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The Annual Report of All India Coordinated Project on Irrigation Water Management (AICRP on IWM) contains
the research findings of different coordinating centers for the year 2020 along with extension activities,
human resource development programme, publications and recommendations of various centers. The
consolidated report of the centers is presented under different themes. During the reporting period, the
scientists were engaged in carrying out research on improving water use efficiency for different crops and
cropping sequences under different sources of irrigation water in various agro climatic conditions of the
country. Significant achievements have been made during the reporting year 2020 in spite of Covid-19
Pandemic. On-station and on-farm research endeavors of the scientists resulted in replicable water
management technologies that helped in improving irrigation application efficiency in canal commands,
groundwater recharge, improved water use efficiency and water productivity under pressurized irrigation and
saved water and fertilizer inputs. The research output not only improved water productivity but also
enhanced farmers’income and livelihoods. The AICRP centres also carried out capacity building activities for
different stakeholders and implemented tribal sub plan schemes for improving livelihoods of tribal people at
different palaces. Some of the pilot interventions contributed in rainwater harvesting and groundwater
recharge in rainfed areas of the country.

I take this opportunity to express my gratitude to Dr. T. Mohapatra, Secretary DARE and Director General
ICAR, Govt. of India for his guidance, critical inputs, constant support and encouragement for smooth
running of the scheme. I sincerely express the gratitude to Dr. S.K. Chaudhari, Deputy Director General
(NRM) and Dr. Adlul Islam, Assistant Director General (S&WM), ICAR for their valuable suggestions and
cooperation during the reporting period. I also sincerely thank the scientists of AICRP-IWM schemes working
at different centers for their untiring efforts for improving irrigation water management scenario of the
country. Their sincere efforts resulted in tangible outputs in irrigation water management which could go a
long way in improving farmers’ income and water productivity. The team work of Dr. Prabhakar Nanda,
Principal Scientist, Dr. S. Mohanty, Principal Scientist, Dr. Dibakar Ghosh, Scientist, Dr. O.P. Verma,
Scientist of ICAR-IIWM and Pragna Dasgupta, Research Associate, AICRP-IWM is appreciated for compiling
and editing the annual report. I thank Dr. Amod Thakur, Principal Scientist, ICAR-IIWM for giving his
valuable inputs and ideas during revision of the annual report and design of the cover page.

Bhubaneswar (A. Mishra)
Director, ICAR-IIWM
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PIADRI GRS

Riarg o ydes W Sifla URdig auf<a s
R Bt ygE Suafsai

Y URASTT % 3faifa aff 2020 % SR Fd 26 H&I A A Bt
YA & 3fThei, Yold YA 4RI, &g TR WR YSidl &l
IUAN, qaragad Riws yomelt &1 Yedidd, SFaF 3R
TH Budl B O Y§eH, Jal-od-uid I6Y W g
T, TE 3R YT WR T BT S SUART, Sd
IATEHd g b forw oiat FAepf aut 3ifire auf arer &= #
R 5Tat 3R vt o Ueie BT g SUUNT 3T &
&7 T ST 3R foaR &1 fbam| an 2020 % SR U
BT T Ui T gHieg 8-

T8 o SR YoTd DI IUASAT BT THeA

NG &% RT3 -1d! IR & YT T BT M
USTd UdTg R Aied &I ITANT e fohdT 11| 39
IRA & Y-ITINT 3R Y- HTaROT AT | T =l fob HiY,
3, soR yfty, FAftfa ik ota et & sfarfa wwsr: 78.90,
10.08,7.68, 2.32 3R 1.03% & T ¢ | I8 SR & FHAT:
74.13, 16.86 3R 8.98% & &I Hal BT YHR AL, ferasit
SR T & | TI3 et AT AT dTR BT SUART HRah STl
AT AT 1 T3 | Aisd b 3i=iich R fRUfe 3IR effdres
Rufar &t o fer fasar

IEAR $H% GRI TN a1 IRF TR A fovar mam| 39
forel & Ut § At S <fwrer 7t IR B Hon HgTae
T § SR T8 I & IorgHe, IAR foriieTe 3iR
fieraret el & fRd 81 39 I IRE & 3 21 IU-A
IR B fafora fosam T, iR - anepfa Taeh fayarsit &
e, whae stk viriifere ugqah o Huffea fasar man| 3u-
Tt IR H a1 3TR ot TRefuT et et o forg rufiesar
318 | IU-TE IR AR 10 BT a1 3R T TR IUdl &
U Usd e d ¢ & M SH IRFA B UgaH B TS |

PRITE Hg R AR I TR (LBP) IRF &1 Fa
187 HISh! arergy H fauTfra faan mar oik Ul Argeh!
JIeRRVS B! A 4833 gRIANNDHA Uldfhar shal o
faufora fmam mam wigt, et SiR Y SO qA o1l gdaH
UREZT (2001 ¥ 2020), AET TdTed! (2041-2060) 3R ifaH

TATAl (2071-2090) & AW T@Te (SWAT) ATSd &1 IUAIT
IRP 39 IRF F RS IANIDHd ATICS! & A9 favar T
g ST T T o7 o e wraned) & R IRy Y
e 3fard ot 983.2 finft U g3 3R 2} & ofd d&
766.9 fiyedt auf vre gift em SR wraTed} & Sid d& gl o
IuT & SHUATE BT STH 30% T8 & U B AT T | FAHH
ey, Teg XdTed! 3R UdTec! & 3id forg a1fifes o Sger
1 919 ot faan T | e SR rdTed & ofd | ofid anftes
rfiHRUI 1 SHHT: 866 3R 907 ot e SrTfd farar e
S ufaw &t STerarg uikiRufadl & waal &t siftie Riamg ora
B ATAIDHAT Bl <Al T HER oIdf [JaRIBT & forg
HRE! &1 ofd T OR ST faan 71T 3R g SFAM TR
7% 30 faaR T & fery e bt smyfef-Aim & 29% &1 3ieR
U Bl |

TR g IR fagjerd TISTl SIteadR &1 SUANT HRd §U
ToITe XY b foT WoTel UdTe Rigele Alsd ! fasRid farar
7| 39 AISd BT S Tieur 9 Ffe fafy ofik wanfera
3iMp & Ao gRT fasar Tl a¥ 1998-2012 TF &1
A & YSId TR & MHS! BT SUINT IR 39 Hled B
3iiep faa T 3R aY 2013-2017 A% Bt Al & HTH ST
BT IYTIT HP 39 HIST BT TATIH [HaT 1| 39 Hieises
ST BT IUTN Hd §U5, 10, 15 3R 20 T & §1E & B8
uftexdt & forg yoia fRufa & ufgsgamh ot 7€) 3 o8
eI T UBR A (1) YoId G HRUT H 2% & gfk (2) Yold
IUC T 2% DI BT (3) YoId STUE H 3% HI HH (4) YA
ST T 5% B B, (5) YoTdl G:ARUTH 29% BT e 3R ST
T 3% BB 3R (6) USTA G- HRUTH 2% B gfg SR T &
5% P HHT 3G |

TIAQR $H% GRI T AAct IR H FUId ySTat &R0l &
fore fa=civuITEr® Uarshd Ulehar &1 IuanT fovan | s394
3{TERUI, G, Hel Bt §1ae o fafte fawerra amfest &
IUENT fHar manl Yol Svifad &3 % i & o
3MHoN3TETY & WRkd Gaodic Sara fIzeo Sueur o1
IUANT b | 39 uRom aEfeEt A < 9d 9\ &
THTTIE YT &1 &1 i AT I o o, A oiR WRTe
USTA &l & ded UarRid foar| qa-1 fored & 4Sid &mar
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3B UTE 775 & Sl fob 5562.50 T fhai{iex & &7 & SRR &,
I Hof SR BT 44.50% &F SHH A ¢ 1 TH AT I
Tg fad e fos ymrar Tutfad & &1 fesror ysra Suifad
&, YoId & ale- d AP qul IgR AT dUR A 3R
Tt B MR & U g 8l e B |

IR F% GRT BTG o8 b DHRAT R SAroriR-arar et
T yora guifad &=t &1 faft fawama omfst o9 5@
frepTelt oTed, garm, Yfaw, ¥ i fasm, Har &t e,
3RV 1 Tebiepd hrech THHUTSIY VeIV BT UM b
ferfie IR SR SHemEud ao-ie! o Temd ¥ TaR
T | g, YoTe THTTI & o IR Aot & aeifera fasar
rufq g, P @ meom, gem @ oifde iR agd sifie
3| 39 & BT §9T 3T (42.72%) 9 T gegyg Fu1id
& & AT AT &; 20.27% &7 Teaw q I= ot & il
3{TAT §; 19.18% & Fgd 31fid YuIfad & & ofaifa smar g
3R HIA 17.81% & 81 9gd HH HoId YuIfad &8 & sfafa
3R | 7 3R e & Hemw aoie FHTae & 8 4R 0T 3R
HSRUI & T §15 9 aTelt Sugad Txa1sit o fos feama
T, AP qiY SR Wd B qTed B UG JHT T TgT, $d
36 f¥uTa &, 39 A a1 3R 21 draTa o AT 3 foe e
CARREIRCARIEY

e $g grR1 af 2018-19 & IRM Fafafad Tl &1
T T A §U TANT = ot 7T (i) UgTat &t & ere Bt
HHd & fore 9t fgu Riar vomeht 1 fEomg= TR &= (i)
Rars ot faftr fafirat wd <7 g =1+t TRermr aa-iet & s
31 ST JeTG e, IUS SR 3 TG BT TTUES & B
TATT BT | ST TR UdT Il b TR & TaRT o Jr &1
3! fgu R yomedt & S Idehd & Wy-Tqy e
UCTaR TG &1 3} 7T § | T8 U TAIaRUT & S%Hd SR
3f1ffe gomett § S IR § SUdsy M @9ed) W iR
Tl WA

Flel Hg gRI fBBR & Aol & MBR 3R 3qP 3
BIESIfe ATUCS! & USRH o1 Gedich 4far &t vad o
JaTeamar IR faar mar| SfRfeT gara 1.5 feun/ar Ift &t
A H 2.5 forun/art It & TR gaa | fBsoa Rias
Y BT S S IUS (1.18 T/3) Td ST SUANT Gl
(7.98 fHur / gaer-fedh) ura g8 aun it g @y
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(R40185/8) 3R AIMART 3FUTd (1.30) it wred g
iR Riar # 2.5 feuy/ard If &1 SifRfeT ga@ 1.5
fouT/avt St &t gaT & 10.3% A YT T 311 IuWl gl
2138 e, RBiber & 3.1 x 5.1 e =ieret bR & ger
2.5 x 3.5 % Ao & MHR I HIBT 3D diel Iu (1.18
T/R) Tl g8 e, Aord & fafiid SR ¥ Y a1y &R
TTY: ARTA SFUTd WR Bls He@yul THTd g1 ugT aifds, 2.5 x
3.5 i} ioTd TR & dgd Sifidad G arH 39399/8)
3R TTYH: TRTA U (1.26) T g3

| sRRmeRm
STATC 5 R WhRebe-HabT P Had HH A IaR R (¥
THIETR) TR S fasar | wag! Riars e gand
f$u R yonet ¥ RieE & SR gHl Baal & HHERE: 75
3R 37.6% TP STeT | SId UTd bt off Javelt ¢ | F3u Riars &
TR (100% HHA Aol W i) o oid # gasiia
IRD| & AT I 100% TS TS SAXD| D1 A & AT
3 HUdl Bt IUS SR IUS & AIGUS! & Bt gfG g3
IR R & ST TGS & HRUI AHRaE Bl dg 3T (24.63
TA/R) SR HawT & Ygi BI IUW (21.73 T/3) IAHaH uIed
B3| TG, I H ge=id S| & HTeaH I 100% Y18 T8
IR®! DI AET & AN & AU 50% B a0 IR
Riarg 9 g waal § S Sd SUANT &l Wi g3 fgu
RS & TR 100% HIA Ao R Ri9s 3 siftwan
T UG U (58.90 T/8) UK gs Slalfds, STel & ga=iia
IARB! & ATHT Y 100% TS TS IAD! D1 AT & TN 8
59.86 TH/8 ! HUA UGd IUS IUS U g | ST IR
R & TS H AhRdbG-Hab] b Bod HH &b ded 2.17
HT CTH: TN SHJUTd UTd g 3Tl

RYT F5 IR 3RER BT IUS 9g11 & oW {37 B &
TSR &1 Gedich- a1 7| 3ReX &1 Hud § 0.8 Had
Iuice W U RS ok ofd # gar=iia Sava! & Hread
¥ T U H 20-40-20 fohal/g AECIoN, BRBGRY T4
TR &) TS 1S A $ TGN & Taei &Y 20% Riers
A TG IR D! gad & A1 I STGH a1 T4 1 & frg
JUIS T 7T | IR H SaRD| & g8 [qUSH 30 THR
Feiia fPT I 20% N 3R 40% P @18 F 0-30 e BT
T B TN, 30% N 3 P 3R 25% K §aT3 & 31-60 {1 a1
< YT H TRINT, 30% NG P 3R 40% K §aTs & 61-90 fi &
1 3 I 3R 20% N TE 35 % K FaTs & 91-120 fat &
e ST U B T S |

ICAR-IWM
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RYUT &g R 30 BIENRA & fog wiret &1 waa &t ufafssan
F1 e foar mar| Wer A I W W R sk
iGN & TRANT I Ul 9l % 0.6 THad arsiicdo WR g0
s qurdm i i3 IR ofa B ga=iia S| & Arem 4
T SRTER YT (TS & 30 fa1 &1 20% N 8 40% P &1 YT H,
e & 31-60 eI a1G 30% N, P & 25% K 3 YT H, §aTs &
61-90 &=l 9Tg, 30% N, P 8 40% K 3 U & §aTs & 91-120
fataR 20% N & 35% K 2 HRTH) T 80-40-40 fhal/ g IR T
IECIoH, BIPIRY d UICRIH & TN & HaieH &1 20%
T RiTTs od T4 SdR®| 8 §9d & 1Y 1% Idradhdl 1d
3119 b fery Suger graT |

JAdTanTt g W fgu Riars yonme & @erd 4 g & vad &
AZeroH SRS & TN R Ay farar war| Rias &
faftrs TRt & & 80% Terdt U aredfieRuT (CPE) R RS @
HU: 3.35 3R 5.59 T/ B AR ST 3R Y3HTe 1 UeTaR
T g8 3R TP d1g 60% ot U arefiaor R Riwms &
ST 2.98 3R 5.23 TH/E B &1 T4 G3HTA BT Il T §5 |
Qe Il & TR & ard gaTs & JHT 20% ZeIoH & 5
TRISR HET T TN § A 3.80 3R 6.07 T/R BI B
AT 3R Q3 Bt YgraR U g5 1 ga1s P GHT 20%
5cioM Td §a1s & 85 & ad Awiied SIaRTd W
ISCIoH & YN U SHHT: 3.85 Td 5.82 TH/8 ®1 &M Ud gaTd
IS U g3 1 RiTmE & 60% Tt O arefiaRul & WR WR
AT Ud gaTs & THY 20% Ao & 5 SRIER U H GaRT
JHaR: 11.71 fon/R -t 3R 13.78 fasony-fondt o 5@
ST G H Ieera-1 gfeg U g5 |

PleTHg WA au & SHibe! I UdT Il fob ST B HIA BT
AR e R fgu Riam yome gR a1 o1dt & 100% WR
& 1y Riferd oo SITaT 8 3R IR B 100% TS TS AET
(80-60-60 Tohall/g ATScIoN, BB RY Td TR & 3-9
T P SFRTA TR 19 SRTER U o YNT) BT VAN fpar San g |
S wIENRM & TS a1 125% TSI ofd & WR W R
+ SRD! DI IS TS 100% THAT & TINT I e e Just
(23.6 T/8) & WYY 3P Y TH R 155800/8) 3R
TTH:ARTA SIIOTd (1.94) U §31T1 39 fSUBIIRA & WR &
TENT Y al Bt SUST | 35.6% ddb B1 gfg U gs 3R fg=or
JUER (IW/CPE 0.8 3UTd IR Tda! Rias + gaT & Iavab! o
TR BT H 7.7% A% RidTs ool &) Sad I g5 |

P Hg IR SIS P AIH H IR I8 dob Y& [ sopra R
JUITe & HerH ¥ RS gRT it o1 Bye 318 15| 39

Annual Report M @
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T H BT & 1T § aIfeId STd (PE) & 125% WR IR
Rarg + IRD! Bt YIS TS 100% AET (30-60-40 fH31/8
N, P,0, Td K,0) & TaRT ¥ 3 dd el 3U (2.41 TH/B)
T g8 | FR0r SUaR (ae! RiaTs fafd gR10.8 IW/CPE &R
R R + Wyof Tt IRS! &1 gar & v &t ga &
125% TR IR g0 RiTmE + IaRaw! &1 G TS 100% AT H
TINT & HRUI Th B Il B 34% d% BI aG gal
BTaTifas, WM & TR 75% PE + SR &1 gaITs T 100%
T & TANT § SHTYSHaH ST SUART G&fdT (8.49 fham/6-
foret) ofR ST IcTedh T (0.849 fharma/aiieR) M gs |

g Fg W TP 3 HIA H IuGde! U BRARH W
ST fara | £3u R & R 100% wHod arsdicqo
R RS Sk BN & Hreny J Idep! B GTS TS 80%
THT & TN ¥ HfIGHTH 7= SUS (136 T/8) U 8§51 39
JUTAR Ao 9§ T HRwaH U 80% B arsiieor
IR RS 3R IR! B JATS TS 80% HTAT & TN & 1Y
HIENRH ¥ U U (132 T/8) & SRR U g3 iR A
it ITART ¥ HTH! IgR U g | 3iABaH ST ITIRT
T&dT 80% A aTsicdor TR TS 9 U g5 iR gt
RaTS TR & 1Y IRB! Bt JATS T8 80% AT & TN &
Ted IfmaH Y TMH (X214637/8) 3R ATH: AT 3UTd
(2.18) UTET gaT|

ICAR-IWM

TANTE g R HUN B B B JUS 3R ATUYE B IGT
& oy fgu BiEeA & yesH o1 srerae fbar N o
IARD| B YIS TTAT BT 25% FaTs P T 3R AW JaRab| Bt
T &1 BIARE & A1 9§ WA far mar at siftean
FHAN (@) DT IUS (2681 fHAUTH/R) ST ITIANT G&fdl
4.24 frammR-fidh td IRS ITN & (6.09
foeam/8-fhan Ured g1 51 ISR & &R & W 9
3R Y A (% 77182/8) SR AU ANT SUTd (1.93) U
BTl S AR ¥ HUN (@S B U & AU 2357
WeR/fHo &1 gy aTeR Pefbie U fasan s § fora
PR TSA 3HR I aTeR Be e HA: 1074 T4 1283
RISYERINEETE

TR g IR W 3R HUN S Hoal § o & Joraar
3R IR & faftd Rf & 91y yanT far mar| S &
U & IUERI & o FHebTel- W BI USTaR HIHt
A U g2 | 3Mra, T8t ora ot R & ary e W bt
JU 6.83 /8 T T 3R S[EAT oIt B! dopfeep RS
& WY 4.36 T1/8 UK G5 | STaifds, @RS 0@ (RAC= 1.10-
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1.36 fArefiSf@ade/dieR, EC=3.8-4.2 S Rmg=u/dier) ara
TIHAA & o B TS & 1Y 2.33 T/8 Bl 81 SUS M 5|
HIENRH & faftd Rt & ol WS &t USIaR ATSeior &t
80% 3R 100% TS TS AT b TINT I SRIER U g3 Afh,
TS BT 60% GATS T8 T & BIAE & TR I U
IUS A BT 31fA | Hur & faftm wiénem Rl & d
FHUN (@ISl) B YGTAR SRISR YT g8 o1d IS IoH 1 gIs

Annual Report M @%
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0T BT 316 v & fore fadRmTe o o1 = T
7| fAIRTTG oI & Ursfaes gRAT & & T, 3R &
YA ITANT W Hihs! BT TIE, &7 § IRl P UPR 3R
A BT UG Pt g R IR g & o yfaw= &
UHR TR & a1 77| S & Jorad & aaa fufd &1
THAT B & forg Mifaes -Imafe o & 31eag- 8 $dl
18 SRA A T b T TH A b T T | I faRwarsii =

ICAR-IWM

TS AT 80% 31X 100% BT JINT foa 11 Qifcp, A3 o o
60% TS T AT & YA Bt a1 & BT 31D | 3ipd
WIS oA I TART & o 9 R A T8 3R
AT O BT Jebietidh RIS B I HURY BT UGTAR SRS
PR

IEIR g W S ) woat § waniord fgu Riams yome
ST fopa | Tanferd $iR uRufes fgu Riwrs yomedt
¥ dgd U arsfievor 3R R snrefd R & gug Rufor
J Wil Bt i, I P IUS SR oA SUANT & B
Teayul =0 gHIfad foman | e feu Riers & dagd Jar
T TR & SR TR 100% & & IR RS & Ay arelf o
&S, Bd &1 doiF, Bd &1 dals, had B Jus 3R od
SUINT Gl SifpaH TS T, WY B 39b dgd GHM
U & 4 TG & SicRTa R BIERE & A1e9q J SRD| o1
100% TS T3 [T BT WA {1 71T | gTetifs, O arediesRur
e Rars FAufor e oa #, uRuRe f$u s dgd SuaR
T HfYHIH U (5.9 /7) U g3 Sl B RIS & ITIR &
Y T ST (5.6 T/5) b SRIaR At |

TR $g W U & A1H 9 9 Sga gl o
HF TR T 3R E8SY-1D AiSd HT IWINT HRP
A wd FY i gIE 9@ 9= F Jd A Juifdd o
4RO T SHRUT fol 71T | U e ) offer gars fafer &
$A Jd ST HAM: 2035.5 3R 1935.5 fBft mifta faman
T AT vd Y e gars ol & Jga dwifaa woa
IrfiHRU1 BT Hol STt STSTYC B ShHTT: 26.77 3R 27.85% BT
TG YT gl $1 &l gals Al & d8d oo od
3{T3TYC T HUN: 20.43% 3R 7.89% TN BT UATE U
BT SIa%h, A O 3TITYC HT HHT: 55.95 3R 67.45%
e AT AT 3T |

AR % gRT STRIGS o4 & UgTS! &Fl & fafgd e fas
SR T ATIH T {3501 77| 37 3RA! & SHuigR 3R

gar o $8 IRAI & 5d F 250 e efiex 9 off st
HIRTTH P HORAI U TS & AR G & TdIeH & g 59
IR ¥ S AT 9d b b T HIRal & oW $©
EEEREHICRIIY

IR F% R Y oA & F1eId scfich § HAR agHt & &
PR YOIl :ARUT TSN B {SSITg 3R 37ebT Jedieh
forarmar| - snepfa et faviwarsit o1 Fefor fear mar sik
RIATH e I, AFYH G4 3R 918 B 3af F 1ol WR
TYT TAROT 3 R NIR T T | IR s At
BT ITANT B gU Y & B AN A1e! IR &1 Yoia gHifad
TN o T | St 2T & §IRT P foba 7T &
8.78 T fHY (18.5%) B, LM [Td & aTel & 24.52 aif
fatft (51.7%) 3R GRTE" STt &M ATel & 14.14 aif fopedt
(29.8%) UM Tl 39 &7 & foU Iugdd Yo 4RI
TRTaft oY o femd o 3R g UeR 1 =T aret arere
e HI fEoz TR &t 7| 37 WaAe & forw arrg
SUTA T &Y ¥ 3T vl § o AT 3R o1t HSRUT 1
AT & A T Y TR Bt =18 arar drene Rard ¢ ot
T 3R frwmrard e g aswarg |

SR $g W & a6f & TENT gRI U & R 3pan
RaTS S1d SUART Ao 518 T3 | 31 dH HUT (dl) SUST
(2.78 T/8) 60 T 1 TR & Ty IR Riwngal & dgd e
g3 Sl b 60 it 1TexrE & Ty i Riarsal & T & sRIeR
| = Riargal & w1y $d 537.1 ot S/a Sy g, Safe
IR Riarsal ¥ 597.1 T S/d SUANT §3MT1 39 UPR, SuST §
FHH & [T HU B B H gaTs & 35 &1 91, ¥R 181
3R STet fIpTT SiawiT W 60 et 1 Te_Ts ot 2 Riarsai &
AT YATS YU U RIS o1 g fearsmarg a 35 faat
& §IE, Sidt B LSS IR JId [IH BT 3R W 60 et
TeRTs &1 3 Riargdl & SraaT gaTs ¥ Ugd U Ridrs & &l
a1 ST 39 S9 Bud H IR Riwrsal & g 8
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10% REAE Ta P sEd U gl gl

AR $g R Bd Mt & R 3R WRUdaR ysieq R
TENT (2018-19 ¥ 2020-21) faram 1 3R gfRome & uar =
o RiEE & 0.9 IMWd Id & TR R RS & T & A1y
wamf @ Bad &1 S fJuum arg w8 Ius SR Y&
Y T foaT ST Tehdll 8 | WRUAAR gz & fore ureftfa=
AR STYIIT - | gTarifep, ifhay S IdTedhdl Rikms &
0.7 TSI ofd & R W Riwrg 3R @reft uiferi= uear &
T YT g5 |

PICT g W aY 2018 T 2020 TH GI&U1-TdT AR & g
WG GG HIhT RE™ BOd Ugld W RiEedl
(IW/CPE 0.8, 1.0, 1.2) 3R Yff ORI (A1 TR T §3,
I YW IR gaTs) & YHTE HT e far | R &
TRI IW/CPE 1.0 3R IW/CPE 0.8 &t gaT § Riwmg & wR
IW/CPE 1.2 ¥ 3f¥hdq el §9ged IUsl (3.04 TH/3)
T B3 3R A UG BT A6 LG TH (R 104602/8) 3R
ATY-TRTA 3FUTA (1.76) U 34| THAT gals B ga-l &
ST TRl § e Gaelt 3R TahT Bt 3:1 & U &
FaTs B3 I SYGHAH Thel TAged SUS (2.82 TH/3) U
T SR U UG I Y TH R 93542/8), ATH: AT
(1.59) TITW G3HT| ST 31T STet SUANT G&rdT (3.17 fohal/z-
forefh) UM g3 $iR 10.3% I RS Sa ol gad o g3 |

TTAR Hg R Y (oed-gaT Friem-Tg (HH-JW-1203)
O UUME & dgd # WH A & SR AT o Bt
HeTs U 20 e Usd Fe offts T & a1 36 7715 & had
D1 gaTs W Uga R A Y 1.11 fu/aier ot sifidman
T SN &/l UTd g5 | 39 SUAR J SHfAHTH B Tgfa
BT S AH T112247/8 R AY-AFTG I 1.97 U
BT Y T gaTs ATl Y &1 hod Bl dels | 10 faaar20
& usd Fe it RS & a1g X6t & HrH & YL T8 Tl
NE DI HIAH AT & T1G RIATS I HH AT I g3 |

ST g W Urew AT & SR T &1 a3 gaT § fam
DS BT AR B a1 & T H Hud 3aR e sk
TR SdTs & 1Y 99 §U AR &l & SR 08 I HIHt
3R IS U g5 | g ! e & AT Y & 3 Wl
T4 JaTs @1 Al & dgd 3 @FWiie gfg, Bd o SR
Tl HRA BT SfaTafi i) 37K 4 Riargal @ ufas i, wa
3, e F 3R Tt HRA B a3 WR) F STANT I 2
Rargal (@ fa e Sk Bd oM @) sawiraff W) &
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T & BT 31 A & IuS U g5 | Haa H 3 Riwmgal
& TR I HIYFHaH STt SUANT Gl UIed g5 | Ay yae
& TP T P STl SUANT &I 715 DI I o IR Bl
a1 A SR o2 gU 3aivl &l Jal W fos™ & Iy urd
Rl

HeT-ute-Sd-uataRor dey W gieard sreaa

fageiar g W W% A0 & GRME ERIGS HHTS &3 S
Fradt yfr A3 oiR et Fur fafdy o= v foran mar 3R
g &= 141 fb 60 T 1 Sl RIRAT WR yH-dAlfaa o
Ui &1 gars ¥ 1% Y a1 ®72,171/8) 3R AH:@ANTd
SFUTA (2.58) UTWd §3HT TR WY &Y 31fF U THged Iuel
(7.39¢/8) iU gs |

BT H% W I B! A H T 3R gY T B sawuraff &
a8 Blen @ a1 & &R ¥ FHed 991 PI AR R Th
g (60 firdh) T8t v ¥ if¥es T IUS (4.24 T/8) 3R
A SUART G (15.14 fan/3-findh) e g3 ok g @ty
®59304/8) TUT TTH:TARTA U (2.05) Ht UTe g3l 9id
7% geRA & 75 PPM &1 & 9 Uil IR fSsd1a 9 St
31 T IUS (4.02 T/R) SR ST IJUANT &fdl (14.36
fmR-frdhy e g2, 7' QR &1 100 PPM BT R ¥
fs®a & R ff | wafds, 75 PPM IR Sid fFds oA &
Uil IR fedhra U SHfihar gAY R 54177/8) W g3

UG Fg WART B AP &I B $I JYU gig 3afd &
TR HUd ARl (ETc) 3R Tt U arsfiesvon (CPE)
U 155.45 3R 359.60 forft vy gam| afe srawr o
ET/EP 3uTd HfYsan 0.47 fnft ok Ryafd sawr o
AaH 0.39 et 471 IRT Y Tadhl D BId & U HId
UM Ieh! BT aY 2018-19 & foIT R HH & raHHIa
BHHIT gRT, T 2019-2020 F forg = HH 3R 2020-2021
I gATS/RUV & T8 P fel 3R HOd gfG B pd @y &
U & =Y H =TT 7T | IRT ) Hah] B e & 3d
WS Ul | 0.33 - 1.30 & o 6T 3R 3T 7Ol 0.91
ORI

AP S H% GRI &l VM Y HUS U & RIS Fd & T
TAd e 1 3R Riarg & fere sie 1 Tqurart o1 faarwor
foram | vRnTRITen & favayor § gt wa fo g at A
RS & fore suged 31 sufee, te e fheer @t
fEaE TR 31 11E 3R e e Ryd foran | freer fw
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T SRS 5Tet T AR 3 fazarwor fara ma ofk 5iat o R
& fore Iuger ura T | Hfesrdt @bt S & forT fibeeR favg
T ST & U016 FI A H S8 & o e g |

T3S Fg W I FUN-TTE U UGl § THE A9H &
GRM it HUN R AR 3R RiEE & I H Joad &
THI ¥ Tl =l b 4 & YaiTet Bt TelaR 3R IW/CPE
U 1.0 TR 631 9T & W1y Riarg & uRumRaEY St
SHTIH HURT (Sie) DT 3T (3.00 T/8) UT 83 | STaifas, WRI-
S TgFdd o ¥ IW/CPE 3UT 1.0 TR RS 3R gama
D! UAAR & SUANT ¥ Had 2.17 /8 HI 8 IUS U g3
A & o A RiTg (2,53 fu/e-feh) st gan d u" &
3T B1 TATR 3R IW/CPE 3UT 1.0 TR &< oI & 1
TS & 5o SUART qarar (3.39 fasn/g-firedh) ot aiftres T
31 S USR, et & TR0 & SR g &1 HId IR G Bt
UAdR & 3{arI¥ THTE Td IW/CPE 3FUTd 1.0 TR -Tg<1 ofd o
RarE & HRUT 31f% IuS (5.01 /8) W g3 S IW/CPE
U 1.0 R TAHY & ofd I g SR UaaR & W o
AT A BT 3HH IUS (3.43 TH/8) T g3 |

W BT WIS STGRT 3R ggamardt Iuahr

FESTHE R RUTRRIN-SAR HId UG 8 had Ta%y
& ST B RiTS D1 a1 | o & Satol SUINT ¥ Ul el fdb
T I SR TAGY P WRT WIS Tet & 1Y Jebfetiap RdTS
T TR, AU 3R TGR BT U 25-30% HH & IR
DI IUS YT 85 | 39 o1 & Tavoll SUANT § I8 +ft uran man
o <t 3 Hiem o IS 1S SR SR T H aR & X AR
DI IJUS T HH: 25.06% 3R 29.1% HI Ieer@-19 g Urs
TS

YAt g IR RS oet & fafie Oidl § § 7069 & Ja o
RS & T IU (1.03 €/3) B gA H AraE & o o
Ra1S & HRUIHIHT SHfH o1 BT TAT™ TS (1.35 T/3)
T §3 Afh U8 3-gRAMSS o/d &1 RidTs I U 3ust
(1.28 T/8) & sR1eR 2t | &l T b} fafvs el o  pgH
A FIBT S T TG IUS (1.86 TH/8) WK s 3R
I TG JIO! (1.36 TH/8) | I g3 | ATed & oI o
RIS & BRUN 30 IUART B T 1 BIBY SHUD Tegk AH
37309/8) 3R ATH:ANT IUTd (2.45) UTA 3T

T HE WR NG [AURT, g MR Ta=T o 3R HRER

O
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DI T IUgW & o Ryeuifed =Me (250 gsm) & Y
Uleilees dlex glafeT ¢ & fHHtor R RIeie gem &
TS| 3 o e Xd sl & U (1:7: 2) & W1 Gob T
39 ST UG/ TRV TRATSM B AT T 1.00-1.25/A 1R &b
1Y P! oIl TREUT &HT 50-250 T-HICR & &d &t qUT 50
gHTeR ¥ &H ot off A1 39 3ramaT, 10 x 10 Wik, 6 x 6
eR 3R 5 x 5 WX B gL W 1.0 ¥FR 3R 0.5 §FeX &b Bl
& ST forg SHTFaTg fSu Riars &1 anTd B Iuaui
& AT U B AT Bl BISdR T 55000 - 85000 F aia |
Plel Hg gRIdad RidTs URGISHT & ded Jad HHS &8 |
TS g TER AT fEieges) SR o1 R Ter bl 3idg
fexieredt & &t dm & ERM g &t Had | 98 o
TeYE & Y A 18 YR T MU a8 IR 918 T AR
T 7 SO, 7 3R SifaH BR R di9-A7 @t & Iy
O & Qdl o1 794 foar mn| feami o 91 R fafy
(=0T siieh) @t gor H ate ey T faf gr180% &1
R @ (e i) & WY GBI TS B BT, G °
Hed 4, T S SR GH T Y WRA BT SRl W IR
RS B & g o YaieH BT U= foar man| 318 3R
1S GO TR Q1 H SR RiaTs ot e 9 715 &1 thae Bl
fore 2Te1-4079 7 F=1 sl B gaT o HH: 10.38 3R
9.48% HfH T IUS U g3 TR U101 sclrehi o 160 et
T R od B aad U g5 | aTs R 18 A TR G &
foreiaoT saie! § SHRT: 9.82 1R 9.70 fasn/g-fndt &t garen &
0T sdTeh] B STaT o0 GefdT 15.94 3R 15.62 faom/3-faredt
FEIH ARG US|

TRATHE GRIARR Jad 18R P HHS & b HUR), ALH 3R
3ifom BR & Al Rl IR TWR% & SRA UM, IToRT, 17T,
3RER, TR T4 fad 3R Y& Ay & GRM R4, g SR =1
@I U & Y - Tieon fH U 3 udeol &
foram ot urRaRes fafd &1 gomT & Sod a1 o fb doR
YN JHACH, TAT8 P IgR R, TH! W07 SR RS &
PR ARIDI BT I ol TT | TEX B HI BR W 3RER-
g & 91 YH-11g DI BUd Usid AHBRI UTS 75| TeX &
T BR W 3RER-IE & 91G ARG, Fdid, i BR R
FTORT-ERE!, FTORT-1 & §1G SaR-Sl B! HHA Ui Pl
3R IUS, S I, TG ATY, AT SUT 3R
a8 ST &1 srad & HTHS H TSI URUTH Ut §U 1 1
P! BT B BeH IH B & fore T8 HHiS & F
S0, T iR eifad BR Suw, onffe @y SR W@
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IdTEHd A H Iod Riars faftt § ¥ 9t ) el
EIACIRRER R E S ERIE]

g Hg GRT HERIY A & MEHETR ol B Seprad
TEId & ITd Sfeart mial (AT, IRTER], YTed=ar, Ua,
e}, st ofR et dleh) & 100 faml & 50 f$T 3R 50
Simer Riars yoneht & Ie faafd fee M) s feami 3
W% SR & HY & SR f3u Riars yomedt & 9y e,
<ToTT T4 7T 31T Tt fidmer RiTs Yo &1 Suai Hra
TR, WIS, Mg, 1, IRT HaehT SRt Bd 3Ms | 7 100
foram gr fgu SR fBfmer Riars yomelt &1 3ro=m & wyg
fazeiwor § uar gan fos tRuR® R ugfa &1 gan & f3u
Rrarg 3R RBiwer Riwrs & Arem ¥ & woal o Ius &
PHU: 23-80% 3R 18-75% b B! Ifa gs| A HaADBR
I Bt ST 20-40% T BT JUR U §31T|

T AR 3% gRT S8R 350 & AYsH1 R & gt
g [@Re 3Hifthy-asier, Tt yF-AdR) & T IR g&
3 Riarg yorelt wifid &1 78| 39 Usfa § 5 fadare
& BT TR <1 3R 5 81 Uk & FaAR{ad Uy are U
SEqd M o 77| I Yol $d 18 Sffeari e
oI A % 9 F a¥ WR gud RiaE i uem sl
TFifaraad UTgUl &1 SUTNT R AU 12 Tl & gk 948
TH Y AR A BT TG DTS |

ITTR $% R geg] &1 Had & fgu s yonreht & gz
Far f& U fa & Ad § ool Uiehiyd &t UdaR & a1y
90% P BId IS & TR R RAE H4 ¥ 18.20 /8

O

BT 3BT 3R IR =Y I 31 g JUST UK 5 |

TAARY B % R 3MTS SFIYferd Siifd & forami o HeRiF & forg
1T 3R I7b Wielt # s oet ugam & forg =g ursy
e fhU T | TS fhaM 1 3.0 531 30T 31R 6.0 Hiex daTg
& oI g ard 12 =g urgy yer fbu w1 3 Ri=rg ursy
Ufd f5a 0.75 gaex YA &1 RiTs faur UgH oA & forg
ot 8, R od 6.0 Baex & &1 Urg ez Ri=ms ugfd &
T A farsnawar g |

4 UPR, TR F W Ureieng arex gidfkeT & &1
fafor o= fgu Riarg voreh &) wio &t 781 39 < #
AMYA & aul oet &1 TRFerd fasan mar 3R fgu Riwrs yomat
& g1 ¥ faftd wael & @t § vexH & fore Jua faa
T

WRYUT e GRTHERIY AT & 59 oTel Sl A dediel &b
T 7 & §gd TR SYfd Sifd & foramt & waa
JATGHdT 3R R 3HTeiifdT s & for ey fear man|
3G Ta & IYferd Sifd & forart &) o @ fevewra Riarg
JuITet & I fyaia feu U iR fvsoa R yumelt &
TaTeH & dey & AR farmar|

HICT Hg WIS TH 2019-20 F SR g B HIA R FA
57 UER fbu U for & 20 SR TR HHiE AF A AE A
Teayul gfg srawafi o e I A R SR IR HaH 8 &
Fd 23 UeRH I T UraiF (TEStE) urgueng &
ST R o a6 3R I6 & GRIIE BT He@yul Jie
Sfae1aft 7 RS H3 SR 14 UewH RBiwer R & dgd
g A Byl 9fg s iR Riar s w frarman




Salient Achievements of AICRP on Irrigation
Water Management

During the year 2020, 26 centres carried out
research and extension work in the field of
assessment of water availability, groundwater
recharge, groundwater use at regional level,
evaluation of pressurized irrigation system, water
management in horticultural and high value crops,
basic studies on soil-water-plant relationship and
their interaction, conjunctive use of surface water
and groundwater, drainage for enhancing water
productivity, multiple use of water and rainwater
management in high rainfall areas, etc. Salient
achievements for the year 2020 are enlisted below.

Assessment of canal water and groundwater
availability

At Junagadh, assessment of groundwater resources
of the Uben basin was done using groundwater flow
simulation model. Land use and land cover map
revealed that areas under agriculture, forest,
wasteland, built up and water body are 78.90, 10.08,
7.68,2.32 and 1.03% respectively. The Uben basin is
having soil types of fine, clayey and rocky in 74.16,
16.86 and 8.98% areas respectively. Groundwater
flow modelling was done using Visual MODFLOW
software. Calibration of the model was done for both
steady state and transient conditions.

At Udaipur, upper Banas river basin is the main
tributary of Chambal river basin and it is located in
the Rajsamand, Udaipur, Chittorgarh and Bhilwara
districts of Rajasthan. The entire basin was divided
into 21 sub-basins; and linear, aerial and relief
aspects of geomorphologic characteristics were
determined. The sub-basins were prioritised for soil
and water conservation works. Sub-basin no. 10 was
identified as the basin to be given first priority for soil

and water conservation measures.

At Coimbatore, Lower Bhavani Project (LBP) basin
was divided into 187 micro watersheds and each
micro watershed was further subdivided into 4833

AICRP-IWM
Annual Report

)

2020 T

ICAR-IWM

hydrological response units having unique soil and
land use. Hydrological parameters of LBP basin were
simulated using SWAT for current scenario (2001 to
2020), mid century (2041-2060) and end century
(2071-2090). It was estimated that, the annual
average rainfall of the basin during mid century is
983.2 mm and 766.9 mm for end century. Runoff
was estimated as 30% of rainfall in both mid and end
century. Annual water balance was simulated for
current scenario, mid century and end century.
Mean annual evapotranspiration was estimated as
866 and 907 mm in the mid and end century
respectively which shows higher crop water
requirement in future climatic conditions. Crop
water demand for Kuhalur distributary was worked
out and it was estimated that there is 29% supply
demand gap for the distributary.

At Ludhiana, a groundwater flow simulation model
was developed for the state of Punjab using Visual
MODFLOW software. Calibration of the model was
done by combination of trial and error method and
automated calibration. Calibration was done using
the observed groundwater level data for the period
1998-2012 and validation was done using the data
for the period 2013-2017. Using the calibrated
model, groundwater status was predicted for six
scenarios after 5, 10, 15 and 20 years. The six
scenarios were (1) 2% increase in recharge, (2) 2%
decrease in draft, (3) 3% decrease in draft, (4) 5%
decrease in draft, (5) 2% increase in recharge and 3%
decrease in draft, and (6) 2% increase in recharge
and 5 percent decrease in draft.

At Jabalpur, analytical hierarchy process was used
for potential groundwater zoning in the Tons river
basin. Different thematic maps such as geology,
drainage, drainage density, land use land cover,
slope, soil texture were used. Weighted index overlay
analysis tool in ArcGIS was used for the creation for
groundwater potential zone. The resultant map
demonstrated possible groundwater potential zone
of the Tons basin under three categories such as
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good, moderate and poor groundwater potential. In
Satna district, groundwater potential is good, which
accounts for an area of 5562.50 km” i.e, 44.50% of
total basin area. From the study, it was concluded
that delineation of groundwater potential zones is
helpful for the information of groundwater
prospective zone, extraction and development of

groundwater and better planning and management.

At Raipur, the groundwater potential zones in the
Kobra and Janjgir-Champa districts of Chhattisgarh
were generated using Multi Criteria Decision
Analysis (MCDA) approach by integrating various
thematic maps viz., drainage density, slope, geology,
geomorphology, soil texture, lineament, rainfall,
groundwater fluctuation and land use land cover
using remote sensing and GIS techniques. The
groundwater potential zones were categorized into
four categories, namely low, low to medium, medium
to high, and very high. Major part of the area
(42.72%) fell under the low to medium potential zone,
20.27% area fell under medium to high categories,
19.18% area fell under very high potential zone and
only 17.81% area fell in very low groundwater
potential zone. The appropriate structures to be
constructed for recharging and storage in low and
low to medium groundwater potential zones were
considered to be percolation tanks, check dams, and
farm ponds. Sites were identified for 36 percolation
tanks, 39 check dams and 21 farm ponds.

