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Mandate

Developing technologies for reclamation and management of salt
affected soils and use of poor quality irrigation waters in different agro-
ecological regions of India

Evaluate and recommend strategies that promote adoption of
preventive/ameliorative technology

Coordinate/support the network of research for generating and
testing location specific technologies

Centrefortrainingin salinity researchesin the country



Preface

In 1969, in recognition of the pressing need to reclaiming and managing the salt affected
soils, Government of India established ICAR-CSSRI for spearheading salinity research in
the country. Thanks to the wisdom of our predecessors and the collective efforts of
different stakeholders, determined attempts shortly culminated into a basket of doable
technologies ushering in yield revolution in areas otherwise considered to be non-
reclaimable. While the 'fight against salinity' continues with zeal, Golden Jubilee
celebrations (1969-2018) are an apt time to introspect our strengths and weaknesses to
devise a robust action plan compatible with the changing needs. Present situation is
strikingly different from the preceding decades in that fresh water- key to the success of soil
reclamation projects- has not only increasingly became scarce but the problem of poor
quality waters has grown by leaps and bounds. At a time when climate change impacts
have become the new normal, greater preparedness than before is absolutely essential to
infuse resilience into farmlands reeling under the compounded impacts of multiple
stresses. A paradigm shift in the way of doing business with focus on 'adaptive
management practices' instead of exclusive reliance on 'reactive reclamation measures' is
the need of the hour. In changing circumstances, mere improvements in crop yields will not
serve the purpose. A holistic approach capable of delivering multiple benefits, inter alia,
sustainable land use, guantum jump in farm incomes and stable improvements in
environmental quality is desirable. The fact that salinity management technologies
developed by ICAR-CSSRI result in manifold improvements in farmers' incomes is
undeniable. Yet, slower than expected spread of many of these technologies remains a
significant concern. This highlights the need for continual refinements in existing
technologies to make more appealing to the farmers. Empowering the farmers and removing
the barriers stalling technology adoption are equally important to ensure sustainable
management of salt affected soils in differentagro-climatic zones of the country.
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The Annual Report for the period 2017-18 compiles the new developments in the areas of
research, technology development and transfer. Major research outcomes during the
period under report are: Soil salinity characterization using hyper-spectral remote
sensing data, release of salt tolerant wheat variety 'KRL 283" and Indian mustard variety
'CS 60, development of halophilic plant growth promoters to improve crop yields in sodic
soils, identification of high yielding salt tolerant cotton genotypes, impact evaluation of
sub-surface drainage technology in Maharashtra, assessment of financial viability of land
shaping modelsin coastal saline soils and optimization of crop zincand iron requirements
in salt affected soils. During the year, Institute produced 15.5 tonnes of breeder seeds of
rice, wheat, mustard and chick pea for distribution among various agencies.

A series of skill development and awareness programmes were organized to empower
the farmers and farm women for increased adoption of improved technologies. A 'Mahila
Kisan Mela' was organized in Sikander Kheri village of Kaithal district of Haryana on 15"
October, 2017 during which about 500 farm women, farmers, extension workers
benefitted by interacting with experts and visiting the technology exhibition stalls. A
total of 4 pre-Kharif and 5 pre-Rabi Kisan Goshthis were also organized under '‘Mera Gaon
Mera Gaurav' programme to fast track technology dissemination in salt affected areas of
Haryana, Uttar Pradesh, West Bengal and Gujarat states. A total of 27 front line
demonstrations on salt tolerant crop varieties were conducted during 2017-18. '"World
Soil Day' and 'Agricultural Education Day' were celebrated on 5" December, 2017 at
Karnal. 'Swarna Jayanti Rabi Kisan Mela' was organized on 10" March, 2018. Shri Radha
Mohan Singh, Hon'ble Union Minister of Agriculture and Farmers Welfare, addressed the
farmers on this occasion. During 2017-18, a total of 8 exhibitions were organized at
different research institutions and developmental agencies to portray the improved
salinity managementtechnologies.

'Swachh Bharat Abhiyan' was organized at regular intervals on the Main Campus and
Regional Research Stations throughout year. 'Hindi Pakhwara' was celebrated during 14-
28 September, 2017. First meeting of 'Technical Committee for Haryana Operational Pilot
Project on Sub Surface Drainage' was held on 12" July, 2017 at Karnal. Mid Term Review
Meeting of ICAR Regional Committee Zone-V was held on 12" December, 2017. An
international training programme on 'Use of Poor Quality Water in Agriculture' sponsored
by African-Asia Rural Development Organization was organized during 10-24 November,
2017. Another international training on 'Advance and Innovative Technologies for
Sustainable Management of Salt Affected Soils' was organized under Indo-African Forum
during 15-26 March, 2018.

| express my gratitude to Dr. Trilochan Mohapatra, Hon'ble Secretary, DARE and Director
General, ICAR, New Delhi, Dr. K. Alagusundaram, DDG (AE & NRM), ICAR, New Delhi and
Dr.S. K. Chaudhari, ADG (SWM) for their guidance and support. Sincere efforts of
Dr. Anshuman Singh and Shri Madan Singh in the compilation, editing and timely printing
of the Annual Report are appreciated. | firmly believe that information furnished in this
report will broaden the understanding of researchers, policy makers and general readers
about research efforts and constraints in salinity management in agriculture. Relevant
suggestions and inputs from the readers will help us further improve the quality of the
Annual Reportin the future.
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Ty 1969 # BT (BRATOM) H UT DHwi1g F&T SAGUIAT JJHETT TR U T
IITHLTT IS © | I8 <% & (A= HiY qikRerfaas! &= H Jqorar ydes gd $iy
ﬁﬁwwmﬁw%mﬁwa@ﬁmaﬁwwzﬁmwﬁﬁ%l
AT H Ig[dvad AU HrRI$HH IR [HRI—qaT vd Bde yae, Rfarg va
ST D!, B FoIR 3R YRR Jedidd gd UIR gIRT Hearferd
B STt € | A= Y STeraryg el 1 fafifat S =iem Saegehdrall ol YT B
& forg | @ I &3 JIJHETT ds—h 1T T8 (4. 9Td), 99 (T[oRTd) 3R
ITS) (ITR UL HHLT: TG TSI TV, FIVRIRK RIS AR A8 ST TR
arell 7e e gdi Rig—mm & HaE ) ANy qa1 el qHwel & e wg
BRRT © | A H U JARgeT AR AAIT TRATSTAT AGUIKT AT b Taer
IR @R UMl & HY H yanT =g A= aiRRefie! emi—amRT, dMR, f29R,
§aR, dIBFR, deal, MWMEEl AR FRMed dI8sT (UsTE), UHde (A8RTS),
UIEeeaR (3USHM UG MPIaR MMESeive) Ud asfeed (@3dl) § drRiRd © | defid
ey & foy faf= wecqel aal o W & | UHE ST Sudier
fferRaa € |

GR—Ydd] B UR Ui ST & 3R UR &1 AdUTdT FI=dror

SUTAT UfshATAT DI SACTAdT, FADI WATH T AHRID =TT NS B PHIROT JaT
FAUTAT T AARIH TAR BRAT A BiSH B 7 | D ATUTIRT T AJOTIR
A ARG BIF D BRI AT YSATH Sl & elichT HegH Ud [+ AqorI]
HT31 BT SavT, JaT Sfel U4 Il & (F¥ed U¥1d & HROT Ygar+1 93¢l 718l & |
U AU JIRAT DI ARTAUIHHI (BIEIR—TUFE ) qREAG! Sl & ISUAN §IRT
fRIf~ea PR BT U TATH sy Fa&T TG SITHALT HLT BHRATSA 3 hIT TAT S |
9@ foR SAfCavish i SeT T HIAT drkilde I STie & |1l FHfdd B
[iRGD! Alsel gRT AU Jaldl & IR &1 A S Gaell BrRivomet!
IR @1 715 € | 131l BT TavIdT Ud eTRIgdr Fafed Aryas) oid fagd arere,
AT, FARIGS, BEME T FSHETC M B gRacfierdr &1 3rfa gofai
TR ST W AMHTEHS Ae—dae Wi fasa 731 2 | wRiad= & RRER 1400, 1900 @
2200 =41 Hiex goishHia a5 R el @ Faurdr & SRoT gl HHg wRads &
1900 SHIHIER &5 R RReR A # 79& &) 7131 & A1 Hif~ddh ©U H Te—aafrd
e ¢ | Sifcavimig wradd Ser smenRd feRia 59 ugfa grT siaRe | &
AU HaT31 D e HRAT RIR 8 Ahell & |

g DI I3 U1 AIEW] YSITfa “HIARYA 283°
T @1 U 5 19T ARW] TSI ‘HIMRTA 283" IR UG Bl 9o gHTfaa Farait
Bg ‘B AIFH] AT AJRIEIRN B IR W (Gl DI TR SR dlell el

STFHART BT 20 SR, 2018 BT AT 7991 d3H H SIRT AFARTT BT TS | A
Iyl BI AT IUST & YR TR BIARYSA 283+ A0 AWEW] P [hA! & 8334,

HTLRT| 02] 03
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TSy 1067 Td BIARYA 17 BT ol H AT TaoT AeWAT Td &1 ST (A -
15.02 TIeTd, 13.68 UfeId U4 5.24 Ufrerd) UGRId @ | AT T2 H I8 5.8—6.2
T /7. DI ST UG Sidfeh NI Ja13if (Ad 9.0—9.3) H 4.5—4.8 ST /8. SUST qcll
2 | I 128—133 AT # Yhehx IR BT Sl 8 1R 6.7 SHIET /). Th oIqor a1
g U7 9.3 b &TNIY 1 8 Rell & | I8 [ T 3TR HIet ik dIelr 4R o1,
RN, HRATA v, Ufthe Td a1 Hardl @ ufey Y A2y 2 |

|El ®I T3 dqvT wfew] fewr Wigd 6o famiia

Al B TH A3 AU AW fFE WUE 60 B ST, 2017 H AWM
RUATe—Rl Bl RIS AR FHfad AL URISHT B 2471 Al g
d3% & QR U AT AT AT TAT SRS 2018 H BT D SN T
fasred & Sl IU—afafa (AdRmR) g1 Smaifsra 7odf HifeT # =g dd 8k
ot SUST & forg RATT, SR U<en, UoTe, feed! STk TorRer (SR uf¥ed gHad
TA) # oTaur I HaT iR T R fASS @ sravensii & ded Refiot far a2 |
59 fs = SUIT (T AJ0TT S5 10—11 ST AIGAT / Hiex, Riang ot oAqordn
SHRISSE] 10—12 SH A18HT /e ), &aNgdm (fiva 9—9.4)d T8d IS dh
HIUH 54 iR =g UTaR qrelt bt wifd iR RIRRTST @ erem # 25% 31 diat
IUS AR 27% Ied Tl IUST BT IATGH (AT | Tg {h ST 134 &1 7 uRuaq
Bl IR 8 31 goue 37wl & fofy 58 fa of Il € | §9a Uil &1 iarg 187 ¥
eI A ST (6), ATEAHe WRATY (9), &I I & didTg (77 FHI) 3R 1000 &I BT
IS 5 T & | a1 JHIFAT FaT H SUST 1.8—2.1 € / IR 3R AT yRRefoat
H 2429 T /TICAR & | THH SITHIT 41 TRIRIT I DI ATHT © | I8 (5T UIpfid
IRRRAT H e RAT ©se, Tha IGRM, IS 3R SR+l FAfes (Hhal),
T &S UG WeRITST T Te= & forg ufaRiel & T s Aol (Tfths) &T 9y
A P B S |

AR 313 § B UG 961 @ oY 2alfbfere urqu gfg gersia

TR 9 YaTll BAl—Tall’ Td wA—UINHdl” BT BEell dI iy, Ul Ud &R
T3l (UT9d 9.4) & U TR UMTG BT AT HR1 & folg THel H 3R Yerd YT
HaTferd fy 7Y | g H TAMhicls ARSI [haws] Td BRGIRY ATegdalTs o
(@—TSiT, gl NIod! Ud Bell—UoT) §RT SIiUaR d)- OR Ul $Harg H o
21 gferd vd STe o Ts H T 17—25 Uferd @ 9fg g3 | S0 UBR g
STAR 1 ol H Te—Toll, Fe—UUHe) Td 2e—Tolvd & TR B TR ST
ISl H HAT: 14.2 Ufderd, 10.9 ufiRra wd 17.9 ufrerd @1 afg g8 | wrenife 39
A TART W SIAIAR 6 R ST 301§ G301 SUAR @l goi1 H 21.8 g
@1 gfg g3 | S UBR o191 H 39 UTeU gig eroial & Hgad YN H =0 SuaR
DT AT H ST T AT IS H HHTE: 18.6 UIIRIT U4 24.9 UfTerd &1 g g8 | 9
quf & YerH 3Nidel & 3T B IR R Ig fAspy Habretm 1T fF 39 Slfhford
GeFoiifaal & Agad YN ¥ aNg gersil # g Ud o1 d SuS # rguera
RRI=T 1 Gerem H BT 18 Ufcrerd d 19.7 ufierd 1 gfg 83 |

aviiy afédiar gersil 89 $UTH ST &I USi<1 Yd JATH

<3 BT (TrEITTH AGIRTH UG TEGFH FH17H) B GUdbRa ARl B fel
400 STl BT 4d, ORI R AMT o Yers W RJuTg Bl 78 | aqoiia




afdarer gerett # fafi=1 gergaRa wfteal &1 N faewrs Wt fasar Tar | <=h wo
@ Yo HridshA H 3118 fAfr= FaIoHl gRT MU= g9Ifaaa @ 70 U, SiHICgy
ol fhu 77 | W% 2017—18 & SRIF 39 SIHICISY BT ‘UrAfHd STST TR H
B (AT TAT| [T aRY §RT TEHGFH STEIRIHA B 76 T, Al Bl

FRIEIHRoT BT I gA-aRUT & ol @¥Iw 2017—18 H TN 14T | GX) A d &
IR A= SUST vd SIa—TaRIfe el & SR WR S gl &l 999 gd
faer foar | g9 aRareEr # e Afew] dgal & yanT grr 7rEifvgs

garaaE | 93 Usi FHftedl & faamr foar 13 |
HERTSE H IU—HdE! SIATHTH db11d & YHTd BT AT

HERTE & EAGTIR, AART, HHTel Ud PlealqR foTall # e+ 0.18 ffera gacar
%W@ﬂﬂﬂﬁﬁﬂ%%&ﬁﬁ%%l#ﬂ?ﬁﬂﬁ@ﬁm
IRYG—BH 1T T AGOTT ATHLT TR, PRATA §RT (SIS ARG B YL
WWWWWa%gW(wss%)@WW(523%’)Tn-cﬁﬁ
SUFTE] STAIDBIE YOl HI RATYAT B T3 & | VP Y9G qedid JAT
THUHS! &3 H 1ol fafderdr <@ B el | g fewdl § gRomd aree € Sfafd |o
TR R o1t g # &} ¥ | TR yIuNs) USeH & q BROT H ST
qrsul BT §¢ 8141, fHAT §IRT UOTTell & el STl | HRAT UG T &l STei gIRT
3R Iq~ BT AN o | {B WIHl WR Gell Aferdl H Aed areafid
gig & PR STAHIE FTferd g7 | fharl & A1 g8 =l | 91 gl fob TS
JOTTell ST AHY U4 916 H <@¥Tel 9 g8 Tecrdl & SRl ifesd uRom T8l A
% © | Had B gRT {17 o<t BI ursui & YL, AT DT Bl rdgetr
Td UTed 3icRT Ud 1T TeRTE H gaerd o HIRON 7 THUES! YUTTel! &l Gerdr uR
Ufrad I9Ta STell © | fami = dal f TAvAS] YolTell AT & |HY S9d] -
STRR ST ST <T(RY | IhT AT o7 b g8 &= | Uomell o & Joil AT
AT a1 fHaT AT Bl AfedS! & ATEH | THUHS! YUTTell o & foft Icarzd
HR AT YROTH YIS Y ST A & | Ffb T DI SIS 6 HIC RIS db oIl &
3IfTT 39 &1 H STl TExTs 6 Hic | A0d BIFT a1y | g HIex &l ured
37eRoT YT TTET B SR 3 Ted 3 STawdhd ¥ |

TS A YImRIl § H—IATHR ATsed DI AR Aderidr

Uf¥ed e & Gavad b T AU &F H Y—AThR < dTell dbilihdl o
Uers dTeld, ST—98ell FeuTa Ud 83 Hs—S¥Nl Il [l & @dl IR HaT
SAGUIAT FCH, Sel SUSARTAT 98, FHY N deM g IR Jord § BRI g g
© | BTeTif 39 TPp-bal & fhaTaae H Yo § T 3 Garg d AN fdre 31l
2| IR TAR BT O & 916 U AT d U ol J1d O dael Arrd aRarer
Td H 3BT A < hd ¢ | 39 a2 B e UfY gHTS B dTel W 31R A @
3mfefep fageryor fam 73T | gl 88 T 3R d&d 8T g ol & SR UR I8 Irl
AT {6 Ue qTere, STH—98el FEUTa 3R e Hhe—SHRT ClA—SdhIsdl &l
JATAR® Ul R AT 46, 42 Td 36 U oI | S UHR G acH o
IR 285059, 232450 Td 96817 Ud 0T ATUT & 7d1e) SHAL: 1.41, 1.78 Td 213 I
o | g7 el | Rig 8o fs VAt e aa-ifesa # anfdfes faer @raert 2|
A H ¥ TS IRER T B IS AT Ud 3T BRIHHA! & AT o
T a5 # 39 ad-idhal BT 9g7ar S T 2 |
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AGUT gHTFAT 131 H el B ST AR ST JaTIHAl ST JFd el

SR—IRTH RA @ AU g el H ST 3fR WliR @ FHH Ut
HEARITET & oY U a7 & | A9 qReT YerE, Uriid @l auig garei |
JIoRI—A%4! BT ash 3 A= fAfdat ofiR Araneii # ugad S 3iiR &g &l Jareii
H gaeR, faf=T afell § SueTerd 3l Uiell §IRT SRy BT 3fegg= fohar 77 | 9Toi
3R A=Al B 3TTE & T i Aehe Td By Aebe gl # A Ty | 39 uive
qeal T gaTTs & 30 AR 45 a1 are goiy fFgwra WY foar war | aRermE! | 9ird gan
{3 5 fa. [Sia, 10 U, 18T 31R 10 7 e &I WIE & Fgad TANT 4 5 (0.55
fom / fao) wd <ie (1.85 AT/ fham) & ot gerreiia ud fafema sfer # |rie
gfg g8 1 fo AT B FHels & IWId 0—15 JHL. JaT H G701 IuaR &1 Jo1
PHHI: 52.8 U4 33.1 UfA9rd 31 o | IR auf & ST il ° AT fhar b 59
SUAR ¥ gToR @1 T 399 (3.66 €7/ 8.) 3R A=Al BT §1o7 Sl (227 <1 /%) §
R ITAR BT eI # BT 57.1 Ud 42.8 UfTerd &1 gfg g% | I8 f1spy fHebrar
7 o IR, <8l T MER Bl WIe D HYdd YA A 9T gIfdd gersli b
Aifde—rarafe genell § guR g1 & K99 37 d@l @ drfe ik fafw ofw
q el T SueTerdr # gfg B ¥ |

IREHR Ud JT-IATG
- YT HATE UGe U BN i3] # a9 2014—15 BT SR3IH 37134 T

JRIHR UREE §RT ST, TH. &, BIART, ST T8 HFAR Td ST, DR okl Dl Y&
& T |

- T1. 94 GAR, YT IL1D BT a9 2014—15 BT HIH3Y, T8 faoet] §RT B

Td gRTET AT & folU 16 TelTs 2017 DI BR3TH MSH T YRIEBR ATHATY
EIRT UT §aTT |

- RS fawafdered, JAEcs fhred H S Hu™ &1 & foly ST, 3RIH <1 &l
IRI—FATSCE fhTSH HAIRIY T g8 |

- qive 1. (9a1 faerm vd Sy <mae) § |aifde Fegel I i U 6+ 8q Sl
ST HAR DI AGAR] HY fIeafIeerd & a9 2016—17 HT HATRURT WOl UGH
geT feam T |

- ST 49 3 Spee IR & forg ST ol 3RTeT 7 AR a1 fasm |fify, 78
feell &1 a¥ 2017 &1 “ST. Ol T4, Ul ATed HAIRYC JREPR’ UT T |

- & SN ThNbal §IRT ofaoT gIfad Jamell & gurR AR Jde 2g Sl Aol
SRIST BT ‘S, T, qTell YREHR 2016" H TG fHT 71307 |

- RIS T T8l FaT U9 A Udg & [l UIeTiRgd srem # wrk’
(28—29 TR, 2017) B IR ST FAH TT 7 UfR=H Rig—7 A=l § |ad
TEIHROT JETRT RN Wl H Grelinm Suderdr vy R ¥aiad dRex
QIR (fgeii) ureT foa |

- WRAIY FaT GReT0T |Af, 78 fAeell & 269 AT & SR Sl A9 IRIST o
HATH FTHLTT U YRIBR 2017 AT b |




- RO Ha&T AReT0T |ifd, 7% ool g1 MR 26d IS AR STerary
gl Aad BN & oy yrdpferes AR gdg’ (11—13 RAawR, 2016) & SR
ST. 31T RETST 7 FaRTH UIReR YREBR UTe o |

EARRIGI

- HERTE & IMEAGTR o7l & 15 fami & fofg 5-8 S, 2017 & Aeg Fa0
g T3t Qd =1 I[01eTT STt # Fd BT v WR geh R e
Uf31eToT BTRIHH AT T 73T |

- RO Y e URYG—DH=1d Fa&T TGO ST R, HRAT 3HR
BRI PN Ud fHa dearoT f[9RT gRT GgH S0 A SUATE! STl
ERATOT SRS RIS Uolde’ 1 ddeiid! FAfT Bl Ugell d8d 12 s,
2017 T HRAT H AT Y 7T |

- AT TRIG [HA HAT DA RoTel & RADHax TSI Td H 15 &R, 2017 B
TSI foham a1 |

- JAPIHT—TRIT Y01 fAepT HTST gRT YA RIS UfRieror Hrishd Py
¥ 1T T[OTaAT ST BT TART' 10—24 IR, 2017 & He ATANTT faam 17 |

- ‘faee e feawr’ gd P R feaw’ 5 faawR, 2017 @1 AT by 1y |

- RO P gdu uRve &g Affa o= (4o, R gd faeed) &
TS THIET 9Sd 12 faTwR, 2017 BT AT DI T8 | 39 ST 2441 8F H
@1 TS AR U Tt ) FHtet @l TS |

- WRATI BT FHET IRYG—DH 1T JaT STaUId ITFHATT FRATH, BRIl Dbl 504
qUIIS & U H Tof STl &1 fhA Je' 10 A, 2018 BT AT fBam
T 5T R Aff Si1 B gd fhar dearor #31 A1 21 e R
J|

- YRA—3TDIHT BIRA §IRT UTANST “SAaor g1 FT3l & Aad Jae & folg I+
Tq TR Tebilfpdl’ favd UR RIS UfRieror Brishd 15—26 e, 2018 &
He AT BT 1T |

&= gqi- 9 yHor

- 99 2017—18 & AR BN H FIVRRK JaT & JUR 3R Yaed g 14 Hife 5 &
STANT TR AR QIgfe R &R faawr el # 8 yeeiferar o 778 |
265 TR H 3 2141 BAERST 7 HwIH & o1 URRd! o= g Urifid BH
BT SRT T | 1678 TRTURDT W 24 TET H 11 263 HAM, 9 Al H MY 139
TRIREGH! 3R a% a9 faers, 28 |a! # MY 1135 fIemefl, 15 \qa! 7 M 86
IR g faqel I+ 36 THE! H 31T o |

forar gaEeR Aar

- fHEMl @I JaT FaUrar, AR 9 STl o] Ha e GRSl & @id 3R
FYFEIT FHIT 2 WYl 7 18001801014 THIR WX f1:3[ed BI1 Wl Y& 1 & |

|| 06-07
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9 2017—18 & SR QU & A= &3 | SN Ao Fawmeil Feafra 528
RSENEIN
Faxisda w=aT

- APIDT AR ey TR & TG fharl & Iy T-rg Aiew] el (ATSARIARIIS
q YRS GRT UTAI) |

- gAY U4 Uf¥ed TS, MRA @ g9l UUTdd dord &3 H Bl UuTTel!
BT (ATTHJNTEARST U g1 feafaenery, s forar g1 fa< uifva)

- gdt R # R e el | g yonferdl (@9 H wd U9 Ui dod gde
TH-TRAT BT [AHTH) (STSHILIR S 3) (SMSIMRARSMS FIRT farTra)

- Sieraryg uiRacH, B vd e gRer (Fiivesed) (Hisrsuadarse], e

- IEToT TR H 28R 918 DI HH B TAT UTHIOT &31 3§ U Bl GRefl H GIR &
T T AU SR URIETVIHS BT IGIAT ST (SMSSIUHINS) |

- YR & 9ol Ada-1eiiel &3 | ada aareE yaee gonferdl & e (GRar,
SITYT) |

YDIRIH

- W ERT W@ ORAG H 75 JIJHUN IMeld, 14 YD AT, 40
UKId / H3Td, 3 FelfeH / hieeR, 14 Tafold 3fTeldd, Td=iid! Ufae Buary I
3iR 25 3TTeRg THHR / RIFTAIRTT IR S%=al # Ud &6 T |

denfral &1 facer g3 sRiyE 9 Garighy

- S G RIAT DI g1 B WA P 8 Il = fAff= <2l 9 faga=m,
fredr=, JRgforam, IArEcs fred, SIUM, 3R IFereer, & SRT fhar | 39
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ICAR-Central Soil Salinity Research Institute (CSSRI), Karnal, Haryana is an internationally
recognized premier research organization dedicated to multi-disciplinary research on
salinity management and use of poor quality irrigation water in different agro-ecological
regions of the country. Multi-disciplinary research programmes at the main institute are
conducted through four divisions: Soil and Crop Management, Irrigation and Drainage
Engineering, Crop Improvement, and Technology Evaluation and Transfer. To pursue
specific research needs of different agro-climatic regions, the institute has also
established three Regional Research Stations at Canning Town (West Bengal), Bharuch
(Gujarat) and Lucknow (Uttar Pradesh) to deal with the problems of coastal salinity, salt-
affected vertisols and alkali soils of the central and eastern Indo-Gangetic plains,
respectively. The Coordinating Unit of All India Coordinated Research Project on
Management of Salt Affected Soils and Use of Saline Water in Agriculture is also located at
the main institute and is functioning through 8 regular research centres at Agra (Uttar
Pradesh), Baptala (Andhra Pradesh), Bikaner (Rajasthan), Gangawati (Karnataka), Hisar
(Haryana), Indore (Madhya Pradesh), Kanpur (Uttar Pradesh), Tiruchirapalli (Tamil Nadu)
along with 4 voluntary centres at Bathinda (Punjab), Panvel (Maharashtra), Port Blair (A&N
islands) and Vyttila (Kerala) representing different agro-ecological regions of the country.
For the period under report, some of the major research achievements of the institute in
differentthrustareasareasunder:

Soil salinity characterization using hyper-spectral remote sensing data

Severely salt affected soils can be easily detected due to high reflectance from salt crust
on soil surface. In contrast, detection of low and medium salinity affected lands is difficult
due to intricate association of salt, soil, water and vegetation. A methodology was
developed by integrating hyper-spectral (HRS) data with limited ground truth and further
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quantification through a statistical model. Study area (10.8 ha of CSSRI Experimental
Farm, Nain, Distt. Panipat) was divided in regular grid (30 x 30 m) to collect surface soil
samples (0-30 cm) during the post monsoon season for analyzing physico-chemical
properties. Hyper-spectral data were collected from a spectroradiometer in different
wavelength regions and standardized using a statistical model to find prominent
absorption region between 1420 to 2020 nm. Salinity model was developed by
integrating hyper-spectral data with soil physico-chemical properties by multivariate
statistical analysis and subsequent validation using the band math techniques. A spectral
library was thus developed for further mapping of salt affected soils with limited ground
truth data. Variability of salinity and sodicity attributes such as EC,, Na“, CI, CO,” and HCO,
(me L") of the saturated soil extract were related quantitatively (r=>90%) to hyper-
spectral data. The spectral regions of 1400, 1900 and 2200 nm showed prominent peak
due to the changes in soil salinity. At 1900 nm prominent shifting facilitated in
establishing a significant correlation with salt concentration.

KRL 283: new salt tolerant wheat varietyreleased

A new salt tolerant wheat variety KRL 283 has been recommended for notification in 79"
meeting of Central Sub-Committee on Crop Standards, Notification and Release of
Varieties, for Agricultural Crops on 20" January, 2018 for salt affected soils of Uttar
Pradesh. KRL 283 has shown good yielding ability and salt tolerance with superiority in
grain yield on three year's mean (15.02%, 13.68% and 5.24%) over salt tolerant checks, K
8334, NW 1067 and KRL 19, respectively. Under normal conditions, its yield potential is
5.8-6.2tha" while in sodic soils (pH 9.0-9.3) it gives 4.5-4.8 t ha™ yield. It takes 128-133 days
for maturity and can tolerate salinity up to 6.7 dS m™ and sodicity up to pH 9.3. It is also
tolerantto stripe rust/ brown rust/ stem rust/Karnal bunt/aphid/ shoot fly.

