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PREFACE

The All India Coordinated Research Project on Irrigation Water Management (AICRP on IWM) scheme
has been functioning in twenty six centres of the country under five research themes. The scientists
have been engaged in carrying out research on improving water use efficiency in different crops and
cropping sequence under different sources of irrigation in different agro climatic conditions of the
country. Significant achievements have been made during the current year. I am privileged to present
the achievements of the centres of All India Coordinated Research Project on Irrigation Water
Management (AICRP-IWM) for the year 2017-18. The on station and on farm research endeavours of
the scientists resulted in replicable water management technologies that would help in improving
irrigation application efficiency in canal commands, groundwater recharge, improved water use
efficiency and water productivity under pressurized irrigation and save water and fertilizer inputs.
The on station and on farm research output would not only improve water productivity but also
enhance farmers' income and livelihoods. The scientists also contributed to preparation of district
irrigation plans in different parts of India. Some of 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 palaces. Some of the pilot interventions contributed to
rainwater harvesting and groundwater recharge in rainfed areas of the country.

[ express my gratitude to Dr. T. Mohapatra, Secretary DARE and Director General ICAR, Govt. of India for
his guidance, critical inputs, constant support and encouragement for smooth running of the scheme.
sincerely express the gratitude to Dr. K. Alagusundaram, Deputy Director General (NRM) and Dr. S.K.
Chaudhari, Assistant Director General (S&WM), ICAR for their valuable suggestions and timely
cooperation during the report period. I 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 along way in improving farmer's inome and water productivity. [ appreciate the team work of
Dr. Prabhakar Nanda, Principal Scientist, Dr. S. Mohanty, Principal Scientist, Dr. O.P. Verma, Scientist,
ICAR-IIWM and Pragna Dasgupta, Research Associate, AICRP-IWM, ICAR-IIWM for compiling the
research outcomes of the centres and editing the annual report. I also thank Shri K.K. Sharma,
Technical Assistant for Hindi translation of executive summary of the report.

Bhubaneswar (S.K. Ambast)
Director, ICAR-ITWM

ICAR-Indian Institute of Water Management ( -
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BRIBT

faw 1: 9Agl STl Ud qolel &I SUSASIAT Ud OTa<iT $I
SICE]

SR dg R 19T 18R dFiS @ oS (Z) fxdiegedl &
JATITT 20 SIS (Z) & T8d FHd Tl AFA BHAIS &5 304
TFCIR AT | & HINTH 2016—17 3R @B AT 2017 B SR
BT 131 ShH 3T 260 BIFCIR 3R 261 TFCIR AT 3R ATUET STcd
DI IMYLT 0.42 37X 0.88 &l AT AT ARTH & QR HH oI DI
JATYFS T =T &N T | SHICT, STet AT & 12T ST Dl JATYfel
BI AT & for 12 3R SRS HUN & T&d T dTel HB
&3 BT B STl BT JNMALAHAT dTell Hall & gIRT ufaRefud
BR BT AATIDHAT S |

AT Bg IR Ugel A [THRId SRS |UIE JoTell & HUR
U I+ Ao oell @l e fhar war| g8 yorel!
AR T Ui BT ITANT PR USTd I 7 AT
I & MR TR FoRiae U e & SfId g1a & |
gHaeR IR &N, AR ddTs, doiR § SUde UU, SwRex
fage FeiRIge (QIARN) UISy e SN Hafd gedhl &

JMIIY P a7 TeT HRell 2 |

RMEY) ®& R a9 2008—09 # FHAATS! o RaTg gRATSTT o1
STl fadROT 79T BT S AT B AR TR ATSCale AR
W B WR TR 3Mdhferd far ar ik 59 Rars aRarsr =
JTSTAIT Td Wd QFl WX R 3[BT &HdT BT Yaf3d fhar |
TISABT AT H HHT: 0.10, 0.48 31X 0.26 &Y I B B
STl JMILIHAT B ATAR ST DI SMHRAT Bl 3R Havd
LA |

SN && W ARTE B 37l T4l IR F FIfad ot
ATl BT fARIRT ¥@are (SWAT) Afsd @ SYaRT 9 faean
AT | BT J&T B g19C bl (56.1%) TbR @1 off vd Py
I 69.9% off 3R TP TA™ 4% (67.0%) T oI | a9
1970—2005 I 3fafd | a9 2006—2070 TP BI A & SR
< =g A B T B ugfd J arfie, FHsTel
IR A HIH B AT 0.027 I 0.040°C /@Y, 0.031 ¥ 0.
044°C /a9 311 0.011 | 0.043°C /¥ @I gfg g afds
HEH H 0.046 | 0.032°C /Y BT HHI s | 9 1970—2005 |
Y 2006—2070 b <f-ich SfferH<IH ATIA B TH Hgfer
1, UTSHBTA 3R AR AIGH B HHE 0.027 H 0.025°
C /a9, 0.028 ¥ 0.021°C /d¥, 0.023 ¥ 0.022°C /dY &I HHI
g% 9P Wal & AT H 0.033 ¥ 0.347 C/T9 &1 g 83 |
g JMER R a¥ 1970—2005, Y 2006—2040 3R T

Y/

ATTT

2041—2071 & (AT & IR AT Wby ardIcdoT H Ifg
LT 1964 T, 1996 AT &fiR 2010 Tl & w0 # T g8
Torr wel & Hra| § I8 gl 438 A, 458 0 ofR 475 find
® ®©Y H o | WG 999 & <RE 399 700 ), 698
AT 3iR 698 AT IR AT & #IgH & SR 826 AT 839
el ok 837 el d& @1 gfg g5 | afed wU ¥ B4
IS H 57 [T/ 2dTeR] BT gl 8% | ol o a1 H a9
1951—2005, 94 2006—2040 3HIR TY 2041—2070 BT FaAfT &
SR aTfe fad aul ®I Haen 572 1T, 392 A 3R 430
e @ U # ReR yrar a7 | 99 1970—2005, G99 2006—2040
3R a¥ 2041—2070 (AT & SR AT ARTH H HA: 261
o, 187 fRT ofR 182 f#l & WU # 9uf amvares o S fos
ReR ugfr &I =T &1 99 1970—2005, 2006—2040 3R
2041—2070 T& &I AT & fold AFREH & HRH & SR
JoTeT G- 9ROT SHAST: 42 T, 21 R iR 20 0T o & RerR
Tl BT ST 8 | STerdrg UReci= & J9Td & BIROT AT D
g H wfaw § i, MBI IR ARG A4 & SR
T BT ATILIHAT HHI: 6.4%, —0.3% 3R 1.5% T /TS
ol B | IARNE aut (100 I B 1AfY) BT TRl H oy
H 39% TP B gig BT | X YHR, Wi ¥ quf uare ¥
I BN | ifhe auf & sruare @ S1afere TeAT (100 I @
37af) H 87.5% b B gfg BN | BTel AT AR YoTed
GTHROT 1 STATDBT FHH: —5.7% 31X —5.8% Teb T Hebei
gl

ISR $5 W SN R T4l G1E] BT Kol T8 &3 11001
it frairieR 7 3R 39 vl &5 # Sae—wTae Rl &
ST IuT @& 37UdT8 BT 7 98 ATUP © | 39 &3 H oI &
HATH & for G 95 F1AT BT UgaT B T8 3R SUITH B
HEIAT A 398 w9 & FeiRa faar war| af 2016 sk
2017 & ford AFRIA W Jd U4 918 & Tl WR & 3Aldbe] Bl
STANT R I TR AFRE IR &3 T | §a 12 dfthr
TRIETOT BT STATT R STerare] Wik & Arage! o T faar
AT | GTET H R, A UG AP Bl HaATs o [Tvad
TR IR B T | T8l S JoTed JTAR & ol el
&3 2192 T fHalrier o S FRyan, TSrell, T,
SMHHIYRT, oROT, HIdT, AIdell, 3fblgl, YT 3ffe Tfdl BT
A BT G Tl ST 873 BT Bact 20% W B 2 |

SEAYR DG WX B O & RdlsTs R7el 8 Yordl @l
Toraar &1 feriRer fhan 3 | 7% f57er 7 x 7 o foei & Rrst
H T o iR I8 WR SIUIgE ddb il &I SUIRT IR
A% IS I Y T Pl AT AT | 99 2017 & QR AT
Ud 3R AR & LA ql 134 oidd & AT DI UHAd

ICAR-Indian Institute of Water Management ( il -



o T | AT AT & T @l 31afd H SEId @l AT
# 80 AT / fu (RTaa™TaT &ifdr) o 1890 el / fasum
(U i) T gig TS TS | ARG gd @ 7afd ¥ it
D Qg TRR @dh § 6.2 9 a1 i § 9.1 ddb ol |
AFYA @ 918 31 31afd & SR UIgd el e 3 6—8 |
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PRIER D5 TR AR 9 URATGHT HHIS &3 BT HFIeR
ST H STBSUH ddeiid ] HeTIdl | JaT Savdl WK
3R STl TOTERIT BT JAThA (AT AT | T8l TR docb Si=al
IR UIfher SIS HHIT: 1.1 H 1.6 BT / TTHER 30K 2.
0 W 2.8 WM / TFHIER & d19 Ul TS | J&l gaT bl g-rac

ST il H 8.4 TP AT | AFGA & Yd Bl AAW & SR
fIe[d ATeTehdT JaaTar =i # 0.30 <4 Rm= /Hex |
P &Aih H 930 ST A= / Hlex ad o |

TIAPR BHg W Agera Asvdl died & SUIRT aRaD
STefdTel TR HoTTel! &l g TR ol AfSfenT @l T3 | 39
Hisd BT a9 2000 I 2010 TP & Abs! B AT feTifdhd fdhar
AT 3R aY 2011 W 2015 TF & Abs A DI T
T T o | STeT W & Yargar Uk o Ugel | & ol
STel TR @ GRUITH & W1ef 3Te8] aRE Aewdel ST | 32T
Td U TR Heddy ol HAT: 0.99 AR 099 | 9
AT &3 ¥ oTdl YAHROT 75—175 AT & 419 o 9 fagga
ATABAT 0.00013 HeX /HAhs ol T2 IRMAAT STeraral wR
P URITR AT BT ST 17 | 3000 T Hiex / o oY | amemiy
Rerfal vd Rer araven # <of U6 Reics ofd Wl 4
HEHEE T 0.99 B AT U <] A oI | § eI &
H SRNAT STerars! WR (STerars! |—URd &F HIeTs 1.8 | 20
AleR, 3fenfda onie: fIgga =reradr 0.00013 HIex /Ads,
fareTy IUST 0.05 ¥ 0.16, STl YA-HROT 106 I 290 FFHT /) H
oicl Y41 Yd | UfRed @l 3R o | Ffy g Sterare!
TR ¥ oTd va1s o 9ay Qe @ o gf¥es faen @t ol
Tferefel off (STefdrel wR—Il WR @ HIels 20 9 80 Hiey,

3TTfehe OTIeh: HEROT UTIeh 0.0001) |

PIER D5 W ARG el 1! & fadd & ol o
USRI B ATAT DI ST B JoTol AT BT Hedid [haT
AT | g9 1971 H 2014 T ARG HICST H qUT 1 —2.49 & &

AT XeTell Bl TFIE ThR B oY 3R @ a18 XelTell
SMC UBR 1 ol | JaT IdRAT & R o 911 b 7T Bl
Y 3iR fIgld ATadhdT AMRT 2 | ASgIo, BIRBRE T
QICTRIT & I SHHLT: HH A 7L  Heg 4 3Mfadh e
77 W 9= off | RyerE o & faweivor 9 uar =@er f& w
Tial § STt @l UIgd SiR fAgfa aretdar arr off | FARgS
BT AT A I BN S Tl & T oreedl Rafy # 8 | ot &
T H arafdre WifsTm FrEfe < 1.0 fel $faadele / ofiex
o7 T g Hard < 7 % Rars Sia @ Jorea S 2 |
Rl GeTTeiel SI¥ 306 W 462 UIUITH & 4 o |

fawg 2: 9adl vd @ RErs gonferal &1 feas,
faora vd Res—de

RO ©g TR HeT DI el § g0 Rars uormel! §1_1 1.0 PE
% R A RTATE B TR B! 31 ST iR IR &F Uerar
T s AR Yg T 1 31f¥ep U gor | f$u yorrell & Aregs
A IR R « ) oA 100% SdRdl (1500 750 75
felt / gacar NPK) &1 g31Ts T8 A= & TN 9§ ST SU,
TIRT IUSI, STl SUANT G&TT 3R Y ™ ¥ Sl 13 i
83 Ol b S0 & #re® | 75% GATs TS SaRep| D A1 B
TRINT &1 T | 31f¥d off | HepT &1 B H 31¥d UgEaR
3R Y& M U1 R & ol U & & a18 Uap fod wR g
RFarE voTell 1T 0.8 PE & RiAs Wk R a8 &= &
Je1a fear S 2 | ¥ UBR, Hel &) Bl # 37 BieE
P d8d 112.5: 56.2: 56.2 fHUT /8 NPK SdRe! &) 7131 §
ATSEISTT Bl 12.5% HI &R 8 TR Reefe Griapl # 10 AT

I & AT Yo gedl ugia bl Jaferd far | aRacdreierd
T 19.7 H 445% B dr< o7 | SEofi—ulRaw A9-E &
SR 91ET & Yolel WR BT SAR—BS 0.2 | 3.1 i o7 3iiR
STNI—Ydl AT & QR I8 0.4 9 6.6 9l & I/ o | 59
Tl 7 33 ATl § | 16 il IffcIRd (2 100%), 2 <ii®
aeefet (90—100%), 12 wfds 31ef gl (70—90%) 3R
3 i JRIIT (< 70%) 9100 & Sfcfa Uiy A | F&f W a9
1971 9 99 2014 T TG HIGH & SRTT Fel oTel GAHR0T
27% | 12.8% Tb TR TAT| FBl T 72% &3 3fi
JeATdITId, TR, TRTYRH, AGYd e, TSHITAH, JERI<R,
Sfaror dieardl &R SRIATERAT <l & Wil &I 9ga afean
oTeT GA4RYT &3 & wU ¥ ffved f6am 73 | arexers el
T AT AR Yolel FATEAT & Taed & o) aui, gaam
gui 3R YT oTel TR & SR WR fAamRid R Arsd
BT VeI FU H 7S] AR  olcl WR b S el aq
STITAT ST e 2 |

@ RIS WR g3lls & 10 | 80 Al T STafch BIPIRA T
GIeTRITH BT 2 R e GRIDT H 50% gars & 9 W)
31IR Y 50% I gaTTs @ 30 faAl a8 YANT BT Bl RABTRET
& ST € |

JAATT D TR TWRIB & AIFGH H GROGE] DI BAT DI (ST
Rrers omell & d8d 1.0 ET & Rens & a1 Smm 11
vy et @ uRaRe 916 Riems fafer (1.85 <1 ,/8) &
I H 243 ST/8 @I A0S I USER W g | U
s gorrelt # q16 Rdarg & a9 ol STel DI g 28.44%
g2 | X W @) Bl oY T8, S$8 SR HIhel F o
freri & ugfd @ g # f3u & d8d 98 ueee
FETT | g, S8 3R el B Bell H Rers & AHe
fafer &1 o # f$u Rrans 9 053 ,0.63 iR 0.74 7 /8 &I
31ferd USTIR U g5 | GROTgEI—Thell Bae UG & A1l
ROHE! Fded SUS (595 T9/B) o off R 2

- 2 ) ICAR-Indian Institute of Water Management
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1,37,075 BT g o UG GAT 3R 2.92 BT AT AR AFUTT
ST AT | AIATITT HHIS &3 & 3feiid el & ars fgu
A @ 91 IRl B HEA Bl STAEN R HEA
ugferdl @ ger # fF AMSRIE A gaT | 39 hud
gl BT a8l & &3 H I & ford Gema a1 S AFar B |

TATRS! Da W UPH 8K 3R Wb Haleld Tollcer &l
fawfra frar T iR ga@T wieror Y fovar T | w@e @
i &) I Il Bfa @R 31y &1 fageryor faar T
IR 3R IR Ree & ford 3ot urr a7 | SR R &
forr afpriRe Old & THieHRT 3R ST & s & 1: 5

fasa 3: auf S &1 geEA IR qoid YAHR B
de-Idl &1 a3 ¢d Jeais

SANTE B WR &1 oiel J-9R0T Tebeilel 72fTef 3T JA-9R0T
3R FIaex {13 YAARU DI 39 &F & ol a9 2017 B
AFGA HH @] @ & SR Jeifdba fbar 71 | ARE
3af ¥ HY b HEYH W Bl 2895 TTHICR oIl SIel B
JHRO] GAT | AT STTER IR S qui are & gRomH
@ AT AfAHTH, <A, Id T Iuf 9arg @l 15 9y dl

O™ 31afd gq Yoiel J-ARUT LT 40040, 0, 9899 AR
19584 EIFHICR T | ¥YoTel YA-HROT Bl ST B3 JAHRTT Bl

& U & AT AR a1 11 g9 a18 10 AT d& ga@!
TSI fHam 147 iR 918 # 6 €2 dd U 81 9e 84 @ ford
Bre fouT | SR Rew & R MR &1 Wi & 9l &7 5 fAFe
TP TOIICa 3R 5 € TF U 81 e B & 918 (IR fhar
ST Adhdl & | 81 A Farferd Yoficex Sifdd @rg g9+ #
PRIR 8 Safdh g8 UM IR Wl & fordy fasten darfera
Toficex Pl Sifdd WTE 3hTs H SYANT H o1 o AT © |

BTG B UR f3U BT A1 60% PE & ¥R W Rars
TG 100% TGS SdRG ® YART & A1 THER DI 3MfIH
IUST (34.13 TT,/8) U< §g 1A 3 ITARI BT IOl
JNMBTH Y& ™ T 2,94,700 / fdaed 3IR 7.33 BT ATARTT
QTOTC TITT B3 |

HOETE dg R B SIE JH a1l 3 Bad H 100%
ASeIole SdRe & VAN & A1 80% PE & Rams TR 9
f$u BfeeM grT f3u 3R Ads! REE @ 3 SuaRl &
T H 75% N & BT ISUAR BT BISHY 31D Hetl
SUS (723 TA/®) WK Bl 39 SUAR W 31.03
T /2T @Y STl SUANT QeTdT & TS ST 50.11%
s ST &1 99 g8 | A8gIo & Gd (100% 3R 75%)
7 feu Rars & dgd fHS) &) USTaR BT H1! 31fdd yarfad
Tl e | gratifes, Aag! R & dgd s dgyqut uva
geT | f$7 BiET= SUaR (100% PE TR RI@Tg +100% N &7
TRINT) ®I B ABdH Y& M % 37060 U BFCIR B AT
a9 fhwrreh aram 13 |

SRR dg R AR iR SR Red & «R® @1
BT AT BT UTIR UR AT UHTT ST | UTHBTeA
I D G fF UG (37.05 7 /7) 1.0 ETc & Rarg
TR & W7 U1 §s oIl 0.6 ETc Td 0.8 ETe & Riams &Rl
Tt IUST 3 BT A off | IdR R & SU=ART A1 60%,
80% 31R 100% SaRDI BT FeITs g ATAT & TANT A IS H
P! gy g3 ST 91¢ Ae! RFTS & F9 SUERT B el o
e off | AAe! RS & Tl START I HH SUST T 8 |
s &k IR R &1 IR gWra | Feaqel T8l aran
T | 97 Rars ugfa @ g # f3u Ram & 53.8 9 70%

TP STl T T T S |

GRIT @ 15 Y JHTE! Siae Pl &% I T 2.66 / THICR T |
PIgeR B B AT 40333 TTHICR STl BT AR o | 59
fafer % Tty @1 ATTA BT ATHSA B IR TARY DI AT DI
B PR Yolel T-ARUT DI ARTd AL 2051 /TR IR T
0.32 /G-HIer o |

TANTE ®% WR fheek H a7 W &1 AlCTE & A1 fhoex o
TS Q& H g g3 | a1 WIR BT 10 I, 15 I iR 20
JH BT AT B AT BATS eI HAT: 63%, 85% AR 89%
T 8% | BS QeI U4 d1e] & Rl & §ra IRgads (Y= —0.
36%2+13.4x—35) el YU fhar AT STET Y=94Ts qerdr
(%), X=4Tc] TR &I AeTs (FEHIeR) 8 | AL, 916 WK &
HIcTS # gig g8, YR 9819 & &% He TS | 91 WK Bl 10
JH1, 15 T 3HIR 20 T BT AICTS & AT YA4RY 9819 Bl &%
AT 63%, 85% SIX 89% UTK 8% | 814 &I a¥ 3R dTef Bl
qieTs & 99 Ader YRaIdb Arsd (Y= —4.7038x+127.59) & TR
R MU fHar T, SEl Y= TR0 981d bl &% (%),

X=9Te] WR @ Aerg (HHeR) 81 39 #Afsa 9 R*=0.99
Teferd o |

T FARIGR $s IR 41 U fheex &l T faar mam aik
P Vol JT-ARY1 8 3Td [heex GaTSTHl & ATl $HdT
QRIET fHAT AT | Bbs, d1, IR ARDIA A T fheex
HATSTT—6 & AT SAfHTH YA TR U 75 | el Db,
ABE BhS AR e ¥ I fheex FA—7 H B fFreifad
B BT 7T FAdH T WAfh IHDHI JAART &R AT =ATH
oY | ITUATET IuT STeT T AT HATI (SNSE) 410 YA
o | 3T Helud Bl fhoey FATT—7 & AT 81.7% AP HH
o T | fargelyor | uar =reft {6 fhoer Hare-—6 ¥ Uab ol
STErHTH J-ARYT SR U 8% AR GO AR FIas HeATa+ AT
T gan e aoie 9 I8 fheex HAGH AN U4
FHrafaae & ford 984 €1 et fAdweu 7 |

B Ba ERT ol YA-AR0T IR WRE Tell 48 & Y91d &7
I fHT AT | FEHGTR AT & d71d Seell H HHT
1T §€ B AR &1 g9 b 77 | 71 & 9819 & A9 B
3R 31 BT A 1T AT 3R 571 T 31l & STel WK
R 3ffps ool fbd T | 99 2017 § 39 AW AT 991 &

ICAR-Indian Institute of Water Management ( 3 -



HHIS &3 H YoTdl HSR & ATITT H 20—55 ICIR—HICY Bl

afg 3L TS | gevifa Sl # M T SSF BT THIT 459.3
HIeR 1 g0 T YT AT |

MG B8 TR W H HU S AR 8g U IR WA fheey
P 1T 39 fhoex b1 & Ahdl Y2 TR T TRIeToT foham
T | 39S ford die fhee yarf o1 24—28 )Y TR @
3 (BF—1), 0.6—2.0 T & 3MHR BT a1 (SG—1), 9.5—15.5
et I & ol Fhe (AG—1) 31X 20—40 it & Aex &
JMER & Hag (PG—1) M BT IUART fam 737 | 399 fhee
DI Bl AICTS 100 T (25 AT TS U=q) i RoTaahT HHie
&3 & I g Wl W) wieror fhar | 98, s
BTs GETdT HRId 84.49% T UTg TS forId! Iy 2017 & I8
@ HIGH DI 3@l § HeT 1571525 SAICR DI GA-HROT &HAT B
AT ¥[oTel J-9RYT 8 Aherargdd AT Sl Havdll 2 |

TIAR Dg TR S THT TS H Joiel Toelt o1 avffga
forar T ok SHd RRER ot # Af= wadll & a3 &
Jfata Hrmiferd () IR difed (R faR &t
31 far T | av 2006 3R 2015 H SR 3R HRAT B
TR DI af & SR Rprs f5d T SUUE meniRa it
A B TR IR BT T ST I8 9d1 © 6 18, 3 A &
&3 W 109% TP B! gig B3 IR T & HAA B &5 ¥ 36%
TP B s | Y 2006 BT AR H T B BHA drel & H
25555 TACIR W Y 2015 H 54997 TICIR qH BT Ifg TS |
fISIaTel AIS el AiSel BT SUANT B 5 AT &3 AN
513300 BFCIR &Y ol 9819 FoTell ®I IR faar |
¥ 2000 | I¥ 2010 IF B ford Aled & HAUH & 91
SRATAT STerarel Ud AT STerdre! & 8gsifeld ATelddT 0.
00107 #eX/AHS TG 0.0005 HIex/HHS U< 5 | 9
HISS B IY 2011 | 2015 TP BTSSIAD 28 B AThS] B AT
T faar T | A Tt & SUART B TR FHA & ©
Tl BISSIfeTd 88 & a9 2025 H 334.14 W 330.41 TP HH B
P! Reafa § Y 39 Al &1 TERIAT I BISSifld 88 Bl
YAl S | SRIT S Wbl 2 | If 77 &) e
NF STt BT AT dTell B! & Tod & H gig SR &0 §
A AFGA g4 @I @A B IRM Yold BT BSgcd os
MG Aidh H 5.26 WIeR, TRITEYR @h § 3.9 HIex, el
d  H 3.04 AR, BIARYAT &ild H 4.39 Hex, 5ol <ild
T 5.18 Hiex 3R AT i H 0.60 HITx BT TExTs ddb oIl
WHAT & | 3R a9 &R TR I8 D HAd 4 (¥arg | 9g
ST & G ST 991 &) 9 BT A gfeg BT |

AR &5 W AhAGH [Tyl UR e STisv &
(@rexere) &I weafawdr = garar f& ws1, ws2, wse, WS9,
WS12, WS14, WS19 3R WS20 3Mfe STeliiewr &= 2ifdd
TTIAehlT aTel &1 ¥ 3T & 31R UE STTUEvl &3 T AR
% Ty orfde Adewefiar soft & sfaefa o & | wa=Ter 39
IR ¥ %Il 9819 Ud e 981d & fordl A g sher:
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IRPI DI GIMS Ts 100% AAT (250: 75: 75 fhaaram™m
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BT | WRURIT Rarg @l geren 3§ Sd= R 3 23% T Siel
B! 9 B¢ | SU-HAE! F$U BT & Aregd | HUr— Hehl
B T H ISQ DI AT 8 B BIISHS AT §s |

fawa 4 YeT—Sid—dlel AIArERYT & G99 R IATERYA
SIADE]

ARAT B TR &Y 919 B B H, 919 Y USTaR BT T2+ 40
I D TS BT SHATS TG 30 A B S Bl HdTs B ATl JHH
T 83T | S GIFI SHdTs alel Wl & €19 & Wdl | 10 41
3R 20 H! S ATS Tl Al & Wl BT 3TV &1 &I B H
31 T AT / Ui, QT QU R JaTel SUSl It
g TS € @ > A9 H W wudl (@ e
TIATERA) BT U H Wl A T9Td YT AT eI 30 THT &
S &1 HdTs dTel Wdl ¥ T 60823 BT Y& T M U ar
3R 2.93 BT AP ATH-ART ST Wl U1 3T |

AR Bg W B A gaATS Bl (AR B Jor H <a gy
AR & T TG 100% 3TART THAIY & AIH A Bl DI
31T | IORT & el H 3fed ST U (4.69 1/ 7) T
83 AT NP Y& o™ [ 41337 /8) T AN AFUT (3.
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EXECUTIVE SUMMARY

Theme 1: Assessment of availability and quality of
surface water and groundwater

At Sriganganagar, under 20 Z outlet of Z distributory in
Gang canal command, total CCA was 304 hectares. The
cropped area during Rabi 2016-17 and Kharif 2017 was
280 and 261 ha, and relative water supply was 0.42 and
0.88, respectively indicating deficit water supplies during
both the seasons. There is need to replace some of the area
under wheat and American cotton (Gossypium hirsutum)
with low water requiring crops to match the water supply
with crop demand.

At Ludhiana, an upgraded expert system was developed
over the previously developed decision support system as
it provides the required details of associated components
such as winding wire diameter, wire length, available
pump in the market, generator capacity, ammeter rating,
voltmeter rating, capacitor rating and Polyvinyl Chloride
(PVC) pipe diameter along with appropriate selection of
submersible pump setbased on the spatial information for
the Punjab using Geographical Information System (GIS).

At Rahuri, water delivery performance of Musalwadi
minor irrigation project estimated on volume basis at the
outlet and farm level for the year 2008-2009 showed good
performance of the project at both outlet and farm. The
adequacy of Musalwadi minor irrigation project is 0.10,
0.48 and 0.26 for kharif, rabi and summer seasons,
respectively indicating non release of water as per crop
water requirement.

At Junagadh, assessment of potential water resources of
Ajiriver basin of Shaurashtra was done using SWAT Model.
Soil texture was clay (56.1%), agricultural land was 69.9%
and slope up to 4% (67.0%). The warming trend of daily
minimum temperature from 1970-2005 and 2006-2070
for annual, summer and monsoon season increased from
0.027 to 0.040°C/year, 0.031 to 0.044°C/yearand 0.011 to
0.043°C/year, respectively while decreased for the winter
season from 0.046 to 0.032°C/year. The warming trend of
daily maximum temperature from 1970-2005 and 2006-
2070 for the annual, summer and monsoon season
decreased from 0.027 to 0.025°C/year, 0.028 to
0.021°C/year, 0.023 to 0.022°C/year, while increased for
winter from 0.033 to 0.34°C/year. The average reference
evapotranspiration reached 1964 mm, 1996 mm, and
2010 mm in annual, 438 mm, 458 mm and 475 mm in
winter, 700 mm, 698 mm and 698 mm in summer, and 826
mm, 839 mm and 837 mm in monsoon during the periods

1970-2005, 2006-2040 and 2041-2070, respectively. The
reference evapotranspiration increased by 57
mm/century annually. The average annual rainfall of 572
mm, 392 mm and 430 mm in the Aji basin during 1951-
2005,2006-2040 and 2041-2070, respectively was stable.
The monsoon seasonal runoff was 261 mm, 187 mm and
182 mm, respectively during 1970-2005, 2006-2040 and
2041-2070 that showed a stable trend. Groundwater
recharge during monsoon was 42 mm, 21 mm and 20 mm
for periods 1970-2005, 2006-2040 and 2041-2070,
respectively indicating stable trend. Crop water
requirements during winter, summer and monsoon
seasons may increase/decrease by 6.4%, -0.3% and 1.5%
during winter, summer and monsoon seasons,
respectively in the future as compared to the past, due to
climate change impacts. Extreme rainfall (100 year return
period) events may increase in the future by 39%.
Similarly, runoff may decrease in future but the extreme
event (100 year return period) of runoff may increase by
87.5%. The extremity (100 year return period) in crop
evapotranspiration and groundwater recharge may
decrease by -5.7% and -5.8%, respectively.

At Udaipur, the gross catchment area of the upper Berach
river basin is 1101 km® and the entire area is having
undulating topography in which the velocity of runoff is
high. For groundwater monitoring, 95 wells were
identified and their GPS locations were recorded. Water
table maps were prepared using pre and post monsoon
water table data for 2016 and 2017. Aquifer parameters
were determined using 12 pumping tests. Thematic maps
for soil, slope and topographic elevation were prepared for
the basin. The area favourable for artificial recharge is
219.2 km’, which contributes only 20% of the total study
area including villages of Chandersia, Gandoli, Sangwa,
Shambhopura, Beran, Nauwa, Mavli, Akodra, Bhutpura,
etc.

At Udaipur, assessment of groundwater quality was done
for Chittorgarh district of Rajasthan. The district was
divided into 7 km x 7 km square grids and one open dug
well was selected randomly from each grid using GPS. Total
134 groundwater samples were collected in pre monsoon
season and post monsoon season of 2017. In post
monsoon season, TDS varied from 80 mg/kg in
Rawatbhata block to 1890 mg/kg in Kapasan block.
Groundwater pH varied from 6.2 in Gangrar block to 9.1 in
Dungla block during pre monsoon. During post monsoon,
pH varied from 6.8 in Nimbahera block to 8.4 in Dungla
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block. Electrical conductivity varied from 0.30 dS/m in
Rawatbhata block to 9.30 dS/m in Kapasan block during
pre monsoon.

At Jabalpur, two-layer groundwater modeling of soil
aquifer system was done using Visual MODFLOW.
Calibration was done with data from year 2000 to 2010
and validation from 2011-2015. The predicted results of
water level matched well with the observed water level.
Correlation coefficients at calibration and validation were
0.993 and 0.992, respectively. Recharge of the study area
ranged from 75-175 mm, hydraulic conductivity was
0.00013 m/s, transmissivity of confined aquifer ranged
from 17 to 3000 m’/day. There was good agreement
between observed and simulated water levels in steady
state as well as transient conditions with correlation
coefficient 0.99. Groundwater flow in unconfined aquifer
(Aquifer-I1: Layer thickness 1.8 to 20 m, Calibrated
parameters: Hydraulic conductivity 0.00013 m/s, specific
yield 0.05 to 0.16, Recharge 106 to 290 mm//year) is from
east to west in the study area. However, the overall
direction of groundwater flow in the confined aquifer
(Aquifer-II: Layer thickness 20 to 80 m, Calibrated
parameters: storage coefficient 0.0001) is also moving
from east to westdirection.

At Coimbatore, groundwater balance was assessed to
quantify water availability for development in Amaravathy
basin. Rainfall in Amaravathy basin from 1971 to 2014
showed an non-significant decreasing trend with Q value
of -2.49. Coefficient of variability varied from 19.67 to
44.49%. Fluctuation of groundwater level in the basin
varied from 0.2 to 3.1 m during south-west monsoon, and
0.4 to 6.6 m during north-east monsoon. Out of 33 blocks in
the basin, 16 blocks are overexploited (= 100%), 2 blocks
are critical (90-100%), 12 blocks are semi-critical (70-
90%) and 3 blocks are safe (< 70%). Total monsoon
recharge from 1971 to 2014 varied from 27 to 12.80%.
About 72% area i.e. parts of the blocks such as Vellakovil,
Mulanur, Dharapuram, Madathukulam, Gudimangalam,
Vedasandur, south Pollachi and Aravakurichi were
identified as 'very good' groundwater recharge areas.
Regression model developed may be adopted for
reasonable estimation of groundwater table at the
observation well based on rainfall, antecedent rainfall and
antecedent groundwater table for effective planning and
managementof groundwater resources of the watershed.

At Coimbatore, soil fertility status and water quality in
Kugalur distributory of Lower Bhavani Project command
area were assessed with GIS. Bulk density and particle
density ranged from 1.1 to 1.6 Mg/m®and 2.0 to 2.8 Mg/m’,
respectively. Soil texture is mostly sandy clay loam
followed by sandy loam texture. Soil fertility status showed
that pH and EC are normal. Available N, P and K were low to
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medium, low to medium, and medium to high, respectively.
Irrigation water analysis showed that pH and EC are
normal in all the villages. Chloride content implied that
water samples are in good condition. Residual Sodium
Carbonate in water samples was <1.0 meq/l, which
indicated that quality of irrigation water is excellent. Total
Soluble Solid ranged from 306 to 462 ppm.

Theme 2: Design, development and refinement of
surface and pressurized irrigation systems

At Parbhani, drip irrigation at 1.0 PE recorded significantly
higher grain and stoveryields and netreturn of maize was
comparable with irrigation at 0.8 PE wrt. grain yield.
Significantly higher grain yield, stover yield, WUE and net
return of maize was observed in fertigation level at 100%
RDF (150:75:75 NPK kg/ha) through drip and was
comparable with 75% RDF through drip w.r.t. both grain
and stover yield. It is recommended to schedule drip
irrigation at 0.8 PE on alternate day for higher grain yield
and net monetary return of maize. Similarly, drip
fertigation with 112.5:56.2:56.2 NPK kg/ha to maize with
N in 8 equal splits @ 12.5% at an interval of 10 days from
10 to 80 DAS, while P and K in 2 equal splits of 50% at
sowingand 30 DAS is recommended.

At Belavatagi, sunflower grown with drip irrigation at 1.0
ETo during kharif season recorded significantly higher
grain yield of 2.43 t/ha in pooled data compared to
farmers' method of giving flood irrigation at critical stages
(1.85 t/ha). Total water saving was 28.44% over flood
irrigation. The following Rabi crops like wheat, bengal
gram and groundnut also performed better under drip as
compared to farmers' method. The wheat, bengal gram
and groundnut recorded 0.53, 0.63 and 0.74 t/ha higher
yields than normal method of irrigation. Sunflower
equivalent yield was higher with sunflower-groundnut
cropping system with 5.95 t/ha which gave net return of
%1,37,075 and B:C ratio of 2.92. In Malaprabha command
area, growing sunflower with drip irrigation followed by
groundnut is more profitable compared to other cropping
systems. The cropping system is recommended for
package of pracitces.

At Chalakudy, a hand and power operated agitator was
developed and tested. The nutrient content of manure
solution, filtrate and residue were analyzed and found
good for fertigation. Vermicompost solution can be
prepared for fertigation by mixing vermicompost and
water in the ratio of 1:5 followed by agitation for 10
minutes and settling for 6 hours. Cowdung solution can be
prepared for fertigation by agitation for 5 minutes
followed by settling for 5 minutes. The hand operated
agitator is effective in agitating organic manure, whereas
the power operated agitator can be introduced in organic
fertigation unit for large scale cultivation.
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At Faizabad, drip fertigation at 60% PE with 100% N
recorded significantly higher yield (34.13 t/ha) of tomato
with maximum netreturn of% 2,94,700 per quintal and B:C
ratio of 7.33 over other treatments. Drip fertigation at 80%
PE with 100% N recorded significantly higher yield (7.23
t/ha) of zaid okra over other treatments of drip and surface
irrigation except its 75% N fertigation treatment. This
treatment saved about 50.11% irrigation water with WUE
of 31.03 kg/ha-mm. Nitrogen doses (100% and 75%) did
not affect the okra yield significantly under drip irrigation.
However, it has significant effect under surface irrigation.
Drip irrigation treatment (60% of PE + 100% N
application) was found most economical with maximum
netreturn ofRs.37060 per hectare.

At Sriganganagar, mean effect of irrigation and fertigation
schedules on yield of summer squash was significant.
Highest yield of summer squash was recorded at 1.0 ETc
(37.05 t/ha), significantly higher than the yield obtained
with irrigations at 0.6 ETc and 0.8 ETc. With fertigation
treatments, yield at 60% RD, 80% and 100% RD
significantly increased over that of flood surface irrigation
(control), with all treatments giving significantly similar
yield. The interaction effect of irrigation and fertigation
was also non-significant. Water saving with drip irrigation
ranged from 53.8 to 70.0% compared to flood irrigation
method.

Theme 3: Development and evaluation of
groundwater recharge technologies, and
management ofrainwater

At Junagadh, two groundwater-recharging techniques viz.,
open well recharging and connector well recharging were
evaluated during monsoon season of 2017 for Junagadh
region. During the monsoons, 2895 m’ was recharged
through open well. With annual extreme runoff event,
groundwater recharge was 40040 m’, 0 m’, 9899 m® and
19584 m’ for maximum, minimum, average and 15 year
return period of runoff, respectively. Cost of groundwater
recharge was ¥ 2.66/m’ @ 15 years effective life of open
well recharge structure. There was positive recharge of
40333 m’ with the connector well. Cost of groundwater
recharge was Z 0.51/m’ and % 0.32/m’ on including and
excluding tubewell cost, respectively.

At Junagadh, filtration efficiency increased with thickness
of sand bed. With 10 cm, 15 cm and 20 cm thickness of sand
bed, filtration efficiency was 63%, 85% and 89%,
respectively. Relation between filtration efficiency and
thickness of bed was established as a linear model: y = -
0.36x" + 13.4x - 35, where y=Filtration efficiency,
x=Thickness of sand bed in centimetre. Recharge flow rate
decreased as thickness of sand bed increased. With 10 cm,
15 cm and 20 cm thickness of sand bed, recharge flow rate
was 63%, 85% and 89%, respectively. Relation between
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flow rate and thickness of bed was established as a linear
model: y=-4.7038x + 127.59, where y=Recharge flow rate,
%, x=Thickness of sand bed in centimetre. The model
showed R%=0.99.

At Pusa, a filter was fabricated and tested with various
filter combinations for artificial recharge. Filter
combination-6 consisting of gravel, sand and charcoal had
highest recharge rate and 2™ lowest TSS value. Total
suspended solid (TSS) was lowest after passing through
the filter combination-7 consisting of coloured gravel,
white gravel and sand, but the recharge rate was lowest.
Average turbidity of the runoff water was 410 NTU.
Maximum turbidity was reduced by 81.7% with filter
combination-7. The analysis revealed that filter
combination-6 showing highest recharge rate and 2™
lowest turbidity is the best for adoption and
implementation.

At Rahuri, impact of cement nala bund (CNB) on
groundwater recharge was studied. A series of cementnala
bunds at Vadgaon Tandali, Ahmednagar was selected. The
wells downstream of these structures were mapped and
the observations on water levels in these wells were
recorded. The volume of groundwater storage in the
command of these CNB for the year 2017 showed an
increase of 20.55 ha-m. The influence of cement nala bund
atVadgaon Tandali was found upto a distance 0f459.3 m.

At Rahuri, hydraulic performance of filter technology was
tested with a four layer filter for bore well recharge in
farm/field. The filter materials were brick flakes (BF-I) of
size 24.28 mm, sand (SG-I) of size 0.6-2.0 mm, angular
gravel (AG-I) of grade 9.5-15.5 mm and pea gravel (PG-I) of
size 20-24 mm. The filter having total thickness of 100 cm
(25 cm/layer) tested at three different locations in the
command showed filtration efficiency of about 84.49%,
which can be considered as satisfactory performance with
recharge capacity of 1511525 litres during the rainy
seasonof2017.

At Jabalpur, groundwater system in the upper Narmada
basin was characterized by studying the spatial and
temporal variation of area under different crops in
Narsinghpur District. Crop maps prepared for the years
2006 and 2015 based on satellite data captured during the
month of January and February indicated area under
wheatincreased by 109% and area under gram reduced by
36%. Area under sugarcane crop incresead from 25555 ha
during 2006 to 54997 ha in 2015. Groundwater flow
system was developed in the study area of 513300 ha by
Visual MODFLOW. Hydraulic conductivity (K) obtained
after calibration of model for 2000 to 2010 is 0.00107 m/s
for unconfined aquifer and 0.0005 m/s for confined
aquifer. Model was validated with hydraulic head data
from year 2011 to 2015. The model forcasted hydraulic
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head to further deplete from 334.14 mto 330.41 min 2025
if rate of groundwater use remains same. Groundwater
heads during pre-monsoon period may go deeper by 5.26
m in Gotegaon block, 3.91 m in Narsinghpur block, 3.04 m
in Kareli block, 4.39 m in Chawarpatha block, 5.18 in
Chichli block and 0.60 m in Saikheda block if area under
high water consuming crop like sugarcane continues to
increase. Also, if irrigation to wheat is increased at a
presentrate, depletion will increase.

At Raipur, prioritization of watershed based on
morphometric analysis revealed that the watersheds WS1,
WS2, WS6, WS9, WS12, WS14, WS19 and WS20 fall in the
high priority and indicated as the high soil erosion
susceptible watersheds. Manning's 'n' values for overland
flow and channel flow are 0.132 and 0.024, respectively for
the Seonath sub-basin. Arc-SWAT model accurately
simulated stream discharge and sediment concentration
from the Seonath sub-basin on monthly basis using both
observed and generated daily rainfall and temperature.
Artificial groundwater recharging plan for Raipur district
was developed using Multi Criteria Evaluation/ Weighted
Overlay technique.

At Coimbatore, out of the 33 blocks in Amaravathi basin, 16
blocks fell under the category of overexploited (= 100%),
two blocks under critical (90-100%), 12 blocks under semi-
critical category (70-90%) and only three blocks under safe
category (<70%). Total monsoon recharge during 1971 to
2014 varied from 27 to 12.80% in the basin. About 72% of
the basin areas contribute to good recharge areas. Parts of
the blocks such as Vellakovil, Mulanur, Dharapuram,
Madathukulam, Gudimangalam, Vedasandur, Pollachi south
and Aravakurichi in the basin were identified as very good
groundwater recharge areas. Regression model was
developed, that may be adopted for reasonable estimation
of groundwater table at observation well based on the
rainfall, antecedent rainfall and antecedent groundwater
table for effective planning and management of
groundwater resources of the watershed.

At Coimbatore, subsurface drip irrigation at 100% PE with
125% RDF (150:75:75 kg NPK/ha) for cotton and 100%
PE irrigation regime with 100% RDF (250:75:75 kg NPK)
for maize gave higher yield and economic benefits in
cotton-maize based intercropping system. The fertigation
schedule saved water up 23% compared to conventional
irrigation. Intercropping of blackgram under cotton -
maize sequence proved beneficial through subsurface drip
fertigation.

Theme 4: Basic studies on soil-plant-water-
environmentrelationship

At Jorhat, performance of rice crop with bund height of 40
cm was at par with bund height of 30 cm recording
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significantly higher number of grains/panicle, grain yield
and straw yield of rice than 10 and 20 cm high bunds. The
yield of subsequent rabi crops (linseed, buckwheat and
Lathyrus) followed similar trend. However, bund height of
30 cmrecorded highestnetreturn of% 60,823 and B:Cratio
0f2.93.

At Morena, pearlmillet grainyield (4.69 t/ha), netreturn (%
41,337 /ha), B:C ratio (3.05) and water productivity (1.47
kg/m’) were significantly higher under 100% RRSHS
(Residue retention through sowing of crop by turbo happy
seeder) sowing method compared to other sowing
methods. In case of intercultural operations, tractor
operated ridge furrow maker + weedicide application
resulted in significantly higher yield of 4.58 t/ha, net
income of ¥ 56,170/ha, B:C ratio of 3.59 and water
productivity of 1.30 kg/m".

At Kota, maximum and significantly higher garlic yield of
16.01 t/ha was obtained when irrigation was applied at
100% PE followed by 14.17 t/ha with irrigation at 75% PE.
Similarly, 100% of recommended dose of fertilizer (NPK
120:40:100) produced the maximum garlic yield (16.31
t/ha) but was at par with the yield (15.41 t/ha) obtained
with 75% of recommended dose.

At Navsari, sugarcane crop grown under different pit
diameters and pit spacings showed highest net profit with
treatment D,S, (60 cm pit diameter with 1.75 x 1.75 m pit
spacing) which was followed by D.S, (45 cm pit diameter
with 1.75 x 1.75 m pit spacing). Increase in net profit over
plant crop was positive up to three ratoon crops in case of
both the pittreatments. Whereas, it was positive only up to
two ratoon crops in case of control treatment (paired row
planting).

At Navsari, higher net profit from 8 to 9 years old mango
plantation was obtained when drip irrigation was applied
directly through four vertically inserted HDPE/PVC pipe
(75 mm diameter) into the soil at 40 cm depth below
ground level on all the four sides around 1.5 m away from
mango trunk through spaghetti tube (4 mm diameter)
fitted on online dripper.

At Powarkheda, sowing of chickpea (gram) on 15th
November and 30" November gave satisfactory yields of
2.95 t/ha and 2.79 t/ha, respectively. But sowing on 15th
December (2.12 t/ha) resulted in drastic reduction in
yield. Two irrigations i.e. at branching and pod formation
stages of gram proved to be most beneficial with yield of
2.81 t/ha. In case of availability of only one irrigation, it
should be applied at pod formation stage (2.56 t/ha). Net
monetary return (% 65,621 /ha), B:C ratio (2.75) and WUE
(127 kg/ha-cm) were maximum under 15" November
sowing. Net monetary return under 3 irrigations and 2
irrigations were nearly equal (X 61,081 and % 60,506/ha)
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but the B:Cratio of 2.60 and WUE of 112 kg/ha-cm under 2
irrigations was higher under two irrigations.

At Powarkheda, wheat crop (JW 1203) under zero tillage
gave highest yield of 4.57 t/ha with irrigation at 1.2
IW/CPE, which was statistically similar to yield (4.39 t/ha)
with irrigation at 1.0 IW/CPE. Water use efficiency was
higher (165 kg/ha-cm) with 0.8 IW/CPE but net monetary
return (2 26,299/ha) and B:C ratio (1.62) were
substantially higher with 1.2 IW/CPE closely followed by
1.0IW/CPEratio (R 24524 /haand 1.59).

At Bilaspur, three years of experiment showed that
irrigation at 3DADPW recorded highest rice grain yield of
6.92 t/ha and maximum net return of ¥ 77,634 /ha. Also,
plant spacing of 20 cm x 20 cm gave higher yield of 7.06
t/ha, netreturn of%¥ 77,696 /ha and WUE of 106.82 kg/ha-
cm.

At Palampur, substitution of different proportion of
recommended dose of nitrogen with various locally
prepared liquid manure enriched with 1% liquid
biofertilizer (E100) and recommended dose of
phosphorus and potassium as basal application resulted in
significantly higher yield and economics with drip
irrigated green onionat 0.6 PE and okra at 0.8 PE, than crop
fertilized with recommended nitrogen through chemical
fertilizer with or without recommended FYM and 5 cm
surfaceirrigation.

Theme 5: To evolve management strategies for
conjunctive use of surface and groundwater

At Coimbatore, present pattern of conjunctive use of
surface water and groundwater was assessed in Lower
Bhavani Project (LBP) command area. Major crops like
sugarcane, banana, irrigated wet crop paddy and irrigated
dry crop groundnut were considered. It was observed that
conjunctive use is very low at the head reaches and
increases towards the tail reaches. Paddy and groundnut
completely depends on canal water supply. More than 75%
of the farmers having open wells in the study area are

V4

having borewells (one or two) so that they can give
irrigation to annual crops during summer. Out of the 75%
farmers, 60% of them pump out water from borewells in to
open wells/surface level tanks and give irrigation to fields
by pumping water from open wells/diverting water from
surface level tanks. Canal and groundwater could be
managed conjunctively for minor irrigation in the
command area by delivering less water to canal head-end
watercourses and redirect flows to tail-end outlets; water
distribution equity is restored in the canal and/or reverse
inequity is established.

At Bathinda, conjunctive use of different proportions of
canal water (CW) and tubewell water (TW) (saline sodic;
RSC: 6.4 meq/1; EC: 2.2 dS/m; low salinity high SAR; saline-
sodic) irrigations had non-significant effect on girth,
height, timber and fuel wood in case of Eucalyptus. Among
different treatments, the height, girth, timber and fuel
wood of Poplar trees were at par among CW, CW-TW and
2CW-1TW treatments. In case of Dek, maximum height,
timber and fuel wood was found in CW treatment, which
was statistically at par with 2CW-1TW but significantly
higher than irrigation with TW and 2TW-1CW. Among
these tree species, water productivity and economic
returns were higher with Eucalyptus followed by Dek and
least in Poplar under saline sodic water irrigation in
calcareous soil of semi-arid region in Punjab.

At Bilaspur, Kharif rice var. MTU-1010 produced highest
grain yield (4.21 t/ha) and straw yield (5.52 t/ha) with
100% dairy water irrigation than tubewell water
irrigation. Nutrient management with 75% RDF + BGA
recorded highest grain yield (4.41 t/ha)compared to other
treatments. Following wheat crop var. HD-2932 during
rabi season gave significantly higher grain yield of 3.76
t/ha and straw yield of 4.27 t/ha under irrigation with
100% dairy surface water than tubewell water irrigation.
Among different fertility levels, application of 75% RDF +
BGA resulted in significantly higher grain yield of 3.95
t/ha.
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INTRODUCTION

All Indian Coordinated Research Project on Water
Management (WM) and All India Coordinated Research
Project on Groundwater Utilisation (GWU) were merged to

Systems (DSS) for matching water supply and demand
inagricultural production systems

Design, development and refinement of surface and

be rechristened as All India Coordinated Research Project
on Irrigation Water Management (AICRP-IWM) during the
XII Plan. AICRP-IWM is operating in 26 centres under
various agro-ecological regions of the country. There are
multiple centres under Tamil Nadu Agricultural University
(Bhavanisagar, Madurai, Coimbatore), Jawaharlal Nehru 3. Management of rainwater for judicious use and to
Krishi Viswa Vidyalaya (Powarkheda and Jabalpur) and develop and evaluate groundwater recharge

Punjab Agricultural University (Ludhiana and Bathinda). technologies foraugmenting groundwater availability
under differenthydro-geological conditions

pressurized irrigation systems including small
landholders' systems for enhancing water use
efficiency and water productivity for different agro-
ecosystems

Revised mandates of AICRP on Irrigation Water

Management after merger of AICRP on WM and AICRP on 4. Basic studies on soil-plant-water-environment
GWU relationship under changing scenarios of irrigation

water management
1. Assessment of surface water and groundwater

availability and quality at regional level and to evolve 5. To evolve management strategies for conjunctive use

management strategies using Decision Support of surface water and groundwater resources for
sustainable crop production

List of existing centres and their controlling institutions under AICRP on Irrigation Water Management (Table 1)

Table 1. Centres and their controlling universities

S.No. Location of Centre Controlling University /ICAR Institute
1 Almora VPKAS, Almora
2 Bathinda, Ludhiana PAU, Ludhiana
3 Belavatagi UAS, Dharwad
4 Bhavanisagar, Madurai, Coimbatore TNAU, Coimbatore
5 Bilaspur, Raipur IGKVV, Raipur
6 Chalakudy KAU, Thrissur
7 Chiplima OUAT, Bhubaneswar
8 Dapoli DBSKKYV, Dapoli
9 Faizabad NDUAT, Faizabad
10 Hisar CCSHAU, Hisar
11 Jammu SKUAST, Jammu
12 Jorhat AAU, Jorhat
13 Junagadh JAU, Junagadh
14 Gayeshpur BCKVV, Mohanpur
1S Kota AU, Kota
16 Morena RVSKVV, Gwalior
17 Navsari NAU, Navsari
18 Palampur CSKHPKVV, Palampur
19 Pantnagar GBPUAT, Pantnagar
20 Parbhani VNMKYV, Parbhani
21 Powarkheda, Jabalpur JNKVV, Jabalpur
22 Pusa Dr.RPCAU, Pusa
23 Rahuri MPKYV, Rahuri
24 Shillong ICAR Research Complex for NEH region
25 Sriganganagar SKRAU, Bikaner
26 Udaipur MPUAT, Udaipur

Irrigation Commands under AICRP on Irrigation Water Management

The locations of the centres of AICRP on Irrigation Water Management catering to differentirrigation commands and agro-
ecological regions of the country are given in Table 2.

12 ICAR-Indian Institute of Water Management
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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 3.

Table 3. Locality characteristics of AICRP centres in irrigation commands

Name of centre Soil type Depth of water Annual rainfall Source of
table (m) (mm) irrigation

Belavatagi Sandy loam to clay Very deep 556 Canal

Bhavanisagar Red sandy loam to clay loam 3-10 m 702 Canal

Bilaspur Sandy loam to clay >2m 1249 Canal

Chalakudy Loamy sand to sandy loam, slightly acidic >2m 3146 Canal

Chiplima Sandy loam to sandy clay loam 0.2-5m 1349 Canal

Faizabad Silty loam to silty clay loam 3-4m 1163 Canal
Tubewell

Hisar Loamy sand to sandy loam 0.4-1m 430 Canal
Tubewell

Jammu Sandy loam to silty loam >4 m 1175 Canal

Jorhat Sandy loam to sandy clay loam, slightly acidic 0-15m 1985 Canal
Tubewell

Bathinda Loamy sand to sandy loam 1.0-4 m 400 Canal
Tubewell

Kota Clay loam to clay 0.7-2 m 777 Canal

Madurai Sandy loam to clay loam 0.5-2m 858 Canal

Gayeshpur Sandy loam to clay loam 0.2-2m 1315 Canal
Tubewell

Morena Sandy loam to sandy clay loam 5-15m 875 Canal
Tubewell

Navsari Clayey 1-5m 1418 Canal

Pantnagar Sandy loam to clay loam 0.5-3 m 1370 Canal
Tubewell

Parbhani Medium to deep black clayey >3m 879 Canal

Powarkheda Clay loam to clayey 1-5m 1285 Canal

Pusa Sandy loam 2-6 m 1200 Canal
Tubewell

Rahuri Deep black clayey 2-5m 523 Canal

Sriganganagar Loam to silty clay loam >10m 276 Canal
Tubewell

- 18 ) ICAR-Indian Institute of Water Management
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Theme 1

Assessment of surface water and groundwater availability and quality at regional level and to evolve management strategies
using decision support system (DSS) for matching water supply and demand in agricultural production systems

1.1.Sriganganagar (AESR 2.1)

1.1.1. Assessment of water use efficiency and its
improvement through introduction of technological
interventions at selected outlet in Gang canal
command area

20 Z outlet of Z distributory in Gang canal command was
selected to estimate area under crops, crop water
requirement and demand-supply scenario of canal water.
Total command area under the 20 Z outlet was 304 ha.
Total cropped area during Rabi 2016-17 and Kharif 2017
was 280 and 261 ha (Table 1.1.1), respectively with
irrigation intensity of 148.7%. There were only six water
reservoirs in the outlet command, out of which only 2.0 ha

(Kinnow orchard) was under drip irrigation. During Rabi
2016-17 and Kharif2017,5120.03 ha-cm and 5560.46 ha-
cm canal water (excluding rainfall) was released against
crop water requirements of 12321.5 ha-cm and 13751 ha-
cm, respectively. Canal water diverted during Rabi 2016-
17 and Kharif 2017 was 5120.03 ha-cm and 5560.46 ha-
cm, respectively. Water available at field was 5120.03 ha-
cm during rabi and 3446.37 ha-cm during Kharif.
Irrigation water requirement of crops during the seasons
were 12321.5ha-cmand 13751 ha-cm (Table 1.1.1). Water
supply was deficit in both the seasons with relative water
supply (RWS) of 0.42 and 0.88 during rabi and kharif,
respectively (Table 1.1.1).

Table 1.1.1. Irrigation water requirement (IWR) and relative water supply (RWS) to crops in
Gang canal command area

Rabi 2016-17

Parameter Wheat |Mustard | Barley | Gram | Fodder | Vegetable - - Total | RWS

Area (ha) 78 147 50 - 5 - - - 280 0.42

IWR (ha-cm) | 4212 2200 | 5659.5 - 250 - - - 12322

Parameter |American| Desi Bajra | Cluster | Mung | Sugarcane | Fodder | Orchard| Total | RWS
Cotton | Cotton bean bean

Area (ha) 25 0 1 205 2 17 5 6 261 | 0.88

IWR (ha-cm) | 1900 0 41 7790 55 3400 205 360 | 13751

American cotton- Gossypium hirsutum L.; Desi cotton- Gossypium arboreum L.

1.1.2. Assessment of water availability at distributary
level and to devise intervention for matching water
supply and demand for maximization of production

Khetawali distributary (KWD) of IGNP command was
selected for the study on water supply and demand
scenario. The distributary has 16 outlets in KWD system, 6
outlets in Khetawali minor (KWM) system and 2 outlets in
Amarpura minor (ARM) system. The design discharge of
KWD system, KWM and APM were 74.64, 17.05 and 4.0
cusec, respectively. During 2016-17, flow in KWD, KWM
and APM systems was 72 cusec, 14.9 cusec and 2.5 cusec,
respectively. The flow was almost constant during rabi and
kharif seasons. During rabi 2016-17, canal ran for 60 days

from October 2016 to March 2017. Wheat crop covered
maximum area in the command area and utilized most of
the canal water. Average RWS (0.42) was low during rabi
season. During kharif 2016, canal water was supplied for
62 days and total water release was 109227.29 ha-cm.
American cotton occupied maximum area during kharif.
Average RWS (0.80) during kharif season also showed
deficit irrigation (Table 1.1.2). Thus, it was suggested to
replace part of the area under wheat with mustard or
barley during rabi and some parts of American cotton
(Gossypium hirsutum) with low water requiring crops like
guar and moong during kharif in order to match canal
water supply with irrigation water requirement in the
KWD, KWM and ARM systems.

ICAR-Indian Institute of Water Management ( 19 -
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Table 1.1.2. Area and irrigation water requirement of crops and relative water supply (RWS)
under Khetawali distributary system

System# | Area | Irrigation water Canal water Water available | Effective Total
(ha) requirement |diverted (ha-cm) at field rainfall | water supply
(ha-cm) (ha-cm) (ha-cm) (ha-cm)
Rabi 2016-17
KWD 2641 130169.5 77374.98 47957.01 6866.6 54823.61 0.42
KWM 765 39165 20878.20 13433.03 1989 15422.03 0.39
APM 115 5347 3633.57 2270.98 299 2569.98 0.48
Kharif2017
KWD 2591 173518 82830.70 51338.47 74361.70 125700.17 0.72
KWM 718 51519 22603.98 14543.40 20606.60 35150.00 0.68
APM 90 5063 3792.61 2370.38 2583.00 4953.38 0.98

#KWD-Khetawali distributary (16 outlets), KWM-Khetawali minor (6 outlets), APM-Amarpura minor (2 outlets)

1.2.Ludhiana (AESR 4.1)

1.2.1. Upgradation of Decision Support System for
estimating pumping energy requirements

An expertsystem is developed to estimate specifications of
a submersible pump set and its allied components. This
expert system is advanced than the previously developed
decision support system by the centre. It provides details
ofassociated components like winding wire diameter, wire
length, available pump in the market, generator capacity,
ammeter rating, voltmeter rating, capacitor rating and PVC
pipe diameter along with appropriate selection of
submersible pump set based on spatial information of
Punjab using Geographical Information System (GIS). This
system is developed for two types of users, the

administrator and the end-user. A standalone application
is also developed for end-user, where decisions are made
based on stored information in the system. The second
option in view menu is expert system. When user selects
expert system, a window appears as shown in Fig. 1.2.1.
This screen demands some required fields and some non-
required fields. After providing all the information, a click
on the calculate button shows results like present depth,
depth for design, average rise/fall of selected village,
discharge required, power (hp) required, wire diameter
and its length, PVC pipe diameter, available pump,
generator capacity, voltmeter rating, ammeter rating and
capacitor rating. The expert system may help the farming
community to estimate the configuration required for
their submersible pumping system.

Expart System For Spedfication Estimatian

e S I

L e
iy @y | i L P

Fa | ke e w Tas=ss

RS E SRR T
‘b Py Frmiimy

sy A w ="

el

.

Fig. 1.2.1. Expert system form with inputs
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1.3.Rahuri (AESR 6.2)
1.3.1. Assessment of performance of irrigation project

The Musalwadi minor irrigation project was selected to
assess its performance in terms of equity, adequacy and
excess. The canalis 6.7 km long with design discharge of 18
cusec and covers a command area of 762 ha (4 villages). It
has 12 outlets covering 840.9 ha. Net irrigated area during
kharif, summer (zaid) and rabi seasons was 336.38 ha
each. Rotation-wise water released during zaid, kharif and
rabi was 324680, 509820 and 978430 m’ against crop
water requirement of 3044922.7, 1567064.1 and
3866423.6 m’, respectively. The crop-wise equity was
estimated on volume basis using different methods like
Christiansen coefficient, Inter-quartile ratio, Modified

V4

inter-quartile ratio, Coefficient of variance and Theil's
index for kharif season, rabi season and summer season.
The crop-wise and rotation-wise values of adequacy and
excess for irrigation system were estimated for kharif, rabi
and summer seasons for each rotation.

The overall results of the performance indicators for
Musalwadi minor irrigation for kharif, rabi and summer
season are presented in Table 1.3.1. The values of equity
estimated using different methods indicated good
performance of the project at the outlet and farm levels.
The adequacy of Musalwadi minor irrigation project was
0.10, 0.48 and 0.26 for kharif, rabi and summer seasons,
respectively thereby indicating non release of water as per
crop water requirement.

Table 1.3.1. Performance indicators of the Musalwadi minor irrigation project

Formula Kharif

Summer

Christianson coefficient 0.97 1 0.97 1 0.97 1
Inter-quartile ratio 0.96 1 0.96 1 0.96 1
Modified inter-quartile ratio 0.94 1 0.94 1 0.94 1
Coefficient of variance 0.064 0 0.064 0 0.064 0
Theil's index -0.032 -5.84 -0.032 -5.93 -0.032 -6.21
Adequacy 0.10 0.48 0.26
Excess 0.00 0.01 0.00

1.4.Junagadh (AESR 5.1)

1.4.1. Assessment of potential water resources of Aji
river basin using SWAT Model

The study was carried out in Aji river basin which is the
most important river of Shaurashtra having length of 164
km and catchment area of 2130 km®”. Various thematic
maps of the river basin like soil map, land use map,
drainage map and slope map were obtained using remote
sensing and GIS. The soil map showed that maxmum area
in the basin is covered by clayey soil (56.13%). Coarse
textured soil was not found in the Aji basin, which shows
that the basin is having higher runoff potential and lower
groundwater recharge. The land use map showed
maximum area under agricultural land (69.91%) followed

by deciduous forest (14.74%), evergreen forest (4.54%),
water (3.17%), mixed forest (2.6%), residential rural area
with low population density (2.55%), mixed wetland
(0.98%), pasture land (0.86%), urban area with high
population density (0.62%) and barren land (0.03%).
Maximum area in the basin is under agriculture. This
indicates good scope for in situ soil and water conservation
practices in the agricultural land through various
agronomic measures like contour faming, farming across
the slope, bunding along the rows of crops, etc.

SWAT model was used to analyze possibilities of soil and
water conservation practices in the basin. Calibration of
the model was done for a 12-year period and validation
was done for a 7-year period. Comparison of observed and
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simulated runoff for the calibration and validation periods
is shown in Fig. 1.4.1a and 1.4.1b, respectively. During
calibration, the computed runoff data matched well with
the observed data with R* of 0.97. During validation, SWAT
computed runoff matched well with observed runoff
(R’=0.76). This indicated that the simulated runoff was
comparable to the observed runoffin the Aji basin.

Annual Report 2017-18

The SWAT model was also used to estimate groundwater
recharge in the basin. Trends of decadal average of
groundwater recharge during the monsoon season are
depicted in Fig. 1.4.2 from the year 1970 to 2070. The
groundwater recharge during monsoon season was found
to be 42 mm, 21 mm and 20 mm during periods 1970-
2005,2006-2040and 2041-2070, respectively.

800 -
700 -
600 -+
500 4
400
300
200
100

0

*
y=1131x
2=10.965

0 200 400 600 800

SWAT computed runotf(mm)

Observed runoffi{numn)
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600 -
500
400 -
300 -
200 +
100 -

0
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0 200 400 600

Observed runoff{mm)

Fig. 1.4.1a. Comparison of observed and SWAT
computed runoff from Aji basin during calibration

Fig. 1.4.1b. Comparison of observed and SWAT
computed runoff from Aji basin during validation

period period
B Mon s
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Fig. 1.4.2. The variation and trend of groundwater recharge during monsoon season for the period 1970-2070
in Aji Basin

1.5.Udaipur (AESR 4.2)

1.5.1. Delineation of Groundwater Potential Zones of
upper Berachriver basin of Udaipur district

Groundwater potential map of the study area, i.e. Upper
Berach river basin of Udaipur district (Fig. 1.5.1a) revealed

four distinct zones representing 'good’, 'moderate’, 'poor’
and 'very poor' groundwater potential in the area. The
'good' groundwater potential zone mainly encompassed
valley fill and buried pediment areas around the lake. It
demarcated the areas where the terrains were most
suitable for groundwater storage and also indicated the
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availability of groundwater. The area covered by 'good'
groundwater potential zone was about 15.89 per cent and
covered Sangwa, Chandersia, Lakshmapura, Bhatewar,
Mavli, Phachar, Sardarpura and Ranakoi villages. The
southern portion and some small patches of northeastern
region of the study area have 'moderate’ groundwater
potential covering 37.41 per cent area. This zone included
Dabok, Gudli, Debari, Khemokhera, Nuroda, Palana kalan,
Mandesar, Vallabhnagar, Nauwa, Gudli, Radiya Kkheri,

V4

Karanpur and Ghasa villages. About 32.47 per cent area
showed 'poor' groundwater potential zone including
villages Sihara, Bichhadi, Majhera, Godach, Khera Bhansol,
Rithujana, Mangthala, Mogana-1, Uthnol, Palana khurd
and Depar. In study area, 14.23 per cent area showed very
poor groundwater potential and included villages of
Bilota, Lega magra, Rama, Chirwa-1, Dholi magri. The
various classes of groundwater potential zones along with
their corresponding areas are shown in Table 1.5.1.

Table 1.5.1. Groundwater potential zone classes and area

Class | Area (km?) | Area (%)

Good 174.14 15.89
Moderate 409.98 37.41

Poor 355.89 32.47
Very poor 155.98 14.23

Fig. 1.5.1a. Groundwater potential zones
of Upper Berach basin

The favourable artificial groundwater recharge zone for
the study area (Fig. 1.5.1b) was delineated using RS&GIS
technique. Green color in the map indicates favourable
zone for artificial recharge. Such areas were found in the
southern part of the basin including Chandersia, Gandoli,
Sangwa, Shambhopura, Beran, Nauwa, Mavli, Akodra and

R ]

Fig. 1.5.1b. Favorable artificial
recharge zones of Upper Berach basin

Bhutpura villages and some other scattered portions of the
catchment. For artificial recharge, suitable recharge
structures such as percolation ponds, check dams and
earthen dams were recommended for construction. The
area that is favourable for artificial recharge is 219.2 km?,
which contributes only 20% of the total study area.

ICAR-Indian Institute of Water Management ( 23 -



N

1.5.2. Assessment of groundwater quality of
Chittorgarh district of Rajasthan

A study was conducted for analysis of groundwater quality
and suggesting suitable crops in Chittorgarh district of
Rajasthan. The district was divided into 7 km x 7 km
square grids. From each grid one open dug well was
randomly selected. The locations of wells were recorded
with the help of global positioning system (GPS) and were
given a particular identity. Groundwater samples were
collected and brought to laboratory for analysis. Total 134
groundwater samples were collected during pre monsoon
season (first fortnight of June 2017) and post monsoon
season (November and December 2017). Different
parameters analysed during pre and post monsoon
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periodsare presented in Table 1.5.2.

The cationic composition of groundwater of Chittorgarh
district showed that magnesium is the dominant one in
groundwater followed by calcium among the divalent
cations. Among monovalent cations, sodium is dominant
in pre and post monsoon periods in the district. The
anionic composition of groundwater varied with both
seasons as well as locations. In general, post monsoon
groundwater contains less anions compared to pre
monsoon season. Chloride was dominant anion in
groundwater in both the seasons followed by bicarbonate,
sulphate and carbonate ions. It was revealed that problem
of sodicity is not prevailing in the district and that
groundwater had the problem of medium RSC only.

Table 1.5.2. Physical, chemical properties of groundwater in Chittorgarh district of Rajasthan. Pre and Post
denotes pre monsoon and post monsoon periods

TDS (ppm) EC (dS/m) RSC (meq/1)

Statistical
Parameter | well (m)

Depth of Water Level (m)

et Minimum 11.0 7.7 5.6 109 92 7.3 7.2 0.40 0.23 0.38 0.22 0.00 0.00
ari Sadri
Maximum 25.7 23.0 20.8 1030 829 8.5 8.3 2.70 1.85 1.93 1.83 1.80 1.60
I Minimum 7.0 6.5 4.3 406 327 6.8 7.1 0.80 0.72 0.63 0.41 0.00 0.00
ungla
& Maximum 26.2 20.9 18.7 1730 1220 9.1 8.4 3.50 2.80 5.06 3.38 2.40 1.40
Minimum 11.0 7.2 5.3 195 162 6.2 6.8 0.45 0.40 0.13 0.14 0.00 0.00
Nimbahera
Maximum 20.0 18.0 15.7 1380 1090 8.1 7.8 3.00 2.74 2.90 2.75 0.40 0.80
Minimum 9.0 3.0 0.8 251 207 6.9 7.0 0.60 0.40 0.12 0.14 0.00 0.00
Bhadesar
Maximum 26.7 22.2 20.1 711 575 7.8 7.6 1.60 1.54 1.96 1.94 0.60 0.60
Minimum 8.0 4.2 2.2 130 110 6.7 7.0 0.50 0.33 0.28 0.16 0.00 0.00
Chittorgarh
Maximum 23.0 16.2 14.1 678 548 8.2 7.8 1.50 1.25 2.30 2.19 2.00 1.60
Minimum 10.0 5.6 3.5 129 104 6.5 7.1 0.40 0.32 0.38 0.40 0.00 0.00
Begun
- Maximum 22.0 16.2 12.5 1060 820 7.8 7.7 2.40 2.00 2.55 2.12 1.00 1.00
Minimum 9.0 5.8 3.7 154 133 6.2 7.1 0.40 0.30 0.36 0.39 0.00 0.00
Gangrar
Maximum 25.0 19.0 16.1 1050 820 7.7 7.6 2.40 1.84 3.59 2.61 2.40 2.00
Minimum 9.0 3.0 0.9 310 258 6.8 7.1 0.60 0.44 0.25 0.29 0.00 0.00
Kapasan
Maximum 30.2 25.0 23.1 2920 1890 8.5 7.9 9.30 4.50 5.07 4.50 2.40 2.60
S Minimum 8.5 5.0 3.1 254 205 6.8 7.1 0.40 0.42 0.11 0.12 0.00 0.00
ashmi
Maximum 27.0 23.3 21.2 1880 1560 8.0 7.7 5.20 3.50 2.97 2.61 2.20 1.80
Minimum 7.0 4.6 1.7 84 80 6.5 7.1 0.30 0.20 0.25 0.16 0.00 0.00
Rawatbhata
Maximum 22.0 14.7 12.3 635 513 8.2 7.9 1.30 1.12 2.63 2.11 2.20 1.20
Ol Minimum 7.0 3.0 0.8 84 80 6.2 6.8 0.30 0.20 0.11 0.12 0.00 0.00
District Maximum 30.2 250 | 231 | 2920 | 1890 | 9.1 84 | 930 | 450 | 507 | 450 | 240 | 2.60

1.7.]Jabalpur (AESR10.1) period (2000-2015) was used to predict groundwater
behavior of the study area using visual MODFLOW. The
hydrological response units generated by SWAT model were
scaled and adjusted for seven blocks in the study area to
check groundwater status and dynamics. This may help in

efficlentmanagementof groundwater and policy planning.
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1.7.1. Using SWAT for recharge computation and
applicationin MODFLOW to generate groundwater flow

The study was carried out in the Narmada river basin. The
spatial recharge information generated by SWAT for 16-year
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Based on the analysis of lithology data, a two-layer
groundwater flow model of soil aquifer system was
developed using Visual MODFLOW. The first layer mostly
consisted of 15-20 m alluvium zone underlain by 20-80 m
thick basalt, alluvium and fracture zone. The top layer
represented alluvium portion in the system typically
designated as unconfined layer. The second layer
represented basalt and fractured zone and assumed to
have semi confined to confined conditions with variable T

V4

and S. Inputs like hydraulic conductivity and specific yield
were assigned to the model. Transmissivity of the layers
was estimated by multiplying thickness of the aquifer with
the hydraulic conductivity. The parameters like initial
condition, boundary condition, recharge estimated from
SWAT, pumping schedule, etc. were assigned to the model.
The model set up using Visual MODFLOW is shown in
Fig.1.7.1.

Fig. 1.7.1. Model set up in the study area
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The calibration and validation results of developed Visual
MODFLOW model showed good agreement between
observed and simulated water levels in steady state as well
as transient conditions with correlation coefficient of 0.99.
The groundwater flow in the unconfined aquifer (Aquifer-
I: layer thickness 1.8 to 20 m, Calibrated parameters:
hydraulic conductivity 0.00013 m/s, specific yield 0.05 to
0.16, recharge 106 to 290 mm/year) is from east to west in
the entire portion of the study area. However, the overall
direction of groundwater flow in the confined aquifer for
Aquifer-2 (Layer thickness 20 to 80 m; Calibrated
parameters: storage coefficient 0.0001) is also moving
from eastto westdirection.
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1.8.Chalakudy (AESR 19.2)

1.8.1. Survey and intervention studies in Left Bank
Canal of Chalakudy river diversion scheme

The entire left bank canal (LBC) system of Chalakudy river
diversion scheme (Fig. 1.8.1) was selected for the study.
Canal system was tracked, land use map was prepared,
ground truth data of the area was obtained, major crops
(nutmeg, banana, tapioca, vegetables and paddy) were
identified and crop water requirement was computed,
information on rotation-wise supply system and number
of days of supply were obtained from four sections of LBC
namely, Chalakudy, Koratty, Karukutty and Angamaly. Total

« -
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release for the entire irrigation season was about 73990
million litres and total branch-wise water demand was
13622.38 million litres. Seepage losses at the head reach
accounted for inadequacy of water to meet the demand.
The released water at the head reach was five times more
than the actual demand. Even though the release from the
starting point was higher than the water requirement
(Table 1.8.1), water deficit was observed in most of the
branches. Supply based on demand and proper
management can improve efficiency of irrigation in the
command. [llegal draining of water from spouts for water
diversion also caused loss of large amount of water. In
several places water had been diverted through spouts
from main canal and they operated for the entire irrigation
season. Proper control of this misuse can reduce great
amount of water loss. From the details of total release from

1 ke
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the weir it is clear that the supply is enough to meet the
demand, but the issues in the supply system are improper
management of canals, losses from main canals due to
breaks in canals, improper diversion of water through the
spouts, unscientific supply system without considering
the water demand, etc. Availability of water in the CRDS
depends on release from the hydroelectric projects
situated upstream and hence the control is not with the
Department of Irrigation. But proper communication
between the departments and intelligent management can
help overcome the present gaps in water demand and
supply. Rainfall variability due to climate change creates a
precarious situation in terms of water availability. If the
water deficit continues for more years, then cropping
patterns of the region may have to be changed especially
when paddy and nutmeg are the major crops.
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Fig. 1.8.1. Lower Bank Canal system under different sections
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Table 1.8.1. Irrigation water requirement in different branches of the Left Bank Canal of Chalakudy river

Irrigation water requirement (million litres) in different branches of the Left Bank Canal of Chalakudy river

Week (1/12/16
to31517) | Meloor . L s
Adichily | Bhoohamkutty poolani Poolani |Thanguchira|Kizhakkumuri| Chirangara Koratty

1 6.23 1.59 7.39 3.60 8.95 3.60 1.78 10.04 2.77 0.87 | 6.04

2 7.01 1.73 8.27 4.03 10.00 3.95 1.95 11.23 3.03 098 | 6.61

3 18.56 3.97 20.82 10.14 25.19 9.95 491 28.28 7.65 344 | 16.69
4 23.67 4.98 26.34 12.83 31.88 12.71 6.27 35.79 976 | 461 |21.31
5 25.58 478 27.90 13.59 33.77 12.68 6.26 3791 974 | 499 |21.27
6 27.01 4.63 29.08 14.17 35.18 12.67 6.25 39.50 9.73 527 |21.24
7 27.01 4.63 29.08 1417 35.18 12.67 6.25 39.50 9.73 527 |21.24
8 27.01 4.63 29.08 1417 35.18 12.67 6.25 39.50 9.73 527 |21.24
9 27.96 3.02 28.25 13.76 34.18 9.68 478 38.38 7.44 547 |16.23
10 33.67 4.93 34.02 16.57 41.16 11.80 5.83 46.22 9.07 | 6.66 | 19.79
11 33.67 4.93 34.02 16.57 41.16 11.80 5.83 46.22 9.07 | 6.66 | 19.79
12 33.67 4.93 34.02 16.57 41.16 11.80 5.83 46.22 9.07 | 6.66 | 19.79
13 34.15 5.09 34.51 16.81 41.75 12.10 5.97 46.88 9.30 | 6.83 |20.29
14 9.50 1.46 9.60 4.68 11.62 3.27 1.61 13.05 2.51 184 | 548
15 36.61 5.99 36.99 18.02 44.76 13.74 6.78 50.25 1055 | 7.76 | 23.03
16 12.93 2.03 13.06 6.36 15.80 459 2.26 17.74 352 | 259 | 7.69
17 30.73 5.01 31.05 15.13 37.57 11.47 5.66 42.18 8.81 6.47 |19.23
18 39.06 6.89 39.46 19.22 47.75 14.64 7.23 53.61 11.25 | 827 |24.55
19 34.58 6.16 34.94 17.02 42.27 13.11 6.47 47.46 10.07 | 7.40 |21.99
20 37.17 6.68 37.55 18.29 45.44 14.01 6.91 51.02 10.76 | 7.91 | 2349
21 27.23 4.69 27.51 13.40 33.29 10.58 5.22 37.37 8.12 597 | 17.73
22 31.59 5.19 31.92 15.55 38.62 12.01 5.93 43.36 923 | 6.78 |20.14
23 15.96 2.35 16.13 7.86 19.52 6.21 3.07 21.91 477 351 | 10.41
24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00
25 15.96 2.35 16.13 7.86 19.52 6.21 3.07 21.91 477 351 | 10.41
26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | 0.00

Total 616.54 102.63 637.10 310.38 770.90 247.93 122.38 865.55 | 190.46 | 124.97 |415.70
1.9.Bathinda (AESR 2.1) to October, 2017 was recorded. Canal running days varied

from 0 to 31 days in different months with the highest in
the month of May, 2017 and the lowest in December, 2016
and January, 2017.

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

During Rabi 2016-17, total rainfall received was 148.4 mm
and wheat was the main crop at all the nine outlets. The
variation in total effective rainfall and calculated water
requirement and relative water supply (RWS) for different
rabi crops in the cultivable command area (CCA) are
presented in Table 1.9.1 and 1.9.2. Relative water supply
(RWS) below one indicated that there is need to replace
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Balluana minor of the Behman distributory of Bathinda
branch was selected to evaluate irrigation system
performance and to work out intervention for
improvement of the irrigation system and its
management. Canal water was monitored and month wise
opening and duration of water flow from November, 2016
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large part of the area under wheat with barley, gram and
raya, which require less water in order to match the water
supply with water requirement during rabi season at both
the outlets.

During Kharif 2015, total rainfall received was 399.6 mm
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variation in total effective rainfall and calculated water
requirement and RWS for different Kharif crops in the
cultivable command area (CCA) are presented in Table
1.9.2 and 1.9.3. RWS below one indicated decreasing
supply of water or possibility of replacing high water
requirement crops with low water consuming crops like

and cotton was the main crop at all the outlets. The )
cotton, guarand bajra.

Table 1.9.1. Crop-wise area (ha) and water requirement (ha-cm) during Rabi 2016-17

Fodder
& others

Area | Water

Orchard

Raya/Chickpea

Outlet Vegetable

No.

3758/R 607.8 | 30389.5 | 2.1 79.7 1.0 44.3 53 [ 3171 | 2.8 | 1683 | 41.7 [2499.7|660.62 | 33498.7
14025/L | 555.4 | 27770.2 | 1.5 56.8 0.9 414 14 | 823 | 2.6 | 156.7 | 41.1 (2463.5/602.86| 30570.8
14040/R | 534.8 | 26740.2 | 1.4 54.7 0.9 39.8 1.3 | 79.2 | 2.5 | 1509 | 39.5 (2372.1|580.50| 29436.9
18163/R | 530.7 | 265329 | 1.4 54.3 0.9 39.5 13 | 786 | 2.5 | 149.7 | 39.2 (2353.7|576.00 | 29208.7
20170/L | 780.3 | 39012.8 | 2.0 76.1 1.3 58.6 3.6 | 2159 | 23.6 |1413.5| 43.5 [2609.3|854.21 | 43386.2
25000/L | 643.7 | 321848 | 1.8 70.3 0 0.0 3.2 | 194.8 | 349 |2094.2 | 33.7 (2021.2|717.36| 36565.4
26630/L | 714.1 | 35705.4 | 2.0 78.0 0 0.0 3.6 | 216.1 | 38.7 |2323.3| 37.4 [2242.3|795.83 | 40565.2
35977/TL| 7359 | 36796.8 | 7.3 280.5 0 0.0 1.8 | 106.1 | 19.9 | 1194.0 | 38.6 |2314.2|803.46 | 40691.6
35977/TR| 482.1 | 24104.8 | 4.0 154.7 0.5 21.0 09 | 53,5 | 10.3 | 618.5 | 22.9 [1373.2|520.68 | 26325.8

Table 1.9.2. Relative water supply (RWS) during Rabi 2016-17 and Kharif 2017

CCA (ha) Canalwater diverted| Effective rainfall | Total water supply requ\;:tt::rl;en t

Outlet No. (ha-cm)

3758/R 660.62 | 660.62 | 7322.6 | 74229 | 1988.5 |22342.2 | 9311.1 | 29765.1 [33498.7|70865.0| 0.28 0.42
14025/L | 602.86 | 602.86 | 6572.5 | 6662.5 | 1814.6 | 20388.7 | 8387.1 | 27051.2 |30570.8|66209.5| 0.27| 0.41
14040/R | 580.5 580.5 6322.4 | 6409.0 | 1747.3 | 19632.5 | 8069.7 | 26041.6 |29436.9 | 63753.8| 0.27| 0.41
18163/R 576 576 6286.7 | 6372.8 | 1733.8 | 19480.3 | 8020.5 | 25853.2 |29208.7 | 63259.6 | 0.28  0.41
20170/L | 854.21 | 854.21 9287.2 9414.4 2571.2 | 28889.4 | 11858.4 | 38303.8 |43386.2(92091.1| 0.27 0.42
25000/L | 717.36 | 717.36 | 7787.0 | 7893.6 | 2159.3 | 24261.1 | 9946.2 | 32154.7 |36565.4 |70864.3 | 0.27| 0.45
26630/L | 795.83 | 795.83 | 8644.2 | 8762.7 | 23954 |26915.0 | 11039.7 | 35677.6 |40565.2 | 78616.0 | 0.27| 0.45
35977/TL | 803.46 | 803.46 8751.4 8871.3 2418.4 | 27173.0 | 11169.8 | 36044.3 |40691.6 | 72499.6 | 0.27| 0.50
35977/TR| 520.68 | 520.68 5679.5 5757.3 1567.2 | 17609.4 7246.7 23366.7 [26325.8|50454.0 | 0.28 0.46
Total 66653.5 | 67566.6 | 18395.7 |206691.6| 85049.2 |274258.2(310249.3|628612.8| 0.27| 0.44

Table 1.9.3. Crop-wise area (ha), water requirement (ha-cm) in Kharif2017

Outlet Cotton Guar / Moong | Vegetable Orchard oducany
No. others
Area | Water
3758/R 218.4 | 16601.8 | 352.2 | 49308.1 | 29.6 | 1330.2 | 10.0 | 600.9 | 1.7 | 103.1 | 48.7 |2920.8| 660.6 | 70865.0
14025/L 227.4 |17280.7 | 332.3 | 46519.7 | 12.2 | 548.6 | 54 |323.0| 1.8 | 106.3 | 23.9 |1431.1| 603.0 | 66209.5
14040/R 2189 | 16639.8 | 320.0 | 447943 | 11.7 | 528.2 | 52 |311.0| 1.7 | 102.4 | 23.0 |1378.1| 580.5 | 63753.8
18163/R 217.2 | 16510.8 | 317.5 | 44447.1 | 11.6 | 524.1 | 5.1 |308.6| 1.7 | 101.6 | 22.8 |1367.4| 575.9 | 63259.6
20170/L 309.4 | 23512.3 | 453.2 | 63441.8 | 243 | 10919 | 9.0 |539.7 | 19.3 |1156.5| 39.1 |2348.8| 854.3 | 92091.1
25000/L 371.7 | 28246.1 | 275.7 | 38591.6 | 11.7 | 5284 | 3.5 |210.1|29.7 |1780.0| 25.1 |1508.1| 717.4 | 70864.3
26630/L 412.3 | 313359 | 305.8 | 42813.0 | 13.0 | 586.2 | 3.9 |233.1 (329 |1974.7| 279 |1673.0| 795.8 | 78616.0
35977/TL | 520.0 | 39518.9 | 203.8 | 28535.8 | 22.3 | 1001.8 | 7.0 | 418.6 | 17.4 [1043.4| 33.0 [1981.1| 803.5 | 72499.6
35977/TR | 292.5 | 22230.7 | 183.9 | 25747.2 | 12.0 | 5389 | 3.5 | 2114 | 87 | 521.0 | 20.1 [1204.7 | 520.7 | 50454.0
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1.10.Coimbatore (AESR 8.1)

1.10.1. Groundwater balance study to assess the
quantity of water available for development in the
Amaravathy basin

Amaravathi river is one among the main tributaries of the
river Cauvery and is surrounded by four districts viz.,
Coimbatore, Dindigul, Karur and Tirupur in Tamil Nadu. In
the districts, 26 blocks are over-exploited, two blocks are
critical, 18 blocks are semi-critical and six blocks are under
safe category. Groundwater fluctuations in and around the
study area with varying rainfall were analyzed using GIS
for every four year from 1991 to 2010 using spatial
interpolation technique (Fig. 1.10.1). Through the year of
2003-2006, Palani, Kodaikanal, Oddanchatram,
Reddiyarchatram blocks showed an increase in
groundwater table in the range of 0.77 m to 2.38 m below
ground level. Western and south-western part of the study
area recorded increase in groundwater table whereas
eastern and north-eastern parts recorded decrease in
groundwater table (-0.07 m to 3.84 m BGL). During the
period 2007-10, fluctuation of groundwater table varied
from -2.20 m to 1.62 m below ground level (BGL). It was
observed that the fluctuation of groundwater table was
changing every four-year interval. This was mainly due to
increase in population, urbanization and industrialization
intheregion and spatial variation of rainfall.

Recharge estimation by water table fluctuation method

Groundwater level fluctuation in Amaravathi basin varied
from 0.2 to 3.1 m due to SW monsoon, while it was from 0.4
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to 6.6 m during NE monsoon. Total monsoon recharge
during 1971 to 2014 varied from 1.27% to 12.80% with an
average of 4.01% in the basin (Fig. 1.10.2).

To ensure judicious use of groundwater, groundwater
resources were assessed and thematic maps of geology,
geomorphology, soil, lineament density, drainage density,
rainfall and land use were prepared for the area. The multi
influencing factors for groundwater recharge zones
namely geology, slope, land-use/land-cover,
geomorphology, drainage, soil and lineament density were
examined and assigned an appropriate weight and are
shownin Table 1.10.1.

After successful integration of all the thematic maps,
groundwater recharge zones map (Fig. 1.10.3) was
obtained with classification of 'very high' recharge zone
(1847.21 km?®), 'high' recharge zone (5228.01 km?),
'moderate’ recharge zone (939.0 km*) and 'poor’
recharge zone (0.02 km®). The high recharge areas
correspond to alluvial plains, areas with lineaments,
which coincide with the gentle slope (0-5 per cent). Thus
almost 72 per cent of the region has good groundwater
potential that indicates the possibility for the storage of
water.

Aquifer response to rainfall showed that water level
records of the observation wells in Amaravathinagar
showed a wide variation ranging from 1.10 m to 11.16 m
BGL. Average groundwater recharge calculated by using
water level fluctuation method was 10.13 per cent due to
SWmonsoon and 2.60 per cent due to NE monsoon.
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Fig.1.10.1. Spatial distribution of groundwater table fluctuation during (a) 1991-94, (b) 1995-98 and (c) 1999-2002
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Fig. 1.10.2. Recharge estimation by water table fluctuation method

Table 1.10.1. Weighted factors influencing the recharge zones

S.N. | Factor | Ranking (In words) | Ranking (In numbers) Weightage (%)
Agriculture Very good 1
Land use land cover Wetlands - Very good L
1 class Water bodies Very good 1 24
Forest Good 2
Wastelands Low 3
Built-up Poor 4
Sand and silt Very good 1
) el el b Hornblende-biotite gneiss Moderate 2
Garnet-sillimanite gneiss Moderate-Poor 3 23
Charnockite Poor 4
Granite (Grl) Poor-nil 4
Good (> 0.40) Poor 4
3 Lineament density class | Moderate good (0.14 to 0.40) Moderate 3 12
(km/km?) Moderate poor (0.01to 0.14) Good 2
Poor to nil(0) Very good 1
Pediplain Weathered/ buried Good 1
Flood Plain Very good -Good 1
4 | Geomorp-hologic class | Water Body Mask Moderate -Good 2 11
Bazada Moderate -Poor 3
Pediment - Inselberg Complex Poor 4
Denudational and Residual hills Poor-nil 4
0to5 Good 1
5to 10 Moderate 2
5 Slope class (%) 10 to 15 Low 3 15
15 to 35 Very poor 4
35to 50 Very poor 4
0-0.18 Very good 1
6 Drainage density class 0.18-0.48 Good 1 9
(km/km?) 0.48-0.68 Moderate 2
0.68-1.39 Moderate 2
Sand (Soil group A) Very good 1
Sandy loam (Soil group A) Very good 1
Loamy sand (Soil group A) Very good 1
7 | Soil class Loam (Soil group A) Very good 1 6
Sandy clay loam (Soil group C) Low B
Sandy clay (Soil group D) Poor 4
Clay loam (Soil group D) Poor 4
Clay (Soil group D) Poor 4
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Groundwater recharge zone of Amaravathi basin
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Fig. 1.10.3. Groundwater recharge map of the study area

Recommendations for further development/
management of water resources of the basin:

More than 50 per cent of the annual rainfall is received
during the monsoon. It is recommended to recharge
the groundwater artificially by constructing/digging
percolation ponds wherever feasible in the basin.
Where feasible runoff water can also be directly
allowed into the bore/dug wells after filtration. If 50
per cent rainfall is conserved, water demand for 2025
canbe metand depletion will reduce.

Educational and awareness programmes on negative
externalities of groundwater overdraft as well as the
benefits of water conservation should be intensified in
all levels including schools so that the future
generation will be aware of the importance of water
conservation and management.

In order to prevent the overexploitation of
groundwater and to reduce well density, spacing
norms for different types of wells as per NABARD
should be strictly enforced i.e. gaps between two open

wells is 150 m; between two less deep tubewells is
175m; between two filter points is 175 m; between
two very deep tubewells is 600 m; between open wells
and less deep tubewells is 362.5 m; between open well
and medium deep tubewellis 375 m

Further, new borewells should be banned particularly
in overexploited and critical blocks where over
exploitation has been already experienced. Hence, to
sustain the groundwater developments in the basin as
well as in the State, regulatory instruments and
procedure in controlling the overexploitation should
be made compulsory.

The integration of farm technologies with the natural
boundary of the drainage area for the optimum
development of land, water, plant and all other
resources is necessary to meet the basic needs of
people in a sustained manner. It is important to
intensify watershed development activities especially
in overexploited and critical blocks on priority basis so
that well failure will be minimized.
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1.10.2. Assessment of soil fertility status and water
quality in the Kugalur distributory of Lower Bhavani
Project Command through GIS technique

Soil fertility status and water quality status of Kugalur
distributory of Lower Bhavani Project command area were
assessed with 65 samples of surface soil (0-15 cm)
collected from a grid size of 0.5 km x 0.5 km. It was
observed that soil texture was mostly sandy clay loam,
some soils having sandy loam texture. TSS ranged from
306 to 462 ppm. Fertility mapping was done for soil
fertility parameters viz., pH, EC, organic carbon and
available nitrogen, available phosphorus, available
potassium, iron, zinc, copper and manganese using GIS
(Fig.1.10.4).

Soil fertility maps showed that pH and EC ranged from 6.8
to 8.2 dS/m and 0.10 to 0.59 dS/m, respectively, which
showed that they are normal in the villages. The available
nitrogen content (164 - 280 kg/ha) is low to medium in the
villages of the study area. Available phosphorus and
potassium content ranged from 8.0 (low) to 16.5 kg/ha
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(medium) and 203 (medium) to 530 kg/ha (high),
respectively. Organic carbon (0.12 - 0.36 per cent) was low
in all the villages in the study area. Micronutrient status
showed that available zinc, iron, manganese and copper
contents ranged from 0.17-1.52 ppm, 2.2-8.8 ppm, 2.75-
5.70 ppm and 0.41-1.54 ppm, respectively. This implied
that zinc content was below critical level, iron and copper
contents were below critical level in most of the soil
samples, while in some samples it was above the critical
level. Manganese was above the critical level in all the
samples. Chloride ion ranged from 0.8-3.5 me/l, which
implied that water samples are in good condition. Calcium
and magnesium contents ranged from 2.4-1.6 me/l and
9.6-8.2 me/], respectively. Carbonate and bicarbonate ions
ranged from 0.80-1.6 ppm and 3.2-4.4 ppm, respectively.
Residual sodium carbonate (RSC) values of the water
samples were <1.0 me/l which indicated that the quality of
irrigation water was excellent. Soil physical properties viz.,
bulk density and particle density ranged from 1.1-1.6
Mg/m’and 2.0-2.8 Mg/m’, respectively.
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Fig. 1.10.4. Mapping of soil fertility status in Kugalur distributory of LBP Command
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Theme 2

Design, development and refinement of surface and pressurized irrigation systems including small holders’
systems for enhancing water use efficiency and water productivity for different agro-ecosystems

2.1.Parbhani (AESR 6.2)

2.1.1. Response of maize hybrid to drip irrigation and
fertigationlevels in postkharifseason

Dripirrigationat 1.0 PE recorded significantly higher grain
yield, stover yield, net monetary return (NMR) of maize
and were comparable with irrigation at 0.8 PE in respect of
grain yield. Significantly higher grain, stover yield and
gross monetary return of maize was observed in
fertigation level 100% RDF (150:75:75 NPK kg/ha)
through drip and was comparable with 75% RDF through
drip in respect of both grain and stover yield. The
application of 100% RDF (150:75:75 NPK kg/ha) through

drip recorded significantly higher GMR and was
comparable with 75 % RDF through drip. The maximum
WUE was noticed in 100% RDF (150:75:75 NPK kg/ha)
followed by 75% RDF through drip. It was recommended
to schedule drip irrigation on alternate days or at 80% CPE
through inline lateral laid at 120 cm apart for paired rows
(45x30-75 cm) and drip fertigation of 113:57:57 NPK
kg/ha, N in 8 equal splits @12.5% at an interval of 10 days
from 10 to 80 days after sowing, while P and K in 2 equal
splits at sowing and 30 days after sowing for higher grain
yield and net monetary return of kharif maize (Table
2.1.1).

Table 2.1.1. Pooled performance of maize hybrid under drip irrigation scheduling and fertigation (Pooled
2015-16 to 2017-18)

Irrigation
water (mm)

Yield
(t/ha)

(kg/ha-mm) return (3/ha)

Treatment ‘

Irrigation level

WUE ‘ Net monetary

I,: Irrigation at 1.0 PE 359.3 85.76 31.68 112131 2.60
I,: Irrigation at 0.8 PE 287.4 81.35 33.18 103081 2.48
I,: Irrigation at 0.6 PE 215.6 75.71 27.64 91066 2.31
CDy s - - 10140 -
Fertigation level

F: 100% RDF (150:75:75 NPK) 287.4 88.67 23.29 108882 2.42
through drip

F,: 75% RDF through drip 287.4 85.84 26.44 109435 2.56
F,: 50% RDF through drip 287.4 73.14 29.38 90852 2.44
F,: 100% RDF through soil 287.4 76.10 30.89 99168 2.43
CDy s - - 11632 -
CD,ys (Ix F) - - NS -

Mean rainfall (2014 to 2017)=458.3 mm; NS-Non-significant

2.2.Palampur (AESR 14.3)

2.2.1. Effect of drip irrigation and fertigation levels on
yield and quality of strawberry in an acid Alfisol

The study was conducted to evaluate the effect of irrigation
depth and NPK fertigation through gravity fed drip
irrigation system on strawberry crop. Results showed that
drip irrigation levels of 0.6 PE, 0.8 PE and 1.0 PE and NK
fertigation levels of 50% RDF, 75% RDF and 100% RDF
were studied for strawberry crop under protected
condition (Plate 2.2.1). Recommended dose of fertilizer
(RDF) and surface irrigation of 5 cm water depth as per

package of practices was taken as control. In fertigation
treatments, 25% N and K along with 100% P was applied
as basal and 75% N and K was applied through fertigation
through urea and water soluble fertilizer. Observations on
main effects and interaction effects on yield are shown in
Table 2.2.1 and 2.2.2. Interaction effects of irrigation and
fertigation levels were significant with respect to
marketable yield of strawberry. Drip irrigation at 0.8 PE
with 100% NK fertigation had significantly higher
marketable yield compared to drip at 0.8 PE with 75% NK
fertigation during 2015-16. However, during 2016-17, the
drip irrigation at 1.0 PE with 100% NK fertigation had
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significantly higher marketable yield compared to drip at compared to crop irrigated with 1.0 PE and fertigated with
1.0 PE with 50% NK fertigation. Interaction effect of 100% NK under protected conditions (Table 2.2.1 and
treatments showed that there are both fertilizer (25% NK) 2.2.2). It was concluded that under protected conditions,
and water (40%) savings when strawberry crop was drip irrigated strawberry crop should be irrigated with 0.6
irrigated with 0.6 PE and fertigated with 75% NK as PE and fertigated with 75-100% of recommended NK.

Table 2.2.1. Performance of potato under drip fertigation in acid Alfisol

Treatment Marketable yield Water use efficiency .
(g/m’) (g/m"-mm) SiCrane

2015-16 2016-17 2015-16 | 2016-17 | 2015-16 | 2016-17
Dripirrigationlevel (depth)
0.6 PE 328.9 275.2 0.92 0.73 3.5 3.2
0.8 PE 320.6 292.7 0.67 0.60 3.4 3.1
1.0PE 323.9 303.3 0.55 0.51 3.4 3.2
CD (P=0.5) NS 15.7 0.07 0.05 -
NKfertigationlevel
50% RDF 245.7 228.4 0.54 0.47 2.4 2.6
75% RDF 345.6 315.7 0.77 0.65 4.1 3.7
100% RDF 382.0 3271 0.84 0.68 4.2 3.6
CD (P=0.5) 13.9 15.7 0.04 0.05 -
Control vs Other
Control 373.2 354.7 0.58 0.60 4.2 4.1
Others 324.4 290.4 0.71 0.62 4.0 4.0
CD (P=0.5) 20.8 23.2 0.04 0.06 -

Table 2.2.2. Interaction effect of irrigation and NK fertigation levels on marketable yield (g/m®) of strawberry

__ 2015-16 2016-17

AL At mlies 0.6 PE 0.8 PE 1.0 PE 0.6 PE 0.8 PE 1.0 PE
50% RDF 239.1 254.4 243.7 2124 232.1 240.8
75% RDF 3717 312.4 3526 3024 317.2 327.4
100% RDF 375.8 394.9 375.2 310.7 328.9 341.8
CD (P=0.5) 28.6 217

Plate 2.2.1. Strawberry cultivation under protected conditions
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2.3.Belavatagi (AESR 6.4)

2.3.1. Evaluation of irrigation levels to sunflower
based cropping systems under pressurized (drip)
method ofirrigation

Sunflower during kharif season followed by rabi season
crops like wheat, bengal gram and groundnut were grown
under drip irrigation for two years. Sunflower grown with
drip at 1.0 ETo recorded significantly higher grain yield of
2.43 t/ha in two years compared to farmers' method of
irrigation by flood at critical stages (1.85 t/ha). There was
total saving of water to the extent of 28.44% over flood

Annual Report 2017-18

method. The rabi crops like wheat, bengal gram and
groundnut also performed better under drip compared to
farmers' method, with 0.53,0.63 and 0.74 t/ha higheryield
than normal method of irrigation. The sunflower
equivalent yield was higher with sunflower-groundnut
cropping system with 5.95 t/ha which recorded net return
of ¥ 1,37,075 and B:C ratio of 2.92 (Table 2.3.1). In
Malaprabha command area, growing sunflower followed
by groundnut is more profitable with drip irrigation
compared to other cropping systems. The results are
included in package of practices of UAS Dharwad and
recommended to farmers.

Table 2.3.1. Performance of kharif sunflower and rabi crops grown in drip irrigation in Sunflower-based
cropping system in Malaprabha command area

Water
applied
(Drip+Rain)

Kharif
sunflower
(SF) yield
(mm) (t/ha)

Treatment

Rabi crop

Yield of SF
rabi equivalent
crops yield
(t/ha) (t/ha)

Net return
from the
cropping B:C
system (3/ha) | ratio

Sunflower 790 Bengal gram 2.44 5.06 128396 3.63
grown with 948 2.43 Wheat 3.28 4.19 95409 2.86
irrigation
at 1.0 ET, 996 Groundnut 2.68 5.95 137075 2.92
SeneTe 730 Bengal gram 221 4.86 121485 3.49
1rr1gat10n at
0.8 ET 938 Groundnut 233 554t 122712 2.72
875 Bengal gram 1.92 4.42 105942 3.17
eI 1105 1.85 Wheat 2.65 3.79 81256 2.59
practice
1164 Groundnut 1.94 4.89 99706 2.40
CD at5 % - 0.13 - - - - -

2.4.Raipur (AER11)

2.4.1. Development and evaluation of energy efficient
gravity operated drip irrigation system

The experiment was set up to design a low cost drip
irrigation system to evaluate energy efficient ways for
lifting water to storage tank and irrigate kitchen garden for
growing vegetables. The experimental setup of gravity
drip irrigation system (Fig. 2.4.1) comprises of a 750 litre
LDPE water tank, structure to support LDPE water tank
and piping, valves and drip lines. HDPE sub-main pipes (63
mm) have been used at the base of the reservoir for
operating the system and provide connections of lateral
pipe through grommet take off (GTO). Lateral pipes have
alsobeen equipped with alateral filter followed by a lateral
valve. Filtered water emits through inline emitter, which

can be controlled by a lateral valve. Drip irrigation system
having a lateral size of 16 mm of 20 m length with 1.3 Iph
emitters (inline) at 30 cm spacing was used in the
experimental setup. Ten laterals from the sub main line
with 67 emission devices in each line have been used. Out
of the 10 lateral lines, 5 lines with only 4 emitters each
(total emitters = 20) have been chosen randomly as
representative for observation of discharge and hydraulic
performance evaluation. Irrigation water was supplied for
10 minutes from an elevated water tank at a height of 3.55
m and filtered through a lateral filter screen. The flow rate
or discharge of emitter was collected in plastic container
directly and then measured in measuring cylinder.
Discharge of emitters with respect to test time was
converted into discharge in litre per hour.
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Fig. 2.4.1. Experimental setup of gravity fed drip system of irrigation.

2.5.Chalakudy (AESR 19.2)

2.5.1. Development and testing of Organic Fertigation
Unitwith power operated agitator

A hand operated agitator was developed and tested (Plate
2.5.1a). Process of mixing organic manure thoroughly with
water needs agitation in order to improve nutrient content
of supernatant and filtrate. This may also reduce the
dilution of organic solution and help in getting a
concentrated organic filtrate which can be injected into the
irrigation line through ventury/injector pump as in the
case of inorganic fertigation. So mechanical agitation with
power operated agitator fixed in the mixing chamber of
organic fertigation unit was necessary. A power operated
agitator was fabricated and tested for its performance

Plate 2.5.1 (a). Hand operated agitator

(Plate 2.5.1b). Performance of this agitator was evaluated
for various mixing proportion of manure and water,
duration of agitation and settling time. The nutrient
content of manure solution, filtrate and residue were
analyzed and found good for fertigation (Table 2.5.1).
Vermicompost solution for fertigation can be prepared by
mixing vermicompost and water in a ratio of 1:5 followed
by agitation for 10 minutes and settling for 6 hours (Table
2.5.2). In the case of cowdung, nutrient content decreases
with settling time. Agitation time does not have any effect
on nutrient content in the cowdung solution. Thus the
hand operated agitator developed and tested is effective in
agitating organic manure. A power operated agitator can
be introduced in organic fertigation unit for large scale
cultivation.
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(b) Power operated agitator

Concentration Duration of agitation | Settling time Phosphorous Potassium
(min) (hour) (%) (%)

0 7.42 0.0038 0.0086

5 6 7.39 0.0054 0.0213

12 7.26 0.0042 0.0196

24 7.24 0.0028 0.0120

0 7.61 0.0073 0.0258

10 6 7.56 0.0036 0.0202

110 12 7.58 0.0047 0.0253
24 7.52 0.0040 0.0240

0 6.73 0.0044 0.0149

15 6 6.27 0.0037 0.0190

12 6.57 0.0046 0.0253

24 6.82 0.0044 0.0266

0 7.10 0.0121 0.0243

5 6 7.18 0.0165 0.0354

12 7.20 0.0051 0.0272

24 7.36 0.0046 0.0612

0 7.14 0.0074 0.0659

1.5 10 6 7.32 0.1170 0.0769
12 7.28 0.3191 0.0600

24 7.21 0.0028 0.0379

0 7.14 0.0070 0.0362

15 6 6.94 0.0026 0.0231

12 7.09 0.0031 0.0310

24 7.06 0.0021 0.0247

0 7.45 0.0500 0.0787

5 6 6.78 0.0030 0.0314

12 7.15 0.0038 0.0679

24 7.34 0.0032 0.0436

0 7.15 0.0038 0.0406

10 6 7.21 0.0044 0.0376

2 12 7.34 0.1280 0.0390
24 7.16 0.1604 0.0819

0 7.30 0.0262 0.1462

15 6 6.96 0.0098 0.144

12 7.15 0.0072 0.136

24 6.94 0.0044 0.0946
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Table 2.5.1. Nutrient content in manure solution (10 minutes agitation) obtained from hand
operated agitator in comparison with manual mixing
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2.6.Faizabad (AESR9.2)

2.6.1. Evaluation of drip irrigation with surface
irrigation in tomato

Three years of experimentation showed that drip
irrigation applied at 80%, 60% and 40% PE saved 53.33,
64.99 and 76.70% water compared to surface irrigation
(0.8 IW/CPE) in hydrid tomato (Hybrid-SHS) crop. The
crop yielded highest (34.13 t/ha) with irrigation at 60%

PE with 100% N, with WUE of 229.38 kg/ha-mm among
other drip and surface irrigation treatments (Table 2.6.1).
The treatment combination also fetched highest netreturn
0f < 2,94,700/ha and benefit-cost ratio of 7.33. Thus drip
fertigation at 60% PE and 100% N every 3" day was
recommended for improvement in yield efficiency and
economical viability of irrigation system for hybrid tomato
cultivation.

Table 2.6.1. Performance of hybrid tomato crop under drip fertigation during three years of
experimentation

Treatment

Water
applied

WUE Water Net
(kg/ha- | saved income

(mm) mm) (%) (%/ha)

L,- 0.8 IW/CPE with 100%N 26.60 425.0 62.6 = 226780 6.79
I,- 0.8 IW/CPE with 75% N 23.94 425.0 56.3 = 200750 6.20
L,- Drip irrigation @ 80% PE with 100% N 32.66 198.3 164.7 53.3 279940 7.00
I,- Drip irrigation @ 80% PE with 75% N 31.40 198.3 158.3 53.3 267810 6.80
I;- Drip irrigation @ 60% PE with 100% N 34.13 148.8 229.4 65.0 294780 7.33
I;- Drip irrigation @ 60% PE with 75% N 32.92 148.8 221.2 65.0 283180 7.16
[,- Drip irrigation @ 40% PE with 100% N 28.69 99.0 289.8 76.7 240510 6.18
I;- Drip irrigation @ 40% PE with 75% N 2691 99.0 271.8 76.7 223260 5.87
CDy s 1.68 - - - - -

2.6.2. Evaluation of drip irrigation with surface
irrigation system in zaid okra

Two years of experimentation showed that drip irrigation
applied at 80% and 60% of PE saved 50.11 and 62.53%
water compared to surface irrigation (1.0 IW/CPE) in zaid
okra (Ankur) crop. The crop yielded highest (7.23 t/ha)
with irrigation at 80% PE with 100% N, with WUE of 31.03
kg/ha-mm among other drip and surface irrigation
treatments (Table 2.6.2). The treatment combination also
fetched highest net return of ¥ 37,060 /ha and benefit-cost

ratio of 2.05. Thus drip fertigation at 60% PE and 100% N
every 3" day was recommended for improvement in yield
efficiency and economical viability of irrigation system for
hybrid tomato cultivation. The surface irrigation at 0.8
IW/CPE treatment with 100% dose of nitrogen obtained
the lowest net return of ¥ 17540 /ha with benefit cost ratio
of 1.58. Nitrogen doses (100% and 75%) did not have
significant effect on the yield of okra under drip irrigation.
Thus it was recommended to grow zaid okra with
fertigation @ 80% PE and 100% dose of nitrogen to obtain
highyield and remuneration.

ICAR-Indian Institute of Water Management ( 39 -



N

Annual Report 2017-18

Table 2.6.2. Performance of zaid okra crop under drip fertgation during three years of experimentation

Water Net

Water

Treatment Xield applied WUE saved | income B:F
(t/ha) (mm) (kg/ha-mm) (%) (Z/ha) ratio
I,- 0.8 IW/CPE with 100% N 4.80 375 12.81 19.05 17540 1.58
[,- 1.0 IW/CPE with 100% N 5.23 467 11.20 - 20790 1.66
L,- Drip irrigation @ 80% PE with 100% N 7.23 233 31.03 50.11 37060 2.05
I,- Drip irrigation @ 80% PE with 75% N 6.77 233 29.05 50.11 32980 1.95
I.- Drip irrigation @ 60% PE with 100% N 5.89 175 33.68 62.53 23940 1.68
I;- Drip irrigation @ 60% PE with 75% N 5.52 175 31.57 62.53 20790 1.60
CD at 5% 0.71 - - - - =

2.7.Coimbatore (AESR 8.1)

2.7.1. Techno economic evaluation of raingun
irrigation on theyield of ragi

Two years of experiment was carried out to evaluate
suitability of raingun for ragi, pressure requirements
under raingun and evaluate water consumption through
raingun for ragi crop. The results of the two year study
revealed that the growth, yield attributes and yield of CO
(Ra) 14 were influenced by raingun irrigation (Table
2.7.1). Based on the experimentation of raingun studies

the following conclusions were drawn.

e Raingun irrigation scheduled at 75% PE recorded
significantly higher growth and yield attributes than
other irrigation regimes using raingun and surface
irrigation.

e Irrigation with raingun at 75% PE recorded the highest
water productivity of 6.56 kg/ha-mm with 23% water
saving compared to that of surface irrigation at IW/CPE
ratio of 0.75 which recorded a water productivity of
3.95kg/ha-mm.

Table 2.7.1. Performance of ragi crop under raingun irrigation

Treatment Plant height | No. of| 1000 grain | Total water Water
(cm) tillers| weight (g) | used (mm) | saving (%)
Irrigation through raingun at 75% PE 9%6.1 7.9 3.05 460 22.97
Irrigation through raingun at 60% PE 86.4 6.9 2.40 435 27.15
Irrigation through raingun at 45% PE 74.6 5.8 1.85 406 32.02
Surface irrigation at 0.75 [W/CPE 87.2 7.0 2.45 597 -
CD (P=0.05) 9.69 0.70 0.21 - -

2.7.2. Sub-surface drip irrigation on cotton and maize
sequence

The experiment was conducted to evaluate performance of
cotton and maize in the cotton-maize cropping sequence,
along with intercrops of cowpea, blackgram and
clusterbean. Sowing was taken up over the raised bed under
which sub-surface irrigation laterals were raised. Two
irrigation regimes, three fertigation levels and three
intercropping systems were evaluated. With regard to the
irrigation levels and intercropping systems, growth
parameters performed were statistically similar (Table 2.7.2).
Among the fertigation levels, application of 125% RDF
showed significantly highest seed cotton yield of 2.99 t/ha,
followed by 100% RDF and 75% RDF. No significant variation

was observed to main crop of cotton due to intercropping.
Higher net income was realized with irrigation at 100% PE
compared to 75% PE across the fertigation levels and
intercropping systems (Table 2.7.2). Among the
intercropping systems, cotton + blackgram recorded higher
B:C ratio. Among the different combinations, net income of ¥
1,20,443 /ha and B:Cratio of 2.98 was registered under 100%
PE irrigation regime with 125% RDFE The treatment
combination registered water use efficiency of 6.91 kg/ha-
mm and water productivity of ¥ 310.9/ha-mm (Table 2.7.4).
There were water savings of 38% and 24% with irrigation
levels of 75% PE and 100% PE, respectively compared to
surface irrigation. The intercrop of blackgram with cotton is
recommended for getting higher yield and income with
irrigationregime 0of100% PE + 125% RDE
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Table 2.7.2. Performance of monocrop of cotton and intercrops under different levels of fertigation

e T Cotton equivalent yield (t/ha) Water use efficiency (kg/ha-mm) . Net .
effect income B:C ratio
Pooled Pooled (X/ha)

LEC, 2.46 2.36 241 4.48 493 4.70 58657 2.18
LF.C, 2.44 2.66 2.55 4.45 5.57 5.01 59712 2.09
LF.C, 2.81 3.13 2.97 5.14 6.54 5.84 78802 2.44
LF.C, 2.49 2.72 2.61 4.54 5.70 5.12 61549 2.11
LF,C, 2.68 2.62 2.65 4.89 5.48 5.19 68045 2.33
LF,C, 2.64 2.94 2.79 4.82 6.16 5.49 69080 2.22
INES (o 3.04 3.43 3.24 5.55 7.18 6.36 89250 2.58
LF,C, 2.72 2.95 2.83 4.96 6.17 5.57 70264 2.23
IEC, 2.98 2.87 2.92 5.43 6.00 5.71 78708 2.49
IR 2.94 3.36 3.15 5.37 7.03 6.20 83763 2.44
IEC, 3.34 3.76 3.55 6.09 7.86 6.97 101588 2.75
,F.C, 3.04 3.31 3.18 5.56 6.92 6.24 84554 2.45
LF.C, 2.61 2.47 2.54 3.89 4.23 4.06 63960 2.27
LEG; 2.60 2.81 2.70 3.87 4.82 4.34 65820 2.18
ILEC, 2.97 3.26 3.12 4.42 5.60 5.01 84605 2.52
LF.C, 2.65 2.87 2.76 3.96 4.92 4.44 67776 2.20
LF,C, 2.81 2.76 2.79 4.19 4.73 4.46 73392 241
LF,C, 2.80 3.14 2.97 4.18 5.39 4.79 76497 2.33
LF,C, 3.23 3.61 3.42 4.81 6.18 5.50 96532 2.68
LF,C, 2.93 3.22 3.08 4.37 5.53 4.95 80501 2.39
LF,C, 3.23 3.19 3.21 4.81 5.47 5.14 90873 2.70
LF,C, 3.25 3.59 3.42 4.85 6.16 5.50 95098 2.62
ILELC, 3.69 4.03 3.86 5.5 6.91 6.20 114981 2.96
LF,C, 3.46 3.64 3.55 5.15 6.24 5.69 100410 2.70
Control 2.08 2.11 2.10 2.48 2.60 2.54 49677 2.18

I,-75% PE; 1,-100 % PE; F, - 75 % RDF; F, - 100 % RDF; F, - 125 % RDF; C,- Cotton; C, -Cotton + Cowpea; C,-Cotton+Blackgram; C,-
Cotton+Clusterbean

Maize hybrid var. COMH-6 was raised as a component crop
under the system study of cotton based intercropping and
sown in a similar way as cotton. Grain yield of maize was
significantly influenced by irrigation regimes. Highest
grain yield of 7.01 t/ha was observed with 100% PE and
lowest grain yield of 6.39 t/ha with 75% PE. Among the
fertigation levels, grain yield of 6.97 t/ha was highest with
125% RDF, which was statistically similar to grain yield of
6.71 t/ha with 100% RDF (Table 2.7.3). The lowest grain
yield of 6.42 t/ha was recorded in 75% RDF which was at
par with 100% RDF. Grain yield of maize crop was not

significantly influenced by growing intercrops. Among the
irrigation regimes, higher crop equivalent of maize (CEY)
were realized in 100% PE compared to 75% PE. With
increasing fertigation levels, crop equivalent of maize also
increased. Among the intercrops, highest crop equivalent
of maize was registered in maize+blackgram
intercropping compared to maize+cowpea, maize+cluster
bean intercropping (Table 2.7.4). Among the different
combinations, 100% PE + 125% RDF with blackgram
intercropping (I,F,C,) registered highest crop equivalent
of maize (9.19 t/ha).
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Table 2.7.3. Performance of monocrop of maize and intercrops under different levels of fertigation

Maize equivalent Water use efficiency Net income

Treatment yield (t/ha) (kg/ha-mm) (3/ha) B:Cratio
Pooled Pooled Pooled | 2016 | 2017 | Pooled
LF.C, 6.32 6.27 6.32 17.8 17.7 17.7 | 50032 | 44775 | 47052 2.04 | 191 1.97
LF,C, 6.58 6.73 6.58 18.5 19.0 18.7 | 51896 | 44750 | 47972 2.03 | 1.80 1.91
LF,C, 6.86 7.31 6.86 19.3 21.0 20.0 | 55540 | 56700 | 54654 | 2.09 | 2.03 2.06
LF,C, 6.61 6.85 6.61 18.6 19.3 19.0 | 51577 | 46585 | 48730 | 2.01 | 1.83 1.92
LF,C, 6.65 6.53 6.65 18.7 18.4 18.6 | 53144 | 46530 | 49826 | 2.06 | 1.90 1.98
LF,C, 6.87 7.11 6.87 19.3 20.0 19.7 | 54522 | 48140 | 51320 | 2.04 | 1.82 1.93
LF,C, 7.19 7.68 7.19 20.2 221 20.9 58805 | 60240 | 58231 2.11 2.05 2.08
LF,C, 6.91 7.30 6.91 19.4 20.6 20.0 | 54202 | 50985 | 52582 2.02 | 1.87 1.95
LF.C, 6.92 6.73 6.92 19.4 19.0 19.2 | 55234 | 47261 | 51579 | 2.05 | 1.88 1.96
LF.C, 7.23 7.49 7.23 20.3 21.1 20.7 | 57812 | 51576 | 55025 | 2.06 | 1.85 1.95
LF,C, 7.50 8.12 7.50 211 23.4 22.0 61367 | 64886 | 62038 2.12 2.09 2.10
LF.C, 7.25 7.81 7.25 20.4 22.0 21.2 | 57495 | 56356 | 57257 | 2.04 | 1.93 1.98
LF,C, 6.65 6.87 6.65 14.6 15.0 14.8 | 54791 | 53415 | 53542 2.13 | 2.08 2.10
LF.C, 6.90 7.43 6.90 15.2 16.3 15.7 | 56656 | 54855 | 55194 | 2.12 | 1.97 2.04
LF.C, 7.34 8.26 7.34 16.1 18.5 17.1 | 62700 | 71040 | 64929 | 2.23 | 2.28 2.25
LF,C, 7.00 7.69 7.00 15.4 16.8 16.1 | 57249 | 58795 | 57461 | 2.12 | 2.04 2.08
LF,C, 6.98 7.18 6.98 15.3 15.7 15.5 | 57988 | 55860 | 56703 | 2.15 | 2.08 2.11
LF,C, 7.22 7.94 7.22 15.9 17.4 16.6 | 59577 | 60325 | 59730 | 2.13 | 2.03 2.08
LF,C, 7.74 8.74 7.74 17 19.5 18.1 | 66820 | 76200 | 69814 | 2.26 | 2.32 2.29
LF,C, 7.42 8.17 7.42 16.3 17.9 171 61722 | 63780 | 62530 2.16 2.08 2.12
LF.C, 7.19 7.48 7.19 15.8 16.4 16.1 | 59087 | 58211 | 58770 | 2.12 | 2.08 2.10
IR 7.49 8.35 7.49 16.5 18.3 17.4 61579 | 64171 | 62996 2.12 2.05 2.09
LF.C, 7.87 8.97 7.87 17.3 20.1 185 | 66784 | 77786 | 70796 | 2.21 | 2.30 2.25
LF.C, 7.62 8.46 7.62 16.7 18.5 17.6 | 62662 | 65916 | 64410 | 2.13 | 2.08 2.10
Control 5.68 5.66 5.68 10.4 9.5 9.9 46892 | 43035 — 2.13 | 2.03 2.08
I, -75 % PE; I, - 100 % PE; F, - 75 % RDF; F, - 100 % RDF; F, - 125 % RDF; C,- Maize; C, -Maize+Cowpea; C,-Maize+Blackgram; C,-
Maize+Clusterbean

Table 2.7.4. Cotton equivalent yield of the cotton-maize based intercropping system

Cotton equivalent Cost of .
Treatment |yield of the system cultivation Netincome B:C ratio WUE W
(t/ha/2 yrs) (/ha/2 yrs) (/ha/2 yrs) (kg/ha-mm) (/ha-mm)
ILF.C, 9.01 196726 208679 2.06 10.4 466.5
I,F,C, 9.54 216526 212649 1.98 11.0 493.9
I,F,C, 10.66 215726 264154 2.22 12.3 552.2
ILF.C, 9.70 218583 217807 2.00 11.2 502.2
LLF,C, 9.69 204096 232074 2.14 11.2 501.9
I,F,C, 10.25 223896 237154 2.06 11.8 530.6
I,F,C, 11.43 223096 291334 2.31 13.2 592.0
LLF,C, 10.40 225953 242102 2.07 12.0 538.6
I,F.C, 10.39 211684 256001 2.21 12.0 538.2
I,F.C, 11.21 231484 272996 2.18 12.9 580.5
I,F.C, 12.30 230684 322721 2.40 14.2 636.8
ILF.C, 11.37 232791 279024 2.20 10.6 589.0
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LF.C, 9.59 198806 232534 2.17 8.9 400.5
LF,C, 10.18 218606 239524 2.10 9.5 425.4
LF,C, 11.43 217806 296614 2.36 10.6 477.6
LF,C, 10.42 220663 248007 2.12 9.7 435.2
LF,C, 10.29 206176 256814 2.25 9.6 429.9
LF,C, 11.00 225976 269144 2.19 10.2 459.7
LF,C, 12.32 225176 329334 2.46 11.4 514.9
LF,C, 11.35 228033 282762 2.24 10.5 474.3
LF,C, 11.31 213763 295052 2.38 10.5 472.4
LF,C, 12.12 233563 311967 2.34 11.3 506.5
LF,C, 13.34 232763 367362 2.58 12.4 557.2
LF.C, 12.45 234870 325480 2.39 11.6 520.3

Control 7.97 167940 190710 2.14 5.7 255.8

It was concluded that in cotton based intercropping
system, cotton+blackgram would be the ideal
intercropping followed by cotton+cluster bean
intercropping. To get higher yield (3.86 t/ha cotton
equivalent yield) and income (gross income ¥ 173718 /ha,
net income ¥ 114981 /ha, and B: C ratio of 2.96) in cotton
based intercropping, cotton + blackgram intercropping
irrigated at 100% PE irrigation regime with 125 % RDF
(150:75:75 kg NPK/ha) would be the ideal practice which

2.8.Sriganganagar (AESR 2.1)

saves water up to 24 per cent. In maize based
intercropping system, maize + blackgram intercropping
would be the best system. To get higher yield (7.74 t/ha
maize equivalent yield) and economical benefits (gross
income % 126915 /ha, net income, ¥ 69814 /ha, B: C ratio
2.29)inthe system, 100% PE irrigation regime with 100 %
RDF (250:75:75 Kg NPK) would be the ideal which saves
water up to 23 per cent.

2.8.1.Studies ondrip irrigation and fertigation schedule for summer squash (Cucurbita pepo L.) under low tunnel

The experiment was conducted to assess the suitability of
summer squash in cotton-vegetable cropping sequence in
drip system under low tunnel. Irrigation schedules 0.6 ETc
(29.94 t/ha), 0.8 ETc (33.49 t/ha), 1.0 ETc (37.05 t/ha)
showed significantly higher yields of summer squash (var.
Chand) compared to flood irrigation (20.93 t/ha) (Table
2.8.1). Fertigation schedules had significant effect on yield
of summer squash, with highest yield under 100% RD in
10 splits at 10 days interval (35.06 t/ha) statistically

similar to yield under 80% RD in 10 splits at 10 days
interval (34.02 t/ha). The interaction effect of irrigation
and fertigation was non-significant. The maximum fruit
yield of summer squash was recorded when the crop was
irrigated at 1.0 ETc with 100% RD of fertilizers. Water used
under drip irrigation schedules of 0.6 ETc, 0.8 ETc and 1.0
ETc were 218.32 mm, 270.24 mm and 325.19 mm against
660.0 mm with surface irrigation, thereby saving 70.0%,
62.1% and 53.8% than surface irrigation.

Table 2.8.1. Performance of summer squash under drip fertigation during 2017

Treatment | Irrigation applied (mm) | WUE (kg/ha-mm) | Yield (t/ha)
Irrigation schedule

0.6ETc 198.32 137.15 29.94
0.8ETc 250.24 123.93 33.49
1.0ETc 305.19 113.96 37.06
Floodirrigation 660.0 30.77 20.93
CDat5% - - 3.66
CDat5% (drip vs flood) - - 5.17
Fertigation schedule

60% RD = = 31.42
80% RD - - 34.02
100%RD - - 35.06
CDat5% = - 3.66

Rainfall=20 mm
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Theme 3

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

3.1.Junagadh (AESR 5.1)

3.1.1. Evaluation of groundwater recharge techniques
for Junagadhregion

Two groundwater recharging techniques namely openwell
and connector well recharging techniques were evaluated
during monsoon season 0of 2017 for Junagadh region. Filter
materials used for open well recharge had thickness as
shown in Table 3.1.1. During monsoon season of 2017,
total runoff volume of 6476 m’ was generated from

catchment area of open well recharge structure, out of
which 2895 m’ was recharged through open well and 3581
m’ escaped towards downstream side of the filter. Annual
extreme runoff event wise groundwater recharge was
40040, 0, 9899 and 19584 m’ for maximum, minimum,
average and 15 year return period of runoff, respectively
and cost of groundwater recharge was Rs. 2.66 per m’ for
15 years effective life of open well recharge structure in
Junagadhregion.

Table 3.1.1. Depth and size of filter materials used for open well recharge

L Material Size of material .Estimated Thickn_ess used in
(mm) thickness (cm) the filter (cm)
1 Fine sand Size 0.5 mm to 1.0 mm 20.00 20.0
2 Coarse sand Diameter of coarse sand 2 to 3 mm 4.78 5.0
3 Gravel Diameter of gravel 8 to 12 mm 12.00 20.0
4 Pebbles Diameter of pebbles 30 to 40 mm 18.53 20.0
5 Supporting stones | Diameter of supporting stones 80 to 120 mm 24.00 25.0

Connector well recharging technique was designed to
recharge deep aquifers by spillover water of check dam.
Connector well recharge structure is made of recharge
bore well, two spillways i.e. inlet spillway and outlet
spillway, pre filter; main filter, outlet tank, inlet pipe line,
outlet pipe line and connecting pipe between filter and
tubewell (Plate 3.1.1, 3.1.2 and 3.1.3). When spillover
water starts flowing, part of spillover water that flows
through inflow pipeline from check dam diverts to pre
filter and then flow passes through the inlet spillway

(broad crested weir). After the flow passes over main filter
where sediments filtration take place and clean water from
the bottom of the main filter diverts to recharge borewell
and excess flow bypasses through outlet spillway to
downstream side of dam through outlet pipeline. Under
connector well recharging technique during monsoon
season of 2017, recharge of 40333 m® was observed and
cost of groundwater recharge was Rs.0.51 and Rs.0.32 per
m’ including and excluding tubewell cost, respectively in
Junagadhregion.
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Plate. 3.1.2. Functioning filter during runoff event Plate. 3.1.3. Collection of water samples of recharge
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3.1.2. Development of online screen-gravel filter for
groundwater recharge

Development and evaluation of an online screen filter was
done. Existing design criteria of traditional filter was taken
into account to work out specification of online screen-
gravel filter for groundwater recharge. The concept of
screen-gravel filter is shown in Fig. 3.1.2. Between top and
bottom composite screen sections of macro and fine
screens, only single sand layer is kept and sediment water
is allowed to pass from top to bottom and excess water is
guided towards downstream side. Plate 3.1.4 shows some
views of the on-line filter. .

Fine: sand
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The filter was evaluated with three different thickness of
sand bed, i.e. 10 cm, 15 cm and 20 cm. Filtration efficiency
increased with thickness of sand bed, which was
established as a linear model. It was 63%, 85% and 89%
with sand bed thickness of 10 cm, 15 cm and 20 cm,
respectively. Recharge flow rate decreased with increase
in sand bed thickness, which was also established as a
linear model. The recharge flow rate was 80%, 57% and
33% with sand bed thickness of 10 cm, 15 cm and 20 cm
respectively.

‘Macro screen

' Micro sgreen

L J

¥

Y

BN B BR3B!
L J L J

Fig. 3.1.2. Conceptual detail of online screen-gravel filter

Plate 3.1.4. View of the online screen-gravel filter
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3.2.Ludhiana (AESR 4.1)

3.2.1. Modelling groundwater recharge through
abandoned wells under constant head conditions

Two abandoned wells were selected and cleaned up for
recharging groundwater recharge at constant head.
Abandoned well of diameter 1.88 m and depth 8.31 m at
Site 1 was at the research farm of Soil Science department
(Fig. 3.2.1). The lined water channel to carry canal water
was at a distance of 3 m from the abandoned well and flow
was diverted from canal water channel to the dug well by
gravity. At the top, the abandoned well was covered with
iron grills for its safety. The observation well was installed
at 6 m distance from the abandoned well to monitor the
groundwater depth as well as groundwater quality. At Site

bl Farmn
S . |
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£ 3 ] astace
— S ¥

& — 0

Woater bevel

V4

2, which was also in the farm of Soil Science department,
the abandoned well was at a distance of 10 m from canal
water channel. The well was of 1.82 m diameterand 7.36 m
depth (Fig. 3.2.2). The water table depth in these wells was
25.31 m at Site 1 and 24.27 m at Site 2 from the surface.
Canal water was diverted into the recharge well and a flow
control valve was used to maintain constant head
conditions in the abandoned well. A flow meter was
installed at the inlet section to monitor the recharge rate at
different time intervals. At Site 1, depth of well was 8.31 m
and a constant head of 7.4 m was maintained. Similarly at
Site 2, depth of well was 7.36 m and a constant head of 6.36
m was maintained. [t was observed that the recharge rate
decreased from 8.961/sto 7.791/s at Site 1 and from 4.21/s
t03.961/s at Site 2.

Fig. 3.2.2. Abandoned well with dimensions at Site 2.
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3.3.Pusa (AESR13.1)

3.3.1. Design and evaluation of drainage cum recharge
structure under North Bihar condition

The study was undertaken with a view to evaluate
drainage-cum-recharge structure under North Bihar
condition (Plate 3.3.1). The filter assembly was tested with
various filter combinations by measuring recharge rate
using volumetric method. Samples of runoff water (water
carrying sediment from agricultural fields) were collected
from the source before passing through the recharge filter
and after passing through the recharge filters with various

Annual Report 2017-18

filter combinations. Recharge rates and total suspended
solids (TSS) values after passing through the filter are
presented in Fig. 3.3.1. Concentration of TSS of runoff
water varied from 1200 to 1340 mg/l with an average
value of 1270 mg/l. The analysis revealed that Filter
combination 6 consisting of gravel, sand and charcoal was
having highest recharge rate and 2nd lowest TSS value.
Filter combination 6 was found to be most promising in
terms of recharge rate and TSS. The TSS was lowest after
passing through the Filter combination 7 consisting of
coloured gravel, white gravel and sand, but the recharge
rate was also the lowest.
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Plate 3.3.1. Filter assembly testing under field condition using runoff water
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3.4.Rahuri (AESR 6.2)

3.4.1. Impact of cement nala bund on groundwater
recharge

A series of cement nala bunds (bunds constructed across
the nala to hold maximum runoff water, so that upstream
area gets flooded temporarily for some weeks and
groundwater recharge is done) were selected at Vadgaon
Tandali, Ahmednagar for the study. Open wells were
selected in the downstream side of the cement nala bunds
to record the groundwater levels at an interval of 15 days.
The monthly observation of water levels in these wells
were recorded before and after monsoon during the year
2017 to know the influence of cement nala bund on

V4

groundwater recharge and develop a model for studying
the influence of cement nala bund on groundwater
recharge. Groundwater draft was estimated and using this
value along with the change in groundwater level data,
monthwise groundwater recharge was estimated (Table
3.4.1). There was a recharge of 51.44 ha-m, draft of 30.89
ha-m with net change in groundwater of 20.55 ha-m
during May 2017 to November 2017. The distance upto
which the canal nala bund influences the recharge into the
well was estimated by developing a relationship between
the water level fluctuations in all the wells from May 2017
to November 2017 and distances of respective wells from
the canalnalabund.

Table 3.4.1. Net change in groundwater storage due to series of cement nala bund

Period Change in groundwater storage (ha-m)
Recharge Draft Net Change

June-2017 1.62 1.61 0.01

July-2017 0.37 5.16 -4.79
August-2017 0.70 1.32 -0.62
September-2017 13.25 2.63 10.63
October-2017 34.76 0.49 34.27
November-2017 0.75 19.7 -18.95
Total 51.44 30.89 20.55

3.4.2. Performance evaluation of filter technology for
artificial groundwater recharge through bore well on
the farm/field

The study was conducted to test the performance of a four-
layer filter in terms of filtration efficiency for purifying the
water before injecting into the bore well on agricultural
fields. Different grades and thickness of filter materials like
brick flakes, sand and gravel were tested for the constant
suspended load concentration of 200 NTU and varying
suspended load taking into consideration filtration under
low hydraulic head independently and in combination of
single layer, two layers, three layers and four layers with
varying layer thickness in the laboratory model. The effect
of filter materials on filtration was studied by recording
the observations oninlethead, outlet head, velocity of flow,
time of filtration and filtration efficiency. The four layer
filter comprising of brick flakes (BF-I) of size 24.28 mm,
sand (SG-I) of size 0.6-2.0 mm, angular gravel (AG-I) of
grade 9.5-15.5 mm and pea gravel (PG-I) of size 20-24 mm
with thickness of 25 cm/layer and total thickness of 100
cm performed better in terms of filtration efficiency
(92.3%) and average discharge (1.156 lps) amongst all
filters (Fig. 3.4.2). Two sites were selected for evaluating
the filterin farmers' field. The filter had filtration efficiency
ranging from 81.2 to 90.0% at Site I. At Site 11, it showed

filtration efficiency ranging from 79.2 to 87.4%. Recharged
water varied from 82.8 m® to 385.3 m’ at Site I and 68.8 to
320.0 m’ at Site II. Overall filtration efficiency of the filter
was 84.5%, which was considered to be satisfactory
performance of the filter at farm/field. Average recharge
volume was 1511 m® during the rainy season of 2017.

Fig. 3.4.2. Four layer filter for groundwater recharge
through borewell

ICAR-Indian Institute of Water Management ( 49 -




N

3.5.Jabalpur (AESR10.1)

3.5.1. Evaluation of groundwater recharge
technologies for upper Narmada basin - Narsinghpur
district

Upper Narmada basin was selected to study spatial and
temporal variation of area under different crops in six
blocks namely Saikhera, Babai Chichli, Chawarpatha,
Kareli, Narsinghpur and Gotegaon of Narsinghpur district
in Upper Narmada basin and to model groundwater flow
system using Visual MODFLOW to study the impact of
changing crop scenario on groundwater level.

Crop maps prepared for the year 2006 and 2015 based on
satellite data captured during the month of January and
February indicated an increase of 109% area under wheat
with reduction of 36% area under chickpea. Area under
sugarcane crop increased from 25555 ha during 2006 to
54997 ha during 2015. The spread is more (12115 ha) in
Chichli block of Narsinghpur district, which is a part of
Upper Narmada basin. Groundwater flow system in the
study area of 513300 ha has been developed using
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groundwater model Visual MODFLOW. The values of
hydraulic conductivity (K) after calibration of model from
year 2000 to 2010 are 0.00107 m/s for unconfined aquifer
and 0.0005 m/s for confined aquifer. The calibration was
acceptable with correlation coefficient (r) of 0.86 to 0.97
between observed and predicted hydraulic heads during
pre and post monsoon season. Validation was done with
the hydraulic head data from year 2011 to 2015, with 'r'
value 0.90 to 0.96. Considering the trend of increase in
groundwater withdrawal, model was used to forecast the
hydraulic heads in the study area for the year 2020 and
2025 (Fig. 3.5.1). It was found that hydraulic head may
further deplete from 334.14 to 330.41 m in the year 2025,
if rate of groundwater use continues to be the same.
Groundwater heads during pre-monsoon period may go
deeper by 5.26 min Gotegaon block, 3.91 min Narsinghpur
block, 3.04 min Kareli block, 4.39 m in Chawarpatha block,
5.18 in Chichli block and 0.60 m in Saikheda block if high
water consuming crop like sugarcane continue to increase
in areal extent. If irrigation to wheat is increased at a
presentrate, the depletion will further increase.
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Fig. 3.5.1. Predicted scenario of hydraulic head of groundwater in six blocks of Narsinghpur district under 10%
and 30% pumpage conditions

3.6.Raipur (AER11)

3.6.1. Surface and Groundwater modelling for
developing management plan for critical watershed of
Seonath Sub basin

1.

ICAR-Indian Institute of Water Management ( G 1 -

Prioritization of watershed based on morphometric
analysis revealed that the watersheds, WS1, WS2,
WS6, WS9, WS12, WS14, WS19 and WS20 fall in the
high priority and indicated as the high soil erosion
susceptible watersheds.

Manning's 'n' values for overland flow and channel
flow are 0.132 and 0.024, respectively for the
Seonath sub-basin.

Sensitivity analysis of the model input parameters
shows that the stream discharge/flow rate and
sediment concentration are more sensitive to
Soil Conservation Service (SCS) Curve Number
(CN) followed by Manning roughness coefficient for
overland flow (OV_N), Surface runoff lag time
(SURLAG) and Support practice factor (USLE_P).

The Arc-SWAT model accurately simulates stream
discharge and sediment concentration from the
Seonath sub-basin on monthly basis using both
observed and generated daily rainfall and
temperature (maximum and minimum).

Nutrient losses including NO,-N and total-P can be
simulated satisfactory by the SWAT model for the
monsoon season (Fig. 3.6.2).

10.

11.

12.

The Arc-SWAT model can successfully be used for
identifying critical watersheds for the management
purpose. The model can be used for planning and
management of the Seonath sub-basin onlong-term
basis using generated rainfall.

The visual MODFLOW model can estimate
groundwater potential satisfactorily for the critical
watershed (WS9).

The visual MODFLOW model can be used for
evaluating the density of tubewells in the critical
watershed (WS9).

The filter strip and stone/soil bunds measures are
recommended because these measures reduce the
total sedimentyield by 27.8%. 34.7%, respectively.

Total 120, 70, 34 and 16 number of suitable
recharge structures namely storage tank,
percolation tank, stop dam and check dam,
respectively are recommended in the low
groundwater potential area of critical watershed
(Fig.3.6.1).

The physical factors like gentle slope and shallow
water table are the major factors supporting the
chances of getting shallow aquifer contaminated in
critical watershed.

The high vulnerability index is attributed to the
presence of shallow water bodies and high aquifer
yield in the critical watershed.
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Fig. 3.6.1. Groundwater potential zone map of
critical watershed
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Fig. 3.6.2. Groundwater quality index map of
critical watershed
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Theme 4

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

4.1.Jorhat (AESR 15.4)

4.1.1. Water saving irrigation via partial root drying
(PRD) and deficit irrigation on growth and yield of
potato

Tuber yields of <25 g, 50-75 g and >75 g and total tuber
yield of potato recorded under full irrigation (I,) were
significantly higher than partial root drying (I,) and deficit
irrigation (I,). Pooled data of 3 years also revealed that
total tuber yield recorded under full irrigation (I,) was
significantly higher than partial root drying (1,) and deficit
irrigation (I,). Three irritations at stolonization,
tuberization and tuber development recorded
significantly higher tuber yield than two irrigations at
stolonization and tuberization and one irrigation at
stolonization. Pooled data of 3 years also revealed similar
results. The data on total water use and water productivity
of potato is presented in Table 4.1.1. It was observed that
the amount of irrigation as well as total water used by the
crop increased with the increasing levels of irrigation
regimes. Among the irrigation regimes, highest amount of
irrigation (1200 m®) and total water use (1776 m®) were

recorded under full irrigation treatment (I,). Among the
irrigation schedules, S, required maximum irrigation
water (1200 m’/ha) and water use (1767 m’/ha). Among
the irrigation regimes, I, recorded the highest water
productivity (15.21 kg/m®) followed by I, (13.44 m’/ha)
and I, (12.76 m®/ha). Among the irrigation schedules, S,
recorded the highest water productivity (14.32 kg/m®)
followed by S, (13.67 kg/m*) and S, (12.96 kg/m®). Among
the irrigation regimes, I, recorded the highest gross and
net return and B:C ratio followed by I, and I, (Table 4.1.1).
Among the irrigation schedules, S, recorded highest net
return and B:C ratio followed by I, and I,. Thus under
limited water supply, partial root drying may be practiced.
It may be concluded that in potato, three irrigations at
stolonization, tuberization and tuber development
recorded the highest tuber yield and economic benefit.
Every furrow irrigation resulted in higher tuber yield than
alternate furrow and partial root drying. Partial root
drying recorded higher water use efficiency than each
furrow and alternate furrowirrigation.

Table 4.1.1. Performance of potato under partial root drying and deficit irrigation

Treatment Potato tuber Irrigation

Total water

Water productivity  Net return B:C ratio

yield (t/ha)

(m’/ha)

used (m’/ha)

(kg/m’) (%/ha)

Irrigation regime
L, 22.67 1200 1776 12.76 97760 2.10
I 17.32 600 1289 13.44 60860 1.69
I, 19.82 600 1303 15.21 76260 1.86
Irrigation schedule*
S, 15.12 400 1167 12.96 47760 1.54
S, 20.53 800 1434 14.32 82760 1.94
S, 24.16 1200 1767 13.67 104360 2.17
Treatment vs. Control
Treatment - = - - 78360 1.89
Control 13.06 0 1168 15.05 30860 1.35

*S,: Irrigation at stolonization; S,: Irrigation at stolonization and tuberization; S,: Irrigation at stolonization, tuberization and tuber

development

4.1.2. Optimizing dyke height for rainwater
conservationinrice field and its effect on performance
ofrelay crops in medium land situation

Different bund height significantly influenced the growth,
yield attributes and yield of rabi crops. Bund height of 40

cm being at par with 30 cm recorded significantly higher
plant height and seed and stover yields of linseed than 10
and 20 cm high bunds. However, in case of capsules/plant,
20 cm bund height also showed statistical parity with 40
cm bund height. Number of primary branch/plant,
number of seeds/capsule and test weight were not
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significantly influenced by bund height. In buckwheat,
bund height of 40 cm being at par with 30 cm recorded
significantly higher plant height, number of seeds/plant
and seed and stover yields of linseed than 10 and 20 cm
bund height. Similar trend was observed in case of seed
and stover yields of Lathyrus. Grain yield of the cropping
system expressed in rice equivalent yield revealed that
bund height of 40 cm being at par with 30 cm recorded
significantly higher rice equivalent yield. Among the relay
crops, inclusion of linseed with rice recorded significantly
higher rice equivalent grain yield compared to lathyrus
and buckwheat. The pooled data also revealed similar
trends (Table 4.1.2). Runoff loss was highest under 10 cm
bund. No runoff loss was observed under 30 and 40 cm
bunds. As such, 30 and 40 cm bunds recorded higher water
use and water use efficiency than 10 and 20 cm bunds. The
highest WUE (66.78 kg/ha-cm) was observed under 30 cm
bund. This treatment also recorded the highest rainwater
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use efficiency (66.14 kg/ha-cm). The highest WUE of the
system was observed under 30 cm bund (61.13 kg/ha-cm)
(Table 4.1.2). It was followed by 40 cm bund (59.89 kg/ha-
cm). Among the cropping systems, rice-linseed cropping
system recorded the highest WUE (62.84 kg/ha-cm). Bund
height of 30 cm recorded the highest net return
(Rs.60823). This treatment also recorded the highest B:C
ratio (2.93). Among the relay crops, inclusion of linseed in
the system recorded the highestnetreturn (Rs 64828) and
B:Cratio (3.14). It was concluded thatbund height of 30 cm
recorded the highest yield of kharif rice and system
equivalent yield, highest water use efficiency, rainwater
use efficiency and net returns. Thus it was recommended
that for rainfed kharifrice, height of bund should be 30 cm
to retain rainwater for higher yield of rice as well as to
conserve residual moisture for higher yield of succeeding
relay crops.

Table 4.1.2. Effect of bund height and relay crops on performance of rice

Treatment Pooled yield WUE of the system Net return
(t/ha) (kg/ha-cm) (/ha)

Bund height

10 cm 5.04 52.93 46053 2.56
20 cm 5.23 54.63 47903 2.57
30 cm 6.16 61.13 60823 2.93
40 cm 5.99 59.89 57683 2.80
CD (P=0.05) 0.30 - - -
Relay crops

Lathyrus 5.41 54.09 47301 2.40
Linseed 6.34 63.41 64828 3.14
Buckwheat 5.07 50.68 46866 2.61
CD (P=0.05) 0.26 - 5 -

4.1.3. Determination of water requirement and crop
coefficient of summer sesame and potato through
weighing type lysimeter

Summer sesame: The experiment showed that actual ET
of summer sesame was 221.5 mm during the crop growing
period. In the early period, crop coefficient (K ) was 0.91.1t
increased to 1.20 during 41-50 DAS, and then came down

gradually to 0.85 during the time of crop harvest (Table
4.1.3).

Potato: Crop coefficient was lowest in the early crop
growth period (0.65 during 0-10 DAS). Crop coefficient
gradually increased and reached peak during 56-65 DAS
(1.24) and then decreased. Actual ET for the crop growth
periodis 128.7 mm (Table 4.1.3).
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Table 4.1.3. Actual Evapotranspiration, Pan Evaporation and Penman Monteith Reference ET during crop
growing season of summer sesame and potato

From Actual ET Pan Evaporation PM reference ET K,
Summer sesame
0-10 DAS 16.0 23,5 20.2 0.79
11-20 DAS 21.1 30.1 23.2 0.91
21-30 DAS 26.7 29.6 25.9 1.03
31-40 DAS 30.5 31.1 26.1 1.17
41-50 DAS 31.2 29.1 26.0 1.20
51-60 DAS 33.0 37.3 28.0 1.18
61-70DAS 31.3 31.8 29.8 1.05
71-80 DAS 22.3 27.1 23.7 0.94
81-83 DAS 9.4 7.9 11.1 0.85
Potato

LD DS 10.6 18.5 16.3 0.65
11-20 DAS 11.1 17.1 15.4 0.72
21-30 DAS 11.9 15.4 13.8 0.86
31-40 DAS 13.8 13.1 13.6 1.01
41-50 DAS 16.6 16.4 14.6 1.14
51-60 DAS 18.2 15.0 14.9 1.22
61-70 DAS 19.5 16.8 16.0 1.22
71-80 DAS 18.9 19.4 16.9 1.12
80-85 DAS 8.1 9.4 8.7 0.93

4.1.4. Irrigation and fertilizer management in late
sown toria (Brassica campestris var. toria) grown after
salirice

Different levels of irrigation influenced plant height, total
branches/plant, number of siliquae/plant, siliqua length,
number of seeds/siliqua and seed yield of rapeseed
significantly. Test weight was not influenced by the
irrigation treatments. Two irrigations of 6 cm each were
applied- one at pre-flowering (25 DAS) and another at
siliqua formation (50 DAS) [I,] being at par with one
irrigation at siliqua formation stage [I,] recorded
significantly total branches/plantand seed yield. However,
there had not been any significant difference among I, I,
and I, with respect to plant height, number of
siliquae/plant, siliqua length and number of seeds/siliqua.
Pooled data of 3 years revealed that two irrigations at pre-
flowering and post flowering stage recorded significantly
highestseedyield.

Different levels of fertilizers influenced plant height, total
branches/plant, number of siliquae/plant, siliqua length
and seed yield of rapeseed significantly during 2016-17.

Fertilizer levels did not have significant effect on test
weightand number of seeds/siliqua. Application of 75-50-
50 N-P,0.-K,0 kg/ha being at par with 60-40-40 N-P,0,-
K,O kg/ha recorded significantly higher plant height, total
branches/plant, number of siliquae/plant, siliqua length
and seed yield than 45-30-30 N-P,0,-K,O kg/ha. Pooled
data of 3 years revealed that application of 75-50-50 N-
P,0,-K,0 kg/ha being at par with 60-40-40 N-P,0,-K,0
kg/ha recorded significantly highest seed yield. The
amount of irrigation as well as total water used by the crop
increased with the increasing levels of irrigation regimes.
Thus, the highest amount of irrigation (12.0 cm) and total
water use (23.1 cm) were recorded under irrigations at
pre-flowering (25 DAS) and siliqua formation stage (50
DAS). Rainfed crop recorded the lowest water used (15.6
cm). Highest water use efficiency was also observed under
irrigations at pre-flowering stage (49.4 kg/ha-cm)
followed 6 cm irrigation at siliqua formation stage (48.0
cm). Lowest water use efficiency was observed under two
irrigations, one each at pre-flowering and pod formation
stage (41.9 kg/ha-cm). Economic analysis revealed that
two irrigations at pre-flowering and post-flowering stages
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recorded the highest net return (X 9956.90) and B:C ratio
(1.48) (Table 4.1.4). Among the fertilizer levels, 60-40-40
N-P,0,-K,0 kg/harecorded the highest B:Cratio (1.42).

Conclusion:

e In late sown toria, two irrigations at pre
flowering and post flowering stage recorded the
highestyield attributesand yield
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¢ Two irrigations also recorded the highest gross
and netreturn

Recommendation:

In late sown toria, two irrigations of 6 cm depth should be
applied at pre-flowering and siliqua formation stage.

Table 4.1.4. Effect of irrigation and fertilizer management in late sown toria

Seed yield W

Treatment

Total water Field WUE Net return

(t/ha)

Irrigation regime

(cm)

used (cm) (kg/ha-cm) (Z/ha)

I,= Rainfed 0.65 0 15.6 43.9 4182.32 1.22
I, = 6 cm irrigation at pre

T e e ) 0.81 6.0 19.4 47.0 8686.78 1.44
I, = 6 cm irrigation at siliqua

orinaition stae (50 DAS) 0.80 6.0 18.3 48.0 8292.63 1.42
I,= 6 cm irrigation at 25 DAS

and 50 DAS 0.87 12.0 23.1 41.2 9956.90 1.48
CD (P=0.05) 0.06 = = = = =
Fertilizer management (N-P,0.-K,0 kg/ha)

F, =45-30-30 0.71 - - - 6568.31 1.35
F,=60-40-40 0.80 - - - 8324.90 1.42
F,=75-50-50 0.84 - - - 8445.76 1.40
CD (P=0.05) 0.05 = = = = =
Interaction NS - - NS NS NS

4.2. Morena (AESR 4.4)

4.2.1. Effect of irrigation scheduling and residue
management through sowing methods on pearl
millet-wheat cropping system on growth, yield and
water productivity in alluvial soils

Wheat var. RVW 4106 sown with "Turbo Happy Seeder’
(Plate 4.2.1) with 100% residue retention of kharif crop
resulted in significantly higher grain yield of 4.81 t/ha and
WP of 1.47 kg/m’ compared to yield and WP obtained with
conventional tillage (CT) and zero tillage (ZT) (Table
4.2.1). Among irrigation levels, significantly higher grain
yield of 4.78 t/ha was obtained with five irrigations at five
critical growth stages of wheat over three and four
irrigtaions. Total water use was minimum with 100%
RRSHS (Table 4.2.1), with 10.69% water saving than with
CT. Physiochemical properties of soil such as EC,pHand OC
remained unchanged after harvest of wheat. Availability of
N, P, Kand S in soil were significantly influenced by residue
retention, with maximum availability under 100% RRSHS.

For the succeeding crop i.e. kharif pearlmillet (hybrid),
100% RRSHS and weed management with tractor
operated ridge furrow maker + weedicide addition
showed significantly higher yields of 4.69 and 4.83 t/ha,
WPs of1.27 and 1.30 kg/m®, net returns ofZ 43652 /ha and
% 56170/ha, benefit-cost ratios of 3.64 and 3.59 with
minimum water use of 3698 and 3722 m’/ha, respectively
among all treatments (Table 4.2.2).

Recommendations:

Pearlmillet: Pearlmillet crop establishment with happy
seeder and intercultural operations through tractor
operated ridge furrow maker with weedicide addition is
recommended for getting higher yield, economic benefit,
water productivity and improved soil health in alluvial soil.

Wheat: Wheat crop establishment with happy seeder,
residue retention of kharif crop and five irrigations at
critical stages are recommended for getting higher yield,
economic benefit, water productivity and improved soil
healthin alluvial plains.
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Table 4.2.1. Effect of residue management through sowing method and irrigation level on performance of wheat
under pearl millet-wheat cropping sequence

. Total water ~ Water Available nutrient

Treatment Gr?tl;lh}:; = Ne(t?;i:;m r]:;fo use productivity (kg/ha)

(m’/ha) (kg/m’) ~ -
Sowing method*
CT 3.92 48072 2.68 3833 1.05 164 | 10.1 | 180 | 17.5
ZT 4.23 56494 3.18 3521 1.23 177 | 10.7 | 182 | 18.0
25% RRSHS 4.55 58673 3.14 3446 1.32 183 | 10.9 | 190 | 19.2
50% RRSHS 4.68 58566 3.03 3225 1.42 209 | 11.3 | 195 | 20.9
100% RRSHS 4.81 57798 2.81 3215 1.47 212 | 11.5 | 199 | 22.1
CD, s 0.11 2650 0.07 155 0.11 10.9 | 0.76 | 8.6 | 1.80

Irrigation level’

3 Irrigation (CRI, L], M) 4.06 49080 | 272 | 2840 1.43 192 | 11.0 | 190 | 19.8
4 Irrigation (CRI, T, L, M) 447 55358 | 2.88 | 3530 1.26 189 | 10.8 | 189 | 19.5
5 Irrigation (CRI, T,LJ,M,D) |  4.78 60465 | 298 | 3935 1.22 186 | 10.8 | 189 | 19.3
CD (P=0.05) 0.10 : . 135 : NS | NS | NS | NS

*CT-Conventional tillage, ZT-Zero tillage, RRSHS-Residue retention sowing through happy seeder; “CRI-Crown root initiation, T-Tillering, L]-
Latejointing, M-Milking, D-Dough stages; WP-Water productivity; Nutrientbefore crop sowing: N-161,P-10.2,K-181,S-19.3kg/ha

Table 4.2.2. Effect of sowing method and intercultural operation on performance of pearl millet under pearl
millet-wheat cropping sequence

Treatment Grain yield (t/ha) Netreturn ('0003%/ha) B:Cratio Total water use (m’/ha) WP (kg/m°)

Sowing method

CT 4.16 43251 2.84 3892 1.07
7T 4.12 45932 3.27 3800 1.08
25% RRSHS 4.39 46296 3.24 3745 1.17
50% RRSHS 4.52 45640 3.23 3720 1.22
100% RRSHS 4.69 43652 3.64 3698 1.27
CDy s 0.12 1015 0.27 194 0.07
Intercultural operation”

L 3.85 37370 2.56 3876 0.99
L 4.59 53999 3.69 3715 1.24
L 4.83 56170 3.59 3722 1.30
CDys 0.34 890 0.21 180 0.05

*I,-Intercultural operation (I0) through hand weeding, I,- 10 through tractor operated ridgefurrow maker, I,- Use of weedicide + 10
through tractor operated ridge furrow maker
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4.3.Kota (AESR 5.2)

4.3.1. Drip fertigation studies on water soluble
fertilizers for enhancing water productivity and
quality of garlic crop in S-E Rajasthan

Three years of experiment indicated that the rabi garlic
bulb yield of 16.01 t/ha obtained when drip irrigation was
applied at 100% PE is significantly superior to the bulb
yield obtained under control (surface irrigation). Similarly,
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application of 100% of recommended dose of fertilizer
(120:40:100) also resulted in significantly higher and
maximum garlic bulb yield of 16.31 t/ha, which remained
at par with yield (15.41 t/ha) under application of 75%
RDF of fertilizer. The interaction effect between irrigation
schedule and fertilizer dose showed that maximum WUE
of 27.44 kg/ha-mm was recorded with 75% PE and 100%
RDF closely followed by 75% PE and 75% RDF (Table
4.3.1).

Table 4.3.1. Effect on irrigation schedule and fertilizer dose performance of garlic crop

Garlic yield

Treatment

(t/ha)

Depth of
irrigation (mm)

WUE (kg/ha-cm)

100% RDF 75% RDF 50% RDF

Irrigation schedule

100% PE 16.01 588 - 5 -
75% PE 14.17 770 27.44 26.39 22.78
CD (P=0.05) 1.31 - 20.95 20.15 17.4
Fertilizer dose

100% RDF 16.31 - = - -
75% RDF 15.41 - = - -
50% RDF 13.52 - = - -
CD (P=0.05) 1.80 - = - -
Surface irrigation at 1.2 13.62 820 - - =
IW/CPE + Full dose of

NPK (120:40:100) as

soil application

RDF - Recommended dose of fertilizers

4.4.Navsari (AESR 19.1)

4.4.1. Pit method of planting in sugarcane under drip
irrigation

Five years of study showed that pit diameter and pit
spacing had significant effect on cane yield (Plate 4.4.1).
Significantly higher cane yields of 135.7 t/ha and 137.3
t/hawere observed with pit diameter 60 cm (D,) during 1"
and 2" ratoon crops, respectively compared to pit
diameter 45 cm (D,), but was at par with pit diameter 75
cm (D,). Whereas, pit diameter D, produced significantly
higher cane yields of 120.6 t/haand 116.9 t/ha over rest of
the pit diameter during Ratoon-3 and pooled result,
respectively. In case of pit spacing, S, (1.75 x 1.75 m)
resulted in significantly higher yield of 123.4 t/ha
compared to S, (2.1 x2.1 m) (99.1 t/ha). Similar trend was
observed with Ratoon-1 and Ratoon-4. Likewise,
significantly highest cane yield of 141.9, 126.7 and 123.0
t/ha were recorded under treatment S, during Ratoon-2,
Ratoon-3 and in pooled results. Interaction effect of pit
diameter and pit spacing showed that during Ratoon-2,

treatment combination D,S, reported significantly highest
yield (151.0 t/ha) over rest of the treatment combinations.
Highest net profit of ¥ 2,90,441/ha was reported with
treatmentD,S, (Table 4.4.3). Net profit over plant crop was
positive up to three ratoons in case of both pit treatments.
Whereas it is positive up to two ratoon crop only in case of
control treatment.

It was recommended that farmers of south Gujarat in
heavy rainfall zone should grow sugarcane through pit

Plate 4.4.1. Drip irrigated grown in pits
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method. Pit of 60 cm diameter and 40 cm depth should be
dug with spacing of 1.75 x 1.75 m by using post hole pit
digger. Sixteen two-budded sugarcane sets to be putin pits
followed by filling of pits with soil and FYM /biocompost to
a depth of 25 cm below and 15 cm above the sets. By

adopting this method, three ratoon crops can be taken
with higher yield and net profit compared to two ratoon
crops with paired row planting (0.6 x1.2 m) under drip
irrigation.

Table 4.4.1. Performance of sugarcane under different pit diameter and pit spacing (pooled basis)

Treatment Cane yield (t/ha) Water applied (mm) WUE (kg/ha-mm)

Pit diameter (cm)

D,-60 cm 107.8 925 116.5

D,-75 cm 116.9 925 126.3

D,-90 cm 112.7 925 121.8

Pit spacing (cm)

S-1.5x1.5 115.4 925 124.7
S,-1.75x 1.75 123.0 925 132.9
S;-21x2.1 99.0 925 107.0
Control 100.0 925 108.0

Table 4.4.2. D x S interaction effect on cane yield in pooled (t/ha)

Treatment S,(1.5x1.5m) S,(1.75x1.75m) S.(2.1x2.1m)
D;: 45 cm 1125 122.8 88.2
D,: 60 cm 115.9 127.7 107.2
D.: 75 cm 117.8 118.5 101.6
Source S D SxD
CD at 5% 3.76 3.76 6.52
Table 4.4.3. Economics of sugarcane under different treatments
Treatment System cost (3/ha/year) Cane yield (t/ha) Total income (3 /ha) Net return (Z/ha)
S,D, 14514 125 398465 277248
S,D, 14514 130 415124 290441
Control 20045 100 319872 215939

Selling price of sugarcane: Rs.3.2/kg

Table 4.4.4. Quality parameters of sugarcane

Treatment *Pol (%)  Purity (%) CCS (%) Fibre (%) *Pol in cane (%)
Pit diameter (D)
D, 17.79 90.04 12.39 14.56 13.43
D, 17.37 89.35 12.08 14.36 13.19
D, 17.72 89.70 12.30 14.31 13.40
Pit spacing (S)
S, 17.16 89.33 11.95 14.46 13.03
S, 17.60 89.53 12.22 14.46 13.29
S, 18.09 90.23 12.63 14.31 13.70
Control 17.95 88.76 12.40 14.55 13.55

*Pol (Polarization measurement) - Sucrose content in juice of sugarcane
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4.4.2. Effect of water application in different layers of
soil on growth and yield of drip irrigated young mango
plantation

The experiment was carried out during the year 2009 to
2017 and initially growth parameters were measured until
getting stable yield of mango (2014-15). After getting
stable yield of mango, treatment-wise uniform mango
trees were selected. In this experiment, 1.5 m away from
trunk of mango tree, four HDPE pipes of 75 mm diameter
were inserted vertically below ground level (bgl) at
different depths (as per treatment). Irrigation water was
applied through drip irrigation system directly into these
pipes through spaghetti tube of 4 mm diameter fitted on
the online dripper (Plate 4.4.2).

Pooled analysis showed significantly higher fruit yield of
mango (25.4 t/ha) under treatment T, (40 cm bgl through
drip) compared to rest of the treatments during first year
but it remained at par with treatments T,, T;and T, (Table
4.45). Effect of different treatments did not have
significant effect on mango quality. Significantly higher
volume of mango fruit (220 ml) was reported with
treatment T, as compared to rest of treatments, but it
remained at par with treatment T, (217 ml), T, (216 ml)
and T, (216 ml) (Table 4.4.6). Similar trend was also
observed with respect to weight of fresh harvest fruit,
weight of ripe fruit and pulp of ripe fruit (Table 4.4.6 and
4.4.7). Maximum acidity was recorded in case of water
applied on surface and decreased with increase in the
depth of water application. However, in case of pulp peel
ratio, reverse trend was observed as compared to acidity of
mango fruit (Table 4.4.7). Treatment T, registered
significantly higher total soluble sugar (21.3%), reducing
sugar (2.47%) and non reducing sugar (18.5%) as
compared to rest of the treatments. But it remained at par
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Plate 4.4.2. Drip irrigated mango

with treatment T in case of total soluble sugar and non
reducing sugars, and T, and T, in case of reducing sugar.
Maximum net profit of% 2,53,100/hawas accrued under T,
i.e. 50 cm bgl followed by treatment T, (% 2,41,600/ha).

[tis concluded thatforachieving higher net profit from 8 to
9 year old mango orchard, irrigation water can be applied
by drip irrigation system directly in four HDPE/PVC pipe
(75 mm diameter) inserted at depth of 40-50 cm bgl on
four sides about 1.5 m away from the mango trunk through
spaghetti tube (4 mm diameter) fitted on online dripper.

Recommendation for farmers

Farmers of south Gujarat (heavy rainfall zone) having 8 to 9
years old mango plantation at a spacing of 5 m x 5 m are
recommended to apply irrigation water after flowering
initiation directly into vertically inserted HDPE/PVC pipes
(diameter = 75 mm) into the soil at 40 cm depth bgl on four
sides 1.5 m away from mango trunk through spaghetti tube (4
mm diameter) fitted on online dripper for getting good quality
mango, higher yield, net profit and water use efficiency
compared to water applied through surface drip system.

Table 4.4.5. Effect of different treatments on yield of mango fruits

Treatment Fruit yield (t/ha) Water applied (mm) Fruityield (t/ha) WUE (kg/ha-mm) Netprofit(3Z/ha)
T, (Surface) 14.1 598 14.1 23.6 1,79,000

T, (30 cm bgl) 16.6 598 16.6 27.8 2,131,00

T, (40 cm bgl) 18.5 598 18.5 30.9 2,41,600

T, (50 cm bgl) 19.3 598 19.3 323 2,53,100

T, (60 cm bgl) 18.3 598 183 30.1 2,36,500
CD at 5% 1.2 - - - -

- CD at 5% = = = =

Y 3.9 = = = =

YxT 2.1 - = = =

Note: Selling price of mango fruit: 17.50 Rs/kg
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Table 4.4.6. Effect of water application at different layers on quality parameters of mango fruit

Treatment Volume of fruit Weight of Weight
(ml) fresh harvested fruit (g) of ripe fruit (g)

T, ( Surface) 198 205 188 18.9 0.44
T, (30 cm bgl) 216 228 202 18.9 0.43
T, (40 cm bgl) 217 229 200 18.6 0.43
T, (50 cm bgl) 220 234 205 18.3 0.41
T, (60 cm bgl) 216 230 204 18.3 0.39
CD at 5% 10.7 9.92 9.04 NS 0.021

TSS - Total soluble solids; °B - Brix

Table 4.4.7. Effect of water application at layers on qualities parameters of mango fruit

Treatment Pulp of Peel of Pulp peel Total Reducing Non reducing
ripe fruit (g)  ripe fruit (g) ratio sugar (%) sugar (%) sugar (%)
T, ( Surface) 104 34.7 3.07 18.3 2.14 16.4
T, (30 cm bgl) 111 35.9 3.13 18.1 2.43 16.0
T, (40 cm bgl) 114 35.5 3.28 19.5 2.40 17.2
T, (50 cm bgl) 117 36.1 3.30 21.3 2.47 18.5
T, (60 cm bgl) 113 34.3 3.40 20.2 2.20 17.4
CD at 5% 6.96 NS 0.238 1.11 0.11 0.89

4.5. Powarkheda (AESR 10.1) respectively and significantly lower yield with sowing at

th - . - . .
4.5.1. Response of gram (Cicer aeritinum) to irrigation 15" Dec (2.12 t/ha). Two irrigations i.e. at branching + pod

levels underlate sown condition

Chickpea variety JG 130 was tested for different dates of
sowing (15" November, 30" Novemberand 15" December)
and number of irrigations at critical growth stages like
branching (oneirrigation), pod formation (one irrigation),
branching + pod formation (two irrigations) and
branching + pod formation + grain development (three
irrigations) in a split plot design. Results showed that
sowing of chickpea on 15" Nov and 30" Nov gave
statistically similar yields of 2.95 t/ha and 2.79 t/ha,

formation stages proved best treatment with yield of 2.81
t/ha (Table 4.5.1). Additional irrigation at grain
development stage had no significant beneficial effect on
yield (2.85 t/ha). In case of availability of only one
irrigation, it should be applied at pod formation stage
(2.56 t/ha). Among the sowing dates, 15" Nov sowing gave
net monetary return of ¥ 65,621 /ha, B:C ratio of 2.75 and
WUE of 127 kg/ha-cm. Among irrigation treatments,
highest B:C ratio of 2.60 and WUE of 112 kg/ha-cm was
obtained with two irrigations i.e. at branching and pod
formation stages.

Table 4.5.1. Performance of chickpea crop to sowing time and number of irrigations

Treatment Seed yield (t/ha) NMR (% /ha) WUE (kg/ha-cm)  B:Cratio
Date of sowing

D, - 15 Now. 2.95 65621 127 2.75
D, - 30 Now. 2.79 60161 121 2.60
D, - 15 Dec. 2.12 36781 92 1.98
CDy s 0.27 - - -
Number of irrigations

L,- Branching 2.49 50271 142 =
I,- Pod formation 2.56 52791 146 -
I,- Branching + Pod formation 2.81 60506 112 -
I,- Branching + Pod formation + Grain 2.85 61081 88 -
development

CDy s - - - -

NMR - Net monetary return
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4.5.2. Irrigation and fertilizer management in wheat
with zero tillage

Two years of experiment showed that grain yield of wheat
was significantly affected by irrigation levels (Table 4.5.2).
The wheat crop under zero tillage gave the highest seed
yield of 4.57 t/ha with irrigation at 1.2 IW/CPE, which was
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atparto theyield (4.39 t/ha) with 1.0 IW/CPE ratio. Water
use efficiency was higher (165 kg/ha-cm) with 0.8 IW/CPE
ratio but the net monetary return and B:C ratio were
substantially higher with 1.2 IW/CPE (X 26299/ha and
1.62) closely followed by 1.0 IW/CPE ratio (X 24524 /ha
and 1.59).

Table 4.5.2. Seed yield, water depth, WUE and economics of wheat under different treatment

Seed yield (t/ha) Depth of WUE Netreturn B:C
Treatment ;

2015-16 2016-17 Pooled Wwater (cm) (kg/ha-cm) ) ratio
Irrigation level
[, - Irrigation at 0.6 IW/CPE 2.58 4.04 3.30 22.5(3) 146 9099 1.23
I, - Irrigation at 0.8 IW/CPE 3.15 4.26 3.71 22.5(3) 165 15279 1.38
L, - Irrigation at 1.00 IW/CPE 4.09 4.69 4.39 30.0 (4) 146 24524 1.59
I, - Irrigation at 1.20 IW/CPE 4.33 4.82 4.57 37.5(5) 122 26299 1.62
CD at 5% 0.78 0.73 0.55 - - - -
Nitrogen splitting

- 5009 0 st

N, - 50%as basal + 50%at 17\ 5 5 4.47 4.03 28.1 143 19359 | 147
Irrigation
N, - 50% as basal + 25 % at
1" Irrigation + 25 % at 2™ 3.53 4.38 3.95 28.1 141 18189 1.44
Irrigation
N, - 349% as basal + 33 % at
1" Irrigation + 33 % at 2™ 3.49 4.49 3.99 28.1 142 18804 1.45
Irrigation
CD at 5% NS NS NS - - - -

Market price of wheat - Rs.15/kg; NS: non-significant

4.6. Bilaspur (AER 11)

4.6.1. Effect of different levels of water and spacing on
growth and yield of rice under SRI system

Irrigation level significantly affected all the growth and
yield attributing characters of rice (var. Karma Mahsuri)
under SRI system, except test weight (Plate 4.6.1).
Irrigation at 3DADPW (I,) gave significantly higher plant
height (116.3 cm), tiller per metre row length (313),
panicle length (27.0 cm) and number of grains per panicle
(243) than I, and I, but followed by [, (Table 4.6.1). Among
the spacing treatments, S, (20 cm x 20 cm) recorded
significantly higher number oftillers per metre row length
(286), panicle length (26.3 cm) and number of grains per
panicle (229) than spacing S, (30 cm x 30 cm) followed by
spacing S, (25 cm x 25 c¢cm). Other parameters like plant
heightand test weight were non-significant with respectto

spacing. Among the irrigation levels, [, produced
significantly higher grain yield (7.43 t/ha) and straw yield
(7.97 t/ha) than I, and I, but at par with [, Under different
spacings, S, gave significantly higher grain yield (7.42
t/ha) and straw yield (8.40 t/ha) than S, but at par with S,.
Water regimes I, gave higher netreturn of% 87544 /ha with
WUE of 104.44 kg/ha-cm and water saving of 16.44% as
compared to [,. Under different spacings, S, gave higher net
return of ¥ 86858/hawith 104.35 kg/ha-cm WUE.

On the basis of 3 year of experimentation, irrigation level I,
recorded maximum rice grain yield (6.92 t/ha) and
maximum net return of% 77634 /ha. However, higher WUE
was gained with treatment I,. Among the spacing,
treatment$S, (20 cmx 20 cm) gave higher mean yield of rice
(7.06 t/ha), net return (X 77696/ha) and WUE (106.82
kg/ha-cm).
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Table 4.6.1. Performance of rice under varying irrigation levels and plant spacing

Plant ht Tillers/ Panicle No. of Grain = Straw No. of WEE Net

Treatment (cm) meter length grai.ns / | yield yield Irrgn. (kg/ha- profit

row (cm) panicle @ (t/ha) (t/ha) cm) (X/ha)
Irrigation level
I, 114.43 277 26.38 224 7.04 7.48 5 82.72 | 79495 1.93
1L, 116.31 313 27.01 243 7.43 7.97 4 104.44 | 87544 2.19
I, 113.30 253 25.85 217 6.34 7.08 3 98.81 | 70246 1.80
I, 110.76 238 25.14 197 5.94 6.53 2 103.86 | 63589 1.65
CD (5%) 3.91 6.9 0.86 5.9 0.68 0.85 - - - -
Plant spacing
S, 114.64 286 26.30 229 7.42 8.40 4 104.35 | 86858 2.10
S, 113.71 270 26.00 219 6.79 7.18 4 95.44 | 76712 1.94
Sy 112.75 254 25.99 212 5.84 6.22 4 82.14 62297 1.64
CD (5%) NS 6.1 0.98 5.1 0.89 0.92 - - - -

I,: Continuous submergence of 3 to 5 cm ponded water after tillering; I,: Irrigation at 1 DADPW; I,: Irrigation at 3 DADPW; 1,: Irrigation at 5
DADPW. Depth ofirrigation=7.0 cm. Effective rainfall=43.14 cm. DADPW: Day After Disappearance of Ponded Water; Irrgn: Irrigation

Plate 4.6.1. SRI cultivation
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4.6.2. Effect of irrigation levels and crop geometry on
rabi pigeonpea in unbunded clay soil of Chhattisgarh
plainsunder drip

The experiment showed that grain and stoveryields of rabi
pigeonpea were significantly influenced by irrigation
levels and spacing (Table 4.6.2). Treatment I, (80% PE)
produced significantly higher grain (2.26 t/ha) and stover
yield (4.07 t/ha) as compared to I, and I, irrigation levels,
however grain yield was at par with I, (60% PE).
TreatmentI, (furrow irrigation) recorded lowest grain and
straw yield under study. Spacing S, (45 cm x 10 cm)
resulted in significantly higher grain yield (2.37 t/ha) and
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stover yield (3.29 t/ha) in comparison to wider spacing of
60 cmx 10 cm (S,), but at par with closest spacing of 30 cm
x 10 cm (S,). Water expenses (WE) ranged from 22.92 cm
to 54.62 cm. Water expense efficiency (WEE) was
maximum (75.69 kg/ha-cm) in I, whereas it was
minimum (27.90 kg/ha-cm) in I, (Furrow irrigation).
Further, WEE showed maximum value under S, and
minimum under S,. Net return and B:C ratio were
maximum with [, (80% PE) and minimum with I, (Furrow
irrigation). Spacing S, (45 cm x 10 cm) showed maximum
gross, netreturn and B:Cratio followed by S, treatment.

Table 4.6.2. Effect of irrigation level and spacing on performance of rabi pigeonpea

Treatment Grain yield Stover yield WEE Net return

(t/ha) (t/ha) (kg/ha-cm) (%/ha)
Irrigation level
I, (80%PE) 2.26 4.07 50.00 53087 2.05
1,(60%PE) 2.07 3.36 60.68 46507 1.79
I, (40%PE) 1.74 2.59 75.69 34852 1.34
I, (Furrow irrigation) 1.52 2.16 27.90 27767 1.08
CD (5%) 0.55 0.59 - = =
Crop geometry: Plant spacing
S, (60 cm x 10 cm) 1.41 2.88 48.80 23447 0.90
S, (45 cmx 10 cm) 2.37 3.29 59.91 57292 2.22
S,(30 cm x 10 cm) 1.91 2.96 64.40 40807 1.58
CD (5%) 0.53 0.35 - = =

4.7.Jammu (AESR 14.2)

4.7.1. Alternate wetting and drying irrigation regimes
management in basmati rice through field water
measuring tube device under light texture soil

Three years of experimentation with basmati rice showed
that all treatments of alternate wetting and drying
irrigation regimes significantly influenced average grain
and straw yields of rice (Table 4.7.1). Cultivation with
farmers' practice (T,) resulted in significantly higher grain
yield (2.98 t/ha) and straw yield (6.68 t/ha), which was
statistically similar with T, (Irrigation after 7 cm drop of
water level below surface 7 DAT to 10 days prior to
harvest) i.e. grain yield of 2.80 t/ha and straw yield of 6.56

t/ha. Maximum average B:C ratio for three years was 1.78
with farmers' practice (T,) followed by T, with B:C ratio of
1.75. Highest WUE (2.06 kg/ha-mm) was recorded under
Irrigation after 15 cm drop of water level below surface
from 7 DAT to 10 days prior to harvest (T,), whereas lowest
WUE (1.22 kg/ha-mm) was under farmers' practice (T,).
Maximum water saving (50%) was recorded under T,
treatment over T,. Therefore, farmers may be
recommended to apply irrigation after 7 cm drop of water
level below surface 7 DAT to 10 days prior to harvest for
obataining maximum economic benefitin light texture soil
of Jammu. Water saving with this treatment was 18.73%
higher over farmers' practice.
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Table 4.7.1. Effect of alternate wetting and drying regime through measuring tube device on grain yield, straw
yield and economics of basmati rice

Treatment’ e B:F — Water saving (%)
2015 2016 2017 ratio 2015 2016 2017

T, 3.06 2.96 2.39 1.75 1.43 1.45 1.11 18.73
T, 2.75 2.79 2.24 1.67 1.67 1.88 1.29 37.57
T, 2.61 2.67 2.14 1.62 2.02 2.09 1.54 49.25
T, 2.81 2.82 2.27 1.61 1.41 1.48 1.13 24.01
T, 291 2.85 2.39 1.58 1.17 1.26 0.97 7.94
T, 2.75 2.77 2.26 1.62 1.48 1.57 1.25 30.40
i 2.83 2.85 2.29 1.56 1.20 1.30 0.99 12.43
T, 3.22 3.15 2.56 1.78 1.21 1.22 0.98 -

CD at 5% 0.30 0.25 0.18 - - - - -

*T,_Irrigation after 7 cm drop of water level below surface from 7 DAT to 10 days prior to harvest; T,= Irrigation after 10 cm drop of water
level below surface from 7 DAT to 10 days prior to harvest; T,= Irrigation after 15 cm drop of water level below surface from 7 DAT to 10
days prior to harvest; T,= Irrigation after 10 cm drop of water up to maximum tillering stage and 7 cm drop of water level below surface up
to 10 days prior to harvest; T,= Irrigation after 10 cm drop of water up to maximum tillering stage and continuous submergence up to 10
days prior to harvest; T,= Irrigation after 10 cm drop of water up panicle initiation stage and 7 cm drop of water up to 10 days prior to
harvest; T,= Irrigation after 10 cm drop of water up panicle initiation stage and continuous flooding upto 0 days prior to harvest; T,=
Farmers' practice

4.8.Palampur (AESR 14.3) than all other treatments during the three years of
experimentation (Table 4.8.1). WUE with this treatment
was at par with substitution of 100 per cent of
recommended N with locally prepared liquid manure
(L100). Succeeding okra crop (Table 4.8.2) raised under
drip irrigation (0.8 PE), substitution of 100 per cent of
recommended N with locally prepared liquid manure
which was enriched with 1 per cent liquid biofertilizer
(E100) resulted in significantly higher okra pod yield,
WUE, gross return, net return and B:C ratio than all other
treatments while remaining at par with substitution of 100
per cent of recommended N with locally prepared liquid
manure (L100). It was concluded that onion crop should
be irrigated at three day interval with 0.6 CPE and okra
crop should be irrigated at two day interval with 0.8 CPE.
Both crops should be fertigated with 1.0 CPE and
recommended nitrogen with locally prepared liquid
manure enriched with 1 per cent liquid biofertilizer
(E100) and recommended dose of phosphorus and
potassium as basal application.

4.8.1. Effect ofliquid manure based drip fertigation on
water use and productivity of onion-okra sequence

The experiment was conducted for three years with three
treatments of liquid manures viz., banana pseudo stem sap
(B), locally prepared liquid manure (L) and locally
prepared liquid manure + 1% liquid biofertilizers (E) and
three fertility levels (substitution of recommended N) viz,
50% from liquid manure + 50% from chemical fertilizer
(urea), 75% from liquid manure + 25% from chemical
fertilizer and 100% N from liquid manure. These were
tested against control treatment where 100% of
recommended N from chemical fertilizers + FYM and
weekly surface irrigation of 5 cm was applied. Onion crop
raised under drip irrigation (0.6 PE), substitution of 100
per cent of recommended N with locally prepared liquid
manure which was enriched with 1 per cent liquid
biofertilizer (E100) resulted in significantly higher green
onion yield, WUE, gross return, net return and B:C ratio
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4.9. Chalakudy (AESR 19.2)

4.9.1. Partial Rootzone Drying method of irrigation in
brinjal

Pooled analysis of three years of experimentation showed
that yield of the crop was significantly highest for drip at
75% PE and basin irrigation at 100% PE compared to
Partial Rootzone Drying (PRD) method of irrigation.
Whereas water use efficiency was highest for PRD
compared to other treatments. Mulching of the crop basin
increased yield and water use efficiency of the crop.
Mulching with paddy straw helped in moisture
conservation and thereby resulted in better yield (Table

V4

greatly influenced yield of the crop. Higher temperature
affected flowering and fruit set. Crop yielded only after the
initiation of SW monsoon (delayed by 2 months). There
was no higher production of secondary roots and root
volume did not increase under PRD conditions. Root
volume under drip and PRD was comparable (Table 4.9.3).
Root volume was comparable among treatments. Reduced
irrigation caused yield reduction under PRD. Soil moisture
content was also less under PRD condition (Table 4.9.2).
Result of the study for the three years showed that drip
irrigation along with mulching resulted in better yield and
water use efficiency of the brinjal crop. Mulching with
paddy straw benefitted in moisture conservation. In

4.9.1). situations where water is a most scarce resource, PRD

Soil moisture content was highest for basin and drip method ofirrigation is the mostsuited one.

methods of irrigation. Different weather parameters

Table 4.9.1. Pooled analysis of three years of experiment on the effect of irrigation methods and mulching of brinjal crop

Irrigation method Yield Total water WUE Net return B:C ratio
(t/ha) use (ha-cm) (kg/ha-cm) (X/ha)

Irrigation

Partial rootzone drying at75% PE 7.31 28.52 259.90 131549.45 0.98

Partial rootzone drying at 100% PE 7.39 38.15 193.80 133085.15 0.99

Drip at 75%PE 9.44 57.23 164.90 169865.88 1.33

Basin irrigation 9.72 76.31 127.35 174924.40 1.23

CD (0.05) 1.18 - 21.39 21307.29 0.16

Mulching

With mulching 8.77 49.95 196.731 157861.29 1.18

Without mulching 8.16 49.95 176.242 146851.15 1.08

CD (0.05) NS NS 15.123 NS NS

Table 4.9.2. Effect of irrigation methods and mulching on soil moisture content (%)

Factor A* Factor B (Mulching)*

(Irrigation method) Without mulch With mulch

PRD 75% PE 9.46 10.71 10.08
PRD 100% PE 9.99 10.71 10.34
Drip 75% PE 12.12 13.01 12.57
Basin 100% PE 12.68 13.44 13.07

*CD (0.05) for Factor A=0.92, Factor B=0.65and AxB=1.31

Table 4.9.3. Root growth characteristics of brinjal

No. of primary No. of No. of tertiary Fresh Dry weight Root volume
Treatment roots secondary roots roots weight (g) (g) (cm®)
PRD 75% PE 6 23 226 50.4 38.8 75
PRD 100% PE 9 16 209 31.48 31.07 53
Drip 75% PE 6 18 157 39.03 29.93 68
Basin 100% PE 6 23 205 45.52 34.20 60
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Theme 5

To evolve management strategies for conjunctive use of surface and groundwater resources for sustainable
crop production

5.1. Coimbatore (AESR 8.1) cropping situation (Table 5.1.1). It was observed that
during canal water release, percentage of cropped area
was high at the head reaches and decreased towards the
tail reaches. During the non release of canal water supply,

Total cropped areas and fallow areas were collected for percentage of fallow increased considerably at head and
three years from 2014 to 2016 to assess the present middle reaches of the distributary.

5.1.1. Conjunctive use of groundwater and canal water
in the command area of Lower Bhavani Project

Table 5.1.1. Cropped and fallow areas in Kugulur distributary

2014-0dd turn 2014-Even turn
Particular
Middle Middle
Cropped area (%) 74.52 74.25 56.35 73.49 74.81 67.65
Fallow area (%) 25.48 25.75 43.65 26.51 25.19 32.35
2015-0dd turn 2015-Even turn
Cropped area (%) 87.2 79.01 62.21 56.33 64.72 64.46
Fallow area (%) 12.8 20.99 37.79 43.67 35.28 35.54
2016-0dd turn 2016-Even turn
Cropped area (%) 62.15 52.14 38.48 53.33 44.83 51.06
Fallow area (%) 37.85 47.86 61.52 46.67 55.17 48.94
Major crops such as sugarcane, banana, groundnut and pattern of conjunctive use of surface water and

irrigated wetland paddy were analysed to study the groundwater in the study area (Table 5.1.2 and 5.1.3).

Table 5.1.2. Conjunctive water use for sugarcane during the year 2015

Canal |Areairrigated Crop water Canal water supply Groundwater Conjunctive use

reach (ha) demand (ha-m) Percent Percent Per cent

0dd turn sluice command

Head 20 36.48 26.74 73.30 9.74 26.70 6.82 18.69
Middle 18 32.83 21.93 66.80 10.90 33.20 8.72 26.56
Tail 15 27.36 12.09 44.20 15.27 55.80 9.92 36.27

Even turn sluice command

Head 18 32.83 = = 32.83 100.00 = =
Middle 19 34.66 = = 34.66 100.00 = =
Tail 12 21.89 = = 21.89 100.00 - =
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Canal | Areairrigated| Crop water Canal water supply Groundwater Conjunctive use
reach (ha) demand (ha-m) Percent Percent Percent
0dd turn sluice command
Head 18 47.88 38.89 81.23 8.99 18.77 5.30 11.07
Middle 14 37.24 25.99 69.80 11.25 30.20 8.50 22.83
Tail 11 29.26 1399 47.80 15.27 52.20 10.87 37.17
Even turn sluice command
Head 17 45.22 - - 45.22 100.00 - -
Middle 19 50.54 - - 50.54 100.00 - -
Tail 12 31.92 - - 31.92 100.00 - -

Annual canal water supply for the year 2015 was 2239.18
ha-m. It has been observed that maximum canal supply of
527.1 ha-m is in September followed by 326.1 ha-m in
October (Fig. 5.1.1). There is no canal water supply during
May, June and July. Groundwater requirement has also

been estimated and it has been observed that maximum
groundwater requirement was during May to July. The
annual groundwater requirement is 627.82 ha m. When
there was supply in the distributary, demand of
groundwater was low.

W Canal Water supply  #es Crop water demand Year: 2015
W Ground water demand = Rainfall {mm)
700 300
g 600 - 250
2 |
s g - 200 E
E e 150 §
%5 300 2 z
-] B
E 200 | 100 8
U T T f E f T T T 1 - 1 = D
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 5.1.1. Monthly canal water supply, crop water demand and ground water requirement for the selected
distributor for the study period of 2015
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Gross groundwater draft was 1369.01 ha-m. Net draft was
75% of gross draft. So net draft was 1026.76 ha-m. Stage of
groundwater development was 61.5%, that was
considered to be 'safe’. From the year 2015, groundwater
depth varied between ground level and 8-12 m below
ground level (bgl) in head, middle and tail reaches of the
distributary. Depth to water level during pre monsoon
(Sep 2015) was 8.5 m bgl, while it ranged from 1.0-7.5 m
bgl during post monsoon (Jan 2015). During 2016, depth
to water level in the distributary varied between ground
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level and 20-25 m bgl in head, middle and tail reaches of
the distributary. Depth to water level during pre monsoon
(Sep 2016) was 15-20 m bgl, and 1.0-3.0 m bgl during post
monsoon (Jan2016).

Long-term water level fluctuation at the distributary for
the period 1971-2013 was studied with water level data of
observation well (Fig. 5.1.2). The study indicated that rise
in water level in the distributary was 0.03 - 0.09 m/year
and fallin waterlevel was 0.01 - 0.50 m/year.

221
219 -

217 -
= 215

m

213

211

Water level

209

207
205

01-Jul-71

01-Jul-74 -
01-Jul-77 -
01-Jul-80 -
01-Jul-83 -
01-Jul-86 -

01-Jul-89 -

01-Jul-92 -
01-Jul-85 -
01-Jul-98 -
01-Jul-01 -
01-Jul-04 -
01-Jul-07 -
01-Jul-10 -
01-Jul-13 -

Time

Fig. 5.1.2. Long-term water level fluctuation from 1971 to 2013

Conclusion and Recommendation

Conjunctive use of canal water and groundwater can be
managed for minor irrigation command areas using the
following strategies:

¢ Raising waterlogging and salinity problems in Kugulur
distributary is easily manageable.

e The canal command was originally designed for wet
and dry crops alternately in a calendar year. But
farmers are practicing high water consuming cash
crops such as sugarcane and banana throughout the
year irrespective of low or no flow situation. This
practice mustbe avoided by adopting micro irrigations.

e Deliver less water to canal head end water courses and
redirect flows to tail end outlets; water distribution

equity is restored in the canal and/or reverse inequity
is established.

¢ Increase surface water supplies to an entire
distributary command so that farmers in middle and
tail reaches can get an increase over currently
sanctioned allocations.

e Periodically skip certain canal rotations to induce
farmers especially at head reaches to use groundwater
during those periods.

e Groundwater from wells in the command area may be
pumped into the canal system to increase water supply.
Though the feasibility for this option is very limited, it
augments the canal water to lower the water table to
prevent waterlogging problems. Community wells may
be developed in such waterlogged areas.
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e Allow the farmers to manage/develop the available
groundwater resources to cultivate crops. It may
reduce the dependency on canal water.

¢ Pipeirrigations for canal water supply may be adopted
for tail end farmers.

¢ On long term options, ratio of surface water to
groundwater in conjunctive use in irrigated agriculture
may be identified assuming no change in the total
volume ofirrigation water demand.

5.2. Bathinda (AESR 2.1)

5.2.1. Growth and water use of tree species under
differentsaline sodic water environments

The experiment was conducted to check the suitability of
tree species under saline sodic water environments. It was
conducted on loamy sand soil (Table 5.2.1) in a
randomized block design with three replications with 7
trees per plot. Plantation of Eucalyptus (C 413, Eucalyptus
triticornis), poplar (PL 7, Populus deltoides) and dek (local,
Melia azadirach) was done on 08.09.2010,27.01.2011 and
23.08.2010, respectively. The 6-year experimental data on
growth attributes revealed that irrigation with different
proportions of fresh canal water (CW) and tubewell water
(TW) having low salinity and high SAR i.e. saline-sodic had
non-significant effect on girth, height, timber and fuel
wood in case of Eucalyptus (Table 5.2.2). Among different
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treatments, height, girth, timber and fuel wood of poplar
trees were at par among CW, CW-TW and 2CW-1TW
treatments which were significantly higher than TW and
2TW-1CW treatments (Table 5.2.2). In case of dek,
maximum height, timber and fuel wood was found in CW
treatment, which was statistically at par with 2CW-1TW
but significantly higher than irrigation with TW and 2TW-
1CW (Table 5.2.3). Irrigation water applied in 5 years was
169.4 cm for Eucalyptus, 163.8 cm for poplar and 144.6 cm
for dek. Among the tree species, water productivity and
economicreturns were higher with Eucalyptus followed by
dek and least in poplar (Table 5.2.1) under saline sodic
irrigation water in calcareous soil of semi-arid region in
Punjab. Itwas concluded that Eucalyptus can be successfully
grown with saline-sodic water (EC upto 2.4 dS/m; RSC upto
6.5 meq/L) in calcareous loamy sand soil for higher
economic returns. Poplar can be grown with alternate
irrigation of CW and saline sodic TW whereas dek can be
cultivated in rotation of two irrigations with CW followed by
one irrigation with saline sodic TW after initial
establishment of seedlings with good quality water.
Therefore, the light textured calcareous soils and marginal
underground waters can be efficiently utilized for growing
of Eucalyptus which may help in diversification and
increasing forest cover to some extent. The poplar and dek
can be grown with conjunctive use of saline sodic water with
good quality water CWin a coarse textured calcareous soil.

Table 5.2.1. Performance of Eucalyptus under different qualities of water

Treatment | Height | Girth | Timber | WP (kg timber/m’ | Fuel wood wt NR WP (kg wood/m’
(m) (cm) |wt (t/ha) water used) (t/ha) (/ha/year) of water)

cw 2254 | 712 | 2169 5.53 81.9 137869 7.62

TW 20.56 | 65.4 193.8 4.94 71.3 121388 6.76
CW:TW 2196 | 70.1 205.0 5.34 78.1 129713 7.22
2CW:1TW | 2241 | 69.8 209.4 5.23 75.6 132019 7.27
2TW:1CW | 20.75 | 66.7 198.1 5.05 74.4 124706 6.95

CD (5%) NS NS NS - NS - -

Table 5.2.2. Performance of Poplar under different qualities of water

Treatment | €8Nt | Girth | Timber | WP (kg timber/m’ | Fuel wood wt NR ‘ WP (kg wood/m’
(m) (cm) | wt(t/ha) water used) (t/ha) (/ha/year) of water)

CW 13.29 50.9 102.3 2.65 31.1 76162 3.45

TW 10.91 39.0 50.5 1.31 17.7 30686 1.76
CW:TW 12.40 47.8 91.1 2.36 23.6 64937 2.97
2CW:1TW 12.94 | 489 96.5 2.50 25.2 69755 3.15
2TW:1CW 11.22 | 42.1 63.1 1.63 19.2 41261 2.13

CD (5%) 1.34 3.2 15.2 . 4.9 - -

wt - weight; WP - Water productivity
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Table 5.2.3. Performance of Dek under different qualities of water

Girth Net return

Treatment

Timber wt | WP (kg timber/m’ ‘ Fuel wood

‘ WP (kg wood/m’

(cm) (t/ha) water used) wt (t/ha) (/ha/year) of water)
CW 12.97 55.5 139.4 3.79 55.4 117788 5.30
TW 9.60 41.8 57.5 1.57 16.4 40450 2.01
CW:TW 11.31 52.0 106.9 291 32.3 91944 3.79
2CW:1TW 12.32 53.5 125.6 3.42 40.8 110863 4.53
2TW:1CW 10.79 | 45.4 76.3 2.08 25.1 63163 2.76
CD (5%) 1.04 3.6 19.8 - 9.9 - -

wt - weight; WP - Water productivity

Plate 5.2.1. Eucalyptus plantation in Bathinda

5.3. Bilaspur (AER 11)

5.3.1. Effect of value added water and integrated
nutrient management on growth and yield of rice-
wheat crop sequence under conjunctive water use
condition

The yield attributing character of rice i.e. tillers per m* and
grains per panicles were significantly influenced by
different water, whereas, test weight was non significant.
Irrigation by dairy ponded water (W,) recorded
significantly higher tillers per m’ (363.44) and number of
grains per panicle (175.8) than W, but at par with W..
Whereas, plant height, test weight and panicle length were
found non-significant. Among the nutrient management
practices, treatment F, (75% RDF + BGA) recorded higher
plant height, number of tillers per square metre, test

weight, panicle length and grains per panicle than the
other nutrient management treatments.

Wheat grown during rabi season with conjunctive use of
surface water and tubewell water showed significantly
higher plant height (95.46 cm), number of grains per
panicle (51), grain yield (3.76 t/ha) and straw yield (4.27
t/ha) than irrigation with 100% tubewell water but at par
with 50% dairy water + 50% tubewell water. Under
different fertility level (residual effect of rice), all the
parameters were significant. The grain and straw yields
under different sources of fertility i.e. 75% RDF + BGA
produced significantly higher grain yield (3.95t/ha), straw
yield (4.53 t/ha), plant height (96.29 cm) and number of
grains per panicle (53) followed by those with 75% RDF +
greenmanure and 100% RDF (Table 5.3.1).
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Table 5.3.1. Performance of rabi wheat and kharif rice influenced by Integrated Nutrient Management and
conjunctive use of dairy surface water and tubewell water

N P KO0 | *BD
Treatment Grain yield | Straw yield | Grain yield | Straw yield | PH (kg/ ha) | (kg/ ha) | (kg/ha) | (g/cm’)
(t/ha) (t/ha)

W.: Dairy 3.76 4.25 421 5.52 6.83| 23957 | 1131 | 25185 | 1.33
surface water
Uil o 3.31 4.07 3.80 4.65 6.69 | 230.83 | 11.06 | 247.32 | 1.33
water
W.,: Dairy
surface water + 3.59 4.22 3.93 494 6.75 | 242.95 11.28 247.30 1.32
Tubewell water
CD% 0.50 NS NS NS NS 9.60 NS NS NS
F,: 100% RDF 3.68 4.33 4.07 5.06 6.84 | 250.89 11.60 255.64 1.33
F,:75% RDF 3.02 3.79 3.56 4.45 6.67 | 222.34 10.41 236.08 1.33

. 0,
857198 DT 3.85 4.19 3.97 5.22 6.64 | 243.41 11.54 251.88 1.31
Green manure

. 0,
BTG L 3.27 4.09 3.77 4.95 6.72 | 227.02 10.60 246.27 1.32
Brown manure

. 0,
ESGZS % RDF + 3.95 4,53 4.41 5.48 6.87 | 245.27 11.95 254.25 1.32
CD% 0.40 0.38 0.67 0.70 NS 13.12 0.53 9.57 NS

*BD - Bulk density
5.4. Rahuri (AESR 6.2)

5.4.1. Conjunctive use planning of surface and
groundwater in Musalwadi minor irrigation project
under MulaIrrigation Project

Musalwadi minor irrigation project under Mula (major)
Irrigation Project was chosen for the study. The study
involved the inventory of total water resources in outlet
command area, utilization pattern, studying the existing
conjunctive utilization strategy and evolving several
alternative strategies, development of the concept for
conjunctive use of groundwater and surface water in the

command area of the irrigation project, development of
methodology and model for different chosen outlets for
different utilization strategies. Results showed that
maximum net benefit obtained was ¥ 1,00,94,226 when
irrigations were applied as per the rotations of surface
water. Whereas, maximum net benefit obtained was
%1,43,17,437 when the irrigations were applied as per the
recommendations by using conjunctive use strategy
(surface water + groundwater). Maximum net benefit of
% 1,79,35,617 was obtained when four irrigations are
applied using surface water and seven irrigations using
groundwater as a conjunctive use strategy (Table 5.4.1).

Table 5.4.1. Conjunctive use strategies based on volume (4 surface water irrigations + 7 groundwater
irrigations) and

net benefits

Total water | " Total Total Net Aquifer | Reservoir | Canal Benefit

. SWR GWR . . L
Source required (mm) (mm) cost benefit benefit penalty | penalty | penalty | considering
(mm) (] ) (] (] ) penalties ()
1 336.34 | 7GWR +4SWR | 91689.52 |27784.52 | 63905 | 38681570 | 55050649.9 | 16369079.68 276850 |6937.05 | 16085292.62
2 336.34 | 7TGWR +4SWR | 100694.25 | 29658.55 | 71035.7 | 38681570 | 55689042.2 | 17007471.98 280800 |[6826.19 [ 16719845.78
3 336.34 | TGWR +4SWR | 97341.57 | 27852.97 | 69488.6 | 38681570 | 55787256.4 | 17105686.18 281550 |[6956.15 | 16817180.02
4 336.34 | 7GWR +4SWR | 108766.13 | 29120.05 | 79646.08 | 38681570 | 56720291.3 | 18038721.08 283700 |6861.68 | 17748159.39
5 336.34 | TGWR +4SWR | 118329.75 | 35185.63 | 83144.12 | 38681570 | 56916719.7 | 18235149.48 293050 |6481.68 [ 17935617.79
6 336.34 | 7GWR +4SWR | 93798.98 | 29557.7 | 64241.28 | 38681570 | 55787256.4 | 17105686.18 285650 |6775.68 | 16813260.49

*SWR - Surface water required; **GWR - Groundwater required
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TECHNOLOGY ASSESSED REFINED AND TRANSFERRED

Technologies assessed and refined by centres of AICRP on IWM under their corresponding agro-ecological regions (AER)

and agro-ecological subregions (AESR) are listed below.

AER 2

AESR 2.1: Hot hyper-arid ecosub-region (ESR),
shallow and deep sandy desert soils

Bathinda

Cyclic use of saline sodic water and good quality
canalwater (1:1) can result in higher green okra yield
along with rice mulch @ 6 t/ha in south-west Punjab. This
technology has been approved by REC in 23.05.2017 and
included in the package of practices.

Sriganganagar

< Drip irrigation at 0.8 ETc was found optimum
irrigation schedule for bitter gourd. It gave 14.5
% higher fruit yield and saved 52.6 % irrigation
water over surface irrigation. This treatment gave
net seasonal income worth ¥ 7,51,384 with BC
ratio of 3.40. Ifthereis scarcity ofirrigation water,
then the drip irrigation in bitter gourd at 0.6 ETc
has been recommended. This treatment saved
60.7 % irrigation water in comparison to flood
irrigation withoutreduction in fruityield.

% Theapplication of 180 kg N, 120 kg P,0, and 80 kg
K,O/ha with drip irrigation in 9 equal splits each
at an interval of 11 days has been recommended
as an optimum fertigation schedule for tomato. It
gave 24.28% higher fruit and saved 24.18 %
irrigation water over surface irrigation. It gave net
seasonal income of ¥ 3,39,200 with B:C ratio of
3.40. One can save 40 % of fertilizer without any
reduction in fruit yield of tomato with the
application of 108 kg N, 72 kg P,0, and 48 kg
K,O/ha with drip irrigation in 9 equal splits each
ataninterval of 11 days as its yield was at par with
100 percent RD of nutrient with flood irrigation.

< In case of canal closure or some other reason if
sowing is not possible in time, then cotton
seedlings may be raised in plastic bags and
transplanted in field up to 30" May with drip
irrigation without yield losses. Transplanted
cotton crop with drip irrigation on 30" May, 10"
June and 20" June gave 15.42, 24.18 and 47.00%
higher seed cotton yield over direct sown crop on
these dates with drip irrigation, respectively.
Transplanted cotton crop with drip irrigation on
30" May gave net seasonal income of Z 86,589 per
hectare with B:Cratio of 1.95.

AER 4

AESR 4.1: Hot semi-arid ESR, with deep loamy
alluvium-derived soils (occasional saline and sodic
phases)

Udaipur

Low cost rainwater harvesting-cum-groundwater
recharge structures were constructed at Doongri Para,
Jhanpa and Punjpur villages of three districts (Udaipur,
Banswara and Dungarpur) of Rajasthan having hard rock
regions. Groundwater storage capacity of the structures at
Doongri Para, Jhanpa and Punjpur was 260 to 3489 m’, 450
to 8966 m’ and 1145 m’, respectively. The structures were
utilized to store rainwater and provide life-saving
irrigation to kharif maize suffering from dry spells on 0.70
ha and 1.1 ha land during 2016 and 2017, respectively, and
also rabi crops (wheat and chickpea) grown on 7 ha land in
the villages. These recharge structures helped in improving
socio-economic status of tribal farmers of the region. An
additional recharge of about 18518 m® and 8626 m’ has
been created in Jhanpa and Doongri pada, respectively.
Economic returns due to the structures in terms of
agricultural production in Jhanpaand Doongri pada showed
benefit:costratios of 1.07:1 and 1.96:1, respectively.

AER 5

AESR 5.1: Hot dry semi-arid ESR, shallow and
medium loamy to clayey black soils (deep black soils
as inclusion)

Junagadh

e Runoff coefficient, mathematical model and
nomograph developed for rainfall intensity-
duration-frequency relationship is suggested for
hydrologic design of flood control and design of
water harvesting-cum groundwater recharging
structures, etc. for the scientific community/
NGOs/Government sectors working on
implementations of projects on flood control and
water harvesting-cum-groundwater recharge.

¢ Under planning for conjunctive use of surface water
and groundwater for wheat crop in Junagadh
region, 533.94 cu-m of groundwater draft (7.72%)
per hectare can be reduced and 123.8 kWh power
(4.9%) per hectare can be saved per irrigation given
from check dam. It is economical when at least two
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irrigations are given from surface source. From
second irrigation to wheat crop, the benefit-cost
ratio rises by 0.038 with conjunctive use compared
to without conjunctive use per irrigation given from
check dam. Conjunctive use of water can reduce up
to 101 mm of evaporation loss from surface water
sources.

Scientific community/Government/Non-
government organizations were suggested that
aquifer properties for different talukas of Junagadh
district are useful for groundwater recharge/
development planning and management as well as
simulating groundwater behavior for adopted
cropping pattern. It can also be useful for finance
institutions for sanctioning loans on groundwater
development projects.

Suitability of groundwater quality for drip
irrigation: Contour maps of groundwater quality
parameters like EC, TDS, pH, Ca, Mg, Na, Fe and Mn,
carbonate, bicarbonate, chloride, sulphate, nitrate-
nitrogen and water hardness based on groundwater
sample analysis of 391 wells in 73 talukas of 11
districts of Saurashtra region during rabi season
2012 and 2013 are proposed which can be useful for
the farmers for the drip irrigation operation and
maintenance. The scientific information along with
groundwater quality maps are released for the
scientific community.

Seawater intrusion impacts on the groundwater
quality in South Saurashtra coast: The
groundwater quality parameters viz., EC, pH, Ca, Mg,
Na, K, CO,, HCO, and Cl, SAR, ESP and RSC and SAR,
RSC, RSBC, SSP, TDS, Puri's Salt index, total
hardness, LSI, sodium hazard, potential salinity,
permeability index, Mg/Ca, MAR, Kelli's ratio, Ca™/
HCO,, Na"/Cl, Mg™/Cl'and HCO, /Ca™ are proposed
for the coastal belt area at distances of 5, 10, 15 and
20 km from seacoast during before/after monsoon
period. Various criteria are considered for
evaluating the quality of irrigation water. The
mathematical models relating rainfall and
groundwater EC are developed for the scientific
communities/line departments of state/central
governments/NGOs. The information is also useful
for selection of cropping pattern and irrigation
water management strategies by the farmers.

Water harvesting measures were suggested to be
the best options for improving groundwater quality
in the coastal area. Groundwater quality w.r.t. EC,
pH, carbonates, bicarbonates, chlorides, SAR, RSC
and soluble sodium percentage has been improved
intreated area compared to non-treated area.

Kota

V4

Total 60 field demonstrations were conducted at farmers'
field, out of which 18 were at head, 18 at middle and 12 at
tail reaches of Manasgaon distributary. Besides these, 6
each of SRI and soybean + maize intercropping
demonstrations were also carried out at farmers' field. The
project staff advised Govt. officials to promote improved
and innovative water management technologies among
farmers. The technologies undertaken were:

Crop |Technologies undertaken
Wheat and Border strip irrigation (5 m x 50 m) with
soybean 80% cut-offratio
Soybean + Intercropping of soybean + maize (4:2)
maize and irrigation at critical stages viz,
intercropping |flowering and pod development (need
based)
Wheat and Irrigation at critical stages: CR], tillering,
soybean flowering, milking and pod development
Paddy Irrigation of 7 cm (5+2) depth of
irrigation with 1-3 days after
disappearance of ponding water
Paddy System of Rice Intensification (SRI)
Wheat Conjunctive use of water i.e. cyclic
irrigation with canal and brackish water
or blending
Coriander Sprinklerirrigation
AER 6

AESR 6.2: Hot moist semi-arid ESR, shallow and

medium loamy to clayey black soils (medium and

deep clayey black soils as inclusion)

Parbhani

1.

Inline drip irrigation system at alternate day with
1.0 ETc depth of irrigation should be practiced by
the farmer for better and quality yields of rabi
onion. For better and quality produce of rabi onion,
application of 75 kg/ha nitrogen through water
soluble fertilizers in drip system with five equal
splits at 15, 30, 45, 60 and 75 days after planting
should be adopted.

Forbetter and quality produce of rabi brinjal, inline
drip irrigation system with one lateral for paired
row (0.6 x 0.6 m) is recommended to operate at
alternate day with 60% of pan evaporation depth.

For increased yield, quality produce and economic
return from turmeric, it is recommended to apply
irrigation of 60 mm when cumulative pan
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evaporation reaches 75 mm at 0.8 IW/CPE (the
average irrigation interval of different months is
June-14, July-16, August and September-18,
October-13, November-15, December and January-
17, February-13 and March-10 days). For increased
yield, quality produce and economic returns from
turmeric it is recommended to apply 150:50:50
kg/ha N, P,0, and K,O respectively as compared to
other combinations of fertilizers.

For higher yield, gross monetary return, net
monetary return and B:C ratio, it is recommended to
irrigate Bt cotton after every two days with 0.5 CPE
depth using in line drip irrigation system for paired
planting at 60 x 60 -120 cm as sole crop or 180 x
30cm with green gram as intercrop. For higher yield
and economic benefits from Bt cotton, application of
75:37.5:37.5 kg/ha NPK through water soluble
fertilizers in 7, 3 and 4 splits respectively during 7 to
115 days after sowingisrecommended.

For highestyield and economic benefit, wheat crop
beirrigated by sprinkler method with 5 cm depth at
five critical growth stages (CRI, tillering, late
jointing/booting, flowering and milk stage).

For higher yield, gross monetary return, net
monetary return and B:C ratio of rabi sorghum,
inline drip irrigation system scheduled at 1.0 ETc is
recommended for paired row planting of 45x15-75
cm. The recommended fertilizer dose 80:40:40
kg/ha NPK in 3,2 and 3 splits, respectively till 60
days after sowingisrecommended.

Forhigheryield, gross and net monetary return, and
B:C ratio of rabi okra, inline drip irrigation system
laid at alternate row and scheduled at alternate day
with depth of water equal to 40% pan evaporation
along with 75% recommended dose of water
soluble fertilizers at 75,37.5 and 37.5 kg/ha NPK,
respectively in 5,3 and 5 splits from 0 to 75 days
after sowingis recommended.

For higher yield, gross monetary return, net
monetary return and B:C ratio of sweet orange,
inline drip system forming a loop around the tree
canopy is recommended along with application of
75% recommended dose of fertilizers
(600:300:300 g/plant NPK) in 12 splits till 240 days
after stress withdrawal of Mrugbahar.

For higher fresh rhizome yield, net monetary return
and B:C ratio of turmeric planted on 1.5 m wide
raised bed with paired row planting (45 x 15 cm), it
is recommended to schedule alternate day inline
drip irrigation with 80% of cumulative pan
evaporation.

10.

11.

12.

13.
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Similarly, drip fertigation with 160:80:80 N, P,O,
K,0 kg/ha to turmeric with N in 5 equal splits
@17.5% at an interval of 30 days from 30 DAP to
150 DAP while sixth dose of N @12.5% at 180 DAP
and P,0, and K,0 in 3 splits of 50%, 25% and 25%,
respectively at planting, 60 DAP and 120 DAP is
recommended.

For higher fruit yield and net monetary return of
rabi brinjal, it is recommended to schedule inline
drip irrigation at 80% of pan evaporation daily with
fertigation of 80:40:40 kg/ha of N: P: K; N in 5 equal
splits at an interval of 30 days from transplanting to
120 DAP, and P and K in three splits of 20, 10 and 10
kg/ha, respectively at planting, 30 DAP and 60 DAP.

For higher yield and net monetary return from
summer groundnut, it is recommended to adopt
inline drip lateral laid at the centre of broad bed
furrow (BBF) having top width of 90 cm and three
rows of groundnut planted at 30 cm covered by
transparent or black polythene mulch and daily
irrigation scheduled at 100% of pan evaporation on
medium deep soils of Marathwada region.

For higher yield and net monetary return from
watermelon, inline drip irrigation scheduled at
80% of pan evaporation daily with lateral laid at the
centre of broad bed furrow of 90 cm top and crop is
sown at 50 cm plant to plant spacing on the bed
covered with black polythene mulch of 30 micron is
recommended.

In soybean-chickpea cropping system for higher
yield and economic returns from chickpea it is
recommended to apply two irrigations of 60mm
depth first at flowering and second at pod
formation stage through sprinklerirrigation.

AESR 6.4: Hot dry sub-humid ESR with shallow and
medium loamy and clayey black soils (deep clayey

black soils as inclusion)

Belavatagi

Proven technology is very much popular in
Malaprabha command and farmers are adopting for
saving of irrigation water. The AAF technology can
be adopted in any region of the country where
maize and cotton is growing in Vertisols. This AAF
technology saves water, time and labour. This
avoids over irrigation in command area and soil
salinity.

Proven technology is very much popular in
Malaprabha command and farmers are adopting for
saving of water. This 80% cutoff length of boarder
strip irrigation technology in narrow spaced crops
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viz., wheat and chickpea crops can be adopted in
any region of the country. This proven technology
will save water, time and labour. This avoids over
irrigation in command area and soil salinity.

Sprinklerirrigation can be used for giving irrigation
to chickpea crop and it gives higher yield, net
returns and B:C ratio as compared to rainfed crop.
Combination of surface irrigation at flowering
followed by sprinkler at pod formation is ideal for
getting higher grain yield, net returns and B:C ratio
in chickpeainnortherndry zone of Karnataka.

AER9

AESR 9.2: Hot dry subhumid ESR, deep loamy
alluvium-derived soils

abad

Multiuse of water by either renovating old ponds or
constructing new ponds in the areas where water
may be available either through canal and rains for
pisiculture and on bunds of pond banana,
vegetables and fuel trees may be grown. In such
pond command areas, integrated farming system
(IFS) including pisiculture, duckery and cropping
systems was more profitable compared to the
conventional cropping system Rice-Wheat+Rai.
Benefit-cost ratio of 2.40 was obtained with IFS
compared to B:Cratio of 1.60 with Rice-Wheat+Rai.
The farmers are very much convinced with this
system.

Improved water management practices in rice (7
cm water, 1-3 days after disappearance of ponded
water applied with check basins of 10 m x 10 m)
should be practiced in place of continuous ponding
of water through plot to plot or field to field flood
irrigation method.

Improved water management practices in wheat (6
cm water at CRI, late jointing and milking stages by
check basin of 10 m x 5 m) should be practiced in
place of heavy irrigation through plot to plot or field
to field flood irrigation method.

Pigeonpea grown on raised bed in paired rows at
50 cm spacing intercropped with 5 rows of short
duration rice (NDR-97) in sunken beds or 3 rows of
blackgram (100 cm) on raised beds was more
productive and remunerative under poor
availability of canalwater at tail end of minor during
kharifseason.

Rice-potato-okra and maize-potato-okra were
found most remunerative cropping systems under
head and tail end of distributory, respectively. Okra

V4

crop sown in summer needs more irrigation. It was
also observed that okra should be sown on raised
beds and 5-6 cm water should be given at 7 days
interval after firstirrigation (at 20 DAS).

Application of 75% NPK (RDF) + 25% N through
biocompost was found suitable with five irrigations
atcritical stagesin case of wheat.

Drip irrigation @ 80% on wetted surface with 75%
N was suitable forirrigation in aonla orchard.

Dripirrigation @ 80% PE with 100% N was suitable
for sugarcane crop production being high yielding
and more remunerative irrigation system.

Drip irrigation @ 80% of PE with 100% N is more
suitable for marigold as it gives higher production
of marigold flower and more remunerative.

7 cmirrigation at 3 DADPW before panicle initiation
(PI) and at 1 DADPW from PI to milking stage of
scented rice with 75% RDF + 25% N through
biocompostis high yielding and more remunerative
for production of scented rice.

Dripirrigation @ 80% PE every third day underrice
straw mulch (5 t/ha) is high yielding and most
remunerative irrigation system for zaid cowpea.

15-25 October is optimum period for planting of
rabi maize with 1.0 IW/CPE moisture regime for
getting maximum production and higher netreturn.

Irrigation level 0.8 IW/CPE with integrated nutrient
supply system (75% RDF + 25% N through
biocompost) has been found most suitable for
getting higher production and economic return
from broccoli.

Wheat crop should be sown latest by 25" December
and irrigated at 1.0 IW/CPE schedule for high
production of wheatunder late sown condition.

Irrigation schedule 7 cm water at 4 DADPW is high
yielding and economical for drum seeded rice
under puddled soil.

Irrigation schedule 1.0 IW/CPE with raised bed
paired row planting of mentha on 70 cm beds and
20 cm furrow is high oil yielding and economical for
mentha cultivation.

Fertigation @ 60% of PE with 100% nitrogen
application every 3" day is high yielding, efficient
and economical viable irrigation system for tomato
crop production.

Fertigation @ 80% of PE with 100% nitrogen every
3" day is found high yielding and most
remunerative irrigation system for zaid okra.
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AER 11: Hot moist/dry subhumid ESR; deep loamy

to clayey red and yellow soils

Bilaspur

®,
o

®,
o

0,
o

0,
o

In rice bunded field, soybean can be successfully
grown with depth of drainage channel 30 cm at a
distance of 6 mstrip in clay loam soil in the region.

Sprinkler irrigation up to vegetative stage with
surface irrigation afterwards gave higher grain
yield of wheat with lower water expanse and
maximum net return as compared to border strip
method ofirrigation.

Wheat gives higher yield with high WEE and net
return by providing 5 irrigations and fertilizer dose
of 100:60:40 kg/ha under late sown conditions in
Chhattisgarh plain.

Chickpea can be grown successfully in residual
moisture of paddy fields and subsequent irrigation
at 45 days (at start of flowering) and 90 days (at
seed filling) enhance the grain yield.

The IW/CPE ratio 0.8 (or four irrigations 25, 54, 82
and 102 days after sowing) gives higher rabi
sunflower yield with higher water expense
efficiency.

The IW/CPE ratio 0.9 (or 8-9 irrigations) is
recommended for summer groundnut which gave
higheryield with high water expense efficiency.

Use of sprinkler irrigation gives higher yield of
onion and potato with increase in yield of 26% and
18% with saving of water 42% and 36% over
surfaceirrigation, respectively.

The IW/CPE ratio 1.0 with 200 kg N/ha is
recommended for maize which gave higher grain
yield with higher water expense efficiency.

Brinjal (var. Mukta Keshi) response better growth
and green fruiting with irrigation at 0.8 IW/CPE
(about 7 irrigations at an interval of 20-25 days)
with application of 200 kg/ha nitrogen in sandy
loam soil.

The drip irrigation (alternate day) at 0.6 PE with
Boron @ 2.0 kg/ha gives maximum tomato (var.
Pusa Ruby) yield with benefit cost ratio of 1.8 while
comparing other drip irrigation treatments
(irrigationat 1.0,0.8 and 0.4 PE) and increased 74%
yield and 45.45% saving of water over traditional
surface (alternate furrow) irrigation.

The drip irrigation at 80% PE with paired row
planting 60 c¢cm is recommended, for sugarcane
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(var. CO-1305), it gives maximum yield with
increased in yield 24.8% and 43.3% saving of water
over traditional surface irrigation.

9
°Q

The higher yield of banana was recorded under
drip at 80% PE with 43.62% increase in yield and
27.63% saving of water as compared to surface
irrigation. When compared with the mulch, 20.3%
more water saving is observed.

% Buch (Acorus calamus) recorded higher rhizome
yield with high net return with a spacing of 30 cm x
20 cm. The crop consumes 288 cm of water in its
cropping period of 10-11 months if irrigation is
provided after 1IDADPW. Buch can be well adopted
in waterlogged areas.

% Higher grain yield (3.94 t/ha) of wheat was
recorded with application of fertilizer 100:60:40,
NPK kg/ha and water expanse of 32.64 cm. The net
returnwas¥37310/ha.

< Higher bulb yield of onion (24.06 t/ha) was
recorded with irrigation at 60% CPE and
application of micronutrient - Zinc 5 kg/ha +
Sulphur 20 kg/ha. The technology provide water
expanse efficiency of 585.84 kg/ha-cm with net
return of? 1,93,565/ha.

% Irrigation at 3DADPW with spacing of 20 cmx 20 cm
provided maximum rice grain yield (8.84 t/ha)
with maximum net return under System of Rice
Intensification (SRI).

AER 12

AESR 12.1: Hot moist subhumid ESR; deep loamy red
and lateritic soils

Chiplima

Demonstration of water saving through system of rice
intensification (SRI) was done at Village- Basantpur,
District- Sambalpur for crop variety MTU-1001 during
Rabi 2016-17. There was increase in yield by 42.32%,
number of effective tillers per hill (21.9) by 253%, number
of spikelets per panicle (95.7) by 23.9%, filled grains by
16.7% than the conventional method. Test weight of grains
obtained by two methods of cultivation was same. SRI
method led to 31% water saving and increased water
productivity by 105% compared to conventional method.
The cost of cultivation per hectare under SRI method was
Rs.7,800 higher than conventional method due to lack of
experience of labourers in handling SRI method. But yield
advantages compensated for the extra cost of cultivation. It
is expected that the additional expenditure in SRI could be
minimized with experience in its cultivation over years.
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Table 1. Relative performance of conventional and SRI method of rice cultivation in farmers’
field of Hirakud command

Advantage over

Parameter Conventional conventional (%)
Rice variety MTU-1001 MTU-1001 -
Spacing 25 x 25 cm 20 x 10 cm -
Nutrient Management 100% RD (80:40:40) (é%?:/g:lzg) -
Water M maement Maintencz;lr;cr::n(g Swater in Shallog/; iu;)inrs;gence i
Weed Management Mechanical weeding thrice Hand Weeding twice -
No of hills/ m* 16 50 -
Average no. of effective tillers/ hill 21.90 6.20 253.23
No. of spikelets/ panicle 95.70 77.20 23.96
Percentage of filled grains 91.00 78.00 16.67
Test weight (g) 23.80 23.80 0.00
Actual grain yield (q/ha) 60.20 42.30 42.32
Cost of cultivation (Z/ha) 36700.00 28900.00 26.99
Irrigation water requirement (cm) 90.00 130.00 -30.77
Water productivity (kg/ha-cm) 66.89 32.54 105.57
B:C 2.39 2.14 12.07
AER 14 Jammu

> Improving management of irrigation canals in
Jammu: Relative water supply of irrigation
commands of Jammu is in the range of 0.3 to 0.4. All
the irrigation canals of Jammu province having
Almora command area to the extent of 1.0 lakh hectare has
40% and 60% deficitirrigation supply during kharif
and rabi seasons, respectively. The
recommendations were presented by AICRP on
IWM on 17.02.2018 with JK State Water Resource

AESR 14.2: Warm moist to dry subhumid ESR,
medium to deep loamy to clayey brown forest and
podzolic soils

LDPE lined ponds were constructed by harvesting water
from rivulets, nala, spring or roof. Sewage, silt or other
impurities were removed from the harvested water by
con(sj.trlictmg sarclld fllteli w;th the help of lzcz.illydivallablie Regulatory Authority, J&K Government. The
sand, stones and graveis. Farmers were advised 10 make Chairperson raised the issue with stakeholders like

multiple use of the water to enhance water productivity. Chief Engineer of RTIC, Chief Engineer I&FC, Jammu
Ponds with covering of locally made blocks are gaining ’ ’

popularity due to low cost, capacity to fully protect ponds
and provide better condition for fish cultivation. Space
between locally made blocks was filled with mixture of sand

along with Director, Agriculture and Director
Command Area, Jammu to improve the
management of irrigation potential developed and
its utilization so that the recommendations of

and cement to protect the LDPE lining. Pond covered with AICRP on IWM/ SKUAST-] are met with for
net further increased suitability for the multiple water use improving productivity and farmer income within
model. LDPE film lined tanks were built and demonstrated rice-wheatsequence.

at farmers' field. Capacity of 386 m® was developed in one
farmer's field in three villages of Almora district during
2016-17. It was constructed to harvest water from surface
runoff and small streams. Net was used on tanks to prevent
wild animal and children damage the tanks. There is
increased acceptance of the tanks among farmers.

» Guidelines to scale-up water productivity through
modern irrigation technologies through
introduction of microirrigation within small and
marginal farmer clusters of Jammu province were
passed on to the Principal Secretary, Agriculture
Production Department, Srinagar, J&K Govt.
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e Targeted area of one lakh hectare comprised of
small and marginal farm clusters with
irrigation on 1.0 ha basis.

e Targeted area of 2.65 lakh ha, Sloping/Kandi
belts comprising of small and marginal farm
clusters withirrigation on 0.25 to 0.50 ha basis.

» Multiple water use model for waterlogged areas

of Jammu region: Raised beds: Cereal-based
cropping system, vegetable/exotic vegetable-based
cropping system, floriculture-based cropping
system, pulses-based cropping system, horticulture
(high density guava); sunken beds: fisheries (Indian
major carps like catla, rohu, mrigal and exotic carps
like silver carp, grass carp and common carp). The
technology helped in enhancing productivity of
wetlands, water productivity and income of the
farming community. The technology is included in
technology document of SKUAST-] for scalability by
stakeholders. Results of the study would be
applicable to about 20,000 ha of waterlogged areas
within different districts of Jammu province and
canbe scaled up in Kashmir province as well.

Refinement of technology guidelines for adopting
microirrigation system (mini-sprinkler and
microdrip) has been forwarded to the Project
officer;, Soil and Water Management, Command
AreaDevelopment, Jammu. Ten percent area each of
two canal command viz., Pargwal canal command
(286 ha) and Ramban cluster canal projects (270
ha) is to be covered under microirrigation for
vegetable crops to improve water use efficiency
under PMKSY.

The design of microirrigation system for vegetable
cropsisrefined for plot size of 100 m x 100 m within
farmer clusters. Capacity of water storage tank to
meet water requirement per half-an-hour/cycle for
4 mm depth of water within 0.25ha=100001. Pump
size with discharge capacity of pump is 7.5 HP
having discharge of 470 1/min/7.8 1/s. Component
wise details of microirrigation system has been
provided for implementation by CAD and
Agriculture department, Jammu.

Technology refinement/recommendations on
sprinkler method of irrigation for potato crop
during RCM, 2016 has been approved for adoption
through OFT's. The salient aspects of the
recommendations are that in absence of sprinkler
irrigation facility with the farmers, the skip furrow
method of irrigation may be popularized/adopted.
The water productivity (WP) under sprinkler
irrigation will increase by 15% and 66.4% over skip
furrow method and flood irrigation, respectively.
Sprinkler irrigation increased net return by
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Rs.9000/ha over skip furrow method and
Rs.53,500/haover flood irrigation.

Technologies transferred to Director Planning,
Agriculture Production Department on formulation
of state water policy- A view of stakeholders thereof
through Directorate of Research related to
followingaction plan.

e Action plan at block and district level to be
adopted by state (I&FC) department, Jammu.

e Action plan at block and district level to be
adopted by Agriculture Department/
Command area/ Allied development
departments, Jammu.

AESR 14.3: Warm humid to perhumid ESR, shallow to
medium deep loamy brown forest and podzolic soils

Palampur

For better production and economics, onion crop
should be irrigated at three day interval with
cumulative PE of 0.6% and okra crop should be
irrigated at two day interval with cumulative PE of
0.8%. Both crops should be fertigated with 100% of
recommended N with locally prepared liquid manure
enriched with 1% liquid biofertilizer (E100).

For higher productivity and profitability, capsicum
and tomato crops can be grown through soilless
culture under protected conditions. Capsicum and
tomato irrigated with 0.8 PE and fertigated with
NPK levels of 6.00:3.60:3.00 g/plant and
7.50:4.50:2.50 g/plant, respectively gave yield as
much as obtained with irrigation level of 1.2 PE.

AER 17

AESR 17.1: Warm to hot moist humid to perhumid
ecosub-region, medium to deep loamy to clayey red

and lateritic soils

Shillong
» Unpuddled transplanted (4.70 t/ha) and no tilled

(3.52 t/ha) rice recorded about 199.9% higher
yield compared to puddled wet seeded rice. Also,
the water use efficiency (195.7%) was significantly
higher under unpuddled transplanted rice. The
technology was disseminated among farmers.

Intercropping system of Maize + Groundnut
paired row with residue retention resulted in
28.2% higher yield (4.78 t/ha) as compared to sole
maize yield. Yield of succeeding toria was higher
under maize + groundnut paired row (residue
removal) (1138 kg/ha) as compared to sole Maize.

Maize grown under zero tillage recorded highest
grain yield (4040 kg/ha) as compared to
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conventional tillage. Whereas, among the residue
management practices, the grain yields of maize
(4226 kg/ha) and toria (1391 kg/ha) were highest
under maize stalk cover + poultry manure +
Ambrosia @ 5 t/ha, and 20.7% and 80.5% higher
than the yield recorded under the control, in the
same order.

» Turmeric grown under terrace condition with
paddy straw mulching recorded significantly higher
rhizome yield (13389 kg/ha) as compared to other
treatments. There was an increase of 126%
rhizome yield under paddy straw mulching
compared to the other treatments.

Coimbatore

The results of water productivity in integrated farming
system in western zone of Tamil Nadu revealed that the
wetland IFS recorded lower water consumed (20,454 m®)
compared to conventional farming system (29,620 m®). The
higher gross income of ¥ 5,27,825, physical water
productivity (3.68 kg/m®) and economic water productivity
(3 25.80/m’) recorded under IFS compared to CFS.

In garden land IFS situation also, lower amount of water
was consumed (14249 m’) compared to conventional
farming system (22,925 m’*). The higher gross income of
% 5,62,044 was recorded under IFS compared to CFS
(X 2,16,838). In garden land, the higher physical water
productivity (3.05 kg/m’) and economic water
productivity (% 39.44/m’) were recorded. From the results,
the IFS recorded higher no of man-days/ha (698 - wetland
& 487 - garden land) compared with CFS (368 - wetland &
318-gardenland).

AER 19

AESR 19.1: hot humid ESR, medium to deep loamy to
clayey mixed red and black soils

Navsari

e The farmers of heavy rainfall zone of south Gujarat
are recommended to go for pit method of sugarcane
planting by digging out pits of 60 cm diameter each
in spacing 1.75 m x 1.75 m at 40 cm depth by using
post hole pit digger. Sixteen two budded sugarcane
sets should be put in the pit with filling of soil and
FYM /biocompost to a depth of 25 cm below surface
and 15 cm above surface. By adopting of this
method, three ratoons can be taken with higher
yield and net profit as compared to two ratoons
with paired row planting (0.6 m x1.2 m) with drip
irrigation.

Proposed system details are:

Lateral and dripper spacing: 3.5m
Size of micro tube fitted on dripper: 4 mm

V4

Dripper discharge: 81ph
Operating pressure: 1.2 kg/cm’
Operating frequency: Alternate day

Operating time: October-December: 1 hour and 50
minto 2 hourand 37 min

March-June: 3 hour and 05 min to 6 hour and 08
min.

e The farmers of heavy rainfall zone of south Gujarat
having 8 to 9 year old mango plantation ata spacing
of 5 m x 5 m are recommended to apply irrigation
water after initiation of flowering directly through
vertically inserted HDPE/PVC pipe (75 mm
diameter) into the soil at differentlayersi.e.40to 50
cm depth below ground level in four sides at 1.5 m
away from the mango trunk through spaghetti tube
(4 mm diameter) fitted on online dripper through
drip system for getting good quality mango fruit
with higher yield, net profit and water use efficiency
as compared to water applied through surface drip
system.

Proposed system details are:

Lateral spacing : 5m

Dripperdischarge : 8lph

No.ofdripperspertree: 4

Operating pressure 1.2kg/cm’

Operating frequency : Alternateday

Operatingtime Oct. - Nov.: 2 hour to 2
hourand 20 minutes

March - May : 2 hour and 26 minutes to

5hourand 30 minutes

e Farmers of heavy rainfall zone of south Gujarat
growing summer rice are recommended that the
surface irrigation is more economical than drip
irrigation due to higher yield and less cost.
However, during water scarcity and availability of
drip irrigation system, they can adopt the drip
system at 60 cm lateral spacing for getting higher
water productivity and 41% water saving, once 4 to
5 irrigations of 80 mm depth given by surface
method during initially establishment of the crop.

The system details are as under:
Crop spacing: 20x20:40 cm (Paired row)
Lateral spacing: 60 cm
Dripper spacing: 60 cm
Dripperdischarge: 8 Iph
Operating pressure: 1.20 kg/cm’
System operating period: twice in week

Operating time: March to May: 1 hour and 50 minutes to
2 hour and 5 minutes
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RECOMMENDATIONS

Recommendations by centres of AICRP on Irrigation
Water Management (IWM) during 2016-17 and 2017-18
are given with their corresponding agro-ecological
subregions (AESRs). Description of AESR is given within
brackets.

Sriganganagar (AESR 2.1: Hot hyper-arid ESR, deep
loamy saline alkali soils)

In Kharifbrinjal, drip irrigation schedule at 0.8 ETc
has been recommended when the crop is grown
with 30 micron bicolour (gray & black) mulch. This
treatment saved 34.1% of irrigation water over
surface irrigation and 15.7% irrigation water over
drip irrigation scheduled at 1.0 ETc without plastic
mulch. It gave 12.2% higher fruit yield of brinjal in
comparison to surface irrigation. This treatment
gave net income of ¥ 7,32,916 with incremental
benefit costratio of 2.43.

In Bt cotton, drip irrigation at 0.8 ETc has been
recommended when the crop is grown on raised
bed with bicolour plastic mulch. This treatment
gave 8.3 per cent higher seed cotton yield and saved
12.6% water in comparison to drip irrigation at 1.0
ETc without plastic mulch. This treatment gave net
seasonal income worth ¥ 86,374 with B:C ratio of
1.65.

For bitter gourd, fertigation schedule of 80 kg N, 32
kg P,O, and 32 kg K,0/ha in 12 splits each at an
interval of 11 days has been recommended. This
treatment saved 20 per cent fertilizers and gave 11.5
per cent higher yield in comparison to conventional
surface irrigation. This treatment gave net seasonal
incomeworth? 7,03,773 with B-Cratio of 3.20.

Bathinda (AESR 2.1: Hot hyper-arid ESR, deep loamy
saline alkali soils)

In light textured soils, alternate use of saline sodic
water and good quality canalwater (1:1) in potato
is recommended to obtain higher marketable tuber
yield. Application of rice straw mulch @ 6 t/ha
along with cyclic use of CW/TW further improves
the potato tuber yield and to maintain soil health.
(Approved in 249" REC meeting of PAU held on 22-
01-2016)

Guar-Wheat cropping system for higher economic
returns, water productivity and maintenance of soil
health in semi-arid region of Punjab (Approved in
249" REC meeting of PAU held on 22-01-2016)

Alternate use of saline sodic water (TW) and good
quality canal water (1:1) in okra is recommended to
obtain higher green okra yield. Application of rice
straw mulch @6 t/ha along with cyclic use of
CW/TW further improves the yield and maintains
soil health on long term basis in south-west Punjab.
Recommendation included in Package of Practices
forvegetable crops.

Morena (AESR 4.4: Moist semi-arid ESR, deep loamy
and clayey mixed red and black soils)

Pigeonpea-Wheatcrop establishmenton permanent
broad bed with furrow sowing and sub-surface
irrigation with inline dripper is recommended for
getting higher yield, benefits, improved water
productivity and improved soil health.

Soybean-Wheat crop establishment after levelling
of land at 0.1% slope through laser leveller on
permanent broad bed sowing and furrow irrigation
method is recommended for getting higher yield,
benefits, improved water productivity and
improved soil health of alluvial plains.

Pearlmillet: Pearlmillet crop establishment with
happy seeder and intercultural operations through
tractor operated ridge furrow maker method with
weedicide addition is recommended for getting
higher yield, benefits, improved water productivity
and improved soil health of alluvial soil.

Wheat: Wheat crop establishment by happy seeder
with residue retention of kharif crop and five
irrigations at critical stages are recommