748.9)
Producer surplus 35320 (2716.9) 157250

(8276.3) 168810 (8884.7)
Total economic surplus 58170 (4474.6) 259000

(13631.6) 278050 (14634.2)

Note: Figures in parentheses are the annual values of sur plus

Policy Implications

Based on the interaction with stakeholders (e.g., farmers, KVKs, private firms, and
extension field functionaries) and ground insights of experts, the following issues merit
attention:

A.Accelerating the development of STWVs: Currently, only a limited number of STWVs
are widely accepted. To address this limitation, it is recommended that future wheat
breeding programsincorporate speed breeding techniques and gene editing tools.

B.Targeted and collaborative research: Gujarat encompasses a substantial area of salt-
affected land dedicated to wheat cultivation, measuring 0.76 million hectares. Notably, to
date, no STWV has been specifically released for Gujarat, nor has it been included in the
state's seed rolling plan. This represents a significant gap in research and development
efforts. Addressing this issue necessitates a targeted and collaborative approach
involving State Agricultural Universities (SAUs) for seed multiplication and the
establishment of seed delivery outlets in salt-affected regions.

C. Multiple stress tolerance with biofortification: In light of the growing emphasis on
nutritional security and climate resilience, particularly concerning terminal heat stress in
wheat, there is a need for a strategic shift in breeding programs. This shift should move
from focusing solely on salt tolerance to encompassing multiple stress tolerances,
including biofortification traits.

D. Physical and economic access to STWVs: Strategic initiatives involving public-
private or public-public partnerships are essential for establishing robust seed supply
chain systems that engage stakeholders and collaborate with farmers for the large-scale
dissemination of STWVs. Furthermore, given the dispersed nature of salt-affected soils,
there is a need to address the scattered and small-scale demand for STWVs seeds. To this
end, the establishment of an "online portal for seed supply" is necessary to ensure timely
and doorstep delivery of seeds to farmers. Collaboration with other ICAR institutes,
particularly Krishi Vigyan Kendras (KVKs), could be transformative in facilitating the
development, demonstration, and dissemination of STWVs seeds.

E. STWVs must be aligned with soil's nutrient status: It is important to acknowledge
that farmers frequently prioritize high-yielding crops without adequately considering
their soil conditions, even when dealing with salt-affected soils. In addition to soil health
parameters, it is essential that recommendations for salt-tolerant crop varieties be
communicated to farmers via soil health cards.
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Fig 11.4 Methodological
framework for assessing the
success of agri-entrepreneurs

Agripreneurship for Sustainable Agricultural Development-Technological and
Institutional Innovations and Strategies, NASF funded (Suresh Kumar, Rajkumar and
SKSanwal)

The success of agri-entrepreneurs is a multidimensional concept, requiring a
methodological framework that captures financial strength, business performance,
social contribution, innovation capacity, and sustainability practices. This framework
helps in evaluating the overall effectiveness of agri-enterprises and provides valuable
insights for policymakers to promote rural entrepreneurship (Figure 11.4). Economic and
financial indicators constitue the core dimensions of success measurement. These
include annual income generated from the enterprise, profitability ratio, return on
investment (ROI), business growth rate, and asset creation over time. Higher income and
profitability reflect the entrepreneur's ability to generate financial returns, while asset
creation indicates long-term stability and expansion potential. ROl is particularly useful
for comparing performance across enterprises of different sizes. Business performance
indicators reflect the operational and market strength of agri-enterprises. Key measures
include sales turnover, market share expansion, customer base growth, product
diversification,and employment generation.

An entrepreneur with increasing turnover and expanding market reach is considered
more successful, as these factors reflect competitiveness and adaptability. Employment
generation is also an important indicator, as it highlights the contribution of agri-
entrepreneurs toward rural livelihood improvement. Social indicators capture the social
impact of agri-enterpreneurship in terms of improvement in social recognition and
status, contribution to rural development, networking and institutional linkages, and
empowerment of women and youth. Strong social networking improves access to
information, markets, and resources, while empowerment reflects inclusive
development. Innovation and technology indicators measure the entrepreneur's ability
to adopt modern practices. Adoption of improved technologies, use of ICT tools and
digital marketing, product or process innovation, and branding or certification are key
factors.These indicators show the entrepreneur's capacity to improve efficiency and gain
market advantage. Finally, sustainability indicators assess environmental responsibility
and resilience. Practices such as efficient resource use, climate-resilient farming, waste
management, recycling, and eco-friendly production reflect long-term viability. Overall,
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this framework provides a systematic and holistic approach to evaluate agri-
entrepreneurial success.

Low Budget natural farming for sustainable crop production (R.K. Yadav, Kailash
Prajapat, Ram Kishor Fagodiya, Awtar Singh, Madhu Choudhary, Arjun Singh, S.K. Jha, A.K.
Dixit, D.Burman, U.K. Mandal, T.D. Lama, Anil R. Chinchmalatpure and Monika Shukla)

Natural farming' refers to a farming approach that emphasizes the importance of co-
production of crops relying on easily available 'ingredients’ to build up soil fertility and
microbial population. The approach is built on the 'four wheels' of Low Budget Natural
Farming (LBNF): (1) stimulation of microbial activity to make nutrients available to plants
and protect against pathogens using a microbial inoculum, jiwamrita'; (2) supply of plant
nutrients through organic fertilizer prepared using 'indigenous' cow dung, cow urine,
jaggery and pulse meal, 'ghanajiwamrit'; (3) production of stabilized soil organic matter
and conservation of top-soil by mulching 'acchadana' and (4) soil aeration (‘whapahasa')
by improving soil structure and reducing tillage. The inputs are made from locally
available materials like cow dung and urine, pulse flour, buttermilk etc.Farmers can easily
arrange the raw material and make these input on their own farms that will ultimately
reduce the cost of external high-cost chemical used for farming. Many of the farmers
reported they benefitted with the adoption of the LBNF in their crop fields but scientific
validation of the claims needs to be explored with empirical data. Hence, a field
experiment was formulated to compare the conventional farming (chemical inputs)
system with LBNF treatments in order to evaluate the fulfilments of nutrient demand
(macro and micro nutrients), yield gap and soil quality under different cropping systems
ofagroecological regions of India.

CSSRI, Karnal

A field experiment was conducted with seven treatments and three replications in RBD
design under rice-wheat cropping system (RWCS) at Research farm of ICAR-CSSRI, Karnal.
Rice variety: basmatirice (var: CSR-30) and wheat salt-tolerant variety (var: KRL-210) were
used. The treatments were: (i) Scenario (Sc-1): R(rice)-W(wheat)-F(Fallow) with
conventional tillage (CT) and without residue retention, and 100% N through chemical
fertilizers, (i) Sc-2: Transplanted Rice (TPR) - zero tillage wheat (ZTW)-zero tillage
dhaincha (ZTD) with full residue retention and 100% N through chemical fertilizers, (iii)
Sc-3:Same as Sc-2 and 100% N through farm yard manure (FYM)/vermicompost, (iv) Sc-4:
Same as Sc-2 with 50% N through FYM/vermicompost and 50% N through chemical
fertilizers, (v) Sc-5: Same as Sc-2 and nutrients source through LBNF components (vi) Sc-6:
zero tillage rice (ZTR)-ZTW-ZTD with full residue retention and nutrients source through
LBNF components, and (vii) Sc-7: zero tillage rice (ZTR)-ZTW-ZTD with full residue
retention and nutrients source chemical fertilizers components.

During kharif (2024), the rice grain yields ranged between 8.2 to 28.4 g ha" under various
scenarios. The significantly highest rice grain yield was obtained under improved
management scenario (Sc-2) which was at with Sc-1 to Sc-5 scenarios. Interestingly the
rice grain yield under TPR-LBNF (Sc5) was almost similar to conventional TPR (Sc-1)
showing benefits of dhaincha green manuring and LBNF components on long term
application (Figure 11.5A). However, the rice grain yield under DSR-LBNF rice suffered
severe weed infestation which drastically reduced the yield while CA-based DSR (Sc-7)
showed 20.6% yield penalty compared to TPR. The experimental results for wheat (2024-
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Fig 11.5 Grain yield, straw yield and per cent gain/loss in grain yield of rice (A) and wheat (B) during 2024-25

Fig 11.6 Effect of different
scenarios on soil infiltration rate
(mm/hr) after wheat 2025
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25) showed that the wheat grain yield ranged between 14.3 to 48.4 q ha" under different
scenarios. The integrated scenario (Sc-4) recorded the significantly highest wheat grain
yield (48.4 g ha") followed by Sc-2 (47.8 q ha-1) and Sc7 (47.4 g ha™). The organic system
(Sc-3) also recorded statistically similar yield (43.6 q ha') to that of obtained under
conventional system (42.7 g ha"). While LBNF after transplanted rice (TPR, Sc-5) and after
DSR (Sc-6) showed reduction in wheat grain yield by 45.0 and 66.5 per cent, respectively
(Figure 11.5B).

After 5 cropping cycles, there was marked improvement in soil infiltration rate was seeniin
LBNF scenarios (Sc5 and Sc6) as compared to conventional practice (Figure 11.6). The soil
organic carbon in surface soil layers (0-5) and (5-15 c¢m) also showed significant
improvement under LBNF scenarios over chemical-based rice-wheat system. Soil
enzymaticactivities of dehydrogenase, alkaline phosphatase and acid phosphatase were
significantlyimproved due to application of LBNF concoctionsin Sc5and Sc6 over Sc1.

RRS Lucknow

In the sixth cropping cycle of the project, effect of the natural farming component was
evaluated on growth and productivity of the wheat (var KRL283). Six treatments among
which 2 treatments (viz; Sc-1 and Sc-2) were based on recommended chemical input-




Table 11.3 Changes in soil properties under wheat cultivation (var. KRL 283) following low budget natural farming as
well as fertilizer based agronomic practices

Treatments Organic Available Available Available Dehydrogenase
Carbon Nitrogen Phosphorous Potassium activity
(%) (Kg/ ha) (Kg/ ha) (Kg/ha) (rg/ml/hr)
Initial | Final | Initial Final Initial Final Initial Final Initial Final
Scl 0.47 0.43 198.6 190.5 15.71 16.55 | 189.1 175.8 132.2 107.0
Sc2 0.46 0.48 196.6 200.8 15.40 15.94 | 189.3 192.4 110.9 125.1
Sc3 0.50 0.43 | 89.52 78.04 9.803 10.15 | 164.3 154.3 106.7 89.05
Sc4 0.42 0.46 113.3 107.0 10.08 11.80 | 165.7 162.4 121.2 94.26
Sc5 0.53 0.44 111.9 107.7 14.29 14.82 | 166.2 165.2 101.9 126.6
Sc6 0.50 0.43 114.7 105.4 14.45 15.69 | 167.0 163.7 118.2 126.4
Wheat Yield
40-
30— = g/ha
Fig 11.7 Trends of yield under 3
LBNF (Sc3,Sc4, Sc5, Sc6) as well as g 20-
fertilized treatments (Sc1, Sc2) %
withwheat. =
10-
0-
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based farming practices whereas 4 treatments (viz; Sc-4, Sc-6, Sc-3 and Sc-5) were based
on package and practices of LBNF components. There was drastic reduction in yield of
wheat under the treatments receiving natural farming components, the plot yield ranged
from 9.8 g ha'to 13 g ha" (Figure 11.5a). The results of the field experiments with wheat
showed significant changes in the soil chemical as well as biological activity. With respect
to the organic carbon (OC) datain wheat natural farming registered decrease in OC levels
exceptforSc4 (Table 11.3).

Under the NF treatments the reduction in availability of soil nitrogen was also observed as
compared to control treatment, it was found that under NF treatments, available N
ranged from 78 to 107 kg ha' whereas the treatments receiving chemical inputs has
available N to the range of 190-200 kg / ha. Changes in soil microbial biomass was
estimated in terms of dehydrogenase activity. It was found that dehydrogenase activity
also decreased in all the natural farming treatments, only Sc5 (LBNF + HaloMix + Residue)
and Sc6 (LBNF + HaloMix + Residue+ Green Manuring) showed increase in
dehydrogenase activity (Table 11.3). The yield response of the wheat was low under the
application of natural farming components. It was found that maximum yield of 14.9 g/ha
was obtained under natural farming whereas under conventional farming yield response
was31.8qha’ (Figure 11.7)
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RRS Bharuch

To evaluate low budget natural farming (LBNF) concept in saline Vertisols, a eld trail was
initiated in 2020. Due to continuous failure of kharif crop (cotton), the experiment was
modied in September 2022. The modified treatments comprised six combinations of
nutrient management, tillage and spray of organic liquid fertilizer invented by Navsari
Agricultural University from Banana pseudo stem (Novel plus) viz., 100% recommended
dose of fertilizers through chemical fertilizers (RDF) + conventional tillage (CT) + No spray
(T1); RDF + CT + Novel spray (T2); application of nutrients through LBNF components
(LBNF) + CT+ No spray (T3); LBNF + CT + Novel spray (T4); LBNF + minimum tillage (MT) +
No spray (T5) and LBNF + MT + Novel spray (T6) on different kharif (pegion pea and
cotton), semi-rabi (mung bean after pegionpea) and wheat (after cotton) crops. In the
control plots recommended dose of fertilizers, Cotton-80:40, Pigeon pea and green gram
20:40 and Wheat 120:60; N and P per hectare has been applied. In the LBNF plots
application of Ghanamrut has been done prior to sowing which was made of specific
proportion of desi cow dung, cow urine, Jaggry (Gur), pulse floor (besan) and fields soil.
Beejamrit (made of specific proportion of desi cow dung, cow urine, choona, soil and
water) treatment was applied to crop seed before sowing in LBNF plots and sown after
drying the seeds in shade. Jeevamrit (made of specific proportion of desi cow dung, cow
urine, Jaggry (Gur), pulse floor (besan), fields soil and water) was applied as spray in
rainfed crops and with the first irrigation in irrigated crop to the LBNF plots. Jeevamrut
was applied four times with eachirrigation/spray as per recommendation.

In the kharif2024 sowings of pigeon pea (GNP-2) crop was donein July 2024. According to
the treatment conventional and minimum tillage practices, Novel spray and RDF and
LBNF practices were followed. Various data for growth and yield parameter were
recorded, however this year due to heavy attack of wild animal like monkey, we were not
able to get final produce, seed yield. The highest number of pods per plant was recorded
in T2 (243.33), which was at par or significantly superior to T1 (234.33). The results clearly
indicate that RDF + CT + Novel Spray (T2) was the most effective treatment in improving
plant height, branching, and pod formation.

In the kharif 2024 cotton (GN. Cot-25) was grown as second kharif crop. The maximum
number of branches was recorded in T2 (32.47) followed by T1 (28.85) which was
significantly superior to all other treatments. Cotton yield varied significantly among
treatments. The highest yield was recorded in T2 (8.06 g/ha), which was significantly

Table 11.4 Performance of different crops under various treatments during 2024-25

Mustard Wheat
Pigeon pea (2024) Cotton (2024) (2024-25) (2024-25)

Treatments No. of No. of No. of Cotton Seed Grain

Branches pods per Branches Yield yield yield

per plant plant per plant (q/ha) (q/ha) (q/ha)

T1 RDF+CT+No spray 27.67 234.33 28.85 7.50 6.17 2243
T2 RDF+CT+Novel Spray 33.00 243.33 3247 8.06 6.72 24.08
T3 LBNF+CT+No spray 20.00 183.67 24.73 5.37 3.65 5.78
T4 LBNF+CT+Novel Spray 23.67 195.00 25.87 6.09 415 6.13
T5 LBNF+MT+No Spray 16.67 161.00 21.87 4.60 3.49 5.17
T6 LBNF+MT+Novel Spray 18.33 174.67 23.80 5.22 3.71 5.54
LSD 5.46 23.80 3.12 1.38 0.99 1.32




superior to all other treatments and followed by T1 (7.50 g/ha). The higher cotton yield
under RDF + CT + Novel Spray may be attributed to improved vegetative growth, greater
branching, and efficient partitioning of assimilates towards reproductive structures.
Cotton yield reduced up to 25 percent in LBNF treatment as compare to RDF treatments
(Table 11.4).

