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All India Coordinated Research Project on
Irrigation Water Management

on lrrigation Water Management (AICRP on

IWM) contains the research findings of different
coordinating centres for the year 2021 along with
extension activities, human resource development
programme, publication and recommendations of
various centres. With the growing demand for water
by different sectors, the economic use of water is of
paramount importance. | take this opportunity to
present the consolidated report of the centres under
different themes. The scientists have been engaged
in carrying out research on improving water use efficiency in different crops and cropping
sequences under different sources of irrigation in various agro-climatic conditions of
the country. Significant achievements have been made during the reporting year 2021.
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. On station and on farm
research output not only improved water productivity but also enhanced farmers’ income
and livelihoods. The AICRP centres also carried out capacity building exercises for different
stakeholders and implemented tribal sub plan schemes for improving livelihoods of tribal
people at different places. Some of the pilot interventions contributed in rainwater harvesting
and groundwater recharge in rainfed areas of the country.

The Annual Report of All India Coordinated Project

| take this opportunity to express my gratitude to Dr. Himanshu Pathak, Secretary DARE and
Director General ICAR, Govt. of India for his guidance, critical inputs, constant support and
encouragement for smooth running of the scheme. | sincerely express the gratitude to Dr.
S.K. Chaudhari, Deputy Director General (NRM) and Dr. A. Velmurugan, Assistant Director
General (S&WM), ICAR for their valuable suggestions and timely cooperation during the
report period. | thank the research scientists of AICRP-IWM schemes working at different
locations for their untiring efforts for improving irrigation water management scenario in 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. | appreciate
the team work of Dr. S. Mohanty, Principal Scientist, Dr. Prabhakar Nanda, Principal Scientist,
Dr. Dibakar Ghosh, Scientist, ICAR-IIWM and Pragna Dasgupta, Research Associate, AICRP-
IWM for compiling the research outcomes of the centres and editing the annual report.
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(A. Sarangi)
Director, ICAR-IIWM
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PRIPRI TR

Y 2021 F ERF oA Faed R e YR gafad
ST URASHT & 26 Bl - oA I ITARIT DI
T T, YSTdl BT 1R, &A1 TR TR YSTdl BT U,
Taqgad s Ugid &1 Jedicd, Yold &l e
Td G HRUT, ST U4 e oo arell Tl | ofd
TaitH, Jal-d-urdl & Tae SR I TR fobar
WR g s, Tedt 3R dauiig yoTe ST Jae
ISP, 9 IATGHdl Bl dgMH & Y o B BT
T, S P TGS IUINT gRT S IATGhd H
gfs, 3 auf arct &t o auf Sat &1 Yeey se &
&3 # S8y Ud fowaR &1 &1 foar) a¥ 2021 &
SR UTW 1 7T T SFTHU Iuaiedr - Jeites
CIRIER]

» IRA & IR N &t @ fave Rias awsmmsi
HATERT SR YA Bt &1 T Yedia foar |
IRAURT 3R gar! fave Riemg aemsi & s
& T e ST BT 3MYfef (RWS) Bt AT HH: 1.14
3.43 3R 2.60 § 2.96 % & o 2| GHTRT 3R
A fore Riag At & st &7 § e
Rars Smyfd (IRS) &Y AT HA: 1.17 F 3.89 3R
3.05 ¥ 3.66 & a9 Ut g fore Riars drerredl &
Bl & TG o o1l TR A1 H O IUcrsy AT |
g forge RS Ao &t a1 8 gari drerT
B T &1 TAH fIaRor Sifies o1| HHTS & & Foff
T o BT R o g R gl dieret &
FUS & T UM & I DI IJudsydl -1 3511 TY
Riars aremsf & <1l 715 AU Sd Yfd B A
F MYR R I ST Y B! fafafta e a1
Ty 8§ 3 TR 31 RidTs drorell & TeRi
T 3 YR B SIS | T8 Ao aHifia o
3 RiATS & gRT dgcRk oel Yaie Bl deprilep]
DI UM & forg f T=1a BT ([@Ape! B |

» BUe g H JIWT Ry Fsare # fRyd
PleH! TS & o IeAl B fifed fean
a7 3R fafid HY ot fRufadl & SR wR gpad
IS AT 9478 T3 | ST Sq1ed fabry arer +f

»

»

fawRa & TS| YoId & AR & forg Ird I%
el 3R 10 Rama ¢ varfaa foru U wefe, ©a
T gyl O e & 1T 20 I Sy 3R 61 dTers!
®I Iugad [T W i A &1 gena far T
FUs 47 § WAE R & AE 3 BIal &
fory Wibfes i aR Ui Afsd &f deg iR
qrexRIS &1 fafte oY & (UGl &1 ITTNT dveh
3VIH Bd Ued [Jbiad fhar T 399 TP
3R IS AT & SR HHE: 31165/8 3R 18020/
8 &1 Sffaikad Yy U fhar o wahdr g1 &t &
HGH & SRM 1580 39X & ifaRad & & +f Tt
DI O Thdll § QIR H%) |

SfEST TRAT B e Bi T fSEeged & uid
33ceiey P Riars Ugld & UaxA &1 g
TR & fore g1 m qur R usfa ud sue
geieH B GUR & forw dep-iiep! ! daR fasar
S & Am § $d 129 et & GRE g 9ad
33caiey H Sfied Hrdel STt Sfel (RWS) BT T
0.537 1 I8l I8 gaa faar mar fs Wt a1 &=
¥ g9 e ® g Pt W P SN, T 3R AT B
el & 1Y Fea far Sy et & W &% GRE 3
T DI Ofd DI ATTIHdT & AT ST B Yl
1T @4 & T &1 o @) awadhdl gt gl
W% & A9 § oot 148 Al & RA TR F
ST B MY §3 3R B! DI I DT ALl
11028.57 ¥ 19543.34 g YR & ot T
8% | TP & SR 3N roes Sfd 1 31T 0.676
R gufee o @t oy & sem & o 3ifdrm
SIS B! AT aTell BHdl $ S8 HUN, SR 3R
FTORT St HH ST Pt {7 T B! Bl S Bt
TALIHT § (@SST %)

SIfet gam T8} & PHS &7 | HaI U9 5 P
Tl & e & Il B [IBRia dva & forg
TIGTTE ST o I T faeryur forar | 39 fir
TeT Td el o ShHRT: 150 Ud 90 THI p! faeiwur o
fore wefa fasan | it 3 Sar 6 39 T8
& &7 B T VRIS 51 51 § SR Sl auT TAgl &

| 1
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S P Tora Ht BT g I WRI 81 TS § fordds
HRUI TE] B Jal Td STdt & aquitg-&iig ud e
Ugfd & Sga & GHIGAT 81 TS 81 a1 Ud oid &
AT & [V & YR TR Yy o IR &bl
gird fean T g Rigd $9) |

ST 2. YoTd WHTFAT QBT T GH: URT

»

»

ORI I Bt SIeid a1 R # duifad yord
4RO &1 &1 UG I T3 | 39 HA&0T H g url
T 3 SIS & USTd YR & foe Juged
g1 3% ot At & &7 F Siia 220.14 Tt
franiieR (6.93%) 3R 3T Aot & dEd 2,094.81
Tt fpdHieR (65.95%) &= 3T 81 HHAH Usid
TTHR0T & foru faft Tarsif o 9 sy, dras,
P R gFad 3nfe & Fmfor &1 eifde srest 3k
3t Auft & ST S AT WHTAT YSTed Y- HROT
&=t fere gama faam mam| oo U & ot ure T S
Tgd TG, W 3R T YoTd G410 &3 &
il 3MTd § SR DT AT HHT: 0.36 (0.01%),
430.87 (13.57%) 3R 430.05 I7f fpaiiex (13.54%)
T T | e TREUT AT S g fa Sarly
3R FERMU, FHex WAl SR WIS T, et
W 3R NerH 3AE &1 9gd WIS, TG 3R
Tegw Joft & Guifad yord gaRo &t | fmfor
B B Y1 [ T (TG )|

P T IR F Yo Guifad & 1 e
3Mgfa oUId (FR) Aled SR Y-Ja1 fagm
b1 BT JUIANT B HT TT| YoTd HHTfdd
&=t & A fas T fope e 3R 37! i Sra-
e & srufq 9ga oifie, oifdws, AegH, &H
3R 9gd ®H H Tipd far a1 F amd Bl
TATHAT SHHRT: 7.09, 25.09 31R 30.66 % 'Tgd 3BT,
"3BT 3R e YUIfad ot & &f & it
AT g1 Yoid "uifad asfieeur & fore g
RO &R0 &1 Ifd FarveHd Hiasgaro &
FEIHAT DI AT 78.1% P IGTE0T § WF fobam 1
Tl 8| T8 AT T P HH HRA B1 1o Bl
T, Yo QAR drer1el & e meayul widl
DI UGAH PR & gRT ATl FHTArsT SR Sofifert
! fde 3R §eaus o HER FgHT &1 H Yoid
& IO DI TgMH 8g BIICHE WIfad 81 Il §
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»

(CTIAR Hg) |

JIRIGS I B gl A1 IR & dvifad yerat
TTHROT &3 &1 UgaH & o U & fova
T ¢l RS F WhAfew faRAwor &
YR TR 7 IU-AICRISH I I UATHGHT
H 3 & Aegd UUAGd o § 3R FHad T dI
AqH wafiedr goft & arffed fosar mani for
fasTeraEora Bt dab-id! @1 Hae ¥ ST Yold
4RO & o Turfad It & ug= &t T8 3R
ST TREOT RIS O o el iR O |l
& fmin & fore Suged il 1 g faar
g FHt AT gal Al dreRIe | $iY Td 3
fafta wfafafrst & fow 9@ &t Iuasiar ggH |
e IR gadl g (TR %) |

SR S A1 SRF & Yo SuTfad &t bl
fobar M1 | SO I A Uit & GR SAeIgul
(Catchment) & (4940 & fobHh) I Hat 21 IU-
IR BT I dT € TS | A 3§ Ugd SR 918
DI Al & Y S Ul Yadbids &b TR
JIR fHT Y| & 100 RIS & g Yoid g 4RoT
BT ST T 77| fawTd A GOR e
T 3R YSTd G:4R0T GHTRAT &3 &7 asfiavor
fopa T | HREA YST GAR & T erged &
815.79 Tl fopeit urn a1 St $d SaURU &7 |
HIA 16.51% NI &dl &1 Yo G:4R0T & fog
$d 96 R I SUGdd U 4TI 3 96 R H I
33 RIMI R YoTd Y HRUT/aNT Sid Jaae SRa1sl
&1 fmtor fsar o gt 31 U8 gga fear m %
SR S 4! °1dt § gt 27 R41d ararai, 29 S
T WIS (Tihe) SR ITd IuHda! Siel B
frmfor fosan S @ ([eaqR %) |

TR B Iy faenerd & Sre™ BH R gaT-
S Aga fafer w1 IuanT e el foog wd
RAUTS fhT 7T 49 & Wl H JUTAd YoId G HR01
&1 3eber fobar Tl et faws wd AUt fbg
T 49 & Wdl J TR RA1G &t g1 BT g18g9-1
31 (HYDRUS-1D) HISE BT IYINT Rch RIGARA
& GRT STHAM aar | e i gaTs ud Aurs
T 7T T o Wl ¥ TeX R1a B g1 &1 hH:
1139 TG 1305.6 BT &7 SFHM TR 7| S99



»

g YT g3 foh JUTS fhd TN 191 o | &) Jor |
e foeTTS aTel W F 14.6% dd e TeR R
@1 BT g8 Sl fob 31 Wi yoral garor o
ITEM St § (AT g |

e 7 IRF # omiffe ugfiid Yoid & guR
& RETHD U™ & FY H Td g AT &
JUITAd RIT &1 Ugd™ B & [T Srg9em faa
TN Y G U (GIS) SUBRUT Td Ak
ot & ST F WHAC A darR faar
T ARF & QR &F ¥ Sty (GPS) SutRd
eI, S U9 Jetfie & AT BT ThiAd fbar
3R T faaiwor fasa | inTSTs et R |
ST Ui YSTel b &l B ofdt e xaraii
& FUITId el BT Tga Bl TS (SIRETE $g)

3T 3. FAd! UY qaIayged RiEms gsfaal g
RIS & Iua &1 Ay

»

»

Uold o8 § AT T & o1d Sdrgdhar o
JYR & fore R ogawn ok 1g & vad &
IR YdeH R g fobdn 1| Wd | g &b
3IRIY B! FaT § el ™ I 41 &1 {6 SML-
668 B JUS 0.65 T1/8) B U g5 Afhd
SIS & 1Y §< U I & 3aRNi & Hal H ITIR
TUT TS & 1Y Vg & AW b1 JaI & iy
HA § W1 B 3US 0.75 ¢H/8 Td 0.77 T/8 &
w9 T HIh! % U ga | Rias udeq siufd
AP, B &4, Tal a1 adl Hal WA Bt
sraefrelfl # IR RiTdl & uRumesy 1§ &
Al SARIY UeeE & SUARI & I T HT IuS
HTh! 3P U g3 | I SdTs Td ST & ard
g & SARINl B JMAA B & Y H o
JUINT G&fdT (2.22 T 2.28 foon/g-firdh) e g3
TqUT ATH-ARTA YT (1.56 T 1.74) 3fUdH U
BT JATs o 1Y foFT g & Sa=IN & qarar §
Y HH STed SUTNT &fd (1.89 fowa 3-fodh) T
§s 3R AIY:ANT U (1.42) Ht & UTe gan
CIESER]

1 FUM R U & AT B! TAaR R s
Sl @ T[Ura] & UG BT e fobar T qul
3T HIGH Pt g Bt Had R 7% AR THE

»

»

»
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F1 WY s far man R & faftd TR &
& IW/CPE 0.5 (3.29 €/8) Td IW/CPE 0.7 (3.32
T/8) & Ty RiE ¥ U™ & U SRIeR U
B | UIaR & SfAfRIY YHTd = Sl fds IW/CPE 1.0
& Rarg & WR A g B SHfUGTH IUS (4.01 T/
8) U g5 | SN H g% & oI ¥ IW/CPE 0.3 &
s TR R R &7 3 Sifiesdn S1d IuanT
gera (4.14 Tou/g-find U g8 Safe, A8 &1
A H TAHY & ofd ¥ IW/CPE 0.7 & RS ©R
TR 18 B3 § 3ifredd STef SUTNT g&fdT (10.71
fopm/g-firdt U g8 @31 ) |

fHaHl & Wd W A Y-8 BUd Tsid &
for RBiwaR R vsfa & ary R & 99g &1
feiRoT foram T a1fes, 39 &7 & el HHTs & |
B UGd & forg fBimer R o) o §418
ST | 4 H T & T J AP B DI Hels
¥ 15 37 Ugd BieR I RiwrE w1 R ifismdn
ST JU9 (2.62 T/8) UK §s iaids, USfaiT o
AP BT Pl Pels I 15 foT ugd d o1 T
iR RiaE & Wy Af¥GaH STd IR gerr
(2.29 fun/-frdh vt g3 | Y&t & Hrgw § g Bt
wd H gfg &t gt srawreft §f fiwmer R &
AT ¥ 3R IUS (3.48 T/8) 3R ofd START
G (7.20 fo/g-fireh) U g3 (@R ds) |

et Riferd St ORI UG (FIRBS) & A1y i
Sl TR ugfa & wry f3u e a1g Riwrs faftrt
& o9 ATen Rifod Sdt ®IR ugfd & @y fgu
s q 75 ([F®-WH1105) BT 3ifrad Tear
(556 TI/8) Wd od Idledhdl (3.05 fbul/ea
HieR) U 51 S qIg et Rifad St |t
Ugid (FIRBS) & Ty fiF f¥ieer grT RiEs 9
(5.57 T/8, 3.03 fHu/aieR) U g81 afh
T HY 91¢ RS I QU - 4.84 /R, 5
IdGHAl- 2.57 fhu/aTHieR) ¥ U g5 1 S
Tg freny feeTar o 9ahdl § o6 g &1 sifiiman
YR U9 91d SdTehdl & o ATl Rifra St
TR Ugfd & a1y f3u ugfa & Riag &A1 a9
3BT db1p! fached Irfed g3 (RAR $) |

YT P! Bad H R Usy U9 Bad RITTAT Bt

| =
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el

fafirgt % samar fob g 9fS srawn & SR @R
A MR T TE WIYR IJUTS F HYHad g
U (4.38 T/8) WK 8 aT 31 Y[ A1 Td
SATHANTA SUTd Y Tt 3171 Sl 3 IUAR
TS & T1Y G Iusl H SR U el gofl|
TAR I HR W T UhiaR 49 Td gai fafd
(O d B H3HTA P SHTRIT db Wd T STt I
& 3 e & o1e 5 I ot RS wd 59 91e 542
I 31 RiEE) & W G dH Sd ITANT G&rd
(53.54 forarT/g-Th) U g5 (T &%) |

»

»

»

& B! ga fe & od 3R Ui dedl o (R
IR T MY e § udl ga fos 2 faf & siaRra
W 75% PE R f3U RiaE dsaqul w0 ¥ 3ifie
IUS U & 3R B PI gfeg bl Y G
& fore v o | Sifie IU, S SdTadH ],
FA Y SR AY-ANd SUTd W HRA &b
forg ogt s Wk Iugad urn T Riars od
A goita SRS HT ITANT TR AT oM 3R
IR 3t 75% JITS TS AE1 & 1Y A5 &
Y 3R IR SfaRTd W f3U BiE=H & &4
H iR FuiRa foear T @eag et $g) |

wamdt & f3u Biéwm & uah 3 g8 samn &
G Bt 3iferes IusT UTtd o o fog Argelor,
WIRGRY 3R UIeREAH Bt 100% AT HT T4
TR B TGS gl A b THT BIEhRY
HT 100% AT BT YA TUT BIEIRE & A1 o
100% ATSCIoH T4 100% TR &1 1S T
HHET BT TR A 613Ul & [l 997 U 9
BRGHG § (AR $H%) |

HUN SR BIA USid & dgd Abt I hod
H gars & T 41 BIg IaRbl B TN I g
T {30 BiENRM (75% N, P Ud K &7 TR & A1y
ol B HYHIH IUS (55.87 T/8) U g
qaTs & I foH1 BIs IaRaDb! &b YANT BT g o
WIETRE & 1T I 100% NPK &1 AT BT TaRT
Td 100% NPK & & 25% NPK &1 TNT 4TS &
TG T AV 75% NPK D1 AHET BT TN BICTIRMA &
SR B TR SRR IS YT g8 (TR $5) |

4 |
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» el GHC Jal § IaRD! B TS 718 100% HET

»

»

& YA & 1Y 0.8 & ATUIo WR ST WM
IR B BITH 9.33 fhalu Ba/us & AR
3R 2023 framm/As-fnf ot siftiway 5@
I g&fdl U g5 | 3 URumd Hgs &1 |G &
0§ 25% NPK BT UGN + 75% NPK JaRb| &
TN & 1Y 0.8 & aTsicqor WR fgu R & dgd
9.21 frarmy wa UeaR/Is 3R 19.9 fHammy
Us-fidt &1 S/a IUTNT G4l & sRIaR U gU
(AR B |

et HUr- DTl WY BEd gl § R
d SR feu wiERE & Yged IuART 3 Fam
3 3Pd TeX F o B o B TR 3R TABY
(AN ST FEHe= 1.10 to 1.36 et
gfhddie/aiex’; fagd drddbdl = 3.8 to 4.2 34T
Ra/dter) & fagwe ¥ RiEE 7 R U™
DI IUS SRIER U 5 SNl 3(hal TAHYT & ofd o
f$u & qed RiarS &t ga & w1t it o | 59
AIZCIoH &1 G T8 80% 3R 100% HTAT T YA
fhaT T O HUN B! IUS SRISR U g5 oo,
ECIoH B TS TS 60% AT & YN B a1
& P! oHfE R Ty Wy & ua o
g Ul & e yaiT foby 7T faftre et & 1on &
IUARI & &1 39! USTAR BT} - U g5 |
faflrs ISR & TRl & ¥ 80% Td 100% W=
& TR ([ATSCIoH Bt Yl T8 80 TG 100% HET &
TN & WHBIAA Whe B 3T SRR U g3
AfpH, TSI BT GATS T8 60% HHT & Wi
b TR Y 1T A o Pad T8 o B RS
T 31 T TN G&fdl Ui g5 SIR 39 dIg
T /A% o I U g3 9UT JaY HH S
JUANT GEfdl 18Xl oIdl — A% ofd & Jarsl SuanT
¥ U g8 | Aauiia STat & TN 9 Jel &1 Uied, faga

el 3R decb U o TS Safh, 3T JaT
o Iuds Sifde B, TEeIoH Ud BIRBRY aul
ﬁaﬁ&ﬁw&nﬁﬁwwﬁmé@|

g @ Hud § T Bt TaIe iR WUdIR
ey ot fAfdl & UHIg BT g HRA & g



»

»

»

S0 WX 3t Bl ¥ 4 B Bad Bl I
1| IUIR YIS I Ad H R 6 YT S Bl
& & 4 fodl & a1 Ri9R S8R WRuqaR-m=h
faamadie® TQif$am 10% sc & 200 fnfl/g ot R
 TRIRT & §1¢ Y &1 BId ¥ GHT U 5.02 T/
BTUTK g8 qUTHA ATH X 57,770/ 7 3IR TTH-TARTA
3{JUTd 2.65 YT G3HT (ST Hg) |

IR I B fHa & S8 H SrTarE Ud At &
AT U U & 3UfRAY Wel Bl Yk B 8 U
FH AN Tl fheer fawRia fear man wus
o & SURIY ST ST UIET & AHD! o Gg,
farge aTaeT (EC), 3rafkiy Wifgem Feie (RSC)
3R ST @YUl U (SAR) & URMNS
fI=ReSor & UdT =rell fob T8 SURIY o B! bt
Ri=Tg & fore Iuge 781 8 | 3T, T fTheex b1
fmfor faa man S 200 wiex &mdT o TH JefelT
3P, 914 3R g fheex IUT U& 3M3ede () A
A &1 81T 31 39 fheer § 7 =0 ¥ Ui
W o & ARSI, I S, BT S, BIS Fort
3R A Fordt & T A Bt 1 ¢F & ad R oI
& qdd Jdlg & ol U Jeel fbar gail wifed
&1 U STl T BT &1 39 fheer ¥ Y fbe g
el & SRy 5 7 Wpa W & fieR dg,
SR 3R THUSMR P! Yerid fhar| 59 fheex
T g b T 5a o) R & wry I e i
& HOA O dIAE & od, SUAIRG HIRY I,
UTRY ST + AT & STt & A1 RidT1s Bt a1 d
T YT H YR gl & Uguun & forr gifteae
U Y 99 Hd 30 U §5 (@A e! 6%) |
ERIGE HHTe BI Al ufly aret & & Sl
IR Ui BT HHdl Bl SUST IR YHTT BT 3T
IR & o et Sars FMuffea foar man &=
sl & Sfichel ¥ Tg Udl Il [ ERIHS HHIS &
At Yffy ot &F I 4H-THCR BHd HH & 1Y
G- TR Ui B 60 It B FHars Joad
3T UTS TS STgl, YT BT THded SUS 68.54 T/
8 U g3 T PG A1Y % 70,307/8 3IR TH-ARTA
U 2.41 U g3 (FRraferdr &g |

T FIch et gar o agRmts seggs &
egH J AIBT Bt IR B B R TR &

»

»
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T OIS TOMT Bt T3 | Fde] H aTIcTor
(ET) 128.92 fiyeft ofR arsfiamor (Ep) 348.63 firedt
T THd gi BT TIeRT eyt H Sifdsdd ET/EP
3{UTd 0.42 U7 STaifdh, Rifedh T Sfawy1 & =AdH ET/
EP 3urd 0.28 fiyedt Ut fibe fhu Mo 91 9 &
I Brhad gRT BHd IUNidh| o AT Bl
33t ARE U Y- ST T S bl § | HahI
DI IR B B BT I HOd 016 BT HA 0.38
¥ 1.13 & o U gafTl JRorgd! T ET 139.24
ot 3R EP 421.00 fiet uTl Bat oM B} ST
T 3{fYHad ET/EP 3UTd 0.42 U g3, Siafds,
IPHRUN SRT T AT ET/EP 3UTd 0.22 e
U g3l fihe T T dRR Y & dldiHEa
B e gRI B U] & HHI Bl 38t g
Td-3FATA foram T | JRet 1 Sid had
TUlich BT A 0.40 F 1.11 & oI I gofll 39
UHR UM HN-Sidarg &t uRfRufadl § adet ot
TRT B A R Jor & forg Riwmg & 9g-
4iRor & UseE gq SrAHa wad uid & A1
BT IUAIT a1 S Tehdl § RIS %) |

UoTTe & &l & HIH & GRM g &1 4als & 985
DI ZPAH H & [ AY-RIC (CERES-Wheat)
Tied ! Tl ¥ SR (DSSAT) Rige=m fan
1| ST o UROmH A gdr fob g B mEd Bt
I R A8 (15 TdeR) J BT 31 g1 ITS
T g3 3R ISP §1G 30 AR BT gaTs I o
U g2 oefp, 38 A gard (15 RER) B W)
HTHI HH U U g3l Rias & TR & o9,
IW:CPE 1.0 & ¥R WR Rids & ¥ $1fid Iuat
T g ofdlids, T &H 3T IW:CPE 0.6. & RS
& TR S G U g3l gars & go, R v
q1SCioH & SUARI & AU YHTH HIHIRIITS
3T fEefifHem (R?) Td <gAdH RMSE [UTid UTd
BTl Y- (CERES-Wheat) AISd Tg @1 gHT
I, 3P0 T4 OhfSraiioTh d URTehdl o1 3w
I STHAM T Tl § @SS %)