Pressurized irrigation systems

At Shillong, low-cost bamboo drip irrigation
technology was developed to enhance yield and
economic water productivity for tomato crop in hilly
upland condition. Highest tomato yield of 24.86 t ha™
was recorded under bamboo drip and straw
mulching, which was statistically similar to yields
obtained under conventional drip with straw
mulching (22.80 t ha') as well as mini-sprinkler
irrigation with straw mulching (24.49 t ha’).
Economic water productivity with bamboo
drip+mulch, conventional drip+mulch and mini-
sprinkler+mulch were Rs. 282, 313 and 248 per
cubic metre of water applied. But benefit-cost ratio
with bamboo drip+mulch was highest ie. 2.8
compared to conventional drip (2.0) and mini-

sprinkler irrigation (2.5) both with mulching.

At Kota, performance of sprinkler nozzle size and

hydraulic parameters on productivity of coriander
were assessed. Sprinkler irrigation at operating
pressure 2.5 kg cm” gave significantly higher seed
yield (1.18 t ha'), water use efficiency (7.98 kg ha-
mm™), net return (40185 ha™) and B-C ratio (1.30)
as compared to operating pressure 1.5 kg cm?.
Operating pressure at 2.5 kg cm” gave 10.3% higher
yield as compared to 1.5 kg cm™. Nozzle size 2.5 x 3.5
mm recorded significantly higher seed yield (1.18
t ha) as compared to 3.1 x 5.1 mm nozzle size,
whereas, different nozzle size couldn't bring the
significant variation in net return and B-C ratio but
maximum net return 39399 ha’) and B-C ratio
(1.26) was fetched under 2.5 x 3.5 mm nozzle size.

At Jammu, sprinkler irrigation in rice-wheat
cropping system showed that irrigation in all the
physiological stages of wheat (S,) and irrigation at
pre-sowing, CRI stage and late booting stage of wheat
(S,) gave higher grain yields of 3.53 and 3.45 t ha™
among sprinkler irrigation treatments and
recommended surface irrigation (control) during rabi
season. There was 37 to 48% water saving for
growing wheat with sprinkler irrigation compared to
surface irrigation. Following kharif rice crop showed
higher grain yields with sprinkler irrigation from
panicle initiation to 15 days before harvest (S,) and
sprinkler irrigation after puddling to 15 days before
harvest (S,).
practice (control) resulted in 7.5% higher rice grain

But recommended surface irrigation

yield over the sprinkler irrigation methods; although
water use efficiency was 16.22% higher with
sprinkler irrigation over recommended surface
irrigation.

At Chiplima, optimization of sprinkler irrigation for
groundnut crop for Hirakud command area was
done. Results show that sprinkler irrigation at 90%
CPE led to significantly higher number of pods per
plant (13.6), pod weight per plant (28.8 g), pod yield
(1.84 t ha) and haulm yield (1.09 t ha™), along with
highest net return 50193 ha”) and benefit-cost
ratio (2.2) over other sprinkler irrigation schedules
and farmers' traditional practice.

Fertigation

At Dapoli, a field experiment on drip fertigation was

conducted in sweet potato-sweet corn crop
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sequence. The water saving of 75.0 and 37.6%,
respectively can be achieved in both the crops by drip
over surface irrigation method. The treatment I,
(Irrigation at 100% ET,) and F, (100% RDF through
water soluble fertilizer-WSF) significantly enhanced
yield and yield attributes of both the crops. Sweet
potato tuber yield (24.63 t ha') and sweet corn cob
yield (21.73 t ha') was highest in the treatment
combination I|F, i.e. irrigation at 100% ET, with
100% RDF. The water use efficiency was highest in
treatment combination LF, i.e. (Irrigation at 50% ET,
with 100% RDF through WSF) under both crops. The
highest system yield (58.90 t ha') was obtained in
treatment I, i.e. irrigation at 100% ET, and F, i.e.
100% RDF (59.86 t ha'). Under sweet potato-sweet
corn cropping sequence, the B-C ratio of system was
highest (2.17) in the treatment combination I,F,
followed by I,F, (2.15).

At Parbhani, performance of drip fertigation on
enhancing yield of pigeonpea was evaluated. Results
of irrigation and fertigation for pigeonpea crop
indicated that drip irrigation at 0.8 ET, scheduled at
alternate day along with 20-40-20 N, P,O;, K,O kg
ha™ in ten splits through water soluble fertilizer; out
of which 20% N and 40% P in two splits at 0-30 days
after sowing (DAS), 30% N, P and 25% K in three
splits at 31-60 DAS, 30% N, P and 40% K in 3 splits at
61-90 DAS and 20% N and 35% K in two splits at 91-
120 DAS was found promising for realizing higher
productivity and profitability of pigeonpea with

saving of 20% water and fertilizer.

At Parbhani, response of onion crop to drip
fertigation was assessed. Irrigation and fertigation
experiment on summer onion revealed that drip
irrigation at 0.6 ET, scheduled at alternate day along
with 80-40-40 N, P,0,, K,O kg ha" in ten splits
through water soluble fertilizers with N and K,O in 10
equal splits @ 8 kg ha and 4 kg ha' respectively and
P,O,in 5 equal splits @ 8 kg ha” at an interval of 7
days from transplanting to 70 days after
transplanting was found optimum for realizing
economical yield of onion with saving of 40% water

and 20% fertilizers.

At Belavatagi, an experiment on split application of
nitrogen in wheat through drip was conducted.
Among moisture levels, [,-80% cumulative pan

evaporation (CPE) recorded higher grain and straw
yields of 3.35 and 5.59 t ha'', respectively followed by
1,-60% CPE (grain: 2.98 t ha’and straw: 5.23 t ha™).
Among the nutrient levels, application of N;: 20%
basal N of N, + 5 splits of N recorded significantly
higher grain and straw yields of 3.80 and 6.07 t ha™,
respectively followed by N,: 20% basal N of N, +
weekly interval of N up to 85 DAS (grain: 3.85 t ha’,
straw: 5.82 t ha’'). Significantly enhanced water use
efficiency was noticed with I,-60% CPE (11. 71 kg ha-
mm™) and N; (13.78 kg ha-mm™) in main and sub-
plot treatments, respectively.

At Kota, three years pooled data revealed that brinjal
crop irrigated every third day based on 100% of
evaporated water by drip irrigation method and
applying 100% recommended doses of fertilizers (80-
60-60 N, P,0,, K,O kg ha') in 19 equal splits gives
best result. Application of drip fertigation at 125%
potential evapotranspiration (PET) + 100% RDF
recorded higher fruit yield (23.6 t ha’), net return
155800 ha) and B-C ratio (1.94). Application of
drip fertigation at 125% PET + 100% RDF resulted in
35.6% increase in fruit yield and saved 7.7%
irrigation water as compared to control (surface
irrigation at IW/CPE 0.8 + NPK fertilizer as soil
application).

At Kota, groundnut crop was grown during zaid
season through micro-sprinkler irrigation for four
years. Irrigation schedule at 125% potential
evapotranspiration (PET) + 100% RDF (30-60-40 N,
P,0,, K,0 kg ha') through fertigation recorded
maximum pod yield (2.41 t ha') of groundnut. As
compared to control (surface irrigation at IW/CPE 0.8
+ entire NPK as soil application), irrigation schedule at
125% PET + 100% RDF increased the yield of
groundnut by 34%. However, irrigation schedule at
75% PET + 100% RDF through fertigation recorded
maximum water use efficiency (8.49 kg ha mm™) and
water productivity (0.849 kgm™).

At Rahuri, a field experiment was conducted on
subsurface drip fertigation in sugarcane crop. The
maximum millable cane and yield were observed in
irrigation treatment I, (100% ET, and fertigation
treatment F,. The maximum yield was observed in
I,F, treatment combination (136 t ha) which was at
par with treatment L,F,, 80% ET, and 80% NPK
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through fertigation (132 t ha™') and was significantly
superior over all remaining treatments. The highest
water use efficiency was recorded in I, (80% ET,) and
the net monetary return was maximum under LF,
214637 ha''). The maximum B-C ratio of 2.18 was
observed in treatment LF, followed by I,F,and I,F,.

At Junagadh, performance of drip fertigation on
enhancing yield and profitability of cotton crop was
studied. The highest seed cotton yield of 2.68 t ha”,
water use efficiency of 4.242 kg ha-mm, fertilizer
use efficiency of 6.09 kg ha-kg', net return of
77182 ha' and B-C ratio as 1.93 was obtained
when 25% NPK of RDF as basal and remaining NPK
through fertigation was applied. The lowest total
water foot prints of 2357 L kg of seed cotton yield
can be achieved when 25% NPK of RDF as basal and
remaining NPK through fertigation was applied,
among which green and blue water footprint can be
1074 Lkg' and 1283 Lkg™, respectively.

At Bathinda, an experiment was conducted in
squash and cotton crops with varied water quality
and fertigation levels. The summer squash yield were
significantly different among water quality
treatments. On an average, the observed summer
squash yield was 6.83 t ha' with canal water followed
by 4.36 t ha with alternate irrigation of canal and
tubewell water and 2.33 t ha with poor quality tube
well water (RSC=1.10-1.36 meq L'; EC=3.8-4.2
dS m’'). Among different fertigation schedules,
summer squash yields for fertigation level of 80%
and 100% recommended dose of nitrogen were at par
but significantly higher than fertigation level of 60%
recommended dose of nitrogen. In cotton, among
different fertigation schedules, the seed cotton yields
were at par when 80% and 100% of recommended
dose of nitrogen was applied and were significantly
higher than application of 60% recommended dose of
nitrogen. The seed cotton yield when irrigating with
poor quality tubewell water (RSC=1.10-1.36 meq L'';
EC=3.8-4.2 dS m") alone was significantly lower
than other water quality treatments. However, seed
cotton yield was at par with canal water alone and

alternate of canal/tubewell water treatments.

At Udaipur, a field experiment was conducted on

automated drip irrigation in okra crop. The pan

evaporation and sensor based irrigation scheduling

under automated and conventional drip irrigation
system significantly affected the plant growth, crop
yield and water use efficiency of okra crop. The plant
height, fruit weight, fruit length, crop yield and water
use efficiency were found maximum with irrigation
scheduled at 100% field capacity, based on soil
moisture sensor under automated drip irrigation
along with 100% recommended dose of fertilizer
through fertigation in equal splits at 4-day interval.
However, in case of pan evaporation based irrigation
scheduling, highest yield (5.9 t ha™') was recorded in
treatment T, under conventional drip which were at
par with treatment T, (5.6 t ha-cm™') with less water
applied.

Groundwater and rainwater management

At Ludhiana, water balance components were
estimated through field experiment and potential
groundwater recharge in transplanted (TPR) and
direct seeded rice (DSR) was simulated using
HYDRUS-1D model. The total measured water input
from TPR and DSR was 2035.5 and 1935.5 mm,
respectively. Potential crop evapotranspiration
accounted for 26.77 and 27.85% of total water
output for TPR and DSR, respectively. Runoff
accounted for 20.43 and 7.89% of total water output
for TPR and DSR, respectively, whereas the deep
percolation accounted for 55.95 and 67.45% of the
total water output in TPR and DSR, respectively.

At Pantnagar, comprehensive mapping of natural
springs, identified in Uttarakhand hilly region was
done. In order to conduct the field studies on the
springs for their rejuvenation and restoration, district
Pithoragarh was selected. Focus was given to the
natural springs of the Pithoragarh district for their field
verification, collection of data on the primary use of the
spring, type of geology to arrive at the type of springs in
the area, and current status of water quality. Water
samples were collected from 18 springs for the study of
physico-chemical properties to judge the present
status of water quality. The chemical characteristics
indicated that the spring water from a few springs has
calcium hardness beyond 250 mg L' and its use for
drinking purposes should be avoided until some
treatment for hardness is done.
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At Udaipur, design and evaluation of artificial
groundwater recharge structure in hard rock areas
was carried out in Jhadol block of Udaipur district.
The geomorphological characteristics was
determined and various thematic maps like
geomorphology, slope, soil, topographic elevation,
pre and post monsoon water table, transmissivity
etc. were prepared. Using above thematic maps,
groundwater potential zoning of the river basin was
done. The area covered by 'good' groundwater
potential is 8.78 km® (18.5% area), 'moderate'
groundwater potential is 24.52 km® (51.7% area),
and 'poor' groundwater potential is 14.14 km” (29.8%
area). The appropriate recharge structure viz.,
percolation tank and dry stone masonry pond was
also designed for the region. The cost ratios for these
structures clearly indicate that the dry stone
masonry pond is more economical than percolation
tank in terms of cost of construction and water

storage.

At Jammu, in situ rainwater conservation for hybrid
maize crop (var. Star-9) was carried out during kharif
2020. Tied ridge method along with straw mulch and
tied ridge method without mulch resulted in
statistically similar maize grain yield of 2.22 and
2.20 t ha', respectively. There was about 15% higher
yield under tied ridge + mulch compared to
traditional ridge-furrow + mulch. Rainwater
productivity under tied ridge + mulch was 3.96 kg
ha-mm’', with benefit-cost ratio of 1.45.

Irrigation scheduling of crops

At Sriganganagar, optimal water use plan for cotton
was found with three years of experimentation.
Maximum seed cotton yield (2.78 t ha') was obtained
under four irrigations with irrigation depth of 60
mm, which was at par with application of three
irrigations with 60 mm depth. Total water applied
with three irrigations was 537.10 mm against 597.1
mm with four irrigations, both 60 mm depth. Thus, it
was recommended to apply post-sowing irrigations
with 60 mm depth to cotton crop at 35 DAS, square
formation and boll development stages or at 35 DAS,
boll initiation and boll development stages without
reduction in yield, and 10% water saving over four

irrigations.

At Palampur, an experiment (2018-19 to 2020-21)
was conducted on irrigation and weed management
in cauliflower and results revealed that significantly
higher marketable curd yield and net returns for
cauliflower crop can be obtained with application of
water at 0.9 PE level and using polythene mulch to
control weed. However, the highest water
productivity was obtained from irrigation level of 0.7

PE and black polythene mulch.

At Kota, influence of irrigation schedules (IW/CPE
0.8, 1.0, 1.2) and land configurations (broad bed
furrow, flat sowing) on zaid groundnut + sweet corn
intercropping system was studied for south-east
Rajasthan from 2018 to 2020. Application of
irrigation at IW/CPE 1.2 recorded maximum and
significantly higher groundnut equivalent yield (3.04
t ha'), system net return 104602 ha') and system
benefit-cost ratio (1.76) over IW/CPE 1.0 and
IW/CPE 0.8. Sowing of zaid groundnut and sweet
corn in the ratio of 3:1 in broad bed furrow resulted
in maximum and significantly higher groundnut
equivalent yield (2.82 t ha), system net return
93542 ha''), system B-C ratio (1.59), water use
efficiency (3.17 kg ha-mm™) and 10.3% water saving

over flat sowing.

At Jabalpur, in rice (Pusa Sugandha) - wheat (JW-
1203) cropping system, transplanted rice with cutoff
irrigation at 20 days before harvesting during kharif
followed by irrigation before sowing of wheat in rabi
gave highest water use efficiency of 1.11 kg m?,
fetched maximum system net return of¥112247 ha™
and benefit-cost ratio of 1.97 compared to direct
seeded rice under cutoff irrigation at 10 days or 20
days before harvest followed by irrigation before

sowing or after sowing of zero tillage wheat.

At Bathinda, the grain yield of summer greengram
was significantly higher in both residue
incorporation and leftover residue zero tillage
treatment as compared to no residue addition.
Application of 3 (at vegetative, flowering and pod
filling stages) and 4 irrigations (at vegetative,
flowering, pod filling and pod formation stages) gave
significantly higher greengram yield than 2
irrigations (at vegetative growth and flowering

stages) under all 3 wheat residue management and
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tillage practices. Highest water use efficiency was
found with application of 3 irrigations. Among
residue management practices, higher water use
efficiency was obtained with wheat residue
incorporated and leftover residue treatment while
least in the treatments where no residue was

retained in soil.

Basic studies on soil-plant-water-environment
relationship

At Chiplima, an experiment was conducted in raised

and sunken bed system in low lands of Hirakud
command during kharif season, and it was observed
that the elevation difference of 60 cm with rice-
cowpea cropping system gave higher net returns
®72,171 ha''), rice equivalent yield (7.39 t ha') and
B-Cratio (2.58).

At Kota, in wheat, skip one irrigation (60 mm) at late
tillering stage recorded significantly higher grain
yield (4.24 t ha''), water use efficiency (15.14 kg ha-
mm’'), net return 59304 ha’') and B-C ratio (2.05)
as compared to skip irrigation at booting and milking
stages. Foliar spray of bioregulator putrescine 75
ppm recorded significantly higher grain yield (4.02
t ha') and water use efficiency (14.36 kg ha-mm’™),
and remained on par with putrescine 100 ppm.
Maximum net return 54177 ha’) was fetched in
foliar spray of bioregulator putrescine at 75 ppm.

At Rahuri, crop evapotranspiration (ET,) and
cumulative pan evaporation (CPE) during entire
growth period of fodder maize crop was 155.45 and
359.60 mm respectively. The ET/EP ratio was
maximum 0.47 at tasseling stage and lowest 0.39 at
silking stage. The crop coefficient curves for fodder
maize were represented by the polynomial functions
of the third order for the year 2018-19, fourth order
for the year 2019-2020 and 2020-2021 as the
function of the ratio of days since sowing/planting to
total crop growth period. The average crop coefficient
values of fodder maize were varied from 0.33 - 1.30
with average value of 0.91.

At Chalakudy, laundry wastewater samples from two
locations were collected and quality of water for
irrigation was analyzed. Laboratory analyses found
the samples were unsuitable for irrigation. Hence a

media filter was designed and developed. The filtered
laundry wastewater was again analyzed and the
water was found suitable for irrigation. Field
experiment for testing the filtered water for growing

vegetables has been started.

At Bathinda, in Bt cotton-wheat cropping system,
effect of mulching and irrigation water quality on Bt
cotton during kharif season showed that rice straw
mulching and irrigation with canal water (CW) at
IW/CPE 1.0 resulted in significantly higher seed
cottonyield (3.00 t ha™) compared to yield (2.17 t ha™)
obtained with the use of straw mulch and saline-
sodic tubewell water (TW) at IW/CPE 1.0. Water use
efficiency was also higher with mulching and CW
irrigation (3.39 kg ha-mm™) over mulching and TW
irrigation (2.53 kg ha-mm'). Residual effect of straw
mulch on succeeding wheat crop during rabi season
showed significantly higher yield (5.01 t ha™') with TW
irrigation at IW/CPE 1.0 compared to yield (3.43
t ha') obtained with CW at IW/CPE 1.0 in the
mulched plots.

Conjunctive use of water and multiple use of
water

At Bathinda, conjunctive use of water on berseem/
ryegrass-sorghum cropping system showed that
irrigations with alternate canal water and saline
sodic tubewell water (CW-TW) showed about 25-30%
higher green fodder yield of berseem, ryegrass and
sorghum over irrigation with tubewell water alone. It
was also found that berseem grown in rabi season
followed by sorghum in kharif showed significant
increase in green fodder yield by 25.06% and 29.1%,
respectively with alternate use of canal water and
tubewell water compared to use of tubewell water

alone.

At Belavatagi, among the different sources, irrigation
with pond water recorded significantly higher
chickpea equivalent yield (1.35 t ha) as compared to
bore well water (1.03 t ha) and it was on par with e-
harmonized water (1.28 t ha™'). Among the different
rabi crops, safflower recorded significantly higher
chickpea equivalent yield (1.86 t ha’) followed by
sunflower (1.36 t ha'). Economic analysis indicated
that irrigation from pond water gave significantly
higher net return 37309 ha) and B-C ratio (2.45)
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as compared to other treatments.

At Ayodhya, conjunctive use of canal water and
groundwater was conducted at 10 farmers' fields
located at middle and tail ends of Awanpur
distributary. Conjunctive use of canal water and
groundwater at the ratio of 2:1 with 6 cm irrigation at
CRI, late jointing and milking stages of wheat in
check basin (5 mx10 m) recorded higher grain yield
of 4.15 t ha!, net return of 48868 ha' and benefit-
cost ratio of 2.58 over yield of 3.36 t ha!, net return of
29328 ha' and B-C ratio of 1.99 under farmers'
practice.

Operational Research Project (ORP)

At Jammu, recommendations were provided to
Department of Horticulture, union territory of
Jammu & Kashmir on construction of polylined
water harvesting tanks lined with silpaulin sheets
(250 GSM) and covered with cement sand blocks of
ratio (1:7:2) as water storage/ harvesting structures
at ¥1.00-1.25 L' of different capacities ranging
between 50-250 m’and less than 50 m®. Apart from
this, costs for on-line drip irrigation for 1.0 ha and
0.5 ha fruit orchards spaced at 10 m x 10 m, 6 m X 6
m and 5 m X 5 m were provided along with fertigation
equipments which ranged between ¥55000-85000
excluding the cost of pump.

At Kota, total 18 demonstrations with improved
water management in wheat was done during rabi
season at different reaches of Manasgaon
distributary in right main canal (RMC) and Andhed
distributary in left main canal (LMC) of Chambal
command under Chambal irrigation project. Nine
farmers' fields were selected, with three fields each at
head, middle, and tail ends in both RMC and LMC.
Improved water management of applying four
irrigations at crown root initiation, late tillering,
flowering and milking stages of wheat crop by border
strip irrigation method with 80% cut-off (test block)
was demonstrated against farmers' practice of flood
irrigation (control block). Wheat crop var. Raj-4079
showed 10.38 and 9.48% higher grain yield, and 160
mm water saving in the test blocks compared to the
control blocks in RMC and LMC, respectively. Water
expense efficiency was 15.94 and 15.62 kg ha-mm’"
in the test blocks compared to 9.82 and 9.70 kg ha-

mm™" in the control blocks in RMC and LMC,

respectively.

At Morena, on-farm trials were conducted at
different locations of head, mid and lower reaches of
minor Chambal canal command in rice, pearl millet,
greengram, pigeonpea, clusterbean, sesame during
kharif, and in mustard, wheat and chickpea during
rabi. The trials were intervened with improved
practices such as laser land levelling, improved
methods of sowing, moisture conservation and
irrigation methods and compared against the
respective farmers' conventional practices. At the
head reach, cropping systems of pigeonpea-wheat
followed by rice-wheat was found beneficial. At the
mid reach, pigeonpea-wheat followed by
clusterbean—-wheat, whereas at tail reach
pearlmillet-mustard, pearlmillet-chickpea followed
by clusterbean-barley showed promising results in
terms of higher yield, water productivity, net return,
water saving and benefit-cost ratio. Among the
improved irrigation methods, broad bed and furrow
was found to be the best in terms of yield, economic
benefits and water productivity in head, mid and tail
reaches of the canal command area for all crops,
exceptrice.

Tribal Sub Plan (TSP) and Scheduled Caste Sub
Plan (SCSP)

At Rahuri, 50 drip and 50 sprinkler irrigation sets
were distributed to 100 farmers from seven tribal
villages (Shelad, Vagdari, Dhamanvan, Paithan,
Ghoti, Pimpri and Khadki bk.) of Akole tahsil of
Ahmednagar district of Maharashtra. The farmers
grew crops like potato, rajma, marigold with drip
system and tomato, onion, wheat, chickpea, fodder
maize using sprinkler system during kharif and rabi
seasons. Impact analysis on adoption of drip and
sprinkler irrigation systems of 100 farmers showed
that there was enhanced yield of rabi crops by 23-
80% and 18-75% through drip irrigation and
sprinkler irrigation, respectively over traditional
irrigation practice. Overall farmers' income improved
by 20-40%.

At Pusa, a solar tree based irrigation system has
been installed in village- Pachbania, District-

Madhubani, Bihar. The system consists of a solar
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tree of capacity 5.0 kW and a tubewell with 5.0 hp
submersible pump. The system will provide
irrigation to 18 tribal farmer beneficiaries round the
year free of cost. The benefit of solar tree can be
extended to another group of about 12 farmers using

flexible pipes.

At Udaipur, drip irrigation in turmeric crop
demonstrated in one farmer's field showed that
application of irrigation scheduled at 90% ET, with
black silver mulch gave maximum and significantly
higher tuber yield of 18.20 tha™.

At Navsari, eight scheduled caste farmers were
selected for the demonstration, and irrigation pipes
were provided for conveying water to their fields.
Every farmer was provided 12 irrigation pipes of 3.0
inches diameter and 6.0 m length and having three
bends. These irrigation pipes are adequate to cover
0.75 ha of land per farmer, thereby covering total 6.0
ha with irrigation pipeline. Similarly, at Palampur
centre, a polyline water harvesting tank was

constructed and drip irrigation system was

9

established. Monsoon rainwater was harvested, and

used for field demonstration of various crops
through drip.

At Parbhani, intervention was carried out to enhance
crop productivity and sustainable livelihood security
of very poor scheduled caste (SC) farmers of Bhosa
village, Manwat taluka of Parbhani district,
Maharashtra. Six sprinkler irrigation sets were
distributed to the SC farmers of the village and
guided regarding operation of sprinkler irrigation
system.

At Kota, during rabi 2019-20, total 57
demonstrations on wheat crop were conducted out of
which 20 demonstrations were on method of
irrigation at critical stages in wheat at Garda
command and non command area, 23
demonstrations on wheat on conveyance and lifting
of water by using high density polyethylene (HDPE)
pipeline for irrigation at critical stages and 14

demonstrations on wheat under sprinkler irrigation

at critical stages.
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Inlroduclion

All Indian Coordinated Research Project on Water
Management (WM) and All India Coordinated
Research Project on Groundwater Utilization (GWU)
were merged to be rechristened as All India
Coordinated Research Project on Irrigation Water
Management (AICRP-IWM) during the XII Plan.
AICRP-IWM is operating in 26 centres under various
agro-ecological regions of the country. There are
multiple centres under Tamil Nadu Agricultural
University (Bhavanisagar, Madurai, Coimbatore),
Jawaharlal Nehru Krishi Viswa Vidyalaya
(Powarkheda and Jabalpur) and Punjab Agricultural
University (Ludhiana and Bathinda).

Revised mandates of AICRP on Irrigation Water
Management after merger of AICRP on WM and
AICRP on GWU

1. Assessment of surface water and groundwater
availability and quality at regional level and to
evolve management strategies using Decision
Support Systems (DDS) for matching water
supply and demand in agricultural production
systems

2. Design, development and refinement of surface
and pressurized irrigation systems including
small landholders' systems for enhancing water
use efficiency and water productivity for
different agro-ecosystems

3. Management of rainwater for judicious use and
to develop and evaluate groundwater recharge
technologies for augmenting groundwater
availability under different hydro-geological
conditions

4. Basic studies on soil-plant-water-environment
relationship under changing scenarios of
irrigation water management

5. Toevolve management strategies for conjunctive
use of surface water and groundwater resources
for sustainable crop production

List of existing network centres and their controlling
institutions under AICRP on Irrigation Water
Management are given in Table 1. Geo-referenced
map of the network centres and project coordinating
unit has been depicted in Figure I.

Table I. AICRP on IWM centres and their controlling universities

Sl. | Location of Controlling University/ Sl. | Location of Controlling University/
No.| Centre ICAR Institute No.| Centre ICAR Institute
1 | Almora VPKAS, Almora 13 | Junagadh JAU, Junagadh
2 | Bathinda, PAU, Ludhiana 14 | Gayeshpur BCKVV, Mohanpur
Ludhiana 15 | Kota AU, Kota
Belavatagi UAS, Dharwad 16 | Morena RVSKVV, Gwalior
Bhavanisagar, TNAU, Coimbatore 17 | Navsari NAU, Navsari
Madurai, 18 | Palampur CSKHPKVV, Palampur
Coimbatore 19 | Pantnagar GBPUAT, Pantnagar
5 | Bilaspur, Raipur | IGKVV, Raipur 20 | Parbhani VNMKV, Parbhani
6 | Chalakudy KAU, Thrissur 21 | Powarkheda, JNKVV, Jabalpur
7 | Chiplima OUAT, Bhubaneswar Jabalpur
8 | Dapoli DBSKKYV, Dapoli 22 | Pusa Dr.RPCAU, Pusa
23 | Rahuri MPKV, Rahuri
9 | Ayodhya NDUAT, Ayodhya -
24 | Shillong ICAR Research Complex
10 | Hisar CCSHAU, Hisar for NEH region
11 | Jammu SKUAST, Jammu 25 | Sriganganagar SKRAU, Bikaner
12 | Jorhat AAU, Jorhat 26 | Udaipur MPUAT, Udaipur
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Figure 1. Geo-referenced location map of twenty-six network centres
and Project Coordinating Unit of AICRP on IWM




£
A\

skep 0S1-0CT dDT PUB DMV

w«., m Y31y 03 wnrpaw ‘(uorsnjour aseyd OIpos) S[I0S PIALIP
% = -wmniangre Aureof ‘doop Uim YSH PLIB-TWIS }SIOW 30
om A = - - - ‘urerd yepeay pue pueysy[Iyoy ‘qeod eunuwex-e3uen St
skep 0ZT1-06 DT PUE DMV
WNIPaW ‘STI0S PIALISP WINIAN[[e pue umolq £o13 Awreoy
W . doop yum JYSH prre-rwas AIp joy ‘(spuerdn ueyiseley]
E S andrepn ‘LVNdIN andrepn - 1SE2 pue J3uel [[eAely Jo uorsnoul) ureid jeremn yjioN ¢t u01321-009 PLIE-TUIOS
skep 0Z1-06 dDT PUB DMV wnipaw ‘(seseyd 10y ‘s[eaely Surpnout
OIPOS PUE QUITES [EUOISEDD0) STIOS PIALIOP-WNIAN[E SpueIySIH [el3ua)
=sro Aureo] deap M YSH pLre-1was joy ‘pueldn ueyyseley pue) urerd uIoylIoN INHILSASOOH
w = M BURIYPNT ‘NVd BUETYPN] - pue qeo( eunurex-eguen ‘ured qefund yioN 'y 14 ARIVINIS
=8« sKep 06-09
o.oc dOT pue DMV Wnipaw
oc — 03 MOJ ‘S[I0S 3[oe[q
(= M pue paI poxtw Kokero
< — pue Aureo] doap yum
= ASH pLre joy ‘(uorsniour
<< SE BUoasTeAry])
neajerd exejeurey]
- - - - - €
skep 06-09 4DT pue
OMYV MO ‘S[1os Tfes{[e pue aurfes Aureo] doap Yim YSH
- - - pire joy ‘emnsuruad Jemeryiey yiiou pue yyoyoey] yinosg +'T
skep 06-09 DT Pue
DMV Mo[ ‘(aseyd aurres jo uorsnyour) S[I0S 319s9p AWEO]
‘doap ym JYSH prre-o1d4Ay joy ‘urerd qelund urojsam
TestH ‘NVHSOO JTestH eneyd -ypnog pue ured yere(ny yioN ‘redeq ueyiseley €T
s&ep 09 > dOT PUE DMV MO[ ‘STIOS [[ex[Y pue uorgax
auires Aureol doap yim JYSH prre-i2dAy joy ‘(uorsnjour -009 pLIE 10 “B[NSUIUS]
- - - SB YUOUOEY] JO UUEY JBaIN) oY) BNSUIUd] YUOUOEY T Temeryyey] jo spred pue
euerypny ‘Nvd epuryyeq enfeyqg sKep 09> dD'T PUEB DMV MO[ AI9A ‘STIOS }19S9p Apues yyoyoey] ‘urerd uIalsom
Joueyid ‘NS | TeSeueSuedug dNDI doop pue moreys Yy YSH prre-1odAy joy ‘reyisnreN | 17 (4

sKep 06-09 dD'T PUEB DMV MO[ ‘S[IOS [e13[o3[S-AUreo]
‘morreys Uim JYSH prre-o1d£y ‘700 03 poo ‘selerewitg
- - - Jrrysey Yo pue neayeld ysepeT Jo sjoadsy uIa)som 1

sKep 09 > DT pPUe DMV uo1301-009 pLIe
MO] AI9A ‘STIOS Te}a[a3S MOTeYS YIm (JSH) uordar-qnsoos PIoo ‘seAefewIH UI9}S9M INALSASODA
- - - prre-10dAy ‘proo ‘neadrerd ysepe] jo sjoadse urdseq 11 1 ARy
uoneziuesio uoidax uonydurosaqg
Suproryuo) arua) uoryesy YSAV Jo uonnduoseq | ASAV Jqav INALSAS0Dd

S21ju90 93 Aq pajuasaidar spurwwrod uor eSSl
pue erpuj jo (sysAV) suorSaiqng [eo150]002-018y aYy) ssoioe jyuswaSeuey I9je)) U eSLII] UO JYDIV JO S9I3UD 3Y) Jo uonnqruisid ‘II 2Iqel

‘I 1. Ul uaAId axe A13Uunod
913 Jo suor3al [e0130[009-013e pUE SPUBWIIIOD UOIJEeSLIII JUAISHIP 03 SULIS}ed Juswadeury Jojep UOeSLLI] U0 JYDIV JO S2I3UD 9} JO SUOIFBIO] 9],

jyuswaSeuey I93e )\ UOIFESIII] UO JYDIV I9PUN SPUBWUWOD) UOTJeSLII]




ESRECS ;
Feot
NN

s&ep 081-0ST dD'T PUB DMV WNIPW ‘S[I0S 3{oe[q
pue pal1 paxtwi AoAe[o 03 Aureo] doap 03 WNIPIW YIM JSH
prunyqns AIp /pLre-ruuas jstowr 3oy ‘(yanos) yeys uroysey

€L

I 3
ICAR

2020

M.m
Wp
=3
oa.oc
5
=2
=
[~ o

sKep 0ST-0¢T dDT PUB DMV YSIY £1oA 0} wnrpaw
‘STI0S 30€[q pue pal paxiwl AoKe[o pue Aureoy deap
UM JYSH PLIe-Twas isiouwr joy ‘nesjerd euedueo] YyIoN

c'L

s&ep 0Z1-06 dD'T PUB DMV WNIPIUIL ‘S[I0S 3{0€[q PUe pal
paxtwt A2Ke[0 0} Aureol doop yim JYSH pLIe-Twas AIp j0y4
‘Yeyn uId)sey pue (ewas[eley]) nesjeld euedud[o], Yinos

'L

U01391-009

pLIE-TWas 10y ‘sjeyn
uIa)sey pue (eueduolo])
neajerd uedd2Qq

L

pemIeyq ‘SvN

13eyeaerog

eyqerderey

s&ep 081-0ST dOT PUB DMV

Y31y 03 wNIpaw ‘(UoISN[oUl Sk STIos 3oe[q AoKe[o doap)
STI0s 3joe[q AoAe[0 pue AUreo] WNIPSIW PUE MO[[EYS YIm
YSH pruny-qns AIp jo0y ‘neajerd exereure)y] U19)som
pue supedyes yioN 3urdofs Apuald 03 A[oyeropoy

+'9

sKep 0ST-0CT dD'T PU® DMV USHY

0} WNIPawW ‘(UOISNOUL Sk STI0S 3oe[q AaAe[d 0} ‘Aureo|
mo[reys) s[ios oelq £oAe(o doap pue wNIpaw Yim

ASH plre-rwas jsioul joy ‘nesyerd BIYSEIEYR] UI9ISEH

€9

myey ‘ASIdIN
rueyqred ‘AMNNA

unyey
ueyqred

BN
pemsfeder

s&ep 0S1-0¢1 dDT Pue

DMV YS3IY 0} WwnIpawr (UOISNJOUL SB STI0S 3oe[q A9KE[o
doop pue winipaw) STI0S 3oe[q A2AB[O 03 AWEO] WNIPIUWL
PUE MO[[eYS UM YSH PLIe-1was jstow joy ‘neayerd
eueduele], UI9}sam [iIou pue neajerd esereurey]
yiiou pue nesyeld eryseIeyey UId}som pue [BIIUI)

¢9

s£ep 0Z1-06 dOT PUB DMV YSIY 0} WNIPIW (U0ISN{our
S® S[10S 3oe[q Ao4e[0 dooap) S[I0S 3oe[q AWEOo] WNIPIUW
pue mo[reys Yim JSH pLre-tumes LIp joy ‘nesjeld
exejeurey] YIoN pue enyseleye UId}sam-yinos

19

UO0I391-009 PILIB-TUISS
10y ‘neayerd ueoosqg
9

skep 0G1
-021 dD71 PUue DMV Wwnipaw o3 mo[ ‘(uorsnjour saseyd
auires) S[I0S PRALIOP-wNIAN[Te Te}seod Aureo] doap yim
ASH pLIe-TWas ISIOW 10y ‘B[Nsuruad ITemIyles] [eIseo)

€S

€103 ‘NV

©J03]

requrey)

sKep

0S1-021 dDT PUe DMV YSIY 0} wnipaw ‘(suorsniour

S® S[I0S 3oe[q MO[[eys) SI0S 3oe[q AoAelo ‘doap pue
WNIPIW UM JSH PLIL-TWIS ISIOW J0UY AS[[eA EPEWIBN
pue a3ues eindjeg pue uelypuip ‘urerd jerefnn uisses
‘nearerd emrey uidjsop ‘neajerd yereyqg eAypen

g's

ypeseunp ‘nyr

ypedeunp

skep 0Z1-06

dD7T pue DMV WnIpaw ‘(uorsnoul se s[ios oerq doap)
STI0S 3{o€[q A9KE[O 0} AUreo] WNIPaW pUe MO[[EYS Ym
JSH prre-ruag AIp 30y ‘ensurusd Jemeryiey [enuad

I'S

uo01391-009

pLIB-TWAS ‘B[NSUTUad
Temeryiey] pue

urerd yeremo) (emre)
SpuelysIy renua)

S

Jomemn ‘AAISAA

BUION

requreyo

skep 0S1

-0CT 4971 Pue DMV YSIY 0} WINIPIW ‘SI0S HOB[( PUE PaI
paxtur AoLe[o pue Awreo] doap Um JYSH PLIe-TWos ISIou

‘oY ‘spuerdn pueysepung pue neajeld yereyq eAypen

vy

uorjeziuesio
Burqonuo)

anua)

uorgax
uonyesry

ASAV jo uonpdirosaqg

ASAV

uonydurosaqg
Jav

NALSASODd




£
A\

PON

5

y.
ICAR-IIWM

I 3
ICAR

2020

M.m
Wp
=3
oa.oc
5
=2
=
[~ o

skep 012-08T dD'1
pUEB DMV WNIPIW ‘STI0S O1}1I9)e] pue pal Aureol doap 03

U01391-009 prumnyqns

- - - WNIPIW YIM JSH Praunyqns 3s1owt Joy ‘syeyr) uIa)seq Tl j0Y ‘Syeysn uIalses
s£ep 012-081 dDT PUE DMV WNIPIUL 0} MO] ‘STI0S pue (mndgeurjoyyp)
Temsaueqnug onLIeyel pue pal Aureol doop Yim JYSH prurnyqns 3siowt neasjerd uisysey
‘LVNO ewrdiyy pretry joy ‘sreyn ursey pue efuerexepue( ‘s[iy jelren I'ct [4
sKep
081-0ST DT PUeB DMV
WNIPIW ‘STI0S MO[[4 pue
pa1 KoLero 03 Awreoy doop
M YSH Teuonisuen
prunyqns £1p /istow
10y ‘uIseq Ipeueyejy
mdrey ‘AAMDI andrey /ureSsnyeyyp Surdors
- ATyua3 03 AJ9yeIopoIN
ndrey ‘AAMOI mdseng o3ueq oapseHq - - 11
skep 012-081
dDT pPue DMV WNIPSU 0} MO] ‘S[I0S 3[Oe[( PUEB PaI PIxIW
AaKe1o 03 Aureor daap 03 MO[[EYS UM JYSH prunyqns
- - - 1stow Joy ‘A9[Ten e3uedurep pue a3uel eindjeg +'01
sKep
081-0ST dDT PUB DMV UYSIY 0} WNIPIW ‘S[I0S JOB[(pUE
Pa1 paxtwt A9Ke[0 03 Aureo] doap UYim JYSH prunyqns
- - - £1p oy ‘nesyerd pueyspyseq pue pueidreog uedypip | €01
s£ep 081-0ST DT PUE DMV USIY 0} WnIpawt
‘(uorsnyour se s[Ios 3oe[q AaKeo daap) s[ios 3oe[q AaKed
0} AWeO[ WNIPIW PUE MO[[eYs UM YSH prarnyqns uor3ax
- - - A1p 10y ‘nesyerd enysereyey uislsey pue eindyeg z01 -009 (A1p) prunyqns
skep 08T1-0ST dDT PUe DMV j0y ‘(pueysepuUng
Y31y ‘(uorsnour se SI0s 3oe[q AUreo] mo[reys) s[Ios 3oe[q pue emren)
amdreqep ‘AAJINC epaysremod eme], AoKe1o deop pue wnipaw Yim JSH prunyqns AIp joy SpuerysIy 1enua)
mdreqep ‘AASINC ndreqep - ‘AoTea epeurreN pue pue[dreds UeAupip ‘neajerd emrep 101 01
s£ep 08T-0ST dDT PUE DMV USIY 0} WNIpau
eAypolky seleyes ‘STI0S paALIOp-wnIAN|Te Aureo] doap UYiim JYSH prunyqns
‘LBVNAN eAypody EpIEYS £1p joy ‘surerd Teyrg yinos pue ypesy ‘puUBYNIYOY c'6
s£ep 0S1-0¢T dDT PUE DMV WNIPau uorgar
sfros (saseyd OIpos pue aulfes JO UOISN[OUI) PIALIOP -009 (A1p) prumyqns
-wmniangre £9Keo 03 Aureof ‘doop yim JSH [eUOnISULBI} j0y ‘urerd uIdylION INHALSASODH
- - - prunygqns 3stour/A1p joy ‘sureld pueysiyoy pue qeflund |  1'6 6 AINNHANS
s&ep 0ST-0CT DT PUe DMV M0] ‘s[ios Aureo[ pa1 deap
aroyequiro) ‘NVYNL | TeSestueaeyg | Tueseyq Iomo] | Upm JSH pue istowr joy ‘sure[d pue spuerdn npey [rure[, '8
skep 0S1-0C1
dDT pPue DMV MO ‘sTios Aureo] pa1 doop 03 WNIPawW Ym uo1321-009
- - - ASH PLIe-Twas 3siow JoY ‘neaje[d exejeure)y] [eua) T8 pLIe-Twos 30y ‘neayerd
sKep 0g1-06 dOT PUE DMV WNIPIW S[I0S JOe[q (exreyeurey]) uedoo(q
a103BqUIOD ‘NVN.L reinpen pue pai1 paxtw ‘Aofero 03 Awreo] ‘doap 03 doap A[eyerspowr pue spuerdn npeN
reSrep TeALrag UIM UOI30IgNS-009 PLIB-TWAS AIp J0Y ‘SLIpeAyes [Twe, pue syeyxr) UId)jseq
a103EqUIOY ‘NVNL a10yEqUIIOD TeSre TeALIod YINOS JO SIUe[} premas] pue spueldn npey [rure], 1'8 8
uonezIuEes10 uor3ax uonydurosaq
Suroruo) 13U’y uoryesy YSAV Jo uonduoseq | ASAV Jav WALSASO0Dd




£
A\

PON

5

y.
ICAR-IIWM

I 3
ICAR

2020

M.m
Wp
=3
oa.oc
5
=2
=
[~ o

sKep

00€ < dHd PUe DMV WNIPIUW 0} MO] ‘STIOS AUIeo] pal
AaKe1d 03 Aureo] ‘doop yym JYSH prunyrad joy 03 uLrem
‘(sederewry urs)sey panpgns) ysspeld [EYOUBUNIY

€91

s£ep 00€ < dDT PUE DMV WNIPIW 0} MO] ‘S[I0S
IITH P9y pue umoiq Aureo] doap WINIPIW 0} MO[[EYS UM
jqSH prunyted wrem ‘sederewllq WIS pue 3urealreq

(]!

skep 00€-0LC dD'T

pue DMV WNIPSW 0} MO ‘S[I0S Tere], AUreo[ o} [e}a[as]s
-Ureo] ‘wWNIpaw o0} mo[reys yim JYSH prunyiad joy o)
wrem (S[IY 300J ueinyg) seAerewr UIa}seH JO STIY-1004

191

uordaIx

-009 prumntyted wrem
‘seAe[ewIH UId)SBH
91

yeyIopr ‘Nvy

yeytop

eunwep

sKep 00€ < dDT PUB DMV WNIPaU ‘S[I0S
paaLep wnianire ‘Aureoy deap o3 doap A[ojeropowr yum
jysd prunytad joy o3 wrem ‘urerd enndewyerg toddn

v'ST

s&ep 00€-0LC

dD'T PUB DMV WNIPSW ‘S[I0S PIALISP-wnIAN(e As4e[o
0} Aureoy ‘doop yym JSH prunyiad o3 pruny }stowr