Rabi season mustard crop (salt tolerant Var. CS5-58) was sown in first week of December
2024 under different nutrient management treatments. The highest grain yield was
recorded in T2 (6.7 g/ha respectively), followed by T1. The rabi season experiment was
planned according to the treatments and salt tolerant wheat variety KRL 210 was sown
in first week of December 2024. The highest grain yield of wheat yield was recorded in
T2 (24.08 g/ha), followed by T1.

Enhancing farmers' livelihood through identified interventions in waterlogged
saline agroecosystems of Haryana. FARMER FIRST, ICAR {Rajkumar, Suresh Kumar,
Anil Kumar, Satyendra Kumar, Ashwani Kumar, Sohanvir Singh (NDRI)}

Impact of SSD (Sub Surface Drainage) installation on yield potential of salt tolerant
wheat variety (KRL-210) under water-logged saline soils

Sub-surface drainage (SSD) installation significantly enhanced the yield potential and
economic viability of salt-tolerant wheat varieties in waterlogged saline soils. Field
demonstrations conducted across 6 sites totaling 1.5 ha showcased the performance of
KRL 210 against the baseline variety HD 2967 (control). SSD reclamation alleviated dual
stresses of salinity and waterlogging, enabling better root aeration, nutrient uptake, and
photosynthetic efficiency, which translated into measurable agronomic and economic
gains. KRL 210 achieved an average grain yield of 56.25+2.1 g/ha under demo conditions
with SSD, representing a 9.22% increase over the control yield of 51.50+2.4 g/ha (t=2.45,
p<0.05). This yield uplift aligns with SSD's role in reducing soil redox potential and bulk
density, fostering an optimal rhizosphere for salt-tolerant genotypes. Economically, SSD-
amended plots yielded net returns of 388,785 ha for KRL 210, a 13.13% improvement
over78,483 ha' in controls. The benefit-cost (B:C) ratio rose from 1.70 to 1.93, indicating
robust profitability even under saline constraints.

Impact of SSD (Sub Surface Drainage) installation on yield potential of various Rice
varieties under water-logged saline soils

The installation of sub-surface drainage (SSD) in waterlogged saline soils significantly
improved the yield and economic returns of all tested rice varieties compared to the local
check, with PB 1692 showing the highest yields and PB 1121 giving the highest net return
and B:C ratio. Under SSD-reclaimed waterlogged saline soils, all improved varieties out
yielded the local check, with demo yields ranging from 50.20 to 57.20 g/ha compared to
42.50 g/ha in the local variety. PB 1692 recorded the highest grain yield (57.20 g/ha),
followed by PB 1509 (56.30 g/ha), while PB 1121 had the lowest yield among the

Table 11.5Yield and economic performance of KRL-210 Wheat variety under reclaimed waterlogged saline soils

Yield (gq/ha Net return (R g i
Demonstrated | Demos | Area = (q | ) urn ) B:C ratio
variety (No.) (ha) ontro 0 0
Demo (HD 2967) % A | Demos | Control % A Demos | Control
KRL 210 6 1.5 56.25 51.50 9.22 88785 78483 13.13 1.93 1.70

Note: Values are means + SE; Statistical significance: yield (p < 0.05), net retur ns (p < 0.01).
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Table 11.6 Yield and economic performance of rice varietal trial under reclaimed waterlogged saline soils

% in vield Financial viability indicator
Variety Yield (q/ha) oincreasein yie Net return .
over local BC Ratio
(Rs./ha)
Demo Local Demo Local Demo | Local
PB 1718 53.50 42.50 25.88 155772 113972 3.28 240
PB 1692 57.20 34.58 146952 3.09
PB 1121 50.20 18.12 163312 3.44
PB 1509 56.30 3247 143892 3.03

*Average Market selling price of different Paddy varieties: PB 1121 (Rs. 4200/-); PB 1718 (Rs. 3800/-); PB 1692 (Rs. 3400/-); PB 1509 (Rs. 3400/)

improved varieties (50.20 g/ha). Compared to the local variety (42.50 g/ha), the yield
increase in the demo plots varied from 18.12 % (PB 1121) to 34.58 % (PB 1692), indicating
that SSD not only improved drainage but also enhanced the yield potential of
high-yielding rice varieties in these problem soils. Economically, all improved varieties
showed higher net returns and better benefit-cost (B:C) ratios than the local check (net
return: %1,13,972/ha; B:C ratio: 2.40). PB 1121 gave the highest net return (21,63,312/ha;
B:Cratio 3.44), followed by PB 1718 (:1,55,772/ha; B:C 3.28). PB 1692 and PB 1509, though
slightly lower in net return than PB 1718, still performed well with a B:C ratio of 3.28 and
3.03, respectively; confirming that SSD-based reclamation makes these high-yielding
varieties more profitable under waterlogged saline conditions. The results clearly show
thatSSDinstallation in waterlogged saline soils not only improves drainage and root zone
aeration but also substantially enhances the yield and profitability of modern rice
varieties over the local check. Among the tested varieties, PB 1121 emerged as the most
remunerative option, while PB 1692 were the highest yielding, making them suitable for
cultivationin SSD-reclaimed saline waterlogged areas.

Development of sustainable production system for the date palm in salt affected
soils of Haryana funded by RKVY-RAFTAAR (Rajkumar (Hort.), Ashwani Kumar, Suresh
KumarandR.K.Yadav)

The effects of sodicity and salinity stress on various morphological and physiological
parameters of date palm were evaluated. The experiment included a control treatment
(T,, pH 7.65) and eight stress treatments: four salinity levels (T,: ECe 9.6 dS/m; T,: ECe 13.1
dS/m;T,:ECe 16.9 dS/m;T,: ECe 18.5 dS/m) and four salinity levels (T,: pH 8.38; T,: pH 8.62;
Tg: pH 9.12; T,: pH 9.54). Data were analyzed for statistical significance using the critical
difference (CD) at p < 0.05. The results are presented in Table 1, and key findings are
detailed below, categorized by parameter for clarity. The experimental results
demonstrate a clear gradient of declining growth and physiological performance in date
palm plants with increasing sodicity and salinity stress relative to the non-stressed control
(T1, pH 7.65), with most differences exceeding critical differences (CD at p<0.05) to
confirm statistical significance.

Vegetative Growth Traits

The growth parameters of the plants, including plant height, stem diameter, leaf length,
leaf width, number of thorns, thorn-to-thorn distance, and thorn length, exhibited
significant declines under both sodicity and salinity stresses at their maximum levels
compared to the control (T,). At the highest salinity level (T,, EC 18.5 dS/m), plant height
significantly decreased from 139.17 cm in the control to 104.50 cm (24.9% reduction; p<



Table 11.7 Vegetative growth parameters under soil sodicity and salinity

Treatment Plant Diameter| Leaf Leaf No. TtoT Thorn
height (mm) length width of distance length
(cm) (cm) (cm) thorns (cm) (cm)
Control pH=7.65 (T1) 139.17 83.15 30.78 2.79 7 6.97 243
Salinity level| ECe==9.6dS/m (T2) | 135.17 83.72 29.98 2.28 6.67 6.64 2.31
ECe=~=13.1dS/m (T3) | 129.67 78.26 29.38 2.18 6.5 5.98 2.21
ECe=16.9dS/m (T4)| 126.17 753 29.2 2.14 6.17 5.36 2.05
ECe~=18.5dS/m (T5)| 104.5 67.82 25.82 2.04 5.5 4.49 1.93
Sodicity
level pH==8.38 (T6) 121.5 78.46 28.28 2.07 5.5 4,62 1.98
pH= 8.62 (T7) 114.67 73.23 24.52 2.00 5.17 4.46 1.85
pH==9.12 (T8) 107.5 70.88 23.34 1.94 5 4.29 1.76
pH==9.54 (T9) 102 68.06 22.12 1.83 4.67 4.05 1.62
CD (p<0.05) 15.999 N/A 3.283 0.303 1.038 1.211 0.063

0.05), stem diameter reduced from 83.15 mm to 67.82 mm (18.4% reduction), leaf length
from 30.78 cm to 25.82 cm (16.1% reduction), leaf width from 2.79 cm to 2.04 cm (26.9%
reduction), number of thorns from 7 to 5.50, thorn-to-thorn distance from 6.97 cm to 4.49
cm (35.6% reduction), and thorn length from 2.43 cm to 1.93 cm (20.6% reduction).
Similarly, at the highest sodicity level (T,, pH 9.54), reductions were generally more
pronounced: plant height to 102.00 cm (26.7% reduction), stem diameter to 68.06 mm
(18.1%reduction), leaf length to0 22.12 cm (28.1% reduction), leaf width to 1.83 cm (34.4%
reduction), number of thorns to 4.67, thorn-to-thorn distance to 4.05 cm (41.9%
reduction), and thorn length to 1.62 cm (33.3% reduction). These significant reductions at
maximum stress levels highlight that sodicity imposed greater adverse effects on
structural development and defensive traits than salinity, likely due to combined osmotic
and specificion toxicity.

Physiological Traits

Physiological parameters, including photosynthetic rate, stomatal conductance, and
transpiration rate, were significantly impaired at the maximum levels of sodicity and
salinity compared to the control (T,). At the highest salinity (T5, ECX18.5 dS/m),
photosynthetic rate decreased from 5.26 umol/m”/s in the control to 4.89 pymol/m’/s
(7.0% reduction; p< 0.05), stomatal conductance from 1.12 mol/m’/s to 0.87 mol/m’/s
(22.3% reduction), and transpiration rate from 1.59 mmol/m?*/s to 1.21 mmol/m®/s (23.9%
reduction). At the highest sodicity level (T9, pH 9.54), the declines were more severe:
photosynthetic rate to 4.67 umol/m’/s (11.2% reduction), stomatal conductance to 0.74
mol/m?/s (33.9% reduction), and transpiration rate to 0.91 mmol/m?*/s (42.8% reduction).
All differences at maximum stress levels were statistically significant (p<0.05), indicating
that sodicity caused greater disruption to gas exchange and water relations, primarily
through enhanced stomatal closure and reduced CO, assimilation, compared to the
relatively milder effects of severe salinity. Both sodicity and salinity stresses led to
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Table 11.8 Physiological traits parameters under soil salinity and sodicity

Treatment Photosynthetic Stomatal conductance Transpiration rate
rate (mol/m’/s) (mmol/m’/s)
(umol/m?/s)
Control pH=7.65 (T1) 5.26 1.12 1.59
Salinity level| ECe==9.6 dS/m (T2) 5.18 1.07 1.49
ECe=13.1dS/m (T3) 5.1 0.99 1.41
ECe=16.9 dS/m (T4) 5.02 0.91 1.33
ECe=18.5dS/m (T5) 4.89 0.87 1.21
Sodicitylevel| pH==8.38 (T6) 5.01 0.93 1.16
pH=8.62 (T7) 4.93 0.86 1.07
pH=9.12 (T8) 4.79 0.82 0.99
pH==9.54 (T9) 4.67 0.74 0.91
0.061 0.057

ICAR-CSSRI Karnal (Sodicity)

significant deteriorations in plant morphology and physiology, with sodicity generally
causing more severe impacts at equivalent stress intensities. The most affected
parameters were those related to water relations (e.g., transpiration, stomatal

ICAR IIWBR Experimental Farm, Hisar (Salinity)

conductance) and structural development (e.g., height, leaf dimensions, thorns).
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Training and Capacity Building

Name and Subject/Training Program Place/Organizer Duration/Period
LokeshKumar BM Hands-on training session on “BIOFLOW: Biometrical Genetic Workflow”by  |ICRISAT Campus, 30 Apr 2025

IRRI, South Asia-Hub, Hyderabad Hyderabad
Devika S. Three-month FOCARS Training as part of the NAARM Training ICAR-NAARM, Hyderabad |07 Jul - 16 Oct, 2025
Sonali Mallick 21 day online training programme on ‘Advanced Statistical and Machine ICAR-NIASM, Baramati 16 Jul - 05 Aug, 2025

Learning Techniques for Data Analysis using Open Source Software for

Abiotic Stress Management in Agriculture
LokeshKumar BM Short training program on “Fundamentals of Genomic Predictions and Data- |ICAR-IIRR, Hyderabad 24 Nov - 28 Nov 2025

driven Crop Breeding” conducted by International Rice Research Institute,

Philippines

° ° o
Deputation of Scientists Abroad

Name and Subject/Training Program Place/Organizer Duration/Period
Anita Mann Short-Term International Training in Genome Editing funded by ICAR CIMMYT, Mexico 31 Mar - 27 Jun, 2025
Ajay Bhardwaj Training on “Confirmation of Leymus racemosus chromosome N short arm in | JIRCAS, Japan 24 May - 01 Jun, 2025

BNI-enabled wheat by Genomic in Situ-Hybridization” (Funding agency: JICA)

Training and Capacity Building
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Awards and Recognitions

Dr. S.K. Sanwal, Pr. Scientist & Head, Division of Crop Improvement conferred Fellow of
Indian Academy of Horticultural Sciences-2025 in the field of Horticulture (Vegetable
Science) and Fellow of Indian Society of Soil Salinity and Water Quality-2023-24.

Dr. Kailash Prajapat-Awarded Young Scientist Award by Indian Society of Soil Salinity and
Water Quality, Karnal in International Salinity Conference 3.0 (WE-CARE-2025) held during
29th October-1st November 2025 at ICAR-Central Coastal Agricultural Research Institute,
Old Goa, Goa, India.

Ajay Bhardwaj - Fellow, National Academy of Agricultural Sciences (NAAS), India, 2025 and
Fellow, Society for Advancement of Wheat and Barley Research (SAWBAR; Indian Institute
of Wheat & barley Research), 2025.

Dr. Sanjay Arora - Conferred CSSRI Excellence Award for outstanding contribution in
management of salt affected soils on March 12,2025 at ICAR-CSSRI, Karnal.

Dr.Sanjay Arora- Awarded Fellowship of British Ecological Society on December 2,2025.

Dr. Kailash Prajapat awarded with Best Oral Presentation for paper entitled “Quinoa for
high saline environments: Evaluation of salinity tolerance and agronomic practices” in
International Salinity Conference 3.0 (WE-CARE-2025): Worldwide Efforts on Cutting-
Edge Approaches for Restoring Saline Ecosystems during 29th October-1st November
2025 held atICAR-Central Coastal Agricultural Research Institute, Old Goa, Goa, India.

Dr. Suresh Kumar awarded with Best Oral Presentation for research paper entitled “where
there will, there-a-way: Economic impact and overcoming barriers in reclaiming salt-
affected soils by in International Salinity Conference 3.0 (WE-CARE-2025): Worldwide
Efforts on Cutting-Edge Approaches for Restoring Saline Ecosystems during 29th
October-1st November 2025 held at ICAR-Central Coastal Agricultural Research Institute,
Old Goa, Goa, India.

Dr. Rajkumar awarded with best oral presentation award in International Conference on
Technology Innovations & Sustainable Development of Date Palm-2025 (ICDP-2025)
International Conference on Date Palm-2025,29-30June, 2025 at Bhuj, Gujarat.

Dr. Rajkumar awarded with Certificate of Excellence in Reviewing by the Journal of
Advancesin Biology & Biotechnology in recognition of an outstanding contribution to the
quality of the journal on 28.02.2025.

Dr. Rajkumar awarded with Certificate of Excellence in Reviewing by the Journal of
Scientific Research and Reports in recognition of an outstanding contribution to the
quality of the journal on 04.06.2025.

Best Oral Presentation award: Kumar, J., Narjary, B., Vibhute, S., and Kumar, S. (2025).
Performance Assessment of Soil Moisture Sensors under Saline Environment.
International Salinity Conference 3.0 on “WE-CARE-2025: Worldwide Efforts on Cutting-
Edge Approaches for Restoring Saline Ecosystems,” ICAR-Central Coastal Agricultural
Research Institute, Ela, Old Goa, Goa, 29 October-1 November 2025, p. 121.

Dr R. H. Rizvi Granted copyright for “Agroforestry Area Estimate Map of India” by Registrar
of Copyright, Govt. of India for work on “Area under Agroforestry in India (State Wise)” on
19th Sept.2025.