B P Hels & dG Hal & WA T Bad
UGfd @t SdGHal & fau uF snetia wad
Ui SR T & a1 HI SHierd foan |
YT-HawT + T-e a1 HIA UG & 1Y YT Bt
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TAJ U PIB! SHfUd U gl 39 Ushd 9
B 3B TH YA IUINT G&TdT 89.86%, STe SUTNT
G&fdl 202.46 farumE/g-GH Td Sfd IdTgahdl
3 23.05 3-94 U g3 3R B Ufadl & o9
3HfH Y MY % 319734/8 UK §3HTI URURS
B Ugld Il YH-Tg-IRel &t ga1 ¥ 39
I B Uld ¥ 251.8% I 3Mfed U< A
I, 28.12% I S1f®H YfH ITANT T&dl, 186.4%
Y YD ST IUANT Gefdl, 298.1% U 3 oTdt
IAGHAT U gs 3R 112.8% ¥ 3ifed am-
AT ST U 31| 39 ad UGl & UM
T Ugd Jal &1 gaT § YH-Tddb1+ M- o a1 B
TG ¥ Tl &I Hels & 916 Jal | Afdd Hie-
H 19.2% 3R Iuasy fSiw & 5.9% 1 Sifidmad
9 g3 @@ )|

» SOOI U d IR & Bud Gafadl 3dfq

»

TIY-SGR 3R ISUN-SIR ! ofd IdTGadl
3R IUS W T B UG & THIG BT LA
o T | 31 hud UGl 1 R % g st
TR aTel TeR & o 3R YdTeA-Tiied Td%y
& A BT el ®9 F IUINT foar | & F
e B 3fhd 9a%py & o 9 Riarg &t ga-n
TR & T 3R TAHT & od DI dobfedd Ridls
& URUTHREGET SR 3R ISUN B Il # g
TR DI TS HH: 26.7 MR 18.9% A 31 U
T3 | RYUH-SAR Ufd &1 gaT & ISUN-5aR i
B Ugld A Scl 3 IS SUTNT & d8d S8R
TR foramr| I -SaR ad Ugla ¥ s
TAGY & oI & YN B! ga-T § Agx-Ta%Y b
ST & Jep et SUTNT I 1Y 31.5% TP g IR
DI IUS T 684% YD W IR BI IUST U
B3 3R 31.4% T 31fe/es ATH-ANTA SFUTd UTed g3l
CISES]

TAGS! ! STeaor WhiH & T HYoid SaTeHt
o SRR Td UgaM &, I3 od Jaa
TRaref & wi@ Ayl &= qur ofa g4t
ISl &I [AHRIT B & I U T 3T
fobar a1 Y GI UG (GIS) BT IUINT B
TaTH el It ST WA & [Ivg AHRT TR
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fohT T St T8t UG fd Td YA & IuaiT & yerkid
B B 1S 3R I R B 16 B AT Pl
T STd AT T ferd o1 18 | 98T R HING ardrd
o & 788 & w8 § THURd 8 € B ugEE
DI 773 3R 3! fafRd forar w1 7E oI e
Trar3f & =t &1 Fuffed wd faftd oxe oa
TSI AT ! ST T (@FAh Sl b |

IR & tegedl & <M wd 7 BR R UM
MR THPd PN TS & e I 99 &
TgSTATH UGN BT S1eqg o 7| Ao ura
& 1Y TDIPHd PV UGd URURS YH-Tg+I=4!
THIA Ugld & gar # ged ofid Idesd
IR AMHT g TS R 2 184619/8/a9 I
SfRFaH Y TH 3R 3.88 P ATH-ARTA ST
T g3 i i URuR® HiY ugfa & dgd sifoid
IS AT % 95832/8/dY U 92.6% 31fd 3R 2.47
& AYARTT U ¥ 57.1% 3% U ganl
(3T )

AT 7. SEE 39 AT SR i
SRS ST TR

» Y 2020-21 & GRM fAFHTE aIgHT H Fd 200

DB ST el o AT fosa Tt fore arHTf=aa
B arat 100 3Mfeardt fbeHl 4 $d 8 T diex
It & O BT I BT SR M 3R B H
Bl & dgd $d 20 I BT HHIS &F ITdb!
forar| 3 iR BIo & HaH! B IaReifad #
HU: 28.85% 3R 41.5% q% B! Jha s IR
Wt I Y ST FaHid 0.25 H dgdhR 0.45
B T O % 1,30,334/8 @ ¥9d U g3l
URURSG d8F & A 3R HToL & Jal § T0el!
DI SHRBIA & U T Wt b Hdl 2 1,29,324/
® &1 A1Y T ot 77| STaTeR ardeT § $d 10
DUl oo sURT &1 fAafor far mar /™ 50
SfTfeardt foamt &1 ary g3 oFd gRT Hat 3980
T Hex auf oat o1 99 foha 7| S e,
BT, 3T 3R TAA P Wl & ded fharl bl 7.12
BFR BT HHS &F UK gl U e fapTe
qdH! | 5 Pl faory SuRT &1 fAafor fasar mar
o 15 Sfgardt fbam aryi=ad gul o, &9,
TR, s 3R Tiel B Bt @) R F o
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% 5870 T HIc N1 o SUATE HT T favar 1
ORI 11.26 B} &1 FHHIS &F U g3 @ralet
&%) |

ay 2020-21 % GRTTHERTY IS B SHEHGTR fordd
DI AP T DI SITHY HRIHH & BTG
& ToTT AT 71| 3epTed TgiTed o wIeit Sfeardt
Ta & $o 30 fHaH SR gAR 3= 30 fpamt
®I Riars gfaen ued e & fod ufd fea 0.4
gaR & ¥ Haw: fgu RiTR ok Bieer R
Ugid & Je fadRd T e 37 dep-iiepl & qTdt
Hraaa H Aag HR- & e feaml & @Y &g
TRIEOT SR Te= ST & &1 fAofa ot o
AT RIg ) |

HHdl DI Wl & oy R 9 31 FH BT R
HA g Wdl | FAfHa dreme o d1egd § ger R
il &1 TaR-UR foar o @1 § o @4
W R W ¥ F1eR URIeor Tfafaferdt &1 smeH
IR PG TS 3R A=A faunT & FHifat &
9 91d & HI ST b aR H SRl dal
DI N P | THD SATAT AR FHACH & HTATHHT
AR dF B TS &F H U Hoal 7 ged
RS Ugfadl o1 SUhIT X% el IUGNT Gafdl
P! I Ol I | ATATE] & ofd & 3= Aid ardl
$d 15 far! & Wdl § fgu RS de-ie wifud
@I TS B frut & oy & forg Riwng oa e
ST &% (IWMRC) STardil = 24 Ths & o
IR 3f1eTia f3u R WA gsfd & ue’H
Td Bite S 3R URIEU HRiGH I B &
e § R foar mar 31 39 & & fear,
Qfaer Afgarstt SR Ea 3R Hias & JE &
foe S5 Uiiemn iR & UeRM smaiford fhu e §
(CREINNIET]

T YR T WIGR foret &t fasTaqR deia & SiTgRT
g o snfeardt fhart & Wdl § Wiw & aa| o
TR, 3R 3R T $I Hoall 3R & & Ay o
g, T SR T BT Wt BT U= fobar | =
UeRH & YRUTHT A Ug faem i sgR R &
T Wt & UROTARGEY ! &t URURS Tgfd
DI T H 5.9-42.3% SHVH U JUST U g3 T
2.5-80.5% 3% g A 3R 12.5-38.5% 3B
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ATH-SINTA ST UTed §31T (AR g |

TRA §T YT & 1Y ITRT [98R &= H St Hpreit
TE YR SHTS BT [z daR fawar T 8k
Hedich fobar ATl IR f9gR & fafts Rl W)
fPaHl & Wd ¥ $d 6 Yod YR 98 S
Rl seal Rifta/MiHa ot 751 fayfaemea
URER ¥ $d 7 YoId GTHRU 98 S bRt
Py o Fg, RS, gdf Furor & wifig
B T1S B1 Jd IUHRTE® (NRM) 3R foem =
FY fayfaared, Fomoht & Haufd HF gHaRo
SHISTN & BB BT Ahaargdd UG feamn
7| fagR & AYaH! foTdl & YIRR (b & JWd
Td & TP fHuH & Qd & 59 SH1s &I iR
Y § R1fd foar a1, S8t &% 9rd Sars A
TP TAURTG DI JERT BT AT HAT TSl AT
fHaM A Sarn i &S auf & 91g Wa ¥ sifafad
T Pt THT R AHRR & BRI & Jqd 7 g
B T IR TS THA B U1 B (T H) |

a1 a¥ & SR AT U™ & da fordl & gz
& forw 250 @f Mex & 50 feu fve faafkd sk
R fobT MU S Sl SU FISHT (SCSP)
¥ dgd, fgu Riar usfa & a1y ue uicars o
g o ST O TT § SR off 7 2022 I Ugd
R 8 S difp, A auf & St b1 Teo
foam S 9 SR SUd UG PI Tgt Aifed foba
S G (UTTHR $5) |

3 I P TUTTGRT 7 & &g TR & ges
# 951 Ry $iY a9 Fx & FgdiT ¥ dadbiidp
&1 yexH fear manl Rifea fRufadl & dgd
3R IcTeH HH Safey arelt e o @t fow
fe=iT &1 veRF A w e 39 few &t
HeTs 39 &85 § 91g 3 T Ugd 31 o1 G | Hifean
TegrEare Tid # fU & $d 5 39X & Bd W
JYd TAGY & O Y YT & [d T Tl & & 3
fot a1 5 vt 31 Rirs o1 veieq fafy &1 gdemor
foram T | WRART 2020 & UGS WlE H TR @
Fial & il & Imr T iR S H wad @
qHAdTgdd Hels B Ts (GIREIE $g) |
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Executive Summary

Duringtheyear2021,26centrescarriedoutresearch
and extension work in the field of assessment
of water availability, groundwater recharge,
groundwater use at regional level, evaluation
of pressurized irrigation system, groundwater
assessment and recharge, water management in
horticultural and high value crops, basic studies on
soil, water, plant relationship and their interaction,
conjunctive use of canal and underground saline
water, drainage studies for enhancing water
productivity, enhancing productivity by multiple
use of water, rainwater management in high rainfall
areas. Salient achievements of year 2021 are enlisted
below.

Assessment of surface water and ground
ater availability

»  Performance evaluation of two lift irrigation
schemes namely, Munippara and Poolani of
Thrissur district of Kerala was done. Relative
water supply (RWS) in the command area of
Munippara and Poolani lift irrigation schemes
ranged from 114 to 3.43 and 2.60 to 2.96,
respectively. Relative irrigation supply in the
command area of Munippara and Poolani
lift irrigation schemes ranged from 117 to
3.89 and 3.05 to 3.66, respectively. Water was
abundant for crop production in both the lift
irrigation schemes. There was more equitable
distribution of water in Poolani scheme
compared to Munippara lift irrigation scheme.
Well recharge also takes place and sustains
drinking water availability in the command
area of both the schemes. High RWS values
observed in the minor irrigation schemes
shows scope for further improvement of
performance by regulating water supply or
by increasing cropped area. It would also
empower the beneficiaries to change from
over irrigation to better water management
practices. (Chalakudy centre)

» Optimal crop planning was done based on
delineation of water resources and different
farming situations of Kotani watershed in
Chhattisgarh. Water resource development
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plan was developed. Seven check dams
and 10 percolation tanks were proposed for
groundwater recharge, whereas 20 check
dams and 61 farm ponds were proposed in
appropriate locations for water harvesting.
Optimal cropping pattern was developed for
kharif and rabi crops in the command area
with the help of stochastic linear programming
model and using different farming situations of
the watershed. Additional benefits of 1165 ha"
and % 8020 ha' can be obtained during kharif
and rabi seasons, respectively. An additional
area of 1580 ha can also be cultivated during
rabi season. (Raipur centre)

Five outlets of Behman distributary of
Bathinda branch canal were selected to
evaluate irrigation system performance
and work out intervention for improvement
of irrigation system and its management.
Average RWS was 0.537 in the five selected
outlets during 129 total running days of canal
water in rabi season. It was suggested to
replacelarge partsofthecultivatedareaunder
wheat with barley, chickpea and mustard.
These crops will require less water to match
water supply with crop water requirement
during rabi season. In kharif season, there
was 148 total running days of canal water
and crop water requirement varied from
11028.57 to 19543.34 ha-cm. Average RWS was
0.676 during kharif. So, there is need to either
increase water supply or replace high water
consuming crops with low water consuming
crops like cotton, clusterbean and bajra.
(Bathinda centre)

Analysis of soil and water samples in Mula
right bank canal command area was done to
develop soil and water quality management
strategy. About 150 soil and 90 water samples
were collected for analysis. It was found that
the soils and bore/well waters in the area of
MRBC are getting deteriorated to a great
extent with a fear of soils getting converted to
saline sodic to sodic in nature. Management
strategies have been recommended in the



study area based on soil and water sample
analysis. (Rahuri centre)

Groundwater potential zoning and recharge

»

»

»

Identification of potential groundwater
recharge zones was done for Ozat river basin
in Gujarat. Most of the area was suitable
for groundwater recharge. Area under
excellent recharge zone is 220.14 km? (6.93%)
and good recharge zone is 2,094.81 km?
(65.95%). Structures for artificial groundwater
recharge such as check dam, farm ponds,
open wells and tubewells were suggested for
construction in excellent and good recharge
zones. Area that fell under very poor, poor and
moderate groundwater recharge zones was
0.36 km?2(0.01%), 430.87 km? (13.57%) and 430.05
km? (12.54%) respectively. Soil conservation
structures such as vegetative barriers & tree
plantations, contour trenches & staggered
trenches and gully plugs & gabion structures
are suggested in very poor, poor and moderate
zones. (Junagadh centre)

Groundwater potential zoning of Ken river
basin was done using frequency ratio model
and geoinformatics technique. Groundwater
potential zone map was developed and
classified into five different zones namely, very
high, high, moderate, low, and very low. About
7.09, 25.09 and 30.66% of the total area fell
under very good, good and moderate potential
zones, respectively. Validation results for the
groundwater potential zoning illustrated
fair satisfactory prediction accuracy of the
zoning i.e. 781%. The study will be beneficial
for planning of drought mitigation strategies,
identification of critical sites for groundwater
recharge plans, policymakers and engineers
to work for enhancement of groundwater
resourcesin hardrockregionssuch asVindhyan
& Bundelkhand. (Jabalpur centre)

Astudywasconducted in Dhelariver watershed
to prioritize the sub-watersheds on the basis of
morphometric analysis and delineate potential
sites for artificial groundwater recharge.
Based on morphometric analysis, seven sub-
watersheds were categorized in high priority
class, three in medium priority class and only
one in least priority class. Potential sites for
artificial groundwater recharge were identified
with the help of geo-visualization techniques
and suitable locations were suggested for

»

»

»
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construction of water conservation structures
such as farm ponds and check dams. These
structures can help in enhancing water
availability for various activities in Dhela river
watershed. (Pantnagar centre)

Groundwater potential zones of Upper
Banas river basin were delineated. The
entire catchment area (4940 km?) of Upper
Banas river basin was prioritized into 21
sub-basins. Water quality index maps were
prepared for pre- and post-monsoon periods.
Groundwater recharge was estimated for
100 sites, thematic maps were prepared
and groundwater potential zoning was
done. In the basin, 4512 and 20.98% area
are under moderate and good groundwater
potential zones, respectively. Area favourable
for artificial recharge is 815.79 km? i.e. only
16.51% of the total catchment area. Ninety-six
locationswere foundsuitableforgroundwater
recharge,outof which groundwaterrecharge/
water harvesting structures have been
constructed in 33 locations. More recharge
structures i.e. 27 percolation ponds, 29 water
harvesting structures (anicuts) and seven
subsurface dykes sites can be constructed in
Upper Banas river basin. (Udaipur centre)

Assessment of potential groundwater
recharge in direct seeded rice (DSR) and
transplanted rice (TPR) fields was done using
soil water balance method at PAU university
research farm. Field estimation as well as
simulation (using HYDRUS-1D) of deep
percolation from DSR and TPR fields was
performed. Deep percolation was estimated
to be 1139 and 1305.6 mm for TPR and DSR,
respectively. Thisshowed that there was 14.6%
more deep percolation in DSR compared
to TPR that may potentially contribute to
groundwater recharge. (Ludhiana centre)

An experiment was conducted in Bhogdoi
river basin to identify potential sites for
rainwater harvesting as a preventive measure
against use of arsenic contaminated
groundwater. Stream morphometry map was
prepared using GIS tool and morphometric
parameters were estimated. GPS based soil,
water and sediment samples were collected
across the whole basin area and analysed.
Potential sites for rainwater harvesting in the
arsenic contaminated areas of Bhodoi river
basin were identified. (Jorhat centre)
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Irrigation scheduling using surface and

pressurized irrigation system

»

»

»

»

Wheat residue management and irrigation
level showed significant effect on performance
of summer moong bean. Yield (0.87 and 0.90
t ha'), water use efficiency (215 and 2.22 kg
ha-mm) and benefit-cost ratio (2.01 and
1.82) of moong bean was significantly higher
under wheat residue incorporation with zero
tillage and wheat residue incorporation with
tillage, respectively as compared to no residue
incorporation. Without residue incorporation
resulted in yield of 0.78 t ha', water use
efficiency of 1.90 kg ha-mm™ and benefit-cost
ratio of 1.69 with four irrigations at vegetative,
flowering, pod filling & pod formation stages
(Bathinda centre).

Effect of rice straw mulching and irrigation
water quality on Bt cotton and its residual
effect on succeeding wheat crop was studied.
Among the different irrigation levels, seed
cotton yield was at par with irrigation levels
of IW/CPE 05 (329 t ha') & IW/CPE 0.7 (3.32 t
ha”). Residual effect of mulch on the following
wheat crop showed maximum wheat grain
yield of 4.01t ha' under IW/CPE 1.0. Maximum
water use efficiency was found under canal
water irrigation in cotton IW/CPE 0.3 (414 kg/
ha mm) and tubewell water irrigation in wheat
at IW/CPE 0.6 level (10.71 kg/ha.mm) (Bathinda
centre).

Scheduling of sprinkler irrigation for basmati
rice-wheat cropping system was carried out on
farmer’s field to strategize sprinkler irrigation
for the cropping system in canal coommands of
theregion. Inrice, sprinklerirrigation at panicle
initiation to 15 days before harvest recorded
highest yield (2.62 t ha'), whereas highest
water use efficiency (229 kg ha-mm”) was
recorded with sprinkler irrigation introduced
after puddling to 15 days before harvest. In
wheat, application of sprinkler irrigation at all
physiological stages recorded highest yield
(3.48tha')and WUE (7.20 kg ha-mm™) (Jammu
centre).

Among mini-sprinkler, furrow irrigated raised
bed system (FIRBS),drip on FIRBS, and flooding,
wheat variety WH 1105 showed highest grain
yield and water productivity under drip on
FIRBS (5.56 t ha, 3.05 kg m=3) followed by use
of mini-sprinklers (5.57 t ha', 3.03 kg m=3). The
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performance of the wheat variety was lowest
(4.84 t ha', 257 kg m3) under flooding. Drip
on FIRBS was best for wheat in terms of grain
yield and water productivity (Hisar centre).

Irrigation  management and methods of
establishment on rice crop showed that
continuous submergence throughout crop
growth and normal transplanting resulted
in highest grain yield of 4.38 t ha”, net return
and benefit-cost ratio. However, there was
no significant difference in grain yield with
other treatment combinations. Water use
efficiency was highest (5354 kg ha-cm?)
with continuous submergence and alternate
wetting and drying (5 cm irrigation at 3 days
after disappearance of ponded water) up to
panicle initiation thereafter 5+2 cm irrigation
after panicle initiation (Pusa centre).

Fertigation

»

»

»

»

A study on water and nutrient scheduling in
Poovan banana showed that drip irrigation
at 75% PE at 2 days interval was sufficient to
obtain significantly higher yield and to sustain
the crop. Significantly higher vyield, water
productivity, gross return and benefit-cost ratio
were obtained where fertigation was scheduled
with phosphorus as basal and drip fertigation
at weekly interval with 75% recommended
dose of nitrogen and potassium using water
soluble common fertilizer (Chalakudy centre).

An experiment on drip fertigation in
cauliflower indicated that application of 100%
RDF of N, P,O, and K,O is required for getting
higher yield of cauliflower. The application of
100% RDF through fertigation or 100% N and
K through fertigation with 100% P applied
as basal are equally beneficial for crop yield
(Navsari centre).

Drip fertigation to bottle gourd crop under
cotton based cropping system showed
maximum yield of bottle gourd (55.87 t ha’)
with the application of 75% N, P & K through
fertigation with no basal application. This
was statistically at par with application of
100% N, P & K through fertigation with no
basal application, and 25% NPK of 100% as
basal and remaining NPK through fertigation
(Sriganganagar centre).

Drip fertigation to Indian jujube crop at 0.8 ET,
along with100% RDF in sandy loam soil showed
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highest fruit yield of 9.33 kg tree’ and WUE of
20.23 kg tree'mm. The results were at par with
those under drip irrigation at 0.8 ET, coupled
with 75% RDF + 25% RDF as vermicompost
showing yield of 9.21 kg tree’ and WUE of 19.9
kg tree™ mm™ (Gayeshpur centre).

Conjunctive use of water and drip fertigation
to Bt cotton-summer squash cropping system
showed that seed cotton yield was at par
when irrigating with canal water (CW) alone
and alternate of canal & tube well (TW) water
(RSC=110to1.36 meq L EC=3.8t0 4.2dS m7)
and was significantly higher than irrigation
with tube well water alone under drip. 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. In summer squash, the yields were
significantly different among different water
qualities treatments under drip. 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% recommmended dose of nitrogen.
The WUE was higher in CW irrigation followed
by CW/TW and least in CWg-TW. Saline water
application increased the pH, EC and BD of soil
while it decreased the organic carbon, available
N, available P and IR of soil, etc (Bathinda
centre).

studies on

soil-plant-water-

environment relationship

»

»

Drum seeded rice was grown to study
the effect of moisture regimes and weed
management practices on performance
of wheat. Treatment combination ie. 6 cm
at 4 days after disappearance of ponded
water (DADPW) and application of herbicide
Bispyribac Sodium 10% SC at 20 mL ha' as
post emergence resulted in rice grain yield of
5.02t ha’, netreturn of 257,770 ha'and benefit-
cost ratio of 2.65. (Ayodhya centre)

A low cost filter was developed to purify
laundry wastewater for homestead farming in
Kerala. Initial analysis of quality parameters of
laundry wastewater such as pH, EC, residual
sodium carbonate (RSC) & sodium absorption
ratio (SAR) showed that the wastewater is not
suitable for irrigation. The filter unit comprises
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of one settling tank of 200 L capacity, left
& right filters and an outlet (tap). The filter
consists of mainly five layers viz., charcoal, clay
ball, fine sand, fine gravel and coarse gravel.
At the bottom of the tank, there is an inverted
plastic net placed for free flow of water. Filtered
laundry wastewater showed pH, RSC and SAR
within permissible limits. Okra crop grown
with the filtered water showed statistically
similar yield with irrigation (pond) water, with
no heavy metal contamination in the edible
part. (Chalakudy centre)

Optimization of the height of raised and sunken
bed system was done for the lowlands of
Hirakud command to study its impact on crop
yield. Pooled data of three years showed that
elevation difference of 60 cm between raised
and sunken bed was best with rice-tomato
cropping sequence where rice equivalent yield
was 68.54 t ha”, net return was 270,307 ha'and
benefit-cost ratio was 2.41 in the lowlands of
Hirakud command. (Chiplima centre)

Crop coefficient (K) of fodder maize and
sunflower was derived through lysimetric
study in deep black clayey soil. In fodder
maize, evapotranspiration (ET) was 128.92
mm and evaporation (EP) was 348.63 mm.
Maximum ET/EP was 0.42 at tasseling stage,
whereas minimum ET/EP was 028 mm at
silking stage. K_ values can be well predicted
by fitted 4™ order polynomial functions.
Average K_ of fodder maize varied from 0.38
to 1.13. In sunflower, ET was 139.24 mm and EP
was 421.00 mm. Maximum ET/EP was 0.42 at
flowering stage, whereas minimum ET/EP was
0.22 mm at seedling stage. K_values can be
well predicted by fitted 3 order polynomial
functions. Average K_ value of sunflower
varied from 0.40 to 111. Estimated K_ values
can be used to manage irrigation scheduling
for fodder maize and sunflower under similar
agro-climatic conditions. (Rahuri centre)

At Bathinda, DSSAT simulation was done using
CERES-Wheat model to optimize sowing date
of wheat crop during rabi season in Punjab.
Experimental results showed that grain yield of
wheat was significantly higher in timely sown
crop (15" November) crop followed by late
(30" November) and lowest in very late sown
on 15 December. Among irrigation regimes,
significant increase in grain yield was obtained
with IW:CPE 1.0 and lowest with 0.6. Higher
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coefficient of determination (R?) and lower
RMSE was obtained for sowing time, irrigation
and nitrogen treatments. CERES-Wheat
model produced better estimates for grain
yield, emergence and physiological maturity.
(Bathinda centre)

Rice based cropping system and moisture
regime was optimized for system productivity
and post-harvest soil health. Rice equivalent
yield was significantly higher with rice-
maize+potato-dhaincha cropping system,
alongwith highestland use efficiency of 89.86%,
WUE of 202.46 kg ha-cm”, and net return of
% 319734 ha' among the cropping systems.
There was 251.8% higher rice equivalent yield,
2812% higher land use efficiency, 186.4%
higher WUE, 298.1% higher WP, 112.8% higher
benefit-cost ratio compared to traditional
cropping system, i.e. rice-wheat-fallow. There
was maximum increase in organic carbon i.e.
19.2% and available zinc i.e. 5.9% in post-harvest
soil with over rice-maize+potato-dhaincha the
soil before cropping. (Pusa centre)

Conjunctive use of water and multiple use of
ater

»

»

Conjunctive use of good quality canal water
(CW) and saline sodic tubewell water (TW) was
applied to study the effect of water quality on
yield and water productivity of fodder-fodder
cropping systems viz, berseem-sorghum
and ryegrass-sorghum in south-west Punjab.
Alternate irrigation with CW and TW resulted
in 26.7 and 18.9% higher green fodder yield for
berseem and ryegrass, respectively compared
to irrigation with TW alone during rabi season.
Ryegrass-Sorghum system performed better
under conjunctive use of water compared to
berseem-sorghum system. Ryegrass-Sorghum
system showed 31.5% higher green fodderyield,
68.4% higher dry fodder yield and 31.4% higher
benefit-costratio with alternate use of CW-TW
over use of TW alone. (Bathinda centre)

