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Foreword

Dr. D.K. Sharma 
Director and Consortia Leader 

Central Soil Salinity Research Institute

A Sub-project ‘Decision Support System for Enhancing Productivity in Irrigated Saline Environments 
using Remote Sensing, Modelling and GIS’ under component-1 of NAIP was operational at this 
institute from 2009 to 2014 which was implemented in the Western Yamuna Canal (WYC) system 
in Haryana- one of the oldest canal systems in the country by a consortia of three institutions led by 
CSSRI. The sub-project was unique by synerging the use of consortia mode for multi-institutions’ 
participation, state-of-the-art geo-information technology, bottom-up approach in problem solving 
and modelling, and stakeholders’ servicing for addressing  the head-tail productivity difference in 
the WYC command. Despite of large variation in rainfall distribution, scarce canal supply by design 
and 62% area under marginal to poor quality groundwater in the command, wheat productivity 
has improved to 5.17 t ha-1 during 2011-12 against the national average of 3.18 t ha-1 using effective 
conjunctive use of canal and poor quality waters, and other inputs. Such intensification with 
ineffective conjunctive use has resulted in waterlogging and soil salinity affecting productivity. 
Therefore, sustainability of high productivity, and large head-tail productivity difference are two 
issues to be addressed.

During the past five years of its implementation, the sub-project has brought out many significant 
achievements and outcomes that have bearing on future course of canal database management 
system and its online sharing for identifying resource constraints at village/watercourse level, crop 
and salinity modelling, and development and deployment of DSS program for generating BMP based 
interventions for enhancing productivity in six saline environments (water stagnation, waterlogging, 
soil salinity, soil sodicity, saline/sodic water irrigation and deficit irrigation). These achievements were 
amply demonstrated through innovative approaches in development of geospatial database and 
DSS program, field demonstrations, BMPs, and stakeholders’ capacity building. The sub-project 
strongly believed in applications of ICT technologies as a tool for locating groundwater and soil 
quality constraints in mid and tail reaches and generating BMP based interventions under different 
scenarios for sustaining/improving crop productivity and minimizing head-tail yield difference in 
saline conditions. This strategy was ably blended with institutional interventions that involved in 
enhancing stakeholders’ capacity on use of DSS program/ DSS generated BMPs.

CADA, Irrigation and Agriculture Departments, KVKs, WUAs and farmers in Haryana have learnt 
from the achievements and outcomes of this project to draw the message for adoption and future 
policy formulation in canal management and modernization, agricultural water management, 
and BMPs in saline environments. I also consider this project as a milestone in the area of ICT 
application in agricultural water management in canal commands and hope that the future projects 
and programmes will draw from the technologies/innovations generated and outcomes of this 
project. I congratulate the entire project team at three institutions for bringing out new learnings 
and compiling these results and outcomes in the form of the project report.

(Dr. D.K. Sharma) 
             Director and Consortia Leader
Karnal  
24 March 2014





Preface

Dr. D.S. Bundela 
Consortia Principal Investigator & Principal Scientist  

Division of Irrigation & Drainage Engineering 
Central Soil Salinity Research Institute

A sub-project ‘Decision Support System for Enhancing Productivity in Irrigated Saline Environments 
using Remote Sensing, Modelling and GIS’ under Information Communication and Dissemination 
System sub-component of Component-1 of NAIP was implemented in the Western Yamuna Canal 
(WYC) command of Haryana between August 2009 and March 2014. The sub-project was aimed at 
locating bio-physical resource constraints and enhancing productivity and livelihoods of farmers in 
saline environments through application of Geo-IT, modelling, and crop production technologies 
to support innovative systems and processes in canal commands. The sub-project adopted holistic 
and participatory approaches, and implemented site-specific BMP based interventions generated 
through DSS application. The sub-project was unique by adopting consortia mode with CSSRI, WTC 
and NIH, advanced Geo-IT and bottom-up approach in problem solving and modelling. Despite 
being a Geo-IT driven sub-project, stakeholders’ servicing was kept foremost in the sub-project 
for transfer of database, DSS program and knowledge for addressing the head-tail productivity 
difference. 

The sub-project provided a flexible platform to attempt new and holistic approaches. A sound project 
implementation strategy involving project partners, state line departments, KVKs, canal WUAs, 
and farmers was responsible for achieving project desired results and outcome. The learnings in 
the sub-project have led to many insights, which have significant implications on research and 
policy formulation, especially in identifying resource constraints in canal commands by querying 
spatial database, predicting crop yield in saline conditions and implementing DSS program/DSS 
generated BMP interventions for enhancing productivity in six saline environments. It was also 
the sub-project that raised the issue of institutional capacity enhancement of all the implementing 
partners to deal with head-tail productivity difference and livelihoods in saline environment. In 
all, the project has delivered a new database and a DSS program, and capacity building of 121 state 
officers and 1194 WUA members and farmers.

On the behaf of project consortia, I express my sincere gratitude to Dr. D. Rama Rao, National 
Director (NAIP), and Dr. P.S. Pandey, National Coordinator (Component-1), NAIP for their 
constant support and encouragement throughout the period of project implementation. I also 
extend my sincere thanks to Dr. Mrithyunjaya, and Dr. Bangali Baboo, Ex-National Directors 
(NAIP), and Dr. N.T. Yaduraju and Dr. R.C. Agrawal, Ex-National Coordinators (Component-1) 
who guided the entire sub-project team in its formative and mid stages. I am deeply indebted to 
Dr. D.K. Sharma, Consortia Leader and Director, CSSRI, Dr. Gurbachan Singh, Ex-Director, Dr. 
S.K. Gupta, Ex-Acting Director and Dr. Ram Ajore, Ex-Acting Director, CSSRI, Dr. H.S. Gupta, 
Director, IARI and Dr. R.D. Singh, Director, NIH who supported the project teams during various 
stages of implementation and took keen interest in every aspect of the sub-project. The consortia 
leaders and partners reposed the confidence in the project team that has made significant strides. 
My sincere thanks are also due to all esteemed project partners, project scientists and project staff 
at CSSRI, WTC and NIH, who worked tirelessly for achieving the project results and outcome, and 
to all PIU-NAIP staff who provided the support for the project.

(D.S. Bundela)
Karnal  
28 March 2014
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Abbreviations

BMPs Best Management Practices

CADA Command Area Development Authority

CCPI Consortia Co-Principal Investigator

CL Consortia Leader

CP Consortia Partner

CPI Consortia Principal Investigator

CSSRI Central Soil Salinity Research Institute 

DSS Decision Support System

EC Electrical Conductivity

ESP Exchangeable Sodium Percentage 

ET Evapotranspiration

FAO Food and Agriculture Organization

GCA Gross Cultivated Area

GIS Geographic Information System

GPS Global Positioning System

Geo-IT Geo-Information Technology

GR Gypsum requirement

ICDS Information Communication and Dissemination System

IT Information Technology

ICT Information and Communication Technology

IRS Indian Remote Sensing

KVKs Krishi Vigyan Kendras

LISS Linear Imaging Self-Scanning System

NAIP National Agricultural Innovation Project

NARS National Agricultural Research System

NDVI Normalized Difference Vegetation Index

NGO Non-Governmental Organization

NIH National Institute of Hydrology

PAD Project Appraisal Document

PRA Participatory Rural Appraisal

RSC Residual sodium carbonate

WTC Water Technology Centre
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lkjka'k

jk"Vªh; —f"k uoksUes"kh ifj;kstuk ¼,u , vkbZ ih½ ds ?kVd&1 ds mi&?kVd vkbZ-lh-Mh-,l ds varxZr 
mi&ifj;kstuk ^lqnwj laosnu] e‚Mfyax ,oa th-vkbZ-,l- ds mi;ksx ls flafpr yo.kh; okrkoj.k 
esa mRikndrk c<+kus gsrq fu.kZ; lgk;d ra=* dk vkjEHk 21 vxLr 2009 dks dsUæh; e`nk yo.krk 
vuqlU/kku laLFkku] djuky ds usr`Ro esa] ty çkS|ksfxdh dsaæ] u;h fnYyh ,oa jk"Vªh; tyfoKku 
laLFkku] #M+dh ds lkFk la;qä rRokoèkku esa gqvkA ;g ifj;kstuk Hkkjr ds çkphure ugjh ra=ksa 
esa ls ,d] gfj;k.kk dh if'peh ;equk ugjh ¼MCY;w okbZ lh½ dekaM esa vxLr 2009 ls ekpZ 2014 
rd dk;kZfUor dh x;hA dekaM ds varxZr vkus okys 13]534 oxZ fdyks ehVj ldy —f"k ç{ks= 
dks vkB ty lsok ç[kaMksa esa ckaVk x;k ftlesa 5 ftys lEiw.kZ :i ls ¼djuky] ikuhir] lksuhir] 
jksgrd] ,oa >Ttj½ ,oa 7 ftys vkaf'kd :i ls ¼;equkuxj] dq#{ks=] than] fglkj] fHkokuh] jsokM+h ,oa 
xqMxk¡o½ rFkk 2205 xk¡o 'kkfey gSA bl mi&ifj;kstuk dk y{; lwpuk vkSj lapkj çkS|ksfxdh ds 
vuqç;ksxksa ds ek/;e ls fu.kZ; lgk;d ra= dk fuekZ.k dj mfpr çca/ku lwpukvksa ls flafpr yo.kh; 
okrkoj.k esa —"kd ca/kqvksa dh Qly mRikndrk c<kdj vk; rFkk vkthfodk esa o`f) djuk gSA 
bl mi&ifj;kstuk esa mUur lwpuk çkS|ksfxdh vkSj Hkw&LFkkfud rduhdksa dks viuk dj Hkkxhnkjh 
vkSj lexz –f"Vdks.k ds }kjk MsVkcsl dk fodkl] e‚Mfyax ,oa fu.kZ; lgk;d ra= ¼Mh ,l ,l½ ds 
ek/;e ls LFkku fo'ks"k ds fy, yo.kh; okrkoj.k esa de Qly mit ds lek/kku gsrq lq>kbZ x;h 
loksZÙke çcU/ku çfØ;kvksa ¼ch ,e ih½ dk ifjy{k.k —"kd caèkqvksa ds ç{ks= esa çn'kZuksa ds ek/;e ls 
fd;k x;k gSA