10y ‘Asqrea sereq pue ureld enndewyelqg Jomo] ‘B1saa],

€SI

s&ep 0Lg-0v¢ 4D pPue
DMV WNIPIW ‘S[I0S PIALIOP WINIAN(Te A9Ae[o 0} Aureo]
‘doop yym ¥sH pruny joy ‘urerd enndewyelq S[PPIA

[°1

andueyoN
‘ANIOE

andysaken

el
uonelodio)

A3[re repoure

sKep

0¥2-01¢T dD'T PUe DMV USIY 03 WNIPIUI ‘S[I0S PIALISP
wnian[re AoKero 03} Aureoy doap Um JYSH prunyqns

jstouwr Joy ‘urerd reyrg yiIoN pue uiseq redueg

I'ST

uo1391-009 (prurnyzad
Jo uorsnjour) pruny

0} prumygns joy ‘surerd
reduag pue uressy

ST

IWHLSASODH
AINNHIAd
-dINNH

refeuyued
‘Lvndgo

redeuued

s&ep + 00€-0.T dD'T PUE DMV WNIPIW ‘S[OS TeTe],
Aureo] ‘doap 03 wnIpaw Yum JSH prunyred /pruny
urem ‘(panpgns) selefewirl unewny jo s[yiooq

Stl

SKep + 00€-0LT dDT PUB DMV MO] ‘S[I0S mO[[o£ pue
pa1 Aureo] doop wnipaw 03 MO[[eys Yim JSH [euonisues}
prunytad o) pruny wiem ‘sefefewll unewnsy

jad!

andurered ‘AASIdH

amdurered

skep + 00¢€

-04T dDT PUE DMV WNIPSW 03 MO] ‘S[1os orjozpod pue
18210] umoiq Aureo] doop WNIPIW 0} MO[[eYS UM JSH
reuonisuery prunyted o} pruuny uirem selerewnty qefung

€I

nwurer ‘ISVNNIS
BIOWY ‘SYIA

nwurep
eI0WY

me], pue 1ey
eUNWe{

s&ep 0Tg-0ST dDT PUe DMV

wnipaw ‘sfros orjozpod pue 3s210] Umoiq AaKe[o 01 Aureof
doop 03 wMIpaw YIMm JYSH [eUonIsueI} prurnyqns AIp

0} )SIOWI ULIeMm ‘SeAe[ewWIIH UNEWNY pue JIWYSEY YINos

vl

sKep 0g1-06 dDT PUE DMV WNIPoW 0}

MO[ ‘S[IOS O1[0ZPOd PUE }S210J umolq Aureol doop winipawr
0} MO[[eYS YIIM YSH prurnyqns A1p/prre-rwas Ap

urem pue poo ‘selerewnt qelfund pue JIuysey yynosg

I'vI

uor321-009 (prunyted
Jo uorsnout ym pramny
0}) prumyqns w.rem
‘seAe[ewWITH UJOISO/M

ja!

skep 012-08T dD'T PUB DMV USHY
‘sT10s Texe] AoAero 01 Aureol doap UYm JYSH pruunyqns
1ST0W 30U 03 UWLIem ‘SeAe[ewIH [eJ3uad JO SIIYI00]

cel

indnseures ‘Nvy

esng

epuen

s£ep 0Tg-08T dOT PUE DMV WNIPSW 0} MO]
‘STI0S PaALIap winian(re Aureof ‘doap UYim JSH prumnyqns
jstowr 0} A1p j0y ‘sure[d ypeay pue Ieyrg YION

I'€l

uordax

-009 (3sTowW) prunyqns
joy ‘urerd uroysey

€1

uorjeziuesio
Burronuo)

anua)

uor3ax
uoryesLui]

ASAV jo uonpdirosaqg

ASAV

uondurosaqg
Jav

NALSASODd




£
A\

PON

5

y.
ICAR-IIWM

I 3
ICAR

2020

M.m
Wp
=3
oa.oc
5
=2
=
[~ o

porxad 3urmoid Jo YIBU9] ‘dOH'T FUIU0D I9YeM I[qE[IeA’ ‘DMVY ‘UOI3aI gns TedI30[002-013e YSHY ‘UO0I3aI Ted130]009-013€ ‘YHYV 910N

skep 0,2-0vC
dD'T pue DMV WNIPIUI 0} MO[ ‘STIOS Telo}}]] pue Apues
‘s10e1q Apues 0} Awreo] doop WNIPawW 0} MO[[EYS UIIm U0I391-009 PUE[SI
- - - JSH pruny 3oy spuelst jo dnoid pue doampeysieT [9A] 20T prunyted o3 pruny
skep 00€ < dDT joy ‘dsampeysie]
pue DMV WNIPIW 0} MO ‘STI0S AUTEO] PaI PUB MO[[RA pue IeqodIN
pue pa1 AoLe[o 0} Aureo] ‘doop wNIpaw 0} MO[Teys Ym -UBWEpPUY JO SPUB[S] IWHLSASODH
- - - AsH prunyiad joy ‘spuelst Jo dnoil I1eqodIN-uewWepuy 1°02 0T ANVISI
skep 0L2-0vT dDT Pue
DMV MO[ ‘STIOS PIALIOP-WNIAN][E [E}SBOD ‘OIpIok ‘Aureo]
03 Aofero ‘doap yim SH Teuonisuen; prunyad o)
- - - pruny joy ‘urerd [e}seod e[elay] puE exejeurey] ‘Uesuol] 61
skep 0.L¢
-01¢ dDT Pue DMV WNIPaw 0) MO[ ‘S[I0S ONLIale] pue
node ‘AMISAd odeq - pax AoLero 03 Aureo] ‘doop yim JYSH [BUORISURI} pruuny uor3ax
mssuUy[ ‘vl Apnstereyd Apnsrereyd 0} prumnyqns 3stow Joy ‘supefyes yinos pue [enua) z6I1 -002 prumnuyrad-pruny
sKep OyZ-0T¢ DT PUB DMV YSIY 0} WNIPIW ‘STI0S joy ‘urerd rejseod
3oe[q pue pal paxtwr AoAe[o 01 Aureo] doap 03 WNIpaw pue sjeyn UIdIsom
LresaeN ‘NVN LresaeN Tedeniey-Tesj| | YIM JSH Pruny j07 ‘}se0d uesjuoy] pue supedyeg yioN I'6I 61
skep 0L2-0vC dD'T PUE DMV WNIPSUW ‘S[I0S PIALIIP
-wnIAN[e Orej[op pue [eiseod KaAe[o 03 Aureo] ‘doap
- - - IA JSH PIUNY 0} pruunyqns 3s[ow 301 ‘eyap dnasuen S'81
sKep
012-081 dDT PUB DMV WNIPIW ‘STI0S PIALISP-WNIAN[TE
OTe}[ap pue Te}seod AaKeo 03 Aureol ‘dosp yum JSH
- - - prunyqns AIp 3oy ‘ej[op Lreaepon jses pue ured [ein +'8T
sfep 08T-0ST DT PUB DMV WnIpaur
0} MOJ ‘S[IOS PIALIOP WNIAN[TE OTB}[9P PUE [E}SBOO
- - - Aafeo ‘doop im ¥SH prunyqns A1p 1oy ‘utefd eiypuy | €81
sKep 0ST-0CT dDT PUB DMV YSIY ‘S[I0S PaALIdp-WNIAN([E
Orej[op PUE [e}seod 3urnjoelo pue AoAe[d ‘doap Yim JYSH
- - - plIe-Twias }s[ow Joy ‘([e3seo)) sure[d NpeN [TWe], YIIOoN 81
skep 0g1-06 UO0T391-009 PLIE
dD'T pue DMV WNIPIUI ‘S[I0S PIALIIP-WINIAN]TE OTe}[oP -TUIdS 0} prunyqns 3oy
pue Te3seod aurese ‘Aaferd 0} Aureo] ‘doap yim YSH ‘urerd Tejse0) UIMSEH INALSASODA
- - - prre-tues A1p 304 ‘(reyseo)) surerd npen [fwel yynog | '8l 81 TV.LSVOD
s&ep 00€ < DT PUE DMV WNIpaw
03 MOJ ‘STI0S MOT[oA pue pai Aureo] dosp 03 WINIPSIW M
- - - JSH prunyiad joy 03 wirem ‘(8uel uIdlsey) reyoeaind LT
sKep + 00€-0.T uo1301-000 pruunyrad
3uorys dOT pue DMV WNIPIW ‘STI0S ONLIdYE] pue pal AoAeld wrem ‘(reyoeaind)
‘uor3oy HAN 0} Aureoy doop 03 wnIpaw Yim JSH prunyiad o) pruny ST[IY UI9}SEI-YLION
10§ X91dwo) JYVII Suoys urerw) jstowr joy o3} wirem ‘[iy pueredeN pue neajerd eferey3on 1°LT L1
uoneziuesio uor3ax uonpdirosaqg
Surronuoy a13ua) uonesiuy ASTAV jo uonduosag | ASAV Jav INALSAS0Dd




AICRP-IWM
Annual Report
2020

Locality Characteristics of AICRP on Irrigation Water Management Centres

)

I 3
ICAR

ICAR-IWM

Locality characteristics in terms of soil, water table, annual rainfall, source of irrigation, etc. for each AICRP
centre are given in Table III.

Table III. Locality characteristics of AICRP centres in irrigation commands

Name of Soil texture Depth of water table (m) Annual rainfall Source of
centre (mm) irrigation
Almora Loamy sand to No groundwater. Subsurface 1150 (Almora) Lift irrigation
clay/silty clay loam | water concentrated at specific | 1003 (Hawalbagh) | Canal
place and come out in surface
in the form of water springs
Belavatagi Sandy loam to clay | Very deep 556 Canal
Bathinda Loamy sand to 1-4 m 400 Canal
sandy loam Tubewell
Bhavanisagar Red sandy loam to 3-10 m 702 Canal
clay loam
Bilaspur Sandy loam toclay | >2m 1249 Canal
Chalakudy Loamy sand to >2m 3146 Canal
sandy loam,
slightly acidic
Chiplima Sandy loam to 0.2-5m 1349 Canal
sandy clay loam
Coimbatore Red loamy 5-20 m 774 Dug well
(Black soil) Tubewell
Canal
Dapoli Sandy loam to 0.2-5m 1349 Canal
sandy clay loam
Ayodhya Silty loam to silty 4-7.5m 1022 Canal
clay loam Tubewell
Gayeshpur Sandy loam to clay | 0.2-2 m 1315 Canal
loam Tubewell
Hisar Loamy sand to 0.4-1m 430 Canal
sandy loam Tubewell
Jabalpur Clay loam to clay >3 m 1354 Canal Tubewell
Jammu Sandy loam to silty | >4 m 1175 Canal
loam
Jorhat Sandy loam to 0.5-4.5m 2083 Canal
sandy clay loam, Tubewell
slightly to
moderately acidic
Junagadh Clay loam (medium | 2-20 m 800 Tubewell
black) Open well
Kota Clay loam to clay 0.7-2 m 777 Canal
Madurai Sandy loam to clay | 0.5-2 m 858 Canal
loam
Ludhiana Sandy loam to 25-30 m 550 Tubewell
loamy sand Canal
Morena Sandy loam to 5-15m 875 Canal
sandy clay loam Tubewell
Navsari Clayey 1-5m 1418 Canal
Palampur Silty clay loam to 1.56-15.44 m (Pre-monsoon) 1751 Kuhl (Natural
clay loam 0.48-12.30 m (Post-monsoon) gravity stream)
Pantnagar Sandy loam to clay | 0.5-3 m 1370 Canal
loam Tubewell
Parbhani Medium to deep >1-3 m 861 Canal
black clayey Well
Powarkheda Deep black clay 3-6m 1087 Canal and
Tubewell
Pusa Sandy loam 2-6m 1200 Canal
Tubewell
Rahuri Deep black clayey 2-5m 523 Canal
Raipur Sandy loam toclay | >2m 1154 Canal Tubewell
loam
Shillong Sandy loam >2 m 2400 Jalkund ponds
Sriganganagar | Loam to silty clay >10m 276 Canal
loam Tubewell
Udaipur Sandy loam 12-18 m 670 Canal Tubewell




AICRP-IWM
Annual Report

)

2020 T

ICAR-IWM

Chapter 1

Assessment of Canal Water and Groundwater Availability

1.1. Junagadh

1.1.1. Assessment and management planning of
groundwater resources of Uben river basin

Uben river basin lies on the northern side of Girnar
mountain in Junagadh district, Gujarat. Length of
Uben river is 68 km and the river basin has a
catchment area of 999 km’. Sentinel-2 satellite
imagery (10 m resolution) was used to prepare land
use maps and land use classification of the study
area was done using supervised classification. Land
use and land cover maps revealed that areas under
agriculture, forest, wasteland, built up and water
body is 78.9, 10.08, 7.68, 2.32 and 1.03%
respectively. Figure 1(a) shows the land use map of
the study area.
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The soil map of the study area was extracted from the
map obtained from national Institute of Space
Applications and Geoinformatics, Gandhinagar. The
Uben river basin is having soil types of fine, clayey
and rocky of 74.16, 16.86 and 8.98%
respectively. It was seen that the fine soil exists in a

area,

major part of the basin. Surface runoff was estimated
by curve number method. Runoff in three regions of
the Uben river basin was found as follows (1)
Junagadh, 392.32 mm, (2) Bhesan, 333.05 mm and
(3) Vanthali, 460.82 mm. Weighted annual runoff of
the Uben river basin was found as 394.83 mm.
Groundwater resources estimation was done by
water table fluctuation method and it was found as
524.89 MCM. Figure 1(b) shows the soil map of the
study area.

(b)
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Figure 1. (a) Land use map and (b) soil map of Uben river basin

Groundwater flow modeling for the study area was
done using Visual MODFLOW software. The top and
bottom elevation of the layers were imported to the
model as GIS shape files. The location of pumping
wells and observation wells were assigned to the
model. The location of well screen and pumping
schedules were also assigned to the model. The
model was divided into 15 zones and hydraulic
conductivity and specific storage values were
assigned to each zone. Boundary conditions in the
form of river boundary and recharge were assigned to
the model. Calibration of the model was done using

trial and error method by changing the input
parameters so that the observed and simulated
groundwater levels match as much as possible.

After calibration of the model, calibrated hydraulic
conductivity values of the basin were obtained as
1.00E* (m s™) for unconfined aquifer of Evenagar,
1.5E* (m s7) and 3.00E* (m s”) for unconfined
aquifer and confined aquifer of Patala respectively,
1.50E™ (m s™) for unconfined aquifer of Makhiyala
and 2.63E™ (m s) for unconfined aquifer of Ravani-
Rupavati. The steady-state model resulted in
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87.355968 MCM, 262.064435 MCM and
436.778956 MCM groundwater resource of Uben
river basin for 10, 30 and 50% rainfall recharge,
respectively. The transient state model estimated
lower values of groundwater resource as 25.108301
MCM, 75.323914 MCM and 125.541242 MCM for
10, 30 and 50% rainfall recharge.

As per the output of the model, in the map of
hydraulic conductivity of confined aquifer, area of
higher hydraulic conductivity is 73% area (721.93
km? of the basin which may be treated with deep
groundwater recharge structures like tubewell and
open well recharge techniques. As per the map of
hydraulic conductivity of unconfined aquifer, the
area of higher hydraulic conductivity is 43% area
(427.52 km?®) of the basin where surface recharge
structures are suggested to be constructed. The
western part of the basin has lower hydraulic
conductivity in both aquifers which should be
treated with surface water harvesting structure to
enhance water resources in the basin. Bhesan region
is suitable for low water requiring crops like
coriander and cumin. Junagadh and Vanthali
regions are suitable for high water requiring crops
like wheat, vegetables, garlic, onion and
horticultural crops.

1.2. Udaipur

1.2.1. Delineation of groundwater potential
zones of Upper Banas river basin

Upper Banas river is the main tributary of Chambal
river basin. It is located in the Rajsamand, Udaipur,
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Chittorgarh and Bhilwara districts which falls in
semi-humid region of Rajasthan bounded by 73° 22"
55.6" to 75° 01' 27.05" E Longitude and 24° 43'
21.98" to 25° 24' 22.92" N Latitude. The 56% area of
total basin falls in the Rajsamand and Bhilwara
district of Rajasthan. The Upper Banas river basin
has been divided into 122 systematic square grids of
7.5 km x 7.5 km size. To represent the whole area at
least one well was selected from each grid for
collecting water quality sample and water table
fluctuation data. The systematic square grids map of
Upper Banas river basin is shown in Figure 2.

Geomorphological analysis

For the geomorphological analysis, measurements
were made from the digitized drainage pattern and
basin boundary. In the present study, the map
showing drainage details have been prepared from
geometrically rectified toposheets. The drainage
pattern of delineated upper Banas river basin was
exported to ARC/INFO software for morphometric
analysis. The parameters computed include stream
order, stream length, stream frequency, bifurcation
ratio, drainage density, stream frequency, form
factor, circulatory ratio, elongation ratio, relief ratio,
ruggedness number and channel slope by standard
methods and formulae. The input parameters for the
present study such as area, perimeter, elevation,
stream length etc. were obtained from digitized
coverage of drainage network map in GIS
environment. The total drainage area of upper Banas
river basin drain is 4940 km®.
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Figure 2. Grid map of upper Banas river basin
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Prioritization of sub-basins

The morphometric parameters were compounded
and a final rating scale was generated for the study
area as shown in Table 1. Sub-basins were
prioritized according to these rating. Based on the
average value of compound parameters, the sub-
basins having the lowest rating value was assigned
the highest priority number of 1, next higher value
was assigned second priority number of 2 and so on.
The sub-basin, which got the highest compound

parameters value, was assigned last priority. It was

found that the lowest compound parameters value of
7.13 occurred in the sub-basin number 10 that is
given highest priority for conservation measures.
The next priority is given to sub-basin 3, sub-basin
9, sub-basin 8, sub-basin 17, sub-basin 13, sub-
basin 21, sub-basin 5, sub-basin 11, sub-basin 4,
sub-basin 1, sub-basin 12, sub-basin 14, sub-basin
15, sub-basin 6, sub-basin 18, sub-basin 20, sub-
basin 16, sub-basin 2, sub-basin 19 and sub-basin 7
respectively. Thus, soil and water conservation
measures can first be applied to sub-basin number
10 and then to other depending on their priority.

Table 1. Prioritization result of sub-basins based on morphometric analysis

Sub- Bifur- Drainage | Stream | Texture | Circul- | Form Elong- | Compact | Compound Final
basin | cation density frequ- ratio atory factor ation -ness parameter | priority
(SB) ratio ency ratio ratio constant

SB1 11 17 14 3 13 10 10 9 10.88 11
SB2 13 12 12 16 5 18 18 17 13.88 19
SB3 1 18 21 1 11 2 2 11 8.38 2
SB4 12 14 13 2 17 11 11 5 10.63 10
SB5 17 4 17 7 2 6 6 20 9.88 8
SB6 16 8 20 14 8 9 9 14 12.25 15
SB7 15 16 18 8 15 21 21 7 15.13 21
SB8 10 11 19 4 10 3 3 12 9.00 4
SB9 4 15 6 4 7 7 18 8.75 3
SB10 9 3 10 11 1 1 1 21 7.13 1
SB11 14 1 11 5 19 15 15 3 10.38 9
SB12 8 10 5 9 6 17 17 16 11.00 12
SB13 5 13 4 13 14 8 8 8 9.13 6
SB14 20 2 6 18 3 13 13 19 11.75 13
SB15 18 7 1 20 9 14 14 13 12.00 14
SB16 21 5 7 15 7 16 16 15 12.75 18
SB17 7 6 8 21 12 4 4 10 9.00 5
SB18 3 15 9 10 18 20 20 4 12.38 16
SB19 19 19 3 17 21 19 19 1 14.75 20
SB20 6 20 16 12 20 12 12 2 12.50 17
SB21 2 21 2 19 16 5 5 6 9.50 7

1.3. Coimbatore

1.3.1. Application of Soil and Water Assessment
Tool Model for estimation of surface water
resources and temporal water demand for
sustainable water management in LBP basin

The study was undertaken using Soil and Water
Assessment Tool (SWAT) to simulate the surface and
groundwater availability and change on hydrology,
focusing on trends of precipitation, evapo-
transpiration and water yield in Lower Bhabani
Project (LBP) basin. The Lower Bhavani dam
impounds water in Bhavanisagar near
Mettupalayam in Erode district and though a

network of canals provides irrigation for about

83,800 ha of land in Gopichettipalayam, Bhavani,
Erode and Dharapuram taluks in Erode district and
Karur taluk in Tiruchi district in the state of Tamil
Nadu.

The simulation of the water balance of an area by
SWAT model requires a large amount of special and
time series datasets in order to establish the water
balance equation. Slope map was generated from
DEM map. The slope in the study area varies from 2
to 42% with majority of the area between 2 to 12%.
Forty types of series of soils are available in LBP
basin. The Land use / Land cover data was prepared
from Land use / Land cover map of National Remote
Sensing Centre; 60% of the study area being under
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agriculture. Figure 3 shows the input maps used in
SWAT modelling. Land use classes and soil types
were overlaid to define the Hydrologic Response
Units (HRUs) for each of the sub watersheds for the
SWAT model. Runoff was predicted separately for
each HRU and routed to obtain the total runoff for
the watershed. Using the SRTM DEM, the stream
network of LBP basin was generated and basin was
divided into 187 micro watersheds and each micro
watershed was further subdivided into 4833 HRUs
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having unique soil and land use. SWAT model was

executed by keeping all the SWAT input parameters
constant except climate variables which were
changed according to the period of simulation. The
future spatial and temporal rainfall scenarios over
LBP basin from the ensemble of 16 Global Climate
Models output for A1B scenario and the effect of
climate change on the water yield, potential
evapotranspiration and soil water was assessed.
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Figure 3. Input maps for SWAT Modelling

The SWAT model estimated relevant water balance
components in addition to the annual and monthly
streamflow. The most important elements of water
balance of a basin are precipitation, surface runoff,
lateral flow, base flow and evapotranspiration. The
hydrological parameters were simulated by SWAT for
LBP basin for current period (2001 to 2020), mid-
century (2041-2060) and end-century (2071-2090).
The annual water balance of the basin for the current

hydrology, mid-century and end-century was also

simulated as shown in Table 2. From these
components, actual evapotranspiration contributed
a larger amount of water loss from the basin. High
evapotranspiration rate predicted could be
attributed to the type of vegetation cover and high
temperature associated with the area. The values of
the average annual evapotranspiration as a relative
percentage to average annual rainfall is 33% for the
current period, 31% for mid-century and 40% for
end-centaury.
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Table 2. Average annual simulated water balance of LBP basin

Water balance component C(u;;gr;tzl:;(i;)d Mid-century End-century

- ) (2041-2060) (2071-2090)
Rainfall (mm) 847.62 983.20 766.90
Evapotranspiration (mm) 280.71 306.40 306.80
Surface runoff (mm) 271.24 296.00 232.50
Soil water (mm) 16.95 18.82 14.78
Lateral flow (mm) 159.93 175.20 122.89
Contribution of groundwater to 118.79 186.80 89.89
stream flow (mm)

Estimation of crop water demand and irrigation
water requirement of Kugulur distributary

The agricultural water demand for Kuhalur
distributary located at 33.1.580 miles from the LBP
was estimated. The total ayacut area of the selected
distributary is 3960.82 ha. The command area is
divided into two halves i.e. odd turn and even turns
sluice command of equal extent. The ayacut area
under odd turn is 2011.55 ha and even turn is
1949.27 ha. Crops grown in this Kugulur
distributary are sugarcane, banana, rice, turmeric,
tapioca, maize, sorghum, groundnut, gingelly,
tobacco, vegetables, coconut, cotton and mulberry.
The average crop water demand for existing cropping
pattern (2013 to 2020) in the Kugulur distributary of
LBP canal command was estimated for turn I and
turn IT as shown in Table 3 and 4, respectively.

Table 3. Average crop water demand for Turn I

Crop Area Crop water demand
(ha) (ha-m)

Rice 397.57 516.84
Sugarcane 140.69 256.61
Banana 139.91 372.16
Groundnut 6.47 3.57
Tapioca 22.26 11.13
Turmeric 74.43 122.80
Vegetable cowpea 4.85 2.42
Sorghum 22.67 11.33
Mulberry 6.34 7.60
Yam 4.45 1.33
Coconut 10.71 12.85
Maize 24.69 13.57
Gingelly (Sesame) 2.42 0.8107
Vegetables 19.83 13.881

Table 4. Average crop water demand for Turn II

Crop Area Crop water
(ha) demand (ha-m)

Sugarcane 109.9 200.40
Banana 100.8 268.13
Rice 64.4 83.72
Tapioca 30.0 15.00
Sorghum 39.6 19.80
Vegetable 18.1 12.69
Groundnut 4.1 2.28
Gingelly (Sesame) 3.2 1.07
Mulberry 16.4 19.68
Cotton 5.3 3.46
Coconut 30.0 36.00
Yam 0.5 0.16
Papaya 0.8 0.40
Turmeric 16.3 26.85
Maize 10.9 6.01
Tobacco 6.0 3.30

1.4. Ludhiana

1.4.1. Simulation of groundwater behaviour for
water resources management in Punjab

A single layer model having 33 rows and 30 columns
for the Punjab state was developed using MODFLOW
software. A constant grid spacing of 10 km x 10 km
was used to discretize the area. The boundary of the
aquifer was approximated in a linear stepwise
fashion. The study area constitutes of 504 cells out of
990 cells, which are included in the simulation
process. The bottom elevation of each of the model
cell was interpolated from the available lithologs in
the study area. A digitized map of the area was
imported in MODFLOW to represent the real world
location of the study area. Stress periods of 365 days
were used to observe the yearly effect of recharge and
draft on groundwater system. The input data to the
model included spatial parameters like initial
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hydraulic head, hydraulic conductivity, thickness of
layer and specific yield and temporal parameters like
recharge and draft. Figure 4 shows the discretised
cells for the study area of Punjab.

Model calibration is an iterative process through
which model results (e.g., heads) are matched with
the observed values by adjusting aquifer parameters
within plausible ranges. In the present study,
parameter estimation software package and trial and
error calibration was used to calibrate the
groundwater flow model. Observed hydraulic heads
for the period 1998-99 to 2012-13 in the study area
were used for calibration purpose. The hydraulic
conductivity and specific storage values were
adjusted till there is maximum possible matching
between observed and simulated values of
groundwater level. The calibrated flow model was
validated for a fraction of simulation period i.e. from
2013-2017. The calibrated model was used to study
the future scenario in six groundwater management
strategies, which is outlined in Table 5.

Table 6 shows the area under different groundwater
level range and mean groundwater level for different

Grid Cells (33 Rows X 30 Columns)

9

groundwater management strategy (MS) after 5, 10, 15
and 20 years, respectively. After five years, model

predicted the increase in mean water table depth
(WTD) to 20.48 m from 17.63 m with increase in area
under class 5 to 1118 ha, if the current groundwater
pumping conditions (as in 2017-18) prevailed. In all
the six proposed strategies, there was improvement in
mean WTD after 5 years, but the maximum decrease in
mean WTD was observed in MS VIi.e. 15.29 m with a
difference of 5.19 m as compared to current scenario
after 5 years. Also, under MS VI, there was 69% lesser
area under class 5 in comparison to the current
scenario. All the strategies indicate significant
improvement in values of mean WTD.

Table 5. Description of groundwater management
strategies (MS)

Strategy Description

MS I 2% increase in recharge

MS II 2% decrease in draft

MS III 3% decrease in draft

MS IV 5% decrease in draft

MSV 2% increase in recharge and 3% decrease
in draft

MS VI 2% increase in recharge and 5% decrease
in draft

M

A

Figure 4. Punjab as discretized cells of
study area used for simulation
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Table 6. Area (in '000 ha) and mean water table depth (WTD, m) for different strategies for 5, 10, 15 and
20 years
Strategy Class 1 Class 2 Class 3 Class 4 Class 5 Mean WTD
(0-3 m) (3-10 m) (10-20 m) (20-30 m) (>30 m) (m)
After 5 years
Current 287 483 1063 2085 1118 20.48
MSI 312 1093 1969 962 700 15.76
MSII 306 1048 1955 997 730 15.84
MS III 314 1133 1962 947 680 15.70
MS IV 316 1204 2021 932 564 15.55
MS V 319 1345 1993 912 468 15.43
MS VI 320 1375 2112 886 342 15.29
After 10 years
Current 272 423 967 1692 1682 23.40
MSI 316 1682 2036 942 60 14.12
MSII 308 1652 2019 957 101 14.23
MS III 318 1717 2064 937 0 14.01
MS IV 319 1773 2028 917 0 13.82
MSV 324 1853 1978 881 0 13.69
MS VI 325 1868 1992 851 0 13.51
After 15 years
Current 262 408 876 1717 1773 26.31
MS1I 322 2060 1944 710 0 12.47
MS I 311 2009 1970 745 0 12.61
MS III 326 2090 1915 705 0 12.31
MS IV 322 2125 1894 695 0 12.08
MSV 329 2206 1847 655 0 11.93
MS VI 331 2261 1799 645 0 11.72
After 20 years
Current 252 398 851 1652 1884 29.41
MSI 325 2513 1750 448 0 10.79
MS II 315 2458 1810 453 0 10.97
MS III 327 2523 1748 438 0 10.58
MS IV 328 2569 1722 418 0 10.32
MS V 333 2664 1656 383 0 10.16
MS VI 334 2720 1635 347 0 9.90

After 10 years, model predicted increase in mean
WTD to 23.40 m from 17.63 m with increase in area

11.72 m with difference of 14.59 m as compared to
current scenario after 15 years. All the strategies

under class 5 to 1682 ha if the current groundwater
pumping conditions (as in 2017-18) prevailed. In all
the six proposed strategies, there was improvement
in mean WTD after 10 years; but the maximum
decrease in mean WTD was observed in MS VI, i.e.,
13.51 m with a difference of 9.89 m as compared to
current scenario after 10 years. All the strategies
indicate significant improvement in values of mean
WTD as compared to current scenario. After 15
years, model predicted the increase in mean WTD to
26.31 m from 17.63 m with increase in area under
class 5 to 1773 ha if the current groundwater
pumping conditions (as in 2017-18) prevailed. In all
the six proposed strategies, there was improvement
in mean WTD after 15 years; but the maximum

decrease in mean WTD was observed in MS VI, i.e.,

indicate significant improvement in values of mean
WTD as compared to current scenario. After 20
years, model predicted the increase in mean WTD to
29.41 m from 17.63 m with increase in area under
class 5 to 1884 ha if the current groundwater
pumping conditions (as in 2017-18) prevailed. In all
the six proposed strategies, there was improvement
in mean WTD after 20 years; but the maximum
decrease in mean WTD was observed in MS VI, i.e.,
9.90 m with difference of 19.51 m as compared to
current scenario after 20 years. All the strategies
indicate significant improvement in values of mean
WTD as compared to current scenario. Under
different management strategies, area under Class 5
showed the trend of decreasing area in the following
order strategy VI <V<IV<III<I<II.
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1.5. Jabalpur

9

1.5.1. Groundwater potential zoning in Tons basin using spatial data

The slope map, drainage density map, land use/land
cover map, soil map and geology map of the Tons
river basin was prepared. Analytical Hierarchy
Process (AHP) was used for potential groundwater
zoning in the river basin. For demarcation of
groundwater potential zones, weights and scores
were decided and assigned for all five thematic maps
and their features. Different suitable rank was
decided for each given feature on thematic maps.
Weight of the different features in thematic map was
decided on the basis of their degree of influence to
groundwater potential zones. Weight has been given
in scale range of 1 to 7. Integration of various
thematic maps was performed by overlaying one
thematic map over other thematic map in GIS
software.

On the basis of weighted overlay, different thematic
map such as geology, slope, land use/land cover, soil

and drainage density were integrated as per their
importance with one another. The groundwater
potential zone of the basin was classified into three
categories as good groundwater potential, moderate
groundwater potential and poor groundwater
potential (Figure 5). In Satna district, groundwater
potential is good, which accounts for an area of
5562.50 km’i.e, 44.50% of total basin area and some
of them not showing good groundwater potential.
Groundwater potential of Rewa district, is moderate
to good, which accounts for an area of 6551.25 km®
i.e., 50.93% of total basin area. The northern part of
Rewa district is showing moderate groundwater
potential zone. Groundwater potential of the Sidhi
district, accounts for an area of 386.25 km’ i.e.
3.09% of total basin area. Overall groundwater
potential map of the basin shows moderate to good
groundwater potential in the Tons basin.
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Figure 5. Groundwater potential zone map of Tons river basin

1.6. Raipur

1.6.1. Groundwater recharge planning for Korba
and Janjgir-Champa districts in upper Mahanadi
Basin using remote sensing and GIS

The study area Mand river basin of upper Mahanadi
basin lies between the North altitudes of 21° 42
15.52" N and 23° 04' 19.75" N and east longitudes of

82° 50' 54.50" E and 83° 36' 01.29" E. The digital
elevation model (DEM) of the Mand catchment was
generated from Shuttle Radar Topography Mission
(SRTM) data. The catchment was divided into
thirteen sub-watersheds and morphometric analysis
was done for each sub-watershed. The drainage

map, land use map, soil map, geology map,
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geomorphology map etc were prepared using ArcGIS.
The land use/land cover map is presented in Table 7.
The majority (58.14%) land in the catchment is

agricultural land.

The groundwater potential zones were generated
using MCDA approach by integrating various
thematic maps viz., drainage density, slope, geology,
geomorphology, soil texture, lineament, rainfall,
groundwater fluctuation and LULC using remote
sensing and GIS techniques. The selected nine
parameters for groundwater potential were ranked
based on the Satty’s Analytical Hierarchical Process
(AHP).

The groundwater potential zones were categorized
into four categories, namely low, low to medium,
medium to high, and very high as shown in Figure
6(a). The groundwater potential zone map shows that
the major part of the area 42.72% fell under the low
to medium potential zone, 20.27% area fell under
medium to high categories, 19.18% area fell under
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the very high potential zone and only 17.81% area
fells in very low groundwater potential zone. Suitable
groundwater recharge structures i.e. percolation
tanks (36 nos.), check dams (39 nos.) and farm
ponds (21 nos.) were suggested for construction in
the low and low to medium groundwater potential
zones as shown in Figure 6(b). These structures will
store rainwater as well as help in groundwater

recharge.

Table 7. Land use/ cover and area distribution

S.No. | LULC classes Area Area
(sq.km.) (%)
1. Agricultural Land 3099.84 58.14
2. Shallow water body | 185.36 3.48
3. Deep water body 15.73 0.30
4. Dense forest 329.87 6.19
5. Open forest 316.77 5.94
6. Fallow land 540.01 10.13
7. Barren land 19.97 0.37
8. Scrubland 718.70 13.48
9. Settlement 105.82 1.98
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Figure 6. (a) Groundwater potential zone map, (b) Locations identified for
groundwater recharge in Mand river basin
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Chapter 2

Pressurized Irrigation Systems

2.1. Shillong

2.1.1. Development of low cost bamboo drip
irrigation technology for tomato to enhance
economic water productivity, yield and income
in hilly upland condition

The experiment in tomato crop (cv. Rockey F1 hybrid)
was conducted for two consecutive years (2018-19
and 2019-20) in randomized block design having six
treatments (Table 8), replicated thrice. The objectives
of the experimentation were (i) to design a bamboo
drip irrigation system for tomato crop in hilly
uplands, and (ii) to compare economic water
productivity, yield and relative ability to enhance
income among different methods of irrigation and in
situ moisture conservation techniques. Based on the
two years pooled data, it was observed that the
performance of various treatments was statistically
similar except farmers’ practice, and all the
treatments performed well over farmers practice in
improving fruit yield and water productivity of
tomato along with higher economic return (Table 8).

The highest fruit yield was recorded by bamboo drip

+ straw mulch treatment (24.86 t ha) and closely

followed by drip systems (24.49 t ha') and mulch +
mini-sprinkler (24.48 t ha). Though there is no
significant difference in realization of fruit yield, but
bamboo drip system may be considered as the best
among all as it is eco-friendly, and the materials are
easily available locally. There is no need of the
farmers to depend on markets to obtain the inputs,
other than improved seeds and maintenance cost is
also very less. Labours from the home itself can
easily construct such type of irrigation systems for
their own field according to their requirement. It was
also observed that, drip + mulch recorded the highest
water productivity and economic water productivity
among all the treatments and it was closely followed
by bamboo drip and bamboo drip + straw mulch
treatments. The farmers practice recorded the lowest
values of water productivity and economic water
productivity. From economic point of view, bamboo
drip recorded highest benefit-cost ratio (3.1) followed
by bamboo drip + mulch (2.8), whereas, minimal
benefit-cost ratio was recorded with farmers’

practice.

Bamboo drip irrigation in tomato
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Table 8. Effect of irrigation treatments on tomato yield, water productivity and economics
(pooled data)

Treatment Tomato yield | Water productivity Economic water B-C
(t ha-1) (kg m-3) productivity (I m-3) ratio

Bamboo drip 23.30 9.6 287 3.1

Bamboo drip + straw

mulch @ 5 t ha-l 24.86 9.4 282 2.8

Modern drip 24.49 8.3 261 2.4

Modern drip + straw

mulch @ 5 t hal 22.80 9.8 313 2.0

-1

Straw mulch @ 5 t ha 24.48 8.3 248 2.5

+ mini-sprinkler

Control (mini- 12.90 5.5 165 1.2

sprinkler, life-saving)

CD (p=0.05) 2.13 - - -
2.2.Kota (Table 9). The performance of sprinkler irrigation
2.2.1. Effect of sprinkler nozzle size and with operating pressure 2.0 kg cm™ was statistically

hydraulic parameters on productivity of
coriander

A field experiment on sprinkler irrigation system was
conducted in coriander for last three years (2016-17
to 2019-20) in coriander. The experiment was laid
out in split plot design, replicated thrice; varied
operating pressure as main-factor and size of the
nozzle as sub-factor (Table 9). Pooled data of 3 years
revealed that sprinkler irrigation at operating
pressure 3.0 kg cm” gave significantly higher seed
yield (1.23 t ha''), water use efficiency (8.71 kg ha-
mm™'), net return 43343 ha') and benefit-cost ratio
(1.41) over lower operating pressure (1.5 kg cm?)

similar with higher operating pressure (3.0 kg cm™).
On the other hand, as compared to nozzle size 3.1 x
5.1 mm, the application of water with nozzle size 2.5
x 3.5 mm was recorded significantly higher seed yield
and it was statistically similar with 2.5 x 2.8 mm. The
maximum water use efficiency (7.83 kg ha-mm™) was
recorded with nozzle size 2.5 x 2.8 mm, and it was
closely followed by 3.1 x 5.1 mm nozzle size. Though
the different nozzle size could not bring the
significant variation in net return and benefit-cost
ratio, but maximum net return 39399 ha) and
benefit-cost ratio (1.26) was fetched under 2.5 x 3.5
mm nozzle size.

Table 9. Effect of operating pressure and nozzle size through sprinkler irrigation on performance and

economics of coriander crop

Treatment Seed yield (t ha-1) Total (Water use| Mean water | Net | B-C

2016- | 2017- | 2018- | 2019- |Pooled | water |efficiency|productivity return| ratio

17 18 19 20 applied| (kg ha- (kg m-3) | ha-l)
(mm mm-1)
ha-1)

Operating pressure (kg cm-2)
1.5 1.01 1.24 1.08 | 0.93 1.07 150 6.86 0.686 31626| 0.97
2.0 1.09 1.39 1.09 | 0.90 1.12 150 7.71 0.771 36235| 1.16
2.5 1.16 1.42 1.16 | 0.96 1.18 150 7.98 0.798 40185| 1.30
3.0 1.21 1.60 1.13 | 0.97 1.23 150 8.71 0.871 43343| 1.41
CD (p=0.05) 0.15 | 0.108 | 0.06 | 0.06 | 0.09 - - - 3550 | 0.13
Nozzle size
3.1 x5.1 mm 1.00 1.33 1.09 | 091 1.09 150 7.67 0.767 36692 | 1.22
2.5 x 2.8 mm 1.17 1.44 1.12 | 0.94 1.17 150 7.83 0.783 37452 | 1.16
2.5 x 3.5 mm 1.18 1.46 1.13 | 0.96 1.18 150 7.95 0.795 39399 1.26
CD (p=0.05) 0.13 0.09 0.05 | 0.06 | 0.08 - - - NS NS
Surface 1.12 1.23 1.08 | 0.94 1.09 180 6.05 0.605 33380 1.04
irrigation at
IW/CPE 1.0
(60 mm)
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2.3. Jammu

2.3.1.Sprinkler irrigation in basmati rice-wheat
sequence under Ranbir canal command

The experiment is being conducted to identify crop
growth stages for sprinkler irrigation in wheat and
basmati rice which will provide yield advantage and
improve water use efficiency (WUE) of wheat-rice
cropping sequence in Ranbir canal command.
Portable sprinkler set was used with average
discharge rate of 4.0 litre per hour and emission
uniformity of 88%.

In wheat (HD-2329), three different sprinkler
irrigation timings were studied i.e. at pre-sowing and
crown root initiation (CRI) stage (S,), at pre-sowing,
CRI stage and late booting stage (S,) and irrigation in
all physiological stages (S,). Irrigation scheduling
treatments were 100% ET,(I,), 80% ET, (I,) and 60%
ET, (I,). Sprinkler irrigation was compared with
recommended surface irrigation practice where four
irrigations were applied each of 60 mm depth.
Results showed that S, led to significantly higher
yield of 3.53 thaover S, (2.9 t ha™), but at par with S,
(3.45 t ha’).
significant effect on grain yield of wheat, but there
was water saving of 37-48% with sprinkler irrigation
compared to surface irrigation (Table 10). With

Irrigation scheduling did not show

sprinkler irrigation methods, WUE was highest with
S, (9.48 kg ha-mm™) followed by S, (8.29 kg ha-mm")

]

and S, (7.98 kg ha-mm™). Water use efficiency with
sprinkler irrigation was 16.2% higher than
recommended surface irrigation practice.

In rice (Basmati-370), time of sprinkler irrigations
were from puddling to 15 days before harvest (S,),
irrigation after puddling to 15 days before harvest
(S,) and irrigation from panicle initiation to 15 days
before harvest (S,). Irrigation scheduling treatments
were 100% ET, (I,), 150% ET, (L) and 200% ET, (I,).
Sprinkler irrigation was compared with
recommended surface irrigation practice in which
puddling was followed by 11 irrigations each of 70
mm depth. Results showed that highest yield (2.59
t ha) was obtained under sprinkler irrigation from
panicle initiation to 15 days before harvest (S,) which
was at par with yield (2.52 t ha') under S, i.e.
irrigation after puddling to 15 days before harvest
(Table 10). But yield under S, and S, were
significantly higher than yield under S, (2.23 t ha™).
WUE was highest with S, (2.33 kg ha-mm™'). Among
the irrigation schedules, 200% ET, (I,) recorded
highest yield (2.68 t ha') which was statistically
similar to [, (2.58 t ha™'), but significantly higher over
I, (2.07 t ha'). Further, it was observed that the
recommended irrigation practice recorded higher
yield by 7.5% over the sprinkler irrigation methods;
although WUE was 16.22% higher with sprinkler
irrigation over recommended surface irrigation.