A study was conducted with the aim of
identification and geo-referencing existing
ground water resources, locating site for new
water harvesting structures and developing
a conjunctive use plan in the Chalakudy
River Diversion Scheme. The thematic map
depicting the canal system and land use map
of Chalakudy River Diversion Structure was
prepared using GIS. Branch wise crop water
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demand of LBC and RBC were estimated.
Existing ponds which are recharged from canal
flows were identified and geo-referenced.
Identification and locating new water
harvesting structures for the conjunctive water
use planning was done. (Chalakudy centre)

Multiple use of water was studied through
rice based integrated farming system at head
and middle ends of Awanpur distributary.
Integrated farming system with pisciculture
was found to be most productive and
remunerative in comparison to conventional
rice-wheat+mustard cropping system with
highest net return of ¥ 184619 ha' year' and
benefit-cost ratio of 3.88, that is 92.6% higher
net return of T 95832 ha' year' and 57.1%
higher benefit-cost ratio of 2.47 accrued under
conventional farming system. (Ayodhya centre)

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

»

»

During the year 2020-21, 200 Konkan Jalkund
were constructed benefitting 100 tribal
farmers storing 8 lakh litre rainwater and
commanding 20 haunder mangoand cashew
in Vikramgad taluka of Maharashtra. Survival
of mango and cashew grafts increased by
28.85 and 41.5%, respectively, cultivated land
utilization index increased from 0.25 to 0.45,
31,30,334 ha' was saved, %1,29,324 ha' fetched
by cultivating jasmine as intercrop in mango
and cashew fields over conventional method.
Ten Konkan Vijay Bandhara was constructed
in Jawhar taluka benefitting 50 tribal farmers,
storing 3980 m?3 runoff and commanding 7.12
ha under vegetable, cashew, mango and
jasmine cultivation. Similarly, 5 Konkan Vijay
Bandhara were constructed in Vikramgad
taluka benefitting 15 tribal farmers, storing
5870 m3 of runoff for irrigating mango,
cashew, clusterbean, cowpea and jasmine
crops thereby commanding 11.26 ha. (Dapoli
centre)

During the year 2020-21, Akole tahsil of
Ahmednagar district of Maharashtra
was selected for implementation of TSP
programme. Thirty farmers from Mhalungi
tribal village of Akole tahsil have been selected
for distribution of drip irrigation sets and 30
farmers for sprinkler irrigation sets to provide
irrigation in an area of 0.4 ha per farmer.
(Rahuri centre)



»

»

»

Propagation of microirrigation through
farm pond constructed in fields was done to
overcome acute shortage of irrigation water for
crop cultivation, to create awareness among
farming community and line department
personnel about efficient use of water by
organizing on farm and off farm training
activities, and to enhance water use efficiency
using microirrigation systems in major crops
in Malaprabha Left Bank Canal commmand of
northern Karnataka. Drip irrigation systems
were installed in 15 farmers’ fields having good
source of water from farm ponds. Sensor based
drip irrigation automation system for 24 acres
was installed in Irrigation Water Management
Research Centre, Belavatagi for demonstration,
organizing field days and training programmes
for the benefit of farmers. Six trainings and field
demonstrations were organized for farmers,
farm women, and school and college students
of the region. (Belavatagi centre)

Field demonstrations on clusterbean,
pigeonpea and greengram was done during
kharif season and wheat, mustard and
chickpea during rabi season in tribal farmers’
fields in Dangpura village, Vijaypur tehsil,
Sheopur district in Madhya Pradesh. Results
of the demonstration showed that cultivation
with improved irrigation resulted in 5.9-42.3%
higher crop yield, 2.5-80.5% higher net return
and 125-385% higher benefit-cost ratio
compared to farmers' traditional practice.
(Morena centre)

Drainage cum recharge unit was designed
and evaluated for north Bihar with declining
groundwater. Six Ground Water Recharge
cum Drainage units were installed/

»

»
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constructed in farmer's field at different
places of North Bihar. Functioning of the
recharge unit was successfully demonstrated
to Former DDG (NRM) and Vice Chancellor
of BCKV, Kalyani. One unit was partially
installed in a farmer's field at Sukhet village,
Jhanjharpur block, Madhubani district, Bihar
that faced a chronic waterlogging issue from
July to March every year. The farmer reported
that after many years timely sowing of wheat
was possible during rabi season due to timely
drainage of excess water from field. (Pusa
centre)

During the year 2021, 50 drip kits for 250 m?
area each were distributed and installed for
demonstration in Chamba district of Himachal
Pradesh. Under Scheduled Caste Sub Plan
, @ polyline water harvesting tank with drip
irrigation system is being executed and will be
completed before May 2022, so that monsoon
rain can be harvested and demonstration can
be carried out. (Palampur centre)

Technology demonstration was performed in
collaboration of KVK in Dudhnoi area, a flood
prone area in Goalpara district of Assam. A high
yielding short duration autumn rice variety
Dishang was demonstrated under irrigated
condition so as to harvest before occurrence of
flood in the region. Recommended irrigation
management practice i.e. 5 cm irrigation after
3 days after disappearance of ponded water
was tested using shallow tubewell water in
a 5 hectare area of farmer’s field in village
Matia Gossaibari. Seed was sown on nursery
bed during first week of February 2020 and
successfully harvesting was done during
9.06.2020 to 15.06.2020.

| 13
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Introduction

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 Xl 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
(DSS) for matching water supply and
demand in agricultural production systems

Table I. Centres and their controlling universities

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. To evolve 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 lIrrigation Water
Management are given in Table |. Geo-referenced
map ofthe network centresand project coordinating
unit has been depicted in Figure I.

S.No. Location of Centre Controlling University/ICAR Institute

2 Bathinda, Ludhiana PAU, Ludhiana
4 Bhavanisagar, Madurai, Coimbatore TNAU, Coimbatore

6 Chalakudy KAU, Thrissur

8 Dapoli DBSKKYV, Dapoli

10 Hisar CCSHAU, Hisar

12 Jorhat AAU, Jorhat

14 Gayeshpur BCKVV, Mohanpur

S Kt AUK
B s |
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16 Morena RVSKVV, Gwalior

18 Palampur CSKHPKVYV, Palampur

20 Parbhani VNMKY, Parbhani

22 Pusa Dr.RPCAU, Pusa

24 Shillong ICAR Research Complex for NEH region

26 Udaipur MPUAT, Udaipur

Bhubaneswar (PCU)

@ AICRP (IWM) Network Centres
% Project Co-ordinating Unit (PCU)

Figure I. Geo-referenced location map of twenty-six network centres and Project Coordinating Unit of
AICRP on IWM

| 15
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The locations of the centres of AICRP on Irrigation Water Management catering to different irrigation
commands and agro-ecological regions of the country are given in Table II.

Table Il. Distribution of the centres of AICRP on Irrigation Water Management across the Agro-ecological
Subregions (AESRs) of India and irrigation commands represented by the centres

Eastern aspects of Ladakh Plateau,
cold, hyper-arid ecosub-region (ESR)

I with shallow skeletal soils, very low : ) :
AWC and LGP < 60 days
1. Western
Himalayas, cold
arid eco-region Western Aspects of Ladakh plateau

and North Kashmir Himalayas, cold

1.2 to cool, typic—arid ESR with shallow, - - -
loamy-skeletal soils, low AWC and LGP
60-90 days

3. Karnataka
plateau
(Rayalseema as

ARID ECO-

SYSTEM
inclusion), hot
arid ESR with

deep loamy and - - - - -
clayey mixed red

and black soils,

low to medium

AWC and LGP

60-90 days

B 6 |
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5. Central
Highlands
(Malwa) Gujarat
plain and
Kathiawar
Peninsula, semi-
arid eco-region

51

52

5.3

Central Kathiawar Peninsula, hot

dry Semi-arid ESR with shallow and

medium loamy to clayey black soils -
(deep black soils as inclusion), medium

AWC and LGP 90-120 days

Madhya Bharat plateau, Western
Malwa plateau, eastern Gujarat plain,
Vindhyan and Satpura range and
Narmada valley hot moist semi-arid
ESR with medium and deep, clayey
black soils (shallow black soils as
inclusions), medium to high AWC and
LGP 120-150 days

Chambal

Coastal Kathiwar Peninsula, hot moist
semi-arid ESR with deep loamy coastal
alluvium-derived soils (saline phases -
inclusion), low to medium AWC and

LGP 120-150 days

Junagadh  JAU, Junagadh

Kota AU, Kota

| 17
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South Telengana Plateau (Rayalsema)
and Eastern Ghat, hot dry semi-arid
71  ESR with deep loamy to clayey mixed - - -
red and black soils, medium AWC and
LGP 90-120 days

7. Deccan

plateau North Telangana plateau, hot moist

(Telengana) and semi-arid ESR with deep loamy and

Eastern Ghats, 7.2 clayey mixed red and black soils, = = =
hot semi-arid medium to very high AWC and LGP

eco-region 120-150 days

Eastern ghat (south), hot moist semi-
arid/dry subhumid ESR with medium
7.3 to deep loamy to clayey mixed red and - - -
black soils, medium AWC and LGP 150-
180 days
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Punjab and Rohilkhand plains, hot dry/
moist subhumid transitional ESR with
deep, loamy to clayey alluvium-derived

91 (inclusion of saline and sodic phases)
9. Northern soils medium AWC and LGP 120-150
plain, hot days
subhumid (dry)
eco-region Rohilkhand, Avadh and south Bihar

plains, hot dry subhumid ESR with

9.2 deep loamy alluvium-derived soils,
medium to high AWC and LGP 150-180
days

Sahayak

Irrigation Water Management

NDUA&T,

Ayodhya Fyeele

SUBHU-

MID ECO- -...
SYSTEM

11. Moderately to
gently sloping
Chhattisgarh/
Mahanadi basin,
hot moist/ dry
subhumid
transitional ESR - -
with deep loamy
to clayey red
and yellow soils,
medium AWC
and LGP 150-180
days

Bilaspur

IGKVV, Raipur

Raipur
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13. Eastern plain,
hot subhumid
(moist) eco-
region
13.2
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North Bihar and Avadh plains, hot dry
to moist subhumid ESR with deep,
loamy alluvium derived soils, low to
medium AWC and LGP 180-210 days

Gandak

Foothills of central Himalayas, warm
to hot moist subhumid ESR with deep
loamy to clayey Tarai soils, high AWC
and LGP 180-210 days

RAU,

Pusa .
Samastipur

151
15. Assam and
Bengal plains,
HUMID= " Lt subhumid
BERELE i o humid 152
MID ECO- (inclusion of .
SYSTEM .
perhumid) eco-
region
15.3

B 2o |

Bengal basin and North Bihar plain,

hot moist subhumid ESR with deep D?/rar};dar
loamy to clayey alluvium derived soils, Cor ora)t/ion
medium to high AWC and LGP 210- (FII))VC)

240 days

Middle Brahmaputra plain, hot humid
ESR with deep, loamy to clayey
alluvium derived soils, medium AWC
and LGP 240-270 days

Teesta, lower Brahmaputra plain

and Barak valley, hot moist humid to
perhumid ESR with deep, loamy to -
clayey alluvium-derived soils, medium

AWC and LGP 270-300 days

BCKVYV,

Gayeshpur Ml BT
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Upper Brahmaputra plain, warm to
hot perhumid ESR with moderately
15.4 deep to deep loamy, alluvium derived Jamuna Jorhat AAU, Jorhat
soils, medium AWC and LGP > 300
days

Meghalaya plateau and Nagaland hill,

warm to hot moist humid to perhumid ICAR Complex
. . . . for NEH
171 ESR with medium to deep loamy to Umiam Shillong Region
iz Northreasten clayey red and lateritic soils, medium Shi?lon '
hills (Purvachal), AWC and LGP 270-300 + days .
warm perhumid
eco-region Purvachal (Eastern range), warm to

hot perhumid ESR with medium to
17.2 . - - -
deep loamy red and yellow soils, low to

medium AWC and LGP > 300 days

COASTAL ...
ECO-
- I--.-

| 21




2‘?@?} ICAR-Indian Institute of Water Management
ANNUAL REPORT - 2021

- g
g
AR

ICAR-ATA

North Sahyadris and Konkan coast,
hot humid ESR with medium to deep
19.1 loamy to clayey mixed red and black  Ukai-Kakrapar Navsari NAU, Navsari
soils, medium to high AWC and LGP
210-240 days

19

Western . .

Glheis 2nd Central and south Sahyadris, hot moist

coastal plain, 195 \S,:‘if)::(::d TgaI:;]r:Zj;I?ZSIt:ZSE;InE;R Chalakudy  Chalakudy  KAU, Thrissur
hot humid- : o Yy yey - Dapoli DBSKKYV,

lateritic soils, low to medium AWC and
LGP 210-270 days

Konkan, Karnataka and Kerala
coastal plain, hot humid to perhumid
19.3 transitional ESR with deep, clayey to - - -
loamy, acidic, coastal alluvium-derived
soils, low AWC and LGP 240-270 days

ISLAND I-...
ECO-
- I-...

Note : AER- Agro-ecological region; AWC- Available water content; LGP- Length of growing period

perhumid eco-
region

Dapoli

Locality Characteristics of AICRP on Irrigation Water Management Centres
Locality characteristics in terms of soil, water table, annual rainfall, source of irrigation, etc. for each AICRP centre
are given in Table IIl.

Table Ill. Locality characteristics of AICRP centres in irrigation commands

. Annual rainfall Source of
Name of centre Soil texture Depth of water table (m) (mm) irrigation
Belavatagi Sandy loam to clay Very deep Canal

Red sandy loam to
clay loam

Bhavanisagar 3-10m Canal

B 2 |
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Loamy sand to

Chalakudy sandy loam, slightly >2m 3146 Canal
acidic
Dug well
Coimbatore Red |oamy 5-20m Tubewell
(Black soil) Canal

Silty loam to silty Canal
AudlE clay loam S 22 Tubewell

Loamy sand to Canal
sandy loam Tubewell

Sandy loam to silty

Jammu loam >4 m N75 Canal
Clay loam (medium Tubewell
Junagadh black) 2:20m Open well

Sandy loam to clay
Madurai loam 052m Canal

Sandy loam to Canal
elena sandy clay loam ==l Tubewell

Silty clay loam to 1.56-15.44 m (Pre-monsoon) Kuhl (Natural
Palampur clay loam 0.48-12.30 m (Post-monsoon) = graV|ty stream)

Medium to deep Canal
Felieha black clayey el Well
Pusa Sandy loam 1200 Canal
y Tubewell

. Sandy loam to clay Canal
el loam LU Ul Tubewell

Loam to silty clay Canal
Sriganganagar loam >10 m Tubewell
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Chapter1

Assessment of Surface Water and Ground Water Availability

11 Chalakudy

111.  Water productivity enhancement of lift
irrigation projects

Performance evaluation of two lift irrigation
schemes namely Munippara and Poolani of Thrissur
district was done using performance indicators
namely, Relative Water Supply (RWS), Relative
Irrigation Supply (RIS), Standardized Gross Value
of Production (SGVP), SGVP per cropped area and

Vegetation and Land cover N

Legend
&  Spouts and diversion points
———— Boundary
Field channels
== Canal
e  Munipara wells (a)

Ll o 05 LA o 03 04

SGVP per unit irrigation supply. The command area
of the lift irrigation scheme was demarcated using
ArcGIS 10.8 (Figure 1). A field survey was conducted
and data for the calculation of performance
indicators were collected from 30% beneficiaries
of lift irrigation schemes. Discharge measurements
were taken in head, middle and tail reaches of the
canal. Crop water requirements for six months
period (December to May) was calculated using
CROPWAT 8.0.

N
Vegitation and Land Cover A

+  Spouts and diversien painis
m— psin canal

= Poolani wells
Roads
—— Main road

L] 0078 018 03 045 08 (b)

Figure 1. Canal system and command area of (a) Munippara and (b) Poolani lift irrigation system

Land use map prepared using Google Earth Pro and
Arc GIS 10.8 showed that total command area was
3174 ha and 7738 ha for Munippara and Poolani
lift irrigation schemes respectively. The main crops
grown under mixed cropping system in Munippara
lift irrigation scheme are Nutmeg, Banana, Coconut,
Rambutan and Mangosteen. Rubber is cultivated
in 2.08 ha as a rainfed crop. In Poolani lift irrigation
scheme, the main crop cultivated is Nutmeg and
other crops grown under mixed cropping system
are Coconut, Arecanut, Banana, etc.

B 2« |

Water availability in the commmand areas of the lift
irrigation schemes were assessed (Table 1) using
relative water supply (RWS) and relative irrigation
supply (RIS). RWS is more than 2.5 in the head
reach of Munippara system which showed that
irrigation performance is not affected by water
stress. RWS slightly more than one in the middle
reach indicated that water supplied is sufficient
in meeting crop demand. RWS values in both the
schemes indicated adequacy of water supply.
Relative irrigation supply (RIS) showed whether
irrigation supply meets demand. From RIS of both
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the lift irrigation schemes, it can be inferred that schemes that equitable water distribution in the
irrigation supply is more in Poolani compared to command area is more for Poolani compared to
Munippara lift irrigation scheme. It is apparent from Munippara lift irrigation scheme.

RWS and RIS in Munippara and Poolani lift irrigation

Table 1. Relative water supply and relative irrigation supply of Munippara and Poolani lift irrigation scheme

Munippara Lift Irrigation Poolani Lift Irrigation
Zone1l Zone 2 Zone 3 Zone 4

Head Middle Tail (North east) (North west) (South east) (South west)

Relative irrigation
supply (RIS) 3.89 117 2.84 3.43 3.05 3.54 3.66
Assessment of water table showed that wells in in water table is 90-120 cm in the head end. Rise of
the command areas of Munippara and Poolani lift water table in the tail end is less compared to head
irrigation scheme are recharged during canal water and middle reaches, because water reaches the tail
supply (Figure 2). Under Munippara scheme, rise end through longer unlined supply channels.
8.0 - 8.0 1
m Before supply 6.9 H Before supply
-~ 701 65 6.7 - 70 - 6.5
E 53 Aftersupply £ 53 Aftersupply
2 60 55 ’ 2 60 ‘ .
= 50 = .
s 438 8
5 50 4 5 50
g 40 $ 40 -
e ] 8 ] 26
2 3.0 & 3.0 24 4
= =
2 20 - 2 20 4
g g
1.0 1.0 -
0.0 - 00 -
HI H2 H3 Ml M2 M3
Observation wells in the head reach
servatiomwells n the head reac (a) (b) Observation wells in the middle reach
8.0 4 8.0 1
m Before supply B Before supply
- 701 67 3 65 6.6 = 701
E . Aftersupply £ 59 6.0 Aftersupply
2 6.0 54 2 604 " 54 54 52
e 49 s 50 44 ~ 49
S 504 4545 S50 :
2 ko
g 40 $ 40 -
=] =}
2 30 - 2 30 -
= =
= =
2 20 - 2 20 -
g g
1.0 1.0 -
0.0 - 00 -
T1 T2 T3 T4 Zonel(NE) ~ Zone2(NW)  Zone3(SE)  Zone4(SW)
Observation wells in the tail reach (c) (d) Zones

Figure 2. Depth to water table for wells of (a) head, (b) middle and (c) tail ends of Munippara lift
irrigation scheme; (d) Depth to water table for different zones of Poolani lift irrigation scheme
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Survey conducted with beneficiaries of the
lift irrigation schemes about the availability of
irrigation water supply showed that majority of
the beneficiaries (farmers) agreed that sufficient
water is available in both the schemes (Table 2).
For Munippara scheme, about 90% beneficiaries
reported sufficient water availability, with 10% of
them facing problems regarding the quantity of
water supplied. The farmers’ association is taking

7 B,
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keen interest in the maintenance of canal system
and distribution of water to all beneficiaries as per
the schedule maintained by them as shown in Table
3. Witnessing the high value of land productivity, it
is evident that farmers are interested in operation
and maintenance of the lift irrigation systems.
Farmer's association is active and about 90-95% of
the farmers cooperate for the distribution of water
at the right time.

Table 2. Feedback of beneficiaries on water availability in the lift irrigation schemes

Beneficiaries’ feedback

Munippara Poolani

Sometimes adequate water available (%)

15 13

Adequate and timely water availability (%)

60 80

Table 3. Involvement of farmers in maintenance of lift irrigation schemes

Activity

Farmer’s Participation (%)

Contributing labour for the maintenance of canal

Note: A, Always; S, Sometimes; N, Never

Due to the sheer availability of sufficient and timely
water, beneficiaries are interested in increasing
agricultural productivity and increasing their
economic return on investment. In Poolani scheme,
high value of standardised gross value of production
(SGVP) relatesto high value of RWS and RIS, whereas
in Munippara, highest value of SGVP coincides with
low values of RWS and RIS (Table 4). This shows
chances to increase SGVP for irrigation water
supply by reducing the quantity of water supplied
in Poolani irrigation scheme. In Munippara scheme,

middle reach beneficiaries obtain maximum SGVP
compared to head and tail reach beneficiaries. Zone
3 beneficiaries of Poolani scheme get maximum
value of production. Land productivity of 20.95 lakh
ha'is same for head, middle and tail end reaches of
Munippara scheme, whereas the value ranges from
%119 lakh ha' to 3.29 lakh ha' in Poolani scheme.
Water productivity variation is different from
land productivity variation in Munippara scheme.
However, the water productivity variation follows
land productivity in case of Poolani scheme.

Table 4. Indicators for assessing value of crop production

Munippara lift Irrigation

Indicator

Head Middle

Poolani lift Irrigation

Zonel Zone2 Zone3 Zone4
(North (North (South (South
east) west) east) west)

SGVP per cropped area
(R in lakhs per hectare)
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Thus it was concluded that water supply is
abundant for crop production in both Munippara
and Poolani lift irrigation schemes as indicated by
high relative water supply and relative irrigation
supply. Along with irrigation, well recharge is also
taking place. This sustains drinking water availability
in the command areas. High relative water supply
observed in irrigation schemes shows scope
for further improvement of performance of the
schemes by regulating water supply or by increasing
cropped area. Through beneficiary participation
approaches, suitable water management measures
such as water harvesting can be implemented to
increase well recharge and irrigation scheduling
based on area and water requirement. This would
empower beneficiaries to change from practice of
over irrigation to better water management and
to associate more in water management activities
among themselves.

1.2. Raipur

1.2.1. Optimal crop planning based on water
resources for different farming situations of
Kotani watershed

The study was conducted to delineate different
farming situations of Kotani watershed (located in
the Upper Shivnath Catchment) using geospatial
technique, identify critical sub-watershed based on
morphological characteristics,develop surface water
harvesting and ground water recharge plan, and
develop an optimal crop plan for different farming
situationsofthecritical watershed based on available
water resources. Thematic maps like drainage,
slope aspect and morphometric parameters
were assessed. Soil data and meteorological data
showed water availability as runoff was 509.72
Mm?3. Groundwater (GW) assessment showed GW
availability was 207.89 Mm3, which made total
water availability to be 717.89 Mm?. Land use/land
cover map showed that 472575 ha (67.42%) in the
watershed is under agriculture, with standard water
consumption of crops during kharif and rabi was
319.61 and 90 Mm?, respectively making total water
consumption to be 409.61 Mm?3. Mostly monocrop

All India Coordinated Research Project on
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culture is practiced in the watershed, kharif being
the main cropping season and rice as the main crop
followed by soybean and sugarcane.

Kotani watershed was divided into 10 sub-
watersheds. To represent the whole watershed,
highly prioritized sub-watersheds were selected.
Prioritization of 10 sub-watersheds and delineation
of farming situation was done based on land
suitability for farming or cultivation including
normalized difference soil index (NDSI), land slope,
soil texture, and land use cover map. Overlay
analysis was done based on the weightage of
each map on its influence over farming situation.
Based on the weighted criteria, characterization of
farming situation of the prioritized sub-watershed
was evaluated. Prioritization showed that sub-
watersheds 1, 6 and 10 have largest area under
agriculture ranging from 80.1-81.0% ie. under
highest priority zone. This was followed by sub-
watersheds 4 and 7 falling under high priority
zone with 739 and 74.7% area under agriculture,
respectively. Farming situation of prioritized sub-
watersheds was evaluated and area under different
farming situations was calculated. Farming situation
viz.,, Kanhar (Vertisols) covered 511 km? (58.74%)
area followed by Dorsa (Alfisols) covering 339 km?
(38.97%) and Bhatha (Entisols) covering 6 km? (0.7%)
area. Water body in the prioritized sub-watersheds
covers 13.99 km?(1.61%) area.

A water resource management plan was developed
to make judicious and effective use of water
resources in the watershed to enhance productivity
and mitigate drought. It was done by integrating
information on surface water availability, land
use/land cover, drainage, current condition of
groundwater utilization, and the present and long-
term water demands of the study area. Water
balance in the prioritized sub-watersheds during
kharif and rabi seasons is shown in Table 5. Life-
saving irrigation from the planned water structure
and groundwater can make up for the water deficit
during rabi season.

Table 5. Water balance for kharif and rabi season in Kotani watershed

Water balance

H . -

Rainfall

Input

157 Groundwater available 69.27

1188.29 Sum

100.56
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Output —_—_
Groundwater recharge 76 Groundwater recharge
As per the proposed water resource management recharge structures ie. 7 check dams and 10
plan, suitable structures are suggested for surface percolation tanks (Figure 3). Sites were also proposed
water harvesting and groundwater recharge. for constructing water storage structures such as 20
Proposed sites identified for creating groundwater check dams and 61 farm ponds (Figure 4).
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Figure 3. Proposed sites for constructing seven check dams and ten percolation tanks as groundwater
recharge structures in Kotani watershed
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Figure 4. Proposed sites for constructing 20 check dams and 61 farm ponds as water storage
structures in Kotani watershed
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Capacity to hold water by the proposed structures
was also estimated with the help of 1T m contour line
generated by ArcGIS 15, Google Earth Pro and QGIS.
Groundwater recharge structures i.e. check dam
and percolation tank can hold 0.246 and 0.027 Mm?
per structure, respectively. Water storage structures
i.e. check dams and farm ponds have capacity to
hold 0.78 and 1.26 Mm? per structure, respectively.
Optimal crop planning was done for kharif and rabi
seasons in the prioritized sub-watersheds utilizing
the available water and land resources in the
prioritized sub-watersheds. Maximum area (58.74%)
is covered by kanhar farming situation followed by
dorsa and bhatha covering 38.97% and 0.7% area,
respectively. Only rice crop is recommended during
kharif for kanhar since it holds a lot of water and is
ideal for growing rice. The utilizable water for Kharif

All India Coordinated Research Project on
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is anticipated to be about 650 Mm?3,

Table 6 shows that with constraints of water (280
Mm?3) and land (277 km?), proposed cropping area
of 4000 ha devoted to rice, 15300 ha for soybean
and 8000 ha for sugarcane can maximize profit
upto X 79,33,920 approximately, with unit profit of
21165 ha'. On the other hand, optimal crop planning
for rabi season showed that proportions of wheat
and chickpea grown on proposed area of 15000
ha (wheat) and 13300 ha (chickpea) may be used
to maximize profit with constraints of water (115
Mm?3) and land (700 km?). Additional profit of about
¥ 8020 ha' may be obtained when this proportion
is employed, and additional cultivable land of 1580
ha approximately would be added in rabi season.
Thus, this crop planning will be optimal as well as
beneficial for a farm in Kotani watershed.