;g mi&ifj;kstuk dbZ ek;uksa esa vuwBh gS D;ksafd bldk dk;kZUo;u ,oa fodkl dalksfVZ;e ç.kkyh 
esa gksus ls ,d vksj rks Hkkxhnkj laLFkkuksa dh fo'ks"kKrk dk ykHk feyk gS ogha nwljh vksj fofu;ksxh 
lek/kku ,oa e‚Mfyax] vR;k/kqfud Hkw&LFkkfud çkS|ksfxdh] e‚Mfyax rFkk ifj;kstuk Hkkxhnkjksa ds 
lg;ksx ls fodflr Mh ,l ,l }kjk lq>kbZ x;ha loksZÙke çca/ku çfØ;kvksa ds lR;kiu gsrq yo.krk@
{kkjh;rk ,oa tyxzLr dh leL;k ls xzLr cqVkuk o >Ttj jtokgksa ds varxZr çk;ksfxd ç{ks= esa 
lQy vuqikyu rFkk ckn esa bUgha çk;ksfxd ç{ks=ksa ds çn'kZu] dk;Z'kkykvksa ,oa çf'k{k.k ds ek/;e ls 
Mh ,l ,l esa fo'okl mRiUu fd;k x;kA pqus x, jtokgksa ds Hkkxhnkjksa ds lkFk dsfær lewg ppkZ] 
cqf)'khyrk dk;Z'kkyk,a] ih vkj , ,oa ç{ks= fnol ds ek/;e ls ijke'kZ J`a[kyk;sa vk;ksftr dh x;hA 
bu ijke'kZ J`a[kykvksa ls çkIr ifj.kke vk/kkjHkwr losZ{k.kksa ls ekudh—r fd;s x, vkSj bl çdkj 
pqus x, nksuksa jtokgksa esa LFkku fo'ks"k xk¡o ds p;u }kjk ch,eih viukdj Qly mRikndrk c<+kus 
dk ekxZ ç'kLr gqvkA ;g mi&ifj;kstuk cgq&laLFkkfud ,oa cgq&fo"k;oLrq vk/kkfjr gksus ds dkj.k 
,d vke j.kuhfr ij lgHkkxh laLFkku feydj dk;Z fd;k rkfd rhuksa ftyksa ds yo.kh;@{kkjh; 
okrkoj.k esa fofHkUu tSo&HkkSfrdh; lalkèkuksa ,oa vkthfodk dk vUos"k.k dj de Qly mRikndrk 
tSlh tfVy leL;k ds lek/kku çLrqr fd;s tk ldsaA ;gh /;ku j[krs gq, mi&ifj;kstuk ds 
çkjafHkd vkSj dk;Zdkjh pj.kksa esa ijLij laoknkRed xksf"B;ksa] ijke'kZ vkSj dk;Z'kkykvksa dk y{; çkIr 
dj fy;k x;kA mi&ifj;kstuk dh miyfC/k;ksa ,oa ifj.kkeksa dks fuEufyf[kr vkB çeq[k çlaxksa ds 
ek/;e ls çLrqr fd;k tk jgk gSA
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19 rFkk 210½ rFkk ,d mPp mit xsgwa fdLe ¼,pMh&2894½ vkSj pkj fofHkUu ty yo.krk ¼1-5] 4] 
8 ,oa 12 Mslh lheSu ehVj&1½ ds fy, o"kZ 2009&10 ds çk;ksfxd jch Qly vkadMksa ds lkFk fd;k 
x;k rFkk o"kZ 2010&11 ds çk;ksfxd jch Qly vkadMksa ds lkFk lR;kiu fd;kA e‚My dh ;FkkFkZrk 
dk ewY;kadu djus ds fy, e‚My n{krk ¼,e bZ½] ,xzhesaV lwpdkad ¼Mh½ ,oa fMVjfeus'ku lwpdkad 
¼vkj2½ dh rqyuk okLrfod vkSj çk;ksfxd ifj.kkeksa ls dh x;hA va'kkafdr e‚My ds ifj.kke ,ebZ] Mh 
,oa  vkj2 ¼0-99½ ds fy, Øe'k% vUu mit] ty mRikndrk ,oa ty yo.krk ewY;kadu gsrq 0-27] 
0-98 ,oa 0-99 jgsA lR;kfir e‚My ds ifj.kke ,e bZ] Mh ,oa  vkj2 ¼0-99½ ds fy, Øe'k% vUu 
mit] ty mRikndrk ewY;kadu ,oa ty yo.krk gsrq 0-85] 0-96] ,oa 0-94 jgsA gkyk¡fd] ,DokØ‚i 
e‚My ls çkIr ifj.kke vUu mit ds fy, loksZÙke jgs] ijUrq lkisf{kd :i ls ty yo.krk] mPp 
mit ds fy, de ;FkkFkZ jgsA tcfd],l MCY;w , ih e‚My ls çkIr ifj.kke vUu mit ,oa tM+ 
{ks= yo.krk ds fy, ,DokdksiZ ekWMy lkisf{kd :i ls vPNs jgsA bl çdkj nksuksa e‚My xsgwa dh 
Qly esa vUu mit ds vkadyu esa mi;ksxh jgsA yo.kh; ty flapkbZ ,oa yo.kh; e`nk okrkoj.k 
esa vUu mit ,oa tM+ yo.krk lek/kku gsrq ,l MCY;w , ih e‚Mfyax T;knk mi;ksxh gksxhA

Qly ty ekax ds vuq:i ugj vuqlwpu 

bjh&,xzks bUQkesZfVDl MsVkcsl ls thvkbZ,l ds ek/;e ls >Ttj jtokgs ds ekSle] e`nk] Qly] ,oa 
ugjh çokg dh LFkkfud fofHkUurk dk vkadyu fd;k x;kA bl tkudkjh dk ç;ksx buiqV ds rkSj 
ij ØksiokV e‚My laLdj.k 8-0 esa fd;k x;k vkSj jtokgs ds varZxr cks;s x, xsgwa vkSj /kku ds fy, 
flapkbZ dk vkadyu fd;k x;kA ØksiokV e‚My ls o`f)dky esa xsgwa ds fy, 254-6 fe eh rFkk /kku 
ds fy, 969-6 fe eh flapkbZ dh vko';drk dk vkadyu [ksr Lrj ij fd;k x;k tcfd xsgwa o /kku 
ds fy, çHkko'kkyh o"kkZ Øe'k% 55-8 fe eh rFkk 469-8 fe eh jghA vkxs Qly&ty ekax vkSj ugj 
vkiwfrZ dh rqyuk vuqlwph ds vuqlkj MCY;w okbZ lh dekaM ds >Ttj jtokgs ds 12 xk¡o ds fy, 
dh x;h] vkSj ;g ik;k x;k fd 2011&12 dh vuqlwph ds vuqlkj ugjh ty miyCèkrk vf/kdka'k 
LFkkuksa ij cgqr de ¼< 48%½ gSA blds lkFk gh MsVk vUos"k.k }kjk flapkbZ gsrq ty vko';drk ds 
ewY;kadu ds fy, fodflr çksVksd‚y dks jtokgs Lrj ls c<kdj 'kk[kk ugj ,oa iw.kZ dekaM {ks= esa 
vFkok ns'k ds fdlh Hkh leku ugjh dekaM ds fy, ç;ksx fd;k tk ldrk gSA   

yo.kh; flafpr ifjos'k esa mRikndrk o`f) gsrq ,dy Mh ,l ,l izksxzke

bl mi&ifj;kstuk ds çeq[k mís';ksa esa ,d daI;wVj vk/kkfjr fu.kZ; lgk;d ra= ¼Mh ,l ,l½ ,dy 
foaMks çksxzke dk fuekZ.k djuk Fkk tksfd yo.kh; okrkoj.k esa O;kIr fofHkUu lalk/ku çfrck/kkvksa@
vojks/kksa ds ifj–'; esa {ks= Lrj ij Qly mit esa gksus okyh laHkkfor fxjkoV dk vkadyu dj lds 
lkFk gh Qly mit c<+kus ds fy, mfpr ch ,e ih lq>k lds rFkk gfj;k.kk led{k foHkkx] —f"k 
foKku dsUæ] o fodkl'khy Hkkxhnkj tkudkjh çkIr djus esa bldk mi;ksx dj ldsaA ekbØksl‚¶V 
folqvy lh 'kkiZ&usV ÝseodZ 3-5 esa fodflr bl foaMks çksxzke laLdj.k 1-1 esa 9 e‚M~;wy& MsVkcsl] 
Qly&ty ekax] ugjh&ty vkiwfrZ] Hkw&ty] flapkbZ vuqlwpu] e‚Mfyax rFkk ch,eih vk/kkfjr 
j.kuhfr;ka] —"kd lsok,a o lgk;rk lekfgr gSaA MsVkcsl e‚M~;wy vkB çeq[k ekufp=ksa rFkk muds 
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rFkk 3 yo.krk lfg".kq fdLesa ¼dsvkj,y&1&4] 19 ,oa 210½] e/;e yo.kh; vkSj mPp vkj , lh 
Hkw&ty ds ugjh ty ds lkFk çHkkoh la;qä mi;ksx] js[kh; cqokbZ] b"Vre flapkbZ le;c)u] yslj 
}kjk Hkwfe leryhdj.k rFkk 'kwU; tqrkbZ vk/kkfjr cqvkbZ }kjk Qly mRikndrk esa o`f) ds ewY;kadu 
gsrq izn'kZu vk;ksftr fd;s x,A yo.kh; ifjos'k esa xsgwa dh mit esa 17 ls 33% rd dh o`f) gqbZ 
ftlls ` 13]490&25]700 çfr gsDVs;j ds fglkc ls —"kdksa dh vkenuh esa Hkh o`f) gqbZA bu nks 
jtokgksa esa rhu o"kZ ds jch vof/k esa fd;s x, ç{ks= çn'kZuksa ls —"kd ca/kqvksa ds eu esa Mh,l,l }kjk 
lq>k;s x, lq/kkjksa ds çfr fo'okl mRiUu gqvk vkSj lkFk gh Mh,l,l ekWMqYl dk lR;kiu fd;kA

MsVkcsl] Mh ,l ,l izksxzke ,oa tkudkfj;ksa dk Hkkxhnkjksa esa gLrkarj.k 

Hkkxhnkjksa rd Mh ,l ,l dh lsokvksa dh tkudkjh gLrkarfjr djuk bl ifj;kstuk dk ,d çeq[k 
mís'; jgk gS ,oa ifj;kstuk dk 13% ctV dk vkcaVu bl gsrq gqvk gS blh dks –f"Vxr j[krs 
gq, dekaM {ks= fodkl çkf/kdj.k ¼dkMk½] —f"k foHkkx] flapkbZ foHkkx] —f"k foKku dsUæ] pkS/kjh 
pj.k flag gfj;k.kk —f"k fo'ofo|ky; ds {ks=h; vuqlU/kku dsaæ ,oa xSj ljdkjh laxBu ¼,u th 
vks½ vkfn ds 121 vf/kdkfj;ksa@vfHk;arkvksa dks Mh ,l ,l ds mi;ksx ls ch ,e ih }kjk yo.kh; 
okrkoj.k esa mRikndrk o`f) dh tkudkjh vkSj lapkyu gsrq dk;Z'kkykvksa] ç{ks= fnolksa ,oa çf'k{k.k 
dk;ZØeksa dk vk;kstu fd;k x;kA blh çdkj ugj ty mi;ksx la?kksa ds 1194 lnL;ksa ugjh ty 
la?k lnL;ksa ,oa —"kd ca/kqvksa dks 8 ftyksa ¼djuky] ikuhir] lksuhir] than] jksgrd] >Ttj] jsokM+h 
,oa fHkokuh½ ds Mh ,l ,l esa }kjk lq>kbZ x;h ch ,e ih ds vuqikyu }kjk yo.kh; okrkoj.k dh 
ifjfLFkfr;ksa tSls e`nk yo.krk] fuEre xq.koÙkk dk Hkw&ty] vi;kZIr ugjh ty] tyxzLrrk ,oa 
[kjkc e`nk moZjrk esa Hkh vf/kdre mRikndrk o`f) djus ds fy, tkudkjh igqapkbZ x;hA

Mh ,l ,l dk mUu;u

Mh ,l ,l daI;wVj izksxzke dk vfHkfu;ksftr djus ,oa bldh O;ogkfjdrk ds fuèkkZj.k ds fy, 
ikuhir] lksuhir] jksgrd] >Ttj] jsokM+h] than o dSFky fLFkr lkr —f"k foKku dsUæksa esa daI;wVj 
gkMZos;j vkSj l‚¶Vos;j dh miyC/krk] baVjusV la;kstu] LVkQ rFkk tujsVj ds lkFk fctyh 
vkiwfrZ vkfn iSekuksa dk ewY;kadu fd;k x;kA jksgrd esa mfpr LVkQ dk vHkko Fkk] rks nwljh 
vksj ikuhir] lksuhir] ,oa than esa xzkeh.k fctyh la;kstu gksus ds dkj.k fctyh vkiwfrZ dkQh 
vfu;fer ikbZ x;hA ikuhir] jksgrd ,oa jsokM+h ds —f"k foKku dsUæksa esa ekStwn dEI;wVjksa ij Mh 
,l ,l dk ijh{k.k fd;k x;k vkSj lg;ksxh lsok,a Hkh çnku dh x;haA djuky] ikuhir] lksuhir] 
jksgrd] than o dSFky ds Ng dkMk [kaM dk;kZy;ksa esa Hkh Mh ,l ,l ds ijh{k.k gsrq okafNr 
lalkèkuksa dh miyCèkrk ik;h x;hA laLFkku dks"k ls ckjgoh iapo"khZ; ;kstuk ds varxZr Mh ,l ,l 
izksxzke dk vfHkfu;kstu tkjh jgsxk] ftles dkMk dk lg;ksx Hkh 'kkfey gSA Mh ,l ,l izksxzke ij 
mi;ksxdrkZvksa dh çfriqf"V vR;Ur mRlkgtud jgh gSA
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departure classes (excess, normal, deficient and scanty) during 2006-13; 6 rainfall zones - 18.6% 
area (<500 mm), 51.6% (500-600 mm), 17.3% (600-700 mm), 8.8% (700-800 mm), 1.6% (800-900 
mm), 2.1% (>900 mm); 5 groundwater  quality classes- good (38.3% area), marginal (15.2%), saline 
(5.3%), sodic (4.2%) and saline-sodic (37%); 2 salt-affected soils (SAS)-  saline (4.0%), and sodic  
(14.5%); 4 soil texture classes- sand (2.4%),  loamy sand (6%), sandy loam (78.6%), and loam (13%); 
and 5 cropping systems (rice-wheat, bajra-wheat/mustard, sorghum-wheat, cotton-wheat, and 
sugarcane-wheat). The Geodatabase can be queried for single or multiple attributes/ features using 
criteria such as monsoonal rainfall, adequacy of canal supplies, groundwater quality, saline/sodic 
soils, soil texture, village and other information and the district-wise crop production constraints 
and their spatial extent were identified. These constraints have prevailed in the large parts of Jind, 
Sonipat, Rohtak and Jhajjar districts which are input to crop-water-salinity-yield response model to 
predict the crop yield loss in six saline environments.