CS 60:new salttolerantvariety of Indian mustard released

This variety has been identified and recommended by the 24" Annual Group Meeting of
AllIndia Coordinated Research Project on Rapeseed-Mustard during 2017 and released &
notified by Central Sub-Committee on Crop Standards, Notification & Release of Varieties
(CVRCQ) during 79" meeting held on 20" Jan., 2018, for salinity affected areas of the
mustard growing regions of the country Zone-Il comprising the states of Haryana Punjab,
Uttar Pradesh and Rajasthan. This variety gave 25% higher seed yield and 27% higher oil
yield per hectare over the national check CS 54 and high yielding varieties Kranti and
Giriraj under soil salinity EC, 10-11 dS m’, irrigation water salinity: EC,, 10-12dS m" and
alkalinity pH 9-9.3. It matures, on an average, in 134 days and takes 58 days to flower. The
productivity of this variety under normal soils is 2.4-2.9 t ha", while under salt affected soil
is 1.8-2.1 t ha" with 41% oil content. CS60 showed resistance to Alternaria blight, White
rust, Powdery Mildew, Downy Mildew, Stag head, Sclerotinia stem rot and mustard aphid
under field conditionsalso.

Halophilic plant growth promoters toimprove crop yields in sodicsoils

Pot and field experiments were conducted to study the effects of liquid bioformulations
'Halo-Azo' and 'Halo-PSB' on growth and yield of crops and properties of sodic soils (pH
9.4). In wheat, seed inoculation with halophilic nitrogen fixers and P solubilizers (Halo-
Azo, Halo-PSB and Halo-Azsp) resulted in ~21.0% increase in plant height and ~17.0-
25.0% increaseinroot length over control. Grainyield increased by 14.2,10.9and 17.9%in
Halo-Azo, Halo-PSB and Halo-Azsp treatments, respectively, over control. However,
consortia of halophilic strains resulted in an increase of 21.8% in grain yield over control.
Grain and straw yields of rice increased by 18.6 and 24.9% in consortia treated pots over



control. Field experiments data of three years also showed that combined application of
these halophilic strains enhanced wheat and rice yields by 18.0 and 19.7%, respectively,
over un-inoculated control under sodic field conditions. Halophilic strains of N-fixers were
found to be superior over P-solubilizerin enhancing yield of both the crops.

Breeding and evaluation of cotton germplasm for saline Vertisols

A total of 400 lines of segregating populations of desi cotton (G. arboreum and G.
herbaceum) were planted at Samni Experimental Farm, Bharuch, Gujarat. Generation
advancement of the segregating populations in saline Vertisols was also done. Breeding
programme of desi cotton yielded 70 F, genotypes (G. herbaceum) of eight diverse crosses.
These lines were tested in Preliminary Yield trial (PYT) during kharif 2017-18. Pedigree
selection yielded 76 F, progenies of G. arboreum which were planted in kharif 2017-18 for
further selection. These lines were selected and advanced on basis of yield and
biochemical parameters recorded during the entire crop duration. New breeding
populations were developed in G. herbaceum with tolerant parents identified in this
project.

Impact evaluation of sub-surface drainage technology in Maharashtra

About 0.18 M ha areain Ahmednagar, Satara, Sangliand Kolhapur districts of Maharashtra
suffers from waterlogging and soil salinity. Subsurface drainage (SSD) systems have been
established by the State government in Dudhgaon (1085 ha) and Kasbe Digraj (523 ha)
villages of Sangli district after design approval from ICAR-CSSRI. An impact evaluation
study revealed large variations in the SSD area with some parts giving good results while
others being in bad condition. Poor SSD performance in some blocks was attributed to
the choking of drain pipes, poor upkeep by the farmers and blockage caused by the
sugarcane roots. At some places, open drains were heavily infested with vegetation
creating problems in the disposal of drainage water. Detailed discussion with the farmers
revealed that discrepanciesin installation and upkeep have reduced the efficiency of SSD
systems. These include poor quality of pipes supplied by the responsible firm, installation
work done by the unskilled workers, neglect of approved design during installation and
alterations in the lateral spacing and drain depth. Farmers' opined that their opinions
must be considered while installing the SSD systems. Instead of large scale installation,
SSD on thefields of individual farmers or a group of farmers with subsidy support from the
government will give better results. Because sugarcane roots can grow up to the depth of
6 feet, drain depth should be >6 feetin sugarcane growing areas. Lateral spacing of 30 mis
not effective and it should be reduced.

Financial viability of the land shaping models in coastal saline soils

On-farm demonstrations of the land shaping techniques viz., farm pond (FP), paddy-cum-
fish (PCF) and deep-furrow & high ridge (DFHR) models in farmers' field in Sunderbans
have been successfulin terms of reducing salinity, improving water availability, increasing
farm income and providing gainful employment to the farmers. However, land shaping
techniques involve high initial investments particularly to meet the soil excavation cost.
Once the land shaping techniques are constructed, the operational costs incurred and
benefits accrued during the project period and these cost-benefit streams were likely to
continue over the economic life of the techniques. Financial analyses of these land
shaping techniques was done to find out whether the investment will yield a reasonable
rate of return to all resources engaged for an average unit. Based on the incremental cost
incurred and incremental net return realized from each land shaping techniques, IRR were
estimated to be 46%, 42%, and 36% under FP, PCF and DFHR systems, respectively.
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Similarly, NPV were Rs. 285059, Rs. 232450, and Rs. 96817; BCR were estimated to be 1.58,
1.55, and 1.20 and payback period was calculated to be 1.41, 1.78 and 2.13 years,
respectively under FP, PCF and DFHR type of land shaping techniques. Financial analysis
indicated that investment on such interventions were financially viable for the coastal
region in Sunderbans of West Bengal. Government of West Bengal is now implementing
these land shaping techniques under PMKSY and RKVY in the different salt affected
coastal districtsin West Bengal.

Optimizing crop zincand iron requirements in salt affected soils

Decreased activities of micronutrients, especially Zn and Fe, in salt-affected soils of north-
western India result in their low availabilities. It is a major constraint for crop production.
Hence, a field experiment was conducted at Nain Experimental Farm to understand the
mechanism of distribution of Zn and Fe in different fractions as result of Zn and Fe
application methods and different doses for pearl millet-mustard crop rotation to know
their retention in soils and release to plants. Zinc and iron were applied through soil in the
form of ZnSO,.7H,0 and FeSO, 7H,0, respectively, at the time of sowing of pearl millet as
well as mustard. Foliar sprays of respective nutrients were also applied with same
chemicals as in soil application at 30 and 45 days after sowing. Results indicated that
combined application of 5 kg Zn+10 kg Fe +10 t FYM significantly increased the water +
exchangeable fraction of Zn (0.55 mg kg") and Fe (1.85 mg kg") that were 52.8% and
33.1% higher over control in soil (0-15cm) at harvest of mustard crop. Four years pooled
data also indicated that combined soil application of 5 kg Zn+10 kg Fe +10 t FYM
significantly increased the pearl millet grain yield (36.6 g ha") and mustard seed yield (22.7
q ha") by 57.1% and 42.8% higher over control. It is concluded that combined soil
application of Zn and Fe with FYM was effective in increasing the available Fe and Zn in
soils by enhancing the pools of exchangeable and organic matter fractions of Zn and Fe
through altering the physical and chemical characteristics of salt affected soils.

Awards and Recognitions

ICAR, New Delhi conferred 'Hari Om Ashram Trust Award' in Natural Resources
Management and Agricultural Engineering to Dr. S.K. Kamra, Dr. Satyendra Kumar
and Dr.Bhaskar Narjary for the Year 2014-15

Dr. Parveen Kumar, Principal Scientist received Hari Om Ashram Trust Award of ICAR,
New DelhiforBiennium 2014-15 for Crop and Horticultural Sciences on 16 July 2017

Dr. Asim Datta was selected for NEWS (Newton Bhabha Virtual Centre on Nitrogen
Efficiency of Whole Cropping Systems) India-UK fellowship (3 months) for
conducting research on 'Whole farm modelling of carbon sequestration and organic
resource use at case study sitesin India' at University of Aberdeen, Unite Kingdom

Dr.Shrvan Kumar, Scientist was awarded the Chancellor's Gold Medal of NAU, Navsari,
Gujarat for securing the Highest Overall Grade Point Average and presenting quality
research work for Ph. D.degree (Soil Sci. & Agril. Chem.) in the year 2016-17

Dr. Sanjay Arora received 'Dr. J.S.P. Yadav Memorial Award' of Indian Society of Soil
Science, New Delhifor Excellence in Soil Science during 2017

Dr. Sanjay Arora received 'J.S. Bali Award 2016' of SCSI, New Delhi for contribution in
reclamation and management of saline and sodic soils through microbial techniques
for sustaining agricultural productivity and soil health management



Dr. Ashim Datta received Best Poster Award (Second) for paper entitled 'Potassium
availability under conservation agriculture with sustainable intensification in
Western IGP' during the International conference on 'Advances in Potassium
Research for Efficient Soil and Crop Management' held at NASC complex, New Delhi
during 28-29, August 2017

Dr. Sanjay Arora received Best Paper Award 2017 of SCSI at 26" National Conference
held at CAU, Barapani

Dr. Ajay Bhardwaj received Best Poster Award in the 26" National Conference on
'Natural Resource Management for Climate Smart Sustainable Agriculture
(NRMCSSA-2017)" held at Barapani, Meghalaya, India during during 11-13
September, 2017

Workshop, Seminars, Trainings, Foundation Day and Kisan Mela organized

Afourdays training programme on 'Sustainable management of crop productivity in
salt affected soils and poor quality waters' was organized for 15 farmers of
Ahmednagar district of Maharashtra State from 5-8 June, 2017

ICAR-CSSRI and Department of Agriculture & Farmers' Welfare, Govt. of Haryana
jointly organized the 'First Meeting of Technical Committee for Haryana Operational
Pilot Project (HOPP) on Sub Surface Drainage (SSD)' on 12" July, 2017 at ICAR-CSSRI
Karnal.

Mabhila Kharif Kisan Mela was organized at Sikandar Kheri village of Kaithal district of
Haryanaon 15" October, 2017.

An international training programme on 'Use of Poor Quality Water in Agriculture'
sponsored by African-Asia Rural Development Organization was organized during
10-24 November,2017.

'World Soil Day' and 'Agricultural Education Day' were celebrated on 5" December
2017 atKarnal.

ICAR- Mid Term Review Meeting of Regional Committee Zone-V (Punjab, Haryana &
Delhi) was held on 12" December, 2017 at ICAR-CSSRI, Karnal. Action Taken Report
and recommendations made in 24" ICAR Regional Committee Zone-V meeting held
atICAR-IARI, New Delhi during 3-4 October, 2016 were reviewed and discussed.

'Swarna Jayanti Rabi Kisan Mela'was organized on 10" March, 2018 to mark the Golden
Jubilee Year of ICAR-CSSRI. The Mela was inaugurated by Shri Radha Mohan Singh,
Hon'ble Union Minister of Agriculture and Farmers Welfare, Government of India.

An International Training on "Advance and innovative technologies for sustainable
management of salt affected soils" was organized under Indo-African Forum during
15-26 March, 2018.

Field Exhibition and Visit

During 2017-18, a total of 8 exhibitions were organized at different research institutions
and developmental agencies to portray the improved technologies for the reclamation
and management of salt-affected soils and poor quality waters. Out of 2141 stakeholders,
263 farmers in 9 groups, 1678 students in 24 groups, 172 extension workers in 30 groups
and 28 scientists in 12 groups from India and abroad visited Institute Technology
Information Centre and experimental farms to learn about the technologies
commercialized and being developed.
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Farmers' Advisory Services

During 2017-18, a total of 528 advisories 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 1800180 1014.

International Collaboration
StressTolerant Rice for Poor Farmers of Africa and South Asia (funding IRRI-BMGF)

CSIRO, Murdoch University, Australia- Cropping system intensification in the salt
affected coastal zones of Bangladesh and West Bengal, India

Future Rainfed Lowland Rice Systems in Eastern India (Development of Crop and
Nutrient Management Practices in Rice) (ICAR-W3) (IRRI funded).

Climate Change, Agriculture and Food Security (CCAFS) (Funding CIMMYT)

Developing of Sustainable Resources Management System in the Water-Vulnerable
Area in India(Funding JIRCAS)

Piloting and Up-scaling an Innovative Underground Approach for Mitigating
Urban Floods and Improving Rural Water Security in South Asia ( Funding IWMI)

Publications

The Institute published 75 research papers in peer reviewed journals, 14 Books/Training
Manuals, 40 Book/Manual Chapter, 3 Technical Bulletins/Folder, 14 popular articles.
Besides, 25 papers were presented in different National and International
Seminar/Symposia and Conferences.

Scientists' visits abroad and new scientists joined

To upgrade their knowledge and skills, 8 scientists of the institute visited different
countries viz. Vietnam, Philippines, Australia, Japan, U.K. and Bangladesh. Four scientists
joined the institute during period underreport.



Introduction

Historical Perspective

ICAR-Central Soil Salinity Research Institute (ICAR-CSSRI) is a premier research
institute dedicated to pursue interdisciplinary researches on salinity/alkalinity
management and use of poor quality irrigation waters 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
Fourth Five Year Plan period. The Institute started functioning at Hisar (Haryana) on 1*
March, 1969. Later on, in October, 1969, it was shifted to Karnal. In February 1970, the
Central Rice Research Station, Canning Town, West Bengal was transferred to CSSRI,
Karnal to conduct research on problems of coastal salinity. Another Regional Research
Stationfor 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).

Over the years, Institute has grown into an internationally recognized esteemed
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 besides developing technologies for the optimal
management of gypsum amended alkalisoils and the use of high RSCand saline waters
for crop production. In the post reclamation phase, focus is on developing resource
conservation technologies and development of farming system models for resource poor
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.
Development and propagation of individual farmer based groundwater recharge
technologies, subsurface drainage for amelioration of waterlogged saline soils and
decision support systems for ground water contaminations with fluoride and climate
change are some of the major issues being addressed by the Division of Irrigation and
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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 concerns of the Division of Crop Improvement. The Division of Technology
Evaluation and Transfer identifies the constraints hampering adoption of land
reclamationtechnologies and theirimpact onrural development.

The Institute has developed technologies for the chemical amendment based
reclamation of alkali soils, reclamation of saline soils through subsurface drainage,
development and release of salt tolerant crop varieties of rice, wheat, mustard and
chickpea and the biological reclamation of salt affected soils through salt tolerant
multipurpose trees. A microbial consortia CSR BIO as a plant growth enhancer has
been developed and commercialized. Land shaping technologies for the
productive utilization of waterlogged sodic soils and coastal saline soils have also
been developed. Nearly 2.0 million ha salt affected lands have been reclaimed using
these technologies and put to productive use. It has been estimated that reclaimed areaiis
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 70,000 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.

An International Training Centre to impart training at national and international
level was established during 2001 under Indo-Dutch collaborative research
programme. The Institute faculty also serve as guest teachers and advisors for the
Post Graduate education and research programmes of 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 IWMI sponsored programme on taming
underground flood water systems.

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 has also been created. A central laboratory with modern equipments
has been established.



Organogram

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

Research P . Institute Management
i ) < Director > )
Advisory Committee Committee

Main Institute A 4 Resea atio
Canning Town Bharuch Lucknow
(West Bengal) (Gujarat) (Uttar Pradesh)
“
Soil & Crop Management Administration Management of Salt Affected
Crop Improvement « Library Soils and use of Saline Water in
Irrigation & Drainage « Prioritization, Monitoring & Agriculture with centres at
Engineering Evaluation Cell Agra, Bapatla, Bathinda,
« Technology Evaluation and « Workshop Bikaner, Gangawati, Hisar,

Transfer « Estate Indore, Kanpur, Panvel Port

Farm Blair, Tiruchirapalli, Vytilla,

Computer Section

Hindi Cell

Publication & Supporting

Services

Health Care Centre

Institute Technology

Management Unit

RTI Cell

« Transparency Cell

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, laser leveler, tractors, hydraulic trolley, cleaner, shrub master, maize thresher,
ride on 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 21.60 ha area, while
general crops are grown in 16.6 ha, which also includes the 10 ha area under seed
production mainly of salt tolerant varieties of rice and wheat. During the period under
report, the farm unit generated revenue of Rs. 92 lakh. To reduce the emission of green
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Productivity of crops at CSSRIfarm  house gases, most of area has been put under minimum tillage and residue burning is not

Crop Variety Average
yield (t ha")
Rabi2016-17

Wheat KRL 210 5.10
KRL 213 4.15

Mustard CS52 2.00
CS54 245
CS56 2.65
CS58 2.84

Chickpea Karnal chana1  2.25
Kharif 2017

Paddy CSR 30 3.60
CSR 36 5.00
CSR 43 535
Pusa 44 5.60

practiced in the farm. Agro-forestry system is practiced on 6.2 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 ber (Ziziphus mauritiana Lam.), aonla (Emblica
officinalis L.), jamun (Syzygium cumini L.), guava (Psidium guajava L.), litchi (Litchi chinensis
Sonn.) and mango (Mangiferaindica) is 7.4 ha. An herbal garden consisting of 104 species
of medicinal/ aromatic herbs, shrubs and trees has also been established and maintained
inan area of 1.20 ha, besides fish are reared in ponds covering about 2.5 ha area. 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.

Nain Experimental Farm, Panipat

The Nain experimental farmis located at Nain village, west of Panipat-Gohana road, 25 km
from Panipat town (District Panipat) and is about 65 km from Karnal. This farm covers an
area of 10.8 ha. Initially, the site had Prosopis juliflora and other salt tolerant grasses and
herbs as Sporobolus marginatus, Saccharum spontanium (Kans), Cynodon dactylon (Dub
grass), Suaeda fruticosa (Noon khari), Kochia indica (Bui) and Calotropis procera (Aak) etc. A
wide range of soil salinity (<4 to >30 dS m") existed at surface and sub-surface. The soil
reaction showed sodic nature ranging from <8.2t0 8.9. The area has watertable ata depth
of about 15 metres. The ground water showed neutral pH (7.7) and higher EC (13 dSm")
indicating high salinity with dominance of Na*, Ca®, Mg™, CI, SO,” and HCO,". Higher SAR
(19.3 mmol"’L™”) showed limitations for use during seed germination. Such water may be
used in cyclic mode with good quality water preferably for salt tolerant crops and
forestry/fruit plantations. Institute has initiated many experiments on forestry,
horticulture, agro-forestry and sustainable management of such salt affected resources.
Since no fresh water supply source is available on the farm, two ponds have been dug to
harvest and store rain water and two tubwells have also been installed for supply of
different quality water for experiments. Institute screens its mustard, wheat and rice
germplasm and agroforestry/fruit crops for salinity tolerance. In addition, institutes like
Regional Research Stations of IARI and SBI, Karnal also use this facility for screening of the
germplasm.

Finances

Summary of allocation and expenditure during the year 2017-18 under Plan and Non-
Plan budget is presented below:

(Rs. in lakhs)

Head

Progressive
Expenditure
(other than
NEH & TSP
expenditure)

Progressive
Expenditure
(TSP)

Progressive
Expenditure
(NEH)

Grand
Progressive
Expenditure

Capital (Grant for

creation of capital assets) 115.00 - - 115.00
Establishment Expenses

(grant in aid-salaries) 2832.41 - - 2832.41
Grant in aid general 715.05 - - 715.05
Grand Total 3662.46 - - 3662.46
Loan and advance 13.98 - - 13.98




Staff

The total staff strength of the institute is 351. The category wise details are:

Category of post Sanctioned In position Vacant % Vacant
Scientific 81 65 16 19.75
Technical 117 72 45 38.46
Administrative 58 33 25 43.10
Skilled Supporting Staff 95 38 57 60.00
Total 351 208 143 40.74
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 has always been striving hard to meet the expectations of its users. ICAR-CSSRI
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 15570 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 FAQ, 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 fromtimeto time.

e-Services

Online Journals: More than 3000 scientific research journals are available online through
Consortium for e-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,
Plant Gene 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 a collection to find the physical
location of information for easier to search 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
uploadedin“KrishiKosh”"may be accessed online through thelink 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), HPLC,GLC Carbon-Nitrogen-
Hydrogen-Sulphur analyzer (CNHS), lon Chromatograph, UV VIS Spectro Photometer,
Ultra pure water system, PCR, Gel documentation, Radio meter, Kjeltek N-analyser, EM
Salinity Probe, Neutron Moisture meter, 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. Recently, a multimedia laboratory has also been established to cater to the
need of photographicandimage processing and power point presentation etc.

Allied Facilities

A conference hall, seminarroom 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
unitis 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. Distribution of salt affected
soils and waterlogged areas
in Ambala district of Haryana

Database on Salt Affected Soils

Mapping and Characterization of Salt Affected Soils in Central Haryana using
Remote Sensingand GIS (A.K.Mandal, Ranbir Singh, P.K. Joshiand D.K.Sharma)

IRS LISS 11l data of March, June and October 2010 were used to detect salt affected soils in
Ambala district of central Haryana (Fig. 1). Spatial distribution of soils indicated common
occurrence in the Markanda and Ghaggar plains. March data showed surface water
stagnation in partially cropped areas suggesting temporary waterlogging and apparent
alkali soils formation. At places, white incrustation indicated soil salinization in irrigated
areas along the Bhakra canal command. Red to dark red tones indicated scattered,
discontinuous and mottled crop covers in the salt affected areas. High reflectance from
sand with no vegetative cover indicated the presence of riverine sands as wastelands
along theriver beds. High energy absorption from surface water restricted delineation of
soil salinity using IRS data, inputs from ground truth studies are vital for such areas. The
ground water depth and quality data indicated deep and marginal quality in general.

Ground truth studies indicated the presence of sodic soil and calcium carbonates
concretion layer at sub-surface depths that inhibits movement of water. Saline soil was
also found along the irrigated areas of Bhakra canal. Significant areas of wastelands were
found in the hummocky plain in Naraingarh block. Common source of irrigation is good
quality of groundwater. Rice-wheat and oilseeds are common arable crops and forestry
plantation is also practiced along the river course. Soil samples were collected from
surface and sub-surface depths to assess nature, extent and degrees of soil salinity/
sodicity. Representative soil profiles were analyzed for physico-chemical properties such
as pH,, EC,, ESP, CEC, ionic (cation and anion) composition, OM, CaCO, (<2 mm size)
contents.

Pedon P1 and P2 were collected from Dangririver plain and P3 and P4 were located in the
Markanda plain.The ranges of pH, (7.9t09.4inP1,8.5t09.6in P2,9.1t09.5inP3and 9.3 to
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9.8 in P4) indicated moderate to strongly sodic soils. Low pH, at the surface layers in P1
and P2 indicated reclamation. pH, increased at the lower depths in P1, P2 and P3, and
consistent at all depths in P4. The dominance of Na‘, Ca*, Mg*, CO,” and HCO, salts
indicated the presence of alkaline parent materials. CaCO, content indicated calcareous
nature at sub-surface depths and imperfect drainage. Low to moderate CEC are related to
coarse to medium soil texture. Particle size analysis data showed loamin P1, loam to clay
loamin P2, sandy loam in P3 and loamin P4.P1 showed increasing pHs and ESP (24 to 60)
at sub-surface depths and needs careful soil and water management after gypsum
application. pH, and ESP (25 to 75) of P2 showed sodicity at sub-surface depths. The
presence of calcareous layer and higher clay content (13 to 29%) apparently caused poor
drainage and waterlogging. Proper soil and water management is crucial in managing
such soil after careful reclamation with GR application. P3 showed higher Na*, CO,” and
HCO, contents that indicated residual sodicity and needs low dosage of gypsum
application and suitable for growing salt resistant crops. P4 is a strongly sodic soil located
in the Markanda plain, showing high pH,, ESP and loamy soil texture. It needs gypsum
application @ 6-8 t ha” for reclamation followed by salt leaching before putting for arable
cropping.The total area affected was 5064 ha of which sodic and saline soils covered 4222
and 842 ha while slight and moderately salt affected soils covered 4040 and 1024 ha,
respectively.

Salt affected soils data in Haryana- A current status (A. K, Mandal, M Sethi., Anil
Chinchmalatpure,R.K.Yadavand P.C.Sharma)

The salt affected soils data for Haryana state was compiled using Geographic information
System (GIS). The methodology includes integration of IRS LISS Il data and the inputs
from field studies of soil profiles (1.5 m depth) and laboratory analysis data for physico-
chemical properties of soils. The map legends described nature, degree and extent of
salinity and sodicity. Slight, moderate and strongly salt affected soils were classified as per
USDA approach and were merged to two categories viz, saline and sodic respectively.
Depth-wise soil samples were analyzed for physico-chemical properties such as pH,, EC,
(dS m™), soluble salt composition for Na*, K*, Ca*", Mg*, CO,”, HCO,-, CI' & SO,” (me L"),
0.M.(%) , CaCO, (%), CEC, ESP (%) and sand, silt and clay (%) contents. The water samples
collected from tube wells were also analyzed for quality appraisal. These were mapped
using the Survey of India topographical sheetson 1:50,000 scale.

Salt affected soils were distributed in eighteen districts that covered 315617 ha. Saline
and sodic soils covered 145054 ha and 170563 ha respectively. Significant areas were
distributed in Sonepat (35077 ha), Jhajjar (41546 ha), Rohtak (32633 ha) and Jind (11805
ha) districts, confined at the low-lying flats/ depressions in Central Haryana. Soil salinity
was distributed in sandy arid and semiarid plains western Haryana districts viz., Hisar
(34245 ha), Sirsa (30311 ha) and Bhiwani (15958 ha). Thick calcareous layers in these areas
caused secondary soil salinization and waterlogging as a result of irrigation from canal and
tube well. The use of sodic ground water in Kaithal (9812 ha) district and sodium carbonate
and bicarbonate containing parent materials in Ghaggar plains in Kurukshetra (15873 ha)
district caused sodicity developmentin these areas. Karnal (19183 ha) and Panipat (7514 ha)
districts showed the sporadic occurrence of soil sodicity at the post-reclamation stage. The
salinity and sodicity in Faridabad (8637 ha), Gurgaon (9314 ha), Palwal (10033 ha) and
Mewat (8834 ha) districts were influenced largely by the Aravallihills.



Fig.2. Creation of (a) fishnet and

Variation of (b) soil salinity
(EC,) and (c) soil reaction (pH.)
in Nain Farm experiment of
CSSRI

Spectral characterization of saline soil located at Nain experimental farm of ICAR-
CSSRI in Panipat district of Haryana (Arijit Barman, Rajeev Srivastava, A.K. Mandal,
JogendraSingh andR.K.Yadav)

Degraded salt-affected soils (SAS) lead to reduction of food grain production in alluvial
soils of Indo-Gangetic plains (IGP) of north-western arid and semi-arid regions of India.
Timely identification of SAS and their monitoring are essential for arresting further
degradation. Remote sensing (RS) based characterization provides non-destructive high
temporal resolution and fast categorizing technique. Previous results indicated that the
spectral regions of 1400, 1900 and 2200 nm were highly sensitive to changes in salinity.
Present study aims to develop soil reflectance spectral models for rapid and cost-effective
assessment of cations like Na*, K*, Mg*, Ca* and anions such as CO,”, HCO,, Cl'and SO,” in
SAS of CSSRI experimental farm Nain (Village Nain, District Panipat, Haryana). The farm
area (12 ha) extends from 29°19'7.09" to 29°19'10.0"N latitude and 76°47'30.0" to
76°48'0.0" Elongitude andislocated at an elevation of 230 to 231 m above MSL.The soil of
thesiteis classified as Haplustepts. These are highly variable and complex saline and sodic
in nature with poor drainage condition. Surface and subsurface soil samples with core
based on 30 m x 30 m grids was collected during September 2017.The farm area was also
scanned with EM 38 instrument for EC, prediction. A wide range of measured soil salinity
(3to81dSm™)and sodicity (7.24 to 8.75) was found at surface soil samples (Fig. 2). Surface
soils with moderate (EC, 8-30 dS m™) and strong (EC.>30 dS m™) salinity covered 64.9%
and 33.6% area and the extent of soil salinity increased by 8.3% and 15.8% (Table 1) after 6
years, respectively. Surface soil reaction in saturated paste covered 57.9% and 24.3% area
(Table 1), and the extent of pH,increased by 28.9% and 20.3% after 6 years, with the pH,
ranging from 8.2 — 8.5 and >8.5, respectively. The value of soil EC, can be significantly
predicted (R*=0.65; p<0.05) by EM, value of EM38 (Fig. 3). Mustard leaf samples were also
collected from the same grid points during January 2018. Leaf greenness (R’ = 0.33;
p<0.05) and RWC (R* = 0.38; p<0.05) value of mustard leaf significantly linearly regressed
by EC, value.