Table 6. Results of optimum crop planning for kharif and rabi seasons in prioritized sub-watershed

Paddy Soybean Sugarcane
(Proposed area (Proposed area Proposed area
4000 ha) 15300 ha) 8000 ha)
Required resource/ Proportion Input used Available
Input resource

Land (km?)

273.0

20,973 15,000 60,000 7933920
Wheat Chickpea
(Proposed area (Proposed area
15000 ha) 13300 ha)

Water (Mm3)

114.9 115.5

Unit profit (X ha') gained

Output

1.3. Bathinda

1.3.1. Matching and reconciliation of water supply
with crop water demands in consideration of crop
diversification

Behman distributory of Bathinda branch canal was
selected to evaluate performance of the irrigation
systemandtoworkoutinterventionforimprovement
of irrigation system and its management, improved
and sustainable crop, and water productivity. The

Total profit gained (X)

Behman distributory has total length of 10.804
km having total cultivable command area (CCA) of
about 6374.62 hectare covering Bathinda district.
Behman distributary has 31 outlets with 48.84 cusec
discharge. Out of 31 outlets, 5 outlets (i.e. 31580-R
for Sivian, 34775-L for Behman Dewana, 39980-R
for Behman Dewana, & Bulade Wala, 54709-L for
Chughe Khurd, and 64900-R for Balluana) were
selected for the study. Design discharge and CCA of
these outlets are given in Table 7.
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Table 7. Design discharge and cultivable command area (CCA) of selected outlets of Behman distributory

Outlet No. Villages covered Discharge (cusec) CCA (ha)
34775-L Behman Dewana 143.24

54709-L ChugheKhurd

Total canal running days in a year was 277 days.
Total canal running days varied from 8 to 31 days in
different months with the highest in May and July
2021, and lowest in October 2021. During rabi season,
total running days of canal water was 129 days on
each outlet with a minimum of 3998.95 ha-cm
and a maximum of 6962.05 ha-cm at 34775-L and
64900-R outlets, respectively. Different crops grown
during rabi season were wheat, barley, chickpea,
vegetables, orchard and fodder crops. Crop water
requirement of rabi crops was calculated at all the
outlets and was found varying between 7255.51 to
13078.39 ha-cm in different outlets. During the kharif
season, total running days of canal water was 148
days for each outlet and the release of water varied
between 11028.57 and 19543.34 ha-cm. Total crop
water requirement in kharif season varied between
16204.40 to 27390.05 ha-cm in different outlets.

Relative water supply (RWS) i.e. adequacy of water
supply in relation to water demand was calculated

using the following formula:

Total water suppl
RWS = ppLy

Crop water demand

The data presented in Table 8 indicates that in rabi
season, relative water supply (RWS) was less than
one in all the outlets. This means that water supply
by rainfall and canal was less than demand in all the
five outlets. In the overall system, average RWS was
0.537.S0, there is a need to replace a large part of the
area under wheat with barley, chickpea, and raya,
which require less water to match the water supply
with crop water requirement during rabi season
at the outlets. Table 9 shows the relative water
supply in different outlets during kharif season. In
the overall system, average RWS was 0.676, which
means demand is more than supply. So, there is
a need to either increase the supply of water or
replace high water requiring crops with low water
requiring crops like cotton, guar and bajra.

Table 8. Relative water supply (RWS) during rabi season in Behman distributory

. Water
Outlet Canal water Effective Total water 7
No. diverted (ha-cm) rainfall (ha-cm) supply (ha-cm) re?#:_i':;nt RWS
34775-L 3566.37 432.57 3998.95 7255.51 0.551
54709-L 4355.39 546.00 4901.40 9143.50 0.536

Table 9. Relative water supply (RWS) during kharif season in Behman distributory

. Water
Outlet Canal water Effective Total water 3
No. diverted (ha-cm) rainfall (ha-cm) supply (ha-cm) re?ﬁ;{i’;‘;nt RWS
34775-L 4091.65 6936.92 11028.57 16204.40 0.681
54709-L 4996.88 8755.95 13752.84 22069.43 0.623
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1.4. Rahuri

1.4.1. Development of soil and water quality
management strategies under special reference
to GIS and remote sensing in minor of Mula right
bank canal command area

A study was conducted in Mula right bank canal
(MRBC) command area to analyze soil and water
quality and develop management strategy. The
study covering an area of about 540 ha with average
elevation of 522.23 m was selected in Minor no. 2.
Soil samples were collected from the surface using
GPS based sampling methodology on grid basis,
while representative water samples were collected
from the available water sources (well) in the area.
The soil samples were collected at every 100 m x
500 m on grid basis and adjacent well or bore well
water samples were collected. About 150 soil and 90
water samples were collected along with primary
data of cropping pattern, yields, net profits etc. The
systematic sampling based on GPS was used and
soil fertility and irrigation water quality maps were
prepared with GIS software. The Sentinel-2 satellite
data (10 m resolution) was used to prepare thematic
maps and crop maps. All maps were prepared at
1:20,000 scale as per NBSSLUP Nagpur, and MPKV
recommendations.

The texture of soils was clayey, medium deep to
deep dark brown to grayish brown colour. Average
bulk density was observed to be 3.33 Mg m= with
standard deviation (SD) + 0.07,and porosity of 49.75%
with SD+2.29. Average soil pH was 8.49 with SD+0.29,
average electrical conductivity (EC) was 0.68 dS m"!
with SD+0.57, average organic carbon was 0.46%
with SD+0.22. Average calcium carbonate content
was 12.26% with SD+3.29. Average soil available
nitrogen (N) was 13491 kg ha' with SD*24.34,
average available soil phosphorous (P) was 18.77 kg
ha'with SD+9.74. Average available potassium (K)
was 459.46 kg ha' with SD+109.91. Average pH and
EC of water was 7.90 and 1.41 dS m, respectively.
The average cations viz, calcium 3.03, magnesium
1.75, sodium 31.33, potassium 0.04 and anions viz,
carbonates 2.52, bicarbonates 7.61, chlorides 4.80
and sulphates 15.64 me L' were observed. Derived
parameter of irrigation water viz, soluble sodium
percentage was 81.30%, sodium adsorption ratio
(SAR) was 21.06%, residual sodium carbonate (RSC)
was 5.34 me L. Average calcium magnesium ratio

All India Coordinated Research Project on
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in water was 2.81 and CI=SO,* ratio was 0.38. Based
on the study, following conclusions were made:

» Mula right bank canal commmand area of
Minor no. 2 is tending towards salinity and
the soil is getting deteriorated.

» Most of the area is having alkaline pH with
normal EC and low in available N and P.
However, very high in available K content
and sufficient in Mn, Zn and Cu while
deficient in Fe content.

» The cations are in the order of Na*> Ca? >
Mg? > K* while anions are in the order of
SO,*>Cl > HCO, > CO/~.

» Water in most of the wells is moderate to
unsuitable for irrigation.

» In general, it is concluded that the soils
and borewell water in the area of MRBC are
getting deteriorated to a great extent with a
fear of soils getting converted to saline sodic
to sodic in nature.

Recommendation of management strategy

On the basis of the study, it is evident that soil and
water quality in the study area is deteriorating
tending towards salinity and sodicity. Thus,
the following management strategies were
recommended.

» Crop rotation with inclusion of leguminous
crops and avoiding continuous growing of
annual crops like sugarcane followed by
sugarcane.

» Inclusion of salt tolerant crops like sugarbeet,
cotton, berseem, wheat, jowar, maize,
sunflower, spinach, cabbage, etc.

> Sowing of vegetable/ row crops in ridge and
furrow to avoid salt injuries.

» Use of mixing of moderately saline water with
good quality water for irrigation.

» Adoption of pressurized irrigation system and
drainage system.

» Cultivation of minimum water requirement
and short duration crops.

> Fertilizer application should be based on soil
test values.

» Use of chemical amendments for
reclamations of degraded soils.

» Use of organic manures and green manuring
crops like sunhemp, dhaincha and glyricidia.

» Use of subsurface drainage system, wherever
possible.

| 31




ANNUAL REPORT - 2021

ICAR-Indian Institute of Water Management

Chapter 2

Groundwater Potential Zoning and Recharge

2.1. Junagadh

2.1.1. Identification of potential groundwater
recharge zones in Ozat river basin

The study was conducted to map potential
groundwater recharge zones in Ozat river basin
and to suggest suitable recharge planning in the
basin for sustainable management of groundwater.
Ozat river is a non-perennial river that falls under a
semi-arid area, belonging to the South-Saurashtra
agro-climatic area in Gujarat. Therefore, during the
dry period, people need to resort to groundwater
for irrigation and domestic demand. As a result, it
becomes crucial to maximizing the recharge of the
groundwater. An attempt is made to quantify the
recharge through various groundwater recharge
structures in the river basin area. To identify
groundwater recharge potential zone of the river
basin, base map was prepared to demarcate
the boundary of Ozat river basin. The base was
used as reference to prepare thematic maps on
geomorphology, slope, drainage density, land use/
land cover, geology, soil, lineament density and
rainfall. The thematic maps were integrated into
ArcGIS10.2.2 environment to compute Groundwater
Recharge Potential Zone Index. The output map
was reclassified into five different categories
of groundwater recharge potential zoning viz,
excellent, good, moderate, poor and very poor
(Figure 5). Areal coverage of the different zones are:
excellent (22014 km?, 6.93%), good (2,094.81 km?,
65.95%), moderate (430.05 km?,13.54%), poor (430.87
km?,13.57%) and very poor (0.36 km?, 0.01%).

Groundwater Recharge Potential Zone Map of Ozat River Basin
EEE ) i

Figure 5. Groundwater recharge potential zone
map of Ozat river basin

B = |

Suitable locations for the construction of
groundwater recharge structures were determined
taking into account parameters such as land slope,
stream order, groundwater recharge potential zone
and catchment area for the particular structure to
be made. Artificial groundwater recharge can be
induced to its best potential only in the areas which
fall under the good and excellent groundwater
recharge potential zone. But the area falling under
the moderate, poor and very poor groundwater
recharge potential zone should be treated with soil
conservation structures. For areas under moderate,
poor and very poor groundwater recharge potential
zones, vegetative barrier/tree plantation and
Contour/Staggered trenches are options for sail
conservation. Total area suitable for development of
soil conservation structure/technique in Ozat river
basin in 43123 hectare.

Total runoff generated in the Ozat river basin is
1,219.03 MCM. But artificial groundwater recharge
induced by all the structures combined and
considering 100% structure density was estimated
to be 1239.0616 MCM per annum i.e. recharge
volume greater than runoff generated in Ozat
river basin. It was inferred that if structures are
built with 100% structure density, it will be a waste
of financial resources. Therefore, it was advised
to plan and manage recharge structures with
structure density less than 100%. Thus assessment
of recharge capacity was done for various structure
densities i.e. 100%, 90%, 80%, 70%, 60%, 50%, 40%
and 30%. Probability of exceedance for runoff data
was estimated. Rainfall data of 40 years (1981-2020)
was analysed for the calculation of the runoff and
the probability analysis for the runoff was carried
out using Weilbull's method. The probability of
exceedance was calculated for each runoff data as:
m
Plx=X)= ——"

Runoff at the confidence level of 60%, 75%, and
90% were taken into consideration and weighted
runoff for the whole Ozat basin was calculated. The
structure density that recharged the corresponding
weighted runoff was selected and the number of
structures and corresponding project costs were
estimated. Results suggested that 75% probability
of exceedance of runoff in basin with runoff of 610.18
MCM was optimum for consideration of constructing



recharge structures (Table 10). Therefore, to plan
recharge of 610.18 MCM, 48.81% structure density
is required for which maximum 4520 check dams,
5113 farm ponds, 22599 open wells, 5650 tube
wells and 10496 Gabion/loose rock dams (GB/LRD)
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were suggested. The estimated project cost as per
prevailing rates for 48.81% structure density is %
526.56 crores. This has been recommended to the
farmers, NGOs and government line departments
of Gujarat.

Table 10. Structure density and estimated projected cost at various probability of exceedance for runoff

Number of structures
Total

cost (Zin
5 crores)
capacity (MCM)

volume
Probability of Runoff Structure Total OO
. recharge Runoff volume-
exceedance volume density .
%) (MCM) (%) capacity  Total recharge
(MCM)
764.72 61.17 764.72

5664 64058 28321 7080 13153 659.90

90 258.54 20.68

Note: GB/LRD- Gabion/loose rock dams

258.54

2.2. Jabalpur

2.2.1. Groundwater potential zoning in Ken river
basin using geoinformatics technique

A study was conducted to make groundwater
potential zones map for Ken river basin using the
frequency ratio (FR) model and geoinformatics
technique. The study area extends over 28,671 km?
approximately. About 86.73% area of this basin
lies in Madhya Pradesh covering eight districts.
Assessment of factors/themes contributing to
groundwater potential were done by preparing
thematic maps on geology, geomorphology,
lineament density, land use/land cover, soil texture,
rainfall, slope, drainage density, depth to water
level (pre- and post-monsoon) with 10 m spatial
resolution in ArcGIS 10.8 environment. Every theme
consisted of several classes. FR model was prepared
using all the classes under every theme. To perform
FR model, 296 observation wells were randomly
selected as training datasets for the calibration of
the model and 129 observation wells were used as
a training dataset for validation purpose. FR value
was calculated for every class (under each theme)
as the ratio of the percentage of observation wells to
the percentage of area covered by each class in Ken
river basin. Once the FR values were obtained, all the
thematic layers were reclassified by FR values using
ArcGIS 10.8 and groundwater potential index (GPI)
was estimated. GPI ranged from 1.39 to 4.37, where
high GPI denotes high groundwater potentiality
and low GPI depicts low groundwater potentiality.
GPI was further classified into five groundwater
potential zones i.e. very poor, poor, moderate, good
and very good zones covering an area of 3157.82 km?
(1.01%), 7497.75 km? (26.15%), 8789.82 km? (30.66%),

1915 21649 9575 2394 4447 22310

2032.30 km? (7.09%), and 719331 km? (25.09%),
respectively. The groundwater potential zones map
of Ken river basin is shown in Figure 6.
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Figure 6. Groundwater potential zone map of the
Ken river basin

Once groundwater potential zoning was done,
relative operating characteristics (ROC) statistical
approach was used as a validation process to
determine the accuracy of the groundwater
potential zones map furnished using FR model.
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Area under curve (AUC) of ROC shows the accuracy
of a prediction system by representing a model’s
capability to correctly or incorrectly identify a
successful event. In the ROC approach, AUC ranges
from 0.5 to 1 which can be further classified into
the following categories: 0.5-0.6 (poor) 0.6-0.7
(average); 0.7-0.8 (good); 0.8-0.9 (very good); and
0.9-1 (excellent). In the present study, AUC obtained
was 78.1%, which showed that the groundwater
potential zoning is acceptable. It was concluded
that the study will be beneficial for planning of
drought mitigation strategies and identification
of critical sites for groundwater recharge plans.
The generated groundwater potential map can
help policymakers and engineers to work for
enhancement of groundwater resources in hard
rock regions too.

57 v,
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2.3. Pantnagar

2.3.1. Identification of potential groundwater
recharge zones in Dhela River basin of
Uttarakhand

The study was conducted in the Dhela river watershed
with the objective to prioritize the sub-watersheds on
the basis of morphometric analysis of the watershed
and delineation of potential sites for artificial
groundwater recharge. The Dhela river watershed
falls under the Tarai and Bhabhar region of Udham
Singh Nagar and Nainital districts of Uttarakhand. The
relief parameters considered for the morphometric
analysis included basin relief, relative relief, relief ratio
and ruggedness number. It was observed that the
maximum elevation for the whole study area was
found to be 0.986 km and the minimum elevation
was 0.172 km. The values of relief aspects of Dhela
River watershed is presented in Table 1.

Table 11. Different relief aspects of the Dhela river watershed

Relief Aspects

Minimum Elevation (h) (km)

GIS software analysis

0.172

Relative relief (R)) H-h

R:

x 100

0.579 Melton (1957)

Ruggedness Number (R )

The morphometric parameters such as stream
length ratio, bifurcation ratio, drainage density,
drainage texture, stream frequency and length
of overland flow were used in prioritization and
these parameters have a direct relationship with
the erodibility. The parameters such as elongation
ratio, circulatory ratio, compactness coefficient,
form factor and shape factor were also used in
prioritization, but these parameters have an inverse
relationship with the erodibility. After assigning

R_ = (H-h) x

2.145 Baker et al. (1979)

ranks to all the parameters, the ranks were added
up and the compound priority (Cp) value was
calculated for the sub-watersheds (Figure 7). Based
on the calculated C'O values, the final prioritization of
sub-watersheds was done. Based on the compound
value, the sub-watersheds were classified into high,
medium and low priority classes. The categorisation
of sub-watersheds into different priority classes is
shown in Table 12.

Table 12. Categorization of sub-watersheds in Dhela river watershed

Ranking range Priority value

Priority class

Sub-watersheds Area (km?)

6.00 < C <700 Medium SWSI, SWS2, SWS5 46.204
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Figure 7. Sub-watersheds of the Dhela river
watershed

The land use, soil and slope map of the watershed
was prepared. The maximum area of watershed
(138.89 km?) was of Tarai (nutrient rich) soil type and
the remaining area has a Bhabhar (stony loamy) soil
type. The North and North-East aspects of the study
area have thicker vegetation in the form of forests.
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About 68.50% (172.65 km?) of the area was covered
with closed forests (mainly broadleaf deciduous
type) and 23.56% (59.38 km?) of the area was found
to be favourable for cultivation. The potential sites
for artificial groundwater recharge were visualised
as per the priority assigned for the delineation of
the potential zones in the watershed area. These
structures could help in enhancing the water
availability for various activities in the Dhela river
watershed.

Decision rules: The rules to be considered for
identification of potential sites are as follows:

a) Farm ponds: Farm ponds could be constructed
on 1¢ order streams, according to IMSD
guidelines on the lands having slope 0-5%.
Keeping in view the guidelines, the potential
sites for the construction of farm ponds were
identified and are presented in the Figure 8(a).

b) Check dams: According to guidelines, the
check dams could be constructed in 1t to 4"
stream order and having a land of slope <15%.
Considering the guidelines, the potential sites
for the check dams were identified and are

presented in Figure 8(b).

T8520"E TESTINE WIVE TFENE TEHD'E 78'510°E TESTI0E TEIE 198N'E T 40E
z z
5 £ 3 H
2 B o
g8 -
3 DA %
L A
E z
] z & Legend z
& Legend 5 R ) b
s [Jsesin B [Jeasin 8
L stream order
Stream Qrder
— 4st order
— 1st order
— 2nd order Endl ariler
—— 3rd order 3rd order
= z
P —— 4th order z 5 ==l z
8 —— Sth order § E —— Sth order E
S
2 —— 6th order PO —— 6ith order &
il N
(a) (b)
TE520°E T&STH"E WIE TEEIE 19120°E

Figure 8. Locations for building water harvesting structures: (a) farm ponds and (b) check dams

2.4 Udaipur

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

The upper Banas river basin falls in Udaipur,
Rajsamand, Bhilwara and Chittorgarh districts of

Rajasthan. The gross catchment area of the basin is
4940 km? and the entire area is having undulating
topography in which the velocity of runoff is high.
The Upper Banas River Basin was subdivided into
twenty one sub basins. Out of them, sub basin 5, 10
and 16 were observed to be sixth order basins. The
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geomorphologic analysis of the basin was done
which included linear aspects, aerial aspects and
relief aspects. The drainage density in the whole
basin and sub-basins of the study area showed
variation from 1.12 to1.95 km per km? suggesting very
coarse drainage density. The first priority was given
to sub basin number 10 for treatment and execution
of conservation measures.

The major ion chemistry data revealed that Na*
and Mg*™ are the most predominant cationic
constituents followed by Ca* during pre-monsoon
period as well as post-monsoon period. In the
basin, 5.58% area in pre-monsoon and 12.09%
area in post-monsoon season were found to have
good quality groundwater for drinking purpose
measured on the basis of water quality index. In
the basin, 19.55% area in pre-monsoon and 34.63%
area in post-monsoon season have no restriction
on groundwater for irrigation purpose on the
basis of water quality index. Pumping tests were
conducted at 11 different geological formation of
the study area and were analyzed by Papadopulos
and Cooper type curve-matching technique. The
aquifer transmissivity varied from 48.558 m? day"'
to 330.191 m? day'and the specific yield ranged
from 0.0028 to 0.03112 in the basin. Groundwater
recharge for 100 sites were estimated by using
water table fluctuation method. The average value
of specific yield estimated at various locations
was taken for different geological formations
in computation of groundwater recharge. The
minimum computed recharge is 0.30 cm year"
and the maximum value is 29.96 cm year’. Average
value of groundwater recharge for the study area
is found to be 8.58 cm.

The eight thematic maps namely geomorphology,
soil, slope, topographic elevation, land use/land
cover, post monsoon groundwater depth, net
recharge and transmissivity were considered for
identifying groundwater potential zones in the
study area. After understanding the behaviour
of different thematic features with respect
to groundwater control in the study area, the
different themes and their individual features of
these themes were assigned suitable weights.
The weights assigned to all the thematic layers
are presented in Table 13. Analytical Hierarchical
Process (AHP) was used for groundwater potential
zoning in the river basin.
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Table 13. Weights of eight themes for groundwater
potential zoning

S.No. Themes Weight

2 Land use/land cover 4

4 Slope 35

6 Net recharge 45

8 Transmissivity 1

The groundwater potential map of the study area
(Figure 9) reveals four distinct zones representing
‘good’,'moderate’,‘poor’and‘very poor’groundwater
potential in the area. The ‘good’ groundwater
potential zone is mainly existing in middle part of
the basin. It demarcates the areas where the terrain
is most suitable for groundwater storage and also
indicates the availability of water below the ground.
The area covered by ‘good’ groundwater potential
zone is about 20.98 per cent of total area. The
maximum area falls under moderate groundwater
potential zone and it covers 4512 per cent area,
whereas 24.76% area falls under poor groundwater
potential zone (Table 14).
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Figure 9. Groundwater potential zone of Upper
Banas river basin

Table 14. Groundwater potential zone class & area

Class Area (km?) Area (%)

Moderate 2228.88 45712

Very poor 451.50 9.14



The favourable artificial groundwater recharge zone
for the study area was delineated using RS and GIS
techniques.The areafavourable for artificial recharge
zone in the basin is 815.79 km?, which contributes
16.51% of the total study area. In artificial recharge
zone, potential sites of 26 percolation ponds (Figure
10a), 29 water harvesting structures (Figure 10b) and
7 subsurface dykes (Figure 10c) were identified and
proposed for construction to ensure sustainable
groundwater management.
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Figure 10. Proposed sites for constructing water
harvesting structures
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2.5. Ludhiana
2.5.1. Simulation of groundwater recharge in rice
field

Water balance components were estimated for
transplanted rice (TPR) and direct seeded rice
(DSR) through kharif season field experiments and
potential groundwater recharge was estimated
using HYDRUS-ID model. The HYDRUS-ID is a
mathematical model for simulating water flow,
solute and heat movement in one-dimensional
unsaturated, partially saturated or fully saturated
uniform or non-uniform soil conditions. HYDRUS-1D
uses the Richards equation for simulating variably
saturated flow. The soil hydraulic properties were
determined using Van Genuchten model. Penman-
Monteith equation was used to calculate reference
evapotranspiration (ET)) from available climate
parameters. The reference evapotranspiration
(ET)) was converted into crop evapotranspiration
(ET.) by multiplying it with the crop coefficient (K)
values. The total amount of rainfall received during
the growing period of TPR and DSR was 835.5 mm
which was 30% higher than average rainfall received
during the crop growth period which caused
excessive surface runoff losses. The percolation
losses were less in TPR compared to DSR because
of puddling which hinders the vertical movement
of surface water and may cause more surface runoff
losses in TPR fields during heavy rainy days.

The HYDRUS-ID predicted moisture contents and
water parameters were in good agreement with
observed moisture content and estimated water
parameters. The paired t-test was applied under
both treatments (t=1.28 and t=1.30 for TPR and
DSR, respectively) for mean of moisture content
and found to be non-significant at p=0.05 which
shows the correspondence between predicted
and estimated parameters. Furthermore, statistical
parameters endorsed that the HYDRUS-1D model
can be successfully adopted for simulating potential
groundwater recharge (deep drainage) in TPR
and DSR fields under sandy loam soil conditions.
HYDRUS-ID was successfully able to quantify
bottom flux, evaporation, transpiration and surface
runoff with marginal difference from estimated
values under given conditions.

Apart from effectiveness of HYDRUS-1D to simulate
water parameters under different establishment
techniques of rice, water saving in terms of irrigation
and potential groundwater recharge was also
observed in DSR fields. There was 9% more water
applied in TPR field compared to DSR as no water is
required during harvesting stage in DSR which help
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in water saving. The cumulative bottom flux was 1131

m (~55.6% of total water input) and 1336 mm (~69%
of total water input) in TPR and DSR, respectively,
which results in 14.6% more deep percolation in DSR
that may potentially contribute to groundwater
recharge. Therefore, sum of 23.6% water in terms of
irrigation and deep percolation wassaved under DSR
fields compared to TPR during crop period. Ifabout 5
lakh hectare area is cultivated using this technology
in Punjab, India, then about 2400 Mm?® water can
be saved. The HYDRUS-1D was fairly successful in
simulating potential groundwater recharge under
different establishment techniques of rice, thus
can be helpful in judicious water management and
sustaining groundwater resources.
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Deep percolation was estimated using water
balance equation and it was 1139 mm and 1305.6
mm in transplanted and direct seeded rice,
respectively, as shown in Table 15. About 14.6% more
deep percolation was observed in case of DSR as
compared to TPR due to higher infiltration rate in
non-puddled soil in case of DSR porous root zone
soil. The total measured water input from TPR and
DSR was 20355 mm and 19355 mm respectively.
Potential crop evapotranspiration accounted for
26.77% and 27.85% of total water input for TPR and
DSR, respectively. Runoff accounted for 20.43%
and 7.89% of total water input for TPR and DSR,
respectively, whereas the deep percolation after the
depth of 100 cm accounted for 55.95% and 67.45% of
the total water input in TPR and DSR, respectively.