The geodatabase has also delineated the area of low productivity district-wise in the WYC command 
adopting a GIS protocol using data of canal supply, GW quality, SAS and NDVI. About 7.24% of the 
WYC command was affected with low productivity (988.9 km2), mainly in Rohtak, Jind and Sonipat 
districts. The database originally developed in ESRI’s ArcGIS proprietary format was migrated to 
an open source platform (Quantum GIS v1.7.4) which has allowed free distribution of the database 
and GIS software to the stakeholders for querying and generating value added maps. The database 
was further migrated to PostGIS v2.0.3 and GeoServer v2.3.0 for online dissemination and a web 
map service of the database was developed for online visualization and querying of multi-thematic 
vector layers overlaid with Google map/earth by stakeholders for identifying resource constraints 
at watercourse or village level.

Upscaling of Wheat Yield to Command Scale

The wheat yield data from 290 crop cutting samples collected from demonstration and monitoring 
fields in the WYC command using GPS handset and data from Agriculture Department, Haryana 
were correlated with the temporal NDVI spectral profile generated from three Resourcesat-1 LISS-
3 imageries (19 Dec, 5 Feb and 11 Mar) for the rabi season 2010-11. These data were analysed 
using GIS in tandem with spectral vegetation, salinity and waterlogging indices (NDVI, NDSI and 
NDWI) and were upscaled to generate the map of wheat yield variation in the WYC Command 
using regression technique. The wheat yield ranged from 3.51 to 4.75 t ha-1. The yield less than 4.0 
t ha-1  was assessed in 56% area of the command which lies in parts of Sonipat, Jind, Rohtak, Hisar, 
Jhajjar and Bhiwani districts.

AquaCrop and SWAP Models for Predicting Wheat Yield and Salt Dynamics

Water driven AquaCrop model 4.0 with salinity option, and SWAP model were calibrated for grain 
yield, water productivity and rootzone salt dynamics for three salt tolerant (KRL-1-4, 19 and 210) 
and one high yielding (HD-2894) wheat varieties, and four water salinities (1.5, 4, 8 and 12 dS m-1) 
from the experimental data of Rabi 2009-10 and were validated from the data of Rabi 2010-11. 
The accuracy of model prediction was evaluated by model efficiency (ME), index of agreement (d) 
and coefficient of determination (R2) comparing between the observed and the model simulated 
results. The calibrated AquaCrop model resulted in ME, d and R2 of 0.99 each for grain yield; and 
0.27, 0.98 and 0.99 for water productivity, respectively, for all wheat varieties and irrigation salinity 
levels whereas the calibrated SWAP  model resulted in ME  and d  of 0.96  and 0.99 for grain yield; 
and 0.76 and 0.93 for root zone salinity,  respectively. The ME, d and R2 for the validated AquaCrop 
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In Modelling, a crop-water-salinity-yield response module, and a module with AquaCrop and 
SWAP were integrated. A crop yield response module for six prevailing saline environments in the 
WYC command viz, Surface water stagnation, Waterlogging, Soil salinity, Soil sodicity, Saline/sodic 
water irrigation, and Deficit irrigation was developed to predict the relative crop yield loss in order 
to generate and recommend innovative BMPs for minimizing yield loss. This module was validated 
from the field demo data. The relative yield loss for five major crops (wheat, barley, mustard, 
pearlmillet and pigeon pea) in water stagnation and waterlogging can be predicted for different 
duration of water stagnation/depth of waterlogging and subsequently, BMPs are recommended for 
minimizing yield loss. The relative yield loss in soil salinity and sodicity can be predicted for rootzone 
salinity (ECe) and sodicity (ESP) values at sowing, mid and harvest time for five crops. The BMPs 
for four ranges of ECe (< 4, 4-8, 8-12 and >12 dS m-1) and three ranges of ESP (< 20, 20-50 and 
>50%) were recommended for minimizing yield loss. The Soil EC converter (EC2 to ECe), and soil 
ESP converter (SAR, pHs and pH2 to ESP) were developed for use of data from state departments. 
The gypsum requirement (GR) can be computed using Schoonover’s formula or standard GR graph.

Water quality for saline/Sodic water irrigation and its permissible range for direct or conjunctive 
application in different agro-climatic zones are assessed. The relative yield loss can be predicted for 
any water salinity/sodicity values for five crops and BMPs with direct/ conjunctive use are suggested 
for minimizing yield loss. In deficit irrigation, the phenological growth stages for five crops are 
assessed and a deficit irrigation strategy based on number of available irrigations is suggested. A 
module developed at WTC with yield production functions, AquaCrop and SWAP was integrated 
under Modelling menu and can estimate the crop yield under varying soil and water salinities, foliar 
potassium fertilization and salt deposition. SWAP can simulate crop productivity and rootzone 
salinity build-up wherever site specific input parameters are available. BMP based strategies for six 
saline environments with their quantitative impact, and useful information for farmers on soil and 
water sampling procedures and testing facilities, salt tolerant and high yielding crop varieties, Help 
and Hindi support are also provided for use of stakeholders.

Wheat Demonstration at Farmers’ Fields

In order to develop confidence of farmers on DSS generated BMP based interventions, field 
demonstrations of wheat crop at 52 farmers’ fields in mid and tail reaches of Butana distributary 
and Jhajjar distributary in saline environments were conducted during three rabi seasons (2010-11, 
2011-12 and 2012-13) in Sonipat, Rohtak and Jhajjar districts. The DSS generated BMPs- four high 
yielding (HD-2967, 2891, and 2894, and DBW-17) and three salt tolerant varieties, (KRL-1-4, 19, 
and 210), optimum irrigation scheduling, effective conjunctive use of moderate saline, SAR saline 
and high RSC sodic groundwater, zero tillage, and laser land leveling  were evaluated for enhancing 
crop yield. The wheat yield increased ranging from 17 to 33% in saline environment and improved 
the income of small farmers by ` 13,490-25,700 per hectare. The field demonstrations have infused 
confidence in stakeholders on DSS generated interventions and these results have also validated the 
DSS modules.

Transfer of Database, DSS Program and Knowledge to Stakeholders

Since stakeholder’s servicing was the important activity of the project with 13% budget allocation, 
121 district officers/engineers from CADA, Agriculture and, Irrigation Departments, KVKs 
and Regional Research Stations (CCS Haryana Agricultural University, Hisar) and NGOs from 
12 districts within the WYC Command were imparted skill and knowledge on Database, DSS 
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Part-II: Technical Details

1. Introduction 

Irrigated agriculture is a major consumer of water resources in which canals contribute to 27% 
to the total irrigated area at the national level and 42% in Haryana. The massive investment in 
modernization and rehabilitation of canal irrigation sector in Haryana since Independence has 
expanded the irrigated area substantially in arid and semi-arid regions with canal irrigation 
intensity increased to 72% against the designed intensity of 50%. The development of groundwater 
irrigation for supplemeting deficit canal supplies within the canal commands has further led to 
intensification of agriculture with the current irrigation intensity reaching up to 186-200% in 
Haryana from both sources. The effective conjunctive use of canal water with good/ marginal to 
poor quality groundwater has sustained this intensification in deficit canal supply areas. Therefore, 
wheat yield has increased substantially from 2.1 in 1970s to 5.17 t ha-1 during 2011-12 in Haryana 
(national average, 3.18 t ha-1 during 2011-12). However, the ineffective conjunctive use of such 
quality waters for irrigation has resulted in low crop productivity as well as waterlogging and soil 
salinization in many areas of the command which has large variation of wheat yield (15-37%) as 
head-tail difference.

This large variation in crop yield has continued to bother the government departments, development 
professionals and research institutions for devising strategies in order to sustain/ enhance the 
productivity in mid and tail reaches of commands. The large variation in crop yield and productivity 
is attributed to deficient pattern of monsoonal rainfall, inadequacy and uncertainty of canal water 
supply, inefficient on-farm water management and ineffective conjunctive use practices with 
particularly in marginally to moderately saline groundwater zones. The productivity could further 
degrade due to deferred maintenance of canals, degradation of groundwater quality, diversion 
of more canal water to other competing user sectors, ongoing secondary soil salinization and 
waterlogging, and limited capacity of marginal and small farmers’ to afford risks. This deterioration 
in productivity would lead to livelihood problem of millions of marginal and small farmers and 
further socio-economic conflicts in rural societies living in canal commands.

In order to enhance productivity and to reduce conflicts in farming societies, a holistic approach 
integrated with advanced geo-information technology and stakeholders’ participation needs to 
be applied to identify and delineate bio-physical resources constraints and their spatial variability 
in different reaches of the canal command during different cropping seasons for efficient 
management. Besides, socio-economic information of farmers needs to be integrated to generate 
best management practices (BMPs) based interventions for canal reach specific problems under 
various bio-physical and socio-economic constraints for enhancing productivity. Therefore, there 
is an urgent need to enhance the productivity and income to give a new lease of life to marginal 
and small farmers through application of DSS (decision support system) generated BMP based 
interventions. Moreover, there is a need to develop DSS computer program for canal commands 
for generating realistic BMP interventions in space and time under various resource and socio-
economic constraints for enhancing productivity. 

With this backdrop, a sub-project ‘Decision Support System for Enhancing Productivity in Irrigated 
Saline Environments Using Remote Sensing, Modelling and GIS’ under Information Communication 
and Dissemination System sub-component of  Component-1 of National Agricultural Innovation 
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Fig. 1. Location and canal network in Western Yamuna Canal Command

2. Overall Sub-project Objectives

The sub-project was conceived with the overall objective of addressing low crop yield in saline 
environments and improving rural livelihoods holistically by deploying innovations in Geo-IT, 
and resource management and crop production technologies to optimize the use of bio-physical 
resources and by building stakeholders capacity to enhance productivity through convergence 
of institutions’ expertises at watercourse and distributary level. However, the sub-project was 
undertaken to accomplish the following four specific objectives: 

•	 To characterize bio-physical and socio-economic resources of the WYC command using satellite 
remote sensing, GPS based field survey, participatory rural appraisal and GIS.

•	 To predict and upscale crop yield and land and water productivity from field to command scale 
under various resource constraints and management scenarios using crop-water-salinity-yield 
production functions and GIS.

•	 To develop, validate and implement decision support system in the canal command for 
generating  BMP based interventions to enhance the productivity of the command in saline 
environments, and

•	 To build-up and enhance stakeholders’ capacity on DSS generated scenarios through field 
demonstrations, customized trainings, workshops and field days for dissemination of knowledge.
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•	 Estimation of canal supplies at different reaches in  canal segments during  rabi season
•	 Estimating variations of groundwater availability and quality in the canal command
•	 Identification of different resource constraints and management scenarios for addressing low 

productivity 
•	 Identification of BMPs for enhancing productivity and devising adaptation measures including 

extreme storm events
•	 Demonstration of BMPs at farmers’ fields
•	 Prediction of productivity under different management scenarios using production functions  

and its upscaling to command scale using GIS 

Monitoring Indicators
•	 Number of crop production functions tested/generated using crop yield data under various 

resource constraints and management options
•	 Number of demonstrations of BMPs at farmers fields
•	 No of BMPs identified for saline conditions 

Expected Deliverable
•	 Area of low productivity district/village wise in the command 
•	 List of BMPs in six saline conditions and adaptation measures for enhancing productivity
•	 Upscaled map of wheat yield in the WYC command

Expected Outcome
•	 Increased awareness of suitable BMPs in six saline conditions for increasing crop yield
•	 Increased adoption of BMP based interventions by farmers for improving crop yield

Objective 3: To develop, validate and implement decision support system in the canal command 
for generating best management practices based interventions to enhance the productivity of the 
command in saline environment. (Responsible Partners: CSSRI, WTC and NIH)

Work Plan
•	 Development of  a modular architectural framework of DSS in view of data availability
•	  Development of DSS for linking with existing and created spatial databases, and models, 

spatial query generator, output retrieval and graphic display  
•	 Testing, validating  and fine-tuning of DSS under different resource and management scenario 

for generating BMPs to enhance  productivity in the selected canal command
•	 Demonstration of developed DSS and its capability to stakeholders for decision making  

Monitoring Indicators
•	 Release of  first  and other versions of  DSS program
•	 Number of problems and their solutions in testing  and fine-tuning of DSS 
•	 Release of customized versions of  DSS program
•	 No of hands-on trainings conducted
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participatory rural appraisal (PRA) were used in the beginning of the project (2009-10) to assess 
the bio-physical resources constraints and socio-economic conditions of farmers. Seventy and one 
hundred farmers were selected as sample size for PRA from the Butana branch and Bhalaut sub-
branch canal commands (Sonipat, Rohtak and Jhajjar districts), respectively.  A total of 170 farmers 
selected through random sampling were interacted through a questionnaire and their perception 
on water management and control of waterlogging and salinity. The loss of crop productivity and 
low farm income due to twin problems were reported by the farmers. About 85 to 100% of the 
respondents strongly endorsed that the deferred/poor maintenance of irrigation channels leading 
to seepage and leakage from distributaries and minors, low supply of canal water and canal siltation 
and weed growth were the major issues which led to waterlogging and subsequent soil salinization 
in the commands. About 85% of the respondents opined about non-existence of any scheme by the 
government agencies for maintenance and rehabilitation of watercourses (field channels). 