Dr. Sanjay Arora - Received Best Poster Presentation Award”for paper entitled“Isolation of
Plant Growth Promoting Rhizobacteria from salt affected soil of Uttar Pradesh, India”
during 13th International Science Congress, Dr RML University, Ayodhya, December 8-9,
2025.

Awards and Recognitions
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Dr. Sanjay Arora - Best Research Paper Award”for the article entitled “On-farm assessment
of Halophilic Microbial Bio-formulation on Productivity of Mustard crop in sodic soils of
Indo-Gangetic Plains” during the ISSSWQ International Salinity Conference 3.0 on 29th
October2025 held at CCARI, Goa.

Dr Sanjay Arora has been was elected as Chief Editor, Journal of Soil and Water
Conservation, India (2016- till date) [NAAS:5.51]

Dr Sanjay Arora has been was nominated expert for development of the National
Agriculture Code (NAC) Sectional Committee of India on “Soil health management”and
“Plant health management”by Bureau of Indian Standards, New Delhi.

Dr Sanjay Arora has been chaired a technical session in the 33rd National Conference on
Soil, Water and Energy Management for Sustainable Agriculture and Livelihood Security
organized by SCSlat PAU, Ludhiana during December 8-10, 2025.

Anushandan National Research Foundation — International travel support by department
of science and technology, Government of India for visiting Wageningen university and
Research, The Netherlands from-6 sept, 2025 to Amresh Chaudhary

Best oral presentation award for presenting paper on “Digital mapping of salt-affected
soils of Uttar Pradesh in India at the International Salinity Conference 3.0 on WE-CARE:
worldwide efforts on cutting edge approaches for restoring saline ecossytems. Amresh
Chaudhary

NESA Eminent Scientist (2025) by National Environmental Science Academy, New Delhi,
India to Fagodiya, R.K.

Young Scientist Award (2023) of Farming System Research and Development Association
by FSRDA, Modipuram, India to Fagodiya, R.K.

Ram Kishor Fagodiya*, Kailash Prajapat, Priyanka Chandra, Gargi Sharma, A. K. Rai, R. K.
Yadav (2025). Partial Conservation Agriculture in Reclaimed Sodic Land: Ecosystem
Service Gains and Trade-offs in the Rice-Wheat System, 33rd National Conference “Land
and Water Management for Ecological Restoration and Agricultural Sustainability”held at
Punjab Agricultural University, Ludhiana during 8-10 December, 2025 (Best oral
presentation award)

Ram Kishor Fagodiya*, Kailash Prajapat, Priyanka Chandra, Kamlesh Verma, Gargi Sharma,
A.K.Rai, R.K.Yadav (2025). Ecosystem Service Gains from Partial Conservation Agriculture
in Rice-Wheat System, in International Salinity Conference 3.0 “WE-CARE-2025:
“Worldwide Efforts on Cutting-Edge Approaches for Restoring Saline ecosystems”held at
ICAR - Central Coastal Agricultural Research Institute, Goa during 28 October - 1
November, 2025 (Best oral presentation award)

Ram Kishor Fagodiya*, Kamlesh Verma, Gargi Sharma, Kailash Prajapat, Priyanka Chandra,
A. K. Rai, R. K. Yadav (2025). Greenhouse gases mitigation and carbon sequestration
potential of rice-wheat system: An impact of long-term tillage and residue management
experiment (LT&RE) in 1st International Farming Systems Conference (IFSC 2025)
“Transforming Food, Land and Water Systems under Global Climate Change”held at ICAR-
Indian Institute of Farming System Research, Modipuram during 7-9th March, 2025 (Best
oral presentation award)

Rakesh Banyal was received best oral presentation award in International Salinity
Conference (WE-CARE) at ICAR-CCARI, Goa by ISSS&WQ, Karnal Haryana

Ajay Bhardwaj - Served as Chief Editor of the Journal of Natural Resources Conservation
and Management, (ANRCM; http://anrcm.org).

Ajay Bhardwaj - Served as Associate Editor in Scientific Reports (Nature), Journal of Cereal
Research & journal 'Ecological Processes' (Springer-Nature).



Ajay Bhardwaj - Served as Editorial Board Member in the journal 'Frontiers in Plant
Science) 'Frontiersin Soil Science'& 'Frontiersin Environmental Science'.

Awtar Singh received Best oral presentation award in 33rd National Conference on Land
and Water Management for Ecological Restoration and Agricultural Sustainability”held at
PAU, Ludhianafrom 8-10 December 2025.

Priyanka Chandra received Best Oral presentation entitled Fungal P-solubilizers improves
growth and P nutrition of sorghum at variable salinity levels” in the Xth International
Conference at MPUAT, Udaipur, Rajasthan, India.

Dr.Uttam Kumar Mandal has been awarded the Best Poster Presentation for the Poster
entitled 'Village-scale assessment of environmental hazards in the Ganges Delta of the
Indian Sundarbans' Co-authored by Ghosh, A., Burman, D., Mallick, S., Lama, T.D., Bhutia,
R.N.,Raut, S., Mahanta, K.K.,and Bhardwaj, A.K. at the International Salinity Conference 3.0.
WE-CARE-2025: Worldwide Efforts on Cutting-Edge Approaches for Restoring Saline
Ecosystems. held at ICAR-Central Coastal Agricultural Research Institute, Old Goa, Goa
Indiaon 29 Octoberto 01 November, 2025.

Dr.S. Mallick received Best Oral Presentation Award for the paper 'Performance Analysis of
Rice-Fallow Systems in the Indian Ganges Delta: Economic, Energy, and Environmental
Perspectives' Co-authored by., Burman, D., Mandal, U.K., Kumar, S., Mahanta, K. K., Lama, T.
D., Bhutia, R. N., Digar, S., Monjardino, M., & Mainuddin, M. 2025 in International Salinity
Conference 3.0 WE-CARE-2025: Worldwide Efforts on Cutting-Edge Approaches for
Restoring Saline Ecosystems jointly organised by Indian Society of Soil Salinity and Water
Quality (ISSSWQ), Karnal and also in collaboration with Association for Coastal
Agricultural Research (ACAR), Old Goa during October 29-November 1,2025.

Dr.S.Mallick received Best oral presentation Award for the paper 'Efficiency of Cropping
System Intensification in the Salt-Affected Coastal Zones of the Indian Ganges delta' co-
authored by Burman, D., Mandal, U. K., Kumar, S., Mahanta, K. K., Lama, T. D., Digar, S.,
Bhutia, R. N., Digar, S., Burman, R. R., Monjardino, M., & Mainuddin, M. 2025 in Second
International Extension Education Congress jointly organised by society of extension
education S'O'A Bhubaneswar and CUO. Koraput, Odisha on “rethinking social ecology in
adigital landscape during November 24-26, 2025.

Dr.S.Mallick Received Young Scientist Award in Second International Extension Education
Congress jointly organised by society of extension education S'O'A Bhubaneswar and
CUO. Koraput, Odisha on “rethinking social ecology in a digital landscape during
November 24-26,2025.

Dr. Devika. S. received Best oral presentation Award for the paper “Physiological and
Morphological Mechanisms of Salinity Adaptation in Coastal Rice Genotypes” Co-
authored by D. Burman, U.K. Mandal, T. D. Lama, N. R. Prakash, Lokesh B.M, KT.Ravikiran
and S. Mallick in International Salinity Conference 3.0 WE-CARE-2025: Worldwide Efforts
on Cutting-Edge Approaches for Restoring Saline Ecosystems jointly organised by Indian
Society of Soil Salinity and Water Quality (ISSSWQ), Karnal and also in collaboration with
Association for Coastal Agricultural Research (ACAR), Old Goa during October 29-
November 1,2025.
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Linkages and Collaborations

International Collaboration

e Collaborative research with IRRI, Philippines, on advanced rice cultivation and salt
tolerance.

e Joint projects with ICAR-CCAFS on climate-smartagriculturein South Asia.

« Partnership with JIRCAS, Japan, on sustainable resource management in water-
stressed regions.

¢ Research with CIMMYT, Mexico, on improving nitrogen use efficiency using urease
inhibitors.

+ Collaboration with CSIRO, Murdoch University (Australia), and Bangladeshi institutes
on cropping systemintensification in coastal zones.

« Joint work with SAARC Agriculture Centre on cropping system modeling for food
security.

¢ Academicexchange with Cairo University, Egypt, under the CV Raman Fellowship.

 Partnership with the National University of Singapore for wastewater remediation
studies.

e Programwith IRRI, Philippines, on breeding stress-tolerantrice varieties.
« Collaboration with IWMI, SriLanka, on water management.
e Research partnership with INIFTA, Argentina.

¢ HIROS project with DST-NWO onrriver rejuvenation and water balance modeling.

National Collaborations

ICAR-CSSRI has established academic collaborations with several prestigious
institutions, including the Institute of Environmental Studies at Kurukshetra University,
the Department of Biotechnology at Maharishi Markandeshwar University in Mullana,
Deenbandhu Chhotu Ram University of Science & Technology in Murthal, and ICAR-NDRI,
Karnal. These partnerships focus on postgraduate teaching and research. Further
academic linkages exist with CCSHAU, Hisar; Banasthali Vidyapeeth, Rajasthan; BBAU,
Lucknow; Bidhan Chandra Krishi Viswavidyalaya, Kalyani; Jaipur National University,
Rajasthan;and Punjabi University, Patiala.

In addition, Institute has collaborations with various agricultural universities and
research centers to support multi-location trials and capacity building. Notable partners
include Anand Agricultural University (Anand), Junagadh Agricultural University
(Junagadh), Navsari Agricultural University (Navsari), College of Agriculture (Bharuch),
Cotton Research Stations (Bharuch and Surat), and Kerala Agricultural University
(Trivandrum). Institute work closely with Krishi Vigyan Kendras across multiple districts,
such as Chaswad, Dediapada, Surat, Dhoura, Unnao, Kaushambi, Pratapgarh, Sitapur,
Auraiya,and Bhadohi.

ICAR-CSSRI have collaborations with various ICAR institutes which form a significant part
of our research network. These include the ICAR-IIWBR (Karnal), CISR (Nagpur), CIFE
(Mumbai), CIFA (Kolkata), CISH (Lucknow), ISR (Lucknow), IWM (Bhubaneswar),
NBSS&LUP (Nagpur) and NCIPM (New Delhi).

@
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Institutes's involvement in national-level research projects includes the All India
Coordinated Cotton Improvement Project (Coimbatore), the AMAAS project on
application of micro-organisms in agriculture (ICAR funded), and enhancing nutrient use
efficiency using nano-fertilizer in rice-wheat systems under salt stress with IFFCO,
Chandigarh. Institute also collborate in coastal salinity tolerant varietal trials (CSTVT),
national salinity and alkalinity screening nursery (NSASN) with [IRR Hyderabad, and
multi-locational evaluation of bread wheat germplasm with NBPGR, New Delhi.

ICAR-CSSRI maintain strong linkages with several government departments and
agencies, such as the Departments of Agriculture of Haryana, West Bengal, and Uttar
Pradesh; Department of Science and Technology, Government of India; Department of
Soil Conservation, Government of West Bengal; Haryana State Forest Department; and
the Water Conservation Department, Directorate of Irrigation Research & Development
(Pune).

Institutes's collaborations also extended to prominent scientific and remote sensing
institutions, including IIT Kanpur, the Indian National Academy of Engineering (INAE),
Regional Remote Sensing Centre (East, Kolkata), National Remote Sensing Centre (NRSC,
Hyderabad), State Remote Sensing Application Centres (Lucknow). We also work with the
NCP, IGBP, lIRS,and NRSA under the Department of Space.

Institute have partnered with leading industry players and NGOs such as Reliance
Industries Ltd.,, MAHYCO, Monsanto India Ltd., Gujarat Narmada Valley Fertilizer
Company Ltd. (Bharuch), Rex Polyextrusion Pvt. Ltd. (Sangli), Astal Poly Technik Ltd.
(Ahmedabad), Subham Seeds (Hyderabad), NTPC Ltd (New Delhi) FAGMIL (Jodhpur),
ATAPI Seva Foundation (Jambusar), PRASARI (West Bengal), Tagore Society for Rural
Development (West Bengal), VIKAS-NGO (Ahmedabad), Fodazione L'Albero della Vita
(Kolkata), and NTPC Ltd. (New Delhi). These collaborations focus on technology transfer,
outscalinginnovations, and supporting large-scale agricultural projects.

Several partnerships of the institutes support specific research, demonstration, and
technology transfer projects. These include technical guidance and monitoring for
subsurface drainage projects in Haryana, promotion of SSD technology in Maharashtra,
and strategies for sustainable management of degraded coastal lands with RAKVK (West
Bengal), CIBA (Chennai), CARI (Port Blair), and BCKV (West Bengal). We also collaborate
with ROCL Jaipur and the Horticulture Department of J&K for evaluating salt tolerance in
olivegermplasm.

Instituttes's network further includes national funding agencies such as NABARD
(Mumbai and Chandigarh) and the U.P. Council of Agricultural Research (UPCAR,
Lucknow), and World Wide Fund (WWF), reflecting Institute's wide-ranging commitment
toadvancingagricultural research and development through collaborative efforts.
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Kulshreshtha and R K Yadav (2025)
Economic Impact of Salt-tolerant
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Wheat Varieties. Policy brief #72,
ICAR - National Institute of
Agricultural Economics and Policy
Research, 4pp.

Tomar, J. M. S., Barh, A., Kumar, R,
Singh, D., Singh, R., Jinger, D.,
Singh, R., Kaushal, R., Dobhal, S., &
Madhu, M. (2025). Long-term
ecological recovery of a minespoil
watershed: Hydrological, vege-
tation, and carbon stock assess-
ment. Ecological Engineering, 224,
107883. https://doi.org/10.1016
/j.ecoleng.2025.107883

Tomar, S.P.Rao, P.S., Singh, S.K,, Singh,
S.K.,, Arora, Sanjay, Habib, K. and
Siddiqui, S. (2025) Effect of
Halophilic Bio-formulations on Soil
Fertility and Productivity of Salt
Tolerant Variety of Paddy in Sitapur
District. Indian Journal of
Agricultural Research 1,7

Vadithya, A. S., Bindra, S., Sharma, N.,
Sanwal, S. K., PS, S., Singh, I,
Bharadwaj, C., & Singh, M. 2025.
Multi-model statistical approaches
for assessing the stability of Cicer
interspecific derivatives in the
trans and upper gangetic regions
of India. Scientific Reports, 15,
22230.

Vanitha S. M., Suresh Kumar, Rajni Jain,
Dinesh Chand Meena, Pradeep
Dogra, Ashok Kumar, Ravi Dupdal,
Abimanyu Jhajhria, Hombegowda

H. C., Gaurav Singh, Sundarambal
P, Indu Rawat, Dubey R.K., Yadav R.
S., Rajesh Bishnoi, Mukesh Kumar
Meena, Ramajayam D.,
Somasundaram J. Muruganandam
M. and Madhu M., 2025. Economic
Impact of Watershed Manage-
ment: Insights and Policy Impli-
cations. Policy Paper No. 3, ICAR-
Indian Institute of Soil and Water
Conservation, 218, Kaulagarh
Road, Dehradun- 248195, UK,
Pp.72.1SBN:978-93-94687-37-0

Verma K., Kumar A., Kumar R.,
Bhardwaj A.K., Fagodiya R.K.,
Sharma P. (2025) Influence of host
plant selection on salinity tole-
rance and antioxidative defence in
Sandalwood (Santalum album L.).
Environmental Challenges, 101206

Vibhute, S. D., Sarangi, A, Singh, D. K.,
Bandyopadhyay, K. K., Kumar, D., &
Kumar, J. (2025). Simulation of rice
yield under different cultivation
methods and irrigation regimes
using DSSAT model. Journal of
Agricultural Engineering, 62(3),
124-136.