SPAD=121.25+0.29 X EC_(dSm")-8.92 x pH,
RWC (%) =95.23+0.47 XEC,(dSm™")-3.56 X pH,

Leaf greenness can be significantly predicted by binomial (R* = 0.49; p<0.05) than linear
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Table 1: Changes of soil salinity and sodicity over years
Soil Properties Rangein Percent of the Percent of the AYoarea
property total area total area
(2011-12) (2017-18)
pH, <8.2 67.0 17.80 49.2
8.2-8.5 29.0 57.90 (+)28.9
>8.5 4.0 24.30 (+)20.3
EC.(dSm™) <4 8.7 0.01 8.7
4to8 16.9 1.49 15.4
8to15 254 15.40 10.0
15-30 31.2 49.50 (+)18.3
>30 17.8 33.60 (+)15.8

*Mandal et al., 2013

function with respect to EC,. Relative water content of mustard leaf is significantly
correlated with SPAD (r = 0.54; p<0.05) and percent membrane injury (r = 0.56; p<0.01).
The measured SAS and leaf stress parameters will be predicted by hyperspectral and NIR
spectra. Developed ground based salt affected and crop stress index will be validated by
satellite imagery. Recorded spectral signature will aid in building a spectral library for SAS
and in conjunction with hyperspectral satellite data will provide real-time monitoring as
well as rapid information enabling the farmers to deal with salt degradation more
effectively and efficiently.



Fig.4.Rice grain yield with different
tillage and residue management

Reclamation and Management of Alkali Soils

Productive utilization of reclaimed sodic soils through conservation agriculture
under rice ~wheat cropping system (Ranbir Singh, A.K. Rai, Parvender Sheoran, Pathan
A. Latif)

Indo-Gangetic plains (IGP) comprising of Punjab, Haryana and Uttar Pradesh states; plays
a prime role in food security of the country. However, in the recent past, the productivity
of the dominant rice-wheat cropping system (RWCS) in this region is either stagnating or
decreasing due to associated problems of declining water table and organic matterin the
soil, nutrient imbalances, emerging deficiencies of secondary and micronutrients and
extensive tillage and residue burning. Problems multiply several folds in the areas with
salt affected soils. Improved management practices such as residue retention and zero
tillage increase soil organic carbon (SOC) and improve soil fertility with agricultural
sustainability. Improved SOC is associated with higher biomass of microbes and root
growth, nutrient and water supply, soil aggregation, and better pH and temperature
regulation. This calls for upgrading of water, nutrients and energy use efficiency through
better management of land and water resources to sustain agriculture in this food bowl
of the country. Targeting different resource conserving technologies offer newer
opportunities for sustained yields, better livelihood for the resource poor, small and
marginal farmers of the region. Keeping these constraints in view, a field experiment has
been continuing from 2011 to evaluate the effect of resource conservation strategies viz.,
tillage, residue and irrigation methods for enhancing crop productivity and sustaining
health in semi-reclaimed sodic soils. Conventional practice (Cv) vis-a-vis eight resource
conservation techniques were imposed. High yielding variety of rice (Ariz-6129) and
wheat (H.D 2967) were used as test crops. Weed infestation has been found in DSR.
Preponderance of Cyperous rotundus (motha), Echinochloa crusgali (Barta), Echinochloa colonum
(Sanmak), Dactyetenium aegyptium (Makra) and Kallar grass, etc. caused significant yield
reduction under zero tillage and reduced tillage techniques. The results indicated that Cv
rice with wheat residue incorporation produced the highest grain yield (7.42 t ha")
followed by transplanting (7.01 t ha") without crop residue. DSR with crop residue
produced 6.2% higher grain yield (6.90 t ha") than DSR without crop residue (Fig. 4). ZT
wheat in anchored rice residue recorded marginally higher wheat grain yield (5.99t ha™)
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Note: TPR=Transplanted rice; WRI= wheat residue incorporation; DSR= direct seeded rice; ZT=zero tillage; WR= Wheat residue
retention/anchored; RGY=Relative grain yield; GY=Grain yield
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Fig. 5. Effect of tillage and residue
management on grain yield
of wheat.

compared to Cv (5.24 tha") and in ZT without residue (5.77 t ha™; Fig. 5). Wheat in 50%
tillage with crop residue incorporation yielded 13.74% higher grain yield in comparison
to CVwithout crop residue.

Mini-sprinkler (12960 | ha" acre” discharge rate at 2 kg cm™ pressure with 90 %
uniformity) and drip system (discharge rate 14824 | ha") were being evaluated. Sprinkler
fertigation saved 31, 5 and 58% water, electricity and nitrogen with 5.77 t ha™ grain yield
and the highest NUE 91 kg grain kg N in wheat sown in 100% rice residue during rabi
2016-17. Mini sprinkler fertigation in DSR, under 50% reduce tillage with wheat residue,
produced 6.66 t grain yield ha” and saved 64.2,42.7 and 27% irrigation water, electricity
and nitrogen, respectively compared to conventional rice. Also, it recorded the
maximum NUE of 60.6 kg grainkg™ N (Table 2).
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Note: CV=Conventional tillage; RRI=Rice residue incorporation; RT=Reduced tillage;
ZTW=Wheatin zerotillage; RR=Rice residue; RGY=Relative grainyield; GY=Grain yield

Table 2: Effect of irrigation methods on wheat (Cv.HD 2967) yield, irrigation water requirement, water productivity, saving of water,
electricity and nitrogen use efficiency

RCTs Conventional ZT+100% ZT+100% | ZT+100% ZT+100%
wheatsowing RR/DSR RR/DSR RM/DSR RM/DSR
Mode of irrigation SurfaceT, DripirrigationT, | SurfaceT, Mini-SprinklerT, Mini-SprinklerT,,
Irrigation criteria Growth stages (7 days CPEx Growth (7 days CPEXCF) (7 days CPEXCF)
CFx0.8) stages
Grainyields(tha™) 5.24 5.24 5.43 5.58 5.77
Total crop productivity (tha") 12.48 11.57 14.16 14.08 14.56
Total irrigation water (ha-cm) 21.65 11.33 17.49 14.85 14.85
Totalirrigation water (m’ha™) 21.65 1133.30 1748.90 1485.30 1485.30
Crop water productivity (kgm?) 5.76 10.21 8.09 9.48 7.11
Grain water productivity(kgm®) 242 4.62 3.10 3.76 3.88
Irrigation water saving (%) - 47.65 19.22 31.39 31.39
Electricity saving (%) - 27.35 19.23 4.78 4.78
NUE (kg kg™ nitrogen) 50% N saving 34.79 71.39 52.11 88.43 91.44

During Nov. 2015 to March 2016, rainfall received and pan evaporation were 201 and 113 mm, respectively. Sprinkler irrigations were
scheduled at 7 daysinterval based on cumulative pan evaporation and crop coefficient (CPExCFx0.8) CD grain (0.05) =0.29



Table 3: Effect of irrigation methods on hybrid rice yield (Arize 6129), irrigation water requirement, water productivity, saving of water and

electricity and nitrogen use efficiency

RCTs TPR DSR+RT DSR+RT DSR+RT DSR+WR
incorporation
Mode of irrigation SurfaceT, Surface T, DripT, Mini-SprinklerT, Mini-SprinklerT,,
Irrigation criteria 1DADPW Smallsoilcracks | (previous (previous (previous
with surface 3days CPE) 2days CPE) 2days CPE)
dryness Alternateday | Alternateday Alternate day
Grainyields(tha™) 7.01 6.53 6.30 6.56 6.66
Total crop productivity (tha”) 12.46 1217 13.42 14.68 14.69
Totalirrigation water (ha-cm) 104.93 72.45 30.52 37.58 37.58
Totalirrigation water (m’>ha") 104.93 724540 3052.0 3758.00 3758.00
Crop water productivity (kgm?) 1.19 1.68 4.38 3.91 3.91
Grain water productivity (kgm®) 0.67 0.90 2.06 1.75 1.77
Irrigation water saving (%) - 30.95 70.91 64.18 64.18
Electricity saving (%)
NUE(kg kg™ nitrogen) 40 kg N saving 46.70 43.53 42.0 59.64 60.55

Rainfall received and pan evaporation during June to September 2017 were 714 and 553 mm, respectively. CPE= cumulative pan
evaporation criteria used for irrigation through mini sprinkler system.CD (p=0.05) for grainyield =0.35

Fig. 6. Distribution of zinc in soil and
plants (grainand straw)

Drip fertigation of wheat turbo seeded in 100% rice residue produced 5.24 t ha"grain yield
and saved 47.7, 27.4 and 51% irrigation water, electricity and nitrogen (186.6 kg urea ha')
with the highest NUE of 71.4 gg grain kg™ N. However, drip fertigation of drill seeded DSRin
50% reduce tillage produced 6.30 t ha” grain yield and saved 70.9 and 27% irrigation water
with 2.06 kg grain m” irrigation water and electricity, respectively. It recorded NUE of 42.0
kg grain kg N with saving of 162 kg urea. Drip irrigation saved >15.8 and 47% water than
sprinklerand surfaceirrigation, respectively (Table 3).

Sustainable nutrient management strategies for partially reclaimed salt affected
soils (Ajay Kumar Bhardwaj, Bhaskar Narjary and Priyanka Chandra)

Integrated nutrient management experiments were started with ten treatments
replicated four times in randomized block design. The treatments are- T,=Control
(without organic and inorganic fertilizer, O), T,= N,,,P,,K,Zn, (Farmer's practice; FP), T,=
N, 5P1KesZN;s (R), T,= N,,,P,K,c+Moong (LE), T,= N,,,P,K,.+GM (Sesbania aculeate) before
rice transplanting (GM), T,= N,,P,,K,,+FYM before rice transplanting (FYM),
T,=N,,,P,K,c+wheat straw before rice transplanting (WS), T,= N,,P,K,s+Rice straw before
wheat sowing (RS), o= N,;,P,.K,,S;:Zn,Mn, (SMN) and T, ;= N,;,P,.K,,S;:Zn,Mn(S). At the time
of harvesting, 33% of the total rice stalk was kept untouched and incorporated into the soil
by power tiller before wheat (DBW-17) sowing only in T, treatment. Before rice
transplanting, greengram seeds (SML 668) were sown in first fortnight of May in the
specified plots and incorporated in situ after two pickings of pods. Similarly, dhaincha
(Sesbania aculeate) as green manure crop was sown in May in the plots of T, treatment. At
the age of 45 days, it was harvested, weighed and incorporated in situ in the specified plots
beforerice transplanting. Farm yard manure (FYM) and wheat straw (WS) were added in soil
15 and 30 days beforerice transplanting, respectively. Rice (Pusa-44) seedlings (30 days old)
were transplanted in first week of July at 20 cm x 15 cm spacing. One third of N and full
doses of other macro and micro nutrients were applied at sowing (in wheat)/transplanting
(in rice) according to the treatment specifications. Remaining N was applied in two equal
splits after 3 and 6 weeks of sowing (in wheat)/transplanting (inrice).
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Fig. 7. Distribution of iron in soil
and plant (grainand straw).

Fig. 8. Distribution of Cu in soil and
plants (grainand straw)

Fig. 9. Distribution of manganese in
soil and plants (grain and
straw).

Soil samples were taken at the time of harvesting of both rice and wheat crops. Available
micronutrients were determined in the soil and plant parts (grain, straw). lon exchange
resin (IER) membranes (cation, anion) were used as plant root simulators. The membranes
are implanted in soil for 10-15 days intervals, throughout the season, to determine daily
nutrient availability in soil solution. The membranes were regularly installed-removed,
and nutrients were extracted with 2M KCL and analyzed for micronutrients-Zn, Fe, Cu, Mn
over thefull growing season.

Distribution of four micronutrients namely Zn, Fe, Cu, and Mn was studied in soil and
plant-shootand grains of rice and wheat. Fertilizer treatment had the maximum stock of Zn
in soil followed by FYM and GM treatments. The FYM treatment maintained the maximum
(80.93%) and LE maintained least (29.86%) soil Zn stock compared to F. Zn in rice and wheat
grainwasintherange of 6.52-9.84and 9.28-13.03 mg kg™, respectively. Wheat grain showed
significantly higher concentration of Zn and found the maximum in treatment GM followed
by F (Fig.6). Inrice grain, no significant difference was observed in any treatments; however,
LE showed the maximum Zn concentration of 9.84 mg kg™. In case of straw, RS showed
highest Zn concentration 16.85 mg kg™ in rice straw, followed by F and LE, respectively;
whereas, in wheat, Zn was found the maximum in FYM treatment (14.42 mg kg™) followed
by theFtreatment.

Soiliron stock did not show any significant difference among all treatments Fe was 2.63%
more in RS than in F. Overall, Fe content in wheat grain was 56% more than that of the rice
grain. GM recorded the maximum Fe to the tune of 696.8 mg kg but as such RS recorded
the highest i.e. 1312.62 mg kg" Fe in wheat grain. In case of straw, the average
concentration of Fe in wheat was 58.8% more than the rice straw. In rice straw, LE showed
the highest accumulation of Fe 856.62 mg kg, whereas, FYM added the highest Fe
(1902.61 mgkg") in wheat straw (Fig. 7).

Soil Cu (DTPA-extractable) ranged from 1.50 to 1.64 mg kg"; however the differences were
non-significant. Although concentration of Cu was nearly same in all treatments, it was little
higherin RS treated plots (1.64 mg kg"). In human food, contribution of wheat grain was more
than the rice grain in terms of availability of Cu in the diet. Cu concentration was the highestin
GM (9.08 mg kg"), whereas, Cu in wheat grain was found the maximum in LE 13.88 mg kg. In
case of rice straw, GM translocated more Cuas compared toWS (reduced by 33.77 %) (Fig. 8).

Availability of DTPA-Mn in soil under all the treatments was similar; however, in F and GM
recorded the maximum Mn content (6.62 and 6.57 mg kg, respectively). On the other hand,
grain and straw for both crops showed significant availability of Mn. Moreover, total available
Mn in wheat grain was 16.57% (average) higher than that of the rice grain. In rice grain, F
treatment showed the highest concentration of Mn, 69.67 mg kg, whereas in wheat, the
maximum Mn availability of 100.94 mg kg was observed in LE. Overall, average Mn
concentrationwas 184.45mgkg inrice straw, whichwas 67.96% higherthan wheat straw (Fig.9).

Nutrient and residue management of ZT-DSR basmati rice-ZT wheat cropping
system under partially reclaimed sodic soils (Parveen Kumar, R.K. Yadav, A K. Rai and
Ashwani Kumar)

Direct seeding of rice is eco-friendly practice with higher resource use efficiency than
conventional transplanted rice. However, certain agronomic issues especially
management of weed, nutrient, residue and water; need to be standardized before its
promotion on large scale. In this background, a field experiment was conducted with



Table 4: Effect of nutrient and residue management onyield and yield attributes ZT-DSR (CSR 30 basmati)

Treatment Effectivetillers | Paniclelength Grains/panicle | 1000-GW Grainyield | Lodging
Nutrient Management /m.r.l. (cm) (9) (tha") (%)
T1:RDF* 88.47 21.83 85.07 21.46 245 53
T2:RDF+10% N 88.10 21.90 87.97 21.69 2.51 41
T3:RDF+20%N 90.53 22.17 90.87 21.51 247 43
T4:RDF+20% N+ Cut 91.80 21.63 85.80 20.70 2.73 10
T5:RDF+25kg ZnSO4 89.60 22.30 91.97 21.15 2.51 53
T6:RDF+ 3% FeSO4 (40,60d) 91.17 21.13 88.10 21.06 240 61
T7:RDF+CSR-BIO 88.97 21.40 88.60 22.33 2.80 21
T8:RDF+CSR-BIO+ Cut 89.17 22.03 84.87 22.65 295 6
LSDO0.05 NS 1.11 6.61 0.97 0.30 -
Residue management

Ricemulch (5tha™) 89.08 21.84 87.23 21.47 2.60 39
Control 90.38 21.76 88.58 21.67 2.60 33
LSD0.05 NS NS NS NS NS -
NM x RM NS NS NS NS NS -
Transplantedrice 81.00 25.20 85.00 26.00 3.60 60
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*RDF 60 kg N+30 kg P,0,+30 kg K,0+25 kg ZnSO,/ha + 5q/ha FYM (30 d) : T,: *RDF (60 kg N+30 kg P,0,+30 kg K,0+25 kg ZnSO,/ha ) + 5g/ha FYM (30 d); T,:
RDF+10% higher N;T,: RDF+20% higher N: T,:RDF+20% higher N with top cutting; T,: RDF+25 kg/ha ZnSO,; T,: RDF+foliar spray of FeSO, @ 3% (40 and 60 DAS);
T,:RDF + CSR-BIO (Seed treatment with 3% liquid formulation + soil application @ 25 kg/hawith FYM @ 5 g/ha at 30 DAS); T,: RDF + CSR-BIO with top cutting

eight nutrient management treatments (Table 4) under rice residue and without residue
as control. Results indicated that residual effect of nutrient and residue management
treatments of rice was non-significant on yield attributes and yield of wheat KRL 210.
After three years, available N, Kand Zn in soil improved with addition of rice mulch @ 5t
ha" than without mulch. Direct seeding of salt tolerant basmati rice (CSR 30) was done on
14 June 2017. Nutrient and residue management did not affect plant height and
tillers/m.r.l. of ZT-rice. In DSR, physiological traits viz., photosynthetic rate, transpiration
rate, stomatal conductance, chlorophyll content, chlorophyll fluorescence, relative
water content and SPAD readings; were higher in RDF + CSR BIO (with or without top
cutting) and RDF + 20% N + cut with mulching and without mulching treatments, (Fig.
10). While yield traits i.e., panicle length and 1000-grain weight and grain yield were
significantly higher under transplanting conditions (3.60 t ha"). Among ZT-DS basmati
grainyield was highestin RDF+CSR-BIO with top cutting (2.95 tha™) at par with RDF+CSR-
BIO (2.80 t ha") and RDF+20% higher N with top cutting (2.73 t ha™). Reduction in ZT-DSR
was by 18% in best treatment than transplanted rice. Additional Zn application and foliar
Fe sprays did not increase grain yield over RDF. Top cutting reduced the lodging
significantly in ZT-DSR which was also positively correlated with the grain yield.
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Fig. 10. Effect of nutrient and residue
management on physiological
efficiency of ZT-DSR (CSR 30
Basmati)
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Fig. 1

1. Efficacy of the RFS in

reclamation of sodic soils
of different sodicity in
conjunction with gypsum

Developing the alternate strategies for reclamation of sodic soils (Arvind Kumar Rai,
Nirmalendu Basak, Rameshwar Lal Meena, R. K. Yadav, P.C. Sharma, Parul Sundha, S.K.
Jha, U.R. Khandkar, R.V. Jasra, Kalpana Gopalkrishnan, Prakash Kumar, Kalpesh Sidhpuria,
Sachin Rawalekar, JV Narasimham, Hemant Katti)

Sodic soils cover >50% (3.77 Mha) of the total salt-affected area (6.74 M ha) of India. As per
the projections, extent of sodic and associated problems area is likely to increase in the
cultivated irrigation commands of the country by 2030. There has been an increasing
interest in using elemental S for calcareous-sodic soil reclamation. A memorandum of
understanding was signed between ICAR-CSSRI, Karnal and Reliance Industries Limited
(RIL) forimproving the efficacy of the elemental sulphur in sodic soil reclamation. Field and
lysimeter experiments have been initiated under this project. The initial observations in
different lysimeter and field experiments showed reduction in soil pH after application of
Reliance Formulation Sulphur (RFS) alone or in combination with gypsum (Fig. 11). Average
reduction in soil pH, of variable sodicity and texture soils, in response to different
combination of RFS + gypsum was statistically at par with 50% gypsum requirement (50GR)
treatment. Days of application of the amendment prior to rice transplanting showed
significant effect on lowering of soil pH,. RFS applied 21 days prior to rice transplanting
recorded significantly less soil pH compared to other days of application. Alternate wetting
and drying and continuous flooding condition had similar effect on transformation of RFS.
Also substrate application, water management and particle size of RFS had no significant
difference on lowering of soil pH,. However, it needs further evaluation under upland
conditions. Visual differences in different treatments are being observed in field. Different
treatments showed 0.2-0.7 unit decline in soil pH, after application of amendments,

however, on equivalent basis the values are at par with gypsum application.
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Lysimeter experiment for evaluation RFS for sodic soil reclamation



Characterization and application of sewage sludge and municipal solid waste
compost for reclamation of sodic soils (Parul Sundha, Arvind K. Rai, Gajender,
Nirmalendu Basak, Priyanka Chandra)

Application of urban waste such as sewage sludge and municipal solid waste compostin
conjunction with gypsum can be an option for reducing soil sodicity. In addition, these
organic amendments provide essential nutrients (N, P, K and others secondary and
micronutrients); improve soil physical and chemical properties and enhance microbial
populations and activities. Sodic soil reclamation experiment was carried out, on
different texture and pH (Table 5) sodic soils collected from Haibatpur, Karnal and
Saraswati range, Kaithal of Haryana; in lysimeter at CSSRI campus. The experiment was
carried out in lysimeter in Factorial RBD under rice —~wheat cropping system in triplicate
with following treatments, viz.,, No Gypsum (0 GR); 50% GR; 25% GR + MSW Compost | (10
tha");25% GR+MSW Compost Il (10tha"); 25% GR + Sewage sludge | (10tha™); 25% GR +
Sewage sludge Il (10 tha™); MSWC sole (10 t ha™); Sewage sludge sole (10 t ha™). Sewage
sludge samples were collected from identified sites in Haryana state viz. Karnal, Panipat
and municipal solid waste compost was collected from Karnal and Delhi. Characterization
of the MSW Compost and STP (sewage treatment plant) sludge from different industrial
and non-industrial cities was done before application. The microbial count and pathogen
test of urban waste was carried out to test the presence of pathogenic microbes in
compost.

Table 5: Chemical properties of different sodic soils

Soils pH, EC, ESP CEC Clay CaCo, GR
dSm™) | (%) (cmol(P+) kg") | (%) (tha™)

Haibatpur (S1) 10.11 0.7 95.8 10.9 179 1.9 16.7

Saraswati(S2) 9.59 0.6 415 8.1 11.9 2.6 7.5

(pH, and EC, - in soil : water ratio 1:2; ESP - exchangeable sodium per cent; CEC - cation exchange capacity; GR -
gypsum requirement)

Salt-tolerant rice variety (CSR-30) was transplanted in the lysimeters after incorporating
the amendments. Soil sampling was done on regular intervals. Application of 25 GR+
MSWC/SS decreased soil pH, in both types of sodic soils. The decrease in pH,ranged from
0.2-1.3 unitsin Haibatpur soiland 0.06 to 1.1 units in Saraswati soil (Fig. 12).
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Fig.12.Effect of amendments on changein pH, after transplantation and harvest of rice crop
Note:S1D1=Haibatpursoil (after transplantation); STH= Haibatpur soil (after harvest); S2D 1= Saraswati soil (after transplantation); S2H = Saraswati soil (after harvest)
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There was an increase in the yield and dry biomass in 25GR+organics compared to
control. The maximum grain yield was recorded in 25GR+ MSWCI/SSII (~16 q ha') over
GR50 (~10 q ha") in Haibatpur soil and 25GR+5SIl (~13 q ha") over 50GR (~11.6q ha") in
Saraswati. The maximum straw yield was recorded in 25GR+SSI (~460 g m”) over GR50
(~160gm?) in Haibatpurand 25GR+SSII (~1009 g m”) over 50GR (~102 g m”) in Saraswati.
The micronutrientsi.e., Fe, Mn, Zn and Cu were more in organicamended plots compared
to control. Concentrations of heavy metals (Cd, Cr, Pb and Ni) in soil and leachate samples
were below the permissible limits. Pathogen tests revealed safer application of compost
and sewage sludge in sodic soil reclamation.
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Performance of rice in sewage sludge and compost amended sodic soils

Dynamics of Nitrogen and Organic matter fractions in Soils under Long-Term
Conservation Agriculture in reclaimed sodic soil (Ashim Datta, Madhu Chaudhary,
P.C.Sharma)

Different organic nitrogen fractions were studied under four crop management scenarios
namely conventional rice-wheat system (TPR-CTW) (Sc1), partial CA based rice-wheat-
mungbean system (TPR-ZTW-ZTMb) (Sc2), full CA-based rice-wheat-mungbean system
(ZTDSR-ZTW-ZTMDb) (Sc3) and maize-wheat-mungbean system (ZTM-ZTW-ZTMb) (Sc4).
Significant variation has been observed among the conventional and CA based treatments.
The highest total hydrolysable organic N was observed in Sc4 (2759 kg ha™) followed by Sc3
(2663kgha”),Sc2 (2234 kgha")and Sc1 (1797 kgha™) at 0-15 cm soil depth (Fig. 13).



Fig. 13.Total hydrolysable organic N
under different scenarios
at0-15cmssoil depth.

Fig. 14.Hydrolysable NH, N under
different scenarios at 0-15
cm soil depth.

Fig. 15.Amino Acid N under different
scenarios at 0-15 cm soil
depth.

Fig. 16.Hexosamine N under
different scenarios at 0-15
cm soil depth.
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Hydrolyzable NH,” N ranged from 450 to 850 kg ha”, with the highest and lowest being
associated with Sc1 (450 kg ha') and Sc4 (850 kg ha'), respectively (Fig. 14). Sc4 showed
the highest amino acid N (950 kg ha") followed by Sc3 (825 kg ha™), Sc2 (745 kg ha™) and
Sc1 (455 kg ha), respectively (Fig. 15). Hexosamine and serine+threonine N
concentration were much lower as compared to other fractions of organic N. Hexosamine
N concentration varied from 150 to 450 kg ha, soils under Sc3 showed the highest (450
kg ha") than other scenarios (Fig. 16).
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Management of Waterlogged/Saline Soils

Performance Evaluation of Subsurface Drainage Systems in Haryana and to
Implement Interventions for Improving Operational Performance and Impact (D.S.
Bundela, Bhaskar Narjary, Aslam Latif Pathan and R. Raju)

Twelve subsurface drainage (SSD) projects out of 15 projects installed in Haryana
covering 8,178 ha waterlogged saline lands and 5,918 beneficiary farmers in eight
districts were selected for operational performance study. In order to assess the project
operational performance, site surveys of twelve projects in Sonipat, Jind, Rohtak, Charkhi
Dadri, Bhiwani, Fatehabad, Sirsa and Palwal districts were carried out to assess the
conditions of pump sets, pump houses, manholes, and sump wells and link/open drains.
The inputs from beneficiary farmers and project authority on pump operating hours of
SSD systems and functioning of farmers' drainage societies (FDS) were collected. A
project operational index of SSD projects can be worked out to assess project operational
readiness status by considering key implementation process tasks (variables) and their
timeliness of completion (weightage). These implementation variables can be a set of
tasks such as registration of a farmers' drainage society, laying of lateral and collector
pipes, installation of manholes and sump well, delivery of 6 hp diesel pump set and diesel
fuel for 200 pumping hours for first year reclamative pumping, construction of pump
house, transfer of drainage blocks to registered FDS, annual operation & maintenance,
adequate farmerstraining, etc.

The implementation data of 12 SSD projects were collected from HOPP project authority
and beneficiary farmers. Weightage of each variable was decided on the basis of its
importance in implementation process and making project functional. Pump set and its
fuel was given the highest weightage due to their significant roles in reclamative
leaching. Pump house was given the second highest weightage and then registered FDS,
transfer of drainage blocks to FDS, farmers' training and so on. Project operational index
was computed using Equation (1) from 12 project data (Table 6) and varies from 0.3 to 1.0.
Operational ranking of 12 projects was done on the basis of value of operational index
and the rank-1 to a project was assigned to the highest value of operational index and so
on. Sonipat SSD project (Jagsi) got the first rank (highest) while Charkhi Dadri project got
the lowest (12" rank (Table 7). The operational ranking helps to indicate what was lacking
in the project and to suggest interventions for improving operational performance
including transfer of drainage blocks to registered societies.

Projectoperationalindex=X (Var,*Wt) ...Eq.(1)
Where, Var,=Operational variable,i=1ton,and

Wt,=Weightage of the variables (Pump set, diesel fuel, pump house, registration
of society (FDS), transfer of blocks to society, and farmers' training)

From analysis of 12 SSD project data (Table 6), it was found that on an average, only 47%
pump houses out of 185 were constructed, 90% diesel pump sets were delivered to
beneficiary farmers, 75% diesel fuels were distributed to farmers, and 48% drainage
blocks were handed over to the registered societies. In Sonipat SSD project, 100%
implementation tasks were achieved whereas in Charkhi Dadri project, zero percent
achievement on delivery of pump sets, diesel fuel and handover to drainage blocks to
societies was made. Farmers' drainage societies which were registered at the time of
implementation could sustain till end of the project period and became non-functional
during post-project period.