It was found  from the analysis of resources constraints that deficit canal supply in marginal to poor 
quality groundwater areas, growing of high yielding rabi (wheat) crop varieties in waterlogging and 
soil salinity conditions, ineffective conjunctive use of marginal and poor quality saline and sodic 
groundwater with canal water, inadequate use of gypsum for sodic groundwater and soils, poor 
irrigation scheduling, lack of precision land leveling, and broadcasting sowing method were the 
main constraints that have resulted in average low wheat yield (1.9-2.5 t ha-1) as well as moderate to 
high soil salinity built up (8-20 dS m-1 ECe) in croplands  at harvest in both commands. Seventeen 
per cent more area under soil salinity and waterlogging was reported in Butana canal command in 
comparison to Bhalaut sub-branch command. About 62-70% of marginal and small farmers were 
located at tail ends in the Butana and Bhalaut branch commands and the low level use and spread 
of suitable technologies for saline environment were also observed in both the commands. As 
coping-up strategies, farmers managed the twin problems by cleaning of watercourses, digging field 
drains, controlled irrigation with effective conjunctive use, precision land leveling, use of gypsum, 
and increasing seed rate and fertilizers besides green manuring with varying degrees of successes. 
Nonetheless, it was revealed from this study that farmers’ desired active knowledge dissemination 
mechanism with technology details, funding opportunities and functioning of canal water user 
associations/societies besides involvement of all farmers for enhancing productivity from irrigated 
saline environment in the WYC command.

The socio-economic characteristics of farmers acquired from baseline surveys were analysed 
and it was observed that 48% of the respondents were  in the age group ranging from 35 to 53 
years followed by 37 and 30% in young (18 to 34 years) and old age (above 53 years) category, 
respectively (Table 1). Educational status of the farmers revealed the maximum percentage 
(42%) of the respondents had high school education while 30% respondents were educated up 
to intermediate level. It was observed that only 5 percent of the respondents were educated up 
to graduation. However, 18% of the respondents were illiterate and have not done any primary 
schooling. In general, the educational status of the farmers was observed to be of moderate 
nature. Most of the respondents (57%) belonged to nuclear family category followed by joint 
family category (43%). Majority of the respondents (88%) had agriculture as their main 
occupation. Moreover, 10% respondents were engaged in animal husbandry/dairy business 
besides agriculture. The other occupation as their primary occupation was reported by only 
2% respondents. Regarding land holding size, 38% farmers belonged to large farmers category 
(>10 ha) followed by 33 and 29% belonging to small (1-2 ha) and marginal (<1 ha) farmer 
categories, respectively. The annual income of the respondent was categorized on the basis 





Decision Support System for Enhancing Productivity in Irrigated Saline Environment using Remote Sensing, Modelling and GIS

11

Table 2. Irrigation and drainage conditions promoting waterlogging and soil salinity
S. No. Indicator Rank Percentage 

1 Existence of surface drainage system in village areas SA 100
2 Man-made and natural drains are silted and chocked-up with 

weed infestation and debris
SA 90

3 No provision of monitoring and maintenance of drains by the 
government

SA 85

4 Adjacent areas to canals are mostly affected by waterlogging due 
to seepage losses  and leakage from canals

SA 88

5 Poor maintenance of distributary or minor canal systems SA 85
6 No government regulation to monitor the supply of canal water A 87
7 Poor governmental facilitates to remove the extra water from 

field (when required)
N 54

8 Existence of canal system for irrigation purpose at nearby areas 
of village

A 65

9 Easily and timely access of water supply from minors N 56
10 Canal water used of commercial purposes as well A 75
12 Flood irrigation method is best for water management practice A 65
13 Kharif season is mostly affected due to waterlogging SA 60

Notations used:  N: Neutral, A: Agreed and SA: Strongly agreed

Coping up strategies adopted by farmers’ of the study area 

Various coping up strategies were adopted by the farmers to combat the waterlogging and soil salinity 
problems (Table 3).  These measures were classified under mechanical, irrigation and cultivation 
practices. Among mechanical measures, cleaning of field irrigation channels and creation of open 
field drains were resorted to by 85 and 67% of the respondent farmers, respectively. Controlled 
irrigation was also practiced by majority of the farmers (85%). However, under cultivation practices 
measures increase in seed rate and nitrogenous fertilizers were the most common strategies 
adopted by most of the farmers (96%) to mitigate the adverse impact of the soil salinization, both in 
waterlogged and saline areas. Deep and frequent ploughings were adopted by 94% farmers. Growing 
green manure crops, increased use of organic manure, land leveling and watercourse deepening and 
embankment strengthening were some of the other measures practised by the respondent farmers 
in the study area. 

Outcome of focused group discussion

Different dimensions of each of the issues under study were closely observed and discussed with 
farmers. Some of the major observations are as follows: 

•	 Farmers of the selected villages followed the five cropping systems, paddy-wheat, cotton-
wheat, bajra-wheat/mustard, sorghum-wheat, and sugarcane-wheat. Some farmers didn’t 
raise any crop due to lack of canal water availability during summer season. Farmers used to 
take green manuring crop for maintaining or upgrading soil fertility status.

•	 Farmers used to take crops related information from input suppliers, progressive farmers 
from village, neighbours and friends, etc.
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servicing, transfer of DSS knowledge, available computer system, and crop yield and livelihood 
improvement in saline environments. However, the achievements made in the sub-project were 
broadly classified into eight major themes: Irri-agro Informatics Spatial Database, AquaCrop and 
SWAP models for predicting wheat yield and rootzone salt dynamics, Crop water demand driven 
canal schedule, DSS program for enhancing productivity, Field demonstrations, Wheat yield at 
command scale, Transfer of Database and DSS knowledge to stakeholders, and Upscaling of DSS 
program. The detailed account of research achievements objective-wise made under the major 
themes are presented as follows:

Objective 1

 ¾ Development and Online Dissemination of Irri-agro Informatics Spatial Database of the 
WYC Command  for Resources Characterization 

Since a spatial database of the WYC command on bio-physical and socio-economic resources was 
the first requirement of the sub-project  for characterizing and locating its resource constraints for 
sustaining high productivity, an Irri-agro Informatics Geodatabase of the Western Yamuna Canal 
command (Fig. 2) was developed using GIS tools from the secondary source maps and data, satellite 
remote sensing data, and GPS field surveys, and is comprised of  14 layers viz. canal network, canal 
system characteristics and inflow data, groundwater quality, salt-affected soils, rainfall pattern, 
soil texture, cropping system, terrain, waterlogging, geology, land use, rail and road infrastructure, 
socio-economic data, canal water users’ association data, satellite data derived current land use, 
and digital cadastral data. Fourteen secondary source maps and data acquired from ten central 
or state organizations/ departments (Table 4) were digitized in ArcGIS v10 for developing the 
geodatabase. The geodatabase was updated periodically with the current season crop, inflow and 
remote sensing data and information extracted from remote sensing imageries on new link canals, 
distributaries, minor and watercourses, and extension of existing canals and roads. Land use maps 
of the Butana distributary command, Jhajjar distributary command and WYC Command for the 
2012-13 rabi season was generated from Resourcesat-1 LISS-3 and 4 data, respectively, using digital 
image interpretation and analysis techniques of ERDAS Imagine v10. The information on ten key 
themetic layers are presented as follows:

Rainfall

The WYC command has arid to semi-arid climate with hot weather prevailing in the command 
between March and October. Most monsoonal rainfall occuring from July to September 
leaches down the neutral salts from the root zone to deeper layers and helps in desalinization 
of salt-affected soils. Winter rainfall occurs from December to February, supplements 
irrigation requirement of the rabi crops. The distribution of annual rainfall in the command 
was classified into six classes. The annual average rainfall over the command is 580 mm 
and varies from 900 mm in Yamunanagar district to less than 400 mm in Bhiwani district. 
Rainfall during the rabi season ranges from 100 mm in Yamunanagar district to less than 
50 mm in Bhiwani district. Moreover, 70% area of the command falls between 400 and 600 
mm. Irrigation requirements also vary from north east to southwest. Annual reference evapo 
transpiration over the command ranges from 1100 mm at Yamunanagar (head) to 1625 mm at  
Karnal (mid) and 3320 mm at Hisar/Bhiwani (tail). The departure of monsoon rainfall from 
2006 to 2013 against the long term average was also included in the database.
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non-irrigation was 24.8-26.8% used for drinking, domestic, industries and other service sectors 
Drinking water share for small villages could not be accounted in this share. Three canal supplies 
were given to the crops during rabi season 2011-12 and 2012-13 and remaining irrigation demand 
was met from available good/ poor quality groundwater.

Groundwater

In addition to canal water, groundwater supplements a major irrigation requirement of crops in 
the WYC command. Deep tube wells in north and central areas and shallow tubewells in centre 
and south west areas irrigate an area equal to or greater than the area irrigated by canal water. The 
command area is underlain by good quality groundwater, marginal quality, saline-sodic and saline 
groundwater and in the last two decades, the water table has risen substantially (<3 m) in a large 
portion of Rohtak and Jhajjar districts. The continued rise in water tables in other areas is one of the 
major problems in the command. 

Salt-affected soils and soil texture

As a result of canal irrigation, many part of the WYC command experienced a significant increase 
in crop yield. However, irrigation has also brought problems such as waterlogging and soil salinity, 
which not only degraded the good irrigated agriculture but also devastated the villages. The salt-
affected soils were classified into two classes- sodic and saline for the reclamation. The entire 
command was classified into four soil textural classes - sand, loamy sand, sandy loam, and loam.  

Cropping systems

Five major cropping systems are prevalent in the WYC command. Rice-wheat is  a major cropping 
system dominant in Kurukshetra, Karnal and Yamunanagar districts in full, and Jind, Sonipat, 
Panipat,  Rohtak, Jhajjar, and Hisar districts in parts. Bajra-wheat/mustard is followed in parts of 
Rohtak, Bhiwani and Hisar districts. Sorghum-wheat, and cotton-wheat is followed in parts of Rohtak, 
Bhiwani and Hisar districts. There are few other cropping systems exists in the WYC command.

Village, tehsil and district information

Village, tehsil and district information provide detailed information on demographic, social, 
infrastructure and land use of each village, tehsil and district from 2001 census in the form of 
maps, tables and figures. The village layer contains information on village, total households, total 
population, total male population, total female population, SC population, SC male population, 
SC female population, village area, total irrigated, unirrigated area cultivable wasteland, and non-
cutivable wasteland.

Characterization of bio-physical and socio-economic resources at different levels 

Entire Command (WYC)

The updated geodatabase has characterized the bio-physical resources at entire command, district, 
tehsil, distributary, village, watercourse and farm levels. The bio-physical resource characteristics of 
the WYC command are of 3 levels in canal network- primary, secondary and tertiary canals with 
system and inflow characteristics; 4 rainfall departure classes (excess, normal, deficient and scanty) 
during 2006-13; 6 rainfall zones - 18.6% area (<500 mm), 51.6% (500-600 mm), 17.3% (600-700 
mm), 8.8% (700-800 mm), 1.6% (800-900 mm), 2.1% (>900 mm); 5 groundwater (GW) quality 
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The geodatabase has also characterized the resources of 12 districts of the WYC command based 
on rainfall distribution, groundwater quality, soil quality and soil texture. The rainfall distribution 
varies from 900 mm in Yamunanagar district to less than 400 mm in Bhiwani district (Fig. 3a). 
Bhiwani district has the largest area under saline-sodic groundwater whereas Yamunanagar and 
Kurukshetra districts have almost good quality water (Fig. 3b). Similarly, Yamunanagar and 
Kurukshetra, and Bhiwani and Rewari districts have normal soil where as eight other districts have 
some level of sodic and saline soils (Fig. 3c). 