Table 10. Effect of sprinkler irrigation, surface irrigation and irrigation schedules on performance of

wheat in rabi 2019-20 and rice in kharif2020

Treatment Wheat (Rabi 2019-20) Rice (Kharif 2020)

Grain yield Irrigation WUE Grain yield Irrigation WUE

(t ha-1) (mm) (kg ha-mm-1) (t ha-1) (mm) (kg ha-mm-1)

Irrigation method
Si 2.90 82.1 7.98 2.23 299.2 2.18
S 3.45 82.1 9.48 2.52 364.2 2.33
Ss 3.53 144.2 8.29 2.59 971.0 1.53
CD (p=0.05) 0.33 - - 0.09 - -
Irrigation schedule
I 3.37 113.5 8.52 2.07 498.2 1.70
Iz 3.28 102.8 8.55 2.58 544.8 2.04
I3 3.22 92.1 8.63 2.68 591.4 2.04
CD (p=0.05) NS - - 0.07 - -
Surface 3.40 240.0 7.37 2.80 970.0 1.66
irrigation

Note: Wheat- S, irrigation at pre-sowing & crown root initiation (CRI) stage; S,- irrigation at pre-sowing, CRI stage & late
booting stage; S,, irrigation in all the physiological stages; I,, 100% ET,; L,- 80% ET,; I,- 60% ET,. Rice- S, irrigation from
puddling to 15 days before harvest; S,, irrigation after puddling to 15 days before harvest; S,, irrigation from panicle
initiation to 15 days before harvest; I, 100% ET,; I,, 150% ET,; I,, 200% ET.. Rainfall- 281.2 mm in Rabi2019-20 and 718.0
mm in Kharif2020.
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2.4. Chiplima

2.4.1. Assessment of productivity and water use
efficiency of groundnut under varied irrigation
schedules through sprinkler

The study is being conducted to optimize sprinkler
irrigation schedule and improve performance of
groundnut crop in Hirakud command area. Total
eight treatments on irrigation schedule were studied,
out of which seven treatments were sprinkler
irrigation at 40, 50, 60, 70, 80, 90, 100% cumulative
pan evaporation (CPE) and one treatment on
farmers' practice. Results showed that number of

2020

pods per plant of 13.6, pod weight per plant of 28.8 g,
pod yield of 1.84 t ha™ and haulm yield of 1.09 t ha™
were significantly higher with sprinkler irrigation at
90% CPE (Table 11) compared to other sprinkler
irrigation treatments as well as farmers' practice.
Lowest pod yield (1.35 t ha) and haulm yield (0.93
tha') was observed with farmers' practice. Maximum
net return of 2 50193 ha' and benefit-cost ratio of 2.2
was also obtained with sprinkler irrigation at 90%

ICAR-IWM

ICAR

CPE, whereas farmers' practice showed minimum
net return (X 31,989 ha'') and benefit-cost ratio (1.5).
Water productivity was also lowest (270 kg m”) with
farmers' practice.

Table 11. Performance of groundnut crop under sprinkler irrigation

Irrigation Pods | Pod weight Pod Haulm Irrigation WP NR B-C
treatment (I) per per plant yield yield applied (kg m-3) | (X ha-l) | ratio
plant (g) (t ha1) (t ha-1) (mm)
I:: 40% CPE 10.7 24.2 1.43 0.887 172.8 826 35575 1.7
I2: 50% CPE 11.1 25.5 1.46 0.979 216.1 675 36015 1.6
Is: 60% CPE 12.1 26.0 1.51 0.982 259.3 581 37712 1.7
I4: 70% CPE 12.7 26.9 1.62 0.981 302.5 534 41769 1.8
Is: 80% CPE 13.2 27.4 1.80 1.062 345.7 521 48985 2.1
Is: 90% CPE 13.6 28.8 1.84 1.091 388.9 472 50193 2.2
I7: 100% CPE 12.9 27.9 1.76 1.005 432.1 408 47039 2.0
Is: Farmers’ 10.9 24.7 1.35 0.927 500.0 270 31989 1.5
practice
CD (p=0.05) 0.28 0.11 0.01 0.02 - - - -

Note: CPE, cumulative pan evaporation; WP, water productivity; NR, net return; B-C, benefit-cost
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Chapter 3

Fertigation

3.1. Dapoli

3.1.1. Impact of irrigation and fertigation levels
on growth and yield of sweet potato-sweet corn
cropping system

The experiment was initiated during 2016-17 in
sweet potato-sweet corn cropping sequence at
central experiment station, Wakawali. The
experimental design was split-plot with three
irrigation levels as main factor and three fertigation
levels as sub-factor (Table 12), and the number of
replications was three. For comparison, one control
treatment was added, where water was applied
through furrow irrigation at 60 mm depth after each
5 days and 100% recommended dose of fertilizer was
applied through soil application. The results
revealed that, water requirement of sweet potato and
sweet corn was observed 165 and 312 mm,
respectively to achieve higher yield under drip while
the amount of water required under surface
irrigation to both the crops was 660 and 540 mm,
respectively. The water saving of 75.0 and 37.6% can
be achieved in sweet potato and sweet corn,
respectively by drip over surface irrigation method.
The treatment I, (irrigation at 100% crop

evapotranspiration-ET,) and F,[100% recommended
dose of fertilizer (RDF) through water soluble
fertilizer-WSF] were found significantly influencing
on yield and yield attributes of both the crops
(Table 12). Sweet potato tuber yield (24.63 t ha™) and
sweet corn cob yield (21.73 t ha™') was highest in the
treatment combination I, F,i.e. irrigation at 100% ET,
with 100% RDF through WSF followed by LF,
treatment combination. The water use efficiency was
highest in treatment combination I,F, (irrigation at
50% ET, with 100% RDF through WSF) under both
crops, whereas, the highest systems yield (62.8 t ha™)
was obtained in the treatment combination I.F,
(irrigation at 100% ET, with 100% RDF through WSF)
(Table 13). After harvest of the crops, significantly
highest available N, P,0, and K,O nutrients status
was observed in irrigation at 100% ET, and
ferligation at 100% level treatment. Under sweet
potato-sweet corn cropping sequence, the net return
(2406616 ha') and benefit-cost ratio (2.17) of system
was highest in the treatment combination [F,
(irrigation at 100% ET, with 100% RDF through WSF)
followed by I F, treatment combination (net return
2379411 ha'and benefit-cost ratio 2.15).

Table 12. Effect of irrigation and fertigation levels on yield and yield attributes of crops and available

nutrient of post-harvest soil (pooled data)

Sweet potato Sweet corn Available nutrient
(kg ha-!
Treatments No. of | Tuber Tuber No. of Cob Cob N P K
tubers | weight yield cobs weight yield
plant-! (g) (t ha-l) | plant! (g2) (t ha-1)

Drip irrigation level (I)
I1- 100% ET. 3.95 67.3 23.0 1.23 386 20.6 187 18.9 424
I2- 75% ETc 3.89 63.0 21.7 1.14 373 19.6 180 18.6 375
I3- 50% ETc 3.83 61.0 20.2 1.08 357 18.5 169 15.8 318
CD (p=0.05) 0.03 0.5 0.6 0.07 5.0 0.5 1.0 0.3 5.0
Fertigation level (F)
Fi1- 100% RDF 3.98 69.6 23.5 1.20 385 20.7 182 | 20.0 390
F2- 75% RDF 3.90 64.7 21.8 1.15 371 19.6 178 17.4 366
F3- 50% RDF 3.79 57.1 19.5 1.10 360 18.5 175 15.9 360
CD (p=0.05) 0.08 3.4 0.9 0.06 8 0.8 1 0.4 6
Interaction (I x F)
CD (p=0.05) 0.14 5.9 1.6 0.10 14 1.4 NS NS NS
Control (surface
irrigation + 100% 3.86 62.5 21.1 1.15 365 19.2 184 18.4 403
RDF)

Note: ET,, crop evapotranspiration; RDF, recommended dose of fertilizer
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Table 13. System yield, water use efficiency, economic water productivity and economics of the
treatment combinations under sweet potato-sweet corn cropping system (pooled data)

ICAR-IWM
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Treatment | System | System Water use Economic Economics
pooled water efficiency (kg m-3) water
(tyf:fll) al:z:;‘;d Sweet Sweet pro(iu:r::;w)nty Net B-C
potato corn Income (X ha-1) ratio
IiF1 62.8 5076 13.4 7.91 148 406616 2.17
LiF2 59.2 5076 15.3 7.51 140 379411 2.15
IiF3 54.7 5076 11.5 7.09 129 341003 2.08
I2F1 60.1 3884 17.1 9.97 186 375891 2.09
I2F2 55.6 3884 15.8 9.31 172 337761 2.02
I2F3 51.4 3884 14.5 8.79 159 302363 1.96
IsF1 56.7 2693 24.2 13.6 253 336451 1.98
I3F2 52.6 2693 22.1 12.96 235 304124 1.93
IsF3 47.0 2693 19.6 12.27 210 251919 1.81
Control 54.3 11934 3.2 3.69 55 339543 2.09

3.2. Parbhani

3.2.1. Yield enhancement of pigeonpea through

drip irrigation and fertigation management

A field experiment was conducted in pigeonpea
under split plot design with varying levels of
irrigation (main effect) and fertilizer (sub effect) for
three years. The objective of the study was to
evaluate various effects of irrigation and ferigation
levels on yield, water use efficiency and economics of
pigeonpea. The irrigation was scheduled at alternate
day based on cumulative pan evaporation and water
soluble fertilizers were applied as per the treatments
through drip irrigation. The data furnished in Table
14 revealed that higher water use efficiency (WUE)
was observed in irrigation level 0.8 ET, while lower
WUE was noticed in conventional method during
both years of experimentation. Among various
fertigation treatments, the maximum WUE was
noticed in 100% RDF through drip followed by 80%
RDF through drip during 2018-19 and 2019-20.
Irrigation applied through drip at 0.8 crop
evapotranspiration (ET,) produced significantly
higher seed yield of pigeonpea throughout the
experimentation, however it was at par with
irrigation level 1.0 ET, during 2019-20, 2020-21 and
pooled mean. On the other hand, 100% RDF through

drip produced significantly higher grain yield of

pigeonpea, however it was comparable with 80%
RDF through drip (F,) during experimentation and
lowest seed yield was recorded in control treatment
(no fertilizer). The seed yield of pigeonpea was
significantly influenced due to interaction effects of
irrigation and fertigation levels. Treatment
combination of irrigation at 0.8 ET,and 100% RDF
through drip (I,F,) recorded significantly higher
pigeonpea yield (2.66 and 2.95 t ha™'), however it was
at par with treatment combination of LLF,, I.F, and
L,F, during all the three years of experimentation and
pooled mean. Higher net monetary return was
observed with drip irrigation scheduled at 0.8 ET, (L,)
during 2018-19, 2019-20, 2020-21 and in pooled
mean, however it was at par with 1.0 ET, during
second and third year of experimentation. The
application of 100% RDF through drip recorded
significantly higher net return than rest of the
fertigation treatments; however, it was comparable
with 80% RDF. Similarly, higher benefit-cost ratio
was recorded in irrigation level 0.8 ET, (I,) followed by
1.0 ET, (L) and lower in conventional method (I,)
during all the years of experimentation. Among
fertigation levels, higher benefit-cost ratio was
observed in treatment 80% RDF through drip (F,)
followed by 100% RDF (F,) and lower in control

treatment (F,).
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Table 14. Effect of irrigation and fertigation levels on water use efficiency, seed yield and

economics of pigeonpea (pooled data)

Seed yield (t hal) Water use Net B-C

Treatment efficiency return ratio
2018-19 | 2019-20 | 2020-21 | Pooled (kg ha-mm) |  ha1)

Irrigation level (I)
Ii: Drip at 0.6 ET. 2.02 2.14 2.05 2.07 2.98 59984 2.01
I>: Drip at 0.8 ETc 2.37 2.55 2.45 2.46 3.23 82263 2.39
Is: Drip at 1.0 ETc 2.24 2.39 2.30 2.31 2.74 73778 2.25
la: Conventional 1.31 1.60 1.50 1.47 2.27 44251 | 2.08
method
CD (p=0.05) 0.11 0.20 0.20 0.15 - 8273 -
Fertigation level (F
Fi: Control (No 1.50 1.56 1.51 1.52 2.07 42299 1.94
fertilizer)
F2: 80% RDF 2.16 2.40 2.29 2.28 3.11 75387 2.35
F3: 100% RDF 2.21 2.43 2.32 2.32 3.17 76044 2.32
F4: 120% RDF 2.07 2.30 2.19 2.19 2.98 66548 2.12
CD (p=0.05) 0.09 0.13 0.13 0.12 - 6590 -
Interaction (I x F)
CD (p=0.05) | 018 | o028 | 028 | 023 ] - | 13182 | -

Note: ET¢, crop evapotranspiration; RDF, recommended dose of fertilizer

3.2.2. Response of onion to different irrigation
and fertigation levels

In onion crop, a field experiment was conducted in
split plot design for three years (2018-19 to 2020-21)
with irrigation and fertigation levels as main- and
sub-factor, respectively (Table 15). Experimental
plots were irrigated on alternate day with drip
irrigation as per the treatments based on crop
evapotranspiration (ET,). Water soluble fertilizers
were applied as per the treatments through drip
irrigation. In addition to this,
micronutrients were also applied to the plots.

common

Different rate of irrigation significantly influenced
the bulb yield of onion, and drip irrigation scheduled
at 0.80 ET. (I) recorded significantly higher bulb
yield, however it was at par with drip irrigation
scheduled at 0.6 ET, (I,) during all the three years of
investigation and in pooled mean (Table 15).
Application of 100% RDF through drip (F,) recorded
significantly higher yield of onion bulb however it
was at par with 80% RDF through drip (F,) during all
the three years of experimentation and in pooled
mean. Treatment combination of drip irrigation at
0.8 ET, and 100% RDF through drip (I,F,) recorded
significantly higher yield and it was comparable with
treatment combinations of I,F,,I,F,and I,F,during all
the three years of experimentation and in pooled
mean. With increase in irrigation levels the water use
efficiency decreased during all the three years of

investigation. Drip irrigation scheduled at 0.4 ET,
recorded higher water use efficiency followed by drip
irrigation at 0.6 ET,.. In contrast to irrigation levels,
the water use efficiency increased with increase in
fertigation level up to 100% RDF. Higher water use
efficiency was noticed in fertigation treatment 100%
RDF through drip followed by 80% RDF through drip
during all the three years of experimentation. The
maximum net return was calculated with drip
irrigation at 0.8 ET, and 100% RDF through drip
(I,F;), however it was comparable with treatment

combinations of drip irrigation at 0.6 ET, and 100%
RDF (L,F.),0.8 ET. and 80% RDF (L,F,) and 0.6 ET, and
80% RDF (L,F,).

—

Dri'p fertigation in onion
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Table 15. Effect of irrigation and fertigation levels on bulb yield, water use efficiency and economics of

onion (pooled data)

Treatment Bulb yield (t ha-! Water use Net return | B-C
2018- | 2019- | 2020- | Pooled efficiency (X ha'1) ratio
19 20 21 (kg ha-mm-1)

Irrigation level (I)
I1- Irrigation at 0.4 ETc 55.4 50.1 51.6 52.3 281 100921 2.80
I>- Irrigation at 0.6 ETc 62.1 56.5 58.7 59.1 218 121175 3.17
I3- Irrigation at 0.8 ETc 64.4 58.5 61.7 61.5 173 128435 3.30
I4- Irrigation at 1.0 ETc 59.1 51.5 55.4 55.3 126 109923 2.97
CD (p=0.05) 5.0 5.2 5.1 4.3 - 12826 -
Fertigation level (F)
F1- 60% RDF through drip 55.2 49.0 51.7 52.0 192 104940 3.06
F2- 80% RDF through drip 62.7 56.3 59.2 59.4 220 123782 3.28
F3- 100% RDF through drip 64.3 58.6 61.3 61.4 227 126334 3.19
F4- 120% RDF through drip 58.8 52.6 55.3 55.6 205 105399 2.72
CD (p=0.05) 2.8 3.3 2.7 2.9 - 9075 -
Interaction (IxF)
CD (p=0.05) | 64 | 72 | 64 | 59 | - | 17555 | -

Note: ET,, crop evapotranspiration; RDF, recommended dose of fertilizer

3.3. Belavatagi

3.3.1. Nitrogen split application on wheat under
different moisture levels through drip in
Vertisols

A field experiment on split application of nitrogen in
wheat under different moisture levels through drip in
vertisols was initiated during 2017-18 and
continued up to 2019-20. The pooled data revealed
that among moisture levels, [,-80% cumulative pan
evaporation (CPE) recorded higher grain and straw
yield of 3.35 and 5.59 t ha™ followed by 1,-60% CPE
(2.98 and 5.23 t ha™') (Table 16). Among the nutrient
levels, application of N,: 20% basal N of N, + 5 splits of
N recorded significantly higher grain and straw yield
of 3.80 and 6.07 t ha followed by of N,: 20% basal N
of N, + weekly interval of N up to 85 DAS (3.85 and
5.82 t ha’'). Significantly enhanced water use
efficiency was noticed in 1,-60% CPE (11.71 kg ha-
mm’) and in treatment N; (13.78 kg ha-mm™),
respectively in main and sub treatments. The data
also reveals that higher gross and net returns of 2
79,199 ha' and 2 53,637 ha was recorded in N.. The
benefit-cost ratio was significantly higher in 1,-80%
CPE (2.74) among irrigation levels and among the
nutrient levels, application of N; recorded

significantly higher benefit-cost ratio of 3.10. The
interaction effect of irrigation levels and nutrient
management treatments on different parameters
was also varied significantly.

Impact of split application of nitrogen in wheat on
chemical properties of post-harvest soil is presented
in Table 17. Non-significant differences were
observed in pH, EC and soil organic carbon among
different treatments. The available N content varied
significantly among the irrigation levels and I,
recorded significantly higher available N content of
221 kg ha™ followed by I, (217 kg ha') and among the
sub treatments, the treatment N, recorded
significantly higher available N content (230 kg ha™).
The higher amount of available phosphorus and
potassium was noticed with 60% CPE (32.3 and 676
kg ha’), whereas among nutrient management N,
(34.1 P,0,kg ha) and N, (719 K,O kg ha™') recorded
the maximum available phosphorus and potassium,
respectively. Among moisture levels, 60% CPE
recorded higher amount of zinc, iron, copper and
manganese, whereas, N, recorded maximum level of
micronutrients among various nutrient
management practices.
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Table 16. Effect of split application of nitrogen on performance of wheat (pooled data)

Treatment Grain yield Straw yield Water use efficiency Net return B-C
(t ha1) (t ha-1) (kg ha-mm-1) (R hal) ratio
Irrigation level (I)
I 2.98 5.23 11.71 36736 2.44
I> 3.35 5.59 11.32 44417 2.74
CD (p=0.05) 0.88 0.82 0.38 2359 0.09
Fertigation level (F)
N: 2.58 4.69 9.40 28386 2.11
N2 3.22 5.66 11.72 41773 2.63
N3 2.93 5.28 10.67 35676 2.40
N4 2.94 4.96 10.69 35787 2.40
Ns 3.80 6.07 13.78 53637 3.10
Ne 3.54 5.82 12.84 48199 2.89
CD (p=0.05) 0.41 1.26 0.24 1462 0.06
Interaction (IxN)
CD (p=0.05) | 0.47 | 1.45 | 0.28 1677 | 0.07

Note: I,, irrigation at 60% CPE; 1, irrigation at 80% CPE; N,, 100% recommended package of practice (RPP) for wheat
(100:75:50 N, P,0,, K,O kgha' + FYM 7.5 kg ha''); N,, 20% basal N of N, + 5 splits of N (20% N at 20 DAS + 20% N at 40 DAS +
20% N at 55 DAS + 10% N at 70 DAS + 10% N at 85 DAS); N,, 20% basal N of N, + weekly interval of N upto 85 DAS (9 splits);
N,, 125% RPP for wheat (125:93.75:62.50 N, P,0O,, K,0 kg ha'+ FYM 7.5 kg ha™); N,, 20% basal N of N, + 5 splits of N (20% N
at 20 DAS + 20% N at 40 DAS + 20% N at 55 DAS + 10% N at 70 DAS + 10% N at 85 DAS); N, 20% basal N of N, + weekly
interval of N upto 85 DAS (9 splits); CPE, cumulative pan evaporation; N, nitrogen, P, phosphorus, K, potassium.

Table 17. Effect of split application of nitrogen on soil nutrient status after harvest of wheat
(pooled data)

Treatment | pH EC | Organic Available nutrient DTPA extractable micronutrients
(dS | carbon (kg ha-l) (mg kg1)
m1) | (g kgl) N P K Zinc ‘ Iron ‘ Copper ‘ Manganese
Irrigation level (I)
I 8.02 | 0.42 0.78 221 32.3 676 1.32 | 4.21 1.26 6.77
Iz 8.07 | 0.43 0.75 217 29.1 650 1.21 | 3.94 1.18 6.38
CD
(p=0.05) NS NS NS 2 0.8 8 0.08 | 0.10 0.04 0.11
Nutrient management (N
N 7.92 | 0.40 0.85 230 32.6 719 1.35 | 4.25 1.33 6.92
No 8.03 | 0.41 0.74 217 30.5 658 1.25 | 4.12 1.20 6.58
N3 8.00 | 0.40 0.79 229 34.1 691 1.26 | 4.21 1.29 6.57
N4 8.10 | 0.43 0.75 223 30.8 682 1.35 | 4.10 1.23 6.66
Ns 8.10 | 0.45 0.76 207 27.1 602 1.14 | 3.85 1.06 6.29
Ns 8.13 | 0.45 0.69 209 29.3 626 1.26 | 3.92 1.20 6.43
CD
(p=0.05) NS NS 0.15 4 1.6 27 0.06 | 0.13 0.10 0.20
Interaction (IxN)
CD
(p=0.05) NS NS NS 5 1.9 31 0.07 | 0.15 NS 0.22
3.4. Kota +125% RDF (100-75-75 kg N, P,0O, K,0 ha™) through

3.4.1. Irrigation schedules and fertigation levels fertigation recorded significantly higher yield (24.4

1 . . . .
in muskmelon-brinjal cropping sequence under t ha’) remained statistically on par with drip

drip irrigation

The study was started from summer 2017 with
varied levels of drip fertigation in randomized block
design replicated thrice. It is evident from pooled
data of three years (Table 18) revealed that irrigation
schedule at 125% potential evapotranspiration (PET)

fertigation 125% PET + 100% RDF (80:60:60 kg N,
P,O., K,O0 ha'') and drip fertigation 100% PET + 125%
RDF (100:75:75 kg N, P,O;, K,0 ha") over rest of the
treatments. The yield of brinjal was increased to the
tune of 40% over control (surface irrigation at
IW/CPE 0.8 + entire NPK as soil application). Drip
fertigation at 125% PET saved 40 mm water (7.70%)




AICRP-IWM
Annual Report
2020

)

I 3
ICAR

ICAR-IWM

as compared to control. On the other hand, drip
fertigation at 125% PET + 100% RDF recorded
maximum net return (2155800 ha™') and benefit-cost
ratio (1.94) being statistically on par with drip
fertigation at 125% PET + 125% RDF, whereas,
maximum benefit-cost ratio was observed under

control treatment. The maximum water use
efficiency (65.3 kg ha-mm™') was recorded with drip
irrigation at 75% PET + 125% RDF as fertigation and
closely followed by drip irrigation at 75% PET + 100%
RDF as fertigation (64.2 kg ha-mm’') and least under
control.

Table 18. Effect of irrigation schedule and drip fertigation levels on yield, water use efficiency and

economics of brinjal (pooled data)

Treatment Yield Water Water use Mean water Net B-C
(t ha-1) applied efficiency productivity return ratio
(mm) (kg ha mm-?) (kg m-3) (R hal)

Drip 125% PET+125%

RDF as fertigation 24 .4 480 50.8 5.08 156662 1.79

Drip 125% PET+100%

RDF as fertigation 23.6 480 49.1 4.91 155800 1.94

Drip 125% PET+75%

RDF as fertigation 20.9 480 43.5 4.35 135937 1.86

Drip 100% PET+125%

RDF as fertigation 22.1 390 56.6 5.66 135562 1.59
3 0, 0,

Drip 100% PET+100% 20.7 390 53.0 5.30 128700 1.64

RDF as fertigation

Drip 100% PET+75%

RDF as fertigation 20.1 390 51.6 5.16 129837 1.82

Drip 75% PET+125%

RDF as fertigation 19.6 300 65.3 6.53 112462 1.35

Drip 75% PET+100%

RDF as fertigation 19.2 300 64.2 6.42 115600 1.51

Drip 75% PET+75%

RDF as fertigation 17.7 300 59.1 5.91 107737 1.56

Control (Surface

irrigation at IW/CPE

0.81entire NPK as soil 17.4 520 33.4 3.34 117002 2.05

application)

CD (p=0.05) 2.69 - - - 9616 0.11

Note: PET, potential evapotranspiration; RDF, recommended dose of fertilizer

3.4.2. Performance evaluation of micro-sprinkler
irrigation and fertigation on the productivity of
zaid groundnut

An experiment was conducted from summer 2017 in
randomized block design, replicated thrice, to
evaluate the micro-sprinkler irrigation and
fertigation on productivity of groundnut. Pooled data
of four years (Table 19) revealed that irrigation
schedule at 125% potential evapotranspiration (PET)
+ 100% RDF (30-60-40 kg N, P,O., K,O ha") through
fertigation recorded significantly higher pod yield
(2.41 t ha') and remained statistically on par with
irrigation schedule at 125% PET + 50% RDF as soil
application + 50% RDF through fertigation (2.30
t ha'), irrigation schedule at 100% PET + 100% RDF
through fertigation (2.10 t ha’) and irrigation
schedule at 100% PET + 50% RDF as soil application

+ 50% RDF through fertigation (2.07 t ha™). As
compared to control [surface irrigation at IW/CPE
0.8 + entire NPK (30-60-40 kg N, P,O,, K,0 ha’) as
soil application], irrigation schedule at 125% PET +
100% RDF increased the yield of groundnut by 34%.
However, irrigation schedule at 75% PET + 100%
RDF through fertigation recorded maximum water
use efficiency (8.49 kg ha mm™') and water
productivity (0.849 kg m) and it was closely followed
by irrigation schedule at 75% PET + 50% RDF as soil
application + 50% RDF through fertigation. In
comparison to surface irrigation at IW/CPE 0.8,
maximum water saving by 42.5% was recorded
under irrigation schedule at 75% PET followed by
irrigation schedule at 100% PET (20.0%) and
irrigation schedule at 125% PET (2.5%). Irrigation
schedule at 125% PET + 50% RDF (15:30:20 kg N,
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P,0;, K,O0 ha') as soil application + 50% RDF
(15:30:20 kg N, P,0O,, K,O0 ha') through fertigation
recorded maximum and significantly higher net
return (368792 ha') being at par with irrigation
schedule at 125% PET + 100% RDF through
fertigation (366499 ha™'). Maximum and significantly

9

higher benefit-cost ratio (1.91) was fetched with
control treatment and it remained statistically on par
with irrigation schedule 75% PET + 100% RDF as soil
application and irrigation schedule at 100% PET +
100% RDF as soil application.

Table 19. Effect of irrigation schedule and micro-sprinkler irrigation levels on water use efficiency of

zaid groundnut (pooled data)

Yield
(t ha'?)

Treatment Depth of
water applied

(mm)

Water
productivity
(kg m3)

Net
return
(X ha1)

B-C
ratio

Water use
efficiency
(kg ha mm-1)

Irrigation at 125%
PET+100% RDF as soil
application

2.01 390

5.14 0.514 62121 1.58

Irrigation at 125%
PET+50% RDF as soil
application+50% RDF
through fertigation

2.30 390

5.89 0.589 68792 1.46

Irrigation at 125%
PET+100% RDF
through fertigation

2.41 390

0.619 66499 1.20

Irrigation at 100%
PET+100% RDF as soil
application

1.95 320

6.09 0.609 62817 1.76

Irrigation at 100%
PET+50% RDF as soil
application+50% RDF
through fertigation

2.07 320

6.48 0.648 61029 1.40

Irrigation at 100%
PET+100% RDF
through fertigation

320

6.57 0.657 54823 1.06

Irrigation at 75%
PET+100% RDF as soil
application

1.76 230

7.67 0.767 56948 1.78

Irrigation at 75%
PET+50% RDF as soil
application+50% RDF
through fertigation

1.89 230

8.20 0.820 55287 1.38

Irrigation at 75%
PET+100% RDF
through fertigation

1.95 230

8.49 0.849 50595 1.05

Control (surface
irrigation at IW/CPE
0.8+entire NPK
(30:60:40) as soil
application)

1.80 400

4.50 0.450 59616 1.91

CD (p=0.05) 0.39 -

3416 0.28

Note: PET, potential evapotranspiration; RDF, recommended dose of fertilizer; NPK, nitrogen phosphorus potassium

3.5. Rahuri

3.5.1. Evaluation of N, P and K fertigation
applied alone and in combination for best
alternative at varying irrigation levels for suru
sugarcane under subsurface drip

A field study was conducted on varied subsurface
drip irrigation and fertigation levels in sugarcane
crop from 2017. It was observed that, plant height

was non-significant due to irrigation levels but was
significant due to fertigation levels (Table 20). The
maximum plant height was observed in fertigation
treatment F, which was significantly superior over
F,, F,and F, treatments, whereas, it was at par with
F, treatment. The maximum number of internodes
was observed in I, irrigation treatment (100% crop
evapotranspiration-ET,) and this treatment was
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significantly superior over all remaining irrigation
treatments. The maximum number of internodes
was observed in fertigation treatment F, and this
treatment performed significantly over other
treatments. Amongst the irrigation treatments,
maximum length of internode was observed in
treatment I, which was statistically higher over I, and
was at par with I, and I,. Amongst the fertigation
treatments, maximum length of internode was
observed in fertigation treatment F,. Irrigation with
80% ET, produced maximum intermodal girth of
sugarcane, whereas, among fertigation treatments,
F, performed statistically superior in producing
higher girth of internode. The maximum millable
cane and yield were observed in irrigation treatment
I, (100% ET,) which was significantly superior over all
remaining irrigation treatments. Amongst, the
fertigation treatments, maximum millable cane and
yield were observed in fertigation treatment F,. The
interaction effect of irrigation and fertigation levels
on sugarcane yield was significant. The maximum
yield was observed in treatment I,F, (136 t ha™') which
was at par with treatment I,F,, 80% ET, and 80% NPK
through fertigation (132 t ha') and was significantly

@

superior over all remaining treatments. On the other
hand, water requirement of sugarcane was noticed
highest in 100% ET, treatment and lowest in 40%
ET,. However, highest water use efficiency was
recorded in I, (80% ET,) treatment followed by I, I,
and I,, whereas, maximum water saving was
observed in I, (50.18%) followed by I, (33.64%) and I,
(16.80%). From the Table 21, it is clear that different
irrigation and fertigation treatment had not any
significant impact on properties of post-harvest soil.
The gross monetary returns were maximum in
treatment LF, i.e. 80% ET, and 80% NPK through
weekly fertigation followed by treatments LLF; and LLF,
(Table 22). The cost of cultivation was highest under
treatment I,F, [40% ET, N and P through weekly
fertigation (30 splits) with K applied as basal] while
lowest was observed in control treatments. The net
monetary returns were highest under the treatment
LF, (% 214637 ha') while lowest was under control
treatment. The maximum benefit-cost ratio of 2.18
was observed in treatment I[,F, followed by
treatments [,F,and L,F,.

Table 20. Effect of drip irrigation with varied fertigation level on plant growth, yield and water use

efficiency of sugarcane (pooled data)

Treatment Plant | No. of | Inter- | Girth of | Millable | Yield WUE Water saving

height | inter- | node inter- canes (t ha1) (kg ha- over surface
(m) nodes | length nodes (nos.) cm-l) irrigation (%)
(cm) (cm)

Drip irrigation schedule

I:: 40% ET. 2.68 22.1 13.7 5.54 6.71 59.6 901 50.2

I2: 60% ET. 2.50 23.0 13.4 5.55 6.79 90.1 1023 33.6

I3: 80% ET. 2.59 23.6 12.4 5.95 7.35 117.7 1066 16.8

I4+: 100% ETc | 2.44 25.0 13.3 5.73 7.92 130.7 985 -

CD (p=0.05) NS 1.2 0.7 0.28 0.51 2.4 - -

Fertigation schedule

F1 2.45 22.7 12.6 5.69 6.41 92.6 931 25.2

F2 2.49 23.6 13.5 5.63 6.48 97.1 977 25.2

F3 2.45 22.8 13.1 5.49 7.32 98.6 992 25.2

Fa 2.75 24.7 13.9 5.96 7.94 107.9 1086 25.2

Fs 2.64 23.4 12.8 5.70 7.81 101.5 1021 25.2

CD (p=0.05) 0.18 0.8 0.6 0.24 0.56 1.9 526 -

Fe 2.27 224 6.9 4.01 5.67 82.2 - -

F7 2.22 21.7 6.2 3.85 4.33 69.3 - -

Note: F,, 80% N thorough weekly fertigation (30 splits) with P and K applied as basal; F,, 80% N and P through weekly
fertigation (30 splits) with K applied as basal; F;, 80% N and K through weekly fertigation (30 splits) with P applied as basal;
F,, 80% NPK through weekly fertigation (30 splits) with no basal application; F;, 80% NPK through fertigation (26 splits) with
application of basal dose; F;, RDF as band placement + surface; F,, no fertilizer (control); ET,, crop evapotranspiration; RDF,

recommended dose of fertilizer.
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Table 21. Effect of drip irrigation with varied fertigation level on chemical properties of post-harvest

soil (pooled data)

Treatment pH EC Organic Available nutrient (kg ha-1)
(dS m-1) carbon (%) Nitrogen | Phosphorus | Potassium

Drip irrigation
Ii: 40% ETc 8.39 0.43 0.68 182 18.49 538
I2: 60% ETc 8.35 0.44 0.70 179 19.56 533
I3: 80% ETc 8.35 0.45 0.69 177 19.69 531
I+: 100% ETc 8.31 0.44 0.70 173 20.11 530
CD (p=0.05) NS NS NS NS NS NS
Fertigation
F1 8.36 0.44 0.70 177 19.52 535
Fa 8.35 0.43 0.70 177 19.69 534
Fs 8.35 0.43 0.69 176 19.39 531
Fq 8.35 0.44 0.69 178 19.52 532
Fs 8.33 0.45 0.68 181 19.19 533
CD (p=0.05) NS NS NS NS NS NS
Fe 8.39 0.45 0.70 180 18.72 541
F7 8.31 0.41 0.61 163 16.18 493
Interaction NS NS NS NS NS NS

Note: NS, non-significant

Table 22. Effect of drip irrigation with varied fertigation level on economics of sugarcane (pooled data)

Treatment Economics (T ha-l)
Cost of cultivation Gross return Net return B-C ratio

ILF: 329791 317827 -11964 0.96
IiFa 333368 333394 25 0.99
I:Fs 328061 338389 10329 1.03
I1F4 332507 391767 59261 1.17
I;Fs 332507 348025 15518 1.04
IoF 239114 363270 124157 1.52
IbF2 242318 361963 119645 1.49
I2F3 238493 350936 112442 1.47
I2F4 241697 382722 141025 1.58
I2Fs 241697 376291 134594 1.56
IsF1 188273 324207 135934 1.72
I3F2 190775 348607 157832 1.83
I3Fs 187789 372273 184484 1.98
I3F4 190290 404927 214637 2.13
I3Fs 190290 373154 182864 1.96
I4F1 155865 330821 174956 2.12
I4F2 157920 335339 177420 2.13
I4F3 155467 335597 180130 2.16
I4F4 157522 343410 185888 2.18
I4Fs 157522 312905 155383 1.99
RDF (Band placement+ 154535 227034 72499 1.47
surface irrigation)

No fertilizer 138849 166308 27459 1.20

3.6. Junagadh and continued for three years in randomized block

. L. design, replicated thrice. The effects of fertigation
8.6.1. Cotton crop response to drip fertigation treatments on numbers of bolls per plant were found
The experiment was undertaken at JAU farm, significant during both the years (Table 23).
Junagadh having calcareous medium black soil However, it was found insignificant in pool analysis.
falling in textural class of clay on drip fertigation in ~ The highest numbers of bolls per plant was found in

cotton. The experiment was started during 2018-19  T,. Significantly highest seed cotton yield and lint
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yield were recorded as 2.68 and 1.08 t ha’,
respectively under treatment T, having 25% NPK as
basal and remaining NPK through fertigation. The
effective rainwater, irrigation water and total water
were found as 288, 344 and 632 mm, respectively.
The lowest water footprint of seed cotton yield was
2357 L kg', among which green and blue water
footprint were 1074 L kg' and 1283 L kg,
respectively under the treatment T,; while the

highest water footprint was found as 3337 L kg’
under control (no fertilizer). The highest water and
fertilizer use efficiency of 4.24 kg ha-mm™ and 6.09
kg ha-kg", respectively were found in T,. The highest
net return from the cotton cultivation was found as
77182 ha' under treatment T,and lowest of T 46809
ha" under T,, having no fertilizer inputs at all. The
highest benefit-cost ratio of the cotton cultivation
was found as 1.93 under treatment T,.

Table 23. Effect of fertigation treatment on growth, yield, input use efficiency and economics of

cotton (pooled data)

Treatment No. of Seed Lint Total WUE FUE NR B-C

bolls cotton yield yield WP (kg ha- (kg ha-l | (R ha'l) | ratio
plant-! (t ha-1) (t ha'l) | (L kg?) mm-1) kg-1)

T1: 100% N 35.6 2.33 0.94 2712 3.69 5.30 60969 1.77

fertigation,

100% PK basal

T2: 100% NK 36.3 2.40 0.97 2633 3.80 5.46 64361 1.81

fertigation,

100% P basal

Ts: 100% NPK 43.0 2.18 0.87 2895 3.45 4.96 48006 1.58

fertigation

T4: 25% NPK 46.6 2.68 1.08 2357 4.24 6.09 77162 1.93

basal, 75% NPK

fertigation

Ts: 75% N 33.4 2.21 0.89 2858 3.50 6.70 56718 1.75

fertigation, 75%

PK basal

Te: 75% NK 39.1 2.20 0.86 2869 3.49 6.68 56268 1.74

fertigation, 75%

P basal

T7: 75% NPK 35.8 2.14 0.86 2952 3.39 6.49 49473 1.62

fertigation

Ts: 18.75% NPK 36.7 2.20 0.88 2874 3.48 6.66 53732 1.69

basal, 56.25%

NPK fertigation

To: 100% NPK 42.0 2.23 0.89 2829 3.54 5.08 55655 1.71

conventional

fertilizers

Tio: No fertilizer 33.3 1.89 0.74 3337 3.00 - 46809 1.69

CD (p=0.05) NS 0.22 0.076 - - - - -

Note: N, nitrogen; P, phosphorus; K, potassium; WP, water productivity, WUE, water use efficiency, FUE, fertilizer use
efficiency; NR, netreturn; NS, non-significant
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3.7. Bathinda (Ludhiana)

3.7.1. Growth and yield response of Bt cotton in
rotation with summer squash to water quality
and fertigation levels under drip system

A field experiment was conducted in split plot design
on different fertigation level (main factor) and
irrigation water quality (sub factor) in cotton and
summer squash crop rotation. The effect of irrigation
water quality and fertigation levels on different
growth and water use parameters for summer
squash is given in Table 24. The data shows that
summer squash yields were significantly different
among water quality treatments. On an average, the
observed summer squash yield was 6.83 t ha™ with
canal water followed by 4.36 t ha' with alternate
irrigation of canal and tubewell water and 2.33 t ha™'
with poor quality tubewell water alone. Among
different fertigation schedules, summer squash
yields for fertigation level of 80% and 100%

@

recommended dose of nitrogen were at par but

significantly higher than fertigation level of 60%
recommended dose of nitrogen.

The effect of irrigation water quality and fertigation
levels on different growth parameters of cotton
during kharif season 2020 are presented in Table 25.
Among different fertigation levels, the seed cotton
yields were at par when 80 and 100% of
recommended dose of nitrogen was applied and were
significantly higher than application of 60%
recommended dose of nitrogen.

The seed cotton yield when irrigating with tubewell
water alone was significantly lower than other water
quality treatments. Canal water alone and alternate
of canal and tubewell water treatments produced
statistically equivalent seed cotton yield. Similar
trends were observed in other growth parametersi.e.
number of bolls per plant and number of sympods
per plant.

Table 24. Irrigation water applied, profile water use, water use, yield and yield attributing parameters
of summer squash under different fertigation levels and irrigation water qualities

Treatment Total water Vine length No. of fruits/ Yield WUE
use (cm) (cm) plant (no.) (t ha1) (kg ha-mm-1)

60% recommended dose of nitrogen

CwW 29.30 31.8 6.31 6.10 20.7

CWg- TW 29.56 16.6 1.85 1.80 6.1

CW/TW 29.30 23.0 3.30 3.60 12.4

Average 29.39 23.8 3.82 3.83 13.1
80% recommended dose of nitrogen

CwW 30.61 35.2 6.91 6.90 22.6

CWg- TW 29.54 17.5 2.18 2.60 8.8

CW/TW 27.94 24.3 3.99 4.70 16.7

Average 29.36 25.7 4.36 4.73 16.0
100% recommended dose of nitrogen

CwW 28.67 35.9 7.28 7.50 26.0

CWg- TW 27.82 19.6 2.38 2.50 9.1

CW/TW 27.72 24.8 4.48 4.80 17.2

Average 28.07 26.8 4.71 4.93 17.4

Overall average

CwW - 34.3 6.84 6.83 -

CWg- TW - 17.9 2.14 2.33 -

CW/TW - 24.0 3.93 4.36 -

CD for fertigation

level (p=0.05) - NS 0.52 0.62 -

CD for water quality

(p=0.05) - 3.0 0.49 0.45 -

Interaction - NS NS NS -

Note: CW, irrigation with canal water; CW_~TW, irrigation with canal water till germination and subsequent irrigations with
poor quality tubewell water; CW/TW, alternate irrigation with canal water and tubewell water; NS, non-significant; WUE,
water use efficiency. Irrigation water applied to each treatment = 182 mm.
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Table 25. Performance of Bt cotton under different fertigation level and irrigation water quality

Treatment Plant No. of No. of Total Yield WUE
height bolls/plant sympods/ water (t ha-1) (kg ha-
(cm) (no.) plant (no.) use (mm) mm-1)

60% recommended dose of nitrogen

CW 173.2 55.9 33.0 676 3.60 5.3

CWg-TW 170.7 46.3 25.2 661 2.90 4.4

CW/TW 172.3 53.8 30.1 672 3.30 4.9

Mean 172.1 52.0 29.4 670 3.27 4.9
80% recommended dose of nitrogen

CwW 172.9 62.0 37.1 658 3.90 5.9

CWg- TW 171.5 52.8 30.5 694 3.40 4.9

CW/TW 172.7 60.8 35.6 680 3.90 5.7

Mean 172.4 58.5 34.4 677 3.73 5.5
100% recommended dose of nitrogen

CW 175.4 67.6 39.4 660 4.20 6.4

CWg- TW 171.8 58.3 34.0 678 3.70 5.4

CW/TW 173.5 62.6 36.1 675 4.00 5.9

Mean 173.6 62.8 36.5 671 3.97 5.9

Overall average

CW 173.9 61.8 36.5 - 3.91 -

CWg- TW 171.4 52.4 29.9 - 3.34 -

CW/TW 172.8 59.1 33.9 - 3.74 -

CD for fertigation

level (p=0.05) NS 5.8 3.4 - 0.41 -

CD for water

quality (p=0.05) NS 4.4 3.1 - 0.29 -

Interaction NS NS NS - NS -

Note: CW, irrigation with canal water; CW,-TW, irrigation with canal water till germination and subsequent irrigations with
poor quality tubewell water; CW /TW, alternate application of canal water and tubewell water; RDN, recommended dose of
nitrogen; NS, non-significant; WUE, water use efficiency. Irrigation water applied to each treatment = 282 mm.

11_!.- ¥
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Drip fertigation in Bt cotton

Drip fertigation in summer squash

3.8. Udaipur mm. The experiment was conducted in randomized

. block design with four replications. The poolled data
3.8.1.Effective water management under

automated drip irrigation for okra

The experiment on automated drip irrigation in okra
was conducted at plasticulture farm, CTAE campus,
MPUAT Udaipur, the area is characterized by sub
humid climate with an average annual rainfall of 637

analysis revealed that the plant height at 90 DAS was
recorded maximum in treatment T, followed by
treatments T, and minimum plant height was
recorded in treatment T,, in which fertigation takes
place as per farmer practice under flood irrigation
(Table 26). The average weight and length of okra
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fruit were found highest in treatment T, (100% FC,
based on soil moisture sensor under automated drip
irrigation with 100% RDF through fertigation in
equal splits at 4-day interval) with values of 12.37 g
and 16.2 cm respectively followed by treatment T,
with values of 10.25 g and 14.1 cm, respectively.
While the results obtained from treatment T, (in
which irrigation scheduling based on 80% of daily
pan evaporation data under automated drip
irrigation system) on par with result obtained from
treatment T, which indicate good results for adoption

s

of deficit pan evaporation based irrigation
scheduling under drip irrigation. Maximum crop
water requirement was recorded under conventional
/ flood irrigation. The crop yield and water use
efficiency were also recorded highest under
treatment T, with values of 9.8 t ha and 0.215 t ha-
cm’, respectively. The maximum net seasonal
income, gross seasonal income and benefit-cost ratio
was found for treatment T, and lowest for
treatment T.