Table 6: Operational data on implementation process of 12 SSD projects in Haryana

SNo | Nameofproject | DrainageblockID Blocksinstalled| Pumphouse Society Handed over
constructed registered | Pumpsets | Dieselfuel | Blocks
1 Jhajjar- J-1t06&J-12t0 19 14 11 14 14 14 14
2 CharkhiDadri Cd-1to 16 16 16 16 0 0 0
3 Sonipat S-7t019&S-25t034 23 23 23 23 23 23
4 Sirsa R-1t07,R-8,9,11,12&13 12 8 12 1 1 0
5 Fatehabad F-1to10 10 7 10 6 6 0
6 Jhajjar-ll Jh-1t09,Jh-11& 151021 23 17 23 17 6 17
7 Palwal P-1t07,12,13&14 10 5 5 5 5 0
8 Rohtak RK-1to 19 (except 8) 18 0 18 18 18 18
9 Jind JD-1t010&JD-11to 17 17 0 10 9 9 0
10 Sonipat-Il SG-1t09&B-11,K19-21 13 0 13 13 13 0
11 Rohtak-II Rk-11-1t0 12 11 0 11 11 11 11
12 Sonipat-llI Kt-1,3to 19 18 0 12 12 12 6
Total 185 87 167 139 128 89
Average (%) 47 90 75 69 48
Table 7: Operational performance and ranking of 12 SSD projects in Haryana
SNo | Nameofproject | Name of sites/ villages Area (ha) Beneficiary | Operational Project
farmers indexvalue Ranking
1 Jhajjar-1 Beri, Dopana, Gochhi, BeriKhas, Dhandlan, 805 873 0.96 2
2 CharkhiDadri Rawaldhi, Khatiwas, Lohawara, Jhinja 904 963 0.30 12
3 Sonipat Dhanana, Jagsi 1137 836 1.00 1
4 Sirsa Surtia, Darba-alan, Manak-Dhiwan 479 180 0.78 5
5 Fatehabad Banmandori, Gorakhpur, Kumaria 277 152 0.60 8
6 Jhajjar-Il Wazirpur, Baghpur, Beri 1034 798 0.65 7
7 Palwal Khatli-Jeeta, Kanoli, Madina 351 253 0.45 10
8 Rohtak Mokhrakheri, Mokhrarojh 980 546 0.80 4
9 Jind Siwanamal, Gangana, Bambewa 315 294 0.38 11
10 Sonipat-II Gharwal, Banwasa, Kohla 640 365 0.70 6
11 Rohtak-II Madina, Kharkara &Basana 526 364 0.80 3
12 Sonipat-lll Katwara, Kathura & Ahulana 730 294 0.50 9
Total | 8,178 5,918 -- --

Based on project operational ranking, three SSD projects with the first, fourth and
eleventh ranks at Jagsi (Sonipat), Mokhra Kheri (Rohtak-I) and Siwana Mal (Jind) were
intensively studied for improvement in soil salinity and crop performance and suitable
interventions for further improving project impact. Jagsi site with 10 drainage blocks in
430 ha, Siwana Mal site with 7 blocks in 295 ha, and Mokhra Kheri site with 13 blocks in 600
haimplementedin May 2009, June 2012 and June 2012 were monitored forimprovement
of soil salinity and crop performance from multi-date Landsat ETM+ and OLI imageries
including pre and post-project periods for assessing operational performance. From pre-
project Landsat imagery of 12 February 2007, 63-80% area in 10 drainage blocks at Jagsi
site was affected by moderate soil salinity (EC, >8 dS m”). In post-project period, soil
salinity was reduced to 26% of the area on 4 April, 2011 imagery and disappeared
completely from Landsat imagery of 28 May 2014 and 22 February 2016. This is mainly
attributed due to adequate pumping of SSD systems by progressive farmers for achieving
full reclamative leaching. Drainage water was also reused for irrigation of both rice and
wheat crops in the project area. The yields of rice and wheat ranged from 3.50-4.20 and
4.90-5.64 t ha', respectively, from Jagsi site during Kharif 2017 and Rabi 2016-17. In
Siwana Mal and Mokhra Kheri sites, small patches of soil salinity were still found from the

Management of Waterlogged/Saline Soils | 36-37

Annual Report 2017-18



satellite data during post-project period due to late distribution of diesel pump sets and
diesel fuel and sporadic response of farmers on pumping operation. The significant
improvements in four blocks each in both project sites (JD-1,2,5and 6,and RK-8,9 10 and
11) were observed from field surveys. The yields of rice and wheat from improved blocks
of Siwana Mal site ranged from 2.15-3.50 and 3.55-4.54 t ha, respectively, during 2017-18
whereas the yields of rice and wheat from improved blocks of Mokhra Kheri site ranged
from2.10-3.10and 3.15-4.40tha”, respectively.

Technical Guidance and Monitoring and Evaluation of Large Scale SSD Projects in
Haryana (D.S. Bundela, Satyendra Kumar, R.L. Meena, Bhaskar Narjary, R. Raju, Aslam
Pathan, Rahul SinghTolia, Arijt Barman, Kailash Prajapat, and P.C. Sharma)

Evaluation of design and layout of SSD systems

The feasibility for new SSD projects in 1,601 ha waterlogged saline area under Phase-1
(340 ha at Kohla under Sonipat-Il, 515 ha at Kathura and Ahulana under Sonipat-Ill, and
746 ha at Gangana, Bhambhewa, Ludana under Jind), and 4,000 ha under Phase-2 (700 ha
at Kahni, Rithal and Sanghi under Rohtak-lll, 1,300 ha at Baniyani under Rohtak-IV and
2,000 ha at Jahajgarh and Beri under Jhajjar-lll) was recommended by the ICAR-CSSRI.
Further, designs and layouts of SSD systems for 18 blocks of three projects under RKVY
viz., two blocks of Kathura site (Kt-20 & 21) and four blocks of Ahulana site (Ah22 to 25)
under Sonipat-lll, six blocks of Gangana site (JD-18 to 23) under Jind, and six blocks of
Kanhi site (Kh-1 to 6) under Rohtak-Ill covering total area of 555 ha were technically
evaluated for flow directions, lateral and collector slope, discharge capacities and
permissible length of lateral pipes and drainable area of collector pipes and were found
satisfactory. Therefore, designs and layouts of eighteen drainage blocks were approved
and recommended forimplementation during 2018-19.

Identification of newsites

Eight new sites viz.,, Nizampur (Sonipat), Kharenti, Chand and Sanghi (Rohtak), Dighal
(Jhajjar), Sikrona (Faridabad), and 10 sites/villages in Sirsa district (Gudiya Kheda, Shankar
Mandori, Nahrana, Khand Nathusari Chopta, Surtiya, Dadba Kalan, Manak Diwan,
Lohgarh, Dubwali and Rupana Khurd) were jointly identified for further survey works and
designing of SSD systems. These new sites were characterized by shallow groundwater
(water table depth < 1.5 m) and moderate to high soil salinity (EC, > 8 dS m") and
groundwater salinity (EC,, > 2 dS m") and availability of a surface drain for discharge of
drainage water. At these sites, field surveys and drainage investigations will be conducted
and detailed SSD designs are to be proposed by HOPP for approval of CSSRI for funding
and execution.

Monitoring and evaluation of SSD projects

Monitoring and evaluation of five SSD projects at Gharwal, Katwara, Siwana Mal, Mokhra
Kheri and Kharkara sites under Sonipat-Il &ll, Jind, and Rohtak-I and Il were initiated for
2017-18 as per the MOU of HOPP signed in March 2017 for the next five year term. These
five projects with 67 installed drainage blocks covering reclaimed area of 2,443 ha and
1,863 beneficiary farmers are distributed in three districts (Table 8). The average crop
yields increased by 45-95 and 165-190% for paddy and cotton crops, respectively, where
adequate pumping was done by farmers for achieving full reclamative leaching and by
15-35 and 85-120% for paddy and cotton crops, respectively, in case of partial pumping.
The SSD system has reduced the soil salinity (EC,) from 15-32 to 4-7 dS m™ in 1-2 years.
Further, four non-woven polypropylene filters from HOPP project authority/drainage



industries tested at 'Drainage Engineering Lab' for thickness, mass per unit area and
characteristicopening size (>0,,) failed on O, criterion exceptonefilter sample and three
samples were not recommended for use in SSD projects in Haryana whereas woven nylon
socks for 160, 200, 250 & 294 mm collector pipes tested for thickness, mass per unit area
and pore size (60 mesh) have met all three criteria and were recommended for use in SSD
projects. It can be concluded that SSD projects have resulted in nearly doubling crop yield
and farmers' income provided adequate pumping for achieving reclamative salt leaching
was done by farmers.

Table 8: Detailed information of five SSD Projects under monitoring and evaluation (M&E)

Nameof |Villagescovered Total Blocks SSDblocks | Total Area Area |Beneficiary
project Completed | sanctioned | reclaimed | farmers
(ha) (ha) (No)
Rohtak-I | MokhraKheri & Mokhra Rojh RK-1t0 13 &RK-14t0 19 18 1,000 980 546
Rohtak-Il | MadinaKharkara &Basana RK-1I-1to 2 RK-II-3to 8 &RK-II-10to 12 11 1,000 526 364
Jind Siwana Mal, Gangana, Bambewa &Ludana| JD-1to7,JD-8to 10&JD-11to 17 10 600 295 294
Sonepat-Il | Gharwal, Banwasa &Kohla SG-1t09,S-11-B-11 &K-19,20&21 13 1,000 415 365
Sonepat-lll| Katwara, Kathura& Ahulana S-IIKt-1&3t019,Kh1-2&Ah 1-4 15 1,000 227 294
Total 77 67 5,600 2,443 1,863

Identification of a new site with shallow water table (Kharenti), installation of SSD system and bumper paddy crop during post SSD project

Fig.17.Layout map of SSD project at

Shed

shal (Kolhapur district)

Consultancy on Sub Surface Drainage in Heavy Soils in Maharashtra, Karnataka
Gujarat, Andhra Pradesh and Telangana (P.C. Sharma, D.S. Bundela, Anil
Cinchmalatpure, Aslam Latif Pathan, SagarVibhute and Rahul Singh Tolia)

Consultancy services on drainage project investigations, design, evaluation and
monitoring, and capacity building trainings of field engineers/drainage contractors and
farmers of Maharashtra and Karnataka were provided to M/s Polyextrusion Pvt Ltd, Sangli
during 2017-18. Poor irrigation management practices in heavy soils (Vertisols) of
Maharashtra and Karnataka are mainly responsible for twin problems of waterlogging
and soil salinization which result in drastic reductions in yields of major crops like
sugarcane, turmeric, cotton, wheat, etc.

Maharashtra

A new SSD project with total area of 480 ha in three phases (149, 136 and 195 ha) at
Shedshal (Shirol Taluka, Kolhapur district) in the sugar factory command area has been
proposed for implementation. The project is fully funded by farmers and financed
through Jaysingpur Udgaon Sahakari Bank, Dattanagar, Shirol, Kolhapur. The design of
SSD systems for three phases were evaluated for flow directions, lateral and collector
pipe slopes, discharge capacities and permissible length of lateral pipes and were found
satisfactory and recommended for the implementation (Fig. 17).
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Two SSD projects at Karandwadiand Urun Islampur (Sangli district) installed in 297 ha out
of 495 ha area and 190 ha out of 362 ha, respectively, were monitored for impact
evaluation. The impact of these projects was very good as sugarcane and others major
crops were grown successfully from the first year itself. Overall, there was a significant
increase in yield of sugarcane and other major crops (80-150%). All beneficiary farmers
were fully satisfied with the impact of SSD technology. These SSD projects were funded by
Central government, State government and the beneficiary farmers in the ratio of
60:20:20, and were executed by Small Scale Irrigation (SSI) Division under Water
Conservation Department, Govt. of Maharashtra through our consultancy firm. The
problems of lateral pipe clogging by sugarcane roots reported by farmers were also
investigated and it was found that water leakage at lateral and collector junction was
responsible.

Realizing the quick returns of SSD technology by farmers in terms of water table control,
reduction of soil salinity and enhancement of crop yields and farm income, a large
number of farmers individually or in groups have come forward to adopt SSD technology
with their own investment. During the last year, subsurface drainage installations have
picked up in heavy/ black cotton soils of Maharashtra and Karnataka in a very impressive
way. Once installed, the operating cost of SSD system is virtually nil with gravity outlet
condition. During 2017-18, SSD installation works were affected badly in both
Maharashtra and Karnataka states due to non-revision of cost norms for SSD work under
Sub-scheme of Reclamation of problem soils (RPS) under RKVY.

CSSRI consultancy team interacted in April 2017 with Er. Sunil Kushire, Superintending
Engineer, Small Scale Irrigation (Water Conservation) Department; Sh. D.B. Bote, Joint
Director of Agriculture (Soil Conservation and Watershed Management), Agriculture
Department; and Er. P.B. Gokhale, Director, Directorate of Irrigation Research &
Development (DIRD), Water Resource Department and discussed the problem of slow
pace ofimplementation of SSD projects in Maharashtra. Major constraints affecting slow
pace ofimplementation of SSD technology was its unit cost norms approved under RKVY
which need to be revised/enhanced to make it affordable in Maharashtra for fast
implementation of SSD projects.

Karnataka

Three SSD projects at Kusnal, Ugar, and Ainapur sites in Belgaum district were evaluated.
The impact of these projects was very good as farmers started growing sugarcane and
others crops. Total 190 ha area out of 362 ha in Kusnal was completed and 25-30 farmers
were satisfied with the impact of SSD technology. We also traversed to head-end fields
where sugarcane and pulse crops were grown. The project at Kusnal was funded with
60:40% cost sharing basis (Centre: Farmers) and without any state government fund
support and was implemented by Rex's contractors. This technology has also been
implemented successfully through PPP (Public-private partnership) mode in two states
(Maharashtra, and Karnataka) of the country realizing its significant improvements on soil
health, cropyield and farmers'income.

A SSD project at Ugar Budruk in Belgaum district (Karnataka) was implemented for
reclamation of about 925 ha of waterlogged saline Vertisols benefitting over 600 farmers.
The project was monitored for impact assessment study. The sugarcane yield in new
planted and ratoon crops increased to 119.0 and 82.0 t ha”, respectively, in the post-
reclamation phase as compared to 42.0 and 26.0 t ha" respectively, in the pre-SSD phase.
Overall, sugarcane yield increased by up to 300%. The SSD projects in Maharashtra and



Implementation of SSD projects using small trenchers in Maharashtra and Karnataka and their monitoring

Karnataka have been evaluated and found that the technology has a benefit-cost ratio
rangingfrom 1.5-3.2andinternal rate of return (IRR) of 20-58% and payback period of 2-3 years.

Farmer'sresponsetoland drainage

For successful cultivation of cash crops such as sugarcane, turmeric and cotton crops in
waterlogged saline Vertisols in Maharashtra and Karnataka, farmers themselves have
come forward and paid the cost of SSD installation for reclamation of their farms realizing
the economic benefits and impact of SSD technology on crop yield and farm income. A
large number of farmers in both states are opting for SSD as a land reclamation measure
for their waterlogged and salt-affected Vertisols. More than 100 farmers have installed
SSD on their fields with area ranging from 0.5-20 ha. It has been made possible because of
the gravity outlets available in the lift irrigation command area under the Krishna river
basin. As such, farmers don't wait for the response of state department/even farmers
groups and straightway go for the SSD installation on their fields.

Efficient groundwater management for enhancing adaptive capacity to climate
change in sugarcane based farming system in Muzaffarnagar district (Satyendra
Kumar and Aslam Latif Pathan)

Two cavity type groundwater recharge structures were installed at Nirmana and Kutba
villages of Muzaffarnagar to meet the objective of “evaluation of technological
interventions on a pilot basis for sustainable use of groundwater for enhancing adaptive
capacity to climate change”. During this period, total 11 observation wells were installed
at different locations in the study area to monitor the fluctuation in groundwater table
beneath and vicinity of adopted interventions. Seven observation wells were installed in
the vicinity of recharge structures at Nirmana and Kutba, while 4 were installed near to
checkdam in Harsuali for studying groundwater fluctuation. Out of 7 observation wells, 4
were installed at Kutba village recharge site and remaining 3 were at Nirmana village
recharge site. Observation wells are located at varying distance from the structure to
observe spatial variation in groundwater depth. Similarly, depth of each observation well
was kept variable, based on geology of that area, so as to differentiate the contribution of
pond seepage from recharge structure.

The rate of recharge was estimated for the installed recharge structure at Kutba site
through water balance of pond supplying water to the structure. Recharge rate was
estimated for consecutive two periods, while the structure was under operation for the
last two months spaning from December, 2017.The rate of recharge varied with time and
the maximumwas found in the start of recharging cycle (Fig. 18). The recharge rate varied
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Fig. 18. Estimated rate of recharge
for structure installed at at
Kutba

Fig. 19. Temporal change in
groundwater table depth
at Nirmana and Kutba
study sites
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from 906-417 m’ day ' and 780- 384 m’ day' for two test cycles. Considering conservative
rate of recharge (mean of the lowest 6 values) and operation of 50 days in the last two
months, it was estimated that about 21,775 m’ water had recharged through the
structure during December 2017-January 2018.

Groundwater table depth and quality was monitored periodically from the structures as
well as by using the installed observation wells. Apart from water samples collected from
the observation wells, water samples were also taken from hand pump and tubewell
running in nearby area. Samples collected from hand pump and tubewell situated near
the recharge struture in Nirmana village were also analysed for microbial load. The
temporal change in groundwater fluctuation in Nirmana and Kutba recharge sites is
presentedin Fig. 19. The data presented in Fig. 19 shows that water table declined during
summer months of May and June. Butat the end of the December, 2017, rise in watertable
depth was recorded probably due to natural recharges during rainy season. A similar
trend was found in Nirmana and Kutba sites. However, groundwater table rise at Nirmana
structure was more as compared to Kutba structure as water for recharging through
structure was available at Nirmana only during this period. The groundwater table
declined during summer months, probably due the fact that there was no water was
available for recharge and at the same time water pumping was also going on for
irrigation.

Comparison of watertable fluctuation of different observation wells installed at Nirmana
site, indicates variable values (Fig. 20). During the period of Sepetmber 2017- February
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Fig. 20.

Fig. 21.

Temporal change in
water level of different
observation wells at
Nirmana study site

Temporal change in
water level of different
observation wells at
Harsuali study site

2018, water table rise of 98.3 cm was recorded in N-P-1 (observation well installed near to
recharge structure), while the observation well located away from the waterbody (N-P-3)
and representing normal groundwater level, displayed 78.6 cm rise in groundwater level.
Additional water level of 19.7 cm indicates the effect of recharge structure on
groundwater resource. However, groundwater table fluctuation in different observation
wells was almost similar at Harsoli site suggesting that check dam did not influence
groundwater table during the period of September 2017- February 2018 (Fig. 21),
because there is no water in drain for recharging. The data on chemical analysis indicates
slightly higher pH of pond water of Nirmana site during summer, but it came down during
the rainy season probably because of dilution effect by rain water. Overall, grountwater
quality in the study area was found to be of good quality. The microbial analysis of water
samples collected from the hand pump and tube well were also found to be in safe
category (Table 9). It is clear that water samples collected from the pond directly had
slightly higher microbial load than threshold limit. Observation well (P-1) installed near
the structure at Nirmana showed no microbial load in December, 2017 water sample.
Similarly, water samples collected from different drinking sources like hand pump,
submersible pump, situated around the pond and structure, did not reveal any microbial
load. However, further monitoring and supervision for more time is needed to reach
affirmative conclusion about the use of fish pond water on groundwater resources.
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Table 9: Microbial load (coliform count, MPN/100 ml) in water sample collected from different

Location Date of sampling
2/6/2017 | 15/6/2017 | 24/8/2017 27/9/2017 6/12/2017

Nirmana (P-1) - - <1300x10° | 50x10° 0

Nirmanavillage (HP) | - - 0 0 0

Nirmanas-1(pond) | 700x10* | 500x10* | 33x10’ 6.1x10° <1600x 10

Nirmana (P-3) - - <1600x10* | 350x10° 540x 10

Nirmana school (HP) | - - 2x10° 0 0

Power house (SP) - - 2x10° 0 0

Nirmana (P-2) - - <1600x10° | 6.8x10°

N-S-2 (Pond) 1700x10° <1600x 10°
(Threshold 100x107%)

Note- P -observation well, HP- hand pump and SP- Submersible pump

Installation of observation well

PIM 24

PZMA 20

-
P sanedykcam
e

Fig.22.Lithology of observation wells
installed at surroundings of
Nain farm, Panipat, Haryana

Cleaning of recharge well at Nirmana site

Hydro-physical evaluation of a rainwater harvesting system under saline soil and
groundwater environment (Bhaskar Narjary and Satyendra Kumar)

In order to study spatio-temporal variation in groundwater depth and salinity in shallow
groundwater table area, a field study was carried out at Nain Experimental Farm situated
in a depressional area having shallow and saline groundwater conditions. Apart from 27
already installed observation wells, 10 additional observation wells were installed in 2017
outside the farm boundary/along the farm boundaries for studying groundwater balance
of the farm. From the lithology of the installed observation wells, it was noticed that soil
texture was uniform throughout the study site. In upper 20 ft, soil profileisloam in texture
andinlower part (25-40 ft) sandy loam in texture (Fig. 22).

For modelling of groundwater behaviour under shallow saline groundwater environment,
the Modflow model was calibrated on the basis of the observed data of water table depth.
There was a good agreement between the observed and simulated head of groundwater
table as indicated by the smaller RMSE and higher R’ values. For calibration periods, the
model accounted RMSE of 0.2 m and R’ of 0.96 during the monsoon period. Net
groundwater flow (Inflow-outflow) was positive during the monsoon season. In the
monsoon season 0.18, 0.33, 0.43, 0.52 and 0.57 m’ net groundwater recharge occurred in
June, July, August, September and October months, respectively. Spatiotemporal
groundwater behaviour in the monsoon season (June-Oct.) indicated that hydraulic head
was more in southwest corner of the farm i.e., along the drain side of the farm (Fig. 23).
During the commencement of the monsoon season (June —July), average hydraulic head
of the farm ranged between 208.84 to 210.78 m. During the monsoon season (July-Sep)
groundwater recharge took place from drain side and nearby farmers' field. At the end of
the monsoon season, there was little spatial variation in groundwater hydraulic head



Fig. 23. Groundwater behaviour of
Nain farm, Haryana in the
Monsoon season

(212.34-2.12.40 m) exist in the farm (Fig. 24). Main groundwater inflow occurred from
drain water and nearby paddy field area during the monsoon season.

Impact of Secondary Salinization and Other Stressors on Agricultural Systems:
Constraint Analysis in South-Western Punjab (Ranjay K Singh, Anshuman Singh,
Satyender Kumarand Nirmalendu Basak)

The south-western part of Punjab is exposed to secondary salinization coupled with a
number of other factors which make agroecosystems vulnerable. The depressional
location (study areas Abohar and Fazilka) coupled with the lack of proper drainage
system, and constant seepage from Rajasthan and Sirhind feeder canals lead to
waterlogging in about 2.0 Lacs hectare of fertile land. Further, major shifts in cropping
pattern and poor water management practices have led to decline of cotton-wheat and
kinnow based cropping systems. Collapse of natural drains, some policy issues
(mismanagement of SSD; imbalance supply of canal water at head tail points), climate
variability and use of poor quality groundwater for irrigation are major sources of hazards
to the agroecosystems leading to increased soil and water stressors. Such stressors
together with impact of salinity induced stressors put 0.2 m farmers at risk for their
primary income source. Looking to this issue, this study was carried out with a group of
farmers following rice-wheat, cotton-wheat and kinnow based cropping systems. This
study includes (i) profiling of soil and water elated stressors in different cropping
systems, (ii) knowledge status of farmers on soil and water salinity, (iii) farmers
perception about multiple stressors including salinity, (iv) farmers adaptation
strategies, and performance of salt tolerant crops' varieties conducted in sodic-saline
environments.
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Fig. 25a&b. EC, Vs EC, (r’=0.90) in
soils irrespective of cropping
systems and depth-wise soil
sodicity (SAR) under different
cropping systems

A total of 5 villages from three different blocks were sampled randomly. On average, 15
farmers (with different land holdings), thus a total of 74, were selected for study from 5
sampled villages. A questionnaire for personal interview was developed with open-
ended and closed types of questions, tested well in pilot studies. We recorded
observations on farmers' perception about the salinity induced stressors, other
compounding factors, soil and water salinity induced stressors, and adaptation
strategies being followed by the farmers. Data were collected using personal interview,
FGD (Focus Group Discussions), transect walk, soil and water sampling and some
secondary sources. Depth-wise (0-20, 20-40, 40-60 and 60-80 cm) soils were collected
from rice-wheat (n=4), cotton-wheat (n=5) and kinnow (n=11) based systems. Soil pH,,
EC,, cations and anions in soil saturation paste extract were determined. Data were
analysed with descriptive statistics and thematic categorization techniques.

Soil salinity and sodicity: It is evident from Fig. 24a that soil pH, was nearly unaffected
but EC, were greater in soil with cotton-wheat system compared to kinnow and rice-
wheat system (Fig. 24b). Itis obvious from Fig 25a that there is good agreement between
pH,,and pHs (R’=0.56, data not shown) and R°of EC, and EC,(R’=0.90, n=80). SAR (sodium
adsorption ratio of saturation extract) varied along soil depth. Overall, soil data depicted
that soil sodicity (SAR) was greater in soil under cotton-wheat system (2.9-28.0)
compared to kinnow (0.2-16.2) and rice-wheat (0.5-18.2) systems.

Irrigation water salinity: Results indicated that farmers use water from diverse resources
which have differentranges of ECand RSC (Table 10). Minimum EC of tube-well water being
used for irrigation was 0.76 while maximum of 5.26 with mean value 2.59. Sometimes
farmers in compulsion also use water from SSD drain which carries saline water, and this
had EC 2.57 to 3.98 with mean value 3.49. These together increases the salt load in soil,
however, in between farmers use canal water for irrigation that helps to minimize the salinity
impact. Although, canal water was not easily available to some of the farmers. Overall, the
salinity of water (Choa) of land having increased watertable varied from EC 3.77 to 3.85 with
meanvalue3.8.
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Fig. 26. Knowledge status of
farmers (n=74) about soil
and water salinity

Fig. 27. Perception of farmers (n=74)
aboutmultiple stressors

Table 10: EC and RSC of water resources in study areas

Water resources Minimum Maximum Mean

EC,, RSC EC,, RSC EC,, RSC
Tube well (n=6) 0.76 0.46 5.26 28.06 2.59 11.94
SSDdrainage Nala (biggest| 2.57 3.22 3.98 5.06 3.49 4.14
exposureduringintense
rains) (n=3)
Waterlogged soils 3.77 23 3.85 25.3 3.81 2415
(Choawater) (n=6)
Pond water (used for 2.68 7.1 3.24 8.4 2.96 7.75
pisciculture) (n=2)

Knowledge status of farmers about soil salinity hazards: Farmers were asked to
narrate how they understand about soil and water salinity so that their ways of
management can be explored. It was found that majority over 59.0 farmers had partial
knowledge about the understanding of soil and water salinity (Fig. 26). Farmers define
such lands based the soil, plant and crop indicators, however, about 27.0% farmers had
full knowledge. Remaining had either least (9.46%) or no knowledge (4.05%) about soil
and water salinity.

Perceived multiple stressors: Results presented in Fig. 27 indicated that ecological
stressors (salinity) were found to be highly perceived with mean score 38.6% and CV 8.0%.
This was further compounded by climate variability (mean score 34.48) stressor. Policy
and institutional (means score 27.19 with CV 14.0%), and socio-cultural stressors (mean
score 25.85 with CV 9.0%) further compounded the salinity risks. Economic and labour
related stressors were also observed as aggravating factors as perceived by farmers
impacting their crop production systems.

Adaptation strategies: It is evident from Table 11 that most of the farmers (32.43%) have
switched over autonomously from kninnow and cotton-wheat to rice-wheat system,
exclusively in low lying areas to moderate landscape by replacing. This was more
prevalent among medium and small farmers. About 19.0 per cent farmers started
integrated adaptations with rice-wheat (low lying areas) and cotton-wheat (upper
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Table 11: Adaptation strategies among the farmers (n=74)

Planned adaptations with autonomous decision Percentage Remarks on salinity and social-ecological systems

Cotton-wheat 13.51 Upper landscape in the replaced kinnow fields, where salinity is less
and market is an opportunity for cotton (more among medium and
largefarmers)

Varietal diversity (hybrid in cotton and rice,and 14.86 Low lying areas where salinity is high (more among medium and

improved varieties such as Pusa 1121, Pusa 1509, smallfarmers)

and somewhere CSR-30, etc.)

Rice-wheat, and kinnow 6.75 Rice-wheat low lying areas, kinnow at upper landscape where water
tableisbelow 5 feets (more amonglarge farmers)

Rice-wheat,and fish culture 5.40 In low lying areas where water logging is a problem and salinity is
high (moreamong large and medium farmers)

Rice-wheat/cotton-wheat (BT & Deshi to avoid 18.91 Low lyingand upper landscape (more among smalland medium

climate and salinity risks) farmers)

Rice-wheat 3243 Exclusively at low lying areas to moderate landscape by replacing
kinnow and cotton (more among small and medium farmers)

Rice,and Kinnow-cotton at far places 8.10 In low lying areas, and upper landscape for initial 2-3 years (more

among large farmers)

landscape, BT & Deshi cotton) to marginalize the risks of salinity and climate induced
stressors. This was again more prevalent among small and medium farmers.
Diversification of varieties (hybrid in cotton and rice, and improved varieties in coarse
grain rice, and Pusa 1121, Pusa 1509, and somewhere CSR-30, etc.) was another set of
autonomous adaptation strategies hybridized with formal knowledge among more than
14.0 per cent farmers, particularly in the landscapes where salinity vary from marginal to
higherlevel.