Table 15. Water balance components in transplanted and direct seeded rice

Water input

Treatment

Transplanted rice (TPR) 8355 1200

2.6. Jorhat

2.6.1. A GlIS-based approach for identifying
potential sites of rainwater harvesting in arsenic
contaminated areas of Bhogdoi river basin

Arsenic contamination in groundwater of Bhogdoi
river basin is prominent in Jorhat district of Assam.
Irrigation by arsenic contaminated groundwater
has the potential risk of bringing arsenic to food
chain. The present study was formulated with
the assumption that construction of rainwater
harvesting structure in Arsenic contaminated areas
may be a viable solution to avoid use of ground
water for irrigation. In the project, a GIS based
approach was used for identifying potential sites of

Water output

545 139

rainwater harvesting in arsenic contaminated areas
of Bhogdoi river basin.

The study area i.e. Bhogdoi river basin (Latitude:
26.61-26.78°N, Longitude:  94.21-94.41°E)  was
delineated using satellite image. The reported
arsenic contaminated sites were demarcated in the
base map and GIS based land use/ land cover map
were prepared. The stream morphometry map was
prepared by on screen digitization using Quantum
GIS software. The morphometric parameters viz.
linear, aerial and relief aspects were also estimated.
GPS based soil, water and sediment samples were
collected at a regular interval across the whole
basin area and were analysed. Table 16 shows the
morphometric parameters of Bhogdoi river basin.

Table 16. Morphometric parameters of Bhogdoi river basin (Linear aspects)

Stream order Number of streams

Total length of stream (km)

Mean stream length (km)

26.73
28.86 28.86

Stream order Stream length ratio Bifurcation ratio Mean bifurcation ratio

- ER—
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Note: Basin area = 144.21 km? Basin perimeter = 52.24 km; Basin length =16.21 km

Various quality parameters of surface water of
Bhogdoi river during pre-monsoon and post-
monsoon period were analyzed. The mean values
of water quality parameters like pH, electrical
conductivity, total dissolved solid, chloride,
carbonate, bicarbonate, calcium, magnesium, total
hardness and residual sodium carbonate were
found to be higher in pre monsoon period than
that of post monsoon season. On contrary, quality
parameters like dissolved oxygen, chemical oxygen
demand, total suspended solid and turbidity were
observed to be more in post-monsoon season.
During pre-monsoon season, arsenic content of
the surface samples (mean value 0.033 mg L) was
slightly higher than that of post-monsoon season
(mean value 0.029 mg L7). The concentration of
fluoride in the surface water samples was slightly
more in pre-monsoon season (mean value 0.740 mg
L") than in post-monsoon season (mean value 0.711
mg LT). Arsenic concentration of the groundwater
samples exhibited a range from 0.016 to 0.134 mg L.
The concentration of fluoride in all the six numbers
of groundwater samples were observed within the
permissible limit (0.775 to 1138 mg L). Water quality
index of Bhogdoi river exhibited a wide range of
variation and an increasing trend from upstream to
downstream both in the pre-monsoon as well as in
the post monsoon season was noticed. During the
pre-monsoon period, the index ranged from 21.87 to
3218 with a mean value of 25.80, whereas it ranged
from 1513 to 26.22 in the post-monsoon season
averaging 21.10.

Various soil parameters were also analyzed in the
Bhogdoi river basin. It was observed that the coarser
materials like total sand content were found more
in upslope and it was less in the downslope. On the
contrary, the finer materials like the silt and clay
content were found highest in the downstream. The
hydraulic conductivity of the soils of the studied basin
varied from 0.85 cm h'to 832 cm h' with a mean
value of 2.66 cm h™. Water retention parameters like
water holding capacity, field capacity, permanent
wilting point and available water content of soils was
found higher in lower elevation area. The pH of the

analyzed soil samples were found strongly acidic to
moderately acidic in nature and ranged from 4.16 to
5.39. The organic matter content of the study area
displayed a range from low to high and varied from
6.21 g kg'to 17.58 g kg with a mean value of 12.43 g
kg™. The analyzed soil samples of the experimental
area revealed a low to medium available nitrogen,
phosphorous and potassium content. The annual
soil loss in the basin varied from 0.30 t ha' year”
(very slight) to 54.23 t ha' year? (very severe) with a
mean value of 18.95 t ha' year™. The soil erosion was
found to follow a decreasing trend from upstream
to downstream.

Based on stream morphometry, land use, slope,
hydrology and soil properties, the rain harvesting
water sites were identified as given in Figure 11.
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Figure 11. Map showing rainwater harvesting
sites in Bhogdoi river basin
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Chapter 3

Irrigation Scheduling using Surface and Pressurized Irrigation Systems

Surface irrigation
3.1. Bathinda

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

A field experiment was conducted to evaluate the
interactive effect of irrigation regimes and wheat
residue management practices on water productivity
of summer moong. The treatments comprised of three
wheat residue management practices (T : Preparatory
tillage after removal of wheat residue, T, Leftover
wheat straw and zero tillage, and T,: Incorporation
of leftover wheat residue in soil and preparatory
tillage) and three irrigation scheduling levels (I, - Two
irrigations i.e. at vegetative growth & flowering stages,
- Threeirrigationsi.e. at vegetative, flowering and pod

filling stages and |, - Four irrigations i.e. at vegetative,
flowering, pod filling & pod formation stages). Results
showed that grain yield of moong was significantly
higher in both residue incorporation and leftover
residue zero tillage treatment as compared to no
residue addition tillage treatment (Table 17). Both the
residue incorporation and leftover residue zero tillage
treatments were statistically at par in terms of grain
yield. Irrigation regimes |, and |, gave significantly
higher moong yield than | under all the three wheat
residue management tillage practices, difference in
yield between |, and I, was non-significant. Among
the irrigation regimes, the water use efficiency (WUE)
was found to be the highest in I,. WUE was higher
in wheat residue incorporated and leftover residue
treatment and least in the treatments where no
residue was retained in soil.

Table 17. Moong yield and water use efficiency (WUE) as influenced by wheat residue management
tillage practices and irrigation levels (pooled mean of four years)

Treatments

I: 2 irrigations

No wheat residue along

with tillage (T)) Iz 4 irrigations

WUE

IWA  TWU  Grainyield (kg ha- B:C
(cm) (cm) (t ha’) mgm") ratio
0.495 1.77

0.784

I: 2 irrigations

0.579

Leftover wheat residue with _--__-

zero tillage (T,) Iz 4 irrigations

0.869

I: 2 irrigations

0.585

Incorporated wheat residue _--__-

along with tillage (T,) Is: 4 irrigations

0.901

I: 2 irrigations
Overall average

Is: 4 irrigations

0.553

0.851

CD (5%) for irrigation level

0.026

Note: IWA, irrigation water applied; TWU, total water used
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Summer moong crop

3.1.2. Response of rice straw mulch and irrigation
water quality on water productivity of Bt cotton
under different levels of irrigation and its residual
effect on succeeding wheat crop

A field experiment was conducted to study the effect

effect on seed cotton yield (Table 18). Among different
irrigation levels, seed cotton yields were at par when
irrigated at IW/CPE 0.5 & 0.7 and were significantly
higher than irrigation at IW/CPE 0.3. The residual effect
of rice straw mulch on grain yield of wheat was found
to be significant (Table 19). Irrigation water quality had

of mulching and irrigation water quality on Bt cotton
and its residual effect on succeeding wheat crop.
The treatments comprised two levels of irrigation
water guality, | -canal water (CW) only, |- poor quality
tubewell water (TW) and two levels of mulching (M;-
without mulch and M,-straw mulch @ 6 t ha') and
replicated thrice. Results showed that the irrigation
water quality and rice straw mulching had significant

non-significant effect on wheat yield. Wheat grain
yields increased significantly upto irrigation regimes
IW/CPE 1.0. Among the irrigation regimes, the highest
WUE (414 kg ha-mm™ and 10.71 kg ha-mm?) was
found at IW/CPE 0.3 level of canal water irrigation in
cotton and at IW/CPE 0.6 level of irrigation with tube
well water in wheat, respectively.

Table 18. Effect of straw mulch and irrigation water quality on yield and water use efficiency (WUE) of
Bt cotton under different levels of irrigation (pooled mean)

Yield
(t ha)

Yield
t ha’)

WUE
(kg ha-mm")

WUE
(kg ha-mm")

Water use
(cm)

Water use
(cm)
Irrigation level

Without muich (M) With straw mulch (M,)

IW/CPE 0.5

Tubewell water (1,)

IW/CPE 0.3

IW/CPE 0.7

Canal water = 3.05; Tubewell water = 2.25; CD (p=0.05) = 0.064

IW/CPE 0.3 = 2.45; IW/CPE 0.5 = 2.72; IW/CPE 0.7 = 2.78; CD (p=0.05) = 0.079
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Table 19. Effect of straw mulch and irrigation water quality on yield and water use efficiency (WUE) of
wheat under different levels of irrigation (pooled mean)

Yield Water use WUE Yield Water use WUE
(t ha?) (cm) (kg ha-mm) (t ha?) (cm) (kg ha-mm)
Irrigation level
Without mulch With mulch

IW/CPE 0.8

Tubewell water

10.71

IW/CPE 0.6

IW/CPE 1.0

Canal water = 3.85; Tubewell water = 3.96; CD 5% = NS

IW/CPE 0.6 = 3.51; IW/CPE 0.8 = 4.02; IW/CPE 1.0 = 4.19; CD 5% = 0.1

Wheat during rabi 2020-21

Pressurized irrigation
3.2. Jammu

3.2.1. Strategizing on-farm research in sprinkler
irrigation for basmati rice-wheat sequence within
canal command areas of Jammu

An on-farm research on sprinkler irrigation system
for basmati rice-wheat cropping system was
conducted for two years (2018-2020). The experiment
was laid out in strip plot design with irrigation
method and irrigation scheduling as two factors
replicated thrice. For rice crop, irrigation methods

B <2 |

Bt cotton during khanf 2021

were sprinkler irrigation from puddling to 15 days
before harvest (S)), sprinkler irrigation after puddling
to 15 days before harvest (S,) and sprinkler irrigation
from panicle initiation to 15 days before harvest (S,).
Whereas, irrigation scheduling treatments include
100% ET,_(1,),150% ET_(1,) and 200% ET_(l,). For wheat
crop, irrigation methods were sprinkler irrigation at
pre-sowing irrigation and CRI stage (S), sprinkler
irrigation at pre-sowing irrigation, CRI stage and
late booting (S,) and sprinkler irrigation at all
physiological stages (S,) with irrigation scheduling
treatments of 100% ET_(l,), 80% ET_(l,) and 60% ET_



(I,). Frequency of sprinkler irrigation was alternate
days in kharif and weekly twice in rabi season.
Recommended irrigation practice was taken as the
control where four surface irrigations each of 6 mm
depth were applied at IW/CPE 1.0.

Pooled data of two years revealed that application
of sprinkler irrigation at panicle initiation to 15 days
before harvest recorded highest rice grain yield of
2.62 t ha’, net return of T 42579 ha' and benefit-
cost ratio of 1.59 among the sprinkler irrigation
treatments and recommended practice (control).
Irrigation scheduled at 200% ET_resulted in highest
yield of 2.71 t ha' and maximum WUE of 2.03 kg
ha-mm, highest net return of ¥ 46259 ha' and
B:C of 1.64 (Table 20). There was irrigation water

All India Coordinated Research Project on
Irrigation Water Management

saving of 31% with sprinkler irrigation applied at
panicle initiation to 15 days before harvest over
recommended practice of irrigation (control).

In wheat, application of sprinkler irrigation at all
physiological stages recorded highest grain yield
of 3.48 t ha’, highest net return of ¥ 45818 ha’
and benefit-cost ratio of 215 among the sprinkler
treatments and the control. On the other hand,
irrigation scheduled at 80% ET_ recorded highest
yield and WUE with maximum economic return
(Table 20). Sprinkler irrigation at pre-sowing, CRI and
late booting stage of wheat saved 36% of irrigation
water as compared to recommended practice of
irrigation at IW/CPE 1.0.

Table 20. Effect of different irrigation methods and irrigation schedules on irrigation amount, grain
yield, water use efficiency and economics of rice and wheat (pooled data)

Irrigation
(mm)

Grain yield

Treatment (t ha”)

WUE
(kg ha-mm-)

Net return

 ha") B-C ratio

Irrigation method

2.45 33 2.29 7.3 34759 41415 1.48 2.0
_----------
CD (p=0.05) - 0.31 0.3
_
2.03 32 1.68 6.6 18719 39368 1.26 19
_----------
124 2.71 310 2.03 6.8 46259 36826 164 1.93
_----------
Recommended
greigggi)on (60 mm 1285 210 2.75 2.95 1.44 5.90 68009 32889 229 1.83

Note: In rice: S, Sprinkler irrigation from puddling to 15 days before harvest; S, Sprinkler irrigation after puddling to 15 days
before harvest; S,, Sprinkler irrigation from panicle initiation to 15 days before harvest; I, 100% ET 1, 150% ET I, 200% ET..
In wheat: S, Sprinkler irrigation at pre-sowing irrigation and CRI stage; S,, Sprinkler irrigation at pre-sowing irrigation,
CRI stage and late booting; S,, Sprinkler irrigation at all physiological stages; I, 100% ET1,, 80% ET I,,60% ET_ NS, non-
significant

3.3. Hisar

3.3.1. Effect of high frequency irrigation systems
on water productivity and yield of wheat

A study was conducted to evaluate performance
of wheat variety WH 1105 under various systems of
irrigation viz., mini-sprinkler, furrow irrigated raised
bed system (FIRBS), drip on FIRBS, and flooding.

Results showed that wheat grain yield of 5.56 t ha' and
irrigation water productivity of 3.05 kg m= was highest
under drip on FIRBS followed by use of mini-sprinklers
(557 t ha', 3.03 kg m) and least (4.84 t ha', 257 kg m)
under flood irrigation (Table 21). It was concluded that
drip on FIRBS was best for wheat in terms of grain yield
and water productivity.
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Table 21. Performance of wheat under different systems of irrigation

Irrigation
method

Irrigation

(mm) (t ha?)

Grain yield

Total water
productivity (kg m3)

Irrigation water
productivity (kg m3)

Drip on FIRBS

Flooding 18.8 4.84

2.57

Note: Rainfall, 2.32 mm; IWP, irrigation water productivity; TWP, total water productivity

3.4. Pusa

3.4.1. Effect of irrigation management and method
of establishment on performance of rice

A field experiment was conducted to assess the
performance of irrigation management and crop
establishment methods on performance of rice and
economics. Treatments consisted of three levels
of irrigation management and four levels of crop
establishment methods. Irrigation management
included |- Continuous submergence throughout
crop growth, |- Saturation maintenance upto
panicle initiation (Pl) and ponding (5+2 cm) after
Pl, and I,- Alternate wetting and drying i.e. 5 cm
irrigation at 3 days after disappearance of ponded
water (DADPW) upto Pl and ponding (5+2 cm)
after Pl. Four levels of crop establishment methods
included E- Normal transplanting, E,- Direct wet

seeding on puddled soil, E,- Direct dry seeding, and
E,- Broadcasting on unpuddled soil. Results revealed
that maximum yield (3.91 t ha') and highest net
return (X 44219 ha') was obtained with continuous
submergence among the irrigation management
treatments (Table 22). But the yield with continuous
submergence was at par with yields obtained under
two other irrigation management treatments.
Among the crop establishment methods,
transplanting recorded significantly highest yield
(4.26 t ha'), water use efficiency (50.29 kg ha mm)
and maximum net return (Z 50597 ha') compared
to direct wet seeding on puddled soil, direct dry
seeding, and broadcasting on unpuddled soil.
Maximum water use efficiency (45.66 kg ha mm-)
was recorded with alternate wetting and drying (5
cm irrigation at 3 DADPW) upto Pl and ponding (5+2
m) after Pl under irrigation management.

Table 22. Performance of rice crop under different irrigation management and crop establishment

methods (Pooled data of five years)

Treatment

Grain yield
(t ha")

WUE
(kg ha mm)

B:C
ratio

Net return
(X ha')

I,: Continuous submergence throughout
crop growth period

36.86 44219

I, Alternate wetting and drying (5 cm
|rr|gat|on at 3 DADPW) upto Pl and 3.53
ponding (5+2 cm) after PI

Crop establishment method

45.66 41106 1.03

E_:Direct wet seeding on puddled soil 35.55 39650

E,: Broadcasting on unpuddled sail 38.16 35305

Note: DADPW, days after disappearance of water; WUE, water use efficiency; B:C, benefit-cost ratio
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Chapter 4

Fertigation

4.1. Chalakudy

4.11. Water and nutrient scheduling for drip
fertigated Rasthali (AAB) / Poovan (local) banana

Rasthali banana, commonly called as “Poovan”
in Kerala is gaining importance because of its
sweetness, aroma, and increased use in rituals and
public gatherings. An experiment was conducted to
standardize drip irrigation and nutrient scheduling
in Rasthali banana. The experimental design was
factorial randomized block design replicated thrice.
Treatments comprise of level of irrigation namely,
drip irrigation at 50, 75 and 100% pan evaporation
(PE), fertigation schedule namely, 100% phosphorus
(P) as basal along with weekly drip fertigation of
100% nitrogen (N) & potassium (K), 75% P as basal
along with weekly drip fertigation of 75% N & K, 100%
P as basal along with weekly application of 75% N &
K as drip fertigation + 25% N & K as foliar spray. Basin

irrigation once in six days and fertilizer application
at 2 and 4 months after planting (MAP) was taken
as control. Recoommended dose of fertilizer (RDF) for
Rasthali banana is 100:75:125 kg NPK ha™.

Application of drip irrigation at 75% PE along with
application of P as basal, 75% N & K as drip fertigation
and remaining 25% N & K as foliar spray resulted in
best performance of the banana crop in sandy loam
soil. The treatment combination resulted in highest
fruit yield of 27.25 t ha”, irrigation water productivity
of 5.31 kg m3, nutrient use efficiency of 26.51 kg kg,
and benefit-cost ratio of 2.30 among the treatment
combinations and the control (Table 23). The above
treatment combination showed 40.8%, 88.1%,
78.9% and 30.3% higher fruit yield, irrigation water
productivity, nutrient use efficiency and benefit-
cost ratio over the control.

Table 23. Effect of irrigation level and fertigation on yield, water productivity and economics in Poovan

banana (pooled data)

Yield IWP

Treatment (t ha") (kg m3)

TWP
(kg m?)

Gross
return

Cost of

NUE cultivation

B-C

(kg kg”) F h a_,i F h a_,I ratio

|- 50% PE 23.64

287930 591003 2.05

_———————

|,-100% PE 26.55

Fertigation (F)

F.- 75% RDF

_——————

CD (p=0.05) . 0.49 0.30

287930 663793 2.31

279216 662214 2.37

288288 498078 173

_———————

296287 637056 215
26.40 279216 659978 2.36

288288 609273 211
i i 27.73 296287 693315 2.34
Control 19.36 2.82 1.77 14.8 274288 483903 176

Note: F, 100% RDF [phosphorus (P) as basal, nitrogen (N) and potassium (K) through drip fertigation]; F,, 75% RDF [P as basal, N and K
through drip fertigation]; F,, 75% RDF + 25% foliar [100% P as basal, 75% N and K through drip fertigation and 25% N and K through foliar
spray]; IWP, irrigation water productivity; TWP, total water productivity, NUE, nutrient use efficiency, NS, non-significant
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Drip fertigated banana crop

4.2.1. Navsari

4.2.1. Fertigation study in cauliflower grown on
clay soil of South Gujarat

The experiment was initiated during rabi season
2018-19 to develop drip fertigation schedule for
cauliflower variety Snowball 1. Randomized block
design was adopted with eleven treatments and
four replications. Treatments (T, to T,) have been
described in Table 24. Results of the experiment
revealed significantly higher average head weight
recorded in treatments T, to T, than rest of the
treatments. Different fertigation treatments were
found to significantly affect the head vyield of
cauliflower during all the three years of experiment.
Higher head yield was recorded with 100% NPK
through fertigation T, (27.70 t ha), but was found at
par with treatment T, (25.54 t ha”) and significantly
higher over rest of the treatments. Nitrogen uptake
by cauliflower head for treatment T, (102.7 kg ha’)
remained at par with T, (98.3 kg ha”) and significantly

higher over rest of the treatments. In case of P &
K, significant higher uptake was observed with T,
(16.5 t ha') as compared to rest of the treatments.
Nutrient uptake by foliage indicated that T, recorded
significant higher N uptake (46.2 kg ha’) being at
par with T, (451 kg ha') and T, (41.6 kg ha’). Uptake
of Kwas significantly higher in T, and T,compared to
rest of the treatments. However, T, recorded higher
K uptake (104.9 kg ha') but was found at par with
treatments T, (96.8 kg ha’), T, (100.4 kg ha') and T,
(92.3 kg ha”). Three years of pooled results indicated
that higher head yield of 27.7 t ha" was recorded in
T, that also fetched maximum net income %1,59,828
ha' followed by treatment T, with head yield of 25.5
t ha' and net income of 2 1,48,750 ha”'. Growth and
yield attributes of cauliflower clearly indicated that
application of 100% RDF of N, P,O_ and K,O is required
for getting higher yield. The application either 100%
RDF through fertigation or 100% N and K through
fertigation with 100% P applied as basal are equally
beneficial.

Table 24. Performance of cauliflower under drip fertigation

Yield

Treatment (t ha’)

Nutrient uptake (kg ha) Net

income
(X ha')

T,:100% N & K through fertigation
Wlth 100% P applied as basal

150 1092 451 135 1049 148750

T,: 75% NPK through fertigation
W|th 25%NPK applied as basal

12.8 382 10.7 132542

T, 75% N & K through fertigation
W|th 75% P applied as basal

779

125 847 368 1.4 120910
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T, 19% NPK basal and 56% NPK

through fertigation 212 69.4 132 91.3 370 120 923 103553

T,,- Absolute control 0.4 8.2 16.6 543 17552
_-------_
CD at 5% 8.3 9.6 4] 13 8.7

Cauliflower var. Snowball 1 under fertigation

4.3. Sriganganagar sequence. Randomized block design was adopted

4.3.1. Studies on fertigation schedule in bottle with ten treatments replicated thrice. Drip irrigation

gourd (Lagenaria siceraria) under low tunnel in was app]ied .at O.8 ET_in a!l the treatments, whereas
cotton based cropping system flood irrigation was provided for the control. Pre-

o ] : ) sowing irrigation of 100 mm was applied to all the
Traditional rabi crops like wheat, mustard, chickpea  treatments. Three years of experimentation showed
grown in irrigated North Western Plain Zone of  that drip fertigation treatments had significant
Rajasthan are not compatible with drip layout for  ffect on yield of bottle gourd. Maximum fruit yield
cotton under low tunnel condition in cotton based of bottle gourd of 559 t ha' was recorded with the
system. Bottle gourd, an important cucurbitaceous  gppication of 75% N, P & K through fertigation with
vegetable crop in the region may be a suitable no basal application which was statistically at par
option for cotton-vegetable system that will save  \ith application of 100% N, P & K through fertigation
the vegetable crop from chilling injury and also  \jth no basal application, and 25% NPK as basal
save irrigation water. A field experiment was done and remaining NPK through fertigation, which was
from rabi 2018-19 to 2020-21 on bottle gourd variety significantly higher than rest of other treatments in
MHBG-8 under cotton-bottle gourd cropping the study (Table 25).