Wakchaure, G.C., Minhas, P.S., Biswas,
A.K., Meena, K.K., Pradhan, A.,
Gawhale, B.J., Choudhary, R.L,,
Kumar, S., Fagodiya, RK. Reddy,
K.S. and Pathak, H. (2025).
Assessment of gains in produc-
tivity and water-energy-carbon
nexus with tillage, trash retention

and fertigation practices in drip
irrigated sugarcane. Renewable
and Sustainable Energy Reviews,
211,115294.

Yadav, Rajpaul; Anuj; Rani, Sarita;
Ramprakash; Kumar, Sanjay and
Kumar, Pankaj. (2025). Ground
water quality assessment,
characterization and mapping for
Dadri-1 block of Charkhi Dadri
district for irrigation purpose.
Journal of Plant Development
Sciences.17(12):467-473.

Yadav, S., Kumar, K., Kumar, S., Arora,
Sanjay, Singh, V., Singh, V., Kumar,
Y., Yadav, K. K. and Shukla, J. (2025)
Harnessing conservation and
nutrient management practices to
enhance water use efficiency and
soil moisture estimation in finger
millet (E. coracana L.) under the
central plain zone of Uttar Pradesh.
International Journal of Research
in Agronomy 8(11):355-359.

Yadav, S., Kumar, K., Kumar, S., Arora,
Sanjay, Singh, V., Singh, V., Kumar,
Y., Yadav, K. K., Shukla, J. and Yadav,
A. K. (2025) Mechanistic Eluci-
dation of Protein Enrichment
under Conservation Practices and
Advanced Nutrient Management
Regimes in Finger Mil let (Eleusine
coracana L.). Progressive Research:
An International Journal 20 (S-1):
396-399



Conference/Seminar/Symposia/Workshop papers

Anil R. Chinchmalatpure (2025)
Coastal Saline Soils of Gujarat :
Current Status, reclamation mea-
sures and improved management
strategies to restore productivity.
Presented during 14th National
Symposium on Coastal Agricul-
ture: Harnessing Fragile Coastal
Ecosystem for Food and Environ-
mental Security from February
28th to March 3rd 2025 at ICAR-
CRIJAF, Barrackpore, West Bengal

Anil R. Chinchmalatpure, Sagar
Vibhute, Monika Shukla, Satyen-
dra Kumar and R.K. Yadav (2025)
Appraisal of Salinity Status in Black
Soils of the Malarpura Farm of
Sabarmati Ashram Gaushala for
Sustained Production. In Abstract
of: International Salinity Confere-
nce 3.0 on "WE-CARE-2025: World-
wide Efforts on Cutting-Edge
Approaches for Restoring Saline
Ecosystems’ Organized at: ICAR-
Central Coastal Agricultural Rese-
arch Institute, Old Goa, Goa India
from 29th Oct- 1stNov 2025

Anil R. Chinchmalatpure, Sagar
Vibhute, Shrvan Kumar, B. Gorain,
Vineeth TV and AK Mandal (2025)
Characterization and mapping of
salt affected soils in different
regions of Gujarat: revisiting the
extent and probable causes for
change. International Salinity
Conference 3.0 WE-CARE-2025:
Worldwide Efforts on Cutting-
Edge Approaches for Restoring
Saline Ecosystems from Oct 29th
toNov 1st2025 atICAR CCARI, Goa

Ashwani Kumar, Sharma A, Kaushik S
and Kumar R. 2025. Temporal
changes in morpho-physiology of

sandalwood and gene expression
analysis under water deficit and
salinity stress. In: XVII Agricultural
Science Congress organized dur-
ing February 20-22, 2025 at
GBPUA&T, Pantnagar

Ashwani Kumar, Sharma A, Verma K,
Kaushik S, Dahiya A, Banyal R and
Kumar R. 2025. Preferential host
selection based on physico-
biochemical traits and gene
expression profiling in sandal-
wood underwater and salt stress.
In: International Salinity Confere-
nce 3.0 on WE-CARE-2025: World-
wide Efforts on Cutting Edge
Approaches for Restoring Saline
Ecosystems at ICAR — CCARI, Goa
during 29th Octto 01st Nov, 2025

Bisweswar Gorain, Anil R. Chinch-
malatpure, Shrvan Kumar and
Sagar Vibhute. Effect of crop
residues and their incorporation
methods on crack management
and yield in pigeon pea-wheat
cropping system in saline Vertisols
of Gujarat. In Abstract of: Inter-
national Salinity Conference 3.0
on 'WE-CARE-2025: Worldwide
Efforts on Cutting-Edge Appro-
aches for Restoring Saline Eco-
systems’ Organized at: ICAR-
Central Coastal Agricultural
Research Institute, Old Goa, Goa
Indiafrom 29th Oct- 1st Nov 2025

Bundela DS, Krishan Kanahiya , Wim
Bastiaanssen , Bas Mohrmann ,
Singh Awtar, Yadav, R.K., Sharad K.
Jain and D. Nagesh Kumar (2025).
Application of Irriwatch tool for
real-time monitoring of sugarcane
crop health at farmer’s fields using
satellite thermal remote sensing,

@

modelling and mobile app for
yield enhancement. Book of
Abstracts of the International
Salinity Conference 3.0 (WE-CARE-
2025) on “Worldwide Efforts on
Cutting-Edge Approaches for
Restoring Saline Ecosystems held
at ICAR-CCARI, Goa during 29 Oct-
1Nov2025,pp 10-11

Choudhary, N., Kumar, S., Malik, D.P,
and Kumar, J. (2025). Micro-
Irrigation and Solar Power:
Unlocking India’s Agricultural
Potential. International Salinity
Conference 3.0 on “WE-CARE-
2025: Worldwide Efforts on
Cutting-Edge Approaches for
Restoring Saline Ecosystems,”
ICAR-Central Coastal Agricultural
Research Institute, Ela, Old Goa,
Goa, 29 October-1 November
2025,p.112.

David Camus D, Thakur N.S., Patel D.P,
Gunaga R. P, Chauhan R. S. and
Garde Y. A. Assessment of Salinity
Tolerance in Melia dubia
Progenies from Selected
Candidate Plus Trees. In Abstract
of: International Salinity
Conference 3.0 on ‘"WE-CARE-
2025: Worldwide Efforts on
Cutting-Edge Approaches for
Restoring Saline Ecosystems’
Organized at: ICAR-Central
Coastal Agricultural Research
Institute, Old Goa, Goa India from
29th October - 1st November
2025.

Devika. S, D. Burman ,U. K. Mandal , T.
D.Lama, N.R.Prakash, Lokesh B.M,
KT. Ravikiran, S. Mallick Physio-
logical and Morphological Mecha-
nisms of Salinity Adaptation in
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Coastal Rice Genotypes (2025). In
International Salinity Conference
3.0 WE-CARE-2025: Worldwide
Efforts on Cutting-Edge Appro-
aches for Restoring Saline Eco-
systems jointly organised by
Indian Society of Soil Salinity and
Water Quality (ISSSWQ), Karnal
and also in collaboration with
Association for Coastal Agri-
cultural Research (ACAR), Old Goa
during Oct 29-Nov 01,2025

Dixit AK and Choudhary M (2025).

Inclusion of perennial legumes as
hedge row in existing cropping
systems for assured fodder pro-
duction under rainfed condition
of Bundelkhand. In: International
Salinity Conference 3.0 WE-CARE-
2025: Worldwide Efforts on Cut-
ting- Edge Approaches for Res-
toring Saline Ecosystems during
Oct 29th to Nov 1st, 2025 at ICAR -
Central Coastal Agricultural Rese-
archlnstitute, Goa

Dixit AK, Palsaniya DR, Prasad M, Rai

AK, Das SK, Singh HV and
Srivastava MK. (2025). Long term
nutrient management in guinea
grass + (cowpea-berseem) crop-
ping system for sustainable qua-
lity fodder production, enhanced
farm income and improved soil
health under semi arid tropics of
India. In: Sixth International Agro-
nomy Congress on Re-envisioning
Agronomy for Smart Agri-food
Systems and Environmental
Stewardship during November
24-26,2025 at New Delhi, India

Javed, Ravikiran KT, Vimal SC, Neeraj

Kulshreshtha, Arvind Kumar,
Ashwani Kumar, Monika Shukla,
Shambhoo Prasad, Vinod Kumar
Singh, and Vikram Jeet Singh
(2025) Assessment of Genetic

Variability for Sodicity Tolerance in
Wheat. In Abstract of: Inter-
national Salinity Conference 3.0
on ‘WE-CARE-2025: Worldwide
Efforts on Cutting-Edge App-
roaches for Restoring Saline Eco-
systems’ Organized at: ICAR-Cen-
tral Coastal Agricultural Research
Institute, Goa India from 29th Oct -
1stNov 2025

Kumar, J., Narjary, B., Vibhute, S., and
Kumar, S. (2025). Performance
Assessment of Soil Moisture
Sensors under Saline Environ-
ment. International Salinity
Conference 3.0 on “WE-CARE-
2025: Worldwide Efforts on
Cutting-Edge Approaches for
Restoring Saline Ecosystems,”
ICAR-Central Coastal Agricultural
Research Institute, Ela, Old Goa,
Goa,290ct-1Nov 2025,p.121

Kumar, S., Mahajan, G.R.,, Kumar, J.,
Fagodiya, R.K., Yadav, G., Kumar, A.,
Narjary, B., Kumar, A., Datta, A,
Chandra, P., Paramesha, V.,
Uthappa, A.R., Desai,S., Yadav,R.K,,
& Kumar, P. (Eds.). (2025). Book of
Abstracts: International
Conference 3.0 on Worldwide
Efforts on Cutting-Edge
Approaches for Restoring Saline
Ecosystems. Indian Society of Soil
Salinity and Water Quality
(ISSSWQ), Karnal, India. (Held at
ICAR-Central Coastal Agricultural
Research Institute, Old Goa, Goa,
India, October 29-November 1,
2025.)ISBN: 9788199273078

Lama, T.D., Naskar, S., Mandal, UK,
Burman, D., Mahanta, K.K.,
Sarangi, S.K. Mandal, AK., Narjary,
B., Chaudhary, A, Raut, S.and Reza,
S.K. 2025. Mapping soil salinity in
coastal West Bengal using
Sentinel-2 data, environmental

covariates and machine learning
approaches. Paper presented
during the International Salinity
Conference 3.0 WE-CARE-2025:
Worldwide efforts on cutting-
edge approaches for restoring
saline ecosystems, 29th Oct to 1st
Nov, 2025, ICAR-CCARI, Goa, Indi.

Mahanta, K. K., Sarangi, S.K., Digar,S.,

Mandal, U.K., Burman, D.,
Mainuddin, M., Lama, T.D., Mallick,
S..2025. Tackling Saline Soil and
Water Scarcity: Pitcher Irrigation in
Coastal West Bengal Deltas”,
Indian Society of Soil Salinity and
Water Quality (ISSSWQ), Karnal,
India Association for Coastal
Agricultural Research (ACAR), Goa,
India, 29 Oct-1Nov 2025

Mallick, S., Burman, D., Mandal, U. K.,

Kumar, S., Mahanta, K. K., Lama, T.
D., Bhutia, R. N., Digar, S.,
Monjardino, M., & Mainuddin, M.
(2025). Performance Analysis of
Rice-Fallow Systems in the Indian
Ganges Delta: Economic, Energy,
and Environmental Perspectives.
In International Salinity Confe-
rence 3.0 WE-CARE-2025: World-
wide Efforts on Cutting-Edge
Approaches for Restoring Saline
Ecosystems jointly organised by
Indian Society of Soil Salinity and
Water Quality, Karnal and also in
collaboration with Association for
Coastal Agricultural Research, Goa
during Oct 29-Nov 1,2025

Mallick, S., Burman, D., Mandal, U. K.,

Kumar, S., Mahanta, K. K., Lama, T.
D., Digar, S., Bhutia, R.N., Digar, S.,
Burman, R.R., Monjardino, M., &
Mainuddin, M. (2025). Efficiency of
Cropping System Intensification
in the Salt-Affected Coastal Zones
of the Indian Ganges delta. In
second international extension



education congress jointly organ-
ised by society of extension
education S'O'A Bhubaneswar
and CUO. Koraput, Odisha on
“rethinking social ecology in a
digital landscape during Nov 24-
26,2025

Mandal, U.K. 2025. A remote sensing
assessment of spatio-temporal
dynamics of coastal ecosystem:
evidence from Indian Sundarbans.
Presented as Invited Lead Lecture
in International Salinity Confer-
ence 3.0. WE-CARE-2025: World-
wide Efforts on Cutting-Edge
Approaches for Restoring Saline
Ecosystems. held at ICAR-Central
Coastal Agricultural Research
Institute, Old Goa, Goa India on 29
Octto 01 Nov, 2025

Mandal, U.K., Ghosh, A., Burman, D,
Mallick, S., Lama, T.D., Bhutia, R.N.,
Raut, S., Mahanta, K.K., and
Bhardwaj, A.K. 2025. Village-scale
assessment of environmental
hazards in the Ganges Delta of the
Indian Sundarbans. Paper presen-
ted in International Salinity Confe-
rence 3.0. WE-CARE-2025: World-
wide Efforts on Cutting-Edge
Approaches for Restoring Saline
Ecosystems. held at ICAR-Central
Coastal Agricultural Research
Institute, Goa from 29 Oct to 01
Nov, 2025

Mann Anita, Nitish Ranjan Prakash,
Ashwani Kumar, Arvind Kumar,
Avni Dahiya, S. K. Sanwal and R. K.
Yadav. (2025). Targeted primer
design-based functional
sequencing of TaTrel gene in
wheat for guide RNA designing.
Oral presentation In: International
Salinity Conference 3.0 (WE-CARE-
2025): Worldwide Efforts on
Cutting-Edge Approaches for

Restoring Saline Ecosystems, held
at ICAR-Central Coastal Agri-
cultural Research Institute, Goa, in
association with Indian Society of
Soil salinity and Water Quality
from 29 Oct-01 Nov 2025

Mann Anita, Priti, Poonam, Harish,

Sujata, Noyonika, Krishanu. (2025).
Systematic Primer Design Faci-
litates Functional Sequencing of
the Wheat Sal1 Gene Family. Oral
presentation In: 6th International
Conference on Plant Physiology
on “Translational Genomics and
Physiology For Sustainable Agri-
culture” organised at TNAU, Coim-
batore, in association with Indian
Society of Plant Physiologists from
15-18 December 2025, pp 36

Monika Shukla, Anil R. Chinch-

malatpure and Vineeth T. V. (2025)
Exploration for balance nutrition
for salt tolerant mustard variety
under Saline Vertisols of Gujarat.In
Extended Summaries: 6th Inter-
national Agronomy Congress,
November 24-26,2025, India

Monika Shukla, Vineeth T. V., Anil R.