Other than CSR-30, farmers face larger yield penalty (30-50%) in particularly Basmati
group of rice varieties. Although, area under CSR-30 was observed very less. About 13.0%
farmers have started adapting cotton-wheat by replacing kinnow orchards where

232 :;1;“ surface water tableis less than 4.0 feetsand salinity isin marginal range (0.5 t0 3.27)..
§ 232 FLD in wheat and rice: Under institute funded research project for Punjab, a total of 35
g o FLDs (5 on CSR-43 rice, 9 on CSR-36 rice, 9 on CSR-30 Basmati rice and 12 on KRL-210
E, 1.50 wheat varieties) were conducted as an intervention to motivate farmers about making
;22 adaptations of such varieties against ecological stressors (salinity). The mean pH of soils
Oy sy s s s peasumy Where FLDs of salt tolerant rice varieties were conducted was found to be 9.22 with EC
§;§§§§ § § § g g ?,f%g 5% value 1.69. Results indicated that the yield of CSR-43 varied between 5.0 to 7.4 t ha”,
‘f_;;-z gg :i ZT %éhg z E 5':; :".,: ;; whereas the yield of CSR-36 in same soil and water environments varied between 5.5 to
3 g23 ;3 kR “" 7 7.2tha".Theyield performance of CSR-30 was recorded between 2.0 2.9tha".
gEE EE° S
5§ "¢ The FLDs of salt tolerant wheat KRL-210 was conducted/networked with farmers to
% = adapt saline-sodic environments of Malot areas. These farmers after adopting KRL-210

reported the performance of this variety on 15 parameters. The variety was assessed well
Fig. 28. Perception of farmers onitssalinity tolerance, climate resilience, tolerance to waterlogging, lodging behaviorand
(n=35) about attributes P0d shattering attributes (Fig. 28). The yield of KRL-210 was found to be 5.7 t ha™ at the soil

of salt tolerant wheat  salinitylevel of4.03dSm™ascomparedtolocal variety which provided 4.5to 4.8 tha™.
variety.



Perceived Climate Variability and Agricultural Adaptations by Material Resource-
Poor Farmers in Salt Affected Agro-ecosystems-Implications for Food and
Livelihood Security (Ranjay K. Singh, Anshuman Singh, Satyendra Kumar, Parvender
Sheoranand DheerajSingh)

It is well recognized that climate change would adversely impact agroecosystems,
health, agricultural productivity and livelihoods in India. Although vulnerability due to
extreme weather events and variable climate is a historical phenomenon in India (e.g.
severe droughts in 1918, 1972, 1987, 2002, 2009 and 2012) and in the recent past
frequency of such events has increased manifold. Sensitivity of resource-poor farmers to
various levels and types of environmental risks has compelled them to develop location
specific adaptive practices to sustain their livelihoods under risk-prone conditions. The
vulnerability caused by climate, ecological and socioeconomic stressors is being
identified as factors causing compounded impact on agricultural adaptation among
small and marginal farmers of India. Out of 20 major agroecological regions of India, 16
are identified as rainfed, and the remaining of the country is semi-arid (67% per cent of
total area and 40 % of total food production system). The farmers living in these
ecologically stressed areas with low agricultural productivity and high level of
vulnerability have been the major victims of loss of food and livelihood security in the
past 20 years due to significant climate variability. Looking to the climate variability as a
challenge, this project was implemented in Hisar (Haryana), Pali (Rajasthan) and Jaunpur
districts Uttar Pradesh) in December2015.The activitiesincluded during 2017 include: (i)
studying farmers' perceptions about monsoonal weather in Pali district, (ii) knowledge
among farmers of Plai on local indicators in predicting rains and use of formal and
informal knowledge in reducing rain related uncertainty, (iii) making interventions of
salt tolerant and other improved crop varieties in Pali, Hisar and Jaunpur, (iv) capacity
building of farmers in Pali and Hisar through goshthis, soil and water testing based
agroadvisories, and (v) mainstreaming of grassroots knowledge (landraces) in relation to
soil salinity.

Data for the listed activities were collected in Pali from a total of 122 farmers selected
randomly froma list of 12 villages sampled randomly from four blocks of Paliand Jodhpur
(2 from each). Interview schedule with open-ended questions, well tested trough pilot
study was developed to record observations on farmers perception about monsoonal
patter and knowledge on local indicators. The soil and water samples were taken along
with GPS information to test the salinity stressors into these samples and provide the soil
heath cards along with the agroadvisories to the farmers of Pali. Interventions of salt
tolerant and other improved varieties were made into the selected villages of Pali, Hisar
and Jaunpur district (three states). Soil and water samples were tested into institute lab,
while other information were entered into excel sheet and analyzed using descriptive
statistics to draw the valid inference from the study

Perception on monsoonal variability: Results indicated that 18.7% farmers perceive
changes in time of monsoon onset (mean score 4.5) with increase in intensity of rains
(mean score 4.4; 23.2%) over past 5 years (Fig. 30). Secondary data indicated that average
rainfall which uses to be around 300-350 mm is increased upto 500-600 mm/annum.
Farmers' perception is built most often with more recent phenomenon of climate, while
some memories get fixed with extreme vents whether nit is current or even of past.
Farmers in past 5 years are experiencing less Kall duration (modest drought) with
increase in extreme event of rainfall (mean score 3.9;25.4%) which use to happenin every
3 years followed by Mahakal (extreme drought) in 7 years. The frequency of Mahakal
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Fig. 29. Agreement/disagreement
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Mean score

Uncertainty Onset time Total Intensity of Sawan ki Frequency Erratic Extreme
in predicting ~ of monsoon duration of ~ monsoonal jhadi still of drought rainfall events of
monsoon changed monsoon rain blow increased increased rainfall

increased reduced increased increased

(extreme drought) is now reduced and converted into Mahakal-Badh. Further, total duration
of rainfall is perceived (22.3%) to be reduced (mean score 3.9) and uncertainty in prediction of
rainfallisalsoincreased as perceived by 64.0% farmers with mean score 3.0 (Fig. 29).

Table 12: Knowledge on monsoon among farmers (n=122)

Winds typology % Clouds typology % Plant species phenology % Animals behavior %
4 10.0 3type 20.0 3 80.0 3type 10.0
3 60.0 2type 70.0 2 20.0 2type10.0
2 30.0 1types 10.0 1 0.00 1type 80.0

Knowledge on monsoon among farmers: While interacting with farmers during FGD, it
was learned that farmers are still more dependent on the local indicators for predicting
rainfall and monsoonal weather (Table 12). The observation with large sample of farmers
(n=122) taken through personal interview indicated that majority of farmers (60.0%)
have knowledge on three types of winds behavior which bring rains followed by
knowledge on two types of winds (30.0%). Further, 70.0 per cent of farmers had
knowledge on two types of cloud related behaviors those bring rain. Knowledge on plant
indicators in predicting monsoonal weather was popular among farmers, and 80.0 per
cent of them were aware about three plant species (phenology related to good rains or
drought) used in guessing the monsoonal weather. Contrary to this, 80.0% per cent
farmers were knowing only one animal species followed by 2 to 3 (10.0% each) being
applied in predicting monsoonal weather. It was found that plant species related
indicators were applied to predict long term weather while, animal, cloud and winds for
the short term weather. Multiple percentage analysis revealed that use of modern media
such as print was popular among 90.0% educated farmers followed by TV among 80.0%
relatively less educated farmers. Farmers receiving SMS on weather related news on
phone was found among young age farmers, but was scanty. Triangulation analysis
revealed that farmers also integrate their local indicators with formal ways of monsoon
prediction (34.5%) to take decision on cropping calendar.

Capacity building: In capacity building, interventions of salt tolerant and other
improved varieties, agroadvisories and farmers' gosththis were undertaken as major
activitiesin Pali, Hisarand Jaunpur districts. The details are as:



Table 13: Performance of
muskmelon variety

Kajari
Hemawas village Min. Max.
Soil pH 8.05 8.4
Soil EC 0.69 74
Irrigation water EC | 4.12 9.1

Interventions of salt tolerant and otherimproved varietiesin Pali
Muskmelon (Kajarivariety)

A total of 20 demonstrations on Kajari variety of muskmelon were conducted with a
objective to intensify the farmers' cropping systems. These demonstrations were
conducted in the soil with pH 8.05 to 8.4 having EC 0.69 to 7.4 dS m™. The water EC was
between4.12t09.1dSm"(Table 13).

Results indicated that yield of Kajari variety of 20 farmers ranged from 425.0 to 525.0
quintal per ha. Farmers have open-well into the Hemawas dam from where good quality
rainwater was harvested by farmers in their open-wells (managed collectively) and used
to irrigate muskmelon crop. The muskmelon is grown in the residual moisture of soil of
dam catchment areas rich in clay and organic matter deposited from upper landscapes.
The income generated by farmers from muskmelon intensification (netincome average
Rs. 15000/ha with cost of Rs. 5000/ha) was used by them to marginalize risks and
uncertainty involved in rainfed and saline lands where they have more areas of cropping.

Moong (GM-4)

Atotal of 20 demonstrations were conducted in selected three villages of Palidistrict. The
soil pH varied from as low as 7.03 in Kharda to as high as 9.33 in Rampura village (Table
14). The soil EC was lowest 0.36 in Kharda while highest 7.4 in Hemawas village in the
fields where demonstration of moong GM-4 was conducted. The EC of irrigation water
varied from 0.88t0 13.2.

Table 14: Soil and EC parameters of farmers field where demonstration of GM-4 was conducted

Water resources Minimum Maximum Mean

EC,, RSC EC,, RSC EC,, RSC
Tube well (n=6) 0.76 0.46 5.26 28.06 2.59 11.94
SSDdrainage Nala (biggest| 2.57 3.22 3.98 5.06 3.49 4.14
exposure duringintense
rains) (n=3)
Water logged soils 3.77 23 3.85 253 3.81 24.15
(Choa water) (n=6)
Pond water (used for 2.68 7.1 3.24 8.4 2.96 7.75
pisciculture) (n=2)

Result revealed that under such stresses of sodicity and salinity, the performance of GM-4
moong ranged from 5 to -7.5 q ha" on 20 fields of farmers.Although, some of the fields
suffered intense rains (60% more rain) during 2017.

KRL-210 (wheat)

A total of 41 demonstration on KRL-210 were conducted on a total of 15 ha land of
farmers in the salinity range as indicated in the Table 15. Results revealed that yield
increase in KRL-210 was 35.4% with a maximum yield of 39.2 g ha™ in comparison to local
variety. The minimum yield of KRL-210 recorded was 25.4 g ha". The net return obtained
by farmers in KRL-210 was Rs. 27,600 haa as compared to local variety with Rs. 19,500
(Table 15).The B:Cratio of KRL-210 was found 2.7 as compared to1.9in local variety.

Table 15: Performance of KRL-210

Yield (gha”) GrossReturn (Rs.ha') | NetReturn(Rs.ha") B:CRatio
KRL-210 Local KRL-210 Local KRL-210 Local KRL-210 | Local
325 24.0 43,400 33,500 | 27,600 19,500 2.7 1.9

Management of Waterlogged/Saline Soils | 50-51

Annual Report 2017-18



HCSR 30

N

HCSR43

Yield t/ha
w 2 0 @

0
12 3 4 5 6 7 8 9 10 11

Fig. 30. Performance of CSR-43 and
CSR-30insaline environment

CS-54 (mustard)

A total of 25 demonstrations were conducted on 10 ha of lands with CS-54 variety in
saline-sodic environments (Table 16). Results indicated that percentage of increase in CS-
54 was upto 26.7% as compared to local variety. The maximum yield recorded was 17.4 q
ha" while minimum was 11.6 q ha". The net return with CS-54 was Rs. 48050 ha™ as
compared toRs. 19,400 ha" local variety (Table 16).The B:Cratio of CS-54 was observed to
be 3.5ascomparedtolocal variety 2.11inlocal variety.

Table 16: Performance of CS-54

Yield (gha™) GrossReturn (Rs.ha) NetReturn (Rs.ha") B:CRatio
CS-54 Local CS-54 Local CS-54 Local CS-54 Local
1.46 1.12 67300 36700 | 48050 19400 3.5 2.11

CSR-43 and CSR-30 (rice) in Hisar district

Atotal of 11 FLDs on salt tolerant rice varieties of CSR-43 and CSR-30 were conducted in
the saline environments of Hisar district of Haryana. The water EC varied between 3.2 to
13.3 with mean 7.98, while soil EC varied between 0.98 to 4.5 with mean 2.88 dS m™. The
pH of soil was between 7.2 to 8.5. Results indicated that yield of CSR-43 could vary
between 3.7 to 6.8 t ha™. In the same environment, yield of CSR-30 was found to be
between 1.8t03.0tha" (Fig.30).

Performance of salt tolerant rice varieties CSR-30 and CSR-43 in sodic soils in
Jaunpurdistrict

Atotal of 11 FLDs on salt tolerant Basmati rice variety CSR-30 was conducted in sodic soils
of Jaunpur district having pH, between 8.64 to 9.48 with EC_0.45 t0 2.9dS m" and mean
soil pH, 9.07. A similar pattern of sodicty was observed in the soils of villages where 18
FLDs of CSR-43 were conducted. Results presented in Table 17 indicated that yield of salt
tolerant rice variety CSR-30 was recorded minimum 1.1 while maximum 2.2 tha with CV
24.09%. The yield performance of CSR-43 under the same sodicity range of soils in
adopted villages varied from 3.0to 4.5 tha™ with CV 12.63% (Table 17).

Table 17: Performance of salt tolerant rice varieties CSR-30 and CSR-43 in sodic soils of Jaunpur district

Varieties Yieldtha' Mean CV (%)
Minimum Maximum

CSR-30(n=11) 1.1 2.2 1.54 24.09

CSR-43(n=18) 3.0 45 3.8 12.63

Farmers' Goshthis

Organizing farmers' goshthis in adopted villages of Lal Bahadur Shastri award project
(ICAR) was one of the major capacity building activities. Other than the research team, the
personnel from Krishi Vigyan Kendra and progressive farmers have participated during
these goshthis to share their knowledge and experiences on climate induced stressors
and adaptation strategies they are following. During the last one year, a total of 8 farmers'
goshthis were conducted to enhance the capacity of farmers. During these goshthis, soil
and water samples were also taken, and farmers were provided agroadvisories on the
spot based on the results of EC and pH (recorded by EC and pH meter). The detailed
agroadvisories on soil and water induced stressors and compounding risks by climate
were provided later on. The goshthi of Chiduad (Hisar) helped farmers to get networked
together for reciprocal learning and reduce the uncertainty/risks caused by ecological
and climaticvariables.



Mainstreaming of grassroots knowledge/landraces:One of the key activities in the
project was to mainstream the grassroots knowledge and related bioresources which are
observed as resilientagainst ecological/climatic stressors. During the course of two years
of field works, we have recorded a local landrace called Newar radish from Jaunpur
district which perform better in saline condition with record length (4-6 feet, as reporte d
local media also), as reported by farmers. This grassroots knowledge tempted us to take
this for testing its characters in sodic and saline environments. Seed sample was taken
from a farmer (Mr. Jiya Lal Maurya) and experiment was conducted in controlled
condition at CSSRI, Karnal. Simultaneously, a participatory trial with farmers at 8 locations
in Kaithal and Karnal districts, and two locations in saline environment of Pali district
were conducted. The objective was to record the unique attributes of Newar and
mainstream with formal knowledge so that potential of this landrace for abiotic stress
canbeusedin future breedinglines.

The initial results indicated that the Newar radish (the landrace) performed better in
terms of morpho-physiological attributes over the high yielding checks white execl and
Pusa mirdula. Result further revealed that Newar has high ability to maintain membrane
integrity/injury at higher salinity (EC,,dSm™) by synthesizing higheramount of proline (
225.28 umol) campared to checks White Excel (96.52 umol) and Pusa Mirdula (115.27
umol), restricting translocation of Na” from its roots to shoot parts reveled by the lowest
root and shoot Na/Kratio (0.97, 1.16) as campare to checks White Excel (1.42, 1.93) and
Pusa Mirdula (3.07, 1.83) and accumulating higher amount of potassium content in
shoots which makes it more salt tolerant. It could be inferred that this landrace (Newar)
can be used as potential donor for breeding radish for salt tolerance.

The study indicated that farmers are experiencing anomalies in monsoonal weather with
increased rains intensity in past five years and occurrence of extreme rain events. They
perceive changes in time of monsoon onset and reduction in total rainy days period.
Generally, farmers had experience of normal to moderate drought at every 3 years and
severe drought at every 7 years. Farmers have their own definition of normal to
moderate and severe droughts in case of Pali district. Although, farmers use local
indicators to predict monsoonal weather (short term and long term), the uncertainty of
prediction is increased, and thus farmers are trying to explore formal knowledge. Some
farmers integrate informal knowledge with formal one they received though TV and
news paper. The use of weather based messages is still to be strengthened among these
farmers to take proper decision in cropping. Interventions of intensifying component
(muskmelon with Kajari variety), salt tolerant wheat and mustard varieties in saline
environment of Pali could enhance the yield considerably and thereby farmers' capacity.
Similar results with salt tolerant rice (CSR-30 and CSR-43) were found in water-logged
salinity of Hisar district (adjoin to Jind district)/ the results of rice variety CSR-43 and CSR-
43 in sodic soils of Jaunpur district was encouraging for the farmers. Farmers' goshthis,
and soil and water based agroadvisories provided to the farmers could excel their ability
to take proper decision in cropping in marginal (saline and sodic) environments.
Scientific study on grassroots knowledge on Newar radish (explored from Mr. Jiyalal
Maurya's field, Jaunpur) has provided significant result to mainstream such landrace and
related knowledge for developing future lines on abiotic stressors.
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Management of Marginal Quality Water

Conjunctive water use strategies with conservation tillage and mulching for
improving productivity of salt affected soils under limited fresh water irrigation
(Arvind Kumar Rai, Nirmalendu Basak, Satyendra Kumar, Bhaskar Narjary, Gajender)

Conservation tillage, deficit irrigation and crop residue mulching approaches were
employed for managing root zone salinity for increasing production, of low water
requiring cropping system (sorghum-wheat), under limited water supply in arid and
semi-arid region. No significant effect of tillage, irrigation and mulch was observed on
sorghum yield. Wheat grain yield increased significantly in 2016-17 compared to 2015-
16. It was significantly higher under CT-CT and mulched fields (Table 18). The soil pH in
experimental plot did not change (>8.0), with different tillage, mulch and irrigation
treatments during the study (Table 18). Interaction effect of different practices was also
non-significant. The soils contained soluble salts with EC,,being >1.58 dS m"during both
kharifand rabi seasons. On an average salinity remained higher in surface soil during rabi
(4.92and 2.92dS m") compared to kharif (1.58and 2.13dSm™) in both the years (Table 19).
Though application of different tillage, mulch and irrigation treatments did not affect
salinity in any of rabi and kharif, however, it decreased from 4.92 dSm™ in 2015-16 to 2.92
dSm”'in2016-17 (P<0.05).EC relatively reducedin mulched plotsin both seasons. Due to
low rainfall in kharif 2016-17, EC, was higher compared to previous year. About 72 mm
rainfall in January-2017 caused reduction of EC, in rabi season. In rabi season, EC, was
reduced by two units. Mulching under deficit irrigation was more effective for soil
moisture conservation, EC, reduction and improvement in soil biological activity.
Dehydrogenage activity was significantly higher in mulched plots under deficit irrigation
i.e., 80 and 60% application of water requirement (WR; Fig. 31). Higher soil moisture
content was also recorded in mulched plots receiving 80 and 60 WR. Soil salinity was
reduced significantly in 60WR+mulch compared to 60 WR, but it was at par with other
irrigation and mulch combinations.

Table 18: Effect of tillage, mulch and deficit irrigation on the sorghum and wheat yield (t ha")

Sorghumyield (tha") WheatYield (tha™)
Year GFY DFY DM % Grainyield Strawyield
2015-16 55.69 13.48 24.38 5.78B 8.62
2016-17 55.14 13.29 24.24 6.04A 8.51
Tillage
RT-ZT 56.11 14.03 25.27 5.94AB 8.73
CT-CT 53.68 12.72 23.84 6.10A 8.95
ZT-ZT 56.46 13.40 23.81 5.70B 8.01
Irrigation
100WR 53.89 13.03 24.43 5.86 8.36
80WR 54.72 13.19 24.21 5.98 8.91
60WR 57.64 13.93 24.29 5.9 8.42
Mulch
No Mulch 5491 13.30 24.37 5.77B 8.54
Mulch 55.93 13.47 24.25 6.05A 8.59




Fig. 32. Growth of isolate HB8P1
in growth media having
different EC

Table 19: Soil EC, and pH, with tillage, mulch and deficit irrigation after sorghum and wheat harvest

Sorghum Wheat
Year EC, (dSm™) pH, EC,(dSm™) pH,
2015-16 1.58° 8.33 492" 8.29
2016-17 213" 8.35 2.92° 8.25
Tillage
RT-ZT 2.10 8.29 433 8.25
CT-CT 1.61 8.42 3.51 8.29
ZT-2T 1.86 8.31 3.92 8.28
DeficitIrrigation
100WR 1.87 8.33 4,06 8.26
80WR 1.91 8.33 3.78 8.29
60WR 1.79 8.37 3.93 8.27
Mulch
No Mulch 2.03 8.33 4.10 8.30
Mulch 1.68 8.36 3.74 8.24

Isolation, identification and evaluation of plant growth-promoting bacteria for
mitigating salinity stress in crops (Madhu Choudhary, Gajender, Awtar Singh, M.D.
Meena,Vineeth)

Rhizospheric microbes found in salt affected soils may serve as a potent source for novel
plant growth-promoting (PGP) microbial resources. These could ameliorate salt stress
without harming the environment. The potential application of PGP microbes in
agriculture is based on their ability to increase crop growth and yield. For the isolation of
salt tolerant plant growth promoting bacteria (PGPB), rhizospheric soil samples were
collected from two sites viz., i) ICAR-CSSRI experimental farm, Nain and ii) salt affected
areain district Jhajjar (Haryana). EC, and pH ranged from 10.5 to 42.4 dS m" and 7.99-8.80
in samples from Nain Farm, whereas 13.84-19.16 dS m" and 6.50-6.90 in samples from
Jhajjar. All isolates from two sites (84 from Nain farm and 81 from Jhajjar) were screened
for PGP activities. Total 35 isolates showed IAA production > 5 ppm. The highest activity
was shown by isolate HB4A1 (15.89 ppm) followed by HB6P2 (14.01 ppm) and HB6J2
(13.65 ppm). Total 41 isolates showed ammonia production > 5ppm, with the highest
shown by isolate HB6N1 (12.6 ppm) followed by HB5N1 (12.5 ppm) and HB9A1 (12.5
ppm). HCN positive results were shown by only 13 isolates. These isolates were further
screened for salt tolerance and some isolates showed higher colony count at higher EC (>
4dSm™;Fig.32).
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Clear halo produced by zinc
solubilising bacteria on modified
pikovskayaagar medium

Isolates which showed PGP traits and also growth at higher EC were screened. Out of
these, best five (HB6J2, HB8P1, HB6P2, HB4A1, HB4N3) and five from previous study
(STB32,STB1,10STB3c(1),55TB19, 155TB2C) were selected for pot experiment

Effect of isolates was observed more in salt sensitive variety than salt tolerant. Root
length was significantly higher in salt sensitive HD 2009 treated with HB4N3 and 15
STB2C than control and other treatments. But such effect was not observed in salt
tolerant KRL 210. Similarly shoot length was also significantly higher in the same
treatments as compared to control and other treatments. Control treatment was
inoculated with the same medium used to inoculate other treatments but in the control,
medium was without any culture.

In shoot of variety HD 2009, Na'/K" ratio was comparatively lower at 14, 21 and 28 days
after sowing in almost all treatments than control but such type of trend was not
observed in variety KRL 210. In the root Na'/K'ratio, it was higher in both the varieties
than control with many exceptions (Table 20). It may be because of salt accumulation is
higherinroot than shoot.

Table 20: Na'/K'in roots of salt sensitive (HD 2009) and tolerant (KRL 210) variety

HD 2009 KRL210
Isolate 14DAS 21DAS 28DAS 14DAS 21DAS 28DAS
HB6J2 0.381 0.732 0.855 0.948 0.721 0.619
HB8P1 0.769 0.703 0.790 0.645 1.090 0.832
HB6P2 0.580 0.734 111 0.828 1.013 0.902
HB4A1 0.849 0.622 1.056 0.400 0.946 1.361
HB4N3 0.727 0.488 1.217 0.600 0.954 1.125
STB32 0.517 0.433 0.950 0.886 0.942 0.917
STB1 0.853 0.950 0.914 0.579 1.143 1.000
10STB3C(1) 0.960 0.854 0.899 1.174 0.856 0.986
55TB19 1.027 0.597 0.927 0.832 0.861 1.062
155TB2C 0.853 0.980 1.137 0.747 0.709 0.786
Control 0.846 0.904 1.377 0.655 0.989 0.666

Isolation, identification and assessment of salt tolerant zinc solubilising bacteria
for enhancing availability and use efficiency of zinc in salt affected soils (Awtar
Singh, R.K.Yadav, A.K.Raiand Madhu Choudhary)

Zinc deficiency is very common and worldwide problem which drastically reduces crop
growth, yield and nutritional quality. This problem is more common in areas under cereal
production. Almost half of the soils, on which cereals are grown, have low zinc
availability. Availability of zinc reduces with increase in pH of the soil owing to increased
zincadsorbtion, formation of zinc hydroxide, co-precipitation of zincin oxides of iron and
chemisorption on calcium carbonate. Zinc deficiency is mostly pH-dependent, and
concentration of zincin soil solution decreases 100-fold for each unitincreasein pHvalue
of the soil. More than 95% of soil zinc present in mineral fraction contributes very less for
plant uptake. Remaining 5% of soil zinc presents in water soluble and exchangeable
(WSEX) and complexed fractions contributes the maximum for plant uptake. It suggests
that soil contains enormous reserves of unavailable zinc. Therefore, the present study
was initiated in 2017 for enhancing availability and use efficiency of zinc in salt affected
soils, utilizing zinc solubilizing bacteria. So far, rhizospheric soil samples were collected
from different locations (Salt affected soils as well as zinc mine) for isolation of salt
tolerant zinc solubilising bacteria. Bacterial isolation was carried out from these



Fungi showing positive phosphorus
solubilizing activity

Fungi showing positive results for
siderophore production

rhizospheric soils using modified pikovskaya medium (maintained pH 9.0 before
autoclaving) supplemented with insoluble zinc oxide. Initially, 27 zinc solubilising
isolates were selected on the basis of halo formation around colonies.

Development of endo-rhizospheric fungal consortia to increase salt tolerance in
crops (Priyanka Chandra, Awtar Singh and Kailash Prajapat)

Salinity and alkalinity are among the major environmental stresses affecting crop
production, particularly in arid and semi-arid areas. Soil salinity affects mainly due to the
excessive accumulation of toxic ions (Na*, CI, and SO,”), whereas alkaline soils are
generally characterized by poor physical conditions due to high concentrations of
bicarbonate (HCO,) and carbonate (CO,”) as well as high exchangeable Na".

Microbial biostimulants such as PGPR, and beneficial fungi (Arbuscular- Mycorrhizal
Fungi (AMF) and Trichoderma spp. etc.) are considered as promising tools to overcome
the limitations of salinity and alkalinity on crop growth and productivity. Many PGPRs,
AMF and fungi like Trichoderma spp. strains can enhance crop tolerance to abiotic
stresses including salt stress by increasing nutrient uptake through greater effective root
area (for AMF) and better solubilization of nutrients and by production of metabolites
such asindole-3-aceticacid orauxinanalogs.

Hence, rhizospheric and non-rhizospheric soil samples were collected for isolation of salt
tolerant fungi from different salt affected areas. The sodic soil samples, with pH range
8.18 - 10.11, were collected from four sites of rice and sorghum fields in district Patiala
(Punjab) and CSAFS experimental site at ICAR-CSSRI, Karnal. Some non rhizophereic soil
samples were also collected from villages Sitamai, Dharamgarh, Haibatpur, Geong and
Saraswati farm. While saline soil samples were collected from the rhizosphere of
sorghum, pearl millet and mustard crops grown at the institute experimental farm Nain
(Panipat). Collected soil was serially diluted for the isolation of the fungi. Salt tolerant
fungi isolation, from saline soil, was done using medium supplemented with 5% NaCl;
while from sodic soil, by maintaining pH of the medium at 10. The number of salt tolerant
fungi varied in different sites. The isolated fungi were subjected to screening for their
nutrient acquisition activities, mainly phosphate solubilization. Fungi were inoculated
on the medium supplemented with calcium triphosphate. Twelve fungi were found to
solubilize phosphorus at pH 10, while fifteen at 5% NaCl in a range of 2-6 mm zone of
solubilisation. Other nutrient acquisition activities, like zinc solubilization and
siderophore production potential were also observed. Ten fungiisolated from sodic soils
showed both the activitities. While 9 and 11 fungi isolated from saline soil demonstrated
zinc solubilising and siderophore production potential, respectively. Ammonia and
indole acetic acid production, of the selected fungal isolates, was also tested to check
theirantagonistic and plant growth promoting activity while results were found positive
insome of the fungi.