(a)

(c)

(b)

Fig. 3. District-wise distribution of rainfall distribution (a), groundwater quality (b) and 
salt-affected soil classes (c) in the WYC command

Tehsil level

The database has characterized Gohana tehsil (Sonipat district) into four groundwater quality classes 
and two salt-affected soil classes (Fig. 4). The Gohana tehsil contains good quality groundwater (16% 
area), marginal (42%) and poor quality water (42%) whereas sodic soil is in 0.6% area and saline soil 
in 46% and the remaining area as normal soil (Table 5). The Butana distributary command covers 
almost 93% under Gohana tehsil and the remaining area in Rohtak tehsil under Rohtak district. 
The database can identify and locate the resource constraints for planning the crop production 
strategies to optimise crop yield in different resource scenarios.
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distributary command (Fig. 6c). On an average, good quality water is not available in the command 
except in small patches adjoining canal network, village ponds, and drains. The irrigation of such quality 
groundwater to crop in mid and tail reaches of the command leads to soil salinization and sodication 
and resulting in low crop yield, if sound management strategies were not followed. The soil-texture is 
sandy loam which covers the entire distributary command. Being a coarse texture, the soils are poor in 
water and nutrient retention and low in organic carbon and phosphorus. 

The salt-affected soils are prevalent in the distributary command and the area under sodic soil was 
found to be 34.3% area and the normal soil covers the remaining 65.7% area (Fig. 6d). Most of sodic 
soils are under cultivation except large patch under community lands and this is mainly due to good 
supply of canal water and adoption of sodic reclamation technology. Even before introduction of 
canal irrigation, the Butana distributary command was affected majority by saline-sodic soil. On 
partition of saline-sodic soil into saline and sodic soil for reclamation, majority of soils falls in sodic 
class category. Since coarse soil texture was favourable to apply marginal and low salinity water for 
irrigation, wheat crop was grown.

Twenty seven villages lie in the Butana distributary command and the main villages in head, mid 
and tail reaches are Jagsi, Gangana, Bichpari, and Butana; Gangesar, Khandrai, Gudha, Baroda, 
Khanpur Khurd, Ahulana, Thaska, Madina, Kathura, and Bhaiswan; and Chhichhrana, Mirzapur 
Kheri, Sanghi, and Khaswali, respectively (Fig. 6e). Twelve villages were partly covered within the 
command. The command has dense network of roads to access the villages and minor and sub-
minor canals (Fig. 6f). A single metalled road runs through from the head reach at Jagsi to the tail 
reach at Sanghi in the command to access the command for field survey and sampling works.

Village level

Three villages in the Butana distributary command (one each at head, mid and tail reaches) were 
selected for assessing the groundwater quality and salt-affected soils (Fig. 7).  Groundwater quality 
deteriorates from the head to tail reaches in Butana distributary command whereas soil quality 
improves from head to tail reaches. Gangana village (head reach) has 65.6% area in marginal and 
34.4% area in saline-sodic groundwater quality (Fig. 8) whereas Ahulana village (mid) has 11% in 
marginal and 89% in saline-sodic water classes (Fig. 9). At the tail end (Sanghi), groundwater quality 
is of 100% saline-sodic (Fig. 10) which can be reclaimed with gypsum application. Soil quality is in 

Fig. 5. Spatial coverage of Butana distributary command in Gohana tehsil (Sonipat district) 
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Fig. 8. Groundwater quality and salt-affected soils in Gangana village (head reach) 

Fig. 9. Groundwater quality and salt-affected soils in Ahulana village (mid reach) 

Fig. 10. Groundwater quality and salt-affected soils in Sanghi village (tail reach) 
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Fig. 11. GIS based protocol for identification and delineation of area of low productivity 

Fig. 12. District-wise area of low productivity in the WYC Command

Migration of database to open source platform for free distribution and online sharing 

Since the database originally developed in the ESRI’s ArcGIS proprietary format (Geodatabase) 
could not be queried and displayed directly by any open source GIS software, the database was 
migrated to an open source software platform, QuantumGIS version 1.7.4, which has allowed free 
distribution of the database and software to the stakeholders/ users for querying and generating 
value added maps (Fig. 13). The geodatabase could be shared online through ESRI’s geospatial web 
server (ArcServer), which is exorbitantly expensive to deploy (` 25 lakhs). For online querying 
through open source software, the database was further migrated to PostGIS and GeoServer to 
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(a)

(c)

(b)

(d)

Fig. 14. Online dissemination of the database overlaid with Google (a), district-wise spatial 
querying (b), GW quality layer querying (c), and multi layer and attribute querying (d) 

Fig. 15. Variation in upscaled wheat yield from head to tail in the WYC command 
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rabi 2009-10 and 2010-11. The AquaCrop model was calibrated for simulating grain yield, biomass 
yield and water productivity for four wheat varieties (KRL-19, 1-4; and 210 and HD-2894), and 
four irrigation water salinity regimes (1.5, 4, 8 and 12 dS m-1) from experiment data of Rabi 2009-
10 and validated with the data of Rabi 2010-11. The accuracy of model prediction was evaluated 
by estimating model efficiency (ME), index of agreement (d) and coefficient of determination (R2) 
comparing between the observed and the model simulated results. The calibrated model resulted 
in the prediction error statistics- ME, d and R2 of 0.99 each for grain yield; 0.55, 0.98 and 0.91 for 
biomass, and 0.27, 0.98 and 0.99 for water productivity, respectively, for different wheat varieties 
and salinity levels. The validated model error statistics- ME, d and R2 for grain yield was 0.85, 0.96, 
0.94; and for biomass 0.70, 0.95, 0.95, respectively, for all varieties and salinity levels (Fig. 18). 
However, AquaCrop model predictions were the best for the grain yield, better for the biomass and 
relatively inferior for water productivity for all wheat varieties and salinity levels.  

Further, the validated model was linked with CROPWAT and ClimGen to estimate the irrigation 
water requirement to obtain yields of wheat under full and deficit irrigation, and rainfed conditions 
(Fig. 17). Overall, the grain yield and biomass predictions by AquaCrop model for salt tolerant 
wheat varieties under irrigated saline regimes were observed to be better than the salt non-tolerant 
variety HD-2894. This may be attributable to the reduction in yield of salt non-tolerant wheat 
variety with saline irrigation having higher salinity levels. Moreover, the prime advantage of using 
AquaCrop model is that it required lesser number of inputs data in simulating the wheat growth 
and yield under different saline irrigation availability scenarios, as compared to other crop growth 
models. Nonetheless, from the results of field experiment and modelling, it can be concluded that 
the water driven FAO AquaCrop model could be used to predict the wheat yield with acceptable 
accuracy under variable saline irrigation and field management situations in the WYC command 
and semi-arid regions of northern India. The simulation results under different irrigation water 
availability scenarios in the canal command pertaining to wheat yield were used in the database of 
DSS program.

 Fig. 18. Model validation results in simulating grain yield  and biomass yield of wheat

Modelling grain yield and rootzone salt dynamics using SWAP

In order to simulate the water and salt dynamics in crop rootzone and the relative yield of salt 
tolerant and salt non-tolerant wheat varieties, the process based Soil-Water-Atmosphere and Plant 
(SWAP) model was used which is designed to simulate flow and transport processes at field scale, 
during growing seasons, for cropping systems and for long-term time series under saline irrigation 
environment. It offers a wide range of possibilities to address both research and field questions of 
irrigated agriculture, water and salinity management and environmental protection. The model 
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Table. 8.  Mualem Van Genuchten parameters describing the soil hydraulic properties 

Soil
Topsoil (cm) Subsoil (cm)

0-15 15-30 30-45 45-60 60-90

Depth of layer (cm) 15 15 15 15 30

Soil texture Sandy 
loam

Sandy 
loam Loam Loam Clay loam

Residual water content, θres (cm3 cm-3) 0.01 0.01 0.01 0.01 0.01

Saturated water content, θsat (cm3 cm-3) 0.36 0.34 0.29 0.37 0.31
Shape parameters, α (per cm) 0.052 0.054 0.027 0.039 0.026
Shape parameters, n 1.16 1.15 1.08 1.09 1.07
Shape parameters, λ 0.50 0.50 0.50 0.50 0.50
Saturated hydraulic conductivity, ΚS (m day-1) 33.52 31.03 11.12 6.64 3.94

Source: Hirekhan et al. (2007) and value selected from the proposed range suggested in the SWAP model

During the model calibration process, the sensitivity of different input parameters were observed 
(Table 11). The crop emergence date, crop height, LAI, root depth, initial soil salinity at different 
soil depths, reference evapotranspiration, depth of rainfall, irrigation scheduling and irrigation 
water salinity were highly sensitive to model input parameters. Whereas, the canopy resistance, 
threshold EC, root water uptake, precipitation interception coefficient, dispersion length, diffusion 
coefficient and irrigation methods were moderately sensitive parameters observed during the 
calibration process.

Table 9. Crop and irrigation data used in SWAP model

General
Simulation period Dec 2009-Apr 2010; Dec 2010 - Apr 2011
Crop Wheat cultivars (KRL-1-4, 19, 210 and HD-2894)
Irrigation water quantity (mm) 258#, 250*
EC of pre-sowing irrigation water (dS m-1) 1.45#, 1.70*
Crop specific (Wheat)
Length of crop cycle (days) 127#,127*
Maximum crop height (cm) 98
Maximum rooting depth (cm) 100
h1,  h2,  h3h,  h3l,  h4 (cm)** -0.1, -1, -500, -900, -2000
Threshold ECe (dS m-1) 2

Slope (% per dS m-1) 4.5
Minimum canopy resistance (S m-1) 0.7
Precipitation interception coefficient (cm) 0.25
Extinction of light within the canopy
Extinction coefficient for diffused visible light 0.35
Extinction coefficient for direct visible light 0.65

# in 2009-10 * in 2010-11
** Parameters of Feddes function adjusted as per value suggested by Wesseling et al. (1991) and Taylor and Ashcroft (1972)





Decision Support System for Enhancing Productivity in Irrigated Saline Environment using Remote Sensing, Modelling and GIS

31

SWAP model validation for prediction of relative yield and rootzone salt dynamics

The model simulated and observed salinity profiles during model validation showed better trend 
and magnitude of soil salinity at harvest of wheat as that obtained during the model calibration 
process (Fig. 20 and 21). A close match with minimal deviation ascertained the capability of 
the SWAP model in simulating the salt dynamics in the root zone of wheat crop under irrigated 
saline environment. The higher soil salinity (5.45 dS m-1) was observed up to 30 cm root zone 
depth and low salinity (2.5 dS m-1) was simulated in 90 cm soil profile which was in line with the 
observed data (Fig. 21). The model simulated and observed values for all treatment combinations 
showed a R2 of 0.96. The model performance indicators- ME and d were observed to be 0.95 and 
0.98, respectively, which indicated a close agreement between the predicted and observed data as 
reported by Willmott, 1984 and Moriasi et al., 2007. The values of RMSE (0.84 dS m-1) and MAE 
(0.69 dS m-1) for salinity profile were in line representing better model performance as reported by 
Singh et al. (2006), Hirekhan et al. (2007) and Verma et al. (2012).

Fig. 20. Observed and simulated salinity profiles for different salinity levels of irrigation water at 
harvest of wheat crop during 2010-11

Fig. 21. Relation between simulated and observed ECe of soil for all different treatments at harvest 
of wheat during 2010-11
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variety (V2). It was observed that the simple crop module of SWAP could able to predict the relative 
yield of salt tolerant wheat cultivars more accurately than the salt non-tolerant variety, HD-2894. 
Moreover, the model prediction error statistics R2 was 0.95, ME was 0.75 and index of agreement 
(d) was 0.93 (Fig. 23) for all varieties and salinity treatments. The values of RMSE and MAE for 
relative yield prediction during model validation were observed to be 9.6% and 8.3% which was 
within the reported value pertaining to better model prediction as reported by Wahba et al. (2002); 
Verma et al. (2010) and Verma et al. (2012).

Performance evaluation of AquaCrop and SWAP for prediction of wheat yield and rootzone salinity

It was observed that both the AquaCrop and SWAP models could predict the yield with acceptable 
accuracy (Fig. 24; Table 12). Moreover, the AquaCrop model required minimal input data as 
compared to the SWAP model for simulation of grain yield of wheat cultivars. However, the soil 
salinity in the root zone profile was simulated more accurately by SWAP with prediction error 
statistics R2 of 0.96, ME of 0.95 and d of 0.98 as compared to the AquaCrop model with R2 of 
0.53, ME of -1.12 and d of 0.74 (Table 13). Nonetheless, it was observed that both SWAP and 
AquaCrop model can be successfully used for simulation of salt dynamics and relative yield of 
both salt tolerant and non-tolerant wheat cultivars under saline irrigated regimes. However, with 
availability of limited data sets the AquaCrop model could be used to simulate the grain yield of 
wheat with the acceptable accuracy. 