Chinchmalatpure, and Jogendra
Singh. (2025) Agronomic Inter-
ventions to Boost Productivity and
Quality of Salt Tolerant Mustard in
Salt affected Vertisols of Gujarat.In
Abstract of: International Salinity
Conference 3.0 on’WE-CARE-2025:
Worldwide Efforts on Cutting-
Edge Approaches for Restoring
Saline Ecosystems’ Organized at:
ICAR-Central Coastal Agricultural
Research Institute, Goa India from
29th Oct- 1stNov 2025

Mukhopadhyay, Raj, Narjary, Bhaskar,

Bundela DS and Kumar Satyendra
(2025). Impact of sub-surface
drainage on soil solution chem-
istry, structural stability and clay

@

mineralogy of waterlogged saline
soils. Book of Abstracts of the
International Salinity Conference
3.0 (WE-CARE-2025) on “World-
wide Efforts on Cutting-Edge App-
roaches for Restoring Saline Eco-
systems held at ICAR-CCARI, Goa
during 29 Oct-1Nov 2025, pp 91

Narjary, B., Kumar, J., Vibhute, S., and

Kumar, S. (2025). Proximal sensing
approach for rapid detection and
characterization of soil salinity in
semi-arid region. International
Salinity Conference 3.0 on “WE-
CARE-2025: Worldwide Efforts on
Cutting-Edge Approaches for
Restoring Saline Ecosystems,”
ICAR-Central Coastal Agricultural
Research Institute, Ela, Old Goa,
Goa,290ct-1Nov 2025,p. 132

Neeraj Kulshreshtha, Arvind Kumar,

Ashwani Kumar, Ravikiran KT and
Monika Shukla (2025) Water-
logging Tolerance in Sodic Soils: A
Focus on Microelement Toxicities
and Deficiencies in Wheat. In
Abstract of: International Salinity
Conference 3.0 on ‘WE-CARE-
2025: Worldwide Efforts on
Cutting-Edge Approaches for
Restoring Saline Ecosystems’
Organized at: ICAR-Central
Coastal Agricultural Research
Institute, Goa India from 29th
October-1stNovember 2025

R.H. Rizvi, Sanjay Arora, A. Rahman

and S.K. Jha (2025). Mapping,
reclamation and management of
Waterlogged Sodic Soils in
Gangetic Plains of UP, India. Lead
paper in international salinity
conference 3.0. We-CARE-2025:
Worldwide Effort on Cutting-Edge
Approach for Restoring Saline
Ecosystem. Held on 29th Oct-01
Nov 2025 atICAR-CCARI, Goa
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Rahman A. Sanjay Arora, A.K. Dixit, PR

Bhatnagar, A.K. Singh, B. Narjari,
A.K Dubey and R.K. Yadev (2025).
Effect of field slope on salt flushing
and crop yield under surface flush
irrigation in sodic soil”in National
Seminar on “Green Energy for
Clean Environment& Sustainable
Agriculture” organized the
Academy of Natural Resource
Conservation and Management
(ANRCM), Lucknow on 22 Apr
2025 atICAR-NBFGR, Lucknow

Raut, Shishir, Burman, D. and Lama,

T.D. (2025). Study of ground water
in a coastal village using geo-
electrical method. A research
paper was presented in Inter-
national Salinity Conference 3.0
“WE-CARE -2025" held during Oct-
Nov., 2025 at CCARI, Goa

Rizvi, R.H. and Arora, Sanjay. 2025.

Digital Mapping of Sodic Soils in
Sharda Sahayak Canal Command
of Jaunpur district by Sentinel-2
MSI data. In: International Salinity
Conference 3.0 on WE-CARE-2025:
World Wide Efforts on Cutting
Edge Approaches for Saline Eco-
systems organized by ISSS&WQ
CSSRI, Karnal, Oct. 29-Nowv. 1, 2025
atICAR-CCARI, Goa

Rizvi, R.H., Arora, Sanjay, Verma, C.L.

and Pal, A.S. 2025. Spectral
analysis of Sentinel-2 multi-
spectral images for mapping of
sodic soils in Sharda Sahayak
Canal Command of Raebareli

district. In: National Seminar on
“Green Energy for Clean Environ-
ment and Sustainable Agricu-
[tutre” organized by ANRCM on
April 22, 2025 at ICAR-NBFGR,
Lucknow

S.K.Sanwal (2025). Genetic resources
for salinity tolerance in Linseed:
trait-based evaluation of a global
germplasm collection. Lead
presentation In: International
Salinity Conference 3.0 (WE-CARE-
2025): Worldwide Efforts on
Cutting-Edge Approaches for
Restoring Saline Ecosystems, held
at ICAR-Central Coastal Agricu-
[tural Research Institute, Goa, in
association with Indian Society of
Soil salinity and Water Quality
from290ct-01Nov 2025

S. K. Sanwal , participated in 11th
Indian Horticulture Congress —
2025, International meet on Horti-
culture for Inclusive, Equitable and
Sustainable Growth held at Uni-
versity of Agricultural Sciences,
Bengalurufrom Nove 06-09,2025

Sagar D.Vibhute, VineethT.V., Monika
Shukla, Anil R. Chinchmalatpure,
David Camus D. and Satyendra
Kumar (2025) Comparative Asse-
ssment of Different Irrigation
Methods for Improving Water
Productivity and Soil Sustainab-
ility of Wheat Under Saline Ground-
water Irrigation. In Abstract of:
International Salinity Conference
3.0 on'WE-CARE-2025: Worldwide

Efforts on Cutting-Edge Appro-
aches for Restoring Saline Ecosy-
stems’ Organized at: ICAR-Central
Coastal Agricultural Research
Institute, Old Goa, Goa India from
29th Oct- 1stNov 2025

Singh Awtar, Shailendra S. Shah,
Suresh Kumar, Bundela DS, J.
Bastiaan Mohrmann, Satyendra
Kumar, Jos van Dam, Coen Rit-
sema, Madhu Choudhary, and RK
Yadav (2025). Response of aut-
umn planted sugarcane to differ-
ent water-fertilizer-pesticides
reduction practices in North India.
Book of Abstracts of the Inter-
national Salinity Conference 3.0
(WE-CARE-2025) on “Worldwide
Efforts on Cutting-Edge Appr-
oaches for Restoring Saline Ecos-
ystems held at ICAR-CCARI, Goa
during 29 Oct-1 Nov 2025, pp 136

Vibhute S. D., Vineeth T. V., Shukla M.,
Chinchmalatpure A. R., Camus D.
D., and Kumar, S. (2025). Compa-
rative Assessment of Different
Irrigation Methods for Improving
Water Productivity and Soil Susta-
inability of Wheat Under Saline
Groundwater Irrigation. Book of
Abstracts of the International
Salinity Conference 3.0 (WE-CARE-
2025) on “Worldwide Efforts on
Cutting-Edge Approaches for
Restoring Saline Ecosystems held
at ICAR-CCARI, Goa during 29 Oct-
1Nov2025,pp 32



Technical Bulletin/Popular Article/Folder

Ajay Kumar Bhardwaj, Akash Saroha,
Kapil Malik, Mohit Sharma, Shivani
Chakad, Preeti Sharma, Raj Kumar,
R. K. Yadav (2025). Soil and Irri-
gation Water Quality Testing and
Measurement — A Guide for Far-
mers (Hindi). Technical Bulletin/
ICAR-CSSRI/Karnal 2025/11

Arora, Sanjay, Singh, A.K. and
Choudhary, Madhu (2024) Halo-
CaRe: Fungal consortia biofor-
mulation for in-situ and ex-situ
crop residue decomposition and
soil carbon recycler. Salinity News
30(2):5

Banyal R. and Saini Varun (2025)
Nature-based solutions with
ecosystem services gains for
managing saline waterlogged
landscapes in semi-arid regions,
Indian Farming; Vol. 75 No. 11
(2025): Special Issue on Inter-
national Salinity Conference 3.0
(WE-CARE-2025); 13-15, 0019-
4786

Chaudhari S.K., Madhu, M., Islam A.,
Patra S., Singh D.V., Kumar S.,
Mishra, A.(2025) Circular Economy
Perspective for Water Manage-
ment in Agriculture: Techno-
logical, Institutional and Policy
Imperatives, Report by National
Committee, ICAR-Indian Institute
of Soil and Water Conservation,
Dehradun, Uttarakhand, ISBN 978-
93-94687-71-4,51p.

Chaudhary, A., Kumar, S., Basak, N.,
Sundha, P, Chandra, P, & Rai, A. K.
(2025). Use of modern digital
techniques for mapping and
assessment of salt-affected soils.
Indian Farming; Vol. 75 No. 11
(2025): Special Issue on Inter-
national Salinity Conference 3.0
(WE-CARE-2025);57-60,0019-4786

Bhardwaj, A. K., Prajapat, K., Sundha,
P., Yadav, G., Choudhary, M.,
Kumar, S., Kumar, A., & Kumar, J.
(Eds.). (2025). Book of Abstracts:
International Conference 3.0 on
Worldwide Efforts on Cutting-
Edge Approaches for Restoring
Saline Ecosystems. Indian Society
of Soil Salinity and Water Quality
(ISSSWQ), Karnal, India. (Held at
ICAR-Central Coastal Agricultural
Research Institute, Old Goa, Goa,
India, October 29-November 1,
2025).1ISBN978-81-992730-7-8

Kumar, U., Singh, S., Nath, S., Kumar, J.,
Kant, L., and Pattanayak, A. (2025).
Construction of VL Portable
Polyhouse and importance of
micro irrigation under protected
cultivation. AICRP on PEASEM,
ICAR-Vivekananda Parvatiya Krishi
Anusandhan Sansthan, Almora.
Technical Bulletin Pp. 1-39.

Madhu Choudhary, Kailash Prajapat,
Tanuja Poonia, Shivani Khokar,
Mahesh Gathala, M.L. Jat, P.C.
Sharma, H.S. Jat and R.K. Yadav
2024. Climate-smart intensi-
fication of cereal systemsin IGP for
agri-food systems’ sustainability.
Technical Bulletin: CSSRI/Karnal/
2024/04.1CAR-Central Soil Salinity
Research Institute, Karnal.32 p.

Mann Anita, S. K. Sanwal, Ashwani
Kumar, Nitish Ranjan Prakash, Avni
Dahiya, Arvind Kumar and R. K.
Yadav (2025). Harnessing genome
editing for developing climate-
resilient crops. Special Issue on
International Salinity Conference
3.0.Indian Farming 75 (11):09-12.

Mann Anita, S. K. Sanwal, Ashwani
Kumar, Nitish Ranjan Prakash, Avni
Dahiya, Arvind Kumar and R. K.
Yadav (2025). Harnessing genome

g
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Participation in Conference/Seminar/Symposia/Workshop

Name and Subject/Training Program Place/Organizer Duration/Period
Sanjay Arora IAU Convention on Agrotourism ANDUAT, Ayodhya 13 Feb, 2025
Ashwani Kumar XVII Agricultural Science Congress GBPUA&T, Pantnagar 20 Feb - 22 Feb, 2025
Lokeshkumar BM Invited lecture on “Novel Breeding Approaches for Delivering Salt-Tolerant  |ICAR-CSSRI, Karnal 20 Feb - 12 Mar, 2025
Rice Varieties”in ICAR-Sponsored Winter School on “Smart agriculture and
way forward: New age technologies for management of salt affected
agroecologies”
Lokeshkumar BM 14th National Symposium on Coastal Agriculture ‘Harnessing Fragile Coastal |ICAR-CRIJAF, Barrackpore|28 Feb — 03 Mar, 2025
Anil R. Chinchmalatpure| Ecosystem for Food and Environmental Security
D.S.Bundela
Bhaskar Narjary
AK.Dubey
SK.Jha
Raj Kumar 1st International Farming Systems Conference on “Transforming Food, Land | lIFSR, Meerut 07 Mar - 09 Mar, 2025
and Water Systems under Global Climate Change”
Amresh Chaudhary National workshop on AAYAM 2025 - Empowering Geospatial Solutions: Vivanta Taj, New Delhi 17 Mar, 2025
Future ready mapping & collobration
Amresh Chaudhary National Workshop on “Mapping and Assessment of Land degrdation and ICAR-NBSS & LUP, Nagpur|20 Mar - 21 Mar, 2025
Groundwater quality in India
Sanjay Arora Samuday Rural Development Conference by HCL Foundation Indira Gandhi Pratishthan, |15 Apr - 16 Apr, 2025
Lucknow
A.Rahman National Seminar on “Green Energy for Clean Environment and Sustainable  [ICAR-NBFGR, Lucknow |22 Apr, 2025
Sanjay Arora Agriculture” by ANRCM, Lucknow
R.H. Rizvi
Lokeshkumar BM 60th Annual Rice Research Group Meeting ICAR-IIRR, Hyderabad 26 Apr — 28 Apr, 2025
Lokeshkumar BM National workshop on “Stakeholder’s consultation on Basmati Rice-Way forward” | ICAR-IARI, New Delhi 16 May, 2025
Satyendra Kumar 6th Meeting of BIS FAD34/P2 Panel (Irrigation and Drainage Systems) BIS HQ, New Delhi 21 May, 2025
D.S.Bundela
Sagar Vibhute
D.S. Bundela 8th Meeting of BIS FAD17/P3 panel to review Indian Standards on Water ICAR-IIWM, Bhubaneswar |27 May, 2025

Quality and Drainage System

All CSSRI Scientists Vikshit Krishi Sankalp Abhiyan ICAR, New Delhi 29 May - 12 Jun, 2025

Amresh Chaudhary National Workshop on ISRO-ICAR joint collobation on the theme “Space ICAR, New Delhi 06 Jun, 2025
Technology-based Digital and Precision Agriculture for efficient agricultural
resource management

D.S. Bundela Knowledge Sharing Technical Workshop on Haryana’s Second Green Panchkula 27 Jun, 2025

R.K.Yadav Revolution Agriculture for Sustainability Project

Raj Kumar International Conference on Technology Innovations & Sustainable Bhuj, Gujarat 29 Jun - 30 Jun, 2025
Development of Date Palm-2025

D. Burman Consultation on "Exploring the research and development roadmap for RKMVERI, Kolkata 18 Jul, 2025
creating agriculture’s cross-sect oral impact in the Sundarbans

Jogendra Singh 32nd Annual group meeting of AICRP on Rapeseed & Mustard RVSKVV, Gwalior 06 Aug 2025

T.D. Lama Multistakeholder Workshop on ‘Agro-farming Dialogues on Climate SAFE, Kolkata 06 Aug, 2025
Preparedness and Practices in Coastal Agriculture of South Asia’

Anil R. Chinchmalatpure| Workshop for State of Gujarat on“Transforming Food, Land, and Water (FLW) [ICAR-DMAPR, Anand 14 Aug 2025
Systems to Combat the Climate Crisis”

Amresh Chaudhary National workshop on National Space day NASC Compex, delhi 23 Aug, 2025

Neeraj Kulshrestha 64th All India Wheat and Barley Workers’ Meet RVSKVV, Gwalior 25 Aug - 27 Aug, 2025

Sanjay Arora Brain storming Meeting on “Microbial Solutions for Soil and Plant Health: NASC Complex, 01 Sep, 2025
Aligning Science with Policy Imperatives” being jointly organized by New Delhi

ICAR-NBAIM and Crop Science Division, ICAR

D.S. Bundela
Sagar Vibhute

Esri India User Conference 2025 on GIS Integrating Everything Everywhere

Aerocity, New Delhi

03 Sep - 04 Sep, 2025
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Name and

Subject/Training Program

Place/Organizer

Duration/Period

Sanjay Arora

4th Meeting of FAO-International Network on salt affected soils

Dunhuang, China

11 Sep - 13 Sep, 2025

Raj Kumar

Chairman of Hindi Pakhwada Celebration

ICAR-CSSRI, Karnal

14 Sep - 28 Sep, 2025

Satyendra Kumar

Global DSR Conclave on “DSR-based System for Food, Climate and Environm-
ental Security: Driving Change through Science, Policy, and Partnerships

ISARC, Varansi

05 Oct - 07 Oct, 2025

All CSSRI Scientists

XXIX ICAR-AICRP Biennial Workshop 2023-2024 on Management of Saline
Water and associated Salinization in Agriculture

ICAR-CCARI, Goa

27 Oct - 28 Oct, 2025

All CSSRI Scientists

International Salinity Conference 3.0 (WE-CARE-2025): Worldwide Efforts on
Cutting-Edge Approaches for Restoring Saline Ecosystems in association with
Indian Society of Soil Salinity and Water Quality

ICAR-CCARI, Goa

29 Oct - 01 Nov, 2025

S. Mallick

Second International Extension Education Congress on “Rethinking social
ecology in a digital landscape” jointly organised by society of extensio
education S'O’A Bhubaneswar and CUO

Koraput, Odisha

24 Nov - 26 Nov, 2025

Monika Shukla
Kailash Prajapat
AK. Dixit

Sixth International Agronomy Congress on “Re-envisioning Agronomy for
Smart Agri-food Systems and Environmental Stewardship”

NASC, New Delhi

24 Nov - 26 Nov, 2025

D. Burman

Stakeholder Meet - Community-led horseshoe crab and mangrove
restoration initiative in Indian Sundarban

SAFE, Gosaba,
Sundarbans

25 Nov, 2025

Suresh Kumar

33rd Annual Conference of Agricultural Economics Research Association
(India) “Innovation in Agribusiness, empowering women and climate resilient
Agriculture”

ICAR-NAARM,
Hyderabad

01 Dec - 03 Dec, 2025

Sanjay Arora 33rd National Conference on Soil, Water and Energy Management for PAU, Ludhiana 08 Dec - 10 Dec, 2025
Sustainable Agriculture and Livelihood Security by SCSI
Anita Mann 6th International Conference on Plant Physiology on “Translational Genomics | TNAU, Coimbatore 15 Dec -18 Dec, 2025

and Physiology For Sustainable Agriculture” in association with ISPP from.