Improving farm productivity through sustainable use of alkali waters at farmer's
field in rice-wheat production system (Parvender Sheoran, R.K. Yadav, Nirmalendu
Basak, Satyender Kumar, K. Thimmappa and R.K. Singh)

The field experiment was initiated in June 2014 with rice as the first crop to evaluate the
performance of salt tolerant varieties and RSC neutralizing ameliorants gypsum and
pressmud used either individually or in combination for sustained use of sodic waters in
the concerned ecologies. A total of 4 treatments as RSC neutralizing ameliorants viz.,
available RSC water/untreated control (T)); T, +gypsum@7.5tha’ (T,);T,+ pressmud @
10tha” (T,) and T, + gypsum @ 3.75 t ha" + pressmud @ 5 t ha" (T,) were taken in main
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plots while two varieties one each as salt tolerant (CSR 30 Basmati in riceand KRL 210 in
wheat) and most adopted ones (Pusa 1121 in rice and HD 2967 in wheat) in respective
growing seasons were superimposed to the neutralization treatments at both locations.
All other cultural practices including fertilization and plant protection measures were
adopted as per the state recommendation related to the respective crops. Two sites were
selected for the experimental purpose in village Mundri, District Kaithal, having
RSC,,~7.0and 5.0 meqL".

The 3 year mean yield data indicated that with the increase in residual alkalinity in
irrigation waters, yield reduction of 16% was observed in both rice and wheat crops with
theincreasein RSC,, from 5 (sitel)to 7 me L™ (site Il). Among rice varieties, salt tolerant CSR
30 basmati performed relatively better compared to Pusa 1211 with yield reduction of
13.7% as against the 17.9% in case of Pusa 1121. Cultivation of salt tolerant wheat variety
KRL 210 revealed lesser yield reduction (13.5%) and better physiological efficiency for
adaptationsto stress environment (Table 21) compared to HD 2967 (Fig. 34).

Table 21: Physiological adaptation of wheat varieties to stress conditions

Varieties | Photosyntheticrate | StomatalConductance | TranspirationRate Chlorophyll | Prolinecontent | Chlorophyll

(umol CO,/m’/sec) (mmol water/m’/sec) (mmol water/m?/sec) | Fluorescence | (mg/gFW) content (mg/gFW)
KRL210 17.87 1.41 2.63 0.61 3.06 1.22
HD 2967 17.00 117 2.39 0.58 3.46 1.31

Irrespective of the neutralization amendment, the yield superiority of Pusa 1121
recorded at 15.5% at site Il (RSC~5 me L") reduced to 8.6% at site | (RSC~7 me L") in
comparison to CSR 30 Basmati (Table 22). In contrast, the yield superiority of KRL 210
further enhanced from 10.8% (Site 1) to 14.7% (Site |) with the increase in increase in
residual alkalinity in irrigation waters. Varietal intervention through inclusion of salt
tolerant varieties KRL 210 and CSR 30 basmati can be an important strategy to counter
yield reduction under stress conditions (Fig. 35).

The data presented in Table 22 revealed that neutralization of RSC water through
amendments (gypsum/pressmud) either individually or in combination resulted in 12.7-
19.2% (mean 16.3%) higher system productivity (WEY). The overall yield increment due
to neutralization treatments (irrespective of kind of amendment used) in comparison to
irrigated waters used as such without any neutralization treatment was higher (16.0%) at
sitel (RSC~7 me L") compared to 14.7%at site Il (RSC~5 me L"), indicating relatively better
performance of neutralization ameliorants under stress environments.



Table 22: Interactive effect of RSC,, neutralization treatments and crop varieties on system productivity in RWCS (mean data of 2

locationsand 3 years crop rotation)

Cropping sequence System productivity (Wheatequivalentyieldinkgha)
RSC water Gypsum Press mud Gypsum + Press mud
CSR30basmati HD 2967 7775 8785 9095 9237
KRL210 8093 (+4.0%) 9178 9593 9731
Pusa1121 HD 2967 7456 8360 8604 8817
KRL210 7840 (+5.1%) 8815 9137 9339
Mean 7791 8784(+12.7%) 9107(+16.8%) 9288(+19.2%)

System productivity (3 yrs mean) calculated on the actual price received by the farmer
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Fig. 34. Effect of RSC,, neutralization treatments on the system productivity (wheat equivalent
yield)in RWCS

Decrease in soil pH was recorded with the application of different neutralization
treatments at both the sites. Reduction in soil pH was more pronounced in surface layer
compared to sub-surface layers.

Farmers' participatory diagnostic survey using modern techniques and
demonstrating technological interventions for sustainable use of poor quality
waters to enhance agricultural productivity in Panipat, Haryana (Parvender
Sheoran, B.L. Meena, R.K.Yadav, D.S.Bundela, R.K.Singh and A.K. Mandal)

A total of 1106 samples have been collected from on grid basis (1 km x 1 km) for
quantification and characterization of water quality to prepare geo-referenced digital
stratified thematic maps delineating poor quality groundwater problematic areas in
Panipatdistrict of Haryana state.

About 38.4% of the collected water samples were having RSC>2.5 me I, needs
neutralization ameliorants for sustainable use of such waters for irrigation purpose.
About 11.1% samples were confirmed with SAR>10. Highest salinity problems were
observed in Israna block followed by Matlauda and Samalkha blocks of Panipat district.
Residual alkalinity in irrigation water (RSC >2.5 meq I") was highest in Matlauda (47.3%)
and Samalkha (43.8%) block. RSC problem was observed to be more pronounced at low
salinity compared to high salinity of waters.

Evaluation of salinity tolerance of seed spices (R.K.YadavandR.L. Meena)

ICAR-CSSRI, Karnal and NRCSS, Ajmer has been working on a collaborative research
project on“evaluation of salinity tolerance of seed spices”. During 2018, three (one pot and
two lysimeter) experiments were conducted to assess overall and stage dependent
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tolerance of seed spice crops to salinity and RSC levels in irrigation water. Anise
(Pimpinella anisum), ajwain (Trachyspermum ammi) and dil (Anethum sowa) were being
evaluated for overall tolerance to irrigation water salinity (3.0, 6.0 and 9.0 dS m). Earlier,
fennel, coriander, celery and fenugreek were also evaluated for salinity tolerance. These
crops were also assessed for their stage dependent salinity tolerance by imposing
treatments viz., continuous fresh water, saline irrigations using 6.5 dS m™ saline water
during 0-30, 31-60, 61-90, 91-120 DAS and continuous saline water. Anise and ajwain
were also assessed for tolerance to RSC levels (0, 2.5, 5.0 and 5.0 meg/l + gypsum to
neutralize to 2.5) in irrigation water. Irrigations were scheduled at 1.2 ID/CPE ratio in all
the three experiments. Growth, development, yield parameters and yield of all the crops
were recorded periodically and compared with normal (~0.6 dS m™ EC and nil RSC) water
applied as per treatmentin respective experiments.

Direct seeding of anise, ajwain and dil produced higher biomass and seed yields of 0.40,
0.37 and 0.89 t ha' as compared to 0.36, 033 and 0.78 t ha’, respectively with
transplanting method. Ajwain, anise and dil germination reduced by 25-29 and 12-14%
with irrigations using saline water of 9 and 6 and 3.0 dS m”, respectively over control.
Irrigation water salinity > 6.5 dS m™ had significant negative effect on seed yield of all the
three crops. While the early stage (0 — 30 DAS) osmotic stress delayed germination of dil,
anise and ajwain by 2, 3 and 4 days, respectively. Continuous saline irrigation decreased
seed yield of anise, ajwain and dil by 32, 24 and 15, respectively over continuous fresh
water irrigation. Osmotic stress during initial 0-30 DAS and reproductive (> 90 DAS)
period of these seed spice crops were more sensitive to salinity. Overall, irrigation water
salinity thresh hold limits for fennel, coriander, fenugreek, celery, anise, ajwain and dil
were6.4,6.1,4.7,6.2,6.1,5.9and 7.2dSm", respectively.

Fennel and coriander were observed to be sensitive to RSC in irrigation water.
Germination and seed yield reduced by 29-41, 26-34 and 30-35% under RSC of 2.5 and
5.0 me L, respectively. After germination crops sustained even high (5.0 meq I") RSC
levels in irrigation water. Seed and biomass production of both fennel and coriander
decreased significantly with increasing levels of RSC in irrigation water. Seed yield of
fenneland coriander reduced by 20 and 39%, respectively under RSCof 5meL”.



Fig. 36. Temporal change in RSC
neutralization under
gypsum mix press mud

Assessing use of press mud in gypsum beds for neutralization of RSC in irrigation
water (R.K.Yaday, Satyendra Kumar, Madhu Chaudhary and Parul Sundha)

A research project on“assessment of press mud in gypsum beds for neutralization of RSCin
irrigation water” was continued with the objective to overcome the difficulty in passage
of water through gypsum beds. Optimizing ratio of gypsum and press mud for
maximization of RSC neutralization in irrigation water was the major objective for the
period under report. Column studies comprised of triplicate set of variable mixing ratios
of gypsum and press mud (gypsum alone; 5:1; 4:1; 3:1; 2:1 and press mud alone) used for
passage of different RSC (2.0, 4.0 and 6.0 me L") concentration water . Analysis was done
(2 hourly intervals) of bed material and outlet (leachate) water for RSC neutralization was.

High RSC (6, 4 and 2 me L" and nil) water was passed @8, 10 and 12 | sec" discharge rate
through a set of columns and leachate was collected after 2 hr. and analyzed for
neutralization of RSC. Mixing press mud, in gypsum beds, in increasing proportion
increased the passage of water through beds by 1.40 to 2.50 times over gypsum alone
with ~5.6 to 7.2% less neutralization of RSC. The temporal changes in RSC neutralization
has been depicted follwing fig. 36.
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Crop Improvement for Salinity, Alkalinity
and Waterlogging Stresses

Development of salt tolerant genotypes in rice - Conventional and molecular
breedingapproaches (S.L.Krishnamurthy, P.C.Sharma, Y.P.Singh and S.K. Sarangi)

This project aims at the development, evaluation and dissemination of better salt
tolerant rice genotypes. To achieve the objectives, following trials were conducted and
the breeding material was advanced during Kharif2017.

A. National trials:
a)IVT-Alkaline and Inland Saline Tolerant Variety Trial-2017

The IVT-Alkaline and Inland Saline Tolerant Variety Trial (IVT-AL&ISTVT) comprised of 44
entries including check variety (CSR 36, CSR 23 and yield check Jaya) which were
evaluated across four salt stress locations (Table 23) in Random Block Design with three
replications.

Table 23:Soil status at differentlocations under IVT-AL&ISTVT Trial-2017

S.N Locations LocalcheckName | NetPlotsize | DateofSowing | DateofPlanting| pH ECe(dSm")
E1 Salinity microplot Karnal CSR23 0.39m’ 23.06.2017 20.07.2017 7.5 8.0
E2 Sodic microplotKarnal CSR36 0.39m’ 23.06.2017 20.07.2017 9.6 0.4
E3 GBNagar UP CSR23 5.0m’ 23.06.2017 20.07.2017 9.6 0.4
E4 Lucknow, UP CSR36 8.0m’ 16.06.2017 14.07.2017 9.8 0.1

Under salinity stress at Karnal, ten entries outperformed the national salinity check CSR
23. The entry 5023 showed the highest grain yield (3322 kg ha™) followed by 5034 (3256
kg ha"), and local check (2644 kg ha™). Under sodic stress at Karnal, eighteen entries
performed better than the local check CSR 36.The entry 5019 showed the highest grain
yield (3990 kg ha") followed by 5003 (3982 kg ha"), and local check (3267 kg ha™). At
Gautam Buddh Nagar (U.P), eleven entries performed better than the local check CSR 36.
The entry 5044 showed the highest grain yield (3969 kg ha™) followed by 5034 (3736 kg
ha"),and local check (3183 kgha™).

b) AVT-Alkaline and Inland SalineTolerantVariety Trial-2017

The AVT-Alkaline and Inland Saline Tolerant Variety Trial (AVT-AL&ISTVT) comprising of
fifteen entries including check variety (CSR 36, CSR 23 and yield check Jaya) were tested
across four salt stress locations (Table 24) in Random Block Design with three

Table 24: Soil status at different locations under AVT-AL&ISTVT Trial-2017

SN Locations LocalcheckName | NetPlotsize | DateofSowing DateofPlanting | pH ECe(dSm”)
E1 Salinity microplot Karnal CSR23 0.39m’ 23.06.2017 20.07.2017 7.5 8.0
E2 Sodicmicroplot Karnal CSR36 0.39m’ 23.06.2017 20.07.2017 9.6 0.4
E3 GB Nagar, UP CSR23 50m’ 23.06.2017 20.07.2017 9.6 04
E4 Lucknow, UP CSR36 8.0m’ 16.06.2017 14.07.2017 9.6 0.1

replications.Under salinity stress at Karnal, six entries outperformed the local check CSR
23. The entry 4901 showed the highest grain yield (3585 kg ha™) followed by 4915 (3207
kgha'),and local check (2589 kg ha"). Under sodic stress at Karnal, five entries performed



poi=g1 &

GGE Biplot-Environment View for GY_Mean
o%; PC2=24 4%

GGE Biplot-Genotype View for GY_Mean

PC1=31.5%; PC2=18.2%

Po2

o e e o bt e

Fig. 37. (a) Environment, (b)

genotype, (c) and “which-
won-where” of GGE biplots
constructed using AVT
genotypes tested across salt
stresslocationsduring 2017

better than the local check CSR 36.The entry 4915 showed the highest grain yield (4103
kg ha™) followed by 4910 (4033 kg ha™), and local check (3300 kg ha™). At Gautam Buddh
Nagar (U.P), five entries performed better than the local check CSR 36. The entry 4901
showed the highest grain yield (3945 kg ha") followed by 4910 (3941 kg ha), and local
check(3438kgha’).

Analysis of genotype by environment (GxE) interaction for IVT-Alkaline and Inland
SalineTolerantVarietyTrial-2017

The GGE analysis was carried out using 44 IVT rice genotypes for yield across the 4 salt
stresslocations (Fig.37a,b,c):

«  E4(Lucknow)ishighly discriminating butleast representative location.

«  E2(Karnal Sodic MP) is ideal location with high representativeness and appreciable
discriminating ability.

«  G44istheideal genotype with highest mean yield and stability followed by G19.

« Three mega environments were identified namely, E1 and E3 with winning
genotypes of G23, E2 with winning genotypes of G44 and E4 with winning
genotypesof G18.

Analysis of genotype by environment interaction for AVT-Alkaline and Inland
SalineTolerantVarietyTrial-2017

The GGE analysis was carried out using 15 AVT rice genotypes for yield across the 4 salt
stresslocations (Fig37.a,b,c)

«  E7(Lucknow)ishighly discriminating, butleast representative location

E1 (Karnal Saline MP) is ideal location with high representativeness and appreciable
discriminating ability

G8 (2115) is the ideal genotype with highest mean yield and stability followed by
G15

« Two mega environments were identified namely E1, E2 and E3 with winning
genotypesof G1 and G10and E4 with winning genotypes of G5

B.StationTrials
Monitoring, maintenance and development of breeding materials

Many salt tolerant lines were used in hybridization with high yield varieties to enhance
the genetic variation and to transfer the salt tolerance in high yielding varieties. Several
segregating populations were screened under high salinity (EC,, ~ 12 dS m™) in micro
plot, sodic microlplot and stress field. The top performing progenies were selected from
each segregating population for further screening/evaluation in the next cropping
season.

Advancement and screening breeding materials for salt tolerance during 2017

Different combination of crosses made during Kharif 2017 to combine the yield and salt
tolerance in rice were multiplied during Kharif 2017 and same were advanced for next
generation. Simultaneously, these breeding materials were also screened across salt
affected situations. The top 50 progenies were selected from each segregating
population by considering the yield, quality, tolerance and other traits for further
screening/evaluationinthe next cropping season.
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Table 25: Summary performance of promising entry IET 24537 during 2014-2016in AL&ISTVT.

State/Year Proposedvariety | QualifyingVariety-1| QualifyingVariety-2 | QualifyingVariety-3 | Nationalcheck | Local | Yieldcheck
(CSR36) IET 24537| (IET24547) (IET23782) (IET23784) check | (Jaya)

2014 3451 3199 3209 3268 3139 2519 2228

2015 3460 2637 3165 3034 2533 2988 2304

2016 3135 3150 - - 2783 2910 1877

Mean 3349 2995 3187 3151 2818 2806 2136

% Increase overchecks 11.80 5.07 6.27 18.82 19.35 56.75

Developmentofback crossinbredlinesin theback ground of Basmati CSR 30

The main aim was to develop or improve the Basmati CSR 30. Hence, we developed the
BC,F, by crossing the Basmati CSR30 with FL 478. We have identified some lines with
basmatiback ground and salt tolerance in different duration.

Performance of CSR56 (IET24537)in AL&ISTVT Trial

The performance of IET 24537 was consistently high under alkalinity for three successive
Field view of Back cross Inbred Lines  years in Uttar Pradesh. It showed yield superiority of 18.82%, 19.35% and 56.75%, higher
(BILs) of Basmati CSR30x FL478 yield than CSR 36, Local Check and Jaya, respectively (Table 25) across alkaline locations
of Uttar Pradesh.

Production and maintenance of advanced bulks, segregating lines and germplasm

A total of 176 segregating lines derived from different crosses and a total of 655 genetic
stocks including 276 IRRI lines were grown in the field for maintenance. Besides, 104
advance stabilized lines were maintained. A total of 100 different elite breeding lines
were grown and maintained in the field. The demonstration trial was conducted with 43
eliterice breeding lines. Nucleus seed of rice varieties was produced for next year breeder
seed production and 87 promising lines were also grown in field for multiplication and
maintenance.

Breederseed production

Breeder seed of the salt tolerantrice varietiesi.e.,, CSR10(1.0Q),CSR 13 (1.0Q),CSR 23 (1.0
Q),CSR27(1.0Q),CSR30(17.0Q) CSR36 (10.0Q), CSR43 (10.0 Q) and CSR 46 (10.0 Q) was
produced to meet the demand of seed producing agencies as per DAC (Department of
Agriculture and Cooperation) during 2017.

Rice entriesnominated to AICRP 2017

AL&ISTVT- CSR2748-4441-193, CSR2748-4441-195, CSR16-18-12, CSRRIL-01 -IR165 and
CSRRIL-01-IR75

CSTVT-CSRTPB-156,CSR2748-49, CSRTPB-127 and CSR16-18-12
Basmatitrials-CSRTPB-99and CSRTPB-31

National project on Transgenic in crops-salinity tolerance in rice: Functional
genomics component (ICARfunded) (S.L. Krishnamurthy and P.C. Sharma)

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 NRCPB, New Delhi (for genotyping).



Phenotyping of fine mapping population (CSR27/MI48) for spikelet fertility

A total of 225 genotypes including 220 RILs along with parents were phenotyped in
augmented block design with two replications under 3 environments {normal, moderate
salinity (EC,, ~ 6.0 dS m™) and high salinity (EC,, ~ 12 dS m") micro plots} during Kharif
2017.The range, mean and per cent reduction in different traits for RIL population were

Table 26: Top 10 recombinants with high Spikelet fertility (%) derived from RIL 41 and RIL 44 of

CSR 27 xMI48 RIL under normal, moderate and high salinity stress.

S.No. Normal Moderate Saline High Saline
(EC,,~6.0dSm™) (EC,,~12.0dSm")

1 RIL210 92.39 RIL135 81.82 RIL53 77.50
2 RIL183 91.30 RIL92 75.78 RIL54 77.31
3 RIL137 90.94 RIL204 74.70 RIL197 61.90
4 RIL 150 89.92 RIL192 73.38 RIL134 58.89
5 RIL 205 89.51 RIL205 72.97 RIL92 58.82
6 RIL138 89.49 RIL113 71.29 RIL83 58.72
7 RIL 139 87.91 RIL 186 68.82 RIL 85 58.59
8 RIL 105 87.85 RIL 128 68.65 RIL 141 58.21
9 RIL30 87.46 RIL207 68.38 RIL91 57.92
10 RIL178 87.34 RIL199 67.01 RIL147 57.34

Table 27: Top 10 genotypes with high grain yield per plant under normal, moderate and high

salinity stress.

S.No. Normal Moderate Saline High Saline
(EC,,~6.0dSm") (EC,,~12.0dSm")

1 RIL31 29.60 RIL 189 6.0 RIL76 4.60
2 RIL15 29.40 RIL41 6.0 RIL91 4.60
3 RIL120 29.20 RIL44 5.8 RIL121 4.20
4 RIL16 28.40 RIL91 5.6 RIL105 3.80
5 RIL157 27.60 RIL115 54 RIL138 3.80
6 RIL90 26.00 RIL106 5.2 RIL81 343
7 RIL46 25.80 RIL201 5.2 RIL80 3.30
8 RIL60 24.00 RIL 122 5.0 RIL212 3.11
9 RIL61 22.80 RIL136 5.0 RIL31 3.00
10 RIL121 22.60 RIL187 4.8 RIL143 292

Table 28:Top 10 RILs showing less % reduction for grain yield under moderate (ECiw ~6dSm”) and

high (ECiw ~ 12dS m”) salinity stress.

S.No. Moderate Saline High Saline
(EC,,~6.0dSm") (EC,,~12.0dSm")
Genotypes %reduction Genotypes %reduction

1 RIL 189 6.25 RIL132 28.57
2 RIL115 12.90 RIL112 38.89
3 RIL39 20 RIL 143 39.2275
4 RIL33 2143 RIL81 44.67
5 RIL22 22.22 RIL118 49.81
6 RIL 26 25 RIL98 50
7 RIL187 27.27 RIL80 51.5
8 RIL112 27.78 RIL97 53.8
9 RIL201 29.73 RIL96 54.5
10 RIL109 34.62 RIL115 54.8
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recorded during 2017.The grain yield (g plant”) ranged from 2.2 (RIL 81) t0 29.60 (RIL 31),
0.20 (RIL1)to 6 (RIL41) and 0.017 (RIL 164) to 4.6 (RIL 76) under normal, moderate salinity
and high salinity, respectively. The spikelet fertility was ranged from 38.60 (RIL 71) to
92.39 (RIL210), 0.51 (RIL 164) to 81.82 (RIL 135) and 0.37 (RIL 178) to 77.5 (RIL 53) under
normal, moderate salinity and high salinity, respectively. The RIL 178 had registered the
lowest spikelet fertility of 0.37% in high salinity stress. Top 10 RILs with high spikelet
fertility (%) under normal, moderate salinity and high salinity stress are presented in
Table 26.The top 10 lines based on grain yield under normal, moderate salinity and high
salinity stress are presented in Table 27.The top 10 lines showing less per cent reduction
forgrainyield under moderate and high salinity stress are presented in Table 28.

Molecular genetic analysis of resistance/tolerance in rice wheat chickpea and
mustard including sheath blight complex genomics (Sub-project 1: Rice
component) (S.L.Krishnamurthy and P.C. Sharma)

The main aim of this project is to map the important genomic regions / QTLs controlling
sodicity 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 (Trichy/Pusa Basmati 1) for sodicity tolerance

The salientfindings of the systematic phenotyping of 215 recombinantinbred lines (RILs)
derived from Trichy x Pusa Basmati 1 cross are presented. A total of 225 genotypes
including 215 RILs along with parents were evaluated in replicated Simple Lattice Design
in 3 environments {normal, moderate sodic (pH, ~ 9.5) and high sodic (pH, ~ 9.9 soil
conditions} during Kharif 2017.The range, mean and per cent reduction of different traits
for RIL population were recorded during 2017 (Table 29). High mean grain yield and
other related traits performance was noticed under normal soil as compared to
moderate sodic and high sodic stresses. The grain yield was the most sensitive traits and
reduced by 53.23% followed by productive tiller, total tillers per plant, spikelet fertility,
plant height and panicle length under moderate sodicity stress. The grain yield was
reduced by 93.28% under high sodicity stress followed by productive tillers per plant,
spikelet fertility, plant height, total tillers per plant, and panicle length. The grain yield

Table 29: Mean, range and per cent reduction for different traits of Recombinant Inbred Lines derived from Trichy x Pusa Basmati 1 under
normal, moderate and high sodicity stress.

Traits Mean Range % Reduction
Normal | Mod. High Normal Mod. Sodic High Sodic Mod. High
Sodic | Sodic Sodic Sodic
Plant Height (cm) 135.25 | 104.68 | 66.06 89(RIL59)-161.30 |87.30(RIL59)-123.80 | 21.20(RIL22)-84.4 22.59 51.15
(RIL92) (RIL137) (RIL118)
Paniclelength (cm) 29.32 2596 | 18.42 24.22(TRICHY) 21.80(TRICHY)-30.10| 7.9(RIL21)-23.43 11.46 37.18
-35.10(RIL 125) (RIL143) (RIL118)
Totalftillers plant” 9.46 6.32 5.39 5.80(RIL42)-24.70 [ 4.00(RIL 1)-10.10 2.20(RIL6)-11.00 33.19 43.09
(RIL215) (RIL215) (RIL87)
Productivetillers plant” 8.40 5.32 33 4.80(RIL42)-18.60 |3.00(RIL155)-9.10 0.50(RIL 88)-6.80 36.85 60.73
(RIL3T) (RIL215) (RIL96)
Spikelet fertility (%) 73.41 534 | 326 38.79(RIL 164)- 6.11(RIL169)-85.66 0.67(RIL109)-78.15 27.25 55.58
93.21(RIL91) (RIL142) (RIL141)
Grainyield plant”(g) 11.95 5.59 0.8 1.84 (RIL197)- 0.50(RIL135)-13.65 | 0.06(RIL22)-4.42 53.23 93.28
23.99(RIL79) (RIL86) (RIL95)




ranged from 1.84 (RIL197) to 23.99 (RIL79), 0.50 (RIL135) to 13.65 (RIL86) and 0.06 (RIL 22)
to4.42 (RIL95) under normal, moderate sodic and high sodicity, respectively. The spikelet
fertility ranged from 38.79 (RIL 164) to 93.21(RIL 91), 6.11(RIL 169) to 85.66 (RIL142) and
0.67 (RIL 109) to 78.15 (RIL141) under normal, moderate and high sodicity, respectively.
The top 10lines based on grain yield under normal, moderate and high sodicity stress are
presented in Table 30. The top 10 lines showing less per cent reduction for grain yield
under moderate and high sodicity stress are presented in Table 31.

Table 30: Top 10 RILs with high grain yield per plant under normal, moderate and high sodicity stress

S.NO Normal Moderate Sodic High Sodic

1 RIL79 23.99 RIL86 13.65 RIL95 4.42
2 RIL15 23.81 RIL129 13.62 RILT10 2.83
3 RIL129 22.81 RIL 145 11.86 RIL99 2.76
4 RIL61 22.66 RIL58 11.74 TRICHY 2.69
5 RIL158 22.58 RIL29 11.31 RIL205 2.60
6 RIL 86 22.39 RIL130 11.24 RIL42 2.60
7 RIL16 22.20 RIL 148 10.9 RIL 145 2.50
8 RIL188 21.90 RIL101 10.88 RIL6 1.92
9 RIL 87 21.87 RIL87 10.28 RIL16 1.91
10 RIL127 21.81 RIL76 10.12 RIL202 1.90

Table 31:Top 10 RILs showing less % reduction for grain yield under moderate (pH,~ 9.5) and high
(pH,~ 9.5) sodicity stress.

S.No. Moderate Sodicity (pH, 9.5) High Sodicity (pH, 9.9)
Genotypes % reduction Genotypes %reduction

1 RIL8 21.77 RIL 205 63.59

2 RIL211 26.74 RIL6 64.80

3 RIL191 27.87 RIL195 67.72

4 RIL77 30.35 RIL178 69.39

5 RIL 147 31.00 RIL42 71.55

6 RIL39 31.56 RIL95 76.16

7 RIL210 31.59 RIL 80 77.90

8 RIL4 31.82 RIL99 81.54

9 RIL 142 32.11 RIL110 81.67

10 RIL113 32.30 RIL166 83.07

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 (P.C. Sharma, Anita Mann and Jogendra Singh)

Phenotyping of Chickpea genotypes:Yield and yield contributing traits

A total of 232 Recombinant Inbred Lines (ICCV-10 x DCP92-3) along with their parents
were evaluated for seed yield and other yield contributing traits in control, saline (EC,, 6
dS m") and alkali (pH 9.0) conditions at Karnal. The yield performance of RIL population
was compared with the parents. Analysis was performed for each environment and for
the combined data set from all the locations. The plant height of the parental lines
ranged from 53.33 to 64.67, 29.00 to 35.67 and 48.56 to 60.33 cm, respectively under
control, saline and alkali condition. There was reduction in plant height in the parents
under salinity and alkali condition compared to control condition. However this
reduction was higher under saline condition. The plant height of RILs ranged from 22.33
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to 88.33 cm under control, 40.33 to 76.00 cm alkali and 20.67 to 49.67 cm under salinity
respectively (Table 31).

The number of branches of the parental lines ranged from 7.0 t07.33,2.0to 4.33 and 5.67
to 6.33, respectively, under control, saline and alkali condition. There was reduction in
number of branches in the parents under salinity and alkali condition compared to
control condition, whereas this reduction was higher under saline condition. The
number of branches of RILs ranged from 3.67 to 31.67 cm under control, 8.33 to 16.00
alkali and 1.67 to 6.67 under salinity, respectively (Table 32). The number of pods of
parental lines ranged from 228.67 to 484.00, 18.33 to 27.33 and 169.00 to 225.33,
respectively under control, saline and alkali condition. There was reduction in number of
pods in the parents under salinity and alkali condition compared to control condition,
whereas, this reduction was greater under saline condition. The number of pods of RILs
ranged from 70.00 to 824.33, 4.00 to 56.67 and 92.67 to 278.33, respectively under
control, saline and alkali condition (Table 33).