Table 26. Irrigation water applied, profile water use, water use, yield and yield attributes of summer
squash under different fertigation levels and irrigation water qualities

Treatment | Plant | Average | Average Total Crop water Water Crop Water
height | weight length irrigation requirement | saving | yield use
at 90 of fruit | of fruit water (mm) over Te |(t ha'l) |efficiency
DAS (g) (cm) applied (%) (t ha-
(cm) (mm) cm-1)
T: 78.3 10.25 14.1 428.5 457.3 54.87 8.05 0.177
To 69.97 9.85 13.0 553.0 581.8 42.56 6.35 0.109
Ts 91.57 12.35 16.2 428.5 457.3 54.87 9.8 0.215
Ta 67.92 10 13.5 553.0 581.8 42.56 5.85 0.100
Ts 67.27 9.8 10.8 691.5 720.3 28.89 6.45 0.090
Te 64.02 9 11.2 983.5 1012.3 - 4.6 0.045
CD
(p=0.05) 2.695 1.8 1.7 - - - 1.2 -

Note: T,, 100% field capacity (FC) based on soil moisture sensor under automated drip irrigation (ADI) with 100%
recommended dose of fertilizer (RDF) through fertigation in equal splits at 2-day interval; T,, 80% volume of crop water
requirement based on pan evaporation (PE) under ADI with 100% RDF through fertigation in equal splits at 2-day interval;
T,, 100% FC based on soil moisture sensor under ADI with 100% RDF through fertigation in equal splits at 4-day interval;
T,, 80% volume of crop water requirement based on PE under ADI with 100% RDF through fertigation in equal splits at 4-
day interval; T;, 100% FC based on soil moisture sensor under ADI with 100% RDF through farmers' practice; T,, 100%
volume of crop water requirement based on PE under conventional (manual) drip irrigation with 100% RDF through
fertigation in equal splits at 6-day interval; DAS, days after sowing; RDF 60-30-30 kg N, P,O,, K,O ha™.

SR b o il
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Chapter 4

Groundwater and Rainwater Management

4.1. Ludhiana

4.1.1. Simulation of groundwater recharge in
rice field

The study was carried out to estimate water balance
components through field experiment and to
simulate potential groundwater recharge in
transplanted and direct seeded rice using HYDRUS-
1D model.
components viz., potential crop evapotranspiration,

The various soil water balance

irrigation, rainfall, runoff and soil moisture change
were estimated to assess deep percolation
component, which represents potential groundwater
recharge in water balance equation.

During the experimentation, number of irrigations
applied was 24 for transplanted rice (TPR) and 22 for
direct seeded rice (DSR) which accumulates to total
irrigation water of 1200 and 1100 mm to TPR and
DSR, respectively. In case of DSR, irrigation was
stopped 30 days prior to harvesting. As a result,
cumulative irrigation water applied to DSR was less
in comparison to TPR. Surface runoff estimated
using curve number method during the entire crop
season was 416 and 152.9 mm in TPR and DSR,
respectively. Surface runoff in case of TPR was more
because of development of hard pan after puddling of
the rice field. Potential crop evapotranspiration (PET)
estimated using FAO Penman Monteith equation
was 545 mm with highest value of 7.76 mm on 45
days after transplanting (DAT) with an average of

4.91 mm per day for crop duration of 111 days in TPR
(Figure 7). PET was 539 mm with highest value of
7.28 mm on 67 DAS with an average of 4.14 mm per
day for crop duration of 130 days in DSR (Figure 8).
Potential soil evaporation (E,) and potential
transpiration (T,) in TPR was estimated to be 307 and
238 mm, respectively. E, and T, in case of DSR was
327 and 211 mm, respectively.

Difference between the initial (transplanting for TPR
and sowing for DSR) and final soil moisture content
at harvesting was 64.9 and 62 mm for TPR and DSR,
respectively. Soil moisture change was more in case
of TPR because the initial soil moisture content was
at saturation compared to DSR in which the initial
soil moisture content was at field capacity. Deep
percolation estimated using water balance equation
was 1139 and 1305.6 mm in TPR and DSR,
respectively (Table 27). There was 14.6% more deep
percolation in case of DSR compared to TPR due to
higher infiltration rate in non-puddled soil. Total
measured water input (including irrigation water
applied and rainfall) for TPR and DSR was 2035.5
and 1935.5 mm, respectively. Water output included
PET, surface runoff, soil moisture change and deep
percolation. PET accounted for 26.77 and 27.85% of
the total water output for TPR and DSR, respectively.
Surface runoff accounted for 20.43 and 7.89% and
deep percolation accounted for 55.95 and 67.45% of
the total water output in TPR and DSR, respectively.

Table 27. Water balance components in transplanted and direct seeded rice

Treatment Water input Water output
Rainfall | Irrigation | Potential crop Surface Soil moisture | Deep
(mm) (mm) evapotranspirati | runoff change (mm) | percolation
on (mm) (mm) (mm)
Transplanted 835.5 1200 545 416 64.9 1139
rice (TPR)
Direct seeded 835.5 1100 539 152.9 62 1305.6
rice (DSR)
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Figure 8. Potential soil evaporation (E ), potential transpiration (T,) and
potential crop evapotranspiration (PET) in direct seeded rice

4.2. Pantnagar

4.2.1. Rejuvenation and

management of natural springs & e Springs
in hilly region of Uttarakhand ¢ Bl Srings

o il ST
Though there are more than 900 ® Debmayn iring
springs in the state, most of them * reivhl gvings
have been dried-up because of =g
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The altitude of these springs varied B B
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mean sea level (MSL). The springs
have been mapped and shown in

Figure 9. Figure 9. Location of natural springs in Uttarakhand
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The study was conducted in the Pithoragarh district
of the Uttarakhand state. Pithoragarh is eastern-
most district of the state and located in Himalayas.
The city of Pithoragarh is located in Saur Valley
within the Kumaun division of Uttarakhand at a
height of 1645 m above MSL. The district lies
between latitude 0f 29.4°N to 30.3°N and longitude of
80°E to 81°E. The district is surrounded by Almora,
Champawat, Bageshwar and Chamoli districts of
Uttarakhand and extends over an area of 7217.7
kme. The geological map of the Uttarakhand was
downloaded from Geological Survey of India website
as shown in Figure 10. The figure shows that the
following three groups of geological formation are

present in Pithoragarh.

i) Berinag formation: The Berinag formation
constituting the topmost horizon of the inner
sedimentary belt has been found surrounding the
crystalline masses of the Almora unit. The rock types
consist of fine to coarse grained massive quartzite,
often sericitic and schistose, with pebble beds,

chlorite beds, and interbedded metabasites. Rock

[ W v - [ u i=a ]
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i mdier mie s =

Figure 10. Geological map of Uttarakhand

The district is drained by Saryu, Kali Ganga,
Ramganga, Gori Ganga, Dhauli Ganga and their
tributaries. Prominent tributaries are Mandakini
river, Simkhola river, and many naulas in uphill
direction of rivers. The main drainage patterns are
dendritic, sub- dendritic, trellis, sub-rectangular
and rectangular. The major rivers i.e. Saryu, Kali
Ganga, Ramganga, Gori Ganga, Dhauli Ganga are

]

formations constituting the inner sedimentary belt
have been tightly folded into a few E-W to ESE-WNW

trending folds. At places there is strong evidence of

thrusting and dislocation by a number of faults.

ii) Pithoragarh formation: The Pithoragarh
formation, overlying the Rameshwar formation
include stromatolite bearing dolomitic limestone
with magnesite, talc, chert, pebble beds with some
slate and calcareous slates. Three rock units
constitute the Pithoragarh formation namely
thalkedar limestone, sor slates and massive

Gangolihat dolomites.

iii) Almora crystalline group: The Almora
crystalline zone is ENE-WSW trending zone of
metamorphic rocks. The southern sedimentary belt
which occurs south of the Almora crystalline, is
known as the outer sedimentary belt. The northern
sedimentary belt occurring north of the Almora
crystalline is the inner sedimentary belt, referred to

as the Deoban-Tejam zone or the Jaunsar-

BerinagNappe.
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Figure 11. Drainage map of Pithoragarh district
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of antecedent type, whereas the drainage in the
structurally disturbed area is of subsequent type.
The Pithoragarh district is drained by three major
rivers namely the Saryu on the south-western
boundary, Gauri Ganga and Ramganga (E) in the
middle and Sharda/Kali on the eastern boundary
and their tributaries as shown in the Figure 11.
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4.3. Udaipur

4.3.1.Design and evaluation of groundwater
recharge structure in hard rock areas

Design and evaluation of artificial groundwater
recharge structure in hard rock areas of Jhadol block
of Udaipur district was carried out. The
geomorphological characteristics was determined
and various thematic maps like geomorphology,
slope, soil, topographic elevation, pre and post
monsoon water table, transmissivity etc. were
prepared. Further, different thematic maps, pH,
electrical conductivity, total dissolved solids maps
etc. were also prepared for the Kakan watershed.
Groundwater recharge for nineteen sites was
estimated by using water table fluctuation method.
The minimum computed recharge is 1.148 cm year™
and the maximum value is 12.754 cm year'. Average
value of groundwater recharge for the study area is
found to be 6.15 cm year . The point estimates of the
groundwater recharge were used to prepare a point
map of the groundwater recharge for Kakan
watershed by using Arc-GIS 10.8 software.
Furthermore, this point map was interpolated by
using inverse distance weighted technique to
generate a raster map of groundwater recharge. This
raster map was used as one of the thematic layers for
delineating groundwater potential zones and
recharge zones for the Kakan watershed as
discussed ahead.

Groundwater potential zoning: The eight thematic
maps namely hydrogeomorphology, net
groundwater recharge, land use/land cover, soil,
slope, post-monsoon groundwater depth,
transmissivity and topographic elevation were
considered for identifying groundwater potential
zones in the study area. The groundwater potential
map of Kakan watershed as shown in Figure 12
reveals three distinct zones (categories) representing
'good', 'moderate’ and 'poor' groundwater potential in
the area. The area covered by 'good' groundwater
potential zone is about 14.14 km” which is 29.8% of
total study area. The maximum area has moderate
groundwater potential which is about 51.7% (24.52
km?) of total study area. However, the groundwater
potential along east and north-west boundaries of
the study area is poor. It covers an area of 8.78 km®
which is around 18.5% of the total area. This is due

to presence of rock outcrops and steep sloping

9

hillocks surrounding the study area. The various

classes of groundwater potential zones along with
corresponding area are shown in Table 28.
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Figure 12. Groundwater potential zones of
Kakan watershed
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The favourable artificial groundwater recharge zone
for the study area was delineated using RS and GIS
technique. In this map, light green colour indicates
the favourable zone for artificial recharge. For
artificial recharge, suitable recharge structures such
as percolation tanks, dry stone masonry pond are
recommended for construction. The area, which is
favorable for artificial recharge is 8.57 km®, which
contributes only 18.06% of the total study area. Map
of the suitable zones for artificial recharge of the
study areais shown in Figure 13.

Table 28. Groundwater potential zone classes
and area under each class

Class Area (km?2) Area (%)
Poor 14.14 29.8
Moderate 24.52 51.7
Good 8.78 18.5
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Figure 13. Favorable artificial groundwater
recharge zones of Kakan watershed

Proposed sites for appropriate groundwater
recharge structures: Based on the Central Ground
Water Board guidelines, the location of suitable sites
for groundwater recharge structures were suggested
by considering slope, drainage map and artificial
recharge zone map of the Kakan watershed. The
groundwater recharge structures which are suitable
for the study area are embankment type percolation
tanks and dry stone masonry pond. Three
percolation tanks were found suitable in second and
third order stream where the slope ranges between 3
to 5% in coarse loamy and fine loamy type of soil in
agricultural land or shrub land where the soil has
medium to high infiltration rate. Eight dry stone
masonry ponds are proposed in scrubland and
agricultural land up to third order stream with a
slope range between 5 to 10% in soils with medium
infiltration rate. The proposed location of
groundwater recharge structures such as dry-stone
masonry pond and percolation tanks are shown in
Figure 14.
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Figure 14. Proposed sites for groundwater
recharge structures

The economic analysis showed that the net profit of
three proposed percolation tanks was computed to
be about I4,85,656, whereas net profit of eight
proposed dry-stone masonry ponds was computed to
be ¥5,70,372. Benefit-cost ratio of proposed
percolation tanks and dry-stone masonry ponds
were found to be 1.77 and 2.54, respectively and
hence both percolation tanks and dry-stone masonry
ponds are economically feasible for the hard rock
region of Kakan watershed.

4.4. Jammu

4.4.1.Evaluation of in-situ water harvesting
methods for improving crop water productivity of
maize under sub-tropical area of Jammu

A study is being conducted to enhance water
productivity of maize grown in sub-tropical rainfed
(kandi areas) ecosystem of Jammu province through
rainwater conservation. The kandi areas of Jammu
have undulating topography and low water retentive
soils. The kandi belt confronts major land and water
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management problems which trigger low
agricultural productivity in general and maize
productivity in particular. Due to inadequate and
uneven distribution of rainfall during the growth
span of maize crop, it is imperative to adopt in situ
soil moisture conservation measures to mitigate the
effects of dry spells in kharif sesaon. Also, there is
need for safe disposal of excess water caused by
heavy storms or incessant rains to protect soil
erosion as well as crop.

The experiment was conducted with five water
conservation methods viz., flat planting (T,), ridge
and furrow planting (T,), tied ridge (T,), T, + straw
mulch (T,) and T, + straw mulch (T,), and two
nitrogen levels viz., recommended dose of nitrogen
(N,) and 50% of recommended dose of nitrogen (N,) to
grow hybrid maize (var. Star-9) in kharif 2020.
Rainfall received during the crop growth period was
705 mm, whereas effective rainfall was 560 mm. It
may be noted that tied ridging is a potential method
for in situ water harvesting. Ties are usually 0.50 to
0.65 times the height of the ridges and are
constructed across the furrows at intervals of 1.0 to
1.5 m to reduce the possibility of runoff. As a result,
water will flow only along the furrow even if the depth
of water in the furrow exceeds the height of the ties.
In this experiment, tied ridge was laid out at one
metre interval. Height of a tied ridge was half of the
ridge height.

Experimental results showed that rainfed maize
grown under treatment T; i.e. tied ridge along with

straw mulch had significantly higher yield of 2.22
t ha that was at par with yield (2.19 t ha) under T,
i.e. tied ridge (Table 29). There was 15.2% yield
improvement with tied ridge + straw mulch (T;) over
ridge and furrow + straw mulch (T,) treatment. The
latter method is being traditionally followed by maize
farmers of the region. Rainwater productivity was
also highest (3.96 kg ha-mm™) under T,. Benefit-cost
ratio obtained with tied ridge + straw mulch was
1.45. Effect of nitrogen levels showed that
application of recommended dose of nitrogen (N,)
resulted in higher yield (1.97 t ha™) over the use of
50% of recommended dose of nitrogen (N,), although
there was no significant difference in yields.

Table 29. Performance of maize under water
conservation methods and nitrogen levels

Treatment Maize Rainwater

grain yield | productivity
(t ha1) (kg ha-mm-1)

Water conservation method (T

Ti: Flat planting 1.52 2.71

T2: Ridge and 1.91 3.40

furrow

Ts: Tied ridge 2.19 3.92

Ta4: T2 + straw 1.93 3.44

mulch

Ts: Ts + straw 2.22 3.96

mulch

CD (p=0.05) 0.04 -

Nitrogen level (N

N:: RDN 1.97 3.50

N2: 50% of RDN 1.95 3.47

CD (p=0.05) 0.02 -

TxN NS -

Note: RDN, recommended dose of nitrogen; NS, non-significant
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Chapter 5

Irrigation Scheduling of Crops

5.1. Sriganganagar

5.1.1. Crop yield responses to deficit irrigation in
cotton

Cotton crop is grown as a part of summer squash-
fallow-cotton cropping sequence in the irrigated
areas of North West Plain Zone of Rajasthan. A study
was conducted to find an optimal water use plan for
cotton that is the main kharifcrop in the region. Five
irrigation scheduling treatments (Table 30) and three
treatments on depth of irrigation (50, 60 and 70 mm)
were studied for cotton variety RCH-776 BG II. Three
years of experimentation (2018 to 2020) showed that
maximum seed cotton yield (2.78 t ha') was obtained
with the application of four irrigations at 35 DAS,
square formation, boll initiation and boll
development stages which was statistically at par
with the application of three irrigations at 35 DAS,
square formation and boll development stages (2.76
tha) or at 35 DAS, boll initiation & boll development

Table 30. Response of different treatments on
seed cotton yield and water use efficiency

Treatment | Cotton | Irrigation | Total | WUE
yield water water (kg
(t ha1) applied use ha-
(mm) (mm) | mm-)
Irrigation schedule
I 2.52 203.33 477 5.01
I2 2.50 203.33 477 5.03
I3 2.76 263.33 537 4.96
I4 2.76 263.33 537 4.98
Is 2.78 323.33 597 4.50
CD at 5% 0.13 - - -
Depth of irrigation
D1: 50 mm | 2.52 223.33 497 4.86
D2: 60 mm | 2.79 251.33 525 5.12
D3: 70 mm | 2.68 279.33 553 4.67
CD at 5% 0.10 - - -

Note: I,, two irrigations at 35 DAS & boll development
stages; I,, two irrigations at 35 DAS & square formation
stages; L,, three irrigations at 35 DAS, square formation &
boll development stages; I,, three irrigations at 35 DAS, boll
initiation & boll development stages; I;, four irrigations at
35 DAS, square formation, boll initiation & boll
development stages; DAS, days after sowing; WUE, water
use efficiency. Rainfall=273.77 mm.

stages (2.76 t ha') and significantly higher over
application of two irrigations (2.52 and 2.50 t ha™).
Similarly with increasing depth of irrigation from 50
to 60 mm increased the seed cotton yield
significantly, however further increase in depth of
irrigation did not affect the production of seed cotton.
The interaction effect of irrigation and depth of
irrigation was also found significant. Maximum seed
cotton yield was recorded when the crop was
irrigated four times (I;) with 60 mm as depth of
irrigation, however it was at par with the application
of three irrigations (I,) with 60 cm depth of water. It
was recommended to apply three irrigations to
cotton crop either at 35 DAS, square formation and
boll development stages or at 35 DAS, boll initiation
and boll development stages with 60 mm depth of
irrigation in order to obtain similar seed cotton yield
and 10% irrigation water saving compared to four
irrigations.

Cotton crop under different irrigation schedules
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5.2. Palampur

5.2.1. Studies on irrigation and weed
management in cauliflower (Brassica oleracea
var. botrytis)

A study was conducted from 2018-19 to 2020-21 to
optimize irrigation schedule and weed management
in cauliflower crop. Split plot design was adopted
where the main plot treatments on irrigation
schedule were 0.9, 0.7 and 0.5 pan evaporation (PE).
Sub-plot treatments on weed management were
black polythene mulching, application of
pendimethalin at 1.5 kg ha™ followed by (fb) one hand
weeding (HW) at 40-45 days after transplanting
(DAT), application of pendimethalin at 1.5 kg ha™ fb
straw mulching, and control treatment (weedy
check). Pooled results showed significant interaction
effect of irrigation schedule and weed management
for curd yield, net return and water productivity of
cauliflower crop (Table 31). Increase in irrigation
level from 0.5 to 0.9 potential evaporation (PE)
resulted in progressive increase in curd yield from
7.08 to 12.80 t ha" for all the weed management

practices. Significantly higher curd yield of 14.46
t ha™ was observed on use of black polythene mulch,
irrespective of the irrigation schedule. Yields
obtained with weed management of pendimethalin at
1.5 kg ha'' fb straw mulching and pendimethalin at
1.5 kg ha fb 1 HW were at par (11.81 and 11.52
t ha) and significantly higher than that of weedy
check (5.00 t ha'). Net return was significantly
higher with black polythene mulching and irrigation
at 0.9 PE. However, the net returns were at par with
the use of pendimethalin at 1.5 kg ha™ fb 1 HW and
pendimethalin at 1.5 kg ha™ fb straw mulching for
both 0.7 and 0.9 PE. Significantly higher water
productivity of 3.51 kg m” was obtained with black
polythene mulching and irrigation at 0.7 PE. This
was followed by black polythene mulching and
irrigation at 0.9 PE (3.13 kg m?®). Thus, it was
concluded that higher marketable yield of
cauliflower and net return can be obtained with
application of irrigation at 0.9 PE and use of black
polythene mulch. But irrigation schedule of 0.7 PE
and black polythene mulching can be adopted under
limited water availability.

Table 31. Effect of irrigation level and weed management practices on level on yield, net returns and

water productivity of cauliflower

Weed management (Row) / Irrigation (Column) O9PE | 0.7PE | O.5PE | Average |
Yield (t hal)

Black polythene mulch 17.65 16.72 9.02 14.46

Pendimethalin 1.5 kg ha-! fb one HW at 40-45 DAT 13.88 13.26 7.42 11.52

Pendimethalin 1.5 kg ha-! fb straw mulch 13.95 13.68 7.79 11.81

Weedy check 5.72 5.11 4.07 5.00

Average 12.80 12.19 7.08 10.69

CD (p=0.05) Irrigation level = 0.44, IxW=0.39

Weed management practice = 0.22, IXW=0.55

Net return (X ha-l)

Black polythene mulch 123816 109769 -5662 75974
Pendimethalin 1.5 kg ha-! fb one HW at 40-45 DAT 115746 106447 18816 80336
Pendimethalin 1.5 kg ha-! fb straw mulch 112781 108688 20406 80625
Weedy check 169 -8988 -24533 -11117
Average 88128 78979 2256 56454
CD (p=0.05) Irrigation level= 6599, IxW=5836

Weed management practice = 3369, IxW=8261

Water productivity (kg m-3)

Black polythene mulch 3.13 3.51 2.29 2.98
Pendimethalin 1.5 kg ha-! fb one HW at 40-45 DAT | 2.48 2.80 1.91 2.39
Pendimethalin 1.5 kg ha-! fb straw mulch 2.58 2.96 2.01 2.52
Weedy check 1.04 1.10 1.06 1.07
Average 2.31 2.59 1.82 2.24
CD (p=0.05) Irrigation level= 0.07, IxW=0.08

Weed management practice = 0.04, IxW=0.10

Note: PE, pan evaporation; fb, followed by; HW, hand weeding; DAT, days after transplanting
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5.3. Chiplima

5.3.1. Assessment of productivity and water use
efficiency of different types of maize under
varying moisture regimes

Maize is grown as a substitute for rice crop during
rabi season in the upland conditions of canal
irrigated area of West Central Table Land Zone of
Odisha, because it generates higher remuneration
for farmers. Therefore, an experiment was conducted
to improve productivity of maize crop in the area
(2.12 t ha''), which is currently lower than national
average (3.93 t ha') as well as state average (2.78
t ha). The experiment comprised of three surface
irrigation schedules of IW/CPE 0.8 ([,), 0.7 (,) and
0.6 (I,), and three types of maize crop i.e. sweet corn
(M,), baby corn (M,) and hybrid maize (M,). Depth of

AICRP-IWM
Annual Report

Black polythene mulching in cauliflower

irrigation was 5.0 cm. Pooled resulted of three years
(Rabi 2017-18, 2018-19 and 2019-20) showed that
average green cob yield (8.40 t ha), green fodder
yield (32.46 t ha'') was significantly higher when the
crops was irrigated with IW/CPE 0.8 followed by
IW/CPE 0.7 (Table 32). Sweet corn recorded the
highest yields of green cob (8.53 t ha™) and green
fodder (31.10 t ha). Baby corn (M,) recorded the
highest number of cobs per plant (2.59). Water use
was higher with I, (345 mm) followed by I, (300 mm)
but water productivity was same (0.26 kg m”) for
both the treatments. Net return (X 94,063 ha') and
benefit-cost ratio (3.36) was highest with IW/CPE
0.8. Among the maize types, baby corn was most
remunerative with maximum net return of ¥ 104460
ha™ and benefit-cost ratio of 3.63.

Table 32. Pooled effect of irrigation schedules and different maize varieties on yield and economics

Treatment No. of Green Green Water Water Net B-C
cobs cob yield | fodder yield use productivity | return | ratio
plant-1 (t ha-1) (t ha-1) (mm) (kg m-3) (X ha'1)

Irrigation schedule
I,: IW/CPE 0.8 2.36 8.40 32.46 345 0.24 94063 3.36
I>: IW/CPE 0.7 1.89 7.76 29.59 300 0.26 84579 3.19
I3: IW/CPE 0.6 1.54 6.19 21.43 240 0.26 60334 2.59
CD (p=0.05) 0.18 0.64 2.68 - - - -
Maize type
Mi: Sweet corn 1.63 8.53 31.10 300 0.28 70280 2.60
Maz: Baby corn 2.59 7.26 24.28 300 0.24 104460 | 3.63
M3s: Hybrid maize 1.36 7.42 27.20 300 0.25 28607 1.81
CD (p=0.05) 0.18 0.40 3.81 - - - -
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Sweet corn and baby corn grown under varying irrigation schedules

5.4. Kota

5.4.1. Influence of irrigation schedules and land
configuration on productivity of groundnut (zaid)
+ sweet corn intercropping system in south-east
Rajasthan

An experiment was conducted from 2018 to 2020 to
standardize an optimum irrigation schedule and
land configuration for increasing water use efficiency
of zaid groundnut + sweet corn intercropping system
in south-east Rajasthan. Irrigation scheduling
treatments were IW/CPE 0.8, 1.0 and 1.2, whereas
land configuration treatments were flat bed (3:1) and
broad bed furrow (3:1). The ratio of 3:1 denotes that
one row of sweet corn crop was planted for every
three rows of groundnut crop for both the land
configurations. Pooled result of three years showed
significantly higher pod yield of groundnut (1.85
t ha), net return (X 70987 ha’), benefit-cost ratio
(2.22), groundnut equivalent yield (3.04 t ha’),
system net return (2 130968 ha’) and system
benefit-cost ratio (1.76) obtained under irrigation

schedule IW/CPE 1.2 compared to IW/CPE 1.0 and
IW/CPE 0.8 during zaid season (Table 33). Irrigation
at IW/CPE 1.2 recorded 16.35 and 56.27% higher
pod yield, 22.95 and 94.07% higher net return,
13.43 and 40.09% groundnut equivalent yield, 21.25
and 73.61% higher system net return over IW/CPE
1.0 and IW/CPE 0.8, respectively. But water use
efficiency (2.94 kg ha-mm’) and water productivity
(0.294 kg m”) were same under IW/CPE 1.0 and
IW/CPE 1.2.
configurations did not have significant effect on net

It was observed that land

return, benefit-cost ratio of zaid groundnut, as well
as on system net return and system benefit-cost
ratio. However, pooled data of three years revealed
that significantly higher pod yield (1.69 t ha) and
water use efficiency (3.17 kg ha-mm™) was recorded
under sowing in broad bed furrow compared to that
in flat bed. There was 21.58 and 28.34% higher pod
yield and water use efficiency for sowing in broad bed
furrow, respectively over flat bed sowing.

Table 33. Effect of irrigation schedule and land configuration on performance of groundnut in
groundnut + sweet corn intercropping system (Pooled result of three years)

Treatment Performance of groundnut cro; System performance
Pod Total WUE Net B-C Water Groundnut | System (System
yield |water | (kg ha-| return |ratioproductivity] equivalent net B-C
(t ha'l) |applied | mm-1) | (X ha) (kg m-3) yield return | ratio
(mm) (t ha-1) (X ha‘1)

Irrigation schedule

IW/CPE 0.8 1.18 478 2.59 36578 |1.24 0.259 2.17 79058 1.07

IW/CPE 1.0 1.59 572 2.94 57733 |1.88 0.294 2.68 110214 | 1.49

IW/CPE 1.2 1.85 667 2.94 70987 |2.22 0.294 3.04 130968 | 1.76

CD (p=0.05) 0.10 - NS 5742 ]0.19 - 0.14 16446 0.13

Land configuration

Flat bed 1.39 600 2.47 47602 |1.58 0.247 2.44 95374 1.28

(3:1)

Broad bed 1.69 544 3.17 62597 |1.98 0.317 2.82 118119 | 1.59

furrow (3:1)

CD (p<0.05) 0.19 - 0.16 NS NS - NS NS NS

Note: NS, non-significant




IW/CPE 1.2 + broad bed furrow sowing of
groundnut and sweet corn in 3:1

5.5. Jabalpur

5.5.1. Evaluation of water productivity of
rice-wheat cropping system with varying tillage
practices

A three-year long experiment (2016-17 to 2018-19)
was conducted to determine optimum sowing
methods and irrigation management for rice (var.
Pusa Sugandha) - wheat (var. JW 1203) cropping
system. Two sowing methods of rice were
implemented i.e direct seeded rice (DSR) and
transplanted rice (TPR) during kharif season, with
two irrigation practices i.e. cut-off irrigation at 20
days before harvest and cut-off irrigation at 10 days
before harvest. Therefore, total four treatments were
applied to rice crop. After harvest of rice, wheat was
sown under zero tillage condition in the same plots
during rabi season, and two treatments were applied
i.e. irrigation before wheat sowing with zero tillage
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IW/CPE 0.8 + flat sowing of groundnut and
sweet corn in 3:1

and irrigation after wheat sowing with zero tillage. It
is to be noted that the treatments for wheat crop were
a superimposition in the plots where DSR and TPR
were harvested. Therefore, total four treatments in
rice and eight treatments in wheat and rice-wheat
system were studied. Results showed that cut-off
irrigation at 10 days before harvest of TPR followed
by irrigation before wheat sowing gave highest
system water productivity of 1.11 kg m”, net return
0f%112247 ha' and benefit-cost ratio of 1.97 (Table
34). Minimum net return of ¥ 98735 ha and benefit-
cost ratio of 1.73 was obtained with cut-off irrigation
at 20 days before harvest of TPR followed by
irrigation after wheat sowing. Therefore, cut-off
irrigation at 10 days before harvesting rice followed
by irrigation before sowing wheat under zero tillage
condition was recommended to generate maximum
income and water productivity from rice-wheat
system in Madhya Pradesh.

Table 34. Performance of rice-wheat cropping system under varying sowing methods, irrigation

management and zero tillage

Treatment Yield Net return System performance
combination (t ha-1) (X hal) (Rice-Wheat)

Rice Wheat Rice Wheat Net return B-C WP

(X ha-l) ratio (kg m-3)

DSR-C20-IBW 4.19 4.72 56904 51066 107971 1.95 1.03
DSR-C20-IAW ) 4.62 49208 106112 1.92 1.00
DSR-C10-IBW 4.84 53311 105915 1.92 1.05
DSR-C10-IAW 3.96 4.79 52603 52318 104921 1.90 1.04
TPR-C20-IBW 4.81 52759 100391 1.76 1.05
TPR-C20-IAW 385 4.72 47632 51103 98735 1.73 1.03
TPR-C10-IBW 417 5.12 53765 58482 112247 1.97 1.11
TPR-C10-IAW ) 4.92 54802 108567 1.90 1.07

Note: DSR, direct seeded rice; TPR, transplanted rice; C20, cut-off irrigation 20 days before harvesting; C10, cut-off
irrigation 10 days before harvesting; IBW, irrigation before wheat sowing under zero tillage condition; IAW, irrigation after
wheat sowing under zero tillage condition; WP, water productivity; Cost of cultivation: ¥ 21430 (DSR), 24270 (TPR) and
35800 (wheat); Sale price: 2 18.70 kg™ (rice) and % 18.40 kg™ (wheat).
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5.6. Bathinda (Ludhiana)

5.6.1. Enhancing water productivity of summer
greengram (Vigna radiata L.) with different
wheat residue management and irrigation
regimes

An experiment was conducted to assess the effect of
irrigation regimes and tillage with wheat residue
management on summer greengram crop (var. SML
668). Wheat residue management treatments
comprised of M, - Preparatory tillage after removal of
wheat residue, M,- Zero tillage in wheat residue
leftover after making wheat straw by straw reaper,
and M;- Incorporation of leftover wheat residue after
making wheat straw along with preparatory tillage.
Treatments on irrigation level were two irrigations at
vegetative and flowering stages (I,), three irrigations
in vegetative, flowering and pod filling stages (I,), four
irrigations in vegetative, flowering, pod filling and

]

Amounts of irrigation
applied were 15.0, 22.5 and 30.0 cm in I,, I, and I,
treatments, respectively each of 7.5 cm depth.

pod formation stages (L,).

Results showed that average grain yields of
greengram was significantly higher in both
incorporation of residue with tillage (M,) and zero
tillage (M,) treatments over no residue addition
tillage treatment (M,) (Table 35). Both the residue
incorporation and leftover residue zero tillage
treatments were statistically at par in terms of yield.
Irrigation regimes I, and I, gave significantly higher
greengram yield than I, under all the three wheat
residue management tillage practices, difference in
yield between I, and I, was statistically non-
significant. Among the irrigation regimes, water
expense efficiency (WEE) was found to be the highest
in I,. WEE was higher in M, and M, treatments and
leastin M, where no residue was retained in soil.

Table 35. Performance of summer greengram under varying irrigation and tillage practices

Irrigation regime Profile water use Water used Seed yield WEE
(cm) (cm) (t ha-l) (kg ha-mm-1)
Mi: Preparatory tillage with no wheat residue
I;: Two irrigations -2.31 22.99 0.408 1.77
I2: Three irrigations -2.76 30.04 0.601 2.00
Is: Four irrigations -3.36 36.95 0.644 1.74
Average -2.81 29.99 0.551 1.84
M2: Leftover wheat residue with zero tillage
I:: Two irrigations -2.92 22.38 0.514 2.29
I2: Three irrigations -4.05 28.75 0.710 2.47
Is: Four irrigations -4.21 36.10 0.742 2.06
Average -3.73 29.08 0.655 2.27
Ms: Incorporated wheat residue along with tillage
I1: Two irrigations -2.98 22.33 0.525 2.35
I2: Three irrigations -3.92 28.89 0.767 2.65
Is: Four irrigations -4.12 36.18 0.791 2.19
Average -3.67 29.13 0.694 2.40
CD (5%)

Wheat residue management (A) 0.091
Irrigation regimes (B) 0.066
Interaction (A x B) NS

Note: I,, two irrigations at vegetative growth & flowering stages; I,, three irrigations at vegetative, flowering and pod filling
stages; I, four irrigations at vegetative, flowering, pod filling & pod formation stages. WEE, water expense efficiency.

Rainfall=10.3 cm.
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Chapter 6

Basic Studies on Soil-Plant-Water-Environment Relationship

6.1. Chiplima

6.1.1. Optimization of height of raised beds in
raised - sunken bed system in lowlands of Hirakud
command area in kharifseason

An experiment was conducted from kharif 2018 to
2020 to enhance water productivity of raised and
sunken bed system with optimum elevation
difference and crop combination in the lowlands of
Hirakud command. Split plot design was adopted
where elevation differences of 30 (H,), 45 (H,) and 60
(H,) cm were in the main plot and intercrop
combinations of ricetokra (C,), ricetmaize (C,),
ricettomato (C,) and ricetcowpea (C,) in sub-plot.
Rice was grown in sunken beds, whereas okra,
maize, tomato and cowpea were cultivated on raised
beds. It was observed that rice equivalent yield of
7.22 t ha' was significantly higher under elevation
difference of 60 cm between raised and sunken beds
compared to 45 cm and 30 cm. Highest system net
return of ¥56,605 ha' and benefit-cost ratio of 2.53
were also obtained with elevation difference of 60 cm
(Table 36). Maximum yield of 7.55 t ha™ was obtained

with rice+cowpea, but statistically similar to yield of
7.19 t ha* with rice+okra. Intercrop of rice + cowpea
also fetched highest net return 87,737 ha') and
benefit-cost ratio (2.64).

Table 36. Effect of elevation difference and crop
combination on crop yield and economics (Pooled
average of kharif2018,2019 and 2020)

Treatment Rice Net B-C
equivalent | return | ratio
yield (X hal)
(t ha)
Elevation difference
Hi (30 cm) 6.32 46179 | 2.21
H2 (45 cm) 6.72 51122 | 2.35
Hs (60 cm) 7.22 56605 | 2.53
CD (p=0.05) 0.36 - 0.12
Crop combination
C1 (Rice+Okra) 7.19 81366 | 2.51
C2 (Rice+Maize) 6.14 62963 | 2.15
C3 (Rice+Tomato) 6.12 62706 | 2.14
C4 (Rice+Cowpea) 7.55 87737 | 2.64
CD (p=0.05) 0.45 - 0.16

Crops grown in raised-sunken bed system in lowlands of Hirakud command

6.2. Kota

6.2.1. Increasing wheat productivity through
foliar spray of bioregulator under skip irrigation
situation

An experiment was conducted with wheat variety Raj
4079 from rabi 2017-18 to 2019-20 to improve
productivity and economic gain. Split plot design
was implemented with three treatments on skip

irrigation applied at late tillering stage, booting stage
and milking stage in separate plots under main plot.
Three treatments on bioregulator foliar spray were
also applied with different doses of bioregulator
putrescine at 25, 50, 75 and 100 ppm in separate
plots under sub-plot. Recommended irrigation for
wheat i.e. four irrigations at CRI, late tillering,
booting and milking stages was taken as absolute
control. Irrigation depth in all the treatments was 60
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mm. Pooled results of three years showed that
significantly higher grain yield (4.24 tha'), water use
efficiency (WUE) (15.14 kg ha-mm”), net return
(59304 ha') and benefit-cost ratio (2.05) was
obtained from the treatment where irrigation was
skipped at late tillering stage, as compared to skip
irrigation at booting and milk stages (Table 37). Skip
irrigation at late tillering stage led to increase in grain
yield by 11.3 and 16.8% over skip irrigation at
booting and milking stages, respectively. Foliar
spray of putrescine at 75 ppm recorded significantly

higher yield (4.02 t ha'), with highest net return
54177 ha'), WUE (14.36 kg ha-mm’') and water
productivity (WP) (1.51 kg m™®) among the
bioregulator treatments. However, grain yield, WUE
and WP obtained with putrescine at 75 and 100 ppm
were at par. Thus, an inference was drawn from the
study that one irrigation of 60 mm depth can be
skipped at late tillering stage to obtain wheat yield
similar to that with four irrigations at CRI, late
tillering, booting and milk stages.

Table 37. Performance of wheat crop under different irrigation scheduling and foliar spray of

bioregulator (Pooled results of three years)

Treatment Yield WUE Net return B-C WP
(t ha'l) |(kg ha-mm-1)| (Iha) ratio (kg m-3)
Irrigation at critical growth stage
Skip irrigation at late tillering stage 4.24 15.14 59304 2.05 1.51
Skip irrigation at booting stage 3.81 13.61 50711 1.75 1.36
Skip irrigation at milking stage 3.63 12.95 47046 1.63 1.29
CD (p=0.05) 0.21 0.73 4272 0.15 0.08
Bioregulator foliar spray
Foliar spray of putrescine at 25 ppm 3.66 13.07 50012 1.89 1.31
Foliar spray of putrescine at S0 ppm 3.83 13.69 51989 1.85 1.37
Foliar spray of putrescine at 75 ppm 4.02 14.36 54177 1.81 1.44
Foliar spray of putrescine at 100 ppm 4.10 14.48 53237 1.69 1.45
CD (p=0.05) 0.20 0.80 NS NS 0.07
Absolute control (4 irrigations at CRI, 4.64 13.75 69938 3.01 1.38
late tillering, booting, milking stages)

Wheat crop at booting stage

6.3. Rahuri

6.3.1. Estimation of water requirement and
development of crop coefficients of fodder maize
through lysimetric technique (Collaborative
research project: AICRP on IWM and Department
of Irrigation and Drainage Engineering)

A study was undertaken to develop the crop
coefficient values of fodder maize (var. African Tall)
for Rahuri region from locally available
measurements on crop evapotranspiration (ET)
from lysimetric experiments and corresponding

L B /S
Wheat crop at dough stage
estimates of reference ET, and develop the crop
coefficient equations. Weekly fodder maize
evapotranspiration data was measured with the
lysimeters installed in the experimental farms of the
AICRP on Irrigation Water Management, MPKV,
Rahuri for three consecutive years (2018 to 2020).
Weekly values of crop coefficients were computed for
fodder maize as the ratio of weekly ET, obtained from
lysimeter and weekly reference evapotranspiration.
As the ET, values were available for two lysimeters
per year, the ET, values were averaged over both the
lysimeters to compute the crop coefficient values.
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Crop coefficient (K) curves were developed for the
reference ET, estimated by Penman-Monteith.
Polynomial equations of different orders with crop
coefficient as a function of the ratio of days since
sowing/planting to total crop growth period were
fitted for the years 2018-19, 2019-20 and 2020-21 in
order to estimate crop coefficient of fodder maize. It
was found that third and fourth order polynomial
equations were suitable for estimation of crop
coefficient of fodder maize for 2018-19, 2019-20 and
2020-21. The equations are given below:

Year:2018-19

3 2
Kct:—5.628[£j +6.669(£] —0.627(£]+0.272 R%=0.803
T T T
Year : 2019-20
t) t)? t)? t
Ke, =13.06| L] —32.59( L] +20.84( 1| ~1.778/ L]4+0.514 R%?-0.814
T T T T
Year : 2020-21
t) t)? t)? t
Kc‘:13.06(7j -32.59[7) +20.84(7J —1.778(7J+0,514 R? = 0.856
T T T T

6.4. Chalakudy

6.4.1. Development of a suitable filtering
technique for reusing household wastewater for
irrigation

A study is being conducted to develop a household
wastewater treatment system to make wastewater
suitable for irrigation and test the suitability of
treated water for irrigating vegetables and growing
fish. Reuse of household wastewater is necessary for
solving water scarcity problems during summer
months in Kerala. Water samples were collected form
two locations within 10 km distance from Chalakudy
centre. Laundry wastewater was bulked and
homogenized and made into one sample. Analyses of
physico-chemical parameters of the water samples
(Table 38) showed that both the samples were not
suitable for irrigation. Then a sand filter system was

]

designed and developed for the treatment of laundry

wastewater and tested for suitability for irrigation.

Design, development and testing of filter

The filter was designed and developed for the
treatment of laundry wastewater. A fibre tank of
capacity 60 litre and dimensions of height 0.6 m and
diameter 0.3 m was filled with different materials
such as clay balls, fine sand and two layers of gravel.
Schematic diagram of the filter is shown in Figure
15(a). The top most portion of filter contains clay
balls of 8 to 10 mm size and thickness of 10 cm. A free
space of 10 cm is provided at the top layer of the clay
balls for ponding wastewater. The next layer of filter
media is fine sand of size 0.25 to 0.125 mm and
thickness of 15 cm. It is followed by fine gravel layer
of size 2 to 4 mm and coarse gravel layer of size 4 to 8
mm. Thickness of both the gravel layers is 10 cm
each. A screen mesh is provided at the top and
bottom of fine sand layer. At the bottom of the tank
an inverted plastic net basket is kept for free flow of
water from the upper layers. Also, a tap is provided at
the bottom for collecting the filtered water. The
developed filter and inside view of the filter are shown
in Figure 15(b). Laundry wastewater was collected
from the same locations kept in a settling tank of
capacity 200 L. From the settling tank, the
wastewater was conveyed to the filters kept at right
and left sides of the settling tank. After 24 hours of
retention time, the filtered water was collected from
the filters and analysed. Table 38 shows that that
pH, residual sodium carbonate (RSC) and sodium
absorption ratio (SAR) are within the permissible
limit; hence the filtered water was found suitable for
irrigation purpose.