Fig. 24. Comparison of SWAP and AquaCrop simulated and observed data for grain yield

Table. 12. Comparison of prediction error statistics between SWAP and AquaCrop models for  
grain yield under all treatments

Model output parameter
Grain yield

SWAP model AquaCrop model

Model efficiency (ME) 0.84 0.85

Index of agreement  (d) 0.92 0.96
Coefficient of determination (R2) 0.95 0.94
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undertaken during rabi 2011-12 was continued during rabi 2012-13 at WTC farm. The experiment 
was with an experimental design of double split plot with one salt tolerant wheat variety (KRL-1-4) 
and one salt non-tolerant variety (HD-2894) with and without foliar potassium fertilization under 
three different salinity levels (4, 8 and 12 dS m-1) and control with groundwater having salinity of 
1.7 dS m-1 (Fig. 26). It was observed from the data analysis of two years experiment that there was 
difference in yield with and without application of potassium fertilizer with foliar spray during three 
consecutive days  at heading crop growth stage of wheat (during 54 to 65 DAS). It was observed 
that increase in the grain yield in both KRL-1-4 and HD-2894 with foliar potassium application 
as compared to the control was 22% and 15% higher, respectively, under irrigation water salinity 
of 8 dS m-1. It was observed that the yield increase was from 1.7 to 8 dS m-1 salinity levels and 
reduced at 12 dS m-1 (Fig. 27) Also, KRL-1-4 resulted in higher grain yield as compared to HD-
2894. Therefore, it can be concluded that based on the experiment data of two years experiment 
using artificial irrigation water salinity with low soil salinity, the application of foliar potassium 
fertilization could increase yield ranging from a minimum of 7 to 22% of salt tolerant variety, 

Fig. 26. Layout of the experiment on foliar potassium fertilization in wheat

Fig. 27. Yield variation of wheat varieties V1- KRL-1-4 and V2 –HD-2894 under foliar and non-foliar 
potassium fertilization under irrigated saline environment
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The information on the spatial variability of weather, soil, crop and canal flow rate from the database 
using GIS were input to CROPWAT model 8.0 to estimate the irrigation requirement of wheat and 
rice grown in the Jhajjar distributary command. An area of 5601 hectares was under rice-wheat 
cropping system in the distributary and the length of different canal segments in the network was 
obtained from the database (Fig. 29). It was observed that the irrigation requirement of wheat at 
field level was 254.6 mm and that of rice was 969.6 mm with effective rainfall depth of 55.8 and 
461.8 mm during the wheat and rice growing seasons, respectively using CROPWAT. Further, the 
comparison of crop irrigation demand and canal supply as per the roster for twelve locations in 
the Jhajjar distributary showed that the canal supply as per roster is far less than the demand in 
majority of location points. Moreover, the data generation and analysis protocols developed for 
assessment of irrigation requirement can upscale from distributary to branch canal to entire WYC 
command and also replicate for other canal commands.

Fig. 29. Delineated command for each location (points A to L) in Jhajjar distributary

Objective 3

 ¾ DSS Program for Enhancing Productivity  in Irrigated Saline Environment

Since one of the major deliverables of the sub-project was a standalone window based DSS 
application for use by state line departments, KVKs and progressive stakeholders, a standalone 
window based DSS program was developed in Microsoft C# programming language on .NET 
framework 3.5 platform by integrating database, key modules, crop-water-salinity-yield module, 
AquaCrop and SWAP to generate and evaluate the BMPs for various resource scenarios in saline 
environment for enhancing productivity (Fig. 30). The developed DSS application consists of six 
main modules - Crop Water Demand, Canal Supply, Groundwater, Irrigation Scheduling, Modelling, 
and BMPs based Strategies, and three supporting modules- Database, Farmer’s Services and Help.  
Six main modules were validated and debugged independently and then integrated into the main 
user interface. The Database module displays the eight spatial thematic layers and their attributes 





Decision Support System for Enhancing Productivity in Irrigated Saline Environment using Remote Sensing, Modelling and GIS

39

adding conveyance and application loss. The Canal Supply module (Fig. 31c) has computed the canal 
supply and irrigation supply gap to meet full water demand of a crop. Whereas the Groundwater 
module (Fig. 31d) has computed the groundwater contribution to meet full irrigation demand. In 
Irrigation Scheduling module, irrigation schedules were generated for wheat and mustard crops for 
one of the following four irrigation options: (i) to maximize grain yield under conjunctive use of 
canal water/ good quality groundwater or both, (ii) to optimize grain yield under deficit irrigation 
or irrigation at critical phenological growth stages  or allowed threshold water stress based on crop 
ET, (iii) to optimize crop yield under effective conjunctive use of canal water and marginal to poor 
quality saline/sodic waters, and (iv) to optimize grain yield under both water and salinity stresses. 
Three irrigation schedules were evaluated to maximize grain yield under conjunctive use of canal 
water and good quality groundwater or deficit irrigation as well as to minimize soil salinization. For 
use of marginal to moderate saline/sodic groundwater, suitable irrigation strategies with effective 
conjunctive use option were evaluated to optimize yield under different farm resource constraints. 

Six saline environments viz., water stagnation, waterlogging, soil salinity, soil sodicity, use of saline/
sodic tubewell water, and deficit irrigation were prevailed in different reaches of the study Butana 
Branch in Sonipat and Rohtak districts, and Bhalaut Sub-branch in Rohtak and Jhajjar districts 
of WYC command (Fig. 32). These environments were observed during baseline data collection 
and subsequent field surveys. The crop production functions for different environments developed 
by CSSRI and from published literature were obtained for development crop-water-salinity-yield 
response module. 

In Modelling, crop yield response module for prevailing six saline environments in the WYC 
command namely, Surface water stagnation, Waterlogging, Soil salinity, Soil sodicity, Saline/sodic 
water irrigation, and Deficit irrigation was developed to predict the crop yield loss in order to 

(a)

(d)

(b)

(e)

(c)

(f)
Fig. 32. Six prevailing saline environments in the WYC command (Water stagnation, waterlogging, 

soil salinity, soil sodicity, use of saline/sodic tubewell water and deficit irrigation)  
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crops were suggested, respectively, for minimizing yield loss (Fig. 34f). In BMP Interventions sub-
module, several BMP based strategies for controlling water stagnation, waterlogging, soil salinity 
and sodicity, sodic/saline water irrigation and deficit irrigation were generated and the detailed 
information on each BMP are provided for understanding quantitative impact of  such BMPs (Fig. 
35a). The farmer’ services modules give general information to farmers on soil and water testing 
activities, salt tolerant and high yielding wheat crop varieties, link to state line department and 
KVKs (Fig. 35b).

(a)

(c)

(e)

(b)

(d)

(f)

Fig. 34. Screen captures of Surface water stagnation (a), Waterlogging (b), Soil salinity (c), Soil sodicity (d) 
Saline/sodic water irrigation (e), and Deficit irrigation (f) sub-modules
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Customized DSS versions for various stakeholders

Three kinds of DSS programs were developed for targeting needs of different water authorities and 
water users in the WYC command. The standalone DSS has been described and screen captured 
window included in the above paragraphs and could be installed on a personal computer at district 
or sub-division offices of state departments/organizations and used for generating and BMPs for 
short-term water stagnation, waterlogging, soil salinity and sodicity, and use of saline/sodic water 
for irrigation and deficit irrigation. A GIS based custom DSS was developed by customizing the 
ArcGIS ArcMap interface through Microsoft .NET framework. This could be installed on a PC only 
which has got a run time license of ArcGIS software at least and is applicable to state line department 

(a) (b)

Fig. 37. Evaluation of crop production functions with field data for wheat (a) and yield prediction 
of six fields with sowing, mid and harvest time ECe (b)

                                                                        (www.cssri.talents.co.in)

Fig. 38. Screen captured window of Online DSS for irrigation scheduling with multi-quality 
waters
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Fig. 40. Field demonstration sites and database of different watercourses under Butana distributary 

Fig. 41. Field demonstrations of wheat crop at Khanpur Khurd and Butana villages

zero tillage, laser land leveling  and line sowing for enhancing crop yield. The wheat yield increased 
ranging from 17 to 33% in saline environments (Annexure-I, Table A.3) and improved the income 
of small farmers by ` 13,490-25,700 per hectare. These two distributaries were monitored during 
2009-10 rabi season for demonstration in the next season. The field demonstrations have infused 
confidence in stakeholders on DSS generated solutions for quick adoption and the results of 
demonstrations were also used for validation of DSS modules.





Decision Support System for Enhancing Productivity in Irrigated Saline Environment using Remote Sensing, Modelling and GIS

47

Fig. 43. Project Partners’ Meetings held at CSSRI, Karnal and NIH, Roorkee under chairmanship of 
DDG (NRM), Dr. A.K. Singh, DDG (NRM), ICAR and Dr. R.D. Singh, Director, NIH

Fig. 44. WUA members and farmers’ capacity building and enhancement trainings organized at 
Butana, Baghpur and Ahulana villages
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6. Innovations

 A number of innovations were generated from this sub-project as follows:

•	 An Irri-agro Informatics Geodatabase of the WYC command was developed using the state-
of-the-art geo-information technology by integrating 14 key thematic maps and data, and the 
existing databases acquired at free of cost or price from state line departments and central 
organizations. The database was updated with the current remotely sensed imageries and 
primary data. The Geodatabase has characterized bio-physical resources at the command, 
district, tehsil, village, distributary, and watercourse scale for rainfall distribution, adequacy 
of canal supplies, groundwater quality, saline/sodic soils, soil texture and, village information 
based on spatial querying for identifying water and land resource constraints for crop 
production. This geodatabase, distributed to 24 state line department officers who have 
license of ArcGIS software, has helped in identifying the resource constraints for optimising 
crop yield.

•	 The geodatabase of the WYC command was migrated to an open source GIS database 
(Quantum GIS version 1.7.4) for free distribution to the stakeholders along with GIS software 
for visualization and spatial querying, and producing value added maps. It is distributed to 61 
CDs to state line departments and KVKs.

•	 To expand 24x7 use by stakeholders, the geodatabase was migrated to an open source geospatial 
server (GeoServer v2.3.0 software) which has published and disseminated the database online 
through web map service with leading geoportals in background for visualization and spatial 
querying to display the results over Google map/earth for identification of crop production 
constraints at watercourse or village level. The online database is made accessible from the 
project website.

•	 An user friendly DSS program for enhancing productivity in irrigated saline environment 
was developed using advanced programming language (C#) on .NET to evaluate different 
resource scenarios at farm level, predict the crop yield loss and recommend the BMP based 
interventions for crop productivity enhancement in six saline environments. The DSS modules 
were validated from the results of field demonstrations. The modules developed in different 
programming languages (Java, C# , etc.) were integrated which predict the yield loss with in 
the reasonable accuracy.

•	 The protocol for calibration and validation of SWAP and AquaCrop models using the 
experiment generated data was developed for wheat and maize crops under both deficit and 
irrigated saline regimes for complex scenario modelling.

•	 Stakeholder’s servicing was given top most priority in the project to transfer the Database, 
DSS program and knowledge. 121 district officers/engineers from state line departments 
and KVKs were given adequate knowledge and skills on use of Database and DSS program 
through customise and hands-on trainings. Similarly, 1194 members from canal WUA and 
farmers from the WYC command were imparted knowledge on DSS generated BMP based 
interventions which were also demonstrated at farmers’ fields for harvesting bumper crop 
yield in saline environments and the innovative demonstrations have won the trust of farmers 
for faster adoption.

•	 An online DSS was developed to meet the requirement of the stakeholders and state line 
departments which have the problem of regular transfer of district officers. The online DSS has 
expanded the usability of the program amongst officers. The Hindi versions of DSS program 
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9. Linkages and Collaborations 

S. 
No.

Linkages developed
(Name & Address of Organization)

Period (From-To) Responsible 
Partner

1 IIRS, Dehradun August 2009 to  March 2012 CSSRI
2 NBSSLUP, Nagpur August 2009 to  March 2014 CSSRI
3 CGWB, Chandigarh August 2009 to  March 2013 CSSRI
4 HARSAC, Hisar August 2009 to  March 2013 CSSRI
5 CCS HAU, Hisar August 2009 to  March 2013 CSSRI
6 Agriculture Department, Panchkula August 2009 to  March 2014 CSSRI
7 Haryana Irrigation Department August 2009 to  March 2014 CSSRI
8 Command Area Development Authority, 

Haryana
August 2009 to  March 2014 CSSRI

9 KVKs in 12 districts of WYC Command August 2009 to  March 2014 CSSRI
10 Haryana Operation Pilot Project (HOPP), Karnal August 2009 to  March 2014 CSSRI
11 IWMI India, New Delhi January 2012 to December 2013 CSSRI
12 ICRISAT, Patancheru, Hyderabad October 2010 to  March 2011 CSSRI
13 ICARDA, New Delhi June 2013 to March 2014 CSSRI
14 Agriculture Department, Haryana August 2010 to March 2013 WTC
15 Command Area Development Authority, 

Chandigarh
August 2010 to March 2014 WTC

16 KVKs, Haryana August 2009 to March 2014 WTC
17 Central Ground Water Board, Chandigarh & New 

Delhi
April 2010 to March 2013 NIH

18 Central Water Commission, New Delhi April 2010 to March 2013 NIH
19 Haryana Irrigation Department April 2010 to March 2013 NIH

10.  Status on Environmental and Social Safeguard Framework 

(Please see the project website for clarity on the issue under the sub-project)

The environmental and social safe guard frame work were considered exclusively in the sub-project 
as follows:

•	 Area under salt-affected lands and waterlogging has been decreasing due to adoption of 
efficient on-farm water and salinity management and drainage technology and awareness 
among farmers.

•	 Crop yield and income of farmers increased by growing good crops in saline soils/with saline 
water and waterlogging conditions.

11.  Constraints, if any, and Remedial Measures Taken
•	 Leaving of project staff at regular interval slows down progress and achievements of  the sub-

project
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7 Bundela, D.S., Singhai, A. Sethi, M., Meena, R.L., Gupta, S.K., 
Tripathi, R.S., Kamboj, S., Sharma, P. and Saini, Pooja. (2013). 
Web based dissemination system of Irri-agro informatics spatial 
database of Western Yamuna canal command using open source 
software tools. Under review in Indian Journal of Remote Sensing, 
Dehradun

6.34 CSSRI

8 Abedinpour, M., Sarangi, A.(2013). Deficit Irrigation and Nitrogen 
Effects on Maize Growth in Semi Arid Environment, World Applied 
Science Journal, 21(11): 1687-1692

N.A. WTC

9 Abedinpour, M., Sarangi, A., Rajput, T.B.S., Singh, M. (2014). 
Prediction of maize yield under future water availability 
scenariosusing the AquaCrop model, Journal of Agricultural 
Sciences, Cambridge (UK), doi:10.1017/S0021859614000094

8.88 WTC

10 Kumar, P., Sarangi, A., Singh, D.K. and Parihar, S.S. (2014). 
Evaluation of AquaCrop model in predicting wheat yield and 
water productivity under irrigated saline regimes, Irrigation and 
Drainage doi: 10.1002/ird.1841

7.42 WTC

11 Kumar, P., Sarangi, A., Singh, D.K. and Parihar, S.S. (2012). Water 
use efficiency of salt tolerant and non-tolerant wheat varieties 
under irrigated saline regimes, Journal of Agricultural Engineering 
(ISAE): 50 (1): 47-53

3.9 WTC

12 Kalra, B.S., Wadkar, S.K., Sarangi, A., Singh, D.K., Chaturvedi, A., 
and Singh, S.P. (2014). Farmers’ perception on water management 
and land degradation in the tail reach of Western Yamuna Canal 
Command, Journal of Rural Development, (Under review)             

3.09 WTC

13 Kumar, P., Sarangi, A., Singh, D.K., Parihar, S.S. and Sahoo, R.N. 
(2014). Modelling salt dynamics in the root zone and yield of 
wheat crop under irrigated saline regimes. Agricultural Water 
Management (Under Review AGWAT5776)

8.2 WTC

14 Kumar, P., Sarangi, A., Singh, D.K., Parihar, S.S. (2014). Wheat 
Performance as influenced by Saline Irrigation Regimes and 
Cultivars, Journal of AgriSearch, 1(2): 66-72

N.A. WTC

B. Books/ Book chapters/ Abstracts/ Popular articles, Brochures, etc.

S. No. Authors, Title of the papers/ Name of Book/ Seminar/ Proceedings/Journal, 
Publisher, Year, Page No.

Responsible 
Partner

1 Lohani, A.K., Kumar Rakesh, and Singh, R.D. (2009). Applications of soft 
computing techniques in hydrological modelling. In: Proc. International 
Conference on “Food Security and Environmental Sustainability (FSES-2009)”, 
December 17-19, 2009, Kharagpur

NIH

2 Lohani, A.K., Kumar Rakesh, and Jain, S.K. (2009). Framework of decision support 
system for water resources planning and management. In: Proc. International 
Conference on “Food Security and Environmental Sustainability (FSES-2009)”, 
December 17-19, 2009, Kharagpur

NIH
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15 Lohani, A.K. and Goel, M. (2012). Applications of information technology in 
hydrological data analysis. In: Role of Infrastructure for Sustainable Development, 
Excel India Publishers, New Delhi, p663-672

NIH

16 Mh-,l- cqansyk] e/kqjek lsBh] vkj-,y- eh.kk] ,l-ds- xqIrk] vfuy fpUPeykRiqjs] 
vkj-,l- f=ikBh] vfdapu fla?kbZ] 'osrk dEckst] iwtk lSuh- ¼2013½- flafpr 
yo.kh; okrkoj.k esa Qly dh mRikndrk c<+kus gsrq fu.kZ; lgk;d rU= dk 
fuekZ.k ,oa vuqç;ksxA lkjka'k% jk"Vªh; laxks"Bh& Ñf"k ,oa i;kZoj.k% volj o 
pqukSfr;k¡] djuky] 13&15 ekpZ 2013

CSSRI

17 Mh- ,l- cqansyk] vfdapu fla?kbZ] 'osrk diEckst] iwtk lSuh] e/kqjek lsBh] vkj-
,y- eh.kk] ,l-ds- xqIrk] vfuy fpUPeykRiqjs] vkj-,l- f=ikBh ¼2013½- ugjh&—f"k 
lalwpukvksa ds çlkj gsrq HkkSxksfyd lwpuk ç.kkyh ,oa bUVjusV vk/kkfjr lwpuk 
ra= dk fuekZ.k ,oa mi;ksfxrkA lkjka'k% jk"Vªh; laxks"Bh& Ñf"k ,oa i;kZoj.k% 
volj o pqukSfr;k¡] djuky] 13&15 ekpZ 2013

CSSRI

18 Sharma, D.K., Bundela, D.S., and Kamra, S.K. (2013). Strategies for improving 
water productivity in saline and waterlogged areas of Yamuna Basin. Proceedings 
of Workshop on Enhancing Water Use Efficiency in Yamuna Basin held on 30 
August 2013 at NASC complex, New Delhi

CSSRI

19 Mondal, A.K., Sethi, Madhurama, Yaduvanshi, N.P.S., Yadav, R.K., Bundela, 
D.S., Chinchmalatpure, A.R. and Sharma, D.K. (2013). Salt-Affected Soils of 
Nain Experimental Farm: Site Characteristics, Reclaimability and Potential Use. 
Technical Bull. No. 03/2013. CSSRI, Karnal, p24

CSSRI

13.  Media Products Developed/Disseminated

S. 
No.

CD, Bulletins, Brochures, etc. (Year wise) No. of 
Copies

Distribution Responsible 
Partner

1 Sarangi A. and Bundela, D.S. (2011). Decision 
support systems in water resources management: 
A Review. Technical Bulletin, TB- ICN: 88/2011, 
Water Technology Centre, IARI,  New Delhi, 56p

40 
copies

District officers 
of State line 
departments and 
KVKs

WTC & CSSRI

2 Sarangi, A. (2011). Data acquisition and analysis 
using GPS and GIS: A User Manual. NAIP:70-
22/IARI/UM2-2011, Water Technology Centre, 
IARI,  New Delhi, 20p

200 State line 
departments

WTC

3 Sethi, Madhurama, Khurana, M.L., Bhambri, 
Rakesh, Bundela, D.S., Gupta, S.K., Ram, Sita, 
Chinchmalatpure, A.R., Chaudhari, S.K. and 
Sharma, D.K. (2012). Appraisal of salt-affected 
and waterlogged soils in Rohtak, Bhiwani, Jind and 
Jhajjar districts of Haryana using Remote Sensing 
and GIS. Technical Bulletin no. 2012/02, Central 
Soil Salinity Research Institute, Karnal, India, p28

20 Agriculture 
department and 
KVKs

CSSRI
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10 Farmers visit to Farm Technology 
demonstration in the Rabi Kisan Mela 
held at Karnal 

1 March 2012 110 CSSRI, Karnal

11 Farmers’ Field Day held at Ahulana 
village (Sonipat district)

24 February 2012 214 CSSRI, Karnal

12 Post-Demonstration Participatory 
Rural Appraisal (PRA) Meeting at 
Butana (Sonipat district)

21 Aug. 2011 70 CSSRI, Karnal

13 Project Partners’ Meeting held at NIH, 
Roorkee

28-29 June 2011 18 NIH, Roorkee

14 Field Visit day-cum-Rabi Crop 
Appraisal Meeting 

8 April 2011 92 CSSRI, Karnal

15 Capacity Building Training Programme  
for  Farmers  and WUA  Members

3 and 5 March 
2011

198 WTC, New Delhi

16 Senior Officers’ Capacity Building 
Training ‘Applications of Modern Tools 
for Enhancing Productivity in Irrigated 
Saline Environment’

1-5 March 2011 20 CSSRI, Karnal

17 Stakeholders’ Capacity Building 
Training

28 January 2011 165 CSSRI, Karnal

18 Project Partners’ Meeting under 
chairmanship of DDG (NRM)

2 November 2011 12 CSSRI, Karnal

19 Capacity building workshop cum 
training  on “Use of Geospatial tools, 
Models and DSS in Enhancing productivity 
of Irrigated Saline Environment”

24-28 Aug 2010 19 WTC, New Delhi

20 Project Partners and Staff Training 
Performance Evaluation of Canal 
Irrigation Projects using Remote Sensing 
and GIS at IIRS, Dehradun

15-24 April 2010 20 CSSRI, Karnal

21 Stakeholders’ sensitization training 
for farmers and water user association 
members

31 March 10 94 CSSRI, Karnal

15.  Participation in Conferences/ Meetings/Trainings/ Radio talks, etc. 

S. 
No.

Details of Meetings/ 
Seminars/Trainings/ Radio 
talk, etc.(Name &Address)

Duration
(From-To)

Budget
(`)

Participant 
(Name & Address)

1 Rashtriya Sangosthi 
on Agriculture and 
Environment- Challenges and 
Opportunities held at CSSRI, 
Karnal 

13-14 March 2013 0.06 Dr. D.S. Bundela
Akinchan Singhai
Shweta Kamboj
Pooja Saini,
CSSRI, Karnal
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3 Dr. D.S. Bundela
Principal Scientist
CSSRI, Karnal

GIS technology for 
canal database and DSS 
development, Texas A&M 
University, College Station, 
USA, 13 Sep-14 Oct 2011

14th November 
2011 and report  
submitted on 29 
Nov, 2011

Follow 
up action 
taken

2.84

17.  Performance Indicators
Performance Indicators for Component-1: ICDS

S. No. Indicator Total No.
1 No. of hits on the sub-project website per month 497
2 Number of knowledge products developed:

e-courses
e-learning modules

N.A.

3 Digitization of number of:
Ph. D. Theses 
Historical publications

N.A.

4 Enhanced knowledge sharing and public awareness activities carried 
out

12 (1194 WUA 
Members & farmers)

5 Development of linkages with 
National organisations 
International organisations 

13
3

6 No. of articles downloaded from CeRA subscribed publishers N.A.
7 Training of critical mass (no. of experts trained) 121
8 Number of scientists trained overseas in the frontier areas of science   1
9 Number of scientists trained overseas in Consortia-based subject areas 2
10 No. of scientists participated in conference/seminar etc. abroad 1
11 Number of novel tools/protocols/methodologies developed 
12 Publications 

Articles in NAAS rated journals 10
Articles in other journals 6
Book(s) --
Book chapter(s) 10
Thesis 5
Popular article(s) (English) 7
Newspaper article(s) 10
Seminar/Symposium/Conference/Workshop Proceedings 13
Technical bulletin(s) 3
Manual(s) 5
CDs/Videos 6
Popular article(s) in other language 1
Folder/Leaflet/Handout 8
Report(s) 3
Success stories 4
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13. Field EC & pH meter, Eutech Cyberscan 
Series PC300 

2010-11 One 0.55 CSSRI

14. Doppler Flow Meter, Fuzi Electric, 
Japan, FSC S10B1-0Y

2010-11 One 3.14 CSSRI

15. Portable leaf area meter, CID Bio-
Science, CI-202

2011-12 One 2.24 CSSRI

16. Precision Balance, KERN, ABT220-
5DM

2010-11 One 1.13 CSSRI

17. Laptop, Dell Latitude 5500 2009-10 One 0.52 CSSRI

18. Color laser printer, HP model CP2025n 2009-10 One 0.35 CSSRI

19. Windows and Split 1.5T AC, Carrier, 
Durakool Plus & Estrella model

2010-11 Three 0.87 CSSRI

WTC-IARI, New Delhi

1. Mid end workstation with 2KVA UPS, 
DELL Model T5500 and Uniline UPS

2009-10 One 2.30783 WTC

2. Arcinfo ArcGIS software
(9.3), ESRI 2009-10 One 6.76 WTC

3. Remote sensing software (ERDAS 
Imagine Prof v 9.3) 2009-10 One 2.26720 WTC

4. MS Visual Studio & programming 
software (2008 Professional) 2009-10 One 0.31938 WTC

5. Digital camera, Sony
 model Exmor DSC-TX7

2009-10 One 0.25110 WTC

6. DGPS rover unit, Trimble GeoXT  2008 
Series Geo explorer 

2009-10 One 2.99775 WTC

7. Field datalogger with 8 sensors and 
data retrieval system for deficit irrigate. 
Sentek sensor technology (Enviro Scan 
Solo)

2010-11 One 8.60183 WTC

a Salinity meter (Saturation  Extract  Kit) 
HACH Model no-18700

2010-11 One 0.89046 WTC

b Ground water depth monitoring system 
Hydrolab (Surveyor)
Hach Environmental

2010-11
One 1.28730 WTC

c Data retrieval system
Sony Vaio VPCS123FG 

2010-11 One 0.84375 WTC
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20. Awards and Recognitions

S. 
No.

Name, Designation,
Address of the Person

Award/ Recognition 
(with Date)

Institution/ Society Facilitating 
(Name & Address)

Responsible 
Partner

1 Dr. S.K. Gupta Fellow award in 2013
Fellowship award, 
CSSRI Excellence 
award  in 2011

ISAE, New Delhi
ISCAR Society, Canning
CSSRI, Karnal

CSSRI

2 Dr. D.S. Bundela Selected as Principal 
Scientist  in 2010 
(Direct Selection)

ASRB, New Delhi CSSRI

3 Mr. Akinchan Singhai Young Scientist Award 
in 2012

MP COST, Bhopal CSSRI

4 Dr. A. Sarangi Shankar Memorial 
Award in 2012
Best Paper Award for 
the publication in S 
No5 during year 2013
Best paper award 
by ISAE for the 
publication in S no4 
during year 2014
NAAS Associate in 
2009

Indian Society of Agricultural 
Engineers (ISAE), New Delhi
Indian Society of Agricultural 
Engineers (ISAE), New Delhi

Indian Society of Agricultural 
Engineers (ISAE), New Delhi

NAAS, New Delhi

WTC

5 Dr B.S. Kalra CADWM award in 
2010

Ministry of Water Resources, 
New Delhi

WTC

6 Dr. A.K. Lohani Selected as Scientist-F 
in 2012

NIH, Minstry of Water 
Resources, New Delhi

NIH

21.  Steps Undertaken for Post NAIP Sustainability
•	 Since the Database and DSS program have been demonstrated to state line departments 

and KVKs in Haryana, CADA has extended the funding support for organizing hands-on 
trainings for officers and demonstration of DSS generated BMP interventions at farmers’ 
fields for their upscaling. This would help in full deployment of DSS program in the district 
offices and validation with user datasets. 

•	 Since the theme area of sub-project falls within the mandate of the institute, its upscaling 
would be continued from the Institute fund under 12th Plan after the closure of funding 
support from NAIP. Therefore, project activities have been included in the Institute Research 
Programme under XIIth Plan for post-NAIP sustainability. 

•	 Continued support and upgradation of database and DSS program are required to upscale 
the project result more acceptable and meaningful to stakeholders as it can be seen long term 
supports for DSS projects worldwide. A project proposal on deployment of DSS program in 
other canal commands will be submitted to DST for funding.
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Former Staff

Dr. Ram Suresh, SRF (Agricultural Extension) 22 August 2010 - 15 January 2010

Dr. Mukesh Kumar, RA (Soil Science) 25 August 2009 - 24 August 2010

Mr. Sunil Kumar Jangra, RA (RS & GIS) 27 August 2009 - 30 Nov 2011

Mr. Anil Kumar, RA (Soil Science) 28 September 2010 - 19 January 2012

Mr. Sandeep Rastogi, SRF (Agricultural Extension) 27 September 2010 - 14 June 2012

WTC-IARI, New Delhi

Research Management (CP)

Dr. H.S. Gupta, Director &  Consortia Partner May 2009 - 31 March 2014

Scientific (CCPI, others)

Dr. A. Sarangi, Principal Scientist & CCPI May 2009 - 31 March 2014

Dr. D.K. Singh, Principal Scientist & Co-PI May 2009 - 31 March 2014

Dr. B.S. Kalra,  Principal Scientist & Co-PI May 2009 - 31 March 2014

Technical Staff

Mr. Ashok Kumar, Technical Officer May 2009 - 31 March 2014

Contractual Staff

Mr. Mohd Saqib, SRF (RS & GIS)
Mr. Sudheer Kumar, SRF (SWCE)                                                         

  17 July 2013 - 31 March 2014
  23 July 2013 -31 March 2014

Former Staff

Ms. Shiulee Chakraborty, SRF (SWCE) September 2009 - December 2010

Mr. Sagar Wadkar Kisan, SRF (Agril Economics) October 2009 - July 2011

Mr. Kamaldeep Sangwan, RA (RS & GIS) June 2010 - August 2011

Mr. Mudit Kapoor, SRF (RS & GIS) November 2011 -  May 2012

Mr. Surendra Pratap Singh, SRF (SWCE) April 2011 - July 2012

Mr. Anurag Chaturvedi, SRF (Agril. Extension) October 2011 - 31 March 2013

NIH, Roorkee

Research Management (CP)

Dr. R.D. Singh, Director &  Consortia Partner May 2009 - 31 March 2013

Scientific (CCPI, others)

Dr. A.K. Lohani, Scientist-F & CCPI May 2009 - 31 March 2013

Dr. M.K. Goel, Scientist-F & Co-PI March 2010 - 31 March 2013

Dr. N. Panigrahy, Scientist-C (WRDM) & Co-PI May 2009 - 28 February 2010

Contractual Staff

Mr. Ajit Singh Chhabra, RA (RS & GIS) 15 April 2010-31 December 2012
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PART-IV: DECLARATION

This is to certify that the final report of the sub-project has been submitted in full consultation with 
the Consortia partners in accordance with the approved objectives and technical programme and 
the relevant records, note books; materials are available for the same.

Place: Karnal                               (D.S. Bundela)

Dated: 17 February 2014 Signature of Consortia Principal Investigator

 

(A. Sarangi)
Consortia Co-Principal Investigator
WTC, IARI, New Delhi
Dated: 15 February 2014

(A.K. Lohani)
Consortia Co-Principal Investigator 
NIH, Roorkee
Dated: 15/02/2014 

 (Dr. D.K. Sharma)
Date: 24 March 2014       Signature of Consortia Leader & Director
 CSSRI, Karnal
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Annexure-I
Table A.1. Canal water allowances & irrigation depth in selected distributaries in WYC system

Distributary Water Allowance  at 
outlet (cusecs/ 1000 

acres)

Irrigation Depth  (mm) at  different years/  canal 
irrigation intensity (Rabi) 

Planned 2001-02 2006-07 2016-17 Farmers

25% 35% 39% 55% 100%

Butana 3.01 51.5 36.8 33.0 23.4 12.9
Gangesar 2.86 49.0 35.0 31.4 22.3 12.2

Kahanaur  and 
Jhajjar distributary

2.40 41.1 29.3 26.3 18.7 10.3

Table A.2. Four groups rotational programme for running of channels of WYC system for rabi 
2013-14 

Period Group Preference Order

From To I II III IV

27.10.2013 03.11.2013 Butana+NLS Sunder+Markanda Bhalaut+ Sirsa JLN+Habri

04.11.2013 11.11.2013 JLN+Habri Butana+NLS Sunder+Markanda Bhalaut+ Sirsa

12.11.2013 19.11.2013 Bhalaut+ SIRSA JLN+Habri Butana+NLS Sunder+Markanda

20.11.2013 27.11.2013 Sunder+Markanda Bhalaut+ Sirsa JLN+Habri Butana+NLS

28.11.2013 05.12.2013 Butana+NLS Sunder+Markanda Bhalaut+ SIRSA JLN+Habri

06.12.2013 13.12.2013 JLN+Habri Butana+NLS Sunder+Markanda Bhalaut+ Sirsa

14.12.2013 21.12.2013 Bhalaut+ Sirsa JLN+Habri Butana+NLS Sunder+Markanda

22.12.2013 29.12.2013 Sunder+Markanda Bhalaut+ Sirsa JLN+Habri Butana+NLS

30.12.2012 06.01.2014 Butana+NLS Sunder+Markanda Bhalaut+ Sirsa JLN+Habri

07.01.2014 14.01.2014 JLN+Habri Butana+NLS Sunder+Markanda Bhalaut+ Sirsa

15.01.2014 22.01.2014 Bhalaut+ Sirsa JLN+Habri Butana+NLS Sunder+Markanda

23.01.2014 30.01.2014 Sunder+Markanda Bhalaut+ Sirsa JLN+Habri Butana+NLS

31.01.2014 07.02.2014 Butana+NLS Sunder+Markanda Bhalaut+ Sirsa JLN+Habri

08.02.2014 15.02.2014 JLN+Habri Butana+NLS Sunder+Markanda Bhalaut+ Sirsa

16.02.2014 23.02.2014 Bhalaut+ Sirsa JLN+Habri Butana+NLS Sunder+Markanda

24.02.2014 03.03.2014 Sunder+Markanda Bhalaut+ Sirsa JLN+Habri Butana+NLS

04.03.2014 11.03.2014 Butana+NLS Sunder+Markanda Bhalaut+ Sirsa JLN+Habri

12.03.2014 19.03.2014 JLN+Habri Butana+NLS Sunder+Markanda Bhalaut+ Sirsa

20.03.2014 27.03.2014 Bhalaut+ Sirsa JLN+Habri Butana+NLS Sunder+Markanda

28.03.2014 04.04.2014 Sunder+Markanda Bhalaut+ Sirsa JLN+Habri Butana+NLS

05.04.2014 12.04.2014 Butana+NLS Sunder+Markanda Bhalaut+ Sirsa JLN+Habri

13.04.2014 20.04.2014 JLN+Habri Butana+NLS Sunder+Markanda Bhalaut+ Sirsa
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8 Head Tail Bichpuri 7.93 2.51 1.95 10.17 7.47 Deficit CW, 
Normal soil 
& Highly 
alkali GW

Salt tolerant 
variety
(KRL-210), 
gypsum bed, 
Irrigation 
Scheduling

5.75 (27%)

9 Mid Mid Butana 8.59 1.08 0.43 6.01 0.00 Moderate 
CW, slight 
sodic soil & 
good GW 

HYV
(HD-2851) 
laser leveling, 
irrigation 
scheduling

5.17 (24%)

10 Mid Mid Butana 7.21 5.56 4.40 3.18 0.00 Moderate 
CW, saline 
soil & saline 
GW

Salt tolerant 
variety
(KRL-210), 
conjunctive use

5.67 (21%)

11 Mid Tail Butana 8.13 1.38 5.18 10.26 0.00 Deficit CW, 
normal soil 
& saline GW

HYV
(HD-2851), 
UGPL, 
conjunctive use

5.82 (32%)

12 Mid Tail Butana 8.00 6.02 7.05 13.73 0.00 Deficit CW, 
saline soil & 
saline GW

Salt tolerant 
variety
(KRL-210), 
UGPL, 
conjunctive use

6.40 (33%)

13 Mid Mid K.Khurd 8.25 2.84 3.25 11.57 0.00 Moderate 
CW, slight 
sodic soil 
&marginally 
saline GW

HYV
(HD-2894), 
conjunctive use

5.90 (26%)

14 Mid Tail K.Khurd 8.32 3.43 5.36 13.39 0.00 Deficit CW, 
slight sodic 
soil & high 
SAR saline 
GW

Salt tolerant 
variety
(KRL-210) 
conjunctive use

5.65 (23%)

15 Mid Mid Ahulana 9.27 1.34 1.50 9.86 7.00 Moderate 
CW, 
moderate 
sodic soil & 
alkali GW

HYV
(HD-2894), 
irrigation 
scheduling with 
gypsum

5.07 (19%)

16 Mid Tail Ahulana 7.99 5.68 7.07 2.69 0.00 Deficit CW, 
saline soil & 
saline GW

Salt tolerant 
variety
(KRL-210), 
conjunctive use

5.60 (27%)

17 Mid Mid Ahulana 7.34 5.02 7.05 3.11 0.00 Moderate 
CW, saline 
soil & saline 
GW

Salt tolerant 
variety
(KRL-210), 
conjunctive use

4.67 (20%)

18 Mid Head Ahulana 7.84 7.40 7.21 3.90 0.00 Deficit CW, 
saline soil & 
saline GW

Salt tolerant 
variety
(KRL-19), 
conjunctive use

2.90 (19%)