The 100 seed weight of parental lines ranged from 11.35to 13.73,6.80 t0 8.84 and 11.27
to 13.10g, respectively under control, saline and alkali condition. There was reduction in
100 seed weight in the parents under salinity and alkali condition compared to control
condition, whereas, this reduction was very high under saline condition. The 100 seed
weight of RILs ranged from 10.15 t0 26.60, 2.80 to 12.20 and 11.91 t0 20.10g, respectively
under control, saline and alkali condition. The Yield/plant of parental lines ranged from
51.00to0 78.33, 1.09 to 1.46 and 2.00 to 2.98g, respectively under control, saline and alkali
condition. There was reduction in Yield/plant in the parents under salinity and alkali

Table 32: Phenotyping of 232 RILs along with their and 50 advanced breeding lines under control, salinity (EC,, 6.0 dS m") and alkali (pH
9.0) conditions

RILs PlantHeight (cm) No. of Branches No. of pods 100 Seed Weight (g) Yield Plant’(g)
Control|Saline| Alkali | ControllSaline |Alkali [Control| Saline| Alkali Control| Saline | Alkali Control | Saline | Alkali
RILs (DCP92| 47.04 | 31.65| 60.27 9.70 3.07|11.77 125392 | 21.59 | 178.38 21.69 6.37 15.75 57.97 1.29 5.67
-3 XICCV-10)
P1 64.67 |29.67| 60.33 7.33 4.33| 6.33(484.00 | 20.67 | 178.33 13.73 8.84 13.10 78.33 1.46 2.98
P2 53.33 | 35.67| 48.56 7.00 2.00| 5.67|228.67 | 27.33 | 225.33 12.95 7.15 11.27 57.33 1.19 2.00
P3 58.67 |29.00| 50.62 7.33 2.33| 6.33280.00| 18.33 | 169.00 11.35 6.80 12.22 51.00 1.09 2.10
RILsMean |55.93 |[31.50| 54.95 7.84 293| 7.53|311.65| 21.98 | 187.76 14.93 7.29 13.08 61.16 1.26 3.19
Range (RILs)| 22.33 | 20.67 | 40.33 3.67 1.67| 833 4,00 | 92.67 10.15 2.80 11.91 13.00 0.18 1.90
(R178) | (R34)| (R81) (R62) |(R59,69,| 117,|(R137)| R69) (R11) (R191) (R174) | (R166) (R136) (R23) (R209)
78,136,| 214,
140174, 227)
210,224)
88.33 |49.67| 76.00 | 31.67 6.67 16 ({824.33 | 56.67 | 278.33 26.60 12.20 20.10 133.33 7.80 21.60
(R78) [(R199)| (R66) | (R129) (R27)(R167) | (R115) | (R26) | (R167) (R22) (R73) | (R104) R104) (R43) (R14)
Table 33: Phenotyping of 50 advanced breeding lines under control and salinity (EC,,6.0dSm")
Genotype PlantHeight (cm) No. of Branches No. of Pods 100 Seed Weight(g) Yield Plant” (g)
Control | Saline Control Saline Control Saline Control Saline Control Saline
Mean values | 59.93 45.94 6.66 3.49 221.47 17.24 22.19 6.84 65.79 1.64
of Advanced
Breeding
Lines
Range 4333 34.00 333 2.00 48.00 4,50 10.00 2.80 11.00 0.48
(AS39) (AS50) (AS47) (AS24) (AS45) (AS27) (AS25) (AS38) | (AS47) (AS31)
85.00 61.50 10.00 6.00 495.33 42.33 51.00 20.12 125 8.50
(AS48) (AS32) (AS13) (AS13) (AS13) (AS13) (AS44) (AS7) (AS16) (AS1)




Phenotyping of Chickpea advanced
breeding lines at EC 6 dS m" salt
stressin pots.
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Fig. 38. Na and K content in roots
and shoots of chickpea RILs
atpH9.0.

condition compared to control condition, whereas, this reduction was very high under
saline condition.TheYield/plant of RILs ranged from 13.00to 133.33,0.18to 7.80and 1.90
t021.60g, respectively under control, saline and alkali condition (Table 32).

Similarly, 50 advanced breeding (AB) lines were also evaluated for seed yield and other
yield contributing traits in control and saline (EC,, 6 dS m”) conditions at Karnal. Analysis
was performed for each environment and for the combined data set from both
conditions. All the parameters were greatly reduced under saline condition followed by
alkalias compared to control (Table 33).

Phenotyping of Chickpea genotypes: Physiological traits

At vegetative stage (45 DAS), the effect of alkalinity of pH 9.0 was not significant. The
mean value for Na content in chickpea RILs in roots at vegetative stage was 3.5% with
maximum of 6.9% and minimum of 0.9 % while in shoots percent Na content is less than
roots, with mean value of 0.954 ranging from a minimum of 0.164 to maximum of 2.17.
Na/Kratioin roots was 0.547 while in shoot it was 0.086 in RILs and 0.72 in roots and 0.099
in shoots in advanced breeding lines. This may be due to the fact that roots restrict the
entry of Na into shoot and thus upward flow of toxic Na ions. K is more in shoots with a
mean value of 6.43 in roots and 11.05 in shoots at vegetative stage. At saline stress of EC6
dsm”, in RILs K was more in roots and shoots than Na, although the Na/K ratio was same
(0.54) at higher pH stress.In advanced breeding lines, Na/K ratio was more or less equal to
oneinroots while Kwas morein shoots thaninroots.

At pH 9.0 about 45 RILs have more Na content than the parent DCP-92-3 while 59 RILs
have Na content less than the parent ICCV-10 (Fig. 38). In one of parent DCP-92-3, Na/K
ratiois 1 while in.00000 another parent ICCV-10, Na/Kratio is 0.306. Na content was more
in roots than shoot while K was more in shoot than roots. In advanced breeding lines,
Na/K was almost equal to 1 although Kwas more in shoot than roots and Na was more in
root than shoot. The performance of advanced breeding lines was better than the RILs at
saline stress at vegetative stage. In twenty three lines, Na/K ratio was more than one while
inresttheratiowaslessthan one. Kcontent was more than Nainrootsand shoot.

Na and K contents at harvesting stage: In chickpea RILs at harvesting stage, mean Na
content was 2.71% with 2.68% K content in roots while mean Na content in shoots was
2.95 % with 3.82% K. In advanced breeding lines, mean Na was more than in RILs, i.e.,
2.95% with 3.82% K in roots while a lower Na content of 0.83% in shoot with 6.73% K. On
the other hand, at a saline stress of 6 dS m”, Na content was more in roots than K while K
was more in shoots in both RILs as well as advanced breeding lines. The range of Na
content was 2.44-23.89 % in RILs roots while in advanced breeding lines it was 8.08-
23.61%. Thirteen RILs had more Na than parent DCP-92-3 (3.72%) in roots while 95 lines
had less Na than parent ICCV-10; rest had Na content in between the range of both
parents. K was more in shoots than roots. Sixty eight lines had more K than parent DCP-
92-3 while 140 lines had less K than parent ICCV-10. Na/K ratio was less than one in roots
while more K was observed in shoots at pH 9.0 in advanced breeding lines. High
accumulation of Na was observed in roots in chickpea RILs at saline stress whereas the
Na/K ratio was almost equal to one in shoot (Fig. 39). High accumulation of Na was
observed in roots whereas in shoot, accumulation of K was observed in advanced
breeding lines at saline stress of EC 6 dSm™. More Na was observed in roots than shoot
and leavesin chickpeaadvanced breedinglines.

Glycine betaine of chickpea RILs alongwith parents and 50 advanced breeding lines was
done. At vegetative stage (45 DAS), in field conditions at pH 9.0, glycine betaine content

Crop Improvement for Salinity, Alkalinity and Waterlogging Stresses| 68-69

Annual Report 2017-18



Na content in roots (%)

0.00

K content in roots (%)

18.00
I 1600
g 10
o 1200
10.00

o ®
3 g
8 8

4.00
2.00
0.00

K content in sh

Na in roots at EC 6dSm-*

P1
P2

mmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmm
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Chickpea RILS at harvesting stage

K in roots at EC 6dSm!

P1

Q2NRRO9RELRRYASE8EERAAS RS

Chickpea RILS at harvesting stage

Na in shoots at EC 6dSm!

mmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmm
aaaaaaaaaa

Chickpea RILS at harvesting stage

K in shoots at EC 6dSm™!

P1
P2

mmmmmmmmmmmmmmmmmmmm
ARNABIRRINRBGGEARNAIIAZER

Chickpea RILS at harvesting stage

Fig. 39. Na and K content in roots

and shoots of chickpea RILs
at harvesting stage at EC 6
dSm’”.

range was 1.51-12.36 mg g DW in RILs. At maturity stage, glycine betaine content was
5.28 mg g'DW in parent DCP-92-3 while 4.56 mg g in ICCV-10, but in RILs the range was
0.70t0 10.92. AtEC6dSm’, glycine betaine at vegetative stage wasin range of 0.70-12.12
mg g’ DW while that of parents was 4.19 and 3.19 in DCP-92-3 and ICCV-10, respectively.
AtEC 6 dS m”, glycine betaine at maturity stage was in range of 0.70-11.51 mg g while
that of parents was 9.11 and 6.80 in DCP-92-3 and ICCV-10, respectively. No significant
differences were observed in glycine betaine at either of stress conditions, pH 9.0 or EC6
dSm’.In chickpea advanced breeding lines, glycine betaine was in range of 4.25 to 10.33
mg g’ at vegetative stage while at maturity stage the range was 1.92-10.63 mgg" at EC6
dSm™.

Total chlorophyll was measured from the top third leaf using 80 % Acetone method. Total
proline was measured using ninhydrin. Total chlorophyll content was more in advanced
breeding lines than RILs. Under saline stress, total chlorophyll content decreased in both
RILs as well as ABL. Twenty RILs outperformed all the three parents while 35 RILs have
total chlorophyllless than all the parents. Different plant growth parameters measured at
flowering stage like root-shoot length and fresh weight. A significant decrease in all the
parameters was recorded with saline stress.

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
Project4:Indian Mustard (P.C.Sharma, Jogendra Singh andVineeth TV)

Phenotyping of RILs under control (Normal) conditions

Plant growth: Plant height of the parental lines CS 56 and CS 614-1-1-100-13 was 176.67
cmand 160.0 cm, respectively, under normal conditions. Plant height of RILs ranged from
151.33 to 215.0 cm with mean of 184.91 cm. The highest plant height under normal
condition was recorded with RIL153 (215.0 cm). The number of primary branches of both
the parental lines CS 56 and CS 614-1-1-100-13 was 4.67 under normal conditions.
Primary branches of RILs ranged from 4.0 to 8.0 with mean of 5.58. The highest primary
branches under normal condition were recorded with RIL5 (8.00). The number of
secondary branches of both the parental lines CS 56 and CS 614-1-1-100-13 was 10.67
under normal conditions. Secondary branches of RILs ranged from 3.67 to 19.0 with
mean 11.11 and under normal condition. The highest secondary branches under normal
condition were recorded with RIL5 (19.0). The main shoot length of parental lines CS 56
and CS 614-1-1-100-13 was 78.33 and 69.0 cm, respectively, under normal conditions.
Main shoot length of RILs ranged from 48.67 to 101.33 cm with Mean 76.26 cm under
normal condition. The highest main shoot length under normal condition was recorded
withRIL184(101.33 cm).

Yield and yield contributing traits: Number of siliqua on main shoot of parental lines
CS56and CS 614-1-1-100-13 was 49.67 and 41.0, respectively, under normal conditions.
Siliqua on main shoot of RILs ranged from 33.0 to 139.33 with mean of 47.87 under
normal condition. The highest number of Siliqua on main shoot under normal condition
was recorded with RIL119 (139.33) . The test weight of parental lines CS 56 and CS 614-1-
1-100-13 was 4.86 and 4.23 g, respectively, under normal conditions. Test weight of RILs
ranged from 3.04 to 6.53 g with mean of 4.83 g under normal condition. The highest test
weight under normal condition was recorded with RIL170 (6.53 g). The yield plant” of
parental lines CS 56 and CS 614-1-1-100-13 was 25.67 and 19.33 g, respectively, under
normal conditions. Yield plant” of RILs ranged from 6.67 to 40.0 g with mean of 20.17 g



under normal condition. The highest seed yield plant’ under normal condition was
recorded with RIL153 (40.0 g).

Na and K contents in roots and shoots: Root Na content of parental lines CS 56 and CS
614-1-1-100-13 was 9.52 and 11.64 mg g' dry weight, respectively, under normal
conditions. Root Na content of the RILs ranged from 8.72 to 15.58 mg g~ dry weight
(mean 9.69 mg g"). RIL 40 (8.72 mg g") showed lowest root Na content under normal
condition. Root K content of parental lines CS 56 and CS 614-1-1-100-13 was 20.07 and
17.87 mg g, respectively, under normal conditions. Root K content of the RILs ranged
from 18.00t068.99 mg g' (mean 21.24mgg”).RIL74 (68.99 mg g") showed highest root
K content under normal condition. Shoot Na content of parental lines CS 56 and CS 614-
1-1-100-13 was 15.90 and 30.17 mg g, respectively, under normal conditions. Shoot Na
content of the RILs ranged from 8.70t029.25 mg g (mean 10.46 mg g ). RIL 52 (29.25 mg
g") showed lowest Shoot Na content under normal condition. Shoot K content of
parental lines CS 56 and CS 614-1-1-100-13 was 34.95 and 33.98 mg g, respectively,
under normal conditions. Shoot K content of the RILs ranged from 5.31t0 52.34 mg g’
(mean 29.62 mg g”). RIL6 (52.34 mg g") showed highest shoot K content under normal
condition.

Phenotyping of RILs under salinity (EC,,12dSm")

Plant growth: The plant height of the parental lines CS 56 and CS 614-1-1-100-13 was
120.00 cm and 90.00 cm, respectively, under saline conditions. Plant height of RILs
ranged from 100.00 to 170.00 cm with Mean 122.32 cm. The highest plant height under
salinity condition was recorded with RIL54 (170.00 cm). The number of primary branches
of the parental lines CS 56 and CS 614-1-1-100-13 was 9.00 and 4.00, respectively, under
salinity conditions. Primary branches of RILs ranged from 4.00 to 11.00 with Mean 6.56.
The highest primary branches under stress condition were recorded with RIL154 (11.00).
The number of secondary branches of the parental lines CS 56 and CS 614-1-1-100-13
was 12.00 and 6.00, respectively, under salinity conditions. Secondary branches of RILs
ranged from 3.00 to 19.00 with Mean 9.71 and under normal condition. The highest sec.
branches under saline condition were recorded with RIL2 (19.00). The main shoot length
of parental lines CS 56 and CS 614-1-1-100-13 was 40.00 and 32.00 cm, respectively,
under saline conditions. Main shoot length of RILs ranged from 27.00 to 48.00 cm with
Mean 38.44 cm under normal condition. The highest main shoot length under stress
condition was recorded with RIL218 (48.00 cm).

Yield andyield contributing traits: The test weight of parental lines CS 56 and CS 614-1-
1-100-13 was 4.93 and 3.54 g, respectively, under salt stress conditions. Test wt. of RILs
ranged from 2.11 to 7.57 g with Mean 5.17 g under saline condition. The highest test
weight under salinity condition was recorded with RIL197 (7.57 g). The Yield/plant of
parental lines CS 56 and CS 614-1-1-100-13 was 11.52 and 6.24 g, respectively, under
salinity conditions. Yield plant” of RILs ranged from 2.21 to 12.16 g with Mean 6.89 g
under saline condition. The highest seed yield/plant under stress condition was recorded
withRIL79(12.16.00g).

Na and K contents in roots and shoots: Root Na content of the RILs ranged from 8.57 to
34.50 mg g " dry weight (mean 22.25 mg g"). Thirty two lines gave significantly lower root
Na content over the sensitive parent C5614-4-1-4-100-13 (17.94 mg g’1) with RIL 147 (8.57
mg g’ followed by RIL 190 (12.63 mg g”') recording lowest root Na content under stress.
Root K content of the RILs ranged from 4.26 to 36.19 mg g" (mean 24.13mgg"). 70 lines
gave significantly higher root K content over the better parent CS 56 (26.10 mg g") with
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RIL 70 (36.19 mg g") followed by RIL 54 (33.95 mg g") recording highest root K content
under stress. Shoot Na content of the RILs ranged from 14.59t0 69.77 mg g (mean 26.92
mg g’). Four lines gave significantly lower shoot Na content over the better parent CS 56
(17.31 mg g") with RIL 195 (14.59 mg g") followed by RIL 213 (14.80 mg g") recording
lowest shoot Na content under stress. Shoot K content of the RILs ranged from 29.64 to
56.90mg g’ (mean 45.86 mgg). 132 lines gave significantly higher shoot K content over
the better parent CS 56 (45.51 mg g") with RIL 198 (56.90 mg g”) followed by RIL1143
(56.72mgg") recording highest shoot K content under stress (Table 34).

StressTolerant Rice for Poor Farmers of Africa and South Asia (STRASA phase 3) (S. L.

Table 34: Phenotyping of RILs under saline (EC,, 12 dSm™) conditions

RIL's Plant Prim Sec. Main Shoot| 1000 Yield/ | NaRoot KRoot Nashoot Kshoot
Height | Branch Branch | Length seed plant (mgg” (mgg’” (mgg” (mgg’”
(cm) (cm) wt(gm) | (gm) DW) DW) DW) DW)
RILs CS614-4-1 122.32 6.56 9.71 38.46 5.17 6.89 22.25 24.13 26.92 45.86
-4-100-13 X CS56
CS56 120.00 9.00 12.00 40.00 493 11.52 18.93 26.1 17.31 45.51
CS614-4-1 90.00 4.00 6.00 32.00 3.54 6.24 17.94 19.65 25.79 31.78
-4-100-13
Range (RILs) 100.00 4.00 3.00 27.00 2.11 2.21 8.57 4.26 14.59 29.64
(R69,91, (R24,44, | (R104,| (R58)to (R250) (R65) (R147) (R147) (R195) (R249)
107,116) | 47,76,139, {109,130, 48.00 to7.57 |to12.16 to34.50 t036.19 t069.77 t056.90
t0170.00 195,208, | 209)to (R218) (R197) (R79) (R245) (R70) (R147) (R198)
(R54) 224)to 19.00
11.00(R154) (R2)

Fig. 40. Performance of STBN entries

in sodicfield (pH ~9.6)

Krishnamurthy and P.C. Sharma)

The experimental material comprised of 102 rice genotypes which were collected from
various national and international institutes to assess their performance under saline
and sodic stress conditions. The genotypes were evaluated in augmented block design
with fifteen entries per block during Kharif 2017 under three environments viz., high
salinity stress (EC,, ~ 10dS m™) and high sodicity (pH, ~ 9.9) in micro plots and (pH, ~ 9.6)
in sodic field at Central Soil Salinity Research Institute, Karnal, Haryana, India. Seven
checks were repeated across three blocks. The 35-day old seedlings from wet bed
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Fig. 41. Performance of STBN entries
in high sodicity (pH ~9.9)
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nurseries were transplanted with a spacing of 15 x 20 cm. Basal fertilizers for the main
crop was 120-60-60 kg of NPK ha". The recommended package of agronomic practices
was followed to raise a healthy crop. Twenty one days after the transplanting, salinity was
imposed by using 7 NaCl: 1 Na,SO,: 2 CaCl,on equivalent basis. Five randomly selected
plants were tagged from each genotype and data were recorded for the traits — days to
50% flowering, plant height (cm), total tillers plant’, productive tillers/plant, panicle
length (cm), stress score at reproductive stage and grainyield (kg ha’).

Under sodic stress in sodic field (pH ~ 9.6), days to 50% flowering ranged from 94 (KR
15006) to 142 (CR 3898-113-4-2-1) with a mean of 115.78, plant height (cm) varied from
58(CSR10) to 112(CR 2851-5-B-1-B-B-1) with a mean of 85.34, panicle length (cm) ranged
from 17.2 (TR 09027) to 62 (CSAR1620) with a mean of 22.18, total tillers varied from 4.2
(CR 3883-3-1-5-2-1-2) to 12.2 (CSR 2016-IR18-12) with a mean of 7.04, productive tillers
ranged between 3 (PUSA 44) to 10 (CST7-1) with a mean of 6.0and the grain yield (kg ha™)
varied between 58 (CR 2851-5-1-6-B-B-4) to 4063 (CSR 2016-IR18-12) with a mean of
2461.17.The best five genotypes in terms of yield advantage under sodic stress are CSR
2016-IR18-12, TR 09030, KS -12, CSR-2748-4441-193 and CSR 2016-IR18-6 (Fig. 40). Two
genotypesdid not reach flowering stage and grain yield was not obtained.

Under sodic stress in micro plot pH ~ 9.9), days to 50% flowering ranged from 74 (KR
15006) to 145 (CR 3898-113-4-2-1) with a mean of 108.43, plant height (cm) varied from
59.4 (KR 15016)-112 (CSRC(S)47-7-B-B-1-1) with a mean of 87.10, panicle length (cm)
ranged from 14.4 ((RP-5683-101-85-30-2-3-1) to 62 (CSAR1620) with a mean of 22.18,
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Fig.42.Performance of STBN entries in high salinity (EC~10.0dSm™)
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Table 35: Summary statistics for
root length and shoot
length recorded on

1000rice genotypes
Parameter |Vigour | Root |Shoot
score |length |length
Mean 8.4 14.15 [34.50
Maxiumum | 9.0 40.17 |52.30
Minimum 3.0 450 (13.70
e -
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Fig. 44. Frequency distribution of
1000 rice genotypes for
vigour score.

total tillers varied from 4.2 (CR 3883-3-1-5-2-1-2) t025.2 (CSR 2016-IR18-2) with a mean of
5.57, productive tillers ranged between 2 (CARI Dhan 10)-8.6 (PAU 7114-3480-1-1-1-
O)with a mean of 4.52 and the grain yield (kg ha") varied between 89 (KR 15010)-3951(
NDRK 11-22) with a mean of 2090.30. The best five genotypes in terms of yield
advantage under sodic stressare NDRK 11-22, CSR 2016-IR18-5, NDRK 11-24, RAU 1397-
14 and KS-12 (Fig. 41). Two genotypes did not reach flowering stage and grain yield was
notobtained.

Under saline stress, days to 50% flowering ranged from 87(Sambha Sub1) to 128 (CST7-1)
with a mean of 107.16, plant height (cm) varied from 46.80 (PAU 7114-3480-1-1-1-0) to
119 (Sambha Sub1)with a mean of 73.87, panicle length (cm) ranged from 10 (CR3884-
244-8-5-6-1-1)-22.8 (IR52280-117-1-1-3) with a mean of 16.80, total tillers varied from
4.60 (CSR27)-9.00 (CSR10) with a mean of 6.23, productive tillers ranged between 2.00
(CR 2843-1-5-1-6-B-S-B-1)-7.20 (CSR 10) with a mean of 4.78 and the grain yield (kg ha")
varied 222 (CSR 2016-IR18-18)-2533(CR 3878-245-2-4-1) between with a mean of
1002.20. The best five genotypes under saline stress in terms of yield advantage are CR
3878-245-2-4-1, CSR RIL-01-IR165, KR15006, CSR-2748-4441-195 and CSR RIL-01-IR75
(Fig. 42). Thirty three genotypes did not reach flowering. The frequency distribution of
102 rice genotypes in moderate sodic field, high sodicity and high salinity indicates
normal, normal and platy distribution, respectively (Fig.43 a,b, c).

CRP on Agrobiodiversity - Evaluation of rice germplasm for salinity/sodicity (S.L.
Krishnamurthy and P.C. Sharma)

A total of 1000 genotypes including two checks (IR 29- sensitive check and FL478-
tolerant check) received from NBPGR, New Delhi, were phenotyped for seedling stage
salinity tolerance in 2017. Out of these 1000, twenty six genotypes did not germinate.
Screening for salt tolerance at seedling stage was performed in hydroponics using
Yoshida culture solution under controlled conditions in glasshouse with 29-35°C/21°C
day/night temperature. The nutrient solution was salinized (EC ~ 12 dS m”) on 14" day
after sowing by adding NaCl salt. Standard Evaluation Score (SES), root and shoot lengths
root were measured on 28" day after sowing. The mean, maximum and minimum values
ofthe recorded traits during 2017 are presented in Table 35.

Shootlength and root length were reduced in saline condition. Vigour score (SES) ranged
from 3 to 9 under saline conditions. Nearly, 27 genotypes were found tolerant (score-3),
115 genotypes were moderately tolerant (score-5), 301 were moderately sensitive
(score-7) and 551 genotypes were highly sensitive (score-9) (Fig. 45). Shot length ranged
from 13.70 to 52.30 cm with a mean of 34.50 cm. The range of root length is from 4.50 to
40.17 cmwithamean of 14.15.

Evaluation of BAYER rice hybrids under salinity stress (Consultancy project) phase
2(P.C.SharmaandS.L.Krishnamurthy)

Two hybrids, ARIZE 6444GOLD and INH 16001 received from Bayer Crop Sciences,
Hyderabad were tested under fives stress levels, normal, moderate saline, high saline,
moderate sodic and high sodic conditions (Table 36) in the microplot at ICAR-CSSRI,
Karnal during Kharif, 2017. Under normal soil, the entry INH 16001 showed the highest
grain yield; while under moderate and high salinity conditions, the entry CSR 27 topped
among all the genotypes with a grain yield of 2934 kg ha™ and 1345 kg ha™, respectively.
Under moderate and high sodic conditions, CSR 36 performed best with mean grain
yield of 3420 kg ha" and 2418 kg ha”, respectively. VSR 156 was the most sensitive under



all stress levels and showed highest yield reduction as compared to normal. The Bayer
hybrids could give at par yield to with the check only under moderate stress levels. But
under higher stress levels, their performance was significantly lower than the respective
checks. Among the hybrids, INH 16001 was found promising under moderate salt stress
situations compared to other hybrid.

The grain yield under normal (non salt stress) condition ranged from 3227-6629 kg ha

Table 36: Soil status and other experiment details of the differentlocations

S.N | Locations GrossPlotSize | NetPlotsize Date of Sowing Date of Planting pH, EC (dSm™)
1 | Normalfield 1.5m’ 1.35m’ 26-05-2017 13-07-2017 7.5 1.0
2 | Moderate Sodicity 1.5m’ 1.35m’ 26-05-2017 13-07-2017 9.5 1.0
3 | High Sodicity 1.5m’ 1.35m’ 26-05-2017 13-07-2017 9.9 1.0
4 | Moderate salinity 1.5m’ 1.35m’ 26-05-2017 13-07-2017 7.5 6.0
5 | Highsalinity 1.5m’ 1.35m’ 26-05-2017 13-07-2017 7.5 12.0

withamean of 5776 kg ha'. The entry INH 16001 showed the highest grain yield (6629 kg
ha") followed by ARIZE 6444GOLD (6453 kg ha"). However, the grain yields of all the
genotypes, except VSR 156, are at par. Plant height ranged from 127-166 cm with a mean
of 137 cm. The total and productive tiller per plant ranged from 10.0 -14.80 and 9.0-13.8
respectively. The grain yield under moderate salinity (EC ~ 6 dS m") ranged from 250-
2934 kg ha" with amean of 2182 kg ha™. The entry CSR 27 showed the highest grain yield
(2934 kg ha™) followed by CSR36 (2750 kg ha™). The days 50 % flowering and plant height
ranged from 114-119 days and 88-96 cm, respectively. The spikelet fertility ranged from
41-78 % with mean of 60%. The grain yield under high salinity (EC ~10 dS m™) ranged
from 734-1345 kg ha” with mean of 1005 kg ha". The entry CSR 27 showed the highest
grain yield (1345 kg ha™) followed by CSR 36 (1120 kg ha"). The genotype VSR 156 is
almost dead. The days 50 % flowering and plant height ranged from 108-122 days and
76-83 cm, respectively.

The grainyield ranged from 1109-3420 kg ha™ with a mean of 2857 kg ha™. The entry CSR
36 showed the highest grain yield (3420 kg ha") followed by CSR 27 (3356 kg ha"), ARIZE
6444GOLD (3212 kg ha™), INH 16001 (3190 kg ha™), and VSR 156 (1109 kg ha™). ARIZE
6444GOLD yielded at par with CSR 36. The days 50 % flowering and plant height ranged
from 99-117 days and 108-137cm respectively. The spikelet fertility ranged from 52-92%
with mean of 73 %.The grain yield ranged from 1589-2418 kg ha" with amean of 1942 kg
ha. The entry CSR 36 showed the highest grain yield (2418 kg ha™) followed by CSR 27
(2090kgha™),INH 16001 (1670 kg ha") and ARIZE 6444GOLD (1589 kg ha"). The genotype
VSR 156 is almost dead. The days 50 % flowering and plant height ranged from 114-145
daysand 69-82 cm, respectively.

There was significantyield reduction among the genotypes particularly under high sodic
conditions. Under high sodic conditions, Genotype VSR 156 showed the maximum yield
reduction of about 100% followed by ARIZE 6444GOLD (75.38%), INH 16001 (74.81%),
CSR27(67.38%),and CSR 36 (60.78%) as compared to normal.