Table 38. Results of laboratory analysis of laundry wastewater before and after filtration

Parameter Sample I Sample II Safe value for irrigation*
Before After Before After

pH 8.4 7.8 9.4 6.9 6.5-85
EC (dS m) 1.1 0.7 1.4 1.0 1.5
COs32 (meq L) 0.0 0.0 0.0 0.0 -
HCOs (meq LY) 4.8 2.4 3.6 2.4 -
Na* (meq L) 9.3 3.5 13.5 6.5 -
K*(mg L) 7.8 6.1 12 7.4 -
Ca?* (mg L?) 1.6 29.4 8.1 26.5 -
Mg?* (mg L) 1.4 1.8 1.2 7.4 -
SAR (meq L?) 29.8 3.9 26.9 6.5 10.0
RSC (meq L) 4.6 0.8 3.1 0.5 1.25
Boron (mg L) 0.25 0.18 0.30 0.16 <1.0

*Bureau of Indian Standards (1986)
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Figure 15 (a). Schematic diagram of the cross-sectional view of laundry wastewater filter,
(b) Settling tank at the top along with two filters on the ground (top) and top view of the filter (bottom)

6.5. Bathinda (Ludhiana)

6.5.1. Response of rice straw mulch and
irrigation water quality on performance of Bt
cotton under different levels of irrigation and its
residual effect on succeeding wheat crop in Bt
cotton-wheat cropping system

Field experiment was conducted to study the effect of
mulching and irrigation water quality on
performance of Bt cotton crop (var. RCH 773 BG II),
effect of the residual effect of straw mulch on
succeeding wheat crop (var. HD 3086), and the effect
of mulching and irrigation water quality on soil
properties. Water quality treatments comprised of
canal water (CW) and tubewell water (TW). TW was
saline sodic with RSC, 1.10-1.36 meq L' and EC,
3.8-4.2 dS m". Mulching treatments comprised of
straw mulch at 6 t ha' and no mulch condition.
Treatments on irrigation level were I,: IW/CPE 0.6 (3
nos.), L, IW/CPE 0.8 (4 nos.) and I,: IW/CPE 1.0 (5
nos.).

Bt cotton crop grown during kharif season showed
that treatment combinations of mulching, irrigation
water quality and its application frequency
(irrigation level) had significant effect on seed cotton

yield (Table 39). Average seed cotton yield was 2.45
t ha' and 2.28 t ha under mulch and no mulch
application, respectively. Average seed cotton yield
was 2.71 t ha” under canal water treatment whereas
it was 2.02 t ha™ under saline-sodic TW application.
Water use efficiency (WUE) was higher under straw
mulch compared with no mulch condition. Among
irrigation levels, highest WUE was recorded with
IW/CPE 0.6 except CW without mulch. Higher WUE
was observed with CW in comparison to TW
irrespective of mulching treatment.

Wheat crop sown during rabi 2019-20 after harvest
of cotton, residual effect of straw mulch and water
quality had no significant effect on grain yield of
wheat (Table 39). However, irrigation level had
significant effect on wheat yield and yield attributing
parameters. Maximum grain yield of 5.01 t ha™ was
observed under irrigation with TW at IW/CPE 1.0
where rice straw mulch was applied. Grain yield
(3.43 t ha') was minimum with use of CW and
IW/CPE 0.6 under no mulch application. WUE was
higher under residual mulch conditions and TW
irrigation and except for IW/CPE 0.6.
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Table 39. Performance of Bt cotton followed by wheat crop with residual mulch under different
qualities of water and irrigation level

AICRP-IWM M f@‘g
Annual Report N

Irrigation Crop yield Irrigation water Total water applied WUE
level (t hal) applied (cm) (cm) (kg ha-mm-?)
Wheat Bt Wheat Bt Wheat Bt Wheat Bt
cotton cotton cotton cotton
Canal water-without mulch (CW-M,)
I 3.43 2.27 22.5 22.5 38.4 72.0 8.94 3.15
Iz 4.38 2.71 30.0 37.5 46.2 84.7 9.47 3.20
I3 4.67 2.80 37.5 52.5 50.2 99.3 9.30 2.82
Mean 4.16 2.59 30.0 37.5 44.9 85.3 9.24 3.06
Canal water-with mulch (CW-Ms)
I 3.78 2.54 22.5 22.5 38.8 70.4 9.75 3.61
I2 4.58 2.94 30.0 37.5 46.8 83.8 9.78 3.51
I3 4.91 3.00 37.5 52.5 49.2 98.4 9.97 3.05
Mean 4.42 2.83 30.0 37.5 44.9 84.2 9.83 3.39
Tubewell water-without mulch (TW-M,)
Iy 22.5 1.78 22.5 22.5 37.4 68.3 9.82 2.63
) 37.5 2.04 30.0 37.5 43.9 83.4 10.21 2.44
I3 52.5 2.07 37.5 52.5 50.8 95.9 9.45 2.16
Mean 37.5 1.96 30.0 37.5 44.0 82.5 9.83 2.41
Tubewell water-with mulch (TW-Ms)
I 3.88 1.92 22.5 22.5 36.9 69.1 10.52 2.78
Iz 4.75 2.14 30.0 37.5 42.2 83.8 11.25 2.56
I3 5.01 2.17 37.5 52.5 48.7 96.1 10.30 2.25
Mean 4.55 2.08 30.0 37.5 42.6 83.0 10.69 2.53
Overall mean
CW 4.29 2.71 - - - - - -
™™ 4.43 2.02 - - - - - -
CD (p<0.05) NS 0.219 - - - - - -
No mulch 4.24 2.28 - - - - - -
With mulch 4.48 2.45 - - - - - -
CD (p<0.05) NS 0.059 - - - - - -
I 3.69 2.13 - - - - - -
Iz 4.55 2.46 - - - - - -
I3 4.85 2.51 - - - - - -
CD (p<0.05) 0.351 0.089 - - - - - -
<
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Rainfall during rabi season (for wheat) = 15.1 cm, Rainfall during kharif season (for Bt cotton) = 44.0 cm;
I:: IW/CPE 0.6 (3 nos.), I.: IW/CPE 0.8 (4 nos.) and Is: IW/CPE 1.0 (5 nos.)

— F] % L

Bt cotton crop grown with rice straw mulch in Succeeding wheat crop in rabi season

kharif season
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Chapter 7

Conjunctive Use and Multiple Use of Water

7.1. Bathinda (Ludhiana)

7.1.1. Evaluation of water productivity of fodder-
based cropping sequences for different irrigation
water qualities

Field trial was done to study the effect of water
quality on fodder yield and water productivity in
fodder-fodder crop sequence and to compare the
effects of different irrigation water qualities on soil
properties. Fodder crops berseem and ryegrass were
grown during rabi season and sorghum was grown in
kharif season. Six treatments on quality of water
were canal water (CW) alone, saline sodic water (TW)
alone, CW-TW (alternately), 1CW-2TW, 2TW-1CW
and 1CW-subsequent irrigation with TW. Tubewell
water has residual sodium carbonate (RSC) of 1.36
meq L' and electrical conductivity (EC) of 4200
umhos cm™.

Effect of varying qualities of irrigation water on
berseem crop (var. BL-10) with respect to green
fodder yield (GFY), dry fodder yield (DFY) and water
expense efficiency are given in Table 40. GFY was
statistically higher with the use of CW, which was at
par with CW-TW. The irrigations with alternate CW
and TW showed 25.8% higher GFY over irrigation
with TW alone. DFY showed same trend as GFY.
There was 40.6% reduction in dry fodder yield where
all irrigations were given with poor quality water (TW)

than CW-TW treatment. In contrary to these the
water expense efficiency (WEE) was highest (222.6
kg ha-mm™) in CW treatment and lowest (169.6 kg
ha-mm™) where all irrigations were given with only
tubewell water. Ryegrasss (var. Punjab Ryegrass 1)
grown with varying qualities of irrigation water
showed that GFY was statistically higher in CW, but
at par with CW-TW and 1CW-2TW (Table 40).
Irrigations with TW alone showed 26.0 and 24.1%
reduction in GFY than CW and alternate canal and
tubewell water (CW-TW), respectively. DFY showed
the same trend as GFY. WEE was highest under CW
(232.4 kg ha-mm) followed by CW-TW (214.0 kg ha-
mm™) and minimum values (186 kg ha-mm™) were
under TW alone.

Succeeding sorghum crop (var. PSC-4) showed
significant increase (25.06% and 29.1%) in GFY with
alternate use of water (CW-TW) compared to use of
TW alone for sorghum with preceding berseem and
ryegrass, respectively. Similar trend was observed
for DFY of sorghum. DFY was higher with CW
followed by CW-TW and lowest with TW alone.
Maximum water expense efficiency (151.5 kg ha-
mm’™) was recorded under CW (Table 41). The effect
of preceding crop (berseem and ryegrass) and
various qualities of water on green fodder yield of
sorghumi is also given in graphical form in Figure 16.

Table 40. Effect of water quality on berseem and ryegrass during rabi season

Green fodder yield Dry fodder yield Water expense efficiency
Treatment (t ha1) (t ha-1) (kg ha-mm-1)
Berseem Ryegrass Berseem Ryegrass Berseem Ryegrass
CwW 118.2 123.5 0.243 0.251 222.6 232.4
W 84.4 93.0 0.170 0.206 169.6 186.3
CW-TW 113.7 117.2 0.239 0.240 213.3 214.0
1CW-2TW 104.3 1154 0.203 0.234 202.1 205.3
2TW-1CW 100.3 105.6 0.193 0.209 191.0 187.9
1CW-TW(s) 101.0 106.4 0.193 0.212 184.6 188.7
CD (%) 8.64 6.78 0.019 0.024 - -

Note: CW, irrigation with canal water; TW, irrigation with tubewell water; 1CW-TW(s), one irrigation with CW and
subsequent irrigations with TW. Irrigation water applied to berseem and ryegrass = 36.0 cm. Rainfall = 16.09 cm.
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Table 41. Effect of water quality on sorghum succeeding berseem and ryegrass in kharifseason

Treatment Green fodder yield Dry fodder yield Water expense efficiency
(t hal) (t hal) (kg ha-mm-1)
Berseem-Sorghum
CwW 122.1 0.343 151.5
™W 88.5 0.186 119.3
CW-TW 118.1 0.335 147.1
1CW- 2TW 117.3 0.318 143.2
2TW- 1CW 95.1 0.218 117.8
1CW- TW(s) 94.5 0.218 117.2
Ryegrass-Sorghum
CwW 121.4 0.338 152.1
™W 83.5 0.177 113.5
CW-TW 117.8 0.332 148.5
1CW- 2TW 116.9 0.315 144.9
2TW- 1CW 93.3 0.211 114.4
1CW-TW(s) 92.5 0.207 114.4
CD (%) 6.53 0.038 -
140
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Figure 16. Green fodder yield of sorghum crop with preceding berseem and ryegrass crops
under conjunctive use of water
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7.2. Ayodhya

7.2.1. Conjunctive use of surface water and
groundwater at middle and tail ends of Awanpur
distributory to enhance the wheat yield

This experiment was conducted as part of
Operational Research Project (ORP) at Panapur
minor of Awanpur distributory command area.
Wheat crop was grown with conjunctive use of water
at 10 farmers' fields in the middle and tail end of the
distributary during rabi season 2019-20. Improved
water management practice (T,) i.e. 6 cm water by
check basin method with canal water and
groundwater in the ratio of 2:1 was provided at

critical growth stages of wheat (CRI, late jointing and

G

milking stage) and compared with farmers' practice
(T,) i.e. 10-12 cm water by flooding/field to field
irrigation as per availability of canal water (~2
irrigations). It was observed that improved water
management practice produced significantly higher
wheat grain yield of 4.15 t ha”, water expense
efficiency (WEE) of 127.70 kg ha-cm, net return of
48868 ha' and benefit-cost ratio of 2.58 (Table 42)
compared to farmers' practice (3.36 t ha”, 88.60 kg
ha-cm™”, ¥29328 ha' and 2.58, respectively). In
farmers' practice 20 cm canal water was applied
though flooding/ field to field irrigation. Yield
obtained with improved irrigation practice was

23.63% higher than the farmers' practice.

Table 42. Performance of wheat with improved water management and farmers' practice

Irrigation system Average Water expense Cost of Net B-C

grain yield efficiency cultivation return ratio
(t ha-1) (kg ha-cm-1) (X ha1) (X ha-l)

Ti1: Conjunctive use of canal 4.15 127.70 31000 48868 2.58

water and groundwater

(2:1) at critical growth

stages

T2: Canal irrigation with 3.36 88.60 29500 29328 1.99

farmers’ practice

Note: Unit price of wheat was ¥ 1925 per quintal

Wheat grown under conjunctive use of water in
Awanpur distributory command

7.3. Almora

7.3.1. Development of micro-water resource at
farmer’s field and multiple use of water

Uttarakhand receives large amount of rainfall (670-
2800 mm) and has several perennial rivers. Despite
this, the hill region faces shortage of water supply for
agriculture and other uses. Micro water resources
development plan was initiated at farmers’ field to
meet irrigation and other multiple uses which can

provide livelihood security of farmers in hills. The
study areais 35 km away from Almora at an elevation
of 1800-2250 m from mean sea level. Some farmers
were also selected in Hawalbagh block, village
Challar Mussoli, Kasoon and Jur kafoon around O to
20 km range from Hawalbagh block.

Micro-water resource development

A tank with capacity of 20-198 m’ was constructed at
farmers’ field to irrigate vegetable crops and combat
intermittent dry spells during kharif and provide
supplementary irrigation to rabi crops. The
harvested water from these tanks was delivered with
gravity-fed drip or sprinkler irrigation system to high
value crops. The drip system was modified as per the
suitability of farmer’s site and condition. Three types
of storage structures i.e. polyfilm, polycement tank
as well as poly tank available in the market were
installed at farmer’s field and joined with drip
irrigation system for small terraces to utilize water
efficiently. The farmers were advised to schedule
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irrigation based on water requirement of vegetable
crops and rest available surplus water can be
diverted towards irrigating rabi crops. The farmers
were also advised to prioritize crops as per their
economic importance and availability of water in the
tank.

Multiple water utilization experiment has been
established at 15 farmers’ fields. Components of the
multiple water use system were; water harvesting
pond, fish farming, vermicomposting, temperate
fruit plantation (kiwi fruit), vegetable cultivation,
animal rearing, duckery/poultry, azolla cultivation,
small moving polyhouse for vegetable production.
The tank has been constructed for storing rainfall,
runoff or spring water. Vermicompost units have
been developed with total capacity of 119.18 m’upto
year 2019-20. It was estimated that vermicompost
can yield around 1.86 lakh kg in two cycles. Mostly
vermicompost was utilized by the farmers on their
own field. If vermicompost is sold @ Rs.3 kg, a total
amount of ¥5.56 lakh can be earned by farmers from
two cycles. From cattle component, average milk
yield was from 3.0 to 9.0 kg as reported by farmers.
The estimated income from six cows is about ¥3.76
lakh, if milk and cow dung is sold by farmers. The
land used can be changed with cultivation of
vegetable instead of cereals in terraces irrigated with
harvested water in tanks. Poultry/duckery
component earned ¥ 15000 to 24500 by selling birds.
Gross income of farmers from this component was
about ¥12000 in one year. Azolla cultivation was
carried out by five farmers with 50 m® per farmer.
Around 1600 kg green azolla was produced in one

year.

7.4.Belavatagi

7.4.1. Evaluation of different sources of
irrigation water to rabi crops in Malaprabha
command area

A field experiment was conducted from 2017 to 2019
on different sources of water i.e. pond water, borewell
water and e-harmonised borewell water on rabicrops
like chickpea (var. JG-11), wheat (var. UAS-334),
sunflower (var. Dhara) and safflower (var. A-1); and
its impact on economics and soil physical and
chemical properties after harvest. Among the

s

different sources of water, pond water recorded
significantly higher chickpea equivalent yield during
all three years and in pooled results (1.52, 1.37, 1.16
and 1.35 t ha”, in 2017, 2018, 2019 and pooled,
respectively) compared to borewell water (1.21, 1.01,
0.88 and 1.03 t ha™', respectively), and it was at par
with e-harmonized water (1.39, 1.09, 1.37 and 1.28
t ha', respectively) as shown in Table 43. Among the
rabi crops, safflower recorded significantly higher
chickpea equivalent yield in all three years as well as
in pooled (2.38, 2.04, 1.16 and 1.86 t ha’,
respectively) followed by sunflower (1.49, 1.32, 1.28
and 1.36 t ha’, respectively). The results indicated
that performances of safflower and sunflower were
least affected crops by source of water, whereas
chickpea and wheat were much affected by the
source of irrigation water. Economics indicates that
irrigation with pond water resulted in significantly
higher net returns 37309 ha) and benefit-cost
ratio (2.45) from all the rabi crops compared to other
water sources. Also, there was significant reduction
in soil pH after harvest of the rabi crops on the use of
pond water.

Trial of rabi crops under different
irrigation sources
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Chapter 8

Operational Research Project (ORP)

AICRP on Irrigation Water Management (IWM)
carries out Operational Research Projects (ORPs) at
farmers' fields to demonstrate technologies
developed by the centres to the farmers and also to
test the feasibility of technologies in field conditions.
Some of the OPRs carried out by several centres
during 2020 are presented below.

8.1. Gayeshpur

8.1.1. Assessment of microirrigation and farmer's
traditional water management practices on
different vegetable crops in arsenic conta-
minated areas of Nadia district in West Bengal

On-farm water management studies were carried out
to study arsenic (As) mitigation in vegetable crops
through microirrigation systems of drip and
sprinkler vis-a-vis farmer's traditional water
management practice. Village Ghetugachi of Nadia
district was selected because here the groundwater
is contaminated with As in varying magnitudes. The
village comes under the contaminated region of
Nadia district in West Bengal, which is declared as
the vegetable export processing zone and export
norms strongly adheres to contamination free
production. During rabi season, major source of
irrigation is groundwater through shallow tubewell

that showed As concentration of 0.197+0.048 ppm.

Two popular vegetable crops namely, cauliflower and
broccoli were grown with traditional surface
irrigation management along with drip and sprinkler
practices. The analysis of data showed that there was
higher As accumulation in the edible parts of both
the vegetables under surface irrigation practices.
Application of either drip or sprinkler irrigation
system reduced As accumulation from 7.91 to
19.27% and 7.28 to 16.5% in edible parts of
cauliflower and broccoli, respectively over surface
irrigation practices (Figure 17). Water productivity
was higher when both the crops were grown with drip
or sprinkler system at 0.7 crop evapotranspiration
(ET,), although higher yield was recorded with
irrigation at 1.0 ET, (Table 44 and 45). Drip and
sprinkler systems also resulted in low As
accumulation in soil. Thus, it was concluded that
mitigation of As toxicity in soil and plant system is
largely possible through imposition of drip or
sprinkler system.

This can be recommended to the farmers for higher
crop and water productivity that will assure human
health and environmental safety.

25
m Broccoli

20
15
10 I I
0

Drip at 1.0 ETc

[9)]

Reduction of arsenic (%)

Drip at 0.7 ETc

Cauliflower

Sprinkler at 1.0 Sprinkler at 0.7
ETc ETc

Figure 17. Reduction of arsenic accumulation in cauliflower and
broccoli heads with microirrigation over surface irrigation
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8.2. Ayodhya

8.2.1. Improved water management practices in
rice and wheat at head, middle and tail ends of
Awanpur distributory

During 2019-20, on-farm research was carried out
with objective of assessing improved and farmers'
water management practices for rice varieties BPT-
5204 and Sarjoo-52 during kharif season and wheat
variety PBW-154 during rabiseason. Fifteen farmers'
fields were chosen at head (village Madhupur),
middle (villages Panapur and Narayanpur) and tail
(village Alwalpur) end of Awanpur distributory. Plot
size of 1000 m® was taken for the experiment in every
farmer's field.

Rice: Improved water management practice (T)) i.e.
application of 7 cm water at 1-4 days after
disappearance of ponded water through check basin
(10 mx10 m) was tested against farmers' practice (T,)
of applying 10-12 cm water by flooding/field to field
irrigation. BPT-5204 and Sarjoo-52 being alike
varieties with similar performance, average data of
the two varieties has been reported. It was observed
that improved water management practice resulted
in higher average grain yield i.e. 5.11, 4.87 and 4.78
t ha at head, middle and tail ends, respectively of

Awanpur distributory compared to 4.10, 3.96 and

3.87 t ha’, respectively with farmers' practice (Table
46). Thus, yield increased in the range of 23.1-24.6%
with improved practice. Increase in yield and water
expense efficiency (74.17 kg ha-cm™) was highest at
the head end, followed by middle and tail ends.

Wheat: Improved water management practice (T)) i.e.
application of 6 cm irrigation at critical stages (CRI,
late jointing, milking stage) through check basin
(5x10 m®) method was tested against farmers'
practice (T,) of applying 8-10 cm irrigation through
flooding/field to field irrigation. It was observed that
improved water management practice resulted in
higher average grain yield of wheati.e. 4.24,4.11 and
4.04 tha™ at head, middle and tail ends, respectively
of Awanpur distributary compared to 3.39, 3.30 and
3.30 t ha'', respectively with farmers' practice (Table
47). Thus, yield increased in the range of 22.7 to
25.0% with improved water management practice.
Increase in yield was higher at the head end
compared to middle and tail ends of the distributary.
Water expense efficiency (WEE) with improved water
management was higher by 67.9-71.1% compared to
farmers' practice.

Table 46. Performance of rice crop with improved water management at 15 farmers' fields at Awanpur

distributary during kharif2020

Treatment Head end Middle end Tail end
Yield WEE Yield WEE Yield WEE
(t ha-1) (kg ha-cm-?) (t ha-1) (kg ha-cm-1) (t ha-1) (kg ha-cm-1)
T 5.11 74.17 4.87 70.70 4.78 69.37
To 4.10 39.46 3.96 38.08 3.87 37.24
Increase in T, 24.64 87.96 23.10 85.66 23.52 86.27
w.r.t. T2 (%)

Table 47. Performance of wheat crop with improved water management at 15 farmers' fields at

Awanpur distributory during rabi 2019-20

Treatment Head end Middle end Tail end
Yield WEE Yield WEE Yield WEE
(t ha-1) (kg ha-cm-!) (t ha-1) (kg ha-cm-1) (t ha-1) (kg ha-cm-!)
T 4.24 130.50 4.11 126.55 4.04 124.43
T2 3.39 76.27 3.30 74.22 3.30 74.09
Increase in T, 24.99 71.10 24.50 70.51 22.67 67.94
w.r.t. T2 (%)
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Rice and wheat crop is farmers’ field of Awanpur distributory

8.2.2. Diversification of crops during rabi season
under poor availability of canal water

During rabi 2019-20, on-farm research on
diversified cropping system was carried out with the
objective of assessing improved and farmers' water
management practices for rabi crops viz., pea
(Rachna), mustard (Narendra Rai-8501), chickpea
(Pusa-362), wheat (PBW-154) and lentil (IPL-316).
Ten farmers' fields were chosen at middle and tail
ends of Awanpur distributory. Plot size of 1000 m’
was taken for the experiment in every farmer's field.

Results envisaged that equivalent wheat yield (4.96
t ha) under intercropping of mustard with chickpea
was highest followed by pure stand of chickpea (4.45
t ha”) and intercrop of mustard with lentil (4.24
t ha). The economics of different cropping systems
(Table 48) clearly indicated that intercrop of mustard
and chickpea accrued maximum net return of
73511 ha' and highest benefit-cost ratio of 4.34
followed by sole chickpea crop and intercrop of
mustard and lentil which accrued net benefits of
263668 and 59598 ha' with benefit-cost ratios of
3.89and 3.71, respectively.

Table 48. Performance of diversified cropping system at tail end of Awanpur distributory during rabi

2019-20

Cropping system Crop yield Wheat equivalent yield | Net return| B-C
(t hal) (t ha-1) (X ha1) ratio

Improved Farmers’ Improved Farmers’

practice practice practice practice
Mustard 1.73 1.43 3.76 3.11 51390 3.45
Chickpea 1.91 1.52 4.45 3.54 63668 3.89
Lentil 1.89 1.51 3.93 3.14 53676 3.44
Pea 1.81 1.42 3.29 2.58 41238 2.87
Wheat 4.01 3.24 4.01 3.24 44693 2.38
Chickpea+Mustard 1.54+0.63 1.10+0.50 4.96 3.66 73511 4.34
Lentil+Mustard 1.50+0.52 1.19+0.48 4.24 3.51 59598 3.71
Peat+Mustard 1.1140.72 0.97+0.68 3.58 3.24 46894 3.13
Wheat+Mustard 3.55+0.27 2.95+0.25 4.14 3.48 47168 2.45

Note: Unit price of wheat, mustard, chickpea, lentil and pea was X 1925, 4200, 4500, 4000 and 3200, respectively

8.2.3. Multiple use of water through rice based
integrated farming system including pisiculture
and duckery at head and middle ends of Awanpur
distributory

An intervention was done to develop existing village
ponds for water harvesting, efficient use of harvested
water for pisciculture and duckery and efficient use

of harvested, canal and tubewell water for different
cropping systems. Ponds owned by Sri Jai Ram Gaur
of Bankegaon village at head end and Sri D.P. Singh
of Pali Rosali village at middle end of Awanpur
distributary were selected. These two ponds were
renovated under MGNREGA and strengthened to
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store rainwater. Experiments during rabi 2019-20
were conducted using only harvested rainwater from
the ponds. Crops were sown over an area of 0.80-
0.85 hectare. Fish fingerlings were dropped by the
farmers in August 2019. Kharif and rabi crops were
grown in all the fields during 2019-20. Table 49

shows that integrated farming system with
pisciculture was most productive and remunerative
with total net return of ¥161985 ha' per year
(65.20% higher return) and benefit-cost ratio of 3.63
compared to conventional farming system (net
return¥98052 ha'', benefit-cost ratio 2.51).

Table 49. Performance of integrated farming system and conventional system of cultivation with

multiple use of harvested rainwater

Cropping Plot Crop yield (t ha-1) Cost of Gross Net return B-C
system area n - cultivation return | (R halyearl) | ratio
(ha) Kharl_f Rabi 2019-20 (? ha_l) (? ha_l)
2020- Mai Int
ain ntercrop
21
1. Conventional system
i) Rice- 1.0 4.48 3.38 0.36 65000 163052 98052 2.51
wheat+rai
2. Integrated farming system (IFS)
i) Rice- 0.2 0.91 1.07 0.11 14200 42186 27986 -
wheat+mustard
ii) Rice- 0.2 1.10 0.39 0.20 11700 46400 34700 -
chickpea +
mustard
iii) Rice-lentil+ 0.2 1.05 0.37 0.19 11700 42371 30671 -
mustard
iv) Rice-pea+ 0.2 1.02 0.29 0.26 11550 40178 28628 -
mustard
v) Pisciculture 0.2 Fish 525 - 12500 52500 40000 -
kg
vi) Duckery - - - - - - - -
Total (IFS) 1.0 - - - 61650 223635 161985 3.63

Note: Unit price (Z q"') of rice, wheat, chickpea, mustard, lentil, pea and fish was 1865, 1925, 4500, 4200, 4000, 3200; Unit

price of fishwas 3100 kg ™.

8.3. Jammu

8.3.1. Scaling up water productivity through
modern irrigation technologies under PMKSY

The study was taken up with a goal of improving
water use efficiency of fruit crops in canal command
areas of Jammu under PMKSY project entitled “More
crop per drop of water”. The objectives of the study
were to i) design low-cost water harvesting poly tanks
for orchards in Jammu region, ii) design drip
irrigation and fertigation layouts for fruit crops with
different spacings, and iii) facilitate promotion of
micro-irrigation by Directorate of Horticulture,
Jammu among the orchard growers of Jammu region
under PMKSY. Collaborative study between AICRP
on IWM and Directorate of Horticulture, Jammu was
done. Based on the study, it was suggested that the
findings can be adopted for scaling up water
productivity of fruit crops under PMKSY. The

findings were further presented as

recommendations to the Directorate of Horticulture,

Jammu as listed below:

e Construction of polylined water harvesting tanks
as water storage/ harvesting structures lined
with silpaulin sheets of 250 gsm and covered with
cement, sand and stone blocks in the ratio 1:7:2
at ¥1.0-1.25 L’ of different capacities ranging
from 50 to 250 m’ or less than 50 m°.

e Poly water harvesting tanks with trapezoidal
shape of capacity less than 50 m’, lined with 250
gsm silpaulin sheet covered with cement, sand
and stone block in the ratio of 1:7:2 can be
constructed at a cost 0of¥1250 m” or ¥1.25 L' of
water storage.

¢ On-line drip irrigation system for fruit crops with
assured irrigation source for 1.0 ha at the cost

(excluding 2 hp pump) ranges between I 55000 to
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60000 for 10 m x 10 m spacing, ¥75000 to 80000
for 6 m x 6 m spacing and 80000 to 85000 for 5
m x 5 m spacing including fertigation equipment
(Table 50).

e On-line drip irrigation system for fruit crops with
assured irrigation source for 0.5 ha at the cost
excluding 2 hp pump ranges between ¥35000 to
40000 for 10 m x 10 m spacing, T50000 to 55000

@

for 6m x 6 m and 5 m x 5 m including fertigation

equipment (Table 50).

Promotion of on-line drip irrigation among the
stakeholders of Jammu mainly fruit growers will
improve productivity and give boost to their income.
Moreover, water use efficiency will increase with

more crop per drop under PMKSY.

Table 50. Proposed design specifications of drip irrigation system under different spacings and area

coverage for fruit crops

S. | Area | Spacing | No. of | Water Water Total Lateral | Lateral | Sub- Main

N. | (ha) | (m) plants | requirement/ | requirement | no. of length length main line
plant/ day (L ha'l day-!) | drippers | (LDPE)- | (LDPE)- | length | (PVC)
with 10 mm required | (16 (12 (PVC)- | - (75
evaporation per ha mm) mm) (m) mm)
(L day-?) (8 1ph) (m) (m) (m)

1. | 1.0 10 x 10 | 100 122 12200 400 1000 300 168 50

2. 105 10 x 10 | 50 122 6100 1200 500 150 84 30

3. 1.0 6 x6 277 44.1 12250 1200 1800 900 168 50

4. 105 6 x6 138 44.1 6125 600 900 450 84 30

5.1 1.0 5x5 400 43 17200 1600 2600 1200 168 50

6. | 0.5 5x5 200 43 8600 800 1000 600 84 30

Note: Some other specifications of drip irrigation system under different spacings and area coverage for fruit crops are as
follows:- Number of drippers per fruit plant or tree in light textured soil will be 4 drippers of discharge rate 8 Iph, size of
pump 2.0 hp, screen filter (1 no.), throttle valve (1 no.), ARV (1 no.), hydro-cyclone filter (1 no.)

8.4. Belavatagi

8.4.1. Propagation of microirrigation to farmers
in Malaprabha command

The technologies developed at IWMRC, Belvatagi,
Navalgund have shown that field crops like maize,
sunflower, chickpea, wheat, cotton, chilli, onion,
safflower, etc. can be grown successfully through
drip irrigation, while enhancing the water use
efficiency. Further, this would result in 25-28%
increase in yield besides saving the irrigation water
to an extent of 30-40%. With this background the
demonstration and propagation of microirrigation in
the farmers’ fields with farm ponds was taken up
with the following objectives:

1. Toovercome the acute shortage of irrigation water
for cultivation of crops in the command area
through adoption of micro irrigation technique.

2. To create awareness among the farmer
community and line department personals about
the efficient use of water by organizing on-farm
and off-farm training activities.

3. To re-orient irrigation water management

through participatory research cum

demonstration suitable to Malaprabha command

area.

Farm pond was constructed in fields under the
project “Enhancing water use efficiency using micro
irrigation systems in major crops in Malaprabha left
bank canal command areas of northern Karnataka”.
During 2020-21, drip irrigation system was installed
in 15 farmers’ fields having good source of water with
farm ponds. Effectiveness of drip irrigation will be
evaluated in terms of increasing crop yield, water
saving and water productivity and its economic
feasibility in row crops by comparing with

conventional method in the farmers’fields.

8.4.2. Assessment of sensor based drip irrigation
system at Belavatagi centre

Sensor based automated drip irrigation system was
installed in Irrigation Water Management Research
Centre, Belavatagi. The system was installed as a
refinement for normal drip irrigation system. The
unit will operate and has a potential to supply
irrigation to 24 acres of land. Studies on the effect of
drip automation system for row crops in the region
will be initiated, assessed and transferred in future.




8.4.3. Assessment of groundwater recharge unit To
address the issue of declining groundwater table in
Belavatagi region, a groundwater recharge unit was
installed in the research station. The objective was to
assess the influence of groundwater recharge by
double ring technique on the amount of recharge,
groundwater quality and fluctuation. The cost of
installing the recharge unit was ~ ¥25000. It was
observed that the existing tubewell has been recharged
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Installation of drip automation unit

with 3.35 lakhs litre of water through rainwater up to
year 2020. After point recharge through seven
recharge events, a considerable rise in the water table
was observed from more than 100 feet below ground
level to around 22 feet below ground level. Water

quality assessment showed drastic reduction in
electrical conductivity of groundwater from more than
10 dS m" to an average of 1.6 dS m". Tubewell yield
increased from 0.4 lps to around 2.4 Ips.

Installation of groundwater recharge unit

8.5. Kota

8.5.1. Transfer of newly generated water
management practices for wheat at farmers' field
During rabi 2019-20, field demonstration was
carried out at nine locations of Manasgaon
distributary of right main canal (RMC) and Andhed

distributary in left main canal (LMC) to popularize
newly generated water management technology for
judicious use of water as per crop requirement,
enhancing crop production at farmers' fields and
maintaining soil health for sustainable productivity.

Nine farmers' fields were selected, with three fields
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each at head, middle and tail ends of Manasgaon
distributary of RMC. Another set of nine farmers'
fields were selected, with three fields each at head,
middle and tail ends of Andhed distributary of LMC.
Therefore, total number of demonstrations was 18.
Area under each demonstration at head, middle and
tail ends of RMC and LMC was 0.1 ha. In the test
blocks, four irrigations were applied at CRI, late
tillering, flowering and milk stages of wheat crop.
Irrigation depth was 6 cm and border strip method of
irrigation with 80% cut-off ratio was followed. In the
control block, wild flood irrigation system was
followed by farmers. Farmers applied irrigation

9

without consideration of physiological stages. Wheat
crop var. Raj-4079 grown with improved water
management showed 9.48 and 10.38% higher grain
yield in test blocks (LMC and RMC, respectively)
compared to the control blocks where farmers'
practice of flood irrigation was followed (Table 51). In
the demonstrations, water saving of 16 cm was
obtained with improved water management practice
over farmers' practice. Water expense efficiency in
test block at both RMC and LMC were also higher, it
was 15.94 and 15.62 kg ha-mm™ as compared to
control block of 9.82 and 9.70 kg ha-mm’’,
respectively (Table 52).

Table 51. Details of the demonstration area and yield of wheat at Andhed and Manasgaon distributaries

Location | Farmers | Area | Time Time Average grain yield (t ha-l) Increase in yield (%)
(ha) of of Andhed Manasgaon Andhed | Manasgaon
sowing | harvest | Test | Control | Test | Control
block | block | block | block
(IWM) | (WFI) | (IWM) | (WFJ)
Head 3 0.1 2nd 2nd 5.53 5.01 5.61 5.09 10.38 10.21
reach week week of
of Nov. April
Middle 3 0.1 3rd 2nd 5.69 5.18 5.63 5.05 9.84 11.48
reach week week of
of Nov. April
Tail 3 0.1 4th 2nd 4.71 4.36 5.02 4.61 8.02 8.89
reach week week of
of Nov. April
Mean 3 0.1 - - 5.31 4.85 5.42 4.91 9.48 10.38

Note: IWM, improved water management; WFI, wild flood irrigation

Table 52. Performance of wheat under improved water management technology at Andhed and

Manasgaon distributaries

S. Particulars Rabi 2019-20
No. Test block Control block
Four irrigations at CRI, late
e . tillering, flowering and milk stage | Farmers’ practice
1 Recommended irrigation practice by border strip method (Flood irrigation)
(6 m x 50 m)
2 No. of irrigations 4 4
3 Depth of irrigation applied (cm) 6 10
4 Total water applied (cm) 34 50
5 Saving of water over control (cm) 16 -
6 Grain yield (LMC) Andhed 5.31 4.85
(t ha-1) (RMC) Manasgaon 5.42 4.91
7 Increase in yield (LMC) Andhed 9.48 -
(%) (RMC) Manasgaon 10.38 -
Water expense (LMC) Andhed 15.62 9.70
8 efficiency
(kg ha-mm-1) (RMC) Manasgaon 15.94 9.82
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Wheat grown with (a) border strip method and (b) farmers' flood irrigation at farmer’s field

8.6. Jorhat

8.6.1. Effect of reccommended water management
practices on autumn rice in farmers' field

Cultivation of autumn (ahu) rice using diversion
based irrigation water was done on 2.0 ha in Garmur
village, Bokakhat, Golaghat district of Assam. The
objectives were to demonstrate the effect of
recommended water management practice on
autumn rice in farmers' fields at multiple locations
across Assam, to enhance irrigation water use
efficiency of rice under recommended practice and
save water on farm. Since the year of commencement
i.e. 2000-01 various location have been covered
under the demonstration. During 2019-20, autumn
rice variety Dishang was taken up to demonstrate

recommended irrigation practice i.e. 5 cm irrigation
at 3 days after disappearance of ponded water. All
other recommended agronomic practices for autumn
rice were followed. Ten farm families were involved
with the demonstration. Water from natural stream
and deep tubewell was used conjunctively for
irrigation. Water from natural stream was applied
through diversion based irrigation. Total eight
irrigations were given from the natural stream and
three irrigations with groundwater from deep
tubewell operated with solar pump. Results showed
that rice grain yield was 4.60 t ha™ with net return of
23,475.00 ha' and benefit-cost ratio 1.69. Total
quantity of water used for irrigation was 550 mm ha™
and irrigation water use efficiency was 8.36 kg
ha-mm™.

Photographs showing google map location of natural stream at 26.6549 N 93.6396 E and diversion of
stream water to crop field

Photographs showing harvest and post-harvest

activities of autum rice

Media coverage on demonstration of
improved irrigation at Garmur village,
Golaghat district, Assam
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8.6.2. Effect of recommended water
management practices on summer rice in
farmers' fields in shallow tubewell command

Summer (boro) rice variety Kanaklata was
demonstrated to study the effect of recommended
water management practice i.e. 5 cm irrigation at 3
days after disappearance of ponded water (DADPW)
on rice productivity, water use efficiency and
farmers' income. The demonstration was conducted
covering 0.5 ha of farmers' field in Bokakhat,
Golaghat district of Assam. Recommended improved
water management practice was compared with

9

farmers' practice, i.e., continuous submergence. The

demonstrations started in farmers' fields since
2000-01 to cover various locations and prove the
efficacy of improved water management on summer
rice in Assam. Crop was transplanted from
24.05.2020 to 25.01.2020 and harvested from
20.05.2020 to 24.05.2020. Biometric observations
showed that grain yield was 5.50 t ha'and water use
efficiency was 6.47 kg ha-mm™ with 5 cm water at 3
DADPW compared to yield of 4.2 t ha” andwater use
efficiency of 3.40 kg ha-mm™ with farmers' practice
(Table 53).

Table 53. Effect of irrigation practices on summer rice at farmers' fields

Grain No. of Total irrigation WUE Irrigation saving
Treatment yield irriga.tions water applied (kg ha- over farmers’
(t hal) (mm) mm-1) practice
S cm irrigation at 3 days
after disappearance of 5.50 17 850 6.47 32.0
ponded water
Farmers’ practice 4.25 25 1250 3.40 -
(continuous submergence)

8.6.3. Demonstration on irrigation management
in tomato and brinjal in shallow tubewell
command

Demonstrations were carried out at farmers' fields in
different villages of Assam. This was 10" year of
demonstration of improved irrigation practice on
vegetable crops for improving yield and water use
efficiency. Tomato and brinjal crops were grown in
two bigha (0.26 ha) of land, one bigha was alloted for
each crop. Improved irrigation practice i.e. 4 cm of
irrigation was applied at 15-18 days interval on one
half of the field, while farmers' conventional practice
ofirrigation, at 10 days interval, was applied in other

half. Source of irrigation was groundwater through
shallow tubewell.

In tomato, the demonstration was done at
Ellengmara, Jorhat district, Assam. Hybrid tomato
was planted from 16" to 20" December 2019 and
harvested on 8" March 2020. All other recommended
agronomic practices were followed. Results revealed
that average fruit yield of tomato under improved
irrigation practice was 24.50 t ha’, which was
19.51% higher than that of farmers practice (Table
54. The improved irrigation practice also saved
33.33% of irrigation water.

Table 54. Fruit yield and irrigation water use efficiency of tomato under demonstration at farmers'

field in Neulgaon (Jorhat district), Assam

Treatment Farmers’ practice Improved practice
Fruit yield (t ha-?) 20.50 24.50
Total irrigation water used (mm) 240.0 160.0
Irrigation water use efficiency (kg ha-mm-1) 85.42 153.13
Increase in yield (%) 19.51
Water saving (%) 33.33

In brinjal, demonstrations were carried out at
farmers' fields in Neulgaon, Bokakhat district,
Assam. Brinjal variety Sangro 33 was planted on
20" and 21* December 2019 and harvested on 14"
March 2020. All other recommended agronomic

practices were followed. Results revealed that

average fruit yield of brinjal under improved
irrigation practice was 24.50 t ha’, which was
32.43% higher than that of farmers practice (Table
55). The improved irrigation practice also saved

23.81% of irrigation water.




AICRP-IWM
Annual Report

2020 T

ICAR-IWM

@

Table 55. Fruit yield and irrigation water use efficiency of brinjal under demonstration at farmers' field
in Neulgaon (Jorhat district), Assam

Treatment Farmers’ practice Improved practice
Fruit yield (t hal) 18.50 24.50
Total irrigation water used (mm) 210 160
Irrigation water use efficiency (kg ha-mm-?) 88.10 153.13
Increase in yield (%) 32.43
Water saving (%) 23.81

8.7. Almora

8.7.1. Demonstration of microirrigation system

Microirrigation system was demonstrated at several
farmers’ fields to enhance water utilization efficiency
by reducing conveyance and application losses. Drip
system was installed over 5906.0 m’ from the year
2012 to 2020. During 2020, drip system was
installed on 100 m® in one farmer’s field. The
practical know-how was provided to the farmer
including the maintenance of the drip system. The
drip system was modified as per the farmer’s
suggestions and it is working very well.

8.7.2. Demonstration of LDPE film lined tank at
farmers’ field

The demonstration was conducted to motivate
farmers of the hills to grow vegetables instead of
cereal crops with appropriate water storage and
efficient water utilization technologies. To meet the
objective, micro-water recourses have been
developed so far with total water capacity of 4127.9
m’. During 2019-20, additional water capacity of 150
m’ was developed in one farmer’s field in Challar
Mussauli village of Hawalbagh block, Almora district
by harvesting water from a small stream (Table 56).
Drip irrigation system was installed in 100 m” land of
the farmer.

Table 56. Micro-water resource development at farmer's field

S.N. | Name of farmer Village Block Volume of tank (m3) | Remarks
1 Sri Mohan Singh Kasoon Hawalbagh 50.0 Constructed under
(Matiyani) AICRP-IWM project
2 Nagar Palika Near NTD Hawalbagh 100.0 Constructed under
(Almora site) AICRP-IWM project

Technical help by scientists of AICRP on IWM is being
extended to farmers, state department officials, and
other stake holders for the construction of tank. The
technical help was extended to one of the farmers for
repairing cement tank through poly cement tank
technology. The cement tank was constructed in the
year 2019-20 by utilizing assistance of fish
department of state.

8.8. Morena

On farm irrigation water management experiments
were conducted on the farmers’ fields in Hadwansi,
Santha, Sikraroda, Bhatpura, Silabata,
Jatbarkapura, Baroli and Sirmiti villages of Morena
district, Madhya Pradesh.