Table 25. Performance of bottle gourd under cotton based cropping system

Treatment VL] Ll
(t ha) (kg ha-mm)
T-100% N through fertigation with 100% P & K appliedasbasal 380
T,-100% N & K through fertigation with 100% P applied as basal 42.8 12715
T100% N, P & Kthrough fertigation with no basal application 531 15358
T,- 25% NPK of 100% as basal and remaining NPK through fertigation 53.6 159.66
T 75% N through fertigation with 75% P & Kapplied asbasal 400 12161
T.- 75% N & K through fertigation with 75% P applied as basal 43.3 129.24
T 75%N,P&Kthrough fertigation with no basal application 859 18430
Ty~ 25% NPK of 75% as basal and remaining NPK through fertigation 423 126.95
T, 100% NPK through conventional fertilizers & method (Control) 346 10956
T,,~ Absolute control (no fertilizer) 26.9 43.65

Note: T, to T,, Irrigation water applied=322.8 mm, T,,=820.0 mm

L (0]
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Drip fertlgatlon in bottlegourd var. MHBG-8

4.4, Gayeshpur

4.4.1. Gravity drip irrigation and integrated
nutritional management schedules on Yyield,
quality and profitability of Indian jujube

An experiment was conducted from 2018 in gravity
drip irrigation in Indian jujube with following
objectives i) to study the effects of various irrigation
and nutritional management schedules on growth,
yield, yield components and quality of crop, ii) to
determine the consumptive water use and water
use efficiency of crop under different water and
nutritional supply, and iii) to estimate the benefit-
cost ratio of the system. The experimental design
was split plot replicated thrice with drip irrigation

practice as main factorand nutrient managementas
sub factor (Table 26). The growth, yield components
and fruit yield of Indian jujube were significantly
differed by various irrigation regimes and nutrient
management. The growth characteristics, yield
components and fruit yield consistently and
significantly increased with increase in drip
irrigation level. However, highest tree height (4.94
m), tree circumference (0.53 m), number of fruits per
tree (847), fruit weight (14.9 g) and fruit yield (10.43
kg tree”) were obtained with drip irrigation at 0.8 E
(pan evaporation) which were statistically at par with
surface irrigation excepting fruit yield, but superior
over otherdripirrigation levels. Higher level of deficit

Table 26. Effect of different levels of drip irrigation and nutrient management on growth, yield
components and fruit yield of Indian Jujube

Treatment Tree cir:;‘:re\fe No. of Fruit Fruit yi9|d
. o A .\ J .
height (m) rence (m) fruits tree weight (g) (kg tree”)

I, Surface irrigation @ 1.0 IW/CPE
at 5cm depth

. Dripirrigation at 0.6 E;

CD (p=0.05)

F:100% RDF as mineral fertilizers

F.: 50% RDF as mineral fertilizers
+ 50% RDF as vermicompost

Note: E,, pan evaporation; 20 mm depth of irrigation water applied in all plots for establishing uniform irrigation regime in
field; NS, non-significant
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irrigation at 0.4 E; with drip system 10.0
recorded the lowest growth, yield

variables and fruit yield. On the | =~ 90

other hand, maximum tree height §

(4.64 m), tree circumference (0.49 o 80

m), number of fruits per tree (760), %

fruit weight (14.5 g) and fruit yield = 7.0

(9.34 kg tree”) were accomplished E

with 100% RDF as mineral fertilizer = 60

which were on parity with 75% RDF

as mineral fertilizer + 25% RDF as S0 0 50
vermicompost. Application of 50% ’
RDF as mineral fertilizer + 50% RDF

y=-8E-05x2+ 0.0455x + 25173 e
(R*=0.8661)

100 150 200 250 300 350 400 450 500

Irrigation water (mm)

as vermicompost recorded the Figure 12. Relationship between irrigation water applied (y) and
lowest growth, yield constituents fruit yield (x) of Indian jujube (based on 3-year mean data)

and fruit yield. This implies that

incremental substitution of chemical fertilizer
with organic manure progressively decreased the
growth and yield characteristics and thus fruit yield.
The relationship between average fruit yield and
seasonal irrigation water applied for Indian jujube
was computed through a non-linear regression
analysis. Fruit yield (y) taken as the dependent
variable and irrigation water (x) as the independent
variable was plotted to derive a mathematical
functional model (Figure 12). A second-degree
polynomial equation was best fitted between
fruit yield and irrigation water used. The predicted
regression equation is developed as:

y =-8E — 05x? + 0.0455x + 2.5173

The coefficient of determination (R?) was estimated
to be 0. 0.8661 which was statistically highly
significant. In this modular approach, all drip and
surface irrigation treatments were considered
for projecting the fruit yield. The linear portion
of the graph designating the yield increase was
proportional to the incremental irrigation, while
the quadratic effect displays the marked decrease
in yield with further increase in irrigation level. This
indicates that beyond a certain limit of applied
irrigation water, the yield did not increase; rather a
sharp dropping in yield was noticed with a further
increase in watering. The predicted highest fruit
yield (9.05 kg tree”) was obtained at the inflection
point of the quadratic regression curve with 280
mm irrigation water. The soil moisture content
down the soil layers did follow the non-consistency
or, asymmetrical pattern of distribution under
different irrigation treatments across the plant
growth stages. The soil moisture content values
increased variably up to 15-30 cm layer in sprout
lead development and fruit maturity stages, and
30-45 cm layer in fruit development stage of plant

Soil moisture (%)
20 25 30 35
10 o
g§ 20 NN NN
= 30 o & o
2 40 ~ /
@ [ Z "
: 50 / ‘
&S 60 ° . °
70
-1 e 12 o913 e 14
Soil moisture (%)
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g o PR
: >0 )/ ; . \
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Figure 13. Soil moisture contents across the soil

profile under different irrigation regimes in (a)

sprout lead development, (b) fruit development
and (c) fruit maturity stages of Indian jujube

| 20 S



7 Vi
cEu%  ICAR-Indian Institute of Water Management

AM ANNUAL REPORT - 2021

with all drip irrigation levels, thereafter decreased
with increase in soil depth (Figure 13). In case of
surface irrigation, the soil moisture contents increased
up to 15-30 cm layer in sprout lead development,
then decreased inconsistently; while the values
gradually increased with increasing soil depth in fruit
development and fruit maturity stages. Notably, soil
moisture content decreased progressively with the
advancement of crop growth period in all the soil
layers at all irrigation regimes. Among drip irrigation
levels, highest soil moisture content was found in
drip irrigation at 0.8 E, followed by 0.6 E; and 0.4 E,
respectively. Surface irrigation maintained higher soil
moisture contents along the soil profile layers at all
growth stages as compared with drip irrigation levels.

4.5. Bathinda

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

Afield experiment was conducted on sandy soil from
2016 to 2021. Split plot design was used with different
fertigation level (main factor) and irrigation water
quality (sub factor) for cotton in kharif and summer
squash in rabi season. Fertigation levels were 60%,
80% and 100% recommended dose of nitrogen
(RDN). Irrigation water quality treatment comprised
of Canal water (CW), Irrigation with canal water till
germination & subsequent irrigations with poor
quality tubewell water (CW,-TW), and Alternate use
of CW & TW (CW/TW). Tubewell water (TW) was saline
sodic having residual sodium carbonate (RSC) of 1.36

meqg L' and electrical conductivity (EC) of 4.2 dS m™.

Summer squash: Irrigation water quality and
fertigation levels had significant effect on growth
and yield parameters of summer squash. Maximum
yield (9.39 t ha') and water use efficiency (34.2 kg
ha-mm™) was obtained with use of CW alone and
100% RDN. This was at par with yield (8.74 t ha) and
WUE (32.3 kg ha-mm™) with application of CW alone
and 80% RDN (Table 27).

Bt cotton: Seed cotton yields were at par when 80%
and 100% of RDN was applied and were significantly
higher than application of 60% RDN. Drip irrigation
with CW alone and fertigation with 100% RDN
resulted in highest yield (3.88 t ha'), water use
efficiency (5.40 kg ha-mm), and benefit-cost ratio
(3.27). The above results were statistically similar
to drip irrigation with CW alone and fertigation
at 80% RDN with yield of 3.71 t ha”, WUE of 515 kg
ha-mm™and B:C ratio of 3.14 (Table 28). Use of CW
along with 80% RDN and 100% RDN resulted in 15.6
to 20.9% higher seed cotton yield, 42.3-49.2% higher
water use efficiency, and 3.0-7.2% higher benefit-
cost ratio over check basin method of irrigation
and application of 100% RDN using conventional
method (Table 28).

Physico-chemical characteristics of soil after crop
harvest (Table 29) showed that drip irrigation with
CW alone and fertigation with 80% RDN showed
least EC (0.28 dS m). There was maximum available
nitrogen, phosphorus and potassium of 150.5 kg ha”,
221 kg ha'and175.4 kg ha”, respectively. Soil organic
carbon was 2.8 g kg™.

Table 27. Pooled performance of summer squash under different fertigation level and irrigation water quality treatments

Treatment combination

60% of RDN
CW/TW

Yield
(t ha?)

Total water
applied (mm)

WUE
(kg ha-mm?)

CW 7.39 272 27.6

80% of RDN
CW/TW

CW 8.74 276 323
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CW €. 276 34.2

CW/TW

CW 8.51 272 276

CW/TW

Water quality (CD at 5%) 0.53

100% of RDN

Note: CW, canal water; CW,_ - TW, irrigation with canal water till germination and subsequent irrigation with poor quality
tubewell water; CW/TW, alternate application of canal water and tubewell water; IWQ-irrigation water quality; RDN-
recommmended dose of nitrogen; WUE-water use efficiency

Table 28. Performance of Bt cotton under different fertigation level and irrigation water quality treatments

Treatment combination Irrigation Seed cotton WUE B-C ratio
el e S e SRR by
337 4.62
60% of RDN _————
CW/TW
CW_-TW

100% of RON _————

CW/TW

100% of RDN SW (CB) 2.42

60% of RDN

100% of RDN

Irrigation water quality
CW_-TW

CD (p=0.05) 016

Note: CW, canal water; CWg—TW, irrigation with canal water till germination and subsequent irrigation with poor quality
tubewell water; CW/TW, alternate application of canal water and tubewell water; IWQ-irrigation water quality; RDN-
recommended dose of nitrogen; CB-check basin method of irrigation; WUE-water use efficiency; B:C-benefit-cost
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Table 29. Physico-chemical characteristics of soil after crop harvest (0-15 cm)

Treatment oH._ EC,, oc. Av.N Av. P Av. K BD
; (dS m7) (9kg’) (kgha’) (kgha’) (kgha’) (Mgm?)

_-------
0.377 100.4 190.8

_-------
0.276 150.5 175.4

_-------
- CW/TW 0.344 1254 185.7

_-------
0.402 129 1901

Note: EC, electrical conductivity; OC, organic content; Av. N, available nitrogen; Av. P, available phosphorus; Av. K, available
potassium; BD, bulk density

Drip fertigation in summer squash Drip fertigation in Bt cotton
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Chapter 5

Basic Studies on Soil-Plant-Water-Environment Relationship

5.1. Ayodhya

5.1.1. Effect of moisture regimes and weed
management practices on availability of nutrients
in drum seeded rice

An experiment was investigated to find out an
appropriate irrigation schedule and suitable weed
management practice for drum seeded rice. The
treatments comprised of three levels of moisture
regimes [l; 6 cm at 1 days after disappearance
of ponded water (DADPW, |: 6 cm at 4 DADPW
and, I,;: 6 cm at 7 DADPW] and four levels of weed
management practices W, Control, W,: Organic
mulch (ricestraw @5tha), W,:Weedicide (Bispyribac
Sodium 10% SC 20 mL ha' post emergence) and,
W, Two hand weedings (at 20-25 and 40-45 DAS)
with three replications. Moisture regimes were
considered in main plot and weed management
practices were taken as sub plot treatments. The
results (Table 30) indicated that the moisture
regime of 6 cm water at 1 DADPW (l,) recorded the
significant higher yield of rice at 4.64 t ha' with
water expense efficiency (WEE) of 510 kg ha-mm’

as compared to moisture regime of 6 cm water at 7
DADPW (l,. This was at par with moisture regime of
6 cm water at 4 DADPW (1) in which the rice yield
was 4.41t ha' with WEE 5.64 kg ha-mm. The weed
management practices also had significant effect
onriceyield and the mechanical weed management
practice. Two hand weeding at 20-25 DAS and 40-
45 DAS (W,) harvested the significant higher yield
of rice 5.01 t ha' with WEE of 6.43 kg ha-mm™' over
other weed management practices but it was at par
with chemical weeding (W,) in which the rice yield
was obtained as 4.84 t ha'with WEE of 6.21 kg ha-
mm. The economic analysis showed that treatment
combination (moisture regime of 6 cm at 1 DADPW
and application of weedicide Bispyribac Sodium
10% SC 20 mL ha' as post emergence) accrued the
maximum net return of T 60,691.00 ha' with B-C
ratio of 2.64 followed by the treatment combination
of LW, (moisture regime of 6 cm at 4 DADPW and
application of weedicide Bispyribac sodium 10% SC
20 mL ha' as post emergence) resulted in highest
benefit cost ratio of 2.65 which, accrued the net
return of¥57770.00 ha'with B-Cratioof 2.65 (Table 31).

Table 30. Yield and water expense efficiency (WEE) under different moisture regimes and weed

management practices in drum seeded rice

Treatment

Rice yield (t ha') WEE (kg ha-mm)

l:6cmat1 DADPW

I, 6 cm at 7 DADPW

Weed management practice

W,: Organic mulch (Rice straw @ 5 t/ha)

W.: Two hand weeding (at 20-25 and 40-45 DAS)
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Table 31. Economics of rice production under different moisture regimes and weed management
practices in drum seeded rice

Treatment Average rice yield Cost of cultivation Net income B-C ratio

combination (t ha) (R ha’) (X ha?)

__—__
36200 44152

__—__
43600 57595

__—__
34200 41280

—————
41600 54538

__—__
32200 35448

__—__
1,W, 4.46 39600 4293]

Note: The sale price of rice 1850 per quintal

portion of filter contains charcoals of thickness 5
cm followed by clay balls of 8 to 10 mm size and
thickness 10 cm. A free space of 5 cm is provided
at the top layer of the charcoal for ponding waste
water. The next layer of filter media is fine sand
of size 0.25 to 0.125 mm and thickness 10 cm. It is
followed by fine gravel layer of size 2 to 4 mm and
coarse gravel layer of size 4 to 8 mm. The thickness
of both the gravel layers are 10 cm. A nylon mesh
sheet is provided at the bottom of each layer for
easiness in separating each layer of filter media
for cleaning the filter after the continuous use for
a period of two months. At the bottom of tank,
an inverted plastic net basket is kept for free flow

Drum seeded rice crop

8 . S
5.2. Chalakudy = fee space
5.21. Development of a suitable g Charcoal
filtering techniques for reusing +e “ e "’ + * ‘oo " Clay balls 8-10 )
household waste water for irrigation . ) ) ) 4
A sand filter is designed and Fine sand (0.125-0.25 mm)

developed for the treatment of
laundry wastewater. A fiber tank of
60 litre capacity and dimensions of
0.6 m height and 0.3 m diameter
filled with different materials such

as charcoal, clay balls, fine sand and Pitvideaiis .::::::::;:”” ""
two layers of gravel are being used
as filter. The proportions of different .
filtering media used is schematically i 30em —
shown in Figure 14. The top most Figure 14. Cross sectional view of laundry waste water sand filter

|——  Fine gravel (2-4 mm)

|—— Coarse gravel (4-8 mm)

——  Inverted slotted plastic basket
y
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of water from the upper layers. A tap is provided
at the bottom of the fiber tank for collecting the
filtered water. The cost of the filter is ¥ 650.

Field experiment for evaluating the treated water
for growing vegetable crops is conducted during
the year 2021. The treatments consist of irrigating
crop using laundry waste water (LWW), T, treated
laundry waste water (TLWW), T,, normal irrigation
water (T,) and mixed water (T,). The mixed water
consists of laundry waste water and normal
irrigationwater mixedinaratioofl:1.Thetreatments
are replicated 3 times and design of experiment
is CRD. The test crop okra is grown in grow bag

All India Coordinated Research Project on
Irrigation Water Management

to the grow bags after 2 weeks. The grow bags are
kept in rain shelter in the entire cropping period.
The treatments are imposed after giving one
irrigation with normal irrigation water. The quality
parameters of different irrigation waters used is
shown in Table 32. Analytical results showed that
pH of water used for irrigation ranges from 6.08-
8.90. The pH of laundry waste water (T)) is higher
than the permissible limit. The EC values of water
in all treatments ranges from 0.26-1.27 indicating
that the values are within the permissible limit.
Significant differences in values of SAR and RSC
are observed for all treatments. SAR and RSC
values of laundry waste water (T,) and mixed water

of size 40x38x24 cm filled with potting mixture of
soil, compost and coir pith in a ratio of 1:1:1/2. The

(T,) are higher than the permissible limit. Presence
of heavy metals in all treatments is found to be

crop seedlingis raised in nursery and transplanted negligible and within the permissible limit.
Table 32. Characteristics of different type of irrigation water used for irrigating crop
S. T, - Laundry T, - Treated T, - Normal T, - Mixed cD Safe limit
Parameter laundry |rr|gat|on value for
waste water water (1:1) (5%)
waste water water irrigation

C (dSm) 1.272 0.87° 0.26¢ 0.68° 0.243  1.50*
l_-_----
HCO, (meg L") 4.20° 2.43P 0.75¢ 1.85° 0.616 -
1 e A e S ) S
6 K (meqgl)) 9.90° 6.67° 5.53° 7.33° 2165 -
7 cimeal) ssr msy 3 200 3w
8 Mg* (meqgl!)  1.30° 4.60° 0.99° 1.85° 2.638 -

10 SAR (meqg L") 27932 5.30¢ 1.58¢ 11.83P 10.00*

12 Ni(meg L") BDL? 0.00088 0.00153 0.20**

14 Cr (meq L") 0.003 0.001 0.001 0.001 0.10**

Note: *Bureau of Indian standards (1986); **FAO (1985); BDL, below detectable level
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Result of laboratory analysis of N, P, K and presence
of heavy metals in edible plant part of the crop is
depicted in Table 33. Significant difference in N
and K content is found out with the highest value
for laundry water irrigated crop followed by mixed
water, treated laundry water and normal irrigation
water irrigated crop respectively. No significant
difference in P content is recorded in all treatments.

7 B,
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Results of concentration of heavy metals in plant
show that only Cr is present in plant sample.
Concentration of Cr in treated waste water irrigated
crop is 3.4 mg kg' which is negligible compared to
the safe limit value of 20 mg kg™. From the results,
it is concluded that presence of nutrients and heavy
metals content in plant irrigated with treated waste
water is in safe limit.

Table 33. Effect of different types of irrigation water on chemical composition of plant

T.-Laundry LepllColl T.-Normal T,-Mixed CD Safe limit
Parameter U laundry waste . . 3 . 4
waste water water irrigation water  water (1:1) (5%) plant

P (%) 0.526 0.475 0.384 0.525

Ni (mg kg) 1.50*

Cr (mg kg”) 4.60° 3.40° 0.80¢ 2.30¢ 20.00*

Note: *Indian Standards (Awasthi 2000), BDL* Below detectable level

Okra crop grown with treated laundry wastewater irrigation




5.3. Chiplima

5.3.1. Optimization of height of raised beds in
raised - sunken bed system in lowlands of Hirakud
command area (rabi season)

Raised-sunken bed system has been useful for crop
diversification in lowlands. Previous experiments
have shown that it is feasible in growing vegetables
during rabi season through land modification which
entails growing both paddy and non-paddy crops
round the year with surface irrigation. It is required
to standardize width and elevation difference
in sunken-raised beds in relation to soil physical
properties, crop characteristics (cultivated on the
raised bed) and water availability. Accordingly, the
experiment is being conducted with the objectives;
i) to determine the optimum elevation difference
of raised and sunken beds; and, ii) to determine
the optimum crop combination in the raised bed
based on economics and water requirement. In
this system, twelve treatments with three irrigation

All India Coordinated Research Project on
Irrigation Water Management

schedules (Elevation difference: H-30 cm, H,- 45cm
and H,- 60 cm and four cropping systems (C;: Rice +
Okra, C,: Rice + Maize, C,: Rice + Tomato and C,: Rice
+ Cowpea were evaluated from rabi seasons 2018-
2020 in a split plot design.

Results revealed that highest rice equivalent yield of
6.69 t ha' was obtained with elevation difference of
60 cm (H,) which was at par with 45cm (H,) with yield
of 6.57 t ha' and significantly higher than 30 cm (H,)
in raised-sunken bed system (Table 34). Higher rice
equivalent yield of 7.02 t ha' was obtained with Rice
+ Tomato (C,) crop combination which was at par
with Rice + Okra (C)) crop combination (6.68 t ha)
and was significantly more as compared to other
crop combinations. Both net return (R 67744.21 ha’)
and B-C ratio (2.36) were higher under elevation
difference of 60 cm (H,). With respect to crop
combination, Rice + Tomato intercropping system
gave highest net return of ¥ 72870 ha' and B-C
ratio of 2.46, respectively.

Table 34. Effect of elevation difference and crop combination on yield and economic return (pooled

mean of three years)

Treatment

Rice equivalent yield (t ha’)

Net return (X ha’) B-C ratio

H:30cm

56973

H,: 60 cm

67744

Sub-plot (Crop combination)

C,: Rice + Maize

50444

C,: Rice + Cowpea

62620

Raised and sunken bed farming system at Chiplima
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5.4. Rahuri

5.4.1. Estimation of water requirement and
development of crop coefficients of fodder maize
through lysimetric technique

A study was undertaken to develop crop coefficients
of fodder maize and sunflower crops for Rahuri
region. Locally available crop evapotranspiration
data derived from lysimetric experiments and
corresponding estimates of reference crop
evapotranspiration were used to develop crop
coefficient equations. The experiment was carried
out in field of size 78 m x 45 m. Two lysimeters
were used with dimension of 13 m x 1.3 m x 0.9 m
per lysimeter. Moisture depletion from lysimeter
was monitored daily and irrigation water applied
after considering moisture depletion at 100 mm
cumulative pan evaporation (CPE). Penman
Monteith method was used to estimate reference
crop evapotranspiration (ET). Crop coefficient (K)
wasestimated asthe ratio of crop evapotranspiration
(ET) to ET, based on the following equation:

ETc

ETr

Weekly values of crop coefficients were computed
for both the crops as the ratio of weekly ET_and ET..
Crop evapotranspiration values of two lysimeters
were averaged to compute the crop coefficient
values.

c =

Fodder maize

Polynomial equations of different orders with K_ as
a function of the ratio of days since sowing/planting
to total crop growth period were fitted for the year
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2020-21 for fodder maize to estimate K_ of fodder
maize and sunflower. Polynomial equations used
for developing the functions for crop coefficients
are shown below.

Polynomial K_equations

Y A Y
K, =a0[—j +a1(—j +a2(—J
T T T
AN A Y AN
S o o
T T T T
0 1 2 3 4
t t t t t
€,=a[z) valz] +afz] +a(7) +a(7)
0 1 2 3 4 5
t t t t t t
K =a|—| +a|=|+a)| = | +a;| = | +a,| = | +a5| =
(5) <ol +ol5) ol ) +ol7) +o{5)

where, Kc, is crop coefficient of t* day, a,, a, a, ay
a, and a, are constants of equations, t is the day
considered and T is the total period of crop growth
from sowing to harvesting in days.

Results revealed that the fodder maize yield from
field and lysimeter was 50.68 and 5840 t ha’,
respectively (Table 35). Data of evapotranspiration
(ET) and evaporation (EP) of the crop derived from
daily monitoring of moisture depletion were 155.45
and 359.60 mm, respectively. Irrigation water was
applied after moisture depletion at 100 mm CPE.
Average ET/ EP was 0.43 (Table 36). Maximum ET/EP
was 0.47 mm at tasseling stage, whereas lowest ET/
EP was 0.39 at silking stage of the crop.

Table 35. Yield and WUE of fodder maize and other climatological parameters of fodder maize (2020-21).

S.No. Particulars

Values

2. Season Kharif

4. Total ET 155.45 mm

6. Average ET 194 mm

ET/EP ratio

Yield (t ha’) 58.40 50.68

. No. of irrigations applied

13. Total rainfall received during the crop growth period 559.8 mm
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Table 36. Ratio of ET and EP at various growth stage of fodder maize (2020-21)

S. Physiological growth Duration Average Average ET/EP
stage days (No.) e ratio
Tasseling 41.22 86.30

Total 80

Among the polynomial equations, fourth polynomial
equation was found suitable for estimation of K
of fodder maize during the year 2020-21. The K

t 4 t 4 t 3 t 3 t 2 2 2 t 4 t 4
Kct=13.741(—) (—) —31.844(—) (—) +21.399(—) (—) -3.2678 (—) (—) + 0.4966;
T T T T T T T T

155.45

359.60 1.94

equation and curve from the polynomial equations
are presented in Figure 15.

R?=0.9879

1.20 -

1.00 -

0.80 -

Crop coefficient, Kc
=
3

0 10 20 30

40 50 60 70 0
Days after sowing

Figure 15. K_curve for fodder maize for the year 2020-21

Sunflower

Field experiment to determine crop coefficient of
sunflower crop was conducted during year 2018-
19 and 2019-20. Lysimetric study for sunflower crop
was conducted during year 2018-19 and 2019-20.
Results revealed that the sunflower yield from field
and lysimeter were 1.65 and 191 t ha’, respectively.
Moisture depletion was monitored daily and data
in respect of ET and EP of crop were 166.4 and 431.2
mm, respectively. Irrigation water was applied after
considering moisture depletion at 100 mm CPE. The

Year: 2018-19

average ET/EP was 0.38. Maximum ET/EP ratio was
0.60 mm at flowering stage, whereas lowest ratio
was 0.17 at seedling stage of sunflower crop. Crop
coefficient curves were developed for ET_ estimated
by Penman-Monteith method. 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 years 2018-2019 and
2019-2020 to estimate crop coefficient of sunflower.
The fourth and third order polynomial equations were
found suitable for estimation of K_as given below:

4 3 2
t t t

Kct=5.780 — | 1716 — | +12.27| — | -0.866 L + 0.334; R?=0.956
T T T T

Year: 2019-20

3 2
t t
Kc, =-6574| — | +61126| — | +0.6579 o, 3671
T T T

R?=0.8194
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These K_ curves derived from the fourth and third
order polynomial equations are presented in Figure

ICAR-Indian Institute of Water Management

16 and Figure 17 for the years 2018-19 and 2019-20,
respectively.

Ke

0 w20 30 4 S0 60 70 80 920 100

Days after sowing

1.40

Crop Coefficient, Kc
= = = - =
- o -] = [}
=] =] =] =] =]

=
=]
=

=
=
=

T 1
10 20 30 40 50 60 70 80 20 100
Days after sowing/planting

=

Figure 16. K_ curve for sunflower (2018-19)

5.5. Bathinda

5.5.1.Climate change adaptation of wheat in south-
western region of Punjab through management
practices

A study was investigated to simulate DSSAT for
south-western Punjab, to study the impact of
climate change on water requirement and crop
yield of wheat and to formulate adaption strategies
in wheat under different climate change scenarios.
The grain yield of wheat was significantly higher
in timely sown crop (15" November) followed by
late (30" November) and lowest in very late (15t
December) sown wheat. But crop sown on 15t
and 30" November did not differ statistically. The
guantum of decrease noticed in D,and D, than D,
was 2.75% and 9.63%, respectively. Among irrigation
regimes, significant increase in all yield attributes
and grain yield was noticed in IW:CPE 1.0 (l,) and
lowest in IW:CPE 0.6 (I). Highest water use efficiency
was found in 15™ December sown crop. The lowest
water use efficiency was noticed in 15t November
sown crop. Highest water use efficiency (14.76 kg
ha-mm™) was noticed under |, followed by |, (12.83
kg ha-mm?) and minimum in I, (11.66 kg ha-mm")
treatment. The highest WUE was computed under
N, treatment. While values of N, (13.63 kg ha-mm)
treatment were very in close proximity to N, (13.39
kg ha-mm). Lowest WUE was worked out under N,
(12.25 kg ha-mm) treatment.