Genetic enhancement of wheat with respect to salt and waterlogging tolerance
(Arvind Kumar, P.C.Sharma, Y.P.Singh and Indivar Parsad)

KRL 283: anew multiple stress tolerantwheat variety released and notified by CVRC

A new salt tolerant wheat variety KRL 283 has been recommended for notification in 79"
meeting of Central Sub-Committee on Crop Standards, Notification and Release of
Varieties, for Agricultural Crops on 20" January, 2018 for salt affected soils of Uttar
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Pradesh. KRL 283 has shown good yielding ability and salt tolerance with superiority in
grainyield on three year's mean (15.02%, 13.68% and 5.24%) over salt tolerant checks, K-
8334, NW 1067 and KRL 19, respectively. Under normal conditions, its yield potential is
5.8-6.2 t ha" while in sodic soils (pH 9.0-9.3) it gives 4.5-4.8 t ha™. In future, it could be
proved as climate resilient variety because of inherent multiple stresses tolerance. It
takes 128-133 days for maturity and can tolerate salinity up to 6.7 dS m™ and sodicity up
to pH9.3.Itisalso tolerant to stripe rust/ brown rust/ stem rust/Karnal bunt/aphid/ shoot
fly. (Fig.45)

KRL 283 in waterlogged soils
Special Trial- Alkalinity/Salinity Tolerance (Irrigated-Timely Sown) 2016-17

10.0 - BKRL 210
9.0 1 mkrizes  During Rabi 2016-2017, the special trial on salinity/alkalinity comprising seven entries

::z ] (KRL 370, KRL 377, KRL 384, KRL 386, DBW 246, DBW 247, DBW 248 and WH 1316) and
::g: three checks (KRL 19, KRL 210 and Kharchia 65) was proposed at 16 locations and
40 conducted at 14 locations (HAU Hisar, CSSRI Karnal, CSSRI Panipat, CSSRI Lucknow, CSSRI
iy Bharuch, Muktsar, Dalipnagar, Faizabad, Vanasthali, CAZRI Bhuj, CAZRI Pali, KVK
41):2 ] Ll Chaswad, KVK Kaushambi and KVK Pratapgarh). The yield data of four centres were not
oH9.4+21d WL included due to late sowing and unrealistic yield. The mean location yield of the 10
Fig. 45. Grain yield of KRL 283 under conducting sites ranged from 36.2 q ha” (CSSRI Nain) to 24.7 g ha" (CAZRI Pali). KRL370
sodic and sodic conditions (34.7 q ha") was the highest yielding genotype and it alone formed the first non-
significant group. Entries KRL370 (34.7 g ha"), KRL386 (32.8 g ha") and KRL377 (32.5q ha")
significantly out-yielded the best check KRL210(31.0q ha) (Table 37).Brown rust (30S) in
KRL377 was observed at Daleep Nagar. Leaf blight was also reported in the zone in all

entries with highest score of 68 in Kharchia 65.

Grain yield (g)/plant

DH9.4

Table 37:SPL-AST-IR-TS-TAS-All Zones, 2016-17 State and Zonal Mean Yield (q ha)

SN | Variety Haryana Punjab Uttar Pradesh Rajasthan Gujarat Zonal
Yield Rk Yield Rk Yield Rk | Yield Rk Yield Rk Yield Rk

1. KRL370 36.5 3 37.5 3 35.9 2 22.7 10 354 1 34.7 1
2 KRL377 29.7 9 27.8 6 38.8 1 22.2 11 33.1 2 325 3
3 KRL384 33.6 8 27.3 8 31.8 5 24.2 7 26.9 11 29.5 9
4 KRL386 40.2 1 35.2 4 329 4 25.6 3 29.5 6 32.8 2
5 DBW246 | 35.6 4 375 2 313 6 254 5 28.6 7 314 4
6 DBW247 | 34.7 5 274 7 29.1 10 254 4 329 3 30.8 6
7 DBW248 | 34.2 7 26.1 9 30.8 9 27.5 2 30.1 5 304 7
8 WH1316 | 38.3 2 35.1 5 27.3 11 24.3 6 27.7 9 30.1 8
9 KRL210(C) | 34.3 6 41.6 1 30.9 8 234 9 28.1 8 31.0 5
10 | Kh.65(C) 19.5 11 19.9 11 30.9 7 23.7 8 27.2 10 257 11
11 | KRL19(C) | 26.3 10 21.6 10 333 3 27.6 1 31 4 29.5 10

G.M. 33 30.6 32.1 24.7 30 30.8

S.E.(M) 1.432 1.337 0.905 1.433 0.622 0.479

C.D.(10%) | 3.5 3.2 2.2 34 1.5 1.1

ACl score of stem rust was higher than acceptable standard (15.0) in all the entries and
ACl score of stripe rust was also higher than the acceptable score in KRL 377. Therefore
these entries could not be promoted in second year testing of SPL-AST-IR-TS-TAS-AIl
Zones.

Salinity/Alkalinity Tolerance Screening Nursery (SATSN) trial 2016-17

28 test entries obtained from different wheat breeding centres were evaluated along
with four checks (Kharchia 65, KRL19, KRL 210 and HD 2009) one national check (HD
2967) and one sensitive check (HD 2009) in an Randomized Block Design having 2



replications with plots of 2 m length having 3 rows spaced 20 cm apart. This trial was
conducted at 11 locations (CSSRI Karnal, CSSRI Nain, Panipat, CSSRI Lucknow, CSSRI
Bharuch, HAU Hisar, Muktsar, Faizabad, Dalipnagar, CAZRI Pali, CAZRI Bhuj and
Kaushambi). The data of Lucknow, Hisar Pali, Bhuj, Karnal and Nain were considered for
pooling. The promising entries along with rust reactions from IPPSN 2016-17. On the
basis of pooled analysis KRL 399 was the highest yielding entry followed by KRL 396, and
WS 1602 (Table 38). Unfortunately, ACl score of rusts in promising entries was more the
15.0 (standard). Therefore, none of the entries promoted for testing under
salinity/alkalinity tolerance varietal trial 2017-18

Table 38: Promising entriesin SAL/ALK screening nursery (SATSN) 2016-17

SN | Entry Yield RK | Stem Leaf Leaf Strip Rust
(gplot™) Rust Rust (S) Rust (N)

HS ACI HS ACl | HS | ACl | HS | ACI
1 KRL 399 392.1 1 80S 393 30S 16 | 40S | 18.7 | 10S | 10
2 KRL396 381.9 2 20S 10.3 60S 18.4| 20S | 6.7 | 80S |57.5
3 WS 1602 375.1 3 30S 134 20S 6.5 | 10S | 3.3 |40S | 30.1
(@] KRL210 372.6 4
C2 | HD2009 281.7 28
C3 | KRL19 264.6 30
C4 | Kharchia65| 259.4 32

Introgression of desirable traits for improving yield, disease resistance and salt
tolerance

During the crop season, a total of 280 single crosses were attempted between 40 parents
(25 salt tolerant lines developed by CSSRI and 15 higher yielding and disease resistant
cultivars from different sources) made primarily for improving yield and adaptation to
marginal lands (salt affected, waterlogged and elemental toxicities) and resistance to
rusts. About 5-6 spikes were attempted for each combination. During this season, F,
generationsare to be grown and advanced.

Breederand nucleus seed production

Breeder seed of CSSRI varieties KRL 210 (3.18 t) and KRL 213 (2.42 t ) was produced at
CSSRIKarnal farm for distribution to various public and private seed producing agencies.
Nucleus seed of 10 promising advance lines and of five released varieties KRL 1-4, KRL19,
KRL 210, KRL 213 and KRL 283 was produced at CSSRI experimental farm for use in the
nextseason.

Evaluation of advance generation bulks and selectionsin CSSRI stationTrial 2016-17

During the crop year 2016-17, 65 advance generation bulks were tested in Increased
Block Design (Augmented Randomized Block Design) with check KRL 210, with the plot
size of 3 rows of 2m under normal (~pH, :<8.2), and two salt stress environments: namely,
saline (5.1-16.2dSm") at Nain Farm, and sodic (pH, :>9.4) with waterlogged treatment in
field condition.The WL treatment was imposed at 21 days after sowing (DAS). Plants were
watered weekly prior to WL treatment. When WL commenced, water was maintained 5-7
cm above the soil surface during waterlogging periods. Out of 63 advance bulks, 20
genotypes performed better than checks. On the basis of yield performance and other
desirable traits, 10 bulks were selected for further evaluation in the Salinity/Alkalinity
Tolerance Screening Nursery (SATSN) and Initial Plant Pathological Screening Nursery
(IPPSN) (Table 39).
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Table 39: List of CSSRI entries with their pedigrees for testing under SATSN 2017-18

S.No.| EntryName | Pedigrees

1. KRL410 ATTILA*2/PBW65%2//W485/HD2932

2. KRL411 KRL99/PBW 525

3. KRL412 FRET-2/2*PASTOR-2

4. KRL413 KRL3-4/HD 2851

5. KRL414 W15.92/4/PASTOR//HXL7573/2*BAU/3/WBLL1/5/SOKOLL/3/PASTOR//HXL7573/2*BAU

6. KRL415 BECARD/PFUNYE #1

7. KRL416 HGO094.7.1.12/2*QUAIU #1//WAXBI/5/WBLL1%*2/4/BABAX/LR42//BABAX/3/BABAX/LR42//BABAX

8. KRL417 DANPHE #1*2/3/T.DICOCCON PI194625/AE.SQUARROSA (372)//SHA4/CHIL/4/WBLL1*2/ KURUKU// HEILO/5/ WBLL1*2/
KURUKU//HEILO

9. KRL418 DANPHE #1%*2/3/T.DICOCCON P194625/AE.SQUARROSA (372)//SHA4/CHIL/4/WBLL1*2/KURUKU//HEILO/5/WBLL1*2/
KURUKU//HEILO

10. | KRL419 CPAN 3004/KHARCHIA 65//PBW-343

Evaluation of wheat varieties for salt stressin microplots

Thirty five wheat varieties were evaluated for their performances under different salt and
waterlogging stresses i.e., normal (pH,: ~8.2), normal (pH,: ~8.2) + 20 days waterlogged,
saline (EC_:>5.9dSm"), sodic (pH,: 9.3-9.6) and sodic (pH,: 9.2-9.4) + 20 days water logged
in the microplots. Each genotype was replicated two times. The genotypes KRL 330, KRL
3-4, KRL 99, KRL 377, KRL 210, KRL 393, KRL 376, KRL 384, KRL 385 and BH 1146 were
found tolerant genotypes whereas KRL 119, KRL 213, HD 2967 and KRL 351 were found
moderately tolerant. However DW 1, DW 3, HD 2009, Brookton, Ducula 4, HD 2851 and
HD 4530 were the sensitive genotypes.

Development of Indian mustard (Brassica juncea) genotypes with improved
salinity tolerance and higher seed yield (Jogendra Singh and P.C. Sharma)

CS 60 (CS2800-1-2-3-5-1): A new variety of salt tolerant Indian mustard released
and notified by CVRC

This variety has been identified and recommended by the 24" Annual Group Meeting of
All India Coordinated Research Project on Rapeseed-Mustard during 2017 and released




& notified by Central Sub-Committee on Crop Standards, Notification & Release of
Varieties (CVRC) during 79" meeting held on 20" Jan., 2018, for salinity affected areas of
the mustard growing regions of the country Zone-Il comprising the states of Haryana
Punjab, Uttar Pradesh and Rajasthan. This variety gave 25% higher seed yield and 27%
higher oil yield per hectare over the national check CS 54 and high yielding varieties
Kranti and Giriraj under soil salinity EC, 10-11 dS m’, irrigation water salinity: EC,, 10-12
dSm™ and alkalinity pH 9-9.3. It matures, on an average, in 134 days and takes 58 days to
flower. The height of CS 60 is 187 cm and produces a high number of primary branches
(6), secondary branches (9), main shoot length (77cm) and 1000 seed weight (5.09). The
productivity of this variety under normal soils is 2.4-2.9 t ha”, while under salt affected
soil is 1.8-2.1 t ha with 41% oil content. CS60 showed resistance to Alternaria blight,
White rust, Powdery Mildew, Downy Mildew, Stag head, Sclerotinia stem rot and mustard
aphid underfield conditions also.

CS 15000-1-2-2-2-1: Indian mustard germplasm/ national genetic stocks
Registered of for salttolerance

W -5 W

Indian Mustard Germplasm CS  Thjs genotype of Indian mustard has been registered in NBPGR (IC0624502 and INGR
15000-1-2-2-2-1 (INGR17051) 4 7451) 55 National Genetic Stock for unique traits; salinity tolerant up to EC,_ 12dS m”,
registered as national geneticstock "7 o M o .
forsalttolerance under NBPGR irrigation water salinity up to EC,, 15 dS m™ and alkalinity tolerant up to pH 9.4. Further, it
also showed lower reduction in seedling length (21%) and dry weight/10 seedlings
(16.3%) under saline condition over the control as compare to already registered genetic

stock CS1100-1-2-2-3.

Development and Evaluation of advanced breeding lines (IVT and AVT) in semi-
reclaimed alkalisoils

Forty one breeding lines including three checks (CS 52, CS 54 and Kranti) were evaluated
in VT for seed yield in screening trial in reclaimed alkali soils (pH 8.1 to 9.5) at Karnal. Seed
yield ranged from 1.21 to 2.37 t ha" (mean 1.64 t ha"). Fifteen lines gave significantly
higher yield over the best check CS 54 (1.74 t ha™) with CS 2005-196 (2.37 t ha™) followed
by CS 2009-1-2-2-1-3 (2.27 t ha") recording the maximum seed yield. Further, forty seven
breeding lines including four checks (CS 54, Varuna, Kranti and CS 56) were evaluated in
AVT for seed yield in screening trial in reclaimed alkali soils (pH 8.1 t0 9.5) at Karnal.Seed
yield ranged from 1.35t02.46 t ha' (mean 1.76 t ha"). Twenty five lines gave significantly
higher yield over the best check Kranti (1.71 t ha") with CS 2005-136 (2.46 t ha™) followed
by C$2009-135&CS2009-313(2.30t ha") recording maximum seed yield.

Development and Evaluation of advanced breeding lines (IVT and AVT) in saline
soils

Forty one breeding lines including three checks (CS 52, CS 54 and Kranti) were evaluated
in IVT for seed yield in screening trial in saline soils (EC, 9.2-15.4 dS m™) at Nain Farm,
Panipat. Seed yield ranged from 0.01 to 2.24 t ha' (mean 0.99 t ha"). Seven lines gave
significantly higher yield over the best check CS 52 (1.15 t ha") with CS 2002-195 (2.24 t
ha") followed by CS2009-261 (1.69tha") recording the maximum seed yield. Further, in
AVT, forty seven breeding lines including four checks (CS 54, Varuna Kranti and CS 56)
were evaluated for seed yield in screening trial in saline soils (EC, 9.2-15.4 dS m’') at Nain
Farm, Panipat. Seed yield ranged from 1.18 to 3.44 t ha' (Mean 2.13 t ha").Twenty four
lines gave significantly higher seed yield over best check CS 54 (2.05 t ha") with CS 2002-
87 (3.44tha") followed by C52009-216 (3.34tha™) (Table 40).

Crop Improvement for Salinity, Alkalinity and Waterlogging Stresses| 78-79

Annual Report 2017-18



Table 40: Development andevaluation of advanced breeding lines (AVT)-2016-17

Mustard AVT: 48 lines with 4 checks (CS 54, Kranti, CS 56 and Varuna)
Sr.No. | Top5Genotype Yield (tha™) (pH,8.2-9.3) ** Top 5 Genotype (EC.9.3-16.0dSm) **
1 CS2002-87 3.44 CS2005-136 2.46
2 CS2009-216 3.34 CS2009-135 2.30
3 CS2009-401 3.00 CS2009-313 2.30
4 CS2009-335 2.87 CS2009-437 2.27
5 CS2002-62 2.85 CS2005-137 2.25
Mean (tha™) 2.13 1.76
CD(0.05%) 0.80 0.26
Range (t ha™) 1.18-3.44 0.35-2.46
Best check CS54(2.05)% Kranti(1.71)*
No. of Superior lines over
best check 24 25

Development and evaluation of segregating material (F,and F,,) of Mustard in semi
-reclaimed alkalisoils

Fifty four breeding linesincluding eight checks (Pusa Bold, Pusa Jaggnath, CS 2007-25, CS
2007-6, Varuna, CS 54, Kranti and CS 56) were evaluated in F, generation for seed yield in
reclaimed alkali soils (pH 8.1 to 9.5) at Karnal. Seed yield ranged from 0.92 to 2.07 t ha'
(Mean 1.60 t ha™). Forty lines gave significantly higher seed yield over the best check CS
56 (1.37 tha") with CS 2013-8 (2.07 t ha") followed by CS 2013-66 (2.06 t ha™). Sixty two
breeding lines including five checks (Krishna, Kranti, CS 54 and CS 56) were evaluated in
F.,generation for seed yield in reclaimed alkali soils (pH 8.1 to 9.5) at Karnal. Seed yield
ranged from 1.15 to 2.32 t ha' (Mean 1.70 t ha"). Thirty three lines gave significantly
higher seed yield over the best check CS 54 (1.66 t ha") with CS 2500-1-4 (2.32 t ha")
followed by C52009-204(2.31tha").

Development and evaluation of segregating material (F, and F,;,) of mustard in
salinessoils

Fifty four breeding linesincluding eight checks (Pusa Bold, Pusa Jaggnath, CS 2007-25, CS
2007-6, Varuna, CS 54, Kranti and CS 56) were evaluated in F, generation for seed yield in
saline soils (EC,9.2-15.4dSm™) at Nain Farm, Panipat. Seed yield ranged from 0.32 to 2.24
t ha' (Mean 1.05 t ha"). Seven lines gave significantly higher seed yield over the best
check CS 56 (1.82 t ha") with C52013-22 (2.24 t ha") followed by C52013-3 (2.23 t ha").
Further, Sixty two breeding lines including five checks (Krishna, Kranti, CS 54 and CS 56)
were evaluated in F,,generation for seed yield in saline soils (EC, 9.2-15.4 dS m™) at Nain
Farm, Panipat. Seed yield ranged from 0.41 to 2.30 t ha' (Mean 1.05 t ha"). Thirty three
lines gave significantly higher seed yield over the best check CS 56 (0.98 t ha™) with CS
2009-214(2.30tha") followed by C52009-144 (2.29tha").

Monitoring and Evaluation of promising salt tolerant strains of Indian Mustard
(Brassica juncea) in AICRP on Rapeseed Mustard Salinity/Alkalinity Trial -2016-17

Twelve genotypes were evaluated in IVT under saline condition (PNP; EC, 11.0dS m”) at
Nain Experimental Farm, Panipat and alkali condition (KAR; pH 9.3) at Karnal. Significant
differences were observed in seed yield amongst the genotypes evaluated, both under
salinity and alkalinity stresses. Under salinity stress, seed yield ranged from 1.71 to0 2.41 t
ha' (Mean 1.94tha") at Nainand 1.73 to 2.43 t ha' (Mean 1.95 t ha") under high alkaline
conditions (pH 9.3) at Karnal. Genotypes CSCN-16-10 (2.39 t ha™) followed by CSCN-16-2
(2.37tha") showed highest seed yield across the salt stress.



Table 41: Performance of mustard strains in AVT (saline/alkaline conditions)-2016-17

S.No. | Code Strain Seedyield (tha") 1000-Seed wt. (g) Oil Content (%)
PNP KAR Mean PNP KAR PNP KAR

1 CSCN-16-11 CS700-2-1-4 2.47 242 2.44% 5.0 5.1 40.01 40.05
2 CSCN-16-12 CS-54 (Check) 1.91 1.91 1.91 5.1 4.9 38.66 38.69
3 CSCN-16-13 RH 406 1.71 1.79 1.75 52 5.0 38.45 38.39
4 CSCN-16-14 Giriraj (LR) 1.72 1.75 1.73 54 4.9 38.23 38.61
5 CSCN-16-15 Kranti (NC) 1.72 1.75 1.73 52 5.0 38.53 38.62
6 CSCN-16-16 CS2800-1-2-3-5-1# | 2.44 2.29 2.36 5.2 4.9 39.54 39.68
7 CSCN-16-17 CS900-1-2-2-1-3 2.35 2.31 2.33% 4.1 3.9 38.95 38.85
8 CSCN-16-18 RHO0725 1.72 1.78 1.75 4.8 4.9 38.56 38.41
9 CSCN-16-19 CS508-1P2 247 2.46 247% 4.2 5.0 39.99 40.02

GM 2.06 2.05 2.05

CD (5%) 0.37 0.37

DOS 19/10/2016 08/10/2016

CV. 12.01 12.03

ECe(dSm-1)/pH 11.00 9.30

* Strain out yielding the best check by margin of >10 % seed yield

Similarly, nine genotypes were evaluated in AVT-I+Il under saline condition (EC, 11.0 dS
m") at Nain Experimental Farm, Panipat) and alkali condition (pH 9.3) at Karnal.
Significant differences were observed in seed yield amongst the genotypes evaluated,
both under salinity and alkalinity stresses. Under salinity stress, seed yield ranged from
1.71t02.47 tha' (Mean 2.06 tha") at Nain and 1.75 to 2.46 t ha" (Mean 2.05 t ha") under
high alkaline conditions (pH 9.3) at Karnal. Genotypes CSCN-16-19 (2.47 t ha") followed
by CSCN-16-11 (2.44 t ha") showed highest seed yield over the saline/ alkali conditions
(Table 41).

Monitoring and Evaluation of Salinity/alkalinity entries of Indian mustard as
influenced by different fertility levels in All India Coordinated Research Project on
Rapeseed Mustard Trial-2016-17

Four genotypes were evaluated in Agronomy trial alkaline conditions (pH 9.3) at Karnal
with three nitrogen levels; 100%, 125% and 150% of recommended dose. Significant
differences were observed in seed yield amongst the genotypes evaluated. CS 2800-1-2-
3-5-1 responded favourably to the additional doses of fertilizer (NPK). Further, 100% RDF
was found suitable for this genotype (Table 42). Production of nucleus and breeder seeds
of threesalttolerantvarieties developed at CSSRIKarnal and released by CVRC

During the year 2016-17, breeder seed (graded) of Indian mustard varieties CS 52 (0.095 t),
(CS54(0.620t),CS56 (0.4351t) and CS 58 (0.660 t) was produced for distribution to central
and state govt.agencies.

Table 42: Influence of different fertility level at different locations on promising entries in salinity/ alkalinity conditions-2016-17

Entries | Genotype Fertility Levels
100% of Recommended 125% of Recommended | 150% of Recommended Mean Yield (tha™)

AG-17 | CS54 1.77 1.95 2.08 1.93
AG-18 | RH749 1.92 2.08 2.16 2.05
AG-19 | CS2800-1-2-3-5-1 2.33 2.46 2.57 245
AG-20 [Kranti 1.78 2.01 2.17 1.99

Mean 1.95 2.12 2.25

CD(P=0.05) Entries (E)=0.11 Fertility (F)=0.05 Fatsamelevel of E=N.S.

Eatsamelevel of F=N.S.
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Genetic enhancement of tomato (Solanum lycopersicum) and okra (Abelmoschus
esculentus L) for salt tolerance. (S.K. Sanwal, P.C. Sharma, Anita Mann, Raj Kumar and
A.K.Rai)

This project was initiated with the aims to characteric cultivated and wild species of
tomato and okra under salt stress and to identify tolerant genotypes as well as rootstocks
in tomato.To achieve the objectives, following trials were conducted during 2016-17.

Characterization of cultivated and wild species of tomato at different salinity level

Seventy lines were transplanted in microplots on 2™ January, 2018 under 4 salinity levels
(EC,<4,4-6,6-8and >8 dSm") in Randomized Complete Block Design in two replications.
Initially two irrigations were given with best available water and after that alternate
irrigation was given with saline water according to treatments. All other package of
practices was same for all the treatments. Soil samples were taken at monthly intervals
for monitoring of salinity. The flowering was late at higher salinity. Number of fruits plant”
was reduced with increase in salinity and it was 31.95,47.61 and 63.51 % at EC, 4-6, 6-8
and >8dSm”, respectively (Table 43). The percent yield reduction was 31.27, 49.47 and
63.97 at EC_4-6,6-8and >8dSm”, respectively. The total soluble solids (TSS) increased at
medium salinity and after that it reduced with increasein salinity.

Table 43: Mean and % reduction over normal of important traits

Traits Mean Percentreduction
EC.<4dSm’ EC.4-6dSm’ EC.6-8dSm” |EC.,>8dSm"| EC,4-6dSm"’ |EC.6-8dSm” | EC,>8dSm’
Plant height (cm) 87.32 64.48 52.10 46.20 26.16 40.33 47.09
Days to 50% flowering 53.14 54.87 54.26 53.44 -3.26 -2.11 -0.56
Fruits/plant 159.20 108.34 83.40 58.10 31.95 47.61 63.51
Avg.fruit wt. 24.36 19.42 17.32 16.15 20.28 28.90 33.70
Yield plant” (g) 2665.55 1832.10 1346.80 960.42 31.27 49.47 63.97
TSS (°Brix) 4.34 4.96 4.62 4.28 -14.29 -6.45 1.38
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Fig. 47. Performance of different
genotypes of okra under
sodic conditions.

Top 20 performing genotypes from each treatment were selected on the basis of yield.
The genotype EC-501583 showed the highest fruit yield (6480 g) in control (EC,<4dSm™)
but at higher salinity its performance was very poor. The line C-11-2 was best performer
up to EC,.8dSm™. Butat EC_8dS m", the line EC-2791 performed better followed by EC-
13904,DT-10,C-11-Tand EC-520046 (Fig.46).

lonic analysis was done in shoot and root parts. Sodium ion content was more in roots
than shoots in control environment while at higher sodic conditions shoots had higher
content than roots. Potassium ion decreased with higher sodicity but this decrease was
more in shoots than roots. On the basis of low Na/K ratio of root and shoot, best five
genotypes were selected. A positive correlation was observed between yield and low
Na/Kratioin some of the genotypes.

Characterization of okra genotypes at different sodicity levels

Twenty four okra lines were sown in microplots on 20" July, 2017 in Randomized
Complete Block Design with two replication in sodic soil for evaluating yield and
contributing traits. The levels of sodicity in sowing plots were pH- 8.0+0.2 (control), pH-
8.5+0.2 (T,), pH- 9.0+0.2 (T,) and pH-9.6+0.2(T,). The plant height was reduced with the
increase in sodicity and the flowering was 2-3 days early under stress conditions than
normal in all the genotypes. The lines IIVR-11, SB-6, IC-117027, IC-45831 and VRO-4
performed better than other varieties in control environment but at sodic conditions,
genotypesIVR-11and VRO-4 performed better than other genotypes (Fig 47).
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Number of fruits/plant, fruit weight and fruit length was reduced significantly at high
sodicity pH-9.6+0.2. lonic analysis was done in shoot and root. Sodium ion content was
more in roots than shoots in control environment while at higher sodic conditions shoots
had higher content than roots. Potassium ion decreased with higher sodicity but this
decrease was more in shoots than roots. At higher sodicity the genotypes IC-014909,
IIVR-1, VRO-4 and IC-45831 have low root Na/K ratio while the genotypes VRO-4, IC-
042451and1C-014909 have low shoot Na/K.

Improvement of salt tolerance in chickpea through physiological and breeding
approaches (Anita Mann, P.C. Sharmaand Jogendra Singh)

Forty three chickpea genotypes were screened for salt tolerance in the microplots with
Karnal Chana-1 (CSG 8962) as tolerant check during the cropping season of 2017-18.
Twenty seeds from each of chickpea lines were used for seed multiplication. The
screening for the effect of saline irrigation in chickpea was done at control, EC6 and 9 dS
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m™ in the microplots. Salinity was maintained by irrigation with saline water (EC 16.3 dS
m™). One saline irrigation was applied before germination. There was no germination in
fivelines (ICC1915,1CC 6306, ICC 14595,1CC 14778, 1CC 17258). No germination was seen
in three lines (ICC 1083, 1CC 6877, ICC 146699) at EC 6 & 9 dS m"and three lines (ICC 6816,
ICC 12866, ICC 14799) did not germinate at EC 9 dS m™. The chickpea germplasm was
screened for salt tolerance for various physiological and biochemical parameters as
described below:

At flowering stage, the relative water content was measured. With increasing saline level,
a significant reduction was observed in RWC only in two lines, ICC 11121 and HK-1. In
Karnal Chana-1, maximum reduction in RWC was observed at EC9 dS m™ than at EC 6. In
rest of the lines, there was no significant reduction in RWC at flowering stage.To study the
effect of saline irrigation on chlorophyll content, third top leaves were extracted in 80 %
acetone and total chlorophyll content was measured. Mean value of total chlorophyll at
early seedling stage in germination trays, at vegetative and at flowering stage in
microplots is shown in Table 44. Total chlorophyll content decreased with increasing salt
concentration at both the plant growth stages. Also, the total chlorophyll content was
more at flowering stage than at maturity. A significant accumulation of proline was
observed at maturity stage than at flowering stage. Mean total proline was 3.85, 4.70 and

Table 44: Effect of saline irrigation on total chlorophyll content at different growth stages

Flowering stage Maturity stage
Control EC6dSm” | EC9dSm’ Control EC6dSm’ EC9dSm’
Mean 1.280 0.879 0.626 0.880 0.584 0.357
Max 1.365 1.188 0.951 1.056 0.944 0.797
Min 0.802 0.5