List of On-going Research Projects

Institute Funded Projects

Priority area-Data Base on Salt Affected Soils & Poor Quality Waters

1.

NRMACSSRISIL202400501083 Rapid Characterization of salt-affected soils using
Proximal spectroscopic techniques. (Amresh Chaudhary, Nirmalendu Basak,
Gajender, AK. Rai, RK. Yadav, Nishat Kumar Sinha and Rahul Mishra from IISS,
Bhopal)

Priority Area - Reclamation and Management of Alkali Soils

2.

NRMACSSRISIL202001301004. Low budget natural farming for sustainable crop
production. (Dr. RK Yadav -Team Leader; CSSRI-Kailash Prajapat (PI), Madhu
Choudhary, RK Fagodiya, Awtar Singh; RRS, Lucknow: Arjun Singh (CC-PI), S.K. Jha;
A.K Dixit; RRS Bharuch: Anil R. Chinchmalatpure (CC-PI), Monika Shulkla, RRS
CanningTown: D.Burman (CC-PI), U.K.Mandal,and T.D.Lama)

NRMACSSRISIL202100101022. Effect of residue management on soil microbial
activities under salt affected soils in rice-wheat system. (Madhu Choudhary, Sanjay
Arora,R.K.Yadavand Hardev Jatt)

NRMACSSRISIL202100901030. Farmer participatory integrated farming system
model for improving livelihood security under reclaimed sodic land. (Rajkumar
(Hort), Suresh Kumar, Awtar Singh, R.K. Fagodiya, R.N. Bhutia and J.K. Pundir
(NDRI)

NRMACSSRISIL202200801055. Effect of rice straw retention, incorporation and
residue decomposition on productivity, profitability, soil health and environment
under RW system. (Awtar Singh and R.K. Fagodiya)

NRMACSSRISIL202102201043. Development of reclamation materials with high
gypsum equivalent for productive utilization of alkali soil and water. (Arvind
Kumar Rai, Nirmalendu Basak, Parul Sundha, R.KYadavand Amresh Choudhary)

NRMACSSRISIL202201301060. Micronutrient biofortification in cereal-based
systems using nano-micronutrient fertilizer forms. (A.K.Bhardwajand R.K.Yadav)

NRMACSSRISIL202400601084. Development of Sensor and loT based irrigation
system for enhancing water productivity under salt affected environment.
(Jitender Kumar, Bhaskar Narjary, Sagar Vibhut, Satyendra Kumar and Ashwani
Kumar)

NRMACSSRISIL202401001088. Modelling soil salinization in irrigated agriculture
under climate change scenarios. (Bhaskar Narjary, Jitender Kumar, Sagar Vibhute
D.and Satyendra Kumar)

Priority Area - Management of Marginal Quality Waters

10.

NRMACSSRISIL202002301014. Changes in seed quality development of rice-
wheat irrigated with residual alkalinity water. (Gajender, R.K. Yadav, Anita Mann,
Nirmalendu Basak,, Manish Kumar and Vanita Pandey (IIWBR))

&
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11.

12.

NRMACSSRISIL202300701072. Regional salt balance modeling of Western Yamuna
Canal command of Haryana. (Satyendra Kumar, B Narjary and SagarVibhute D.)

NRMACSSRISIL202402701105. Confirmation trial of tomato cultivation with saline
water irrigation and plastic mulch under naturally ventillated polyhouse
conditions. (RL Meena, BL Meena, SK Sanwal, Bhaskar Narjary and Jitendra Kumar)

Priority Area - Crop Improvement for Salinity, Alkalinity and Waterlogging Stresses

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

NRMACSSRISIL202001501006. Exploring the conventional and molecular
breeding approaches to develop salt tolerant high yielding Indian Mustard
(Brassica juncea L.) genotypes. (Jogendra Singh, Vijayata Singh, Ashwani Kumar,
Kailash Prajapatand RaviKiran KT)

NRMACSSRISIL202001701008. Genetic approaches to improve wheat (Triticum
aestivum L.) germplasm for salt tolerance. (Neeraj Kulshershtha, Arvind Kumar,
AshwaniKumar, Monika Shukla and RaviKiran KT)

NRMACSSRISIL202001801009. Genetic improvement of rice genotypes for salt
tolerance using conventional and molecular breeding methods. (Lokeshkumar
BM, RaviKiran KT, Nitish Ranjan Prakash, Devika S and Dr.Devenna)

NRMACSSRISIL202002101012. Genetic improvement of Lentil (Lens culinaris
Medikus) for salt tolerance using conventional and molecular breeding
approaches. (Vijayata Singh, Jogendra Singh, Kailash Prajapat and Ravi Kiran KT)

NRMACSSRISIL202002401015. Exploring production potential of Quinoa
(chenopodium quinoa) under saline Agro-ecosystems of India. (Kailash Prajapat,
SKSanwal, Monika Shukla, Nitish Rnjan Prakash and RaviKiran KT)

NRMACSSRISIL202101801039. Physiological and molecular dissection of root
system architecture (RSA) in wheat under salt stress. (Anita Mann, Arvind Kumar,
Ashwani Kumar NeerajKulshreshthaand Avni)

NRMACSSRISIL202200901056. Genetic improvement of chickpea for salt
tolerance. (S.K.Sanwal, Jogendra Singh, Anita Mann and Avni)

NRMACSSRISIL202300501070 Performance evaluation of minor millets under salt
affected land to regain food-nutri-livelihood security for resource poor farmer.
(Vijayata Singh)

NRMACSSRISIL202401901097.Genetic improvement in barley for managing salt

affected agro-ecosystems (Arvind Kumar, Anita Mann, Neeraj Kulshreshtha,
Priyanka Chandra, Monika Shukla, RaviKiran KT and Devika S.)

NRMACSSRISIL202402001098.Metatranscriptomics and systems biology
approach for deciphering the molecular basis of salt stress response in crop plants.
(AvniDahiya, Anita Mann and Nitish Ranjan Prakash)

Priority Area- Agroforestry in Salt Affected Soils

23.

NRMACSSRISIL202101901040. Assessing the genetic diversity and deciphering
the molecular mechanism for salinity tolerance in Sandalwood (Santalum album
L.). (Raj Kumar (Forestry), Rakesh Banyal, Ashwani Kumar, Manish Kumar and
Avani)



24.

25.

NRMACSSRISIL202301101076. Evaluation of Willow Mahogany genotypes for salt
tolerance. (Manish Kumar, Raj Kumar (Agroforestry), Rakesh Banyal and A K. Rai)

NRMACSSRISIL202401801096.Exploring the potential of salt tolerant genotypes
of high value agroforestry tree species in diverse agro-ecological regions: A field
evaluation. (R. Banyal, Raj Kumar, Manish Kumar, B.L. Meena A.K. dubey and David
CamusD.)

Priority Area - Reclamation and Management of Coastal Saline Soils

26.

27.

28.

20.

30.

31.

32.

33.

NRMACSSRISIL202101201033. Development of better rice genotypes with
tolerance to coastal salinity. (Nitish Ranjan Prakash, Lokesh Kumar B.M and Ravi
Kiran KT)

NRMACSSRISIL202101301034. Assessment of Ichthyofaunal diversity, biology and
stock assessment of selected species along the estuary of Sundarbans. (R.N. Bhutia
and U.K. Mandal)

NRMACSSRISIL202200501052. Conjunctive use of poor quality water for Zero-
tillage Potato under micro-irrigation system in coastal salt affected soil. (K. K.
Mahanta, D.Burman, U.K.Mandal, T.D.Lama and Nitish Ranjan Prakash)

NRMACSSRISIL202300101066.Enhancing the production potentials and
profitability of ponds through integration of small indigenous fishes in coastal
region of West Bengal. (R. N. Bhutia, Uttam Kumar Mandal, D. Burman and Sonali
Mallick)

NRMACSSRISIL202300401069. Assessment of ground water in sea water
inundated locations of coastal West Bengal using geo-electrical method. (Shishir
Raut, D.Burman &T.D.Lama)

NRMACSSRISIL202300801073. Impact of climate change on rice yield in the
coastal deltaic region of West Bengal. (T.D.Lama, U.K.Mandal, D. Burman, S.K.
Sarangiand K. K. Mahanta)

NRMACSSRISIL202400301081. Exploring livelihood resilience of agricultural
households in coastal salt-affected region. (Sonali Mallick, T.D. Lama, Richen N.
Bhutia, U.K.Mandaland D.Burman)

NRMACSSRISIL202400401082 Morpho-physiological responses and grain quality
of rice genotypes under salinity stress. (Devika S., U.K. Mandal, T.D. Lama, Nitish
Ranjan Prakash and RaviKiran KT.)

Priority Area-Reclamation and Management of Salt Affected Vertisols

34,

35.

36.

NRMACSSRISIL202002201013.Performance of Indian mustard (Brassica juncea)
under saline Vertisols. (Monika Shukla and Anil R. Chinchmalatpure)

NRMACSSRISIL202101001031. Impact of agricultural waste on the shrink-swell
behavior, cracking dynamics and yield of crops in saline Vertisols. (Anil R
Chinchmalatpure, SagarVibhute, D.and Monika Shukla).

NRMACSSRISIL202400701085. Improved agronomic practices for enhancing
Indian Mustard (Brassica juncea L.) yield under saline vertisols of Gujarat. (Monika
Shukla, Anil R.Chinchmalatpure and David Camus D)

9
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37.

38.

NRMACSSRISIL202400801086 Enhancing productivity and Sustainability of saline
vertisols through Drumstick agroforestry. (David Camus D, Monika Shukla and Anil
R.Chinchmalatpure)

NRMACSSRISIL202400901087. Combined effects of salinity stress and
biostimulators on growth, physiology and fruit quality of Dragon fruit. (David
Camus D, Anil R. Chinchmalatpure and Monika Shukla)

Priority Area - Reclamation and Management of Alkali Soils of Central and Eastern

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

GangeticPlains

NRMACSSRICIL202101501036. Harnessing productivity potential of calcareous
salt affected soils of Bihar through improved reclamation technologies.(Sanjay
Arora, ArjunSingh, S.K.Jha, SP Singh (RAU) and SS Prasad (CoA, Dholi))

NRMACSSRISIL202200301050. Spatial and temporal analysis of waterlogging and
salt dynamics for crop planning in Sharda Sahayak Canal Command of Uttar
Pradesh (Raza H.Rizviand Sanjay Arora)

NRMACSSRISIL202201101058. Evaluation of multiple auger planting technique
forfruit crops in partially reclaimed sodic soil. (A.K. Dubey and S.K. Jha)

NRMACSSRISIL202300201067. A genetic investigation on the prospect of pearl
millet as alternative Kharif crop for sodic soils of Uttar Pradesh. (Ravikiran KT,
Sanjay Arora, A.K.Dixitand R.K. Yadav)

NRMACSSRISIL202102301044. Feasibility of reclaiming salt affected soils through
salt harvesting from high salinity lands using polythene lined pond and enhanced
evaporation techniques. (A.R.Rahman, Sanjay Arora and A.K Dixit)

NRMACSSRISIL202401101089.Development of integrated farming system for
resource poor farmers of sodic soil of Uttar Pradesh. (A.K Dubey, A.K. Dixit, S.K. Jha,
Arjun Singh, Deepa Hansraj Dwivedi (BBAU, Lucknow) and Aditya Kumar (NBFGR).

NRMACSSRISIL202401201090. Exploring production potential of economically
important fruit crops and development of sustainable fruit production systems for
saltaffected soils.(A.K Dubey, Arjun Singh, S.K.Jha)

NRMACSSRISIL202401301091. Characterization of heavy textured sodic soils of
Uttar Pradesh by Vis-NIR spectroscopy for rapid and non-destructive estimation
SAS parameters (A.Rahman, Sanjay Arora, Amresh Choudhary and R.H. Rizvi)

NRMACSSRISIL202401401092. Investigating role of bacterial endophytes for
ameliorating salt stress in wheat. (Arjun Singh and S.K. Jha)

NRMACSSRISIL202401601094. Sulphamic acid based management of sub-soil
sodicity in partially reclaimed sodic soils. (S.K. Jha, Sanjay Arora and A.K. Dixit)

NRMACSSRISIL202401701095. Development of resource efficient cropping
systems for sodic environment. (Anoop Kumar Dixit, Anil Kumar Dubey, Sanjay
Aroraand Arjun Singh)

Foreign Funded Projects

1.

NRMACSSRISOL201601500913. Strategic Research Platform on Climate Smart
Agriculture “Developing and defining climate smart agricultural practices



10.

portfolios in South Asia”. (Team Leader, RK. Yadav, Madhu Chaudhary (PI), Kailash
Prajapat) ICAR-CCAFS-TAFSSA

NRMACSSRICOP201602200920 (Phase-Il). Mitigating risk and scaling out
profitable cropping system intensification practices in the salt affected coastal
zones of the Ganges delta. (D. Burman, U. K. Mandal, Suresh Kumar K.K. Mahanta,
T.D Lama and Sonali Mallick)- ACIAR.

NRMACSSRISOL201801300965. Development of sustainable resource
management systems in water vulnerable regions of India. (Team Leader; Dr. R.K.
Yadav, Gajender (PI), D.S. Bundela, Satyendra Kumar, Bhaskar Narjary, A.K. Rai,
Amresh Kumarand Suresh Kumar) Funded by ICAR-JIRCAS, Japan

NRMACSSRISOL202100601027. Studies on N-(n-butyl)Thiophosphoric Triamide
(NBPT) as a Urease Inhibitor for Improving Nitrogen Use Efficiency in major
cropping systems in India. (Dr. R.K. Yadav (Team leader), Madhu Choudhary (CCP],
Karnal and Coordinator of four Subproject),Kailash Prajapat and Raj
Mukhopadhyay) CIMMYT

NRMACSSRICOP202102501046. Hindon Roots Sensing HIROS River rejuvenation
through scalable water- and solute balance modelling and informed farmers’
actions. RK Yadav (Team leader) (WP1a: D.S Bundela (Pl) Satyendra Kumar,
Bhaskar Narjary. WP2c: Awtar Singh, Satyendra Kumar, Suresh Kumar and Madhu
Choudhary) DST-NWO Hindon

NRMACSSRISOL202201501062. NEXUS Gains: realizing multiple benefits across
water-energy-food-forest-biodiversity systems. (Satyendra Kumar, Gajender and
Bhaskar Narjary) (IRRI Funded)

NRMACSSRISOL202201701064.Accelerate breeding: Meeting farmers’ needs with
nutritious, climate resilient crops. (Lokeshkumar B.M) (IRRI Funded)

NRMACSSRISOL202201801065. Securing the Asian mega-deltas from sea-level
rise, flooding, salinization and water insecurity. (D.Burman,T.D.Lama, U.K Mandal,
R.N.Bhutia and Nitish Ranjan Prakash) (CGIAR)

NRMACSSRICOP202201601063. Establishment of nitrogen-efficient wheat
production systems in Indo-Gangetic plains by the development of BNI-
technology. (Ajay KumarBhardwaj, Awtar Singh, RKYadav) (ICAR-BISA-JICA)

NRMACSSRISOL202300901074. Integrated DSR system for India. (IRRI) (Satyender
Kumar, Gajendra,Bhaskar Narjary and Jitendra Kumar)

Externally Funded Projects

1.

NRMACSSRICOP201500400880. Climate change mitigation and adaptation
strategies for salt affected soils (Phase-Il). (Ajay Kumar Bhardwaj (Pl), Bhaskar
Narjary, Satyendra Kumar, Raj Kumar (Agroforestry), U.K. Mandal, K.K. Mahanta,
Shishir Rautand Rinchen Nopu Bhutia) NICRA

NRMACSSRISOL201501600892. Molecular genetic analysis of resistance/tolerance
in rice, wheat, chickpea and mustard including sheath blight complex genomics.
[(Rice: component 1): Lokeshkumar BM (Chickpea: component 3): Satish Kumar
Sanwal and Anita Mann (Mustard: component 4): Jogendra Singh and Vijayata
Singh)]-ICAR, New Delhi
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10.

11.

12.

13.

14.

NRMACSSRISOL201502200898. CRP on Conservation Agriculture ‘Productive
utilization of salt affected soils through conservation agriculture”. (R.K. Fagodiya,
Arvind Kumar Rai, Priyanka Chandra and Kailash Prajapat)-ICAR

NRMACSSRICOL201702300947. Network project on Functional Genomics and
genetic modification in crops (NPFGGM) salt tolerance in rice. (Lokeshkumar B.M.)
—ICAR-NPTC, New Delhi

NRMACSSRISOL201802700978. Intellectual property management transfer/
commercialization of agricultural technologies renamed as NAIF. (Madhu
Choudhary and Nirmalendu Basak) ICAR

NRMACSSRICOL202001001001. Pilot Project on Reclamation of Alkaline soils in
Haryanaand Punjab.(Team Leader R.K.Yadav) Alkaline Soil Reclamation: Gajender
(PI), Kailash Prajapat) (NABARD)

NRMACSSRICOL202002001011. Germplasm characterization and trait discovery
in wheat using genomics approaches and its integration for improving climate
resilience, productivity and nutritional quality. Sub Project 3: Evaluation of wheat
germplasm for abiotic stresses (Component -6 ) (Arvind Kumar and Neeraj
Kulshershtha) DBT Funded

NRMACSSRICOL202000800999. Leveraging genetic resources for accelerated
genetic improvement of linseed using comprehensive genomics and
phenotyping approaches. Sub project: Evaluation of linseed germplasm for major
abiotic stresses (Drought and salt stress) (Component -4) (S.K. Sanwal, Jogindra
Singh, Avniand Ashwani Kumar) DBT Funded

NRMACSSRISOL202100701028. Characterization of Chickpea germplasm
resource to accelerate genomics-assisted crop improvement. (Jogendra Singh
andVijayata Singh) DBT

NRMACSSRISOL202101601037. Development of integrated organic farming
system in partially reclaimed sodic soil of Uttar Pradesh for livelihood security.
(Arjun Singh, SKJha, Sanjay Aroraand A.K. Dubey) RKVY

NRMACSSRICOL202102101042. Enhancing farmer’s livelihood through identified
interventions in waterlogged saline agroecosystems of Haryana. (Rajkumar (Hort),
Anil Kumar, Satyendra Kumar, Suresh Kumar Ashwani Kumar, Sohanvir Singh and K
Ponnusamy (NDRI). FARMERFIRST, ICAR

NRMACSSRISOL202200101048.Development of Arbusular Fungi (AMF) based
plant biostimulant to enhance productivity of salt affected soils. (Priyanka
Chandra, Arvind Kumar Rai, Nirmalendu Basak, Parul Sundha, Kailash Prajapat and
R.KYadav) DST-SERB funded.

NRMACSSRICOP202200401051.Economics impact assessment of technologies for
management of salt-affected soils in India. ICAR-NIAP Network Project on
production systems, Agribusiness and Institutions (Component-I Impact
assessment of agricultural technologies) (Suresh Kumarand Anil Kumar)

NRMACSSRISOL202201201059. Morphological and molecular characterization of
salttolerant coastal rice landraces. (Nitish Ranjan Prakash) (DST-SERB)



15.

16.

17.

18.

NRMACSSRICOL202201401061. Exploring the potential use of the silicious chalkin
agriculture: sodicity reclamation and nutrient source. Jodhpur, Rajasthan (Arvind
Kumar Rai, Nirmalendu Basak, Parul Sundha, Priyanka Chandra, Avni and R.K.
Yadav).Funding FCl Aravali Gypsum and Minerals India Ltd (FAGMIL).

NRMACSSRISOL202301001075. Characterization and standardization of agro-
techniques for Millet varieties and land races in salt affected soils to boost
productivity) UPCAR Funded (Ravikiran KT, Sanjay Aroraand Arjun Singh)

NRMACSSRICOL202300601071. Agri-preneurship for sustainable Agricultural
development: technological and institutional innovations and strategies. (Suresh
Kumar (CC-PI1), S.K. Sanwal and Rajkumar (Hort.) NASF

NRMACSSRICOP202401501093. Enhancing climate resilience and ensuring food
security with genome editing tool- IARI-EFC project on “Genome Editing for
Sustainable Food system”(Team leader ; RK Yadav, CCPl & Pl Anita Mann) (
Component-Wheat: Anita Mann, SK. Sanwal, Arvind Kumar, Ashwani Kumar, Avani
Dahiya) (Component- Rice-: Nitish Ranjan Parkash, Lokeshkumar B.M.)
(Component- Mustard: Jogendra Singh, Vijayata Singh and Neeraj Kulshreshtha)
Funded by ICAR

Collaborative

1.

NRMACSSRISL202102401045. Novel genetic approaches for development of
climate smartrice varieties. (Nitish Ranjan Prakash (Co-PI) Collaboration with lIRR,
Hyderabad

NRMACSSRICOL202400201080. Evaluation of soil testing kit “Dharti Ka Doctor”.
(Nirmalendu Basak, Parul Sundha, Priyanka Chandra, Arvind Kumar Rai, R.K. Yadav)
Bharuwa Agri Science Private Limited, Haridwar, Uttarakhand.

Analysis and Assessment of soils and manure samples from Ladakh (Ajay Kumar,
Bhardwaj) (DIHAR- DRDO ( Defence Institute of High Altitude Research, (DRDO))
Leh.

Performance of reliance Bhoovedyam (Fermented organic manure, FOM) on rice-
wheat cropping system. (Nirmalendu Basak, Arvind Kumar Rai, Priyanka Chandra,
Parul Sundha, Kailash Prajapat and RK, Yadav) Reliance Industries Ltd (RIL),
Mumbai

Consultancy

1

NRMACSSRISCL202300301068. Assessment of Aniline-ETP treated effluent
irrigation on growth and yield of wheat crop in black cotton soils. (R.K. Yadav
—-Team Leader, Anil R. Chinchmalatpure, Sagar Vibhute D, David Camus and
Monika Shukla)

NRMACSSRICCL202301301078. Sodic soil management through farmers
adaptable technological interventions for boosting productivity in Hardoi. (Sanjay
Arora, AK.Singh, C.L.Verma, S.K.Jhaand A.K.Dubey)

NRMACSSRICCL202402501103.Sub-Surface Drainage (SSD) for reclamation of
waterlogged and saline heavy soils of four states (Maharashtra, Gujarat, Karnataka
and Haryana. (RK.. Yadav (Team Leader), D.S. Bundela (PI), Sagar Vibhute, Anil R
Chinchmalatpure, Satyendra Kumarand Suresh Kumar)
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NRMACSSRICOL202402601104. Planning, Monitoring and evaluation of
subsurface drainage project at the farm of Sabarmati Ashram Goshala. (R.K. Yadav,
Anil R Chinchmalatpure, Sagar Vibhute, Monika Shukla and Satyendra Kumar)
(National Dairy Development Board (NDDB, Anand, Gujarat)

ContractResearch

1.

NRMACSSRISOL202301201077. Developing Strategies for sustainable integration
of Nano N and P for enhancing nutrient use efficiency under salt stress. (Ashwani
Kumar, Ajay Bhardwaj Anita Mann, R.K. Yadav, and Parvender Sheoran (CCPI))
funded by IFFCO

NRMACSSRICOL202400101079. Soil salinity mapping of different landforms of
mining lease area in coastal Gujarat. (Nirmalendu Basak, Bhaskar Narjary, Arvind
Kumar Rai, Anil R. Chinchmalatpure, R.K. Yadav) Heidelberg Cement India Ltd,
Gurugram, Haryana



Ms. Alka, Chief Guest, delivering
the foundation day lecture

Janjatiya Gaurav Varsh
Pakhwada

INSTITUTE ACTIVITIES

57" Foundation Day of the Institute

ICAR-Central Soil Salinity Research Institute (CSSRI), Karnal, celebrated its 57" Foundation
Day on 12" March 2025 with the participation of distinguished dignitaries, scientists,
farmers, students, and staff members. The event highlighted the institute’s achievements
in reclamation and management of salt-affected soils, sustainable agriculture, and food
security. The Chief Guest, Ms. Alka Nangia Arora, emphasized soil health, natural resource
management, and effective dissemination of scientific technologies, while Guest of
Honour Prof. Pratap Singh Birthal highlighted the role of CSSRI technologies in reclaiming
salt-affected lands and addressing emerging challenges such as climate change. Former
Directors and eminent scientists reflected on the institute’s journey and landmark
achievements, including the reclamation of over 2.2 million hectares of salt-affected land
and the development of salinity management technologies and salt-tolerant crop
varieties. Director Dr. R.K. Yadav presented the institute’s major accomplishments and
contributions to agricultural productivity. As part of the celebrations, a Kisan Gosthi and
training programme for Scheduled Caste farmers was organized under the SCSP scheme,
during which 100 Direct Seeded Rice (DSR) kits were distributed, and students from
various schools visited the institute to learn about soil salinity management
technologies. The celebration marked another milestone in CSSRI's commitment to
scientificexcellence and sustainable agricultural development.

_{ Janjatiya GauravVarsh Pakhwada

- In commemoration of the 150th birth anniversary of Bhagwan Birsa Munda, the

* Government of India celebrated the “Tribal Pride Year Fortnight”from November 1 to 15,

2025. Different programmes were organized for six days by ICAR CSSRIRRS, Bharuch at six

= different villages with ST population. The ST farmers were made aware about the

programme and otheraspects of life and farming.

Institute Activities
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Training and distribution of inputs to SC farmers

One day training and distribution of Salt tolerant wheat variety seed and fertilizer
package to 50 SC farmers of Bharuch district were organized under SCSP programme.The
farmers were informed about the SCSP scheme and various aspect of farming under
saline conditions by scientists of the station. The input of seed and fertilizes were
provided forone acre areato each farmer.

Training and distribution of inputs under MGMG

One day training and distribution of salt tolerant wheat variety (KRL210) seed to 20
farmers of MGMG adopted villages in Bharuch district were organized. The farmers were
informed about the MGMG and various aspect of farming under saline conditions by
scientists of the station. The quantity of seed was provided for one acre area to each
farmer.

Celebration of International Yog Day

" ICAR-CSSRI and regional stations organized the 11th International Yoga Day 2025 on 21
June 2025 at 7.00 AM. Various types of yogasan and exercises were performed for benefit
of healthand mind.

Celebration of Hindi Saptah

ICAR-CSSRI, RRS, Bharuch celebrated Hindi week during 09-15 September 2025 during
which different events were organized and all the staff participated in these events. The
i winnerin different events was given the prizes. Hindi rally was also organized.

B.Sc. Agriculture RAWE student Visit

- 170 B. Sc. (Agri.) RAWE students from College of Agriculture, Navsari, Navsari Agricultural
University were visited the station on 24th and 25th September 2025.They were informed
aboutvarious activities undertaken by the Station.

~ Special campaign 5.0 for disposal of pending matters

Cleanliness drive was conducted from 14.09.2025 to 02.10.2025 under the Special
campaign 5.0 for disposal of pending matters at RRS, Bharuch. Under this programme
various part of campus were cleaned and arranged. All the staff of station participated in

I the events
Special Campaign 5.0

=



List of Scientific, Technical and Administrative Personnel

Division of Soil and Crop
Management

A.K. Rai, Head

A.K. Bhardwaj, PS

Rakesh Banyal, PS

Gajender Yadav, PS

Aditya Kumar Singh, PS
Madhu Choudhary, SS

Raj Kumar (Agroforestry), SS
Ashim Datta, SS

R.K. Fagodiya, Sci.

Parul Sundha, Sci.

Awtar Singh, Sci.

Priyanka Chandra, Sci.
Manish Kumar, Sci.

Amresh Choudhary, Sci.
Manisha, Technical Officer
Brajesh Kumar, Sr. Tech. Astt.
Preeti Sharma, Sr. Tech. Astt.
Raghbir Singh, Sr. Technician
Girraj meena, Sr. Technician
Dheeraj Kumar, Sr. Technician
Vikas, Sr. Technician
Pradeep, Sr. Technician
Reena Devi, Sr. Technician
Amit Kumar, Technician
Gurinder Singh, Technician
Raj Kumar, Technician
Raveesh Kumar, Technician
Robin Yadav, Technician

Division of Crop Improvement
S.K. Sanwal, Head
Neeraj Kulshreshtha, PS
Anita Mann, PS
Jogendra Singh, SS
Arvind Kumar, SS
Ashwani Kumar, SS
Vijayata Singh, Sci.
Lokesh Kumar B.M., Sci.
Avni, Sci.

N.R. Prakash, Sci.

Rajender Kumar Yadav, Director

Ananya Baidya, Sci.

Sharanjeet Singh, Sr. Technician
Indra Pal Tomar, Sr. Technician
Anuj Choudhary, Sr. Technician
Zeetendra Singh, Sr. Technician
Gurudin, Sr. Technician

Jay Sharma, Technician

Kamal Tomar, Technician

Division of Social Science Research
Suresh Kumar, Head (A)

Anil Kumar, PS

Rajkumar (Horticulture), SS

Kailash Prajapat, Sci.

Neela Madhav Patnaik, Sci.

Vikas Khokhar, Sr. Technician

Alok Kumar, Technician

Azmat Ali, Technician

Division of Irrigation and Drainage
Engineering

Satyendra Kumar, Head

D.S. Bundela, PS

Bhaskar Narjary, Sci.

Raj Mukhopadhyay, Sci.

Pathan Aslam Latif, Sci.

Jaffer Yousuf Dar, Sci.

Jitendra Kumar, Sci.

Vibhuti Sagar D., Sci.

Dharam Pal kansia, STO

Rahul Singh Pannu, STO
Rajinder Singh, Technical Officer
Dilbag singh, Technical Officer
Khushwant, Sr. Technician
Ankur Sharma, Sr. Technician
Mehul Sharma, Technician

Ravi Kaushik, Technician

AICRP (Saline Water)
Satyendra Kumar, PC
Babu Lal Meena, PS
Shashi Pal, Pr. Sec.
Ram Sewak, SSS

Regional Research Station, Canning
Town

D.Burman, Head

U.K.Mandal, PS

T.D. Lama, PS

K.K. Mahanta, PS

Shishir Raut, Sci.

R.N. Bhutia, Sci.

Devika$., Sci.

S. Mallick, Sci.

Sivaji Roy, ACTO

B.Mondal, Sr.Technician
A.Barik, Technician
S.Kayal,Technician

Soumen Bag, Technician
Ramashankar Kumar, Technician

Regional Research Station, Bharuch
Anil R. Chinchmalatpure, Head
David Camus D., Sci.

Monika Shukla, Sci.

Bisweswar Gorain, Sci.

Vineeth TV, Sci.

A.V. Chaudhary, PS

PK. Parekh, AAO

C.R.Taviyad, TO

B.G.Damor, TO

Dinesh Kumar Meena, STA

Pathan Murtujakhan , Technician
Akansha Vishwakarma, Technician
Manjulaben vasava, Technician
Naveen Kumar, LDC

D.R.Vaghela, SSS

Regional Research Station,
Lucknow

AK.Dubey, Head

Sanjay Arora, PS

S.K.Jha, PS

A.Rahman, PS

R.H. Rizvi, PS

AK. Dixit, PS

Arjun Singh, Sci.

List of Scientific, Technical and Administrative Personnel
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Ravi Kiran, Sci.

Hari Mohan Verma, CTO
Shyam Ji Mishra, STO

Santosh Kunmar, STO
Shailendra Verma, STO
Manish Pandey, TO

Anil Swaroop Pal, Technician
Amit Kumar Singh, Technician

KVK, Hardoi

Pankaj Nautiyal, Head
Trilok Nath Rai, ACTO
Anjali Sahu, ACTO
Traloki Singh, ACTO
Mohit Singh, SMS
Thanga Anusya S, SMS
Sombir, Sr. Technician

Administration

Sumit Kumar jindal, CAO(SG)
Amitabh singh, CFAO
Mukul Rajsingh, SAO
Lala Ram Sharma, FAO
Rita, Pr. Sec.

Veera Rani, AAO

Avtar Singh, AAO
Bhagesh Sharma, AAO
Nitesh, Assistant

Sweta Kaim, Assistant
Sachin kumar, Assistant

Reema Nandal, Assistant
Abhishek Bhardwaj, Assistant
Vinod Singh, UDC

Bhavya, UDC

Govind, Sr. Technician
Reena Rani, Sr. Technician
Kawaljeet Singh, Technician
Naresh Kumar, Technician
Akashdeep, Technician
Charan Singh Meena, LDC
Dalip Singh, LDC

Rinku Pal, LDC

Priortizing, Monitoring and
Evaluation (PME)

Raj Kumar, OIC

C.B. Singh, Technical Officer
B.S. Bhagel, Sr. Technical Astt.
Monika Singh, Sr. Technician
Publication and Supporting
Services Unit (PSSU)

A.K Rai, OIC

Y.S. Ahlawat, Sr. Technician

Public Relation Officer
R.K. Fagodiya, Sci.

Farm Section
Ganesh Patel, STO
Raj Kumar, Technical Officer

Devendra Kumar, Sr. Tech.Astt.

Neeraj Kumar, Technician
Pankaj Sharma, Technician

Library
B.M. Meena

Estate Section

Akshay Kumar, STO

Raj pal, Technical Officer
Mohit, Assistant
Krishan Pal, Technician

Director Cell
Sunita Malhotra, PS

Narender Kumar, Technical Assistant

Niranjan Singh, Technician

Workshop

Amit Kumar Singh, STO

Anil Kumar, Technical Officer
Dharambir, Technical Officer
Joginder Singh, Technician

Health Care Center
Geeta Rani, STO
Chanchal Rani, TO

Guest House and Security
B. M. Meena, STO

Gourav Kaushik, Technician
Mohan Lal, SSS

* Superscripts a, b, c and d refer to date of relieving, joining, superannuation and date of death, respectively.



ICAR-CSSRI Staff Position

Statement showing the total number of employees and the number of Scheduled Castes
(SC)/Scheduled Tribes (ST) as on 31.12.2025.

Group/class

Number of employees

Scheduled Castes

ScheduledTribes

Temporary | Permanent| Total No. % No. | %
of total of total

Class-1 permanent 02 57 59 04 6.77 03 5.08
other thanlowest
rung of Class-1
Lowestrung of - 12 12 02 16.66 01 833
Class-1
Class-Il - 29 29 02 6.89 03 | 10.34
Class-lll - 66 66 04 6.06 03 4.54
Class-1V (excluding - - - - - - -
sweepers)
Class-IV (only - - - - - - -
sweepers)
Total 02 164 166 12 7.22 10 6.02

Statement of Scheduled Castes (SC) and
Scheduled Tribes (ST)

Statement showing the number of reserved vacancies filled by Scheduled Castes (SC)/
Scheduled Tribes (ST) as on 31.12.2025.

Classified posts

Total vacancies

Scheduled Castes

ScheduledTribes

Notified Filled

Notified

Filled Notified

Filled

Direct Recruitment

Class-|

Class-Il

Class-lll

Nil

Class-IV

Promotions

Class-|

Class-II

Nil

Class-lll

Class-IV

ICAR-CSSRI Staff Position
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Weather Report 2025

Main Institute, Karnal

During the year 2025, a total rainfall of 780.9 mm was recorded at Agro-met Observatory,
Karnal as compared to the mean annual rainfall of 746.8 mm (for the last 50 years). The
year was a normal rainfall year (105% of the long-term mean annual rainfall) whereas the
year 2024 was also a deficient rainfall year (82%). The maximum monthly rainfall of 221.8
mm was recorded during August. During the monsoon season, the highest rainstorm of
118.0mmwas recorded on 25th May and the second highest of 55.6 mm on 12th August.
During January and February, there was a low amount of rainfall of 20.1 mm in both
months thus increased irrigation demand of wheat and other Rabi crops met either from
canal water or groundwater tubewells or both. There was low amount of winter rainfall,
12.7 mm (March) as compared to winter rainfall last year (43.4). Low rainfall resulted in
higher irrigation demands for different Rabi crops during March leading to bumper Rabi
crop production.There were 51 rainy days same as during the last year.

The minimum and maximum air temperatures, 3.5 0C and 44.5°C were recorded on 27th
Januaryand 11th June, respectively. The air relative humidity was the lowest (17%) on 3rd
April while the highest (100%) was recorded on several occasions during the year. The
highest soil temperatures at 5 cm, 10 cm and 20 cm depth were 47.0°C, 42.0°C and 38.0°C
on 9th June. The lowest values at same depths were recorded as 5.0°C, 8.0°C, and 11.0°C
on 26th Jan (5, 10 and 20 cm depth). The total open pan evaporation during the year was
1431.0 mm, which was almost 183% higher than the current annual rainfall. The lowest
evaporation of 0.1 mm was recorded on various days of January and the highest of 11.2
mm was on 8th June. The average sunshine hours per day were 6.2. The highest and
lowest vapour pressure values were 30.4 and 5.9 mm on 12th July and 9th January,
respectively. The highest average wind speed was 10.7 km per hour. The monthly
weather parameters recorded at Agro-meteorological Observatory, ICAR-CSSRI, Karnal
(Haryana) forthe year 2025 are presentedinTable W1.

Weather Report 2025 Bharuch

Agro-meteorological observations (Table W2) recorded at Regional Cotton Research
Station, NAU, Bharuch Gujarat during the year 2025 revealed that this region received
normal rainfall of 1019.4 mm spread over 43 days. Season's highest rainfall 317.4 mm was
received during September followed by 251.0 mm and 146.2 mm in the month of June
and July 2025, respectively. This year May, October and November months also received
good amount of rainfall. Maximum air temperature ranged from 28.2°C (December) to
38.8°C (May) and minimum air temperature varied from 12.8°C (December) to 27.9°C
(May). Pan evaporation varied from 1.7 mm day” to 12.5 mm day" during the year. The
average bright sunshine hours varied from 2.5 to 9.6 hr/day. Mean relative humidity
ranged from 44.7 to 82.7 per cent the year. The average wind speed varied from 1.2 kmph
to 12kmphduring the year.

Weather Report 2025 Canning Town

The onset of the southwest monsoon in this region was recorded in advance on 18 May
2025. A total annual rainfall of 2301.2 mm was received during the year 2025, as recorded
by the Meteorological Unit of the Centre. The highest monthly rainfall of 738.8 mm was

Weather Report 2025
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observed in July, which also recorded the maximum number of rainy days (19), along with
August 2025. Rainfall during July was significantly higher than normal, leading to
flooding in rice fields across the coastal areas of West Bengal. This adversely affected the
early growth of transplanted rice during the initial phase of kharif season. In contrast,
rainfall during the post-monsoon period was scanty, necessitating supplemental
irrigation for the successful cultivation of rabi crops. A total of 91 rainy days were recorded
during the year. The early onset of the monsoon, coupled with adequate annual rainfall,
contributed positively to the farming system and resulted in a significant increase in
agricultural production during 2025. The average daily sunshine hours remained
moderate throughout the year. The maximum temperature of 39.4°C was recorded on 12
May and again on 9 June. During April, temperatures ranged between 31.0°C and 36.0°C,

Table W1. Mean monthly weather parameters for the year 2025 recorded at the Agro-meteorological Observatory, ICAR-CSSRI, Karnal

Latitude: 29°43'N
Longitude: 76° 58' E

Altitude : 245 m above the Mean Sea Level

ITime : 0722/0830 hours IST
Il Time : 1422 hours IST

Max. Temp, °C Min. Temp, °C
Temperature, °C Vapour Relative
pressure Humidity
Month (mm of Hg) (%) High/ Low/ High/ Low/
. Grass Dry bulb Wet bulb date date date date
Max.| Min- | min, [ I o I I | Il
Jan. 185 7.2 - 8.6 17.9 8.2 14.5 8.0 10.5 94 69 23.2/31 11.5/5 11.4/12 3.5/27
Feb. 232 | 94 - 11.0 | 229 10.1 | 171 8.8 1.1 88 54 29.8/27 19.2/4 17.0/27 6.5/9
Mar. 28.8 12.2 - 147 | 28.6 133 | 20.0 10.9 125 85 43 34.0/28 23.6/2 8.0/3 17.0/27
Apr. 37.0 19.2 - 23.2 36.7 18,5 | 24.0 13.2 14.8 62 32 41.5/27 32.4/12 25.0/21 10.8/1
May 356 24.0 - 26.8 353 23.7 | 271 20.1 220 76 53 41.2/18 28.2/3 28.2/21 17.9/5
Jun. 36.1 26.3 - 28.7 35.1 26.0 | 285 238 25.2 80 62 44.5/11 29.0/26 30.6/13 21/5
Jul. 331 26.8 - 283 32.0 274 | 29.0 26.6 27.7 92 78 35.6/26 29.2/22 28.6/27 24.8/10
Aug. 316 | 262 - 275 30.9 265 | 27.6 253 257 91 77 35.2/23 28.6/1 27.5/11 24.0/23
Sept. 33.0 | 248 - 264 | 323 25.1 | 27.0 232 236 89 66 35.8/28 27.6/3 26.4/29 22.5/24
Oct. 318 19.3 - 20.5 31.1 19.2 | 227 16.1 155 89 47 35.0/6 29.0/30 23.6/3 16.0/23
Nov. 27.5 10.2 - 11.4 34.3 104 | 17.2 9.1 8.8 87 33 30.8/2 24.2/6 17.5/2 7.0/26
Dec. 21.3 7.9 - 9.4 20.7 8.7 15.1 8.1 9.7 91 55 26.0/9 14.5/21 11.0/18 5.0/1
Total - - - - - - - - - - - - - - -
Average| 29.79 | 17.79 = 19.71 | 29.82| 18.09 | 42.81| 16.10 | 17.26 | 85 55 = = - -
Soil Temperature, °C (Depth-wise) Rainfall* Evaporation
5cm 10cm 20cm Sunshine| Wind
Month (hr/day) | Speed
| " I " | " Monthly | No of rainy | Heavy/ mm/ mm/ (km/hr)
(mm) days date day month
Jan. 9.4 20.7 10.6 17.0 12.6 15.4 4.1 3 1.6/12 0.9 274 4.1 1.8
Feb. 10.7 26.3 13.2 22.3 14.7 19.4 16.0 3 11.0/20 1.5 41.0 6.9 2.2
Mar. 154 331 171 294 19.0 | 256 12.7 2 7.2/15 33 101.0 8.2 24
Apr. 23.2 429 24.4 36.9 26.1 317 6.4 3 2.4/19 7.3 218.0 8.6 35
May 25.6 39.1 27.1 354 284 | 326 179.4 6 118/25 6.8 2123 8.1 3.6
Jun. 28.8 40.6 30.1 37.1 313 | 344 97.2 5 40.8/25 7.7 230.3 6.4 6.1
Jul. 28.1 36.5 29.1 34.7 29.9 32.8 99.1 8 44.2/31 4.6 141.7 4.3 4.0
Aug. 26.9 33.0 27.8 314 28.5 29.8 221.8 12 55.6/12 29 90.0 34 1.1
Sept. 26.1 349 274 324 28.3 30.3 126.6 7 30.4/7 4.0 119.8 6.4 1.0
Oct. 21.0 34.1 231 29.5 240 | 277 17.6 2 14.8/7 35 109.2 6.6 *
Nov. 121 28.7 15.2 23.6 163 | 221 0.0 0 0.0/- 29 87.2 6.5 0.8
Dec. 9.9 23.1 12.0 18.4 13.1 17.2 0.0 0 0.0/- 1.7 53.1 4.5 0.6
Total - - - - - - 780.9 51 - - 1431.0 - -
Average 19.8 32.7 21.4 | 29.0 22.7 | 25.7 65.1 4.3 - 3.9 119.2 6.2 255




Table W2. Monthly average agro-meteorological parameters at Bharuch during 2025

Month Air Rainfall Total Mean Vapour Wind speed | Sunshine| Epan
Temperature (°C) (mm) rainy days Relative pressure(mm) (km/hr) (hr/day) | (mmpd)
Max Min humidity
(M+E) (%) M E
January 314 15.2 0.0 0.0 49.9 10.8 104 3.2 8.8 3.6
February 30.8 18.2 0.0 0.0 44.7 11.6 9.6 5.7 9.0 6.4
March 35.1 21.4 0.0 0.0 513 14.6 125 7.1 8.3 74
April 37.2 24.1 0.0 0.0 51.4 20.5 134 7.5 9.6 12.5
May 38.8 27.9 123.2 5.0 59.9 25.2 217 11.5 7.6 6.4
June 36.4 27.4 251.0 12.0 67.5 254 21.6 12.0 6.9 1.7
July 33.0 26.3 146.2 8.0 78.4 253 24.4 10.0 4.5 1.9
August 30.7 254 85.4 5.0 82.7 24.1 234 6.1 4.0 2.8
September 314 25.6 3174 8.0 82.7 31.0 24.0 3.9 25 29
October 37.1 22.8 57.8 4.0 56.5 20.3 16.5 1.2 7.1 5.7
November 35.0 18.9 38.4 1.0 50.3 153 133 1.2 8.2 6.1
December 28.2 12.8 0.0 0.0 47.9 10.1 9.5 29 7.9 54
Total 1019.4 43.0
Average 33.8 22.2 60.3 19.5 16.7 6.0 7.0 5.2

Table W3. Mean monthly weather parameters at Canning Town (Latitude 22°15'N, longitude 88°40'E, altitude
(AMSL) 3.0 m) during the year-2025

Month TEMPERATURE(°C) RH (1) (%) [RH (l)(%) | Rainfall | Rainy Days | Evapora- | Av. WIND | BSSH
MAX. MIN. | MEAN (mm) (no.) tion (mm)| (kmh') | (day’)
January 253 14.4 19.9 88 51 0.0 00 1.0 2.8 54
February 29.5 19.2 24.3 89 61 17.4 01 2.5 3.0 6.2
March 329 22.1 27.5 88 62 1.2 00 5.0 43 7.4
April 34.0 24.9 294 89 74 58.6 02 4.9 7.5 7.2
May 35.0 25.8 304 89 74 324.0 12 4.3 7.3 6.7
June 34.0 26.7 304 90 79 289.0 17 3.3 6.0 4.5
July 324 26.4 294 96 88 738.8 19 2.3 3.0 2.7
August 323 26.1 29.2 93 86 470.8 19 4.1 3.1 3.8
September 33.2 26.0 29.6 89 79 234.0 11 3.0 2.8 54
October 32.8 24.6 28.7 86 76 160.0 09 29 1.5 5.9
November 29.9 17.7 23.8 72 52 7.4 01 1.2 1.8 7.9
December 25.1 13.6 19.4 76 52 0.0 00 1.0 24 4.9
TOTAL 376.4 267.6 322.0 1046 835 2301.2 91 35.4 45.5 68.0
MEAN 31.4 22.7 27.04 82 60 - - 3.3 55 6.3

Max. temperature: 39.4°C on 12.05.2025 and 9.06.2025
Moderate/Minimum temperature: 31.0°C to 36.0°C Month of April

Maximum average wind speed: 17.7kmh” on 26.04.2025

Heavy rainfall: 106.4 mmon 31.07.2025

which were considered moderate. The mean monthly temperature increased sharply

from 19.9°C in January to 29.4°C in April. Relative humidity remained consistently high
throughout the year, creating favourable conditions for the incidence of pests and
diseases. Notably, a single-day heavy rainfall event of 106.4 mm was recorded on 31 July
2025, and the highest average wind speed of 17.7 km h™ was observed on 26 April 2025.
The mean monthly meteorological parameters recorded at RRS, Canning, are presented

inTableW3.
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