Simulated phenology as well as yield also showed
similar trend in which higher value of simulated
yield was found with the crop sown on November
15. Model also simulated higher grain yield under
l, irrigation treatment and N, nitrogen treatment.
Model showed underestimation among the
phenology and yield attributes except harvest index,

B o |

Figure 17. K_ curve for sunflower (2019-20)

in which minimum deviation in simulated value over
observed was noted for physiological maturity and
grain yield. Among the sowing time, irrigation and
nitrogen treatments, having higher value of R?, and
lower value of RMSE indicated better performance
of model. Results revealed that the applied CERES-
Wheat model produced better estimates for grain
yield, emergence, and physiological maturity than
other attributes.

5.6. Pusa

5.6.1. Effect of moisture regimes and rice based
cropping system on system productivity and soil
health

A field experiment was conducted to study the
effect of moisture regimes and cropping system on
system productivity, soil health, water productivity
and profitability of rice based cropping system
from year 2018 to 2021. The treatments consisted of
five cropping sequences (C.: Rice-Wheat-fallow, C.;:
Rice-Wheat-Greengram, C.. Rice-Maize-Dhaincha,
C,. Rice-Maize+Potato-Dhaincha, and C. Rice-
Maize+Pea-Dhaincha) and three moisture regimes
(I IW/CPE 0.6, I IW/CPE 0.8, and I IW/CPE 1.0).
Residue of previous crop was incorporated for the
subsequent crop. Rice was sown by direct seeding,
wheat by zero tillage, maize in raised bed, dhaincha
was used as green manuring crop.

Experimental results showed significantly higher
rice equivalent yield of 2758 t ha' under Rice-
Maize+Potato-Dhaincha over the other cropping
systems (Table 37). Among the moisture regimes,
application of surface irrigation at IW/CPE 10
recorded highest rice equivalent yield of 17.22
t ha'. Thus, irrigation at IW/CPE 1.0 and Rice-
Maize+Potato-Dhaincha system showcased highest



production efficiencies of 53.81 and 84.05 kg ha' day”,
respectively. Rice-Maize+Potato-Dhaincha system
also resulted in maximum water use efficiency,
water productivity and net profit of 202.46 kg ha-
cm’, ® 23.05 ha-cm™ and % 319734 ha’, respectively

All India Coordinated Research Project on
Irrigation Water Management

cropping systems. On the other hand, irrigation
at IW/CPE 1.0 also resulted in highest water use
efficiency, water productivity and net profit of 126.18
kg ha cm™, R 1412 ha' and % 196457 ha' over other
moisture regimes.

among the cropping systems (Table 37). However,
Rice-Maize+Pea-Dhaincha system recorded
improved soil health in terms of significantly higher
organic carbon (0.5%) and available zinc (0.85 ppm)
after crop harvest (Table 38), including significantly
higher benefit-cost ratio of 223 over the other

Thus, recommendation was given for farmers that
they may choose Rice-Maize+Potato-Dhaincha
system and irrigation at IW/CPE 1.0 in order to get
maximum system productivity and Rice-Maize+Pea-
Dhaincha system as a viable alternative for improving
soil health and getting higher benefit-cost ratio.

Table 37. Performance of rice based cropping systems (Pooled data of three years)

Rice equiv- Production Land use Water use Water pro- Net B:C
alent yield efficiency efficien- efficiency ductivity return ra;io
(t ha) (kg ha'day') cy (%) (kg ha-cm?) (X ha-cm?) (X ha’)

C,: Rice-Wheat-Fallow 30.38 70.14 70.69 64551 0.86

C,: Rice-Maize-Dhaincha 14.42 4392 89.86 107.62 11.86 163217 172

C.: Rice-Maize+Pea-Dhain-

Treatment

19.51 59.43

cha

Moisture Regime

89.86 143.45 17.48 240717 223

L: IW/CPE 0.8 16.28 50.85 86.19 12315 13.35 180621 163
D(p=0.05) 0.52 1.66 3.8 0.6 9481 0.10

Note: Depth of irrigation water applied per irrigation =6 cm
Table 38. Pre and post values of soil health under different treatments

EC Organic Bulk density  Available Zn
(dS m?) Carbon (%) (g cm?) (ppm)

C,: Rice-Wheat-Fallow 8.337 0.393 0.392 1.420 0.796

| &1
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C,: Rice-Maize-Dhaincha 8.305 0.366 0.478 1.370 0.817
C.: Rice-Maize+Pea-Dhaincha 8.282 0.366 0.498 =59 0.845

Moisture Regime

L,: IW/CPE 0.8 8.322 0.378 0.460 1.390 0.816

CD (p=0.05) NS NS NS NS NS

Note: NS, non-significant

Rice based cropping system
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Chapter 6

Conjunctive Use and Multiple Use of Water

6.1. Bathinda

6.1.1. Evaluating water productivity of fodder
based cropping sequences for different irrigation
water qualities

Field trial was conducted from 2015-16 to 2019-20 to
study the effect of water quality on fodder yield and
water productivity in fodder-fodder crop sequence
and 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 tubewell water (TW) alone,
CW-TW (alternately), ICW-2TW, 2TW-1CW and CW-
subsequent irrigation with TW. Tubewell water has
residual sodium carbonate (RSC) of 1.36 meqg L'and
electrical conductivity (EC) of 3.8-4.2 dS m™.

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
use efficiency (WUE) are given in Table 39. GFY was
statistically higher with the use of CW (1125 t ha’),
which was at par with CW-TW (85.4 t ha). In contrary
to these, WUE was highest (219.2 kg ha-mm™) with
the use of CW alone, followed by alternate use of
CW-TW (2099 kg ha-mmT) and lowest (159.3 kg
ha-mm) where all irrigations were given with TW
alone. Irrigations with CW-TW showed 21.1% higher
GFY over irrigation with TW alone. DFY behaved
similarly to GFY. There was 22.5% reduction in DFY
where all the irrigations were given with poor quality
TW against CW-TW. WUE and benefit-cost ratio
(B:C) was 21.2% and 18.4% higher with use of CW over

TW. With CW-TW, WUE and B:C ratio was 18.4% and
18.8%, respectively over sole application of tubewell
water. Quality analysis of berseem fodder revealed
that highest percentages of crude protein (18.4%)
was found in CW followed by CW-TW treatment.

Ryegrass (var. Punjab Ryegrass 1) grown with
varying qualities of irrigation water showed that
GFY was statistically higher with CW alone (104.3 t
ha”), but at par with alternate use of CW-TW (100.1 t
ha') and TCW-2TW (98.1 t ha) (Table 39). Irrigations
with TW alone showed 18.9% and 23.8% reduction
in GFY than CW and CW-TW, respectively. DFY also
got reduced by 20.6% and 16.7% with CW irrigation
and CW-TW, respectively. WUE was highest under
CW irrigation (190.3 kg ha-mm") followed by CW-TW
(185.9 kg ha-mm) and minimum (157.0 kg ha-mm)
under TW alone. WUE and B:C was 37.6 and 31.2%
higher with CW irrigation over TW irrigation.

Succeeding sorghum crop (var. PSC-4) showed
significant increase in GFY by 25.06% and 29.1% with
CW-TW compared to use of TW alone for sorghum
with preceding berseem and ryegrass, respectively.
DFY was higher with CW irrigation followed by
CW-TW and lowest with TW alone. Maximum WUE
(151.5 kg ha-mm) was recorded under CW irrigation
(Table 40). The effect of preceding crop (berseem
and ryegrass) and various qualities of water on GFY of
sorghum is also given in graphical form in Figure 18.

It is to be noted that pH and electrical conductivity
(EC), sodium adsorption ratio (SAR) values of soil
increased with use of saline sodic TW irrigation.
Organic carbon content of soil decreased under TW
irrigation.

Table 39. Effect of water quality on berseem and ryegrass during rabi season (pooled result from 2015-16 to 2019-20)

tment Green (ftog::;\r yield Dry f?tdlfae-‘r) yield - :"l\z{:l-JrlrE\m") B: C ratio

112.5 104.3 0.237 0.217 219.2 190.3
_________
CW-TW 108.2 100.1 0.229 0.210 209.9 185.9
_________
2TW-1CW 0.192 0.188 181.5 165.2
_________
CD (%) 6.24 0.009 0.007

Note : Mean |rr|gat|on water applied for berseem and ryegrass (2015-16 to 2019—20) =36.0 cm, Rainfall=16.09 cm; CW, Canal

water; TW, Tubewell water; ICW-TW(s), One irrigation with canal water and subsequent irrigation with tubewell water
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Table 40. Effect of water quality on sorghum succeeding berseem and ryegrass (pooled result from
2015-16 to 2019-20)

Treatment Green &orc‘lad;r yield Dry f?td:ae_lr) yield - x\;?rfam-‘) B-C ratio
_
121.7 0.341 159.3
_____
CW-TW 15.0 0.320 149.4
_____
2TW-1CW 0.230 126.2

Ryegrass-Sorghum

0.187 3.3

1CW-2TW 107.2 0.298 138.2

1CW-TW (s 0.210 122.4

140.0 ® Socrghum after berseem

B Sorghum after ryegrass
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Figure 18. Green fodder yield of sorghum crop with preceding berseem and ryegrass crops under
conjunctive use of water
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Berseem and ryegrass crops under trial during rabl season

6.2. Chalakudy

6.2.1. Conjunctive water use planning for
enhancing water availability in the command
area of Chalakudy River Diversion Scheme

The Chalakudy River Diversion Scheme (CRDS) is
the largest among the four major diversion schemes
under the water resource department of Kerala.
It diverts the water in Chalakudy river by a weir of
height 3.96 m to both right bank main canal (48.2
km) and left bank main canal (33.2 km). Left bank
canal (LBC) branching off from Thumboormuzhi,
covers its coommand area with 14 branches and their
distributaries. Right bank canal (RBC) also branching
off from Thumboormuzhi distributes water to the
command area through 24 branch canals and their
distributaries. Extraction of cultivable command
area from land use map was done using ArcGIS
software. The area commanded by each branch
canal was extracted using buffer wizard tool. From
the land use of whole command area of CRDS, land
use of each branch was clipped out using buffer area
as a clipping feature. FAO CROPWAT 8.0 model was
used for calculation of crop water requirement of
branch canals. The effective rainfall was estimated

using standard procedure. The calculated net
irrigation requirement for each branch canal of
LBC and RBC are given in Table 41 and Table 42,
respectively. The annual net irrigation requirement
of LBC and RBC estimated is 59.81 Mm?.

The existing ponds in the entire left bank canal and
right bank canal which are influenced by the canal
were located and the capacities of the existing ponds
were worked out. The estimated storage volume of
existing pondsalongthe LBCis 394941 m*and RBCis
366795 m?3. The total storage capacity of the ponds is
7.61 Mm?3. Analysis was also done for identifying new
sites for water harvesting strictures. The thematic
map considered for locating new water harvesting
structures are base maps of CDRS command area,
slope, soil and land use maps. Weighted overlay
analysis with GIS software was used to find suitable
places for water harvesting based on three criteria:
soil type, slope, and land use. Each specified criteria
is given a ranking and weightage scale in order
to discover relevant locations. Twenty eight new
locations for water harvesting structures are located
and shown in the Figure 19.

Table 41. Annual net irrigation requirement of branch canals of Left Bank Canal (LBC)

Sl. No. Branch

Net irrigated crop
area (ha)

Annual net irrigation
requirement (Mm?3)

Boothamkutty 133.25

Thanguchira 259.58

Edakunny 1731

-——_
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Kizhakkummury 155.85
-———
Karukutty Karayamparambu 5339
-———
Mambra 255.25
-——_
Parakadavu 243.32

Table 42. Annual net irrigation requirement of branch canals of Right Bank Canal (RBC)

Net irrigated crop Annual net irrigation
area (ha) requirement (Mm?3)

Kuttikad 247.79

Vellikulamthodu 134.00

Mettipadam SIEL)

Kalikkakunnu 162.5

10 Chalakudy-Pariyaram 31716

Blachira 501.66

Perambra 338.75

Aloor

Thazhekkad 193.73

Parayanthodu 347.72

Kottanallur 33551

Alathur 106.93

B o |
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Legend

4 New ponds
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e RBC_Ponds
e |BC_Ponds
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Rice-Chickpea+Mustard
N (47), Rice-Pea+Mustard

(2:2), Rice-Wheat+Mustard
A (9:) and Rice-

Lentil+Mustard (4:1) were
put under trial. Rice var.
NDR 359, Wheat var.
PBW-154, Mustard var.
NDR 8501, Chickpea var.
Awrodhi, Pea var. Rachna
and Lentil var. IPL 316 were
chosen for the study. Two
ponds owned by Sri Ram
Prakash, Birauli village at
head end and Sri Surendra
Verma, Naktipur village at
middle end of Awanpur
distributory were selected
for the study. Fish
fingerlings were dropped
by both the farmers in the
month of August 2020 in
ponds of size 0.15-0.20 ha
with water depth 1-3 m.
Pond water was also used
for irrigating rabi crops.
Croptrialswere conducted
over an area of 0.80-0.85
ha during rabi 2020-21.
For rabi crop of wheat,
three irrigations of 6 cm
each were applied at CRI,
late jointing and milking
stages. Pulse crops like
chickpea, pea and lentil

Figure 19. Location of new water harvesting structures in Chalakudy River

Diversion Scheme

6.3. Ayodhya

6.3.1. Multiple use of water through rice based
integrated farming system at head and middle of
the Awanpur distributory

Multiple use of water was studied in Madhupur
and Panapur of Awanpur distributory. Objectives
of the study were i) to develop existing village
ponds for water harvesting, ii) efficient use of
harvested water for pisciculture and duckery, iii)
efficient use of harvested water, canal water and
tubewell water for different cropping systems in
the command area, and iv) study the economics of
the integrated farming system. Integrated farming
system consisted of four cropping systems and
Pisciculture+Duckery. Cropping systems such as

were also sown during rabi
season. Two irrigations
of 5 cm depth each were
applied at pre-flowering
and pod formation stages
of the pulse crops. Rice was transplanted in all the
fields during kharif 2021 at both the locations.

Performance and economics of rabi and kharif crops
in comparison to conventional rice-wheat+ mustard
cropping system is shown in Table 43. Integrated
farming system with pisciculture was found to be
most productive and remunerative in comparison to
conventional Rice-Wheat+Rai system with highest
net return of 184619 per hectare per year with B-C
ratio of 3.88. The net return was 92.65% higher than
that obtained under conventional farming system
i.e. ¥ 95832 per hectare per year with benefit-cost
ratio of 2.47.

| 7 I
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Table 43. Performance of conventional system and integrated farming system with multiple use of water

Plot CrepiVISIHIPIOR] Cost of Gross Net B-C
Cropping system area cultivation  return return ..o
(ha) ( ha?) (z ha") (Z ha?)

Main  Intercrop

Rice-wheat+mustard 1.0 4430 32.80 375 65000 160832 95832 2.47
Rice-wheat+ mustard 0.2 9.30 10.95 14200 45569 31369 -
_---____-
Rice-lentil+ mustard 0.2 10.70 39 11700 46313 34613 -
_---____-
Pisciculture 0.2 Fish 505 kg - 15000 63125 48125 -
Duckery - -
Total 1.0 - - - 64150 248769 184619 3.88

Note: Unit price of rice ¥ 1850.00 g, Wheat ¥ 1950.00 g7, Gram % 4400.00 g, Mustard % 4200.00 g7, Lentil 4300 g7, Pea ®
3500 g7, Fish *125 kg

Integrated farming system in Awanpur distributory
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Chapter 7

Operational Research Project (ORP)

7.1. Bathinda

7.1.1. Matching and reconciliation water supply
with crop water demands in consideration of
crop diversification and water application

Behman distributory of Bathinda branch was
selected to evaluate irrigation system performance
and to work out intervention for improvement of
irrigation system and its management through
improved and sustainable crop and water
productivity. The Behman distributory has 31 outlets
with discharge of 48.84 cusec, with total cultivable
command area of about 6374.62 hectares covering
Bathinda district. Under “On-Farm Development
(OFD)" works in the command, considerable
progress has been made for providing irrigation to a
larger area, improving water availability to individual
farmers, and to maximize the water use efficiency.
Canal running days varied from 8 to 31 days in
different months with the highest in May and July
2021, and lowest in October 2021. The total canal
running days from November 2020 to October
2021 was 277 days. The contribution through total
effective rainfall varied between 432.57 to 776.13 ha-
cm at different outlets.

Wheat, barley, mustard/chickpea, vegetables, fruits,
fodder crops and other crops were grown during
rabi season, with crop water requirement at all
the outlets varying from 7255.51 to 13078.39 ha-cm.
During rabi 2020-21, total running days of canal
water was 129 days on each outlet. The adequacy

of water supply in relation to water demand was
calculated to obtain relative water supply (RWS).
RWS varied from 0.53 to 0.55 i.e. less than one in all
the outlets (Table 44). This implied water supply by
rainfall and canal was less than demand in all the
five outlets. Thus, there is a need to replace a large
part of the area under wheat with barley, chickpea
and mustard, which require less water to match
the water supply with water requirement during
the season at both outlets. During kharif 2021,
total of 484.30 mm rainfall was received. Cotton
and rice were the main crops at all the outlets.
Total running days of canal water was 148 days on
each outlet. Contribution through total effective
rainfall was 6936.92 to 12446.32 ha-cm. Crop water
requirement was varied from 16204.40 to 27390.05
ha-cm. Average RWS was 0.68, which meant that
demand was more than supply (Table 44). So, there
is a need to either increase the supply of water or
replacing high water requirement crops with low
water requirement crops like cotton, clusterbean
(guar), and pearlmillet (bajra).

Soil and water resource status showed that soils
of the commmand area under study are loamy sand
to sandy loam in texture. The canal water supply is
inadequate. The groundwater is brackish in nature
and is not suitable for direct use to raise field crops.
The soils of the selected outlets are low in organic
carbon, low to medium in available phosphorus, and
medium to high in available potassium content.

Table 44. Relative water supply (RWS) during rabi 2020-21 and kharif 2021

Effective
rainfall (ha-cm)

Canal water

Outlet No, diverted (ha-cm)

Total water supply
(ha-cm)

Water

requirement (ha-cm) RWS

31580-R 476568 546761

59759 958313 5363.27 15050.74 1004744 2309258 0534 0.652

39980-R 378730 434512 47589 763160 426319 11976.72 798692 1679364 0534 0.713

64900-R 618592 7097.02 77613 1244632 ©6962.05 19543.34 13078.39 27390.05 0532 0.714
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7.2. Almora
7.2.1. Micro water resource development at
farmer’s field and their multiple water utilization

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. The intervention
was done to mitigate water shortage in the hills of
Uttarakhand. Micro water resources development
plan was initiated at farmers’ field to meet irrigation
and other multiple uses requirement of water
to ensure high water productivity and sustain
livelihood security of hill farmers.

The study area is 35 km away from Almora at an
elevation of 1800-2250 m from mean sea level. In
addition to the above area, additional farmers were
selected from Hawalbagh block, village Challar
Mussoli, Kasoon and Jur kafoon.

Micro-water resource development

A tank with capacity of 20-198 m? was constructed
at farmers' field to store rainwater, runoff or
spring water, 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. Existing drip system was modified
as per the suitability of farmer’s site. 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
irrigation based on water requirement of vegetable
crops and rest available surplus water were 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.

Kiwi: 35 plants were planted in six farmer’s field
during 2020-21 and five at Hawalbagh farm. In
the year 2021, kiwi yielded 0.30 to 0.50 g ha' per
tree. Farmers are convinced and demand of kiwi
seedlings has risen. Mid hill farmers are establishing
kiwi orchards with kiwi variety Alison.

Vermicompost: Vermicompost units were

BN 7o |

ICAR-Indian Institute of Water Management

developed with total capacity of 124.18 m3. In 2021, 10
m3 was added to the unit. It is estimated that 124.18
m?3 vermicompost unit can yield around 1.86 lakh kg
in two cycles with a total earning of * 558 lakh in
two cycles.

Cattle: Average milk yield reported by farmers is 3.0
to 9.0 kg per cattle with one family rearing six cattle.
Dung production is around 20 to 35 kg from one
cattle per day. Estimated income from six cows is
about 2 3.76 lakh from milk and cowdung.

Fish: Fingerlings in the ratio of 30:40:30 of silver
carp, grass carp and common carp, respectively
were introduced in tanks in the year 2016.

Crops: Land near the tank has been converted into
terraces to grown pulses and mostly vegetables.

Poultry/Duckery: Poultry shed has been
constructed by farmers with the help of AICRP on
IWM scientists. In year 2018, chicks were distributed
to the farmers. In year 2020 to 2021, farmers’ gross
income by selling eggs was % 16800-798000 and
¥ 3500-140000 by selling birds.

Azolla- Azolla cultivation is being carried out by five
farmers in an area of 70 m?, especially for feeding
cattle and poultry. Around 2240 kg green azolla was
produced in eight months. The state agriculture
department also purchased around 3 quintals of
azolla from the farmers.

Vegetable cultivation in polyhouse: Two
polyhouses of 21 m? and one polyhouse of 70 m?
were constructed at farmers' fields. Bean, capsicum
and tomato cultivated inside as well outside the
polyhouse showed that tomato yield was 48%
higher and bean yield was 30% higher than yields
outside polyhouse.

7.3. Ayodhya

7.3.1. Assessment of equity distribution of water
over space and time in Awanpur Distributory

Water balance of Awanpur distributory is being
studied to address demand and supply of water
in the command area during different cropping
seasons, to suggest measures for utilizing canal
water effectively, and to give alternate water
distribution schedules on the distributory. Total
length of Awanpur distributory is 1.2 km. The
distributory has three minors and one sub minor
with total 51 outlets, discharge capacity of 20.0 cusec
and total commmand area of 1207 ha.

During 2020-21, water availability was studied under
which the proposed and actual area irrigated in
rabi and kharif crop seasons in the command of



Awanpur distributory and its minors was calculated
(Table 45). Water availability in distributory and minors
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will be estimated by calibrating the gauge height and
water discharges in distributory and the minors.

Table 45. Proposed and actual irrigated area (ha) under different crops in Awanpur distributory command

during year 2021
Rabi Kharif
Name of Ao At
=l canal

Wheat Potato

Other

Other

Total Rice Sugarcane Total

crops cro S

2 Madhupur

4 Narayanpur

12 122

Total

7.3.2. Conjunctive use of surface and ground water
at middle and tail end of Awanpur distributory to
enhance the wheat yield

A trial on conjunctive use of water was conducted
at ten locations on middle and tail end of the of
Awanpur distributory i.e. command area Panapur
minor during rabi 2020-21. Improved water
management practice i.e. 6 cm water by canal
water and ground water in the ratio 2:1 at critical
crop growth stages (3 irrigations one each at crown
root initiation, late jointing and milking stage) and
compared with farmers’ practice i.e. 10-12 cm water
by flooding/field to field irrigation as and when the
canal water is available (two irrigations). Check basin

1308 408 269

592 1826 477 166 127 770

method of irrigation was applied in checks of 5 x
10 m?2. Results of the trial showed that conjunctive
use of canal water and groundwater (2:1) at critical
crown root initiation, late jointing and milking stage
produced significantly higher yield of wheat at 4.18
t ha'as compared to farmers’ practice in which the
yield was 3.25 t ha' in which 20 cm canal water was
applied by flooding (Table 46). There was 28.84%
increase in yield with the improved practice over
farmers’ practice. The improved practice accrued
net income of ¥ 49030 ha' with a benefit-cost ratio
of 2.51 compared to farmers' practice where net
income was % 31778 ha' with B-C ratio of 2.01.

Table 46. Performance of wheat with conjunctive use of water compared to farmers’ practice

Average yield WUE

Irrigation system (t ha)

(kg ha-mm) cultivation (X ha”)

Gross income Net return
R ha’) R ha’)

Cost of B-C ratio

Farmers’ practice:
Canal irrigation with 3.25
farmers' practice

15.45

31500 63278 31778 2.01

Note: Total water applied with improved practice and farmers’ practice was 18 and 20 cm, respectively
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Chapter 8

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

8.1. Dapoli

8.1.1. Impact assessment of water management
interventions in Tribal areas of Konkan region
using physical indicators

Water management interventions in tribal areas were
started from?2012-13afterimplementation of Tribal Sub-
Plan (TSP). The TSP program was first implemented
on a small area in Ratnagiri district and later extended
on a larger scale to Palghar district. The study was
conducted in Mahad taluka of Raigad district and
Vikramgad, Mokahda and Jawhar talukas of Palghar
districts. Total 200 Jalkund were constructed during

the year 2020-21 benefitting 100 tribal farmers, storing
8.0 lakh litre rainwater and commanding 20 ha area
under mango and cashew in Vikramgad taluka (Table
47). Total 10 Konkan Vijay Bandhara were constructed
in Jawhar taluka benefitting 50 tribal farmers, storing
3980 m?* runoff and commanding total area of 712
ha under vegetables, cashew, mango and jasmine
cultivation. Similarly, 5 Konkan Vijay Bandhara were
constructed in Vikramgad taluka benefitting 15 tribal
farmers, storing 5870 m?* of runoff for utilization of
irrigation to mango, cashew, clusterbean, cowpea and
jasmine. These bandharas commanded total 11.26 ha
area in Vikramgad taluka.

Table 47. Water management interventions in Jawhar and Vikramgad talukas during 2020-21

Number of Jalkund
constructed during 2020-2021

Name of
village

Number of beneficiaries

Area commanded

(Tribal farmers) (ha)

13 villages 200

100 20.0

7 villages 21

The status of water management interventions in
tribal areas of Konkan region from 2012-13 to 2020-21
is presented here under in Table 48. Total 959 Jalkund
were constructed in these talukas and 529 farmers
were benefitted from this intervention during last
eight years. Thus, total 959 ha land was brought
under irrigation through this rainwater harvesting
technology.

Total 49 bandharas were constructed in 25 villages
creating irrigation facility for rabi crops on 158.8 ha
land and more than 263 farmers were benefitted
due to this intervention during past nine years.

79 209

Most of the farmers are growing seasonal crops like
vegetables, and perennial crops like jasmine, cashew
and mango. It is observed that farmers in Jawhar
taluka irrigate horticulture crops in WADI project and
they grow mostly vegetables on the arrested runoff
water, while farmers in Vikramgad taluka grow
mainly clusterbean, cowpea and jasmine along with
horticulture crops in WADI project. Presently, area
under jasmine in Vikramgad taluka is increasing. 20
low pressure drip irrigation sets will also be installed
for jasmine crop on 20 farmers’ fields in Vikramgad
taluka for judicious use of water.

Table 48. Details of Konkan Jalkund and constructed from year 2013-14 to 2020-21, (b) Details of Konkan
Vijay Bandhara constructed from year 2012-13 to 2020-21

Villages covered

Location (No.)

Bandhara (No.)

Area
commanded (ha)

Beneficiaries
(No.)

Jalkund /

Mahad taluka, Dist. Raigad
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Vikramgad taluka, Dist. Palghar

Grand Total 5.5

Mandangad taluka, Dist.

Ratnailrl

Jawhar taluka, Dist. Palghar 29.22

Mokhada taluka, Dist. Palghar

8.2. Rahuri and operation & maintenance. The following things
were distributed free of cost by AICRP on IWM:

e Drip and sprinkler irrigation sets: For the
distribution of drip and sprinkler irrigation
sets, 60 tribal farmers from Mhalungi tribal
village of Akole Tahsil were selected whose
economic and social status is very poor. Both
drip and sprinkler irrigation sets will cover an
area of 0.4 ha per farmer to 30 farmers.

e Transfer of Technology: It was decided to
organizetrainingsand demonstrationsto help
the tribal farmers in effective implementation
of the technologies in the tehsil.

8.2.1. Dissemination of irrigation water
management technologies to tribal farmers

Akole tahsil of Ahmednagar district was selected
for implementation of TSP programme as per the
guidelines provided by ICAR. Scientists of AICRP
on IWM along with field staff of Taluka Agricultural
Officer, Akole (Agril. Department) discussed with
the farmers regarding implementation of TSP
programme. Farmers expressed their needs to
implement following technologies on their farms in
order to enhance the water use productivity viz., drip
irrigation, sprinkler irrigation, training to farmers,

Interventions to propagate microirrigation among tribal farmers of northern Karnataka




7 B,

ANNUAL REPORT - 2021

ICAR-ATA

8.3. Belavatagi

8.3.1. Propagation of microirrigation in farm pond
water

The intervention is being carried out with a broad
objective of enhancing water use efficiency using
microirrigation systems in Malaprabha Left Bank
Canal command areas of northern Karnataka.
The intervention will help overcome the acute
shortage of irrigation water for crop cultivation,
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, and re-orient irrigation water
management through participatory research cum
demonstration suitable to Malaprabha command
area.

Progress made in this direction includes installation
of drip irrigation technology in 15 farmers’ fields
having access to farm pond water. This has been
done to evaluate the increase in crop yield, water
saving and water productivity and its economic

£ W\ ICAR-Indian Institute of Water Management

feasibility in row crops by comparing the results
with conventional method used by the farmers.
Sensor based drip irrigation automation system
for 24 acres has been installed in Irrigation Water
management Research Center (IWMRC), Belavatagi
for demonstration, organizing field days and
training programmes for benefit of the farmers. Six
trainings and field demonstrations have already
been organized for farmers, farm women, and school
and college students of the region. The benefits of
microirrigation have been briefed by the scientists
during the events.

8.4. Morena

8.4.1. Demonstrations of improved
practice to tribal farmers
Demonstration of improved irrigation practice was
successfully conducted on tribal farmers’ fields for
clusterbean, pigeonpea and greengram during
kharif and wheat, mustard and chickpea during
rabi seasons. Results of the demonstration are given
in Table 49.

irrigation

Table 49. Results of demonstrations conducted during Rabi 2020-21 and Kharif 2021

) No. of Yield (t ha”) Cost qf Net B-C
Technology Crop Village  poneficiaries -- cu:;“rgﬁl)on I(?:'\uar-:; ratio
FP s 5 . 21740 29990 2.38
B eerReen manoprs --——-
FP - 5 - 30460 62850 3.06
DB oteneee manoRur --——-
EpP G 5 - 20120 20150 2.0
Iip Treeneram menapure --——-
Fp —— 5 o 32110 52628 2.64
o = SHOPHTE --——-
Fp N 5 0 24650 56510 3.29
e e Tenepnm --——-
Fp — 5 o 27150 47650 2.76
el Terees menepnE --——-
FpP 25500 19620 1.77
Dangpura 25

e Pemile

Note: FP, Farmers' practice; IP, Improved practice; Sale price of Clusterbean seed @ 4000 g in local market and stover @ R
150 g™; MSP for Pigeonpea @ % 6300 g'seed and straw @ Rs. 200 g, Greengram @ % 7275 g and straw @ X 200 g; Wheat
@ %1975 g’ seed and stover @ X 400 g, Mustard @ % 4650 g7, stover 2100 g™ in local market; Chickpea @ % 5100 g seed and
stover @ %2200 g

8.5. Pusa

8.5.1. Design and evaluation of drainage cum
recharge unit under north Bihar condition
Declining groundwater in Taal area and drainage
problem exist in Chaur area of Bihar. Delay in
drainage delay sowing of rabi crops in Chaur areas.
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The intervention includes 2" aquifer as the target
aquifer with recharge capacity of 22000-24000
litre per hour, solid removal efficiency (SRE) of 80-
82%, recharging depth of 45-55 m, and annual
groundwater recharge potential of 2.0-2.5 ha-m.



Ground Water Recharge cum Drainage unit was
developed by Pusa centre of AICRP on IWM. A
Ground Water Recharge cum Drainage unit has
four sub-units namely, stilling basin, siltation tank,
recharge filter and boring unit. The technology was
released by Research Council of DrRPCAU during
8t research council meeting. Seven units have been
installed in the university campus and one recharge
unit is installed at KVK, Piprakothi, East Champaran.

During 2020, six units were constructed and installed
in six farmers’ fields at different places of north Bihar.
Two units were installed in two farmers’ fields under
KVK Sukhet,and one unit each in KVK Gopalganj, KVK
Jale, KVK Bhagwanpur Haat Siwan and KVK Saraiya.

Experience of functioning of the unit was shared
by a farmer of Sukhet village, Jhanjharpur tehsil
of Madhubani district. Before the intervention,

rainwater would vacate his field in the month of
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March. However after installing the unit, water was
drained out of his field in the end of November and
timely sowing of wheat crop was possible after many
years of waterlogging problem. During the year 2020,
there was no crop during rabi season, but he could
obtain wheat yield of 2.5t ha'in the year 2021.

It was concluded that

e early drainage of rainwater is possible in wet
and waterlogged areas
groundwater recharge of 2" 4 aquifer is possible,
second aquifer is under stress in summer and
has capacity to absorb water
cultivation of rabi crop (wheat) is possible in
waterlogged areas where water used to recede
in March-April
preponement of rzbi sowing in some of the
less waterlogged area is also possible

Ground Water Recharge cum
Drainage unit

8.6. Palampur

8.6.1. Dissemination of water
technologies to tribal
Pradesh

management
farmers of Himachal

TSP: During the year 2021, 50 drip irrigation kits
were distributed to tribal farmers of Chamba district
of Himachal Pradesh. The kits were installed for

Inundated field of Rajendra Mahto in Wheat crop after 15 days of sowing
Sukhet village of Madhubani district

(2~ December) in farmer’s field

demonstration in farmers' field. Every kit would
cover 250 m? for irrigation.

SCSP: During the year 2021, a polyline water
harvesting tank with drip irrigation system is
being executed and will be completed by May
2022 to harvest monsoon rain and demonstrate its
operation.
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8.7. Jorhat
8.7.1. Demonstration of water
practices on autumn (ahu) rice

Under SCSP, large scale demonstration was
conducted on water management practices on
autumn (ahu) rice at farmers' fields of Dudhnoi area
in Goalpara district of Assam in collaboration with
KVK. The area being flood prone, the technology
was relevant because the demonstration was
done for short duration cum high yielding autumn
rice variety Dishang under irrigated condition so
as to harvest before flood occurrence. Objectives
of the study were to demonstrate the effect of
recommended water management practices on
ahu rice in farmers’ fields.

management

The demonstration was conducted at the farmers’
field in village Matia Gossaibari, Dudhnoi, Goalpara

ferews  ICAR-Indian Institute of Water Management

on an area of 5 ha. Seeds were sown on nursery bed
during first week of February 2020. Transplantation
of21daysold seedlingswasdone.Crop was harvested
during 9-15 June 2020. Recommended irrigation
management practice i.e. 5 cm irrigation 3 days
after disappearance of ponded water (DADPW) was
tested. All other recommended agronomic practices
for autumn rice were followed. Shallow tubewell
(STW) water was used for irrigation. Results showed
that rice grain was 4.2 t ha™. Total 13 irrigations were
given resulting in 650 mm ha"irrigation water used.
Irrigation water use efficiency was 6.46 kg ha-mm-.

Other activities were also arranged at the
demonstration site ie. training on improved
cultivation of autumn (ahu) rice, and preparation
of video on performing agricultural operation
maintaining Covid-19 protocol.

Demonstration of autumn (ahu) rice starting from seed distribution to crop cultivation

B 76 |



All India Coordinated Research Project on
Irrigation Water Management

Chapter 9

Technology Assessed, Refined and Transferred

9.1. Belavatagi

9.1.1. Assessment of groundwater
technique

recharge

Assessment of influence of groundwater recharge
on groundwater yield, quality and fluctuations has
been initiated during 2020. Installation cost was X
25000 approximately. Groundwater recharge unit
for the existing tubewell was recharged with 3.35
lakhs litre rainwater harvested during 2020 (up
to December 2020). After point recharge through
7 recharge events, there was considerable rise in
the water table from more than 100 feet below
ground level to about 22 feet below ground level.
This resulted in considerable reduction in electrical
conductivity (EC) of groundwater from more than 10
dS m”to an average EC of 1.6 dS m™ and increase in
tubewell water yield from 0.4 Ips to around 2.4 Ips.

During the year 2021, ground water recharge
happened with excess surface runoff through
six rainfall events. Total recharge from lifting
collected water and diversion of excess runoff water
generated from rainfall events to groundwater
recharge unit during January-December 2021 was
estimated as 6.80 lakh litre. Total 4.64 lakh litre of
tubewell water was withdrawn in 2021 for domestic
uses. Monthly average results from point recharge
through recharge events during year 2021 revealed
considerable rise in water table from more than
100 feet below ground level to about 24 feet below
ground level.

Sensor based micro automation

technology

irrigation

Sensor based drip irrigation automation system
has been installed in IWMRC Belavatagi with a
refinement of normal drip irrigation system to
study the effect of drip automation system for row
crops of the region. Six training and demonstration
programmes were conducted in the year 2021
Benefits of microirrigation was explained to the
stakeholders.

9.2. Navsari
9.2.1. Development of fertigation schedules

Fertigation schedules were developed for two
cropping systems and transferred to farmers in
heavy rainfall zone of south Gujarat.

Sorghum-vegetable cowpea: Sorghum-vegetable
cowpea cropping sequence grown during rabi
followed by summer season performed best with
drip irrigation at 0.6 pan evaporation fraction (PEF)
and application of N @ 8 kg per hectare and P,O,@
40 kg per hectare as basal and remaining 72 kg N
in 6 equal splits at weekly interval starting from 20
days after sowing (DAS) through fertigation to rabi
sorghum and 40 kg P,O, as basal and 20 kg N per
hectare to cowpea in 3 equal splits at weekly interval
for securing higher crop yield and net return.

Details of the technology

Crop spacing :30 x15(4):60 (in centimetre, cm)

Lateral spacing ;180 cm

Dripper spacing :60cm

Dripper discharge 4 litre per hour (lph)
Operating pressure :1.2 kg cm??

System operating period: Twice a week
Operating time:

Sorghum (rabi) : December to March: 2 hrs
20 minute to 3 hrs 15 minute (0.6 PEF)

Cowpea (summer): April to May: 3 hrs 20
minute to 3 hrs 45 minute (0.6 PEF)

Country bean-Sweet corn: Country bean
(vegetable)-Sweet corn cropping sequence grown
during rabi followed by summer season performed
best with drip irrigation with dripper discharge rate
of 8 litre per hour, lateral placed at 1.60 m distance
for 4 rows of Indian bean and 30 cm row spacing and
3 rows of sweet corn at 53 cm spacing for getting
higher yields and net return from the cropping
sequence. Fertigation should be applied with 40 kg
P,O, per hectare as basal and 20 kg N to Indian bean,
and 60 kg PO, as basal and 140 kg N per hectare
and 40 kg K,O per hectare to sweet corn in 6 equal
splits at weekly interval starting from 20 DAS.

Details of the technology

Crop spacing: Indian bean: 30 x 10(4): 40 cm and
sweet corn: 53cm x 20 cm

Lateral spacing ;160 cm
Dripper spacing :60cm
Dripper discharge :8lph
Operating pressure ;1.2 kg cm??

System operating period : twice in a week
Operating time:
Indian bean (rabi): December to March: 1

| 77



ANNUAL REPORT - 2021

hour to 1 hour 20 minute (0.6 PEF)
Sweet corn (summer): April to May: 1 hour
30 minutes to 2 hours (0.6 PEF)

9.3. Chalakudy
9.3.1. Extension of water management technology

Water management technologies were developed
for crops like banana, nutmeg and chilli-amaranth
system. Results of the experiment conducted for
three years were presented in the Zonal Research
Extension Advisory Committee of the Kerala
Agricultural University and approved research
findings were proposed for conducting multi
locational field trials. Four farmers, that is Saju
Tharayil, Sivaraman Thumbarathy, Augustine and
Raveendran were identified and field trials were
conducted for banana, nutmeg and chilli-amaranth
system in three different districts viz.,, Thrissur,
Ernakulam and Palakkad.

9.4. Ludhiana
9.4.1. Technology included in package of practice

Technology of growing fodder-fodder cropping
systems ie. Berseem-Sorghum and Ryegrass-
Sorghum was developed for south-west Punjab
having saline sodic groundwater. Instead of using
only canal water, sorghum and berseem can be
successfully grown with alternate irrigation of
canal water and saline sodic groundwater whereas,
ryegrass can be cultivated in rotation of two
irrigations with saline sodic water followed by one
irrigation of canal water in sandy loam soil with
optimum fodderyield, water productivity and higher
benefit-cost ratio for both the cropping systems.
The technology has been approved in the 287" REC
meeting on 14.10.2021 and included in Package of
Practices of Punjab Agricultural University.

9.5. Gayeshpur
9.5.1. Arsenic mitigation in vegetables

Technology was generated on arsenic mitigation
in edible parts of vegetables like cauliflower and
broccoli through conjunctive use of fresh pond
water and arsenic contaminated ground water in
the arsenic contaminated area of Nadia district,
West Bengal to avoid variable arsenic toxicity and
serious health related problems.

Micro-irrigation schedule was developed for broccoli
and cauliflower crops to reduce accumulation
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of arsenic in the edible parts of the crops. Four
demonstrations on microirrigation vis-a-vis surface
irrigation to broccoliand cauliflower were conducted
at farmers' fields for a comparative evaluation.
Microirrigation reduced arsenic accumulation in
edible parts by 7.91 to 19.27% for cauliflower and
7.28 to 16.5% for broccoli over surface irrigation.
Surface irrigation resulted in higher contamination
of arsenic in soil, whereas drip/sprinkler irrigation at
0.7 ET_ led to low arsenic content in soils. Crop yield
and water productivity was also significantly higher
with microirrigation over surface irrigation. Thus
drip/sprinkler system at 0.7 ET. was advocated to
the farmers for higher crop and water productivities
as well as better human health and environmental
safety.

9.6. Pusa

9.6.1. Dissemination of groundwater recharge
technology

Drainage cum recharge unit was designed
and evaluated for north Bihar with declining
groundwater. Six Ground Water Recharge cum
Drainage units were installed/constructed in
farmer’s field at different places of North Bihar
for demonstration of the unit. Two units were
installed at two farmers’ fields in Sukhet village
(Madhubani district), one unit in Barai Patti village
(Gopalganj district), one unit in Ratanpur village
(Darbhanga district), one unit in Sikatiya village
(Siwan district), and one unit in Dwarikanathpur
village (Muzaffarpur district). Technology release of
Ground Water Recharge cum Drainage unit was
done by the research council of RPCAU, Pusa during
the 8™ research council meeting. Seven Ground
Water Recharge cum Drainage Unit were installed
in the university campus and one recharge unit
was installed at KVK, Piprakothi, East Champaran.
Functioning of the recharge unit was successfully
demonstrated to Former DDG (NRM) and Vice
Chancellor of BCKVV, Kalyani.

The installed recharge structure indicated that
it can be used for recharging groundwater
through runoff water and can drain excess water.
Performance evaluation of the recharge structure
indicated that recharge rate was 6.5 litre per second
and solid removal efficiency was about 82%. Annual
groundwater recharge potential of groundwater
recharge structure varied between 2.0-2.5 ha-m.
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Chapter 10

Recommendations

Ayodhya

Moisture regime of 6 cm water at 4 days after
disappearance of ponded water (DADPW) with
chemical weeding (Bispyribac sodium 10% SC 20g/
ha; post emergence at 30 DAS) was recommended
for obtaining higher yield and net profit from drum
seeded rice.

Chalakudy

High density planting of banana with 3 plants per
pit at a spacing of 3 m x 3 m between pits and 1T m
between plants within the pit,accommodating 3330
plants per hectare was recommended to be a viable
practice for banana cultivation in Kerala. Installing
drip irrigation @ 4 emitters per pit, with one emitter
each at the base of each plant and the fourth emitter
at the centre of the pit and providing irrigation at
75% pan evaporation compensation (30 L per plant)
on alternate days can save water upto 25% over basin
irrigation. The technology has been accepted in the
Package of Practices recommendation of KAU for
high density planting.

Chiplima

Raised and sunken bed farming system with an
elevation difference of 60 cm, and cultivation of
rice-tomato cropping system was recommended
for fetching more system yield and profit from rabi
season crops in the lowland Hirakud command area
and is recommended to the farmers for higher net
profit and benefit-ratio of 2.41.

Junagadh

It was recommended to farmers, NGOs and
government line departments to recharge 610.18
MCM runoff in Ozat river basin by constructing
artificial groundwater recharge structures i.e. 4520
check dams, 51113 farm ponds, 22599 open wells,
5650 tubewells and 10496 Gabion/loose rock dams
at an estimated project cost of ¥ 526.56 crores.

Bathinda

Under Berseem/ Ryegrass-Sorghum cropping
systems, berseem can be successfully grown with
alternate irrigation with good quality canal water
and saline sodic tubewell water whereas, ryegrass
can be cultivated in rotation of two irrigations with
saline sodic water followed by one irrigation of canal

water under sandy loam soil.
Rahuri

Planting of two eye bud suru sugarcane at a spacing
of 45 cm in 5 feet long furrows under subsurface drip
irrigation scheduled at 80% crop evapotranspiration
every alternate day with 80% RDF (200:136:136,
N:P,O.K,O kg ha’) through water soluble fertilizers
in 30 weekly splits is recommmended for medium
deep black soil of western Maharashtra for higher
monetary returns.

Coimbatore

Among the surface irrigation methods, irrigation
at hairline crack formation under alternate wetting
and drying was recommended for reducing water
requirement in rice, improving higher water use
efficiency and obtaining grain yield at par with flood
irrigation.

Gayeshpur

Conjunctive use of arsenic contaminated
groundwater and safe surface (pond) water
in the ratio 11 in high arsenic prone areas was
recommended for minimising accumulation of
arsenicin the edible parts of broccoli and cauliflower.

Pusa

Drip irrigation at IW/CPE 0.8 was recommended
for maximum yield, water saving and water use
efficiency of rabi maize compared to furrow and
alternate furrow irrigation at IW/CPE 0.8.

Farmers were recommended to grow rice-
maize+potato-dhaincha (Sesbania sp.) cropping
system with surface irrigation at IW/CPE 1.0 in order
to get maximum system productivity with higher
benefit-cost ratio.

Udaipur

De-siltation every 4 years was recommended for
three rainwater harvesting structures namely,
Shishvi-I, Shishvi-Il and Karmal located in Shishvi
and Karmal villages of Girwa block of Udaipur
district, Rajasthan to check loss of storage capacity
of the structures.

In Upper Banas river basin in Rajasthan,
construction of artificial recharge structures such as
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27 percolation ponds, 29 anicuts and 7 subsurface
dykes have been suggested.

Navsari

Farmers of south Gujarat heavy rainfall agro-climatic
zone following rabi sorghum-vegetable cowpea
(summer) crop sequence were recommended to

irrigate the crops with drip irrigation system at 0.6
PEF and apply 8 kg N ha'and 40 kg P,O, ha' as basal
and remaining 72 kg N in 6 equal splits at weekly
interval starting from 20 DAS through fertigation to
rabi sorghum and 40 kg P,O, as basal and 20 kg N
ha'to cowpea in 3 equal splits at weekly interval for
securing higher yield and net return.
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STAFF POSITION 2021

Almora Gayeshpur

Chief Scientist Dr. S.C. Panday Chief Scientist Dr. S.K. Patra

Soil Physicist Dr Manoj Parihar Agril. Engineer Er.S.Saha

Agril Chemist Tilak Mondal Jr. Agronomist Dr. R. Poddar

Agril. Engineer Er Shyamnath Hisar

Ayodhya Chief Scientist Dr. Manoj K. Sharma
Chief Scientist Dr. H.C. Singh Agril. Engineer Sushil Kumar Singh
Agril. Engineer Er. RC. Tiwari Soil Physicist Muli Devi Parihar

Jr. Agronomist Dr. B.N. Singh ET——

Belavatagi

Chief Scientist

Dr. S.A. Gaddanakeri

Chief Scientist

Dr. AK. Sharma

Soil Physicist

Dr. Vijaya Kumar. C

Soil Scientist

Dr. Abhijit Samanta

Agril. Engineer

Dr. P.S. Kanannavar

Jr. Agronomist

Dr. Vijay Bharti

Coimbatore + Madurai +

Bhavanisagar

Jabalpur + Powarkheda

Chief Scientist

Dr. V. Ravikumar

Chief Scientist

Dr. M.K. Awasthi

Agril Engineer (SWCE)

Dr. G. Thiyagarajan

Agril Engineer (SWCE)

Dr. M. Nagararajan

Soil Scientist/Ag

Scientist SWCE Dr. Y.K. Tiwari
Agronomist Dr Vijay Agrawal
Jorhat

Chief Scientist Vacant

Chemist Dr. R. Indirani
Agronomy Dr. T. Sampathkumar
Chalakudy

Soil Physicist

Dr. Bipul Deka

Chief Scientist

Dr. Mini Abraham

Agril. Engineer

Er. Kabyshree
Choudhury

S & W Engineer

Dr. Shyla Joseph

Junagadh

Soil Physicist

Dr. Bhindhu P. S.

Soil Scientist/Ag
Chemist

Dr. Mariya Dainy M.S.

Chief Scientist (S&W
Engg)

Dr. H.D. Rank

Chiplima

S&W Engineer (Asst
Professor)

Prof. P.B. Vekariya

Chief Scientist

Dr. A.K. Mohanty

Agril. Engineer (S&W
Engg)

Prof. R.J. Patel

Agril. Engineer

Dr.S. N. Bansude

Kota

Chief Scientist

Vacant

Dapoli
Chief Scientist Dr. R.T. Thokal
Agril. Engineer Dr. B.L. Ayare

Asst Professor (Soll
Science)

Dr. Rajendra Kumar
Yadav

Jr. Agronomist

Dr. M.S. Jadhav

Asso Professor

(Agronomy)

Dr. Baldev Ram
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Ludhiana + Bathinda

Rahuri

Chief Scientist

Dr. Rajan Aggarwal

Asst. Res. Engineer

Dr. Sanjay Satpute

Chief Scientist

Dr. AV. Solanke

Soil Physicist

Dr. K.S. Sekhon

Agril Engineer

Dr. S.D. Dahiwalkar
(retired on 30.6.21)

Asst. Agronomist

Dr. Anureet Kaur

Asst. Agril. Engineer

Dr. Anurag Malik

Agronomist

Prof. S.S. Tuwar
(retired on 30.11.21)

Morena

Chief Scientist

Dr.Y.P. Singh
Dr. Bharat Singh
(since 27.1.22)

Soil Scientist Dr. C.R. Palwe
Agril Engineer
(Irrigation & Drainage Dr. P.G. Popale

Engg.)

Agronomist

Dr. Sandeep S. Tomar

Raipur + Bilaspur

Chief Scientist

Dr. M.P. Tripathi

Sr. Scientist (SWE)

Dr. Dhiraj Khalkho

Sr. Scientist (SWE)

Dr. Devesh Pandey

Agronomist

Dr. Geet Sharma

. . Er. S.K. Tiwari
Agril. Engineer Dr. S.P. Shrivastava
Navsari
Chief Scientist Dr. J.M. Patel
Asso Professor (Soil
Science) Dr.S. L. Pawar
Assst Professor (Agril. Er. NG. Savani

Engg)

Palampur

Chief Scientist
(Agronomy)

Dr Anil Kumar

Professor (Soil Physics)

Dr. S.K. Sandal

Pantnagar

Chief Scientist

Dr. Yogendra Kumar

Soil Physicist

Dr. Harish Chandra

Soil Physicist Sh. P.K. Keshry
Shillong

Chief Scientist Dr. U.S. Saikia
Agronomist Vacant

Agril. Engineer Vacant

Soil Physics Vacant

Jr. Agronomist Vacant

Jr. Soil Physicist Vacant

Agril. Engineer

Dr. Vinod Kumar

Sriganganagar

Agronomist

Dr. Gurvinder Singh

Chief Scientist

Dr. R.P.S. Chauhan

Agril Engineer

Dr. U.C. Lohni

Parbhani

Chief Scientist

Dr. HW. Awari
(Additional charge)

Agronomist

Prof. G.D. Gadade

Pusa

Chief Scientist Dr.S.P. Gupta
Agril. Engg Dr.S.K. Jain
Soil Scientist Dr. AK.Singh

Soil physicist Vacant
Agronomist Vacant

Agril. Engineer Vacant

Jr. Agronomist Vacant
Udaipur

Grief Scientist (S0l & | pr.p.singh
Asso Professor (Soil Dr. KK. Yadav

Science)

Agril. Engineer

Dr. Ravish Chandra

Asst Professor (Soil &
Water Engg)

Dr. Manjeet Singh

Agronomist

Dr. Rajan Kumar
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ICAR - Indian Institute of
Water Management

(An ISO 9001:2015 Certified Organization)
Bhubaneswar — 751 023, Odisha

Web : http://www.iiwm.res.in
E-mail : director.iiwm@icar.gov.in
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