8.8.1. Assessment of precision land levelling on
different cropping systems at head reach of canal
command

Pigeonpea-wheat: The on-farm trial was carried out
at five locations in the head reach of canal command

for evaluating traditional method of levelling with

precision land levelling by laser leveller and
irrigation through border strip method in canal
command area for pigeonpea-wheat cropping
system. Extra early maturity variety of pigeonpea
(Pusa 992) was grown during kharif 2020 with
recommended dose of fertilizer (20-60-40 kg N, P,Oq,
40 K,O ha') applied as basal and irrigated with canal
water and groundwater as per crop requirement.
Results showed an increase in pigeonpea seed yield
by 21.4% and additional net return of ¥20932 ha™
with improved practice compared to farmers’
practice. Thus, newly developed technology helped
the farmers to increase the production and profit
(Table 57). Succeeding wheat crop (var. GW-322)
grown during rabi2019-20 showed higher grain yield
and water productivity by 17.7% and 1.54 kg
m”, respectively in plot with precision land levelling
compared to farmers’ practice. Similarly, net profit

and benefit-cost ratio was also higher under the

improved practice compared to farmers’ practice.
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Table 57. Effect of precision laser land levelling on crop yield and water productivity in pigeonpea-
wheat cropping system at head reach of canal command

Particulars Traditional land levelling Laser land levelling
Pigeonpea Wheat Pigeonpea Wheat

Nutrient applied 20:60:40 120:50:30 20:60:40 120:60:40:5

(N:P:K:Zn kg ha-l)

No. and source of irrigation 1 groundwater 4 (canal water) + | 1 groundwater + | 4 (canal water) +
+ 1 canal water | 1 (groundwater) 1 canal water 1 (groundwater)

Effective rainfall (mm) 399 72 399 72

Total water applied (mm) 142 283 125 233

Method of irrigation Border strip Border strip Border strip Border strip

Seed/grain yield (t ha-1) 1.72 4.24 2.08 4.99

Straw/stover yield (t ha-1) 5.63 4.83 5.89 5.62

Cost of production (X ha-l) 29960 31422 31580 33880

Gross return (X ha'l) 114150 100924 136702 118554

Net profit (X ha'l) 84190 69502 105122 84674

Benefit-cost ratio 3.81 3.21 4.33 3.50

Total water use (m-3 hal) 5146 3791 4921 3238

Water productivity (kg m-3) 0.33 1.12 0.42 1.54

Rice-wheat: Similar set up of experiment was also
conducted at five locations of head reach of canal
command under rice-wheat cropping system. Rice
(var. Pusa-1509) crop grown during kharif 2020
showed 16.2% higher yield with laser land levelling
(recommended practice, RP) compared to farmers'
practice (FP) of traditional land levelling. The water
productivity, net income and benefit-cost ratio were
also higher with the improved practice compared
with farmers' practice (Table 58). After harvest of rice
crop, wheat (var. GW-322) was sown by zero seed
drill machine during rabi season. Three irrigations

were applied through canal water and remaining
through groundwater. Results of the trial indicated
that wheat grain yield increased by 11.8% in the
laser levelled field, crop sown with zero seed drill and
border strip irrigation compared to farmers' practice
of traditional land levelling broadcasting of seeds
and flood irrigation. Water productivity, net profit
and benefit-cost ratio were higher with improved
recommended practice compared to farmers'
practice. The additional net profit of ¥22367 ha was
obtained with the improved practices over farmers'
practices.

Table 58. Effect of precision laser land levelling on crop yield and water productivity in rice-wheat

cropping system at head reach of canal command

Particulars Traditional land levelling (FP) Laser land levelling (RP)
Rice (kharif) Wheat (rabi) Rice (kharif) Wheat (rabi)
Nutrient applied (N:P:K:Zn kg 100:50:40 120:50:30 120:60:40:5 120:60:40
ha-1)
No. and sources of irrigation Canal water + 4 (Canal water) | Canal water + 4 (Canal water)
Groundwater Groundwater
Effective rainfall (mm) 329 72 329 72
Total water applied (mm) 420 286 350 246
Soil moisture depletion (mm) - 23 - 19
Method of irrigation Border strip Flooding Border strip Border strip
Grain yield (t ha-1) 4.43 4.37 5.15 4.89
Straw yield (t ha?) 5.61 4.82 6.14 5.22
Total cost of production (X ha-1) 35800 33280 37480 28895
Gross return (R ha-l) 89288 103383 103376 121365
Net profit (X ha-1) 74032 70103 65896 92470
Benefit-cost ratio 3.19 3.11 2.76 4.20
Total water use 7490 3810 6790 3370
(m-3 hal)
Water productivity 0.59 1.15 0.76 1.45
(kg m-3)
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under rice-mustard crop rotation at mid reach of
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The on-farm trial was carried out at five locations in
the mid reach of canal command comparing

traditional method of planting with direct seeding of
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system. It was observed that transplanted rice gave
12.6% higher grain yield over direct seeding (Table
59). Due to high cost of cultivation under transplanted
rice, higher benefit-cost ratio was recorded in direct
seeding over the transplanted crop.

Table 59. Comparative performance of transplanted and direct seeded rice

Table 59. Comparative performance of transplanted and direct seeded rice

Particulars Transplanted rice Direct seeded rice
Name of variety Pusa-1509 Pusa-1509
Nutrient applied (N:P:K:S:Zn kg ha-l) 120:60:40:30:5 120:60:40:30:5
Sources of irrigation Canal water + Groundwater | Canal water + Groundwater
Effective rainfall (mm) 329 329
Total water applied (mm) 460 285
Method of irrigation (cm) Flood Check basin
Grain yield (t ha'1) 5.39 4.79
Straw yield (t ha-1) 5.89 5.46
Total cost of production (R ha-l) 39600 29720
Gross return (R hal) 107578 95801
Net profit (R ha-l) 67978 66081
Benefit-cost ratio 2.72 3.22
Total water use (m3 ha-l) 7890 6140
Water productivity (kg m-3) 0.58 0.78

8.8.3. Assessment of various methods of
irrigation method through sowing methods in
pearl millet-chickpea in tail reach of canal

The on-farm trial was carried out at five locations in
the tail reach of canal command. During kharif
2020, farmers' traditional method of planting for
pearl millet was compared with intercultural
operation and water conservation in ridge and
furrow. Sowing of pearl millet was done on ridge to
drain excess rainwater and conserve the water.

Ridge furrow maker was used to make ridge and
furrow at 20 days after sowing. Ridge and furrow
also facilitated intercultural operations. Results
showed that improved practice led to increase the
seed yield and water productivity by 22.1 and
32.3%, respectively (Table 60). Gross return, net
return, benefit-cost ratio and water productivity
were also higher with improved practice compared
to farmers' practice.

Table 60. Comparative performance of pearlmillet in tail reach

Particulars Farmers’ practice Improved practice
Name of variety Hybrid Hybrid
Nutrient applied (N:P:K:S:Zn kg ha-1) 80:40:20 80:40:20
Sources of irrigation Canal + Tubewell Canal + Tubewell
Effective rainfall (mm) 329 329
Irrigation water applied (mm) 138 115
Soil moisture addition (mm) 38 45
Method of irrigation (cm) Flooding Ridge furrow
Seed yield (t ha-?) 2.67 3.26
Stover yield (t ha-!) 6.82 7.05
Total cost of production (X ha-l) 24350 26765
Gross returns (R hal) 67635 74725
Net profit (X ha'l) 43285 47996
Benefit-cost ratio 2.90 2.79
Total water use (m3 ha-1) 4290 3990
Water productivity (kg m-3) 0.62 0.82
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After harvestion of pearl millet, succeeding chickpea seed yield by 37.8% along with enhanced profit and

was grown during rabi 2019-20. Chickpea crop (var.  water productivity compared to farmers' practice
Jaki-9218) was irrigated with broad bed and furrow (Table 61). Therefore, adoption of newly developed
method as improved practice and compared with irrigation technology can fetch higher yields and
border strip method as farmers' practice. Broad bed  additional profit for the farmers.

and furrow irrigation method resulted in increased

Table 61. Comparative performance of chickpea in tail reach

Particulars Farmers’ practice Improved practice
Name of variety Jaki 9218 Jaki 9218
Nutrient applied (N:P:K:S:Zn kg ha-1) 20:40:20 20:60:30
Source of irrigation Irrigation-1(Canal) Irrigation-1 (Canal)
Effective rainfall (mm) 33.3 33.3
Irrigation water applied (mm) 80 51
Soil moisture depletion (mm) 64 S5
Method of irrigation (cm) Border strip Broad bed and furrow
Seed yield (t ha-1) 1.66 2.28
Straw yield (t ha-1) 2.38 2.56
Total cost of production (X ha!) 25230 24280
Gross returns (R hal) 85431 94420
Net profit (X ha'1) 60201 69590
Benefit-cost ratio 3.38 3.80
Total water use (m3ha-l) 1773 1393
Water productivity (kg m-3) 0.93 1.64
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Chapter 9

Tribal Sub Plan and Scheduled Caste Sub Plan

9.1. Rahuri

9.1.1. Distribution of microirrigation sets to
tribal farmers

Akole tahsil of Ahmednagar district, Maharashtra
was selected for implementation of tribal sub plan
(TSP) programme of AICRP on Irrigation Water
Management as per the guidelines of ICAR. Survey
was conducted for the tribal villages in Akole tahsil.
Discussions were done among the project scientists,
state govt. officials and farmers regarding
implementation of TSP programme. The farmers
expressed their needs about micro irrigation and
knowledge gap for operation and maintenance of
microirrigation.

Distribution of drip and sprinkler irrigation sets

For the distribution of drip and sprinkler irrigation
sets, 100 farmers from seven tribal villages (Shelad,
Vagdari, Dhamanvan, Paithan, Ghoti, Pimpri and
Khadki bk.) of Akole tahsil of Ahmednagar district of
Maharashtra were selected. These Scheduled Tribe
farmers had very poor economic and social status.
The drip and sprinkler irrigation sets were
distributed (50 each) among farmers for growing
cereals, vegetables, fruits, flowers and cash crops
during kharif and rabi seasons. Impact analysis was
done on adoption of drip and sprinkler irrigation
systems of 100 farmers of Akole tahsil. The adoption
of micro irrigation system enhanced the yield of rabi
season crops by 23-80% through drip irrigation and
18-75% through sprinkler irrigation system, over
traditional irrigation practice (Table 62); which
ultimately enhanced the farmers income.

Table 62. Impact of microirrigation adoption on rabi crops in Akole tehsil

Crop Total Yield (t ha‘1) Yield Income (% ha-l)

area Traditional | Microirrigation | increment | Traditional Microirrigation

(ha) (%)

Drip irrigation
Potato 3.55 1.00-4.00 1.35-5.10 23-67 6500-26000 8775-33150
Rajma 5.45 0.50-4.00 0.70-5.10 23-80 6500-30000 8775-40000
Marigold 0.20 2.00 3.00 50 30000-40000 40000-60000
Sprinkler irrigation
Tomato 0.55 3.00-3.50 3.60-4.50 20-29 15000-17500 18000-22500
Onion 0.80 4.50-5.00 6.00-7.00 33-40 22500-25000 30000-35000
Wheat 8.00 0.35-0.90 0.45-1.20 18-63 7000-18000 9000-24000
Chickpea 2.60 0.19-0.30 0.23-0.41 21-75 7600-12000 9200-16400
Fodder 0.20 5.00 6.30 26 5000 6300
maize
9.2. Pusa programme. The system consists of a solar tree of

9.2.1. Irrigation facility to a group of tribal
farmers

A solar tree based irrigation system was been
installed in village- Pachbania, P.O.- Tardiha, P.S.-
Madhepur, District- Madhubani, Bihar under TSP

capacity 5.0 kW and a tubewell with 5.0 hp
submersible pump. The system will provide
irrigation to 18 tribal farmer beneficiaries round the
year at no cost. The benefit can be extended to
another group of about 12 farmers using flexible

pipes.
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Irrigation facility through solar tree to tribal farmers of village-Pachbania of Madhubani district, Bihar

9.3. Udaipur

9.3.1. Use of drip irrigation in turmeric crop at
farmer's field to improve the water use efficiency

The study area falls under agro-climatic zone IVA of
southern Rajasthan which is having hilly and
undulating topography. The soil type of the area is
sandy loam whereas average annual rainfall is 670
mm. The turmeric is one of the important crops of the
region grown in tribal area by the farmers as
medicinal crop. The result of the study revealed that
application of irrigation scheduled at 90% of ET, with

black silver mulch in turmeric gave maximum and
significantly higher tuber yield (18.20 t ha’), as
compared to rest of the treatments (Table 63). The
maximum water use efficiency (2.27 kg ha-mm’) was
also recorded in irrigation scheduled at 90% of ET,
with black silver mulch followed by irrigation
scheduled at 80% of ET, with black silver mulch
(2.06 kg ha-mm™). Whereas, the maximum water
productivity (0.208 kg m”) was recorded in treatment
where irrigation scheduled at 70% of ET, with black
silver mulch followed by irrigation scheduled at 80%
of ET, with black silver mulch (0.188 kgm™).

Table 63. Effect of irrigation schedule and mulch on crop yield, water use efficiency (WUE), water

productivity (WP) of turmeric crop

Turmeric yield (t ha-1) WUE (kg WP
Treatment 1 3
2018 | 2019 [ 2020 | Pooled | ha-mmt) | (kg m3)

Irrigation at 70% ET. black silver mulch 15.6 16.3 16.1 16.00 2.00 0.208

— 5 - -
Irrigation at 80% ET. with black silver 16.4 16.6 16.6 16.53 206 0.188
mulch

— 5 - -
Irrigation at 90% ET. with black silver 175 18.6 18.5 18.20 297 0.182
mulch
Irrigation at 70% ET. without mulch 14.4 14.2 14.3 14.30 1.78 0.186
Irrigation at 80% ET. without mulch 14.7 14.3 14.6 14.53 1.81 0.165
Irrigation at 90% ET. without mulch 14.8 14.6 15.1 14.83 1.85 0.148
Farmers’ practice 15.7 16.3 16.5 16.17 2.02 0.147

Drip irrigation with black silver mulch in turmeric
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9.4. Morena

9.4.1. Demonstration of improved water
management practice in tribal farmers' fields

Demonstrations of improved water management
practices in clusterbean, pigeonpea and greengram
during kharif season and wheat, mustard and
chickpea during rabi season were successfully

G

conducted on scheduled tribal farmers' fields of
Dangpura village. Improved package of practices of
crops including irrigation scheduling as per
recommendations of AICRP-IWM, RVSKVV-ZARS,
Morena were compared to farmers' practice. The
improved water management practices increased the
yield of various crops grown in kharifand rabi season
and farmers’ income over their traditional irrigation

practice (Table 64).

Table 64. Performance of crops with improved water management practice during kharif 2020 and
rabi2019-20

Technology Crop No. of Yield (t ha-1) Cost of | Net return | B-C
beneficiary | Seed/ | Straw | cultivation (R ha-1) ratio
Grain R ha’?)

Farmers’ practice Clusterbean 12 1.26 3.28 20630 31160 2.51
Improved practice 1.52 4.10 22980 39340 2.71
Farmers’ practice Pigeonpea 15 1.42 4.35 28960 64940 3.24
Improved practice 1.93 5.38 30560 96000 4.11
Farmers’ practice Greengram 22 0.48 1.28 18950 16871 1.89
Improved practice 0.69 1.45 19310 31792 2.65
Farmers’ practice Wheat 20 3.64 4.23 30320 60905 3.01
Improved practice 4.26 4.80 33260 67945 3.04
Farmers’ practice Mustard 25 1.41 3.86 23580 4263 2.81
Improved practice 1.83 4.64 25660 59958 3.34
Farmers’ practice Chickpea 25 1.32 1.68 25650 43060 2.64
Improved practice 1.79 1.90 26990 64073 3.37

Note: IP, improved package of practices including irrigation scheduling as per recommendations; FP, farmers' practice; Sale
price of clusterbean seed was Z 3850 g and stover Z 100 q'in local market; Minimum support price (MSP) for pigeonpea was
26000 q "' and stover 2 200 q'in local market; MSP for greengram seed was 2 7196 q and stover % 100 q"'in local market; MSP
for wheat grain Z 1925 q” and straw Z 400 q'in local market; MSP for mustard seed % 4,425 q" and stover 2 100 q" in local
market; MSP for chickpea seed 24875 q ' and stover 2 200 q'in local market

Demonstrations at farmers’ field under TSP

9.4.2. Capacity building and extension activities
Extension activities were conducted by scientists of AICRP on IWM centre in TSP villages for enhancing water
productivities (Table 65).
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Table 65. List of extension activities carried out in TSP village during 2020

I 3

S. No. Date Title Village Participant
1. 1/06/2020 Irrigation water management methods Shishpura 118
2. 19/08/2020 | Irrigation water management in kharif crops Dangpura 54
3. 1/10/2020 Irrigation water management in rabi crops Chetikheda 59
4. 8/3/2020 Irrigation water management in zaid crops Dangpura 109

9.5. Navsari

9.5.1. Distribution of irrigation pipes to tribal
farmers of south Gujarat

The Navsari centre is representing south Gujarat,
heavy rainfall agroclimatic zone of Gujarat. The
eastern and southern boundaries of this zone have
hilly terrains predominantly tribal belt. This area is
distributed in some talukas of Navsari, Valsad and
Dangs districts. During the current year (2020-21),
Adada village in Navsari taluka of Navsari district
was selected for demonstration. The selected farmers
belonged to scheduled caste (SC) category having
small land holding of 1.0 to 1.5 ha. Crops grown by
the farmers are vegetables, sugarcane and rice and
source of irrigation is borewell. Farmers convey

irrigation water to their fields through open channels

due to which there is conveyance loss of water as well
as increase in labour requirement. In order to
overcome this situation, meeting was held with a
group of farmers and Sarpanch to convince to use
irrigation pipes and adopt drip irrigation systems to
save water. Eight farmers were selected for the
demonstration, and irrigation pipes were provided
for conveying water to their fields. Every farmer was
provided with 12 irrigation pipes (diameter: 3 inch) of
length 6 m and three bends. These irrigation pipes
are adequate to cover 0.75 ha of land per farmer,
thereby covering total 6.0 ha with irrigation pipeline.
Survey will be conducted to study the impact of this
irrigation system on conveyance losses and crop
conditions. Farmers will be encouraged to adopt

drip/sprinkler systems of irrigation using the

irrigation pipes.

Distribution of irrigation pipes to farmers in Adada village, Navsari

9.6. Dapoli

9.6.1. Impact assessment of water management
interventions in tribal areas of Konkan region
using physical indicators

Impact assessment was done to create awareness of
water management practices among tribal farmers of
Konkan region. Objectives were to i) evaluate the
impact of water management interventions in tribal
areas of Konkan region using different physical
indicators and ii) improve water use efficiency and

water productivity of crops using harvested
rainwater. As per the TSP program in these talukas,
water management interventions like construction
of Jalkund and plastic lined bandhara (Konkan Vijay
Bandhara), sunken dyke for rainwater harvesting
and low pressure drip irrigation system for precise
utilization of water were done in these areas as per
the suitability of location as well as farmers' need for
interventions.

During 2019-20, tribal farmers were interviewed
through the questionnaire and the results and
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success stories were presented for the approval of
recommendation on Jalkund intervention study.
Total 100 Jalkund were constructed that benefitted
100 tribal farmers commanding 10 ha area under
mango and cashew in Jawhar taluka. Total 10
Konkan Vijay Bandhara were constructed
benefitting 39 tribal farmers and commanding total

area of 11.9 ha under vegetables, cashew, mango
and jasmine cultivation in Vikramgad taluka (Table
66). Total 15 low pressure drip irrigation sets were
planned for installation for jasmine crop on 15
farmers' fields in Vikramgad taluka during the year
2019-20.

Table 66. Water management interventions in tribal area during 2019-20

S. Name of village Number of units Number of beneficiaries Area commanded
No. constructed (farmers) (ha)
Konkan Jalkund
1. Wadoli 12 12 1.20
2. Pimpura 10 10 1.00
3. Khambala 18 18 1.80
4. Talasari 20 20 2.00
5. Dabhosa 20 20 2.00
6. Sakharshet 20 20 2.00
Total 100 100 10.00
Konkan Vijay Bandhara
S. Name of village Number of units Number of beneficiaries Area commanded
No. constructed (farmers) (ha)
1. Kegawa Nandanpada 01 07 3.63
2. Kegawa Barafpada 04 12 4.45
3. Balapur Patilpada 01 04 1.61
4. Sawarai 03 12 1.40
S. Kasa Budruk 01 04 0.80
Total 10 39 11.89

The status of water management interventions in
tribal areas of Konkan region from 2012-13 to 2019-
20 are presented in Table 67 and 68. Total 759
Jalkund were constructed in Mahad taluka of Raigad
district and Jawhar, Vikramgad & Mokhada talukas
of Palghar district. Total 429 farmers were benefitted
from this intervention during last eight years. Thus,
total 75.9 ha was brought under irrigation through
this rainwater harvesting technology. Total 34

Konkan Vijay Bandhara were constructed in 15
villages of Mandangad taluka of Ratnagiri district,
Mahad taluka of Raigad district, and Jawhar,
Vikramgad & Mokhada talukas of Palghar district.
Irrigation facility was created for rabi crops on 139.2
ha benefitting more than 198 farmers during last
seven years. Most of the farmers are growing
seasonal vegetables, jasmine, cashew and mango.

Table 67. Details of Jalkund construction, beneficiaries and area commanded from year 2013-14 to

2019-20
Jalkund constructed during last 6 years
Location Villages Jalkund Beneficiaries Area commanded
covered (No.) (No.) (No.) (ha)
Mahad taluka, Dist. Raigad 06 180 90 18.0
Jawhar taluka, Dist. Palghar 14 265 182 26.5
Vikramgad taluka, Dist. 20 172 86 17.2
Palghar
Mokhada taluka, Dist. 18 142 71 14.2
Palghar
Grand Total 58 759 429 75.9
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Table 68. Details of Konkan Vijay Bandhara construction, beneficiaries and area commanded from

year 2012-13 to 2019-2020

Konkan Vijay Bandhara constructed during last 7 years

Location Villages Bandhara Beneficiaries Area commanded

covered (No.) (No.) (No.) (ha)
Mandapgad taluka, Dist. 02 04 08 29.0
Ratnagiri
Mahad taluka, Dist. Raigad 01 02 05 2.0
Jawhar taluka, Dist. Palghar 06 16 70 20.0
Vikramgad taluka, Dist. 04 08 55 50.2
Palghar
Mokhada taluka, Dist. Palghar 02 04 40 38.0
Grand total 15 34 198 139.2

9.7. Palampur

9.7.1. Distribution of microirrigation kits and
construction of water harvesting tank

Tribal Sub Plan: During 2019-20, twenty-five drip
irrigation kits were distributed and installed for
demonstrations in tribal farmers’ fields. About 250
m’ area was covered under every Kit.

Scheduled Caste Sub Plan: A polyline water
harvesting tank with drip irrigation system was
established. Monsoon rainwater was harvested, and
used for field demonstration of various crops.

9.8. Parbhani

9.8.1. Distribution of microirrigation kits and
construction of water harvesting tank

Need based agricultural interventions for
enhancing crop productivity on scheduled caste
farmers’ field: The intervention was carried out to
enhance crop productivity and sustainable
livelihood security of scheduled caste farmers. The
Manwat taluka of Parbhani district experiences
drought like situation once in three years. Protective
irrigation in kharif and judicious use of available
water for irrigation through advanced irrigation
technology is necessary. Therefore, Bhosa village of
Manwat taluka, Parbhani was selected with
consultation of agricultural scientists of VNMKV,
Parbhani to demonstrate the benefits of sprinkler
irrigation under rainfed condition for sustainable
crop production. The selected village Bhosa is a
medium size village. The participatory rural
appraisal survey conducted at the village revealed
that the scheduled caste farmers are not using the
existing advanced irrigation systems due to poverty

and lack of knowledge. In accordance with this, it
was decided to provide the sprinkler irrigation set for
efficient use of water resources for sustainable crop
production.

Distribution of sprinkler irrigation system:
Sprinkler irrigation sets were distributed to the
scheduled caste farmers of Bhosa village. On this
occasion, six sprinkler irrigation sets were
distributed by the Honourable Vice Chancellor and
Director of Research, VNMKYV, Parbhani. On this
occasion kisan mela was also organized to guide the
farmers regarding operation of sprinkler irrigation
system.

9.9. Kota

9.9.1. Distribution of sprinkler irrigation sets and
demonstration of sprinkler irrigation on wheat

It was done in two villages namely, Karvarikhurd and
Gordhanpura from Kishannganj tehsil, Baran
district, Rajasthan. Total 37 ST farmers of Saharia
tribe were selected as beneficiaries, out of which 14
farmers were given sprinkler irrigation sets and 23
farmers were given HDPE pipeline for enhancing
crop and water productivity of wheat.

During rabi 2019-20, total 57 demonstrations on
wheat crop were conducted to show the impact of
improved water management technologies using
conveyance and lifting of water by using HDPE
pipelines and applying sprinkler irrigation. Out of
these, 20 demonstrations were on method of
irrigation and irrigation at critical stages of wheat
crop in Garda command and non-command areas;
23 demonstrations were on wheat crop on
conveyance and lifting of water by using HDPE

pipeline for irrigation at critical stages for enhancing
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crop and water productivity and 14 demonstrations
on wheat under sprinkler irrigation for enhancing
crop and water productivity in tribal villages of
Karvarikhurd and Govardhanpura.

1. Demonstration on package of practices of
wheat and improved water management
practices in Garda command (method of
irrigation and critical stages)

Ten demonstrations of wheat were conducted in
tribal area under Garda command of Baran district.
In demonstration block, three irrigations were
applied at CRI, late tillering and milking stages by
border strip method (5 m x 40 m) with 6 cm depth
using 85% cut-off ratio along with recommended
practices of nutrient (N,,, P,, & K,, kg ha’,
respectively) and weed management (metsulfuron
methyl @ 4 g ai ha) for wheat. In control block,
irrigations were applied by flooding method without
considering critical growth stages and recommended
practices of nutrient and weed management. It is
evident from Table 69 that mean grain yield of wheat
was 9.97% higher in demonstration block (4.63
t ha’) than that (4.21 t ha') in block under farmers’
practice at tribal belt of Baran district village Karvari
Khurd under TSP programme. Water expense
efficiency (16.53 kg ha-mm’') was also higher in the
test block compared to the control block (10.52 kg
ha-mm™).

Table 69. Effect of improved water management
practices on performance of wheat in Garda
command

Particulars Rabi 2019-20

Demonstration Control
block block

Recommended POP and improved Farmers’

irrigation water management practice

practices

No. of 3 3

irrigations

Total water 28 40

applied (cm)

Grain yield 4.63 4.21

(t hal)

Increase in 9.97 -

yield (%)

WEE 16.53 10.52

(kg ha-mm-1)

Note: Grain yield is average value of 10 demonstrations; POP,

package of practices; WEE, water expense efficiency

Demonstration of border strip method of
irrigation for wheat in Garda command area

2. Demonstration on package of practices of
wheat and improved water management
practices in non-command area (irrigation at
critical stages)

Ten improved water management practices
demonstrations on wheat were conducted in non-
command area of the Saharia tribal belt. Source of
irrigations was tubewell. In demonstrations block,
three irrigations were applied by border strip method
at CRI, flowering and milking stages using 6 cm
depth along with recommended practices of nutrient
(N Po & K,, kg ha'', respectively) and weed
management (metsulfuron methyl @ 4 g ai ha’).
Farmers of tribal belt applied irrigations @ 8 cm
depth without consideration of critical stages. Table
70 shows that improved water management practice
produced 10.94% higher yield compared to farmers'
practice (4.02 t ha™'). Water expense efficiency (15.66
kg ha-mm™) was also higher in the demonstration
block compared to the control block (11.92 kg ha-
mm’).

Demonstration of improved water management
for wheat in non-command area
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Table 70. Effect of improved water management
practice on performance of wheat in non-

command area

Particulars Rabi 2019-20

Demonstration Control

block block
Recommended Recommended Farmers’
irrigation POP & improved practices
practices water management
practices

No. of 3 3
irrigations
Total water 28 34
applied (cm)
Grain yield 4.46 4.02
(t ha'l)
Increase in yield 10.94 -
(%)
Water expense 15.92 11.82
efficiency
(kg ha-mm-?)

Note: Grain yield is average value of 10 demonstrations; POP,
package of practices

s

3. Demonstrations on wheat for improving water
productivity by using HDPE pipeline

In demonstrations block, three irrigations were
applied using border strip method at CRI, flowering
and milk stage by carrying water through pipeline
from local river. Farmers of tribal belt faced problem
of scarcity of water and they were paying irrigation
charges at ¥4150 ha irrigation from the neighbour
farmer having tubewell. In this connection, HDPE
pipe line was provided to the farmers on co-operative
basis for increasing crop as well as water
productivity. Data shown in Table 71 revealed that
an improved water management practice gave grain
yield of 4.51 t ha' and net return of ¥74893 ha’
under demonstrations block which were 9.20 and
37.79% higher as compared to control block
(farmers' practice), respectively. Water productivity
was also found higher in test block £26.7 m®) as
compared to control block 13.59 m*).

Table 71. Effect of improved water management practices on grain yield and water productivity of

wheat in tribal area
Particulars Rabi 2019-20
Demonstration block Control block
Recommended irrigation practices Ti: Water carrying from the local river T2: Farmers’
and irrigation at critical stages practice
No. of irrigations 3 3
Grain yield (t ha-1) 4.51 4.13
Increase in yield (%) 9.20 -
Net return (% ha-1) 74893 54353
Net water productivity (X m-3) 26.74 13.59

Note: Grain yield is average value of 23 demonstrations; Common cost of cultivation ¥ 16000 ha; Sale price of wheat % 18.40
kg' and straw % 2.5 kg''; Treatment cost (T,)was ¥ 24900 ha"' @ ¥ 825 ha per irrigation for water lifting and Z 650 ha per
irrigation for labour and % 3000 as fixed cost; Treatment cost (T,) was ¥ 35200 ha'@ ¥ 4150 ha ' per irrigation paid by farmer
and Z 650 ha'per irrigation for labour

Irrigation water carried through pipelines from local river
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4. Demonstration on wheat under sprinkler
irrigation in tribal area

Fourteen sprinkler irrigation demonstrations on
wheat crop were conducted in tribal villages of
Karvarikhurd and Gordhanpura during rabi 2019-20
to evaluate performance of sprinkler irrigation in
wheat. In the demonstration (test) block irrigations,
sprinkler irrigation was applied with recommended
package of practices (N,,,P.,K,, kg ha') whereas in
control block irrigations were applied by flooding
taking water from neighbouring fields @ ¥4150 ha™
without implementing recommended package of
practices. One year data (Table 72) revealed that mean
grain yield (4.92 t ha''), net return 81760 ha') and
water productivity £29.20 m”) observed under the test
block were higher as compared to control block.

Sprinkler irrigation demonstration of wheat in
Saharia tribal area

s

Table 72. Effect of sprinkler irrigation on grain
yield and water productivity of wheat

Particulars Rabi 2019-20
Demonstration Control
block block
Recommended Ti: Performance of | Ta:
irrigation practice | sprinkler Farmers’
irrigation system practice
No. of irrigations 3 3
Grain yield 4.92% 4.49*
(t ha'?)
Increase in grain 9.57 -
yield (%)
Net return (R ha1) 81760 62783
Net water 29.20 15.70
productivity
@ m?)

Note: Grain yield is average value of 14 demonstrations;
Common cost of cultivation = ¥ 16000 ha''; Sale price of wheat =
?18.40 kg' and straw % 2.50 kg'; Treatment cost (T,)is ¥ 24200
ha’ @ electricity charge of 2 650 ha ' per irrigationand % 650 ha™
per irrigation for labour and % 3000 as fixed cost; Treatment
cost (T,) is 235200 ha' @3 4150 ha per irrigation

Therefore, the scientific interventions for improving
wheat crop and water productivities at villages
Karvarikhud and Gordhanpura of Kishanganj tehsil
of Baran district under Garda command during
2019-20is summarized in Table 73.

Table 73. Achievements from field demonstration during 2019-20 (up to June 2020)

S. | Block/ Location specific Name/ No. Total area Benefitted
No. | Village technologies of farmers | demonstrated (ha)| area (ha)
1 Gordhanpura | Recommended POP for wheat and 10 1.0 3.5
improved water management
technology in Garda command
2 Gordhanpura | Recommended package of practices 10 1.0 3.5
for wheat in non-command area of
Baran district
3 KarvariKhurd | Water lifting device from local river 23 2.5 5.0
4 KarvariKhurd | Introduction of sprinkler irrigation 6 0.6 1.2
5 Gordhanpura | Introduction of sprinkler irrigation 8 0.8 1.6
9.10. Coimbatore scheduled caste farmers of Pethikuttai (Coimbatore),

9.10.1. Demonstration and training on
microirrgation system and acid treatment of soils

Scientists of AICRP on IWM Coimbatore centre
conducted field demonstrations and trainings to

Chittampatti and Ayyanarpuram (Madurai), and
Bhavanisagar under scheduled caste sub plan
(SCSP) programme on various aspects like drip and
sprinkler irrigation systems, acid treatment of soils
in farmers' fields before cultivating crops.

Training and demonstration conducted under SCSP programme
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Chapter 10

Technology Assessed, Refined and Transferred

10.1. Pusa

10.1.1. Design and evaluation of drainage cum
recharge structure under north Bihar condition

The alluvial plains of Bihar have potential aquifers
with ample source of water for groundwater
recharge. But these plains are facing accelerated
groundwater draft over the last couple of decades.
Besides this, groundwater decline, waterlogging and
lack of drainage facility delays sowing of rabi crop
leading to poor performance of crops. Groundwater
recharge can be done using surplus runoff water
available during the monsoons. A drainage cum
recharge structure was developed for farmers of
south Bihar as well as farmers of Taal and Chaur
lands facing the above issues.

In 2020, six drainage-cum-recharge units have been
constructed in university campus of DrRPCAU,
Pusa. One recharge unit was installed at KVK,

Piprakothi, East Champaran and tested for three
years. Five more recharge units will be tested in the
coming year. The technology of groundwater
recharge unit was released on 11.06.2020 by the 8"
research council of DrRPCAU, Pusa. More than three
recharge units are being constructed in the farmers’
fields at different places. In this technology, the
second aquifer is the target aquifer, recharge
capacity of 22000-24000 lph, solid removal
efficiency of 80-82%, recharging depth of 45-55 m
and annual groundwater recharge potential of 2.0-
2.5 ha-m. Major components of the structure are
stilling basin, siltation tank, recharge filter and

boring.

The major scope of this technology includes effective
drainage from waterlogged area of agricultural fields
during monsoon season; early vacating of field for
timely sowing of rabi crops; augmentation of
groundwater resources; and development of water

positive zone.

Drainage cum groundwater recharge unit

Farmers’ experience: Sukhet village is located in
Jhanjharpur tehsil of Madhubani district, Bihar. The
village has a geographical area of 503.4 ha with
population of 5,792. This region is known for its
recurrent floods due to its river system and bowl-
shaped depression, so the water gets stagnated in

the region for longer time. Flood starts in July and
many fields remain submerged till March. Rice is
harvested in a waterlogged condition. The sowing of
rabi crops is limited to very small area due to
waterlogging. There is no wheat sowing in most parts
and late sowing in some parts of the village. Drainage
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cum recharge unit was installed in a farmer’s field of
Sukhet village. This intervention resulted in timely
drainage of stagnated water through the structure
and the land was vacated in the last week of
November making it available for timely sowing of
rabicrops after many years.

10.1.2. Irrigation through community tubewells

Bihar state is facing severe challenges in climatic
events like flood, drought, extreme temperature and
terminal heat for rabi crops from last several
decades, impacting agricultural production and the
socio-economic condition. The major food demand of
the state is met through the rice-wheat cropping
system contributing about 77.37% of the total food
grain production from around 70% of the gross
cropped area but unfortunately, the productivity of
both the crops is far below the national average,
reason being climatic stresses. The average
productivity of rice in Bihar is just 2.5 t ha™, that too,
with a decreasing compound agricultural growth
rate of -3.61% owing to erratic rainfall, increased
frequency and duration of dry spells and early
withdrawal of monsoon. The major source of
irrigation is groundwater extracted by diesel pump
set. Rural electrification has peaked up in the state,
but the quality of power supply (in terms of stable
voltage) is still an issue. Due to unstable power
supply, 3-phase electric pumps could not be utilized
by the farmers and still they are dependent on the
diesel pumping sets. High cost of irrigation coupled
with late onset of monsoon are the major factors that
compel the farmers for late sowing and late
transplanting, thereby impacting different
phenological events. Not only this, the delay in
sowing of rice affects succeeding wheat crop and it
has been found that when wheat is sown beyond

November, it is affected by terminal heat during its

9

flowering-milking stage when temperature goes

above maximum threshold of 27°C. At the same time,
the late sown wheat crop is generally affected by
strong hailstorms in the month of April which has
become very common in the state during past few
years due to recent climatic changes. Thus, the
concept of single phase 3 hp submersible pump took
shape which extracted water at affordable cost with
existing electricity supply conditions. The
submersible pumps are considered to be the most
efficient pumping systems as far irrigation is
concerned. Switching from high capacity 3-phase
submersible pumps which could not be operated due
to fluctuation of voltage in one or the other phase, the
single phase pumps were promoted which are
available with maximum power rating of 3 hp.

After successful trials of this concept in university
farms, it has been taken to farmers’ field at 17
locations through an innovative community
irrigation approach. With the financial support of
Climate Resilient Agriculture Programme of the State
of Bihar, 17 tubewells (100 mm diameter) equipped
with 3-hp single phase submersible pumps each
costing around 1.6 lakhs, were installed in 17
adopted villages in 11 districts, each having a
command area of 12-15 acre. The detailed
information related to installation of tubewells is
presented in Table 74. A group of 10 to 20 farmers
from each village was formed with an agreement that
all participating farmers will have an equal right and
equal opportunity to avail the irrigation facility as
and when needed by the crop. The team of scientists
of AICRP on Irrigation Water Management and the
Centre of Excellence on Water Management of
DrRPCAU is contributing and supervising the
community irrigation tubewell programme with the
help of Krishi Vigyan Kendra of the district.
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S. s . Number of Area
No. District Village beneficiaries (acre)
. Vill: Sipaya, Block: Kuchaikote 15 15
1 | Gopalganj ; - ;
Vill: Baraipatti, Block: Gopalganj 20 20
2 Begusarai V111age: Badkurwa, Post- Vikrampur, 30 20
Cheriya Bariyarpur
Vill: Dwarikanathpur, Post-Karja,
75 50
3 Muzaffarpur Block-Madwan
Vill: + P.O. Patsara 20 25
4 West Vill: Mirjapur, Madhopur 15 15
Champaran Vill: Samhuta, Narkatiaganj 15 15
5 Sitamarhi Vill: Chainpura 56 72
6 Madhubani Vill: Blsaul, Post-Sukhet, Block- 23 20
Jhanjharpur
. East Vill: Bhatoli, Parsauni 30 25
Champaran Vill: Belwatiya, Block- Piprakothi 14 14
Vill: Majhwalia, Block- Jalalpur 09 15
8 Saran
Vill: Dharhara, Block- Manjhi 15 20
Vill: Khairwadaro, Katsari Road 15 15
9 Sheohar - - -
Vill: Lalgarh, Madhuban Tariyani Road 20 20
Vill+Post- Ratanpur, PS-Kamtaul 20 20
10 Darbhanga Sundar Das, Vill+Post- Ratanpur, PS-
15 15
Kamtaul
Kaladumra, Goreakothi 15 15
11 Siwan Maharajganj, Siwan 50 40
Bhopatpur Bhartiya, Lakrinabiganj 25 25
Total 497 476

Village- Kaladumra, Dist. Siwan

Village- Bisaul, Sukhet, Dist.- Madhubani Village- Chainpura, Dist. Sitamarhi
Glimpses of the 3 hp single phase tubewells installed at different locations in farmers' field
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10.2. Kota

10.2.1. Impact assessment of recommended
package of practices on rabi crops at left and
right main canal sites of Chambal command

Under ORP, impact assessment study was
conducted for the rabi crops grown at both left main
canal (LMC) and right main canal (RMC) sites of
Chambal command area. Survey was done on 100
farmers' fields during 2019-20 as summarized in
Table 75. In rabi season, major crops grown are
wheat, mustard, chickpea and coriander while
soybean, urdbean, rice and maize are grown during
kharif. It was noticed that most of the farmers are
adopting the recommended package of practices of
the crops, but in some cases, they are using the
cultural practices and applying inputs in excess as
per the recommendation. The percentage of adoption
of recommended package of practices especially with
respect to cultural practices i.e. proper planting

geometry and seed rate are not in use by the farmers'

5

whereas, depth of irrigation water applied, method of
irrigation, application of zinc and potash, use of
herbicide in wheat and rice and sulphur application
in mustard is also less. However, farmers are using
seeds of improved variety and adoption scale varied
from 48.2 to 83.0%. Similarly, regarding application
of nitrogeneous fertilizer, more than 63.1% farmers
have adopted recommendations in all the crops
except soybean where the adoption is only 11.3-
12.1% (Table 75). In wheat, mustard and rice, 41.8 to
76.3% farmers are using recommended number of
irrigations but in soybean only about 13.1-14.4%
farmers are using recommended number. Due to
availability of canal water only 18.4-30.4% farmers
are following the recommended depth of irrigation
and 29.9-34.4% are following recommended method
of irrigation. However, farmers have started using
border strip method of irrigation due to worthy

results of improved water management technology.

Table 75. Adoption rate of recommended package of practices for different crops in ORP area under
left main canal (LMC) and right main canal (RMC) during 2019-20

Adoption (%)
Rabi season 2019-20
Package . .
Wheat Mustard Chickpea Coriander

RMC LMC RMC LMC RMC | LMC RMC LMC
Improved seed & seed rate
Variety 71.2 70.4 87.2 84.6 65.6 46.2 72.3 72.4
Seed rate 36.2 38.41 45.2 42.1 38.9 41.4 48.9 46.5
Organic manure & fertilizers
Organic manure 9.8 9.1 - - - - - -
Nitrogen 68.9 66.4 68.2 67.8 24.5 23.4 74.2 69.5
Phosphorus 62.5 63.4 58.3 59.4 38.9 36.5 66.8 69.7
Potash 9.6 8.4 - - - - - -
Sulphur 3.5 4.2 38.4 37.6 - - 62.4 65.4
Zinc 8.9 9.4 - - - - 11.2 10.8
No. of irrigations at critical stages, depth (50-60 mm) and method (border strip method)
No. of irrigations 64.2 63.2 42.5 40.8 16.2 18.4 34.5 36.7
Depth of irrigation 25.7 28.6 31.2 28.6 18.4 19.2 31.2 30.8
Method of irrigation 36.4 34.5 28.6 32.6 24.6 25.3 38.7 36.9
Weed management (Post-emergence in wheat and pre-emergence in mustard, chickpea & coriander)
Herbicide weed control | 326 | 334 [ 114 [ 135 [ 108 | 126 | 16.8 | 182

Extension activities and transfer of technologies
in farmers' field: AICRP on irrigation water

management, Kota centre is actively engaged for the

dissemination of improved water management
technologies through extensional activities like
demonstrations and skill upgradation by field
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trainings. Eighteen field demonstrations on wheat
crop were conducted out of which 6 at head, 6 at
middle and 6 at tail reaches of the selected
distributaries of Andhed and Manasgaon. The
project scientists regularly give advice to the Govt.
officers for improved and innovative water
management technologies. In addition to this, the

9

scientists have delivered lectures on soil, water and
new irrigation methods to line department field staff.
The project scientists also participated in agriculture
technology fairs and disseminated improved water

management technologies through All India Radio
School. Technologies undertaken by AICRP on IWM
scientists of Kota center is listed in Table 76.

Table 76. Technologies undertaken for dissemination at farmers' fields

Crop Technologies
Z\(I)l:;a;‘lc(,jérrlustard, chickpea and Border strip method of irrigation (5 m x 50 m) with 80% cut- off ratio

Wheat, mustard, chickpea and

Irrigation at critical stages:
Wheat: CRI, late tillering, flowering & milking
Mustard: branching, flowering & pod development

standing water

coriander Chickpea: flowering and pod development
Coriander: late vegetative stage and umbel formation
Rice Irrigation of 5-7 cm depth of irrigation at 1-3 days after disappearance
of ponding water
System of Rice Intensification (SRI): Saturated condition by
Rice intermittent light irrigation upto panicle initiations and then shallow

Wheat, chickpea, coriander

Sprinkler and mini-sprinkler irrigation

Garlic, onion

Mini-sprinkler irrigation

10.3. Chalakudy

10.3.1. Technology accepted in the package of
practices recommendation of KAU

Study on open field precision farming in Nendran
banana has revealed that common fertilizer and high
priced water-soluble fertilizer performed similar.
Water-soluble cheaper source of fertilizer can be
recommended in place of high priced fertilizer. In
fertigation fertilizer quantity can be reduced to 75%.
Study on soil nutrient dynamics under varying
moisture regimes in banana has shown that Pat 75%
and K at 125% of recommended dose of fertilizer
(RDF) can increase yield to an extent of 15.2% over
the present recommendation. The results suggest
that the recommendation of P,O; could be reduced to
86 g plant” instead of the present 115 g plant™.
Reducing the level of P below 75% reduced the yield
considerably.

Farm trials: Results of the experiment conducted for
three years were presented in the Zonal Research
Extension Advisory Committee of the Kerala
Agricultural University (Table 77). They proposed to
conduct multi location field trials. Three farmers
were identified and field trials were conducted in

three different districts viz., Thrissur, Ernakulam

and Palakkad. The modified soil test based
recommendation gave the highest banana yield in
Palakkad, whereas maximum yield of banana was
found in recommended package of practice and
modified recommendation at Thrissur and
Eranakulam, respectively. These results of the farm
trial were presented in the Zonal Research Extension
Advisory Committee of the Kerala Agricultural
University.

Mattoor (Ernakulam district)
Multi-location farm trials of banana
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Table 77. Banana yield (t ha’) obtained from different farm trials in three districts of Kerala

Treatment Palakkad | Palakkad Thrissur Ernakulam
Recommended package of practice 9.23 10.13 11.96 12.1
Modified recommendation 9.77 10.67 11.68 15.1
Soil test based recommendation 9.5 10.23 10.68 13.7
Modified soil test based recommendation 11.16 11 11.10 13.97

10.3.2. Standardization of open field precision
farming in banana (revalidation)

Study was conducted to standardise the level of
irrigation and fertilizer doses under open field
precision farming in banana using common water
soluble fertilizers such as urea, ammonium
phosphate sulphate and muriate of potash. The
treatments included three levels of drip irrigation at

60% , 80% and 100% PE, three doses of fertilizers at
75%, 100% and 125% RDF, with and without plastic
mulching (Table 78). Observations on yield
parameters were recorded. It was noticed that,
irrigation at 100% PE and fertilizer application at
125% RDF without plastic mulching showed
significant higher crop yield.

Table 78. Effect of drip irrigation, fertilizer and mulching treatments on yield and yield parameters of

banana
Treatment Bunch yield Fingers per bunch Yield (t ha-1)
per plant (t ha-1)
Drip irrigation level
I (60% PE) 15.1 66.26 37.82
I (80% PE) 15.6 67.60 38.99
I3 (100% PE) 16.8 70.84 41.92
CD (p=0.05) 1.06 3.41 2.65
Dose of fertilizer
D1 (75% RDF) 15.59 67.21 38.98
D2 (100% RDF) 15.81 67.45 39.53
Ds (125% RDF) 16.09 70.04 40.23
CD (p=0.05) NS NS NS
Mulching
Mo (without mulch) 16.80 69.67 42.00
M (plastic mulch) 14.86 66.79 37.16
CD (p=0.05) 0.87 2.78 2.16

Note: PE, pan evaporation; RDF, recommended dose of fertilizer

Field view of the experiment along with banana produce
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10.3.3. Irrigation kits for kitchen garden

Kitchen gardening is gaining popularity in the urban
and peri urban areas. In order to improve the water
use efficiency and as a time saving technique,
irrigation kits using KAU-microsprinkler and drip
was developed. The kits have been approved by the
Director of Research, Kerala Agricultural University

for distribution to farmers.

2020

KAU microsprinkler kit

KAU microsprinkler, developed at Agronomic
Research Station, Chalakudy, is a farmer friendly
water saving technique. A household irrigation kit
named KAU microsprinkler kit (Figure 18) was
designed and developed with KAU- microsprinkler
for irrigating kitchen garden. Performance of the
system was evaluated and found good.
Demonstration of the installation of the kit has been
established in the Research Station for the benefit of
the farmers.
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Figure 18. Leaflet of KAU microsprinkler kit
Drip irrigation kit established in the research station for the benefit of

Drip irrigation kit (Figure 19) was designed and
developed for irrigating 50 grow bags using arrow
drippers after evaluating the performance.
Demonstration of the installation of the kit has been

the farmers. The kits have been made available to
farmers through different stations of university at
fixed price.
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Figure 19. Leaflet of drip irrigation kit
10. 4. Almora tank or pond, reduces weed problem and mosquito

10.4.1. Extension activities and transfer of
technology

The multiple water use model developed by Almora
centre has various components. Some of the
components have specifically been popularized
among the hill farmers so that they can get extra
benefits by taking up each component as an
individual enterprise. One such component is Azolla
cultivation which has been demonstrated and
popularized among the farmers. Azolla reduces
evaporation from ponds and has several other
advantages. It makes good compost, can be used as
fodder for cattle, and feed for fish and poultry.
Therefore, Azolla cultivation can result in reducing
input cost and obtain good yield of milk from cattle,
eggs form poultry, etc. Azolla absorbs carbon from
the atmosphere, reduces evaporation from an open

breeding in ponds. Seeing so many benefits, around
12 farmers have purchased Azolla from ICAR-
VPKAS, whereas it was provided free of cost to
around five poor farmers to cultivate on their fields.
About 25 kg Azolla was sold to farmers and different
organizations. One poly cement tank was
constructed at a farmer's field to store water for
irrigation and fish farming. The same farmer also
constructed polyline tank for azolla cultivation. The
farmer is also establishing multiple water use model
to enhance water productivity. The hill farmers were
advised to grow vegetable crops like onion, garlic in
rabi season and okra in kharif season. The farmers
got convinced to grow these crops because they
found that the crops are hardy in nature and
profitable with low input. Farmers were also advised
to plant hybrid napier on their field risers and use it

as feed for cattle.
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10.5. Ludhiana

10.5.1. Extension activities through promotions
and demonstrations to farmers

Two videos were created on Apni Kheti channel in
YouTube on developed technologies i) safe rainwater
recharging technique by PAU, ii) open well water
recharging technique. The farmers were trained
about different techniques like precision

technologies for water saving and its recharging,
rainwater harvesting for groundwater recharge, and
water resource management for sustainable
agriculture. The skill development was also done on
roofwater harvesting structure. The centre
popularized the innovative water saving technologies
among the farmers through demonstration,
publications, radio and TV talks, etc.

Field visit on bed planted cotton
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Chapter 11

Recommendations

The network centres of AICRP on Irrigation Water
Management have proposed recommendations from
replicated field experiments which have been
concluded with statistically significant findings.
These recommendations may be considered for
extension to farmers, line departments, KVKs,
governmental and non-governmental organizations.

The recommendations have been listed as below.
Dapoli

» It is recommended to grow sweet potato-sweet
corn crops in sequence under lateritic soils of
Konkan region with drip irrigation system and
irrigation should be scheduled on alternate day
at 100% crop evapotranspiration (total water
applied 132.44 and 311.81 mm, respectively)
and 100% RDF through water soluble fertilizers
(FYM at 10 t ha™ + 75:50:75 and 200:60:60 kg
N:P,0.:K,O ha’ for sweet potato and sweet corn,
respectively) for obtaining higher system

production and economic returns.
Parbhani

» For higher seed yield and net monetary returns
of pigeonpea in Marathwada region, it was
recommended to schedule alternate day drip
irrigation at 80% crop evapotranspiration for
crop sown at a spacing of 150 x 30 cm through
inline lateral laid 150 cm apart and drip
fertigation of 20:40:20 kg N:P,0,:K,0 ha” should
be applied in ten splits through water soluble
fertilizers out of which 20% N and 40% P in two
splits at 0-30 DAS, 30% N, P and 25% K in three
splits at 31-60 DAS, 30% N, P and 40% K in three
splits at 61-90 DAS, and 20% N and 35% K in two
splits at 91-120 DAS.

» For higher bulb yield and net monetary returns

of onion grown in summer season in

Marathwada region, it was recommended to
schedule alternate day drip irrigation at 60%
crop evapotranspiration through inline lateral
laid at the centre of raised bed having six rows of
onion planted at a spacing of 15 cm x 7.5 cm and
drip fertigation of 80:40:40 kg N, N:P,0,:K,0O ha™
with N and K,Oin 10 equal splits at 8 kg and 4 kg,
respectively and P,0,in 5 equal splits at 8 kg ha™
at an interval of 7 days from transplanting to 70

days after transplanting.
Jorhat

» Statelevel recommendation of irrigation at 15 cm
depletion of water from soil surface for autumn
rice crop was approved for inclusion in the state

package of practices of crops.
Sriganganagar

» It was recommended to apply three post sowing
irrigations to cotton crop at 35 DAS, square
formation stage/boll initiation stage and boll
development stage for higher crop yield. The
depth of each irrigation should be 60 mm to save

irrigation water by 10%.
Chiplima

» Itwas recommended to grow baby corn crop with
surface irrigation at IW/CPE 0.8 and IW/CPE
0.7, with 5 cm irrigation depth in West Central
Table Land Zone of Odisha to obtain higher yield,

profit and benefit-cost ratio.

» Raised and sunken bed farming system
developed by Chiplima centre was recommended
for rice-cowpea cropping system during kharif
season in the lowlands of canal command area of
Hirakud dam having elevation difference of 60
cm for higher rice equivalent yield, higher profit

and benefit-cost ratio.




Coimbatore

>

Application of irrigation to rice crop after
formation of hair line crack through alternate
wetting and drying was recommended to save
irrigation water, enhance water use efficiency
while maintaining and/or improving grain yield

of rice.

Jabalpur

>

To enhance water productivity of rice-wheat
cropping system in Madhya Pradesh, it was
recommended to apply one cut-off irrigation at
10 days before harvesting of kharif rice crop and
apply one irrigation after sowing in the
subsequent rabi wheat crop in zero tillage
condition to fetch higher net return and benefit-

cost ratio.

Rahuri

>

Planting of two eye bud suru sugarcane at
distance of 30 cm in 5 feet long furrows under
sub surface drip fertigation scheduled at 80%
crop evapotranspiration every alternate day with
80% RDF (200:136:136, N:P,0.:K,0 kg ha™)
through water soluble fertilizers in 30 weekly
splits is recommended for medium deep black
soil of western Maharashtra for obtaining higher

monetary returns.

Junagadh

>

>

It was recommended to farmers, NGOs and
government line departments that the total
groundwater recharge should be at least 50% of
rainfall to manage Uben basin for sustainable
water resources to balance the inflow-outflow in
almost all the zones. Bhesan region is suitable
for low water requirement crops like coriander,
cumin, etc. while high water requirement crops
like wheat, vegetables, garlic, onion and
horticultural crops may be adopted in Junagadh

and Vanthali regions.

Recommendations were made for farmers,
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groundwater recharging techniques namely, on
stream check dam, recharge basin, roof water
harvesting, open well recharging and connector
well recharging techniques developed and

evaluated by Junagadh centre.

On-stream check dam groundwater recharge
technique as a cost-effective recharge technique
that results in groundwater recharge of 0.15 m’
m” of catchment area at a cost of¥1.02 m” as per

prevailing cost.

Recharge basin as a cost-effective recharge
technique, which can result in recharge of about
0.13 m’ m”® of catchment area at a cost of 30.27

m” inJunagadh region.

Roof water harvesting as an effective
groundwater recharge technique because it can
result in groundwater recharge of 0.22 m’ out of
potential runoff of 0.73 m® m™® of roof area.
Recharge of 0.22 m’ may be done through
tubewell and remaining 0.51 m’ may be stored in
a sump with a cost of¥34 m”. The annual runoff
coefficient of 0.71 for roof top was recommended

for designing the roof water harvesting system.

Open well technique effective for recharging
shallow aquifer in Junagadh region which may
recharge groundwater about 0.12 m’ m® of
bottom area of open well with recharge cost of
%1.94 m”. Tubewell is effective for deep aquifer
recharge, which may recharge 44473 m’
groundwater per year with recharge costs of
%0.45 and 0.28 m® including and excluding

tubewell cost, respectively.

Steady state recharge model for Junagadh region
was recommended to the scientific community

for recharging connector well:
Qca = C x Ah

where, Q. = Recharge rate to confined aquifer, m’
day’, Ah = Recharge head in recharge well, m,
C=0.006 for Junagadh region




Jammu

>

Recommendations on technical details for
developing multipurpose Ujh irrigation project
were provided to the stakeholders of Jammu
division i.e. Ravi Tawi Irrigation Complex in
reconciling figures on parameters like effective
rainfall, consumptive use of basmati rice and
percolation rate of soil. These projected figures
along with other technical details provided by the
scientists of AICRP on IWM Jammu centre will be
useful for determining dam height and designing
the canal network for 22000 ha from river Ujh for
districts Kathua and Samba. Based on the
recommendations, canal has been approved by
Govt. of India during 2019-20.

Under the objective of PMKSY i.e. “more crop per
drop”, study was done to scale up water
productivity through low-cost water harvesting
and modern irrigation technologies for fruit
orchards. Based on this, recommendation was
provided to Directorate of Horticulture, Jammu
on construction of polylined water harvesting
tanks lined with silpaulin sheets (250 gsm)
layered with cement sand blocks of ratio (1:7:2)
as water storage/ harvesting structures at a cost
of¥1-1.25 per litre of different capacities ranging
between 50-250 m’and less than 50 m’. Apart
from this, costs for on-line drip irrigation in 1.0
ha and 0.5 ha fruit orchards spaced at 10 m x 10
m,6mx 6 mand 5m X 5 m as well as cost of
fertigation equipments were provided which
ranged between ¥35000-85000 excluding the

cost of pump.

Gayeshpur

>

It was recommended to grow broccoli and
cauliflower crops with conjunctive use of arsenic

contaminated groundwater and safe surface
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prone groundwater areas as a measure to
mitigate arsenic contamination in crops by

reducing accumulation of arsenic in edible parts.

It was recommended to apply irrigation to rice
crop in high arsenic prone groundwater areas
using alternate wetting and drying method as a
water management intervention for arsenic de-

loadingin rice grain.

Navsari

>

The farmers of south Gujarat heavy rainfall agro-
climatic zone following rabi sorghum-vegetable
cowpea (summer) cropping system were
recommended to irrigate the crops with drip
irrigation system at 0.6 pan evaporation fraction
(PEF) and apply N at 8 kg ha™ and P,0,at 40 kg
ha™ as basal and remaining 72 kg N in six equal
splits at weekly interval starting from 20 DAS
through fertigation to rabi sorghum and P,O; at
40 kg ha as basal and N at 20 kg ha'to cowpea
in three equal splits at weekly interval for

securing higher yield and economic benefit.

The farmers of heavy rainfall agro-climatic zone
of south Gujarat following rabi Indian bean
(vegetable) - sweet corn (summer) cropping
system were recommended to irrigate the crops
through drip irrigation with dripper discharge
rate of 8 Iph and laying laterals at spacing of 1.60
m for four rows of Indian bean at 30 cm row
spacing and three rows of sweet corn at 53 cm
row spacing for getting higher crop yields and net
return. Further, they are also advised to apply
P,O, at 40 kg ha' as basal and N at 20 kg ha to
Indian bean and P,0O, at 60 kg ha™ as basal, N at
140 kg ha and K,O at 40 kg ha'to sweet corn in
six equal splits at weekly interval starting from
20 DAS through fertigation for getting higher

crop yield and economic return.
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Panday, S.C., Kumar, A., Meena, V.S., Joshi, K.,
Stanely, J. and Pattanayak, A. 2020. Standardized
precipitation index (SPI) for drought severity
assessment of Almora, Uttarakhand. Indian Journal
of Agrometeorology, 22(2):203-206.

Choudhary, M., Panday S.C., Meena, V.S., Singh S.,
Yadav R.P., Pattanayak, A., Mahanta, D., Bisht, J.K.
and Stanley, J. 2020. Long-term tillage and
irrigation management practices: Strategies to
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Agricultural Water Management, 232:106067.

Choudhary, M., Meena, V.S., Panday, S.C., Mondal,
T., Yadav R.P., Pattanayak, A., Mishra, P.K., Bisht,
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Ecology, 157:103754.
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Singh, M.P., Singh, B.N., Tiwari, R.C., Kumar, A.,
Singh, P. and Shekehar, C. 2020. Response of
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Pharmacognosy and Phytochemistry, 9(6):349-351.

Singh, M.P., Singh, B.N., Kumar, A., Singh, P., Rao.
A., Kumar, G. and Kanaujiya, P.K. 2020. Effect of
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International Journal of Chemical Studies,
8(6):1453-1456.
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Kanannavar, P.S., Vasantgouda, R., Kumar, L.,
Punitha, B.C. and Shanawad, U.K. 2020.
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International Journal of Current Microbiology and
Applied Sciences, 9(5):1344-1348.

Kanannavar, P.S., Vasantgouda, R., Kumar, L.,
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in safflower fields. International Journal of Current
Microbiology and Applied Sciences, 9(5):1415-1420.
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production. International Journal of Current
Microbiology and Applied Sciences, 9(5):2386-2392.
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Karnataka, International Journal of Ecology and
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Environmental Sciences, 2(4):460-464.
Chiplima

Mohapatra, S., Tripathy, S.K. and Mohanty, A.K.
2020. Weed management in sunflower through
sequential application of herbicides in western
Odisha. Indian Journal of Weed Science, 52(2):197-
199.

Mandal, D., Pal, R., Seni, A. and Mohanty, A.K. 2020.
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Zone of Odisha. Indian Journal of Horticulture.
77(2):328-332.
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Nagarajan, M. 2020. Influence of chemigation on
root knot nematodes in drip irrigated rice. Journal of
Entomology and Zoology Studies, 8(1):641-643.
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and Phytochemistry, 9(1):1521-1525.
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8(1):2589-2592.
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Innovative Farming, 5(1):15-16.
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Tamil Nadu. International Journal of Plant & Soil
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Panneerselvam, S. 2020. Temporal variability in the
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and their residual effects on non-target
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Bandopadhyay, P. 2020. Response of various
mycorrhizal inoculants on rice growth, productivity
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system productivity and profitability of soybean
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deep Chambal ravines of Madhya Pradesh, India.
Indian Journal of Soil Conservation, 48(2):35-40.

Kushwaha, T.S., Singh, Y.P. and Singh, S. 2020.
Socio-economic impact of soil water conservation
measures at Thatipura panchayat of Chambal
region. Journal of Soil and Water Conservation,
19(3): 310-316.

Singh, Y.P., Tomar, S.P.S. and Singh, S. 2020.
Impact of biotic stress management technologies on
yield, economics and energy indices of pigeon pea
(Cajanus cajan) grown in Central India. Legume
Research, 43(1):61-67.

Navsari

Usadadia, V.P., Mistry, P.S., Savani, N.G. and Patel,
K.K. 2019. Effect of different levels of irrigation,
nitrogen and foliar application of banana
pseudostem sap on drip irrigated sweet corn-green
green cropping sequence. Indian Journal of Pure &
Applied Bioscience, 7(5):254-258.
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Ludhiana

Sekhon, K.S., Kaur, A., Thaman, S., Sidhu, A.S.,
Garg, N., Choudhary, O.P., Buttar, G.S. and Chawla,
N. 2020. Irrigation water quality and mulching
effects on tuber yield and soil properties in potato
(Solanum tuberosum L.) under semi-arid conditions
of Indian Punjab. Field Crops Research, 247:
107544.

Oberoi, H.K., Pandove, G. and Kaur, A. 2020. Effect
of pre-sowing seed inoculation with liquid
biofertilizers on fodder yield and quality of sorghum
(Sorghum bicolor). Indian Journal of Agronomy,
65(1):100-106.

Kaur, A., Sekhon, K.S., Thaman, S., Sidhu, A.S.,
Garg, N. and Chawla, N. 2020. Effect of paddy straw
mulch, irrigation regimes and nitrogen levels on the
performance of spring transplanted bell pepper in
semi-arid environment of South-Western Punjab.
Vegetable Science, 47(1):74-79.

Chawla, K., Sekhon, K.S., Thaman, S., Garg. N. and
Choudhary, O.P. 2020. Comparing the effect of canal
and desalinated water on soil properties and
nutrient content of soil in drip fertigated tomato
(Lycopersicon esculentum L.). Journal of Soil Salinity
and Water Quality, 12(2):170-178.

Sidhu, S.P.K., Sekhon, K.S., Thaman, S., Garg. N.
and Choudhary, O.P. 2020. Effect of irrigation with
water of different quality on fruit yield and soil
properties in drip fertigated bell pepper (Capsicum
annum). Journal of Soil Salinity and Water Quality,
12(2):198-207.

Chawla, K., Sekhon, K.S., Thaman, S., Garg, N,
Satpute, S. and Choudhary, O.P. 2020. Effect of
canal and desalinated water irrigation with varying
levels of fertigation on fruit yield and nitrogen uptake
of tomato under polyhouse conditions. Agricultural
Research Journal, 57(4):548-555.

Malik, A. and Kumar, A. 2020. Spatio-temporal
trends analysis of rainfall using parametric and non-
parametric tests: case study in Uttarakhand, India.
Theoretical and Applied Climatology, 140(1-2):183-
207.

Malik, A., Kumar, A., Kim, S., Kashani, M.H., Karimi,
V., Sharafati, A., Ghorbani, M.A., Al-Ansari, N.,
Salih, S.Q., Yaseen, Z.M. and Chau, K.W. 2020.
Modeling monthly pan evaporation process over the
Indian central Himalayas: Application of multiple
learning artificial intelligence model. Engineering
Applications of Computational Fluid
Mechanics,14(1):323-338.

Malik, A. and Kumar, A. 2020. Meteorological
drought prediction using heuristic approaches
based on effective drought index: a case study in
Uttarakhand. Arabian Journal of Geosciences,
13(6):1-17.

Tikhamarine, Y., Malik, A., Souag-Gamane, D. and
Kisi, O. 2020. Artificial intelligence models versus
empirical equations for modeling monthly reference
evapotranspiration. Environmental Science and
Pollution Research, 27(24): 30001-30019.

Malik, A., Kumar, A., Ahmed, A.N., Fai, C.M., Afan,
H.A., Sefelnasr, A., Sherif, M. and El-Shafie, A. 2020.
Application of non-parametric approaches to identify
trend in stream flow during 1976-2007 (Naula
watershed). Alexandria Engineering Journal,
59(3):1595-1606.

Malik, A., Kumar, A., Salih, S.Q., Kim, S., Kim, NW.,
Yaseen, Z.M. and Singh, V.P. 2020. Drought index
prediction using advanced fuzzy logic model:
regional case study over Kumaon in India. PLoS One,
15(5): e0233280.

Malik, A., Rai, P., Heddam, S., Kisi, O., Sharafati, A.,
Salih, S.Q., Al-Ansari, N. and Yaseen, Z.M. 2020. Pan
evaporation estimation in Uttarakhand and Uttar
Pradesh States, India: validity of an integrative data

intelligence model. Atmosphere, 11(6):1-26.

Elbeltagi, A., Deng, J., Wang, K., Malik, A. and
Maroufpoor, S. 2020. Modeling long-term dynamics
of crop evapotranspiration using deep learning in a
semi-arid environment. Agricultural Water
Management, 241, 106334.

Elbeltagi, A., Aslam, M.R., Malik, A.,
Mehdinejadiani, B., Srivastava, A., Bhatia, A.S. and
Deng, J. 2020. The impact of climate changes on the
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water footprint of wheat and maize production in the
Nile Delta, Egypt. Science of the Total Environment,
743, 140770.

Malik, A., Tikhamarine, Y., Souag-Gamane, D., Kisi,
O. and Pham, Q.B. 2020. Support vector regression
optimized by meta-heuristic algorithms for daily
streamflow prediction. Stochastic Environmental
Research and Risk Assessment, 34(11):1755-1773.

Malik, A., Kumar, A., Pham, Q.B., Zhu, S., Linh,
N.T.T. and Tri, D.Q. 2020. Identification of EDI trend
using Mann-Kendall and ®en-Innovative trend
methods (Uttarakhand, India). Arabian Journal of
Geosciences, 13(18), pp.1-15.

Kumar, M., Kumari, A., Kushwaha, D.P., Kumar, P.,
Malik, A., Ali, R. and Kuriqi, A. 2020. Estimation of
daily stage-discharge relationship by using data-
driven techniques of a perennial river, India.
Sustainability, 12(19):1-21.

Tikhamarine, Y., Malik, A., Pandey, K., Sammen,
S.S., Souag-Gamane, D., Heddam, S. and Kisi, O.
2020. Monthly evapotranspiration estimation using
optimal climatic parameters: efficacy of hybrid
support vector regression integrated with whale
optimization algorithm. Environmental Monitoring
and Assessment, 192(11):1-19.

Malik, A., Kumar, A., Kisi, O., Khan, N., Salih, S.Q.
and Yaseen, Z.M. 2020. Analysis of dry and wet
climate characteristics at Uttarakhand (India) using
effective drought index. Natural Hazards,
105(2):1643-1662.

Palampur

Akarsh, S.G., Gangmei, T.P., Sahu, K.K., Kumar, A.
and Rana, S.S. 2020. Effect of irrigation scheduling
and nutrient management on yield, water use
efficiency and economics in garden pea (Pisum
sativum L.) International Journal of Chemical
Studies, 8(5):323-328.

Kumar, A., Rana, S.S. and Manuja, S. 2020.
Influence of nutrient management practices and

varieties on the productivity and economics of maize

(Zea mays L.) and their residual effect in Gobhi

Sarson (Brassica napus L.) under rainfed conditions.
Communications in Soil Science and Plant Analysis,
51(18):2323-2330.

Kapoor, R. and Sandal, S.K. 2019. Growth and yield
response of broccoli (Brassica oleracea var. italica) to
varying drip irrigation and fertigation levels. Indian
Journal of Agricultural Sciences, 89(12):2014-2019.

Pantnagar

Singh, V. 2020. Spring sweet corn (Zea mays)
response to irrigation levels, sowing methods and
moisture conservation practices. Indian Journal of
Agricultural Sciences, 90(5):990-994.

Kumar, D., Kumar Y., Saini, M., Sidra, S., Bora, M.,
Gautam, S. 2020. GIS Technique Based Spatio
Temporal Variation Study of Ground Water Quality
Parameters of SIDCUL-Pantnagar, India.
International Journal of Current Microbiology and
Applied Sciences, 9(4):2441-2453.

Tewari, S., Sharma, H.C. and Kumar, Y. 2020.
Comparative performance Evaluation of Different
Digital Elevation Models. International Archive of
Applied Science and Technology, 3:140-143.

Baurai, R., Chandra, S. and Singh, G. 2020. Impact
of different crop-establishment methods and
conoweeding on growth, productivity and water
economy of rice (Oryza sativa). Indian Journal of
Agronomy, 65 (2):166-170.

Sharma, V., Dhyani, V.C., Chaturvedi, S. and Singh,
G. 2020. Growth, yield and economics in late-sown
wheat (Triticum aestivum) as affected by irrigation
levels and moisture-conservation practices. Indian
Journal of Agronomy. 65(3):364-367.

Parbhani

Pimple, S.V., Kadale, A.S. and Gadade, G.D. 2020.
Effect of different irrigation regimes and polythene
mulches on yield and economics of drip irrigated
tomato (Lycopersicum esculentum Mill.).
International Journal of Current Microbiology and
Applied Sciences, 9(9):2368-2375.
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Supekar, S.J., Kadale, A.S. and Bhagyawant, R.G.
2020. Calibration of FAO-aqua crop model for
summer chilli (Capsicum annum) in Marathwada
region. International Journal of Chemical Studies,
8(1):2574-2578.

Supekar, S.J., Kadale, A.S. and Bhagyawant, R.G.
2020. Influence of infield variability in irrigation and
fertigation levels on growth and yield of summer
chilli (Capsicum annum L.). International Journal of
Chemical Studies, 8(1):2583-2588.

Rahuri

Kadam, S.A., Gorantiwar, S.D., Mandre, N.P. and
Tale, D.P. 2020. Crop coefficient for potato crop
evapotranspiration estimation by field water balance
method in semi-arid region, Maharashtra, India.
Potato Research, 1-13.

Jadhav, P.B., Gorantiwar, S.D. and Kadam, S.A.
2020. Simulation model for irrigation water
management using fixed date variable depth
approach. Agricultural Research Journal, 57(2):253-
259.

Kadam, S.A., Gorantiwar, S.D., Dahiwalkar, S.D.
and Shinde, M.G. 2019. Crop evapotranspiration
and normalized difference vegetation index
relationship for wheat crop. Agricultural Research
Journal, 56(2):336-339.

Jadhav, P.B., Gorantiwar, S.D. and Kadam, S.A.
2019. Simulation of soil moisture content for
estimation of crop yield and net benefits.
International Journal of Agriculture Sciences,
11(21):9177-9181.

Raipur

Kumar, A., Tripathi, M.P., Khalkho, D. and Baghel,
S. 2020. Assessment of groundwater quality using
GIS in Kurud block of Dhamtari district
Chhattisgarh. Journal of Soil and Water
Conservation, 19(4):426-435.

Kumar, L., Khalkho, D., Pandey, V.K., Sinha, M.K.,
Singh, P. and Nigam, G.K. 2020. Morphometric

analysis of small watershed using Geograhical

Information System and Remote Sensing. Journal of
Soil and Water Conservation, 19(2):176-181.

Verma, S., Khalkho, D. and Gupta, L.K. 2020.
Morphometric Analysis of a Drainage Basin using
Remote Sensing and Geographical Information
System (GIS). International Journal of Current
Microbiology and Applied Sciences, 9(4):1950-1959.

Udaipur

Hirapara, J.G., Singh, P.K., Singh, M. and Patel, C.D.
2020. Analysis of rainfall characteristics for crop
planning in north and south Saurashtra region of
Gujarat. Journal of Agricultural Engineering,
57(2):162-171.

Jalgaonkar, B.R., Yadav, K.K., Gautam, V.K. and
Sharma, V. 2020. Impact of climate change on
groundwater quality. Journal of Natural Resource

Conservation and Management, 1(1):35-39.

Katara, P., Mittal, H.K., Maheshwari, B.L., Singh,
P.K. and Dashora, Y. 2020. Assessment of Water
Quality Indices for Irrigation of Dharta Watershed,
Udaipur, Rajasthan, India. International Journal of
Trend in Scientific Research and Development,
4(3):340-344.

Katara, P., Maheshwari, B.L., Mittal, H.K., Dashora,
Y., Dashora, R., Singh, P.K., Yadav, K.K. 2020.
Evaluation of Groundwater Quality and its
Suitability for Drinking Purpose in Dharta
Watershed of Udaipur District, Rajasthan, India.
International Journal of Trend in Scientific Research
and Development, 4(3):402-410.

Khedkar, D.D., Singh, P.K. and Kothari, M. 2020.
Inter-comparison of ANN, regression and climate
based models for estimation of reference evapo-
transpiration. Indian Journal of Soil Conservation,
48(1):70-79.

Lakshminarayana, S.V., Singh, P.K., Mittal, H.K.,
Kothari, M., Yadav, K.K. and Sharma, D. 2020.
Rainfall Forecasting using Artificial Neural Networks
(ANNSs): A Comprehensive Literature Review. Indian
Journal of Pure & Applied Bioscience, 8(4):589-599.




AICRP-IWM
Annual Report

)

2020 T

ICAR-IWM

Manju, H.M., Singh, M., Yadav, K.K. and Bhakar,
S.R. 2020. Development of Solar Operated
Hydroponic Fodder Production System.
International Journal of Current Microbiology and
Applied Sciences, 9(11):2936-2942.

Patil, P.R., Kothari, M., Singh, P.K. and Bhakar, S.R.
2020. Performance Assessment of Left Main Canal of
Bhimsagar Medium Irrigation Project Using Water
Delivery and Technical Indicators. International
Journal of Current Microbiology and Applied
Science, 9(6):204-220.

Shukla, A., Bhakar, S.R., Chippa, B.G. and Singh,
M. 2020. Study the Effect of Different Irrigation and
Fertigation Levels on Growth and Yield Parameters of
Cucumber crop under Naturally Ventilated
Polyhouse. International Journal of Current
Microbiology and Applied Sciences, 9(10):3730-
3738.

Sharma, V., Meena, G.L., Singh, H., Sharma, L.,
Upadhayay, B. and Yadav, K.K. 2020. Analysis of
Casual Labour in Rajasthan vis-a-vis India.
Economic Affairs, 65(3):433-438.

Soni, P., Dashora, Y., Maheshwari, B., Dillon, P.,
Singh, P. and Kumar, A. 2020. Managed aquifer
recharge at a farm level: evaluating the performance
of direct well recharge structures. Water, 12(4):1069.

Garhwal, J. M., Bhakar, S.R., Chhipa, B.G. and
Singh, M. 2020. Effect of irrigation frequencies and
mulching on growth and yield parameters of
chickpea (Cicer arietinum L.). International Journal
of Current Microbiology and Applied Sciences, 9(9):
1712-1717.

Srivalli, C.R. and Singh, M. 2020. Identification of
potential sites for water harvesting structures in
Gadela watershed using remote sensing and GIS.

Environment Conservation Journal, 20(3):125-130.
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BUDGET ALLOCATION 2020-21

Revised Estimate (Grant-in-aid Salary) for 2020-21 under AICRP on IWM Project

Council has allotted an amount of 180763000 as Irrigation Water Management (IWM). Centre-wise
revised estomate (RE) for the financial year 2020-21  proposal for RE 2020-21 under salary head has been
under Grant-in-aid Salary in respect of AICRP on submitted for kind approval of Director, ICAR-ITWM.

RE 2020-21 (Salary)

Sl. No. Centre Name Amount allotted (J)
1 PAU, Ludhiana 15000000
2 UAS, Dharward 3500000
3 TNAU, Coimbatore 15400000
4 IGKV, Raipur 12000000
5 KAU, Thrissur 4280000
6 OUAT, Bhubaneswar 3680000
7 BSKKYV, Dapoli 8500000
8 NDUAT, Faizabad 8000000
9 BCKV, Kalyani (Nadia) 7000000
10 CCSHAU, Hisar 4180000
11 SKUAST, Jammu 8720000
12 MPUAT, Udaipur 8220000
13 AU, Kota 8220000
14 JAU, Junagadh 7300000
15 RVSKVV, Morena 6220000
16 NAU, Navsari 3720000
17 CSKHPKV, Palampur 4000000
18 GBPUAT, Pantnagar 15500000
19 VNMKYV, Parbhani 4000000
20 JNKVV, Jabalpur 7000000
21 MPAU, Rahuri 15403000
22 SKRAU, Bikaner 3920000
23 AAU, Jorhat 7000000

Sub Total 180763000
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STAFF POSITION 2020

Almora Agril. Engineer Sushil Kumar Singh
Chief Scientist Dr. S.C. Panday Soil Physics Muli Devi Parihar
Soil Physicist Dr Manoj Parihar Jammu

Agril. Engineer Er Shyamnath Chief Scientist Dr. Abhijit Samanta

Jr. Agronomist

Dr. D. Mahanta

Jr. Agronomist

Dr. Vijay Bharti

Belavatagi

Powarkheda + Jabalpur

Chief Scientist

Dr. P. S. Kanannavar

Chief Scientist

Dr. M.K. Awasthi

Soil Physicist

Dr. Vijayakumar. C

Scientist SWCE

Dr. Y.K. Tiwari

Agril. Engineer Dr. P. S. Kanannavar Soil Physicist Vacant
Coimbatore + Madurai + Bhavanisagar Agril. Engineer Vacant
Chief Scientist Dr. V. Ravikumar Jr. Agronomist Vacant
Associate Professor Dr. A. Valliammai Irrigation Engineer Vacant

Assistant Professor

Dr. G. Thiyagarajan

Jorhat

Soil Physicist

Dr. R. Indirani

Chief Scientist

Dr. R.K. Thakuria

Jr. Agronomist

Dr. K. Kalaichelvi

Soil Physicist

Dr. Bipul Deka

Chalakudy Agril. Engineer Er. Kabyshree
Chief Scientist Dr. Mini Abraham Choudhury

S & WE Dr. Shyla Joseph Junagadh

Soil Physicist Dr. Bhindhu P. S. Chief Scientist Dr. H.D. Rank
Chiplima Agril. Engineer Prof. P.B. Vekariya
Chief Scientist Dr. A.K. Mohanty Agril. Engineer Prof. R. J. patel
Agril. Engineer Dr. S. N. Bansude Agronomist Vacant

Dapoli Kota

Chief Scientist Dr. R.T. Thokal Chief Scientist Dr. Rajendra Kumar
Agril. Engineer Dr. B.L. Ayare Yadav

Jr. Agronomist Dr. M.S. Jadhav Agronomist Dr. Baldev Ram
Ayodhya Agril. Engineer Er. LLN. Mathur
Chief Scientist Vacant Ludhiana + Bathinda

Agril. Engineer Er. R.C. Tiwari Chief Scientist Dr. Rajan Aggarwal
Jr. Agronomist Dr. B.N. Singh Asst. Res. Engineer Dr. Sanjay Satpute
Gayeshpur Soil Physicist Dr. K.S. Sekhon
Chief Scientist Dr. S.K. Patra Asst. Agronomist Dr. Anureet Kaur
Agril. Engineer Er. S. Saha Asst. Agril. Engineer Dr. Anurag Malik
Jr. Agronomist Mr. R. Poddar Morena

Hisar Chief Scientist Dr. Y.P. Singh
Chief Scientist Dr. Manoj K. Sharma Agronomist Dr. Sandeep S. Tomar




2020 T

ICAR-IWM

AICRP-IWM M ¢
Annual Report

Agril. Engineer

Er. S.K. Tiwari

Research Engineer

Dr. S.D. Dahiwalkar

Navsari

Agronomist

Prof. S.S. Tuwar

Chief Scientist

Dr. J.M. Patel

Asst. Res. Engineer

Er. S.A. Kadam

Soil Physicist

Dr. V.P. Usadadiya

Soil Science

Dr. V.S. Patil

Agril. Engg Er. N.G. Savani Raipur + Bilaspur
Palampur Chief Scientist Dr. M. P. Tripathi
Chief Scientist Dr Anil Kumar Sr. Scientist (SWE) Dr. Dhiraj Khalkho
Agronomist Dr. S.K. Sandal Sr. Scientist (SWE) Dr. Devesh Pandey
Pantnagar Agronomist Dr. Geet Sharma
Chief Scientist Dr. Yogendra Kumar Soil Physicist Sh. P.K. Keshry
Soil Physicist Dr. Harish Chandra Shillong
Agril. Engineer Dr. Vinod Kumar Chief Scientist Dr. U.S. Saikia
Agronomist Dr. Gurvinder Singh Agronomist Vacant
Agril Engineer Dr. U.C. Lohni Agril. Engineer Vacant
Parbhani Soil Physics Vacant
Chief Seientist Dr. Madan Pendke Jr. Agronomist Vacant

(Additional charge) Jr. Soil Physicist Vacant
Agril. Engineer Dr. A.S. Kadale Sriganganagar
Agronomist Prof. G.D. Gadade Chief Scientist Dr. R.P.S. Chauhan
Pusa Soil physicist Vacant
Chief Scientist Dr. S.K. Jain Agronomist Vacant
Agril. Engg Dr. S.P. Gupta Agril. Engineer Vacant
Soil Chemist Dr. A.K. Singh Jr. Agronomist Vacant
Agril. Engineer Dr. Ravish Chandra Udaipur
Agronomist Dr. Rajan Kumar Chief Scientist Dr. P.K. Singh
Rahuri Soil Physicist Dr. K.K. Yadav

Chief Scientist

Dr. A.V. Solanke
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Abbreviations

AICRP All Indian Coordinating Research MGNREGA | Mahatma Gandhi National Rural
Project Employment Guarantee Act
AHP Analytical Hierarchy Process MODFLOW | Modular Three-Dimensional
ArcGIS Aeronautical Reconnaissance Finite-Difference Groundwater
Coverage Geographic Information Flow Model
System MPKV Mahatma Phule Krishi
As Arsenic Vidyapeeth
@ at the rate MSL Mean sea level
B-C or B:C | Benefit-cost ratio N Nitrogen
Bt Bacillus thuringiensis Ni20 120 kg N per hectare (dose)
Ca2+ Calcium ion Na* Sodium ion
CD Critical difference NGO Non-governmental organization
CO32- Carbonate ion NPK Nitrogen, Phosphorus, Potassium
CRI Crown root initiation NS Non-significant
CW Canal water P Phosphorus :
DAS Days after sowing P20s P;}LOSPTWS pe.r(litox1de
DAT Days after transplanting Pe (60 lzsz ;relrc }?ecét;re ose)
ggy glriltfild?:: ?,Egg model igU groject. coordinatir}g unit
DSR Direct seeded rice otential evaporation
DSS Decision Support System PET Potential evapo"[ran.spl‘ra‘qon
EC Electrical conductivity PMKSY Prgdhan Mantri Krishi Sinchayee
Ep Potential soil evaporation Yojana -
ET Crop evapotranspiration POP Package of practices
< P P P PVC Polyvinyl chloride
b [ ollowed’by - RC-NEH Research Complex for North
FP Farmers’ practice Eastern Hill Region
FYM Farmyard e RDF Recommended dose of fertilizer
GFY Green fodder yield RMC Right main canal
GIS G.eographic ipformation system RSC Residual sodium carbonate
HCOs B1.carbona.te ton RSC Residual sodium carbonate
HDPE High den51‘Fy polyethylene RVSKVV- Rajmata Vijayaraje Scindia Krishi
HW hand .weedmg ZARS Vishwa Vidyalaya-Zonal
L.E. That is Agricultural Research Station
IFS Integrated Farming System SAR Sodium adsorption ratio
1P Improved practice SC Scheduled caste
IW/CPE Ratio of irrigation water and SCSP Scheduled Caste Sub Plan
cumulative pan evaporation SRTM Shuttle Radar Topography
IWM Irrigation Water Management Mission
IWMRC Irrigation Water Management ST Scheduled tribe
Research Center SWAT Soil and Water Assessment Tool
K PotassTum - Tp Potential transpiration
K Potassium ion TPR Transplanted
K20 Potassium oxide (Potash) TSP Tribal Sub Plan
Ko 40 kg K per hectare (dose) TW Tubewell water
Kc Crop coefficient Vill. Village
LBP Lower Bhavani Project viz. namely
LDPE Low density polyethylene WEE Water expense efficiency
LMC Left main canal WSF Water soluble fertilizer
LULC Land use land cover WTD Water table depth
MCDA Multi-criteria decision analysis WUE Water use efficiency
Mg2+ Magnesium ion
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cm centimetre

cm year-! centimetre per year

dS m-! deciSiemens per metre

g ai ha'! gram active ingredient per hectare
g kg1 gram per kilogram

gsm grams per square metre

ha hectare

ha-! per hectare

ha-m hectare metre

hp horsepower

kg kilogram

kg cm-2 kilogram per centimetre

kg cm-2 kilogram per square centimetre
kg ha'l kilogram per hectare

kg ha-cm-! kilogram per hectare per centimetre
kg ha-kg'! kilogram per hectare per kilogram
kg ha-mm-! kilogram per hectare per millimetre
kg m-3 kilogram per cubic metre

kg seed m-3 kilogram seed per cubic metre
km? square kilometre

kW kiloWatt

L litre

L day'! litre per day

L ha'! litre per hectare

L ha'! day! litre per hectare per day

L kg1 litre per kilogram

Iph litre per hectare

Ips litre per second

LSD least significant difference

m metre

m s! metre per second

m-1 per metre

m? square metre

m3 cubic metre

m-3 per cubic metre

m-3 ha'! cubic metre per hectare

m3 m-2 cubic metre per square metre
MCM million cubic metre

meq L-! milliequivalent per litre

mg kg-1 milligram per kilogram

mm millimetre

mm ha-! millimetre per hectare

ppm parts per million

q! per quintal

% ha'! rupees per hectare

% ha-lyear-! rupees per hectare per year

T kgl rupees per kilogram

T L1 rupees per litre

Im3 rupees per cubic metre

Iq! rupees per quintal

t ha-! tonne per hectare

t ha-cm-! tonne per hectare per centimetre
umhos cm-! micromhos per centimetre

ICAR-IWM
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YaIYT-751023, TSI, WA

ICAR- Indian Institute of Water Management
Bhubaneswar-751023, Odisha, India

E-mail : director.iiwm@icar.gov.in;  Website : http://www.iiwm.res.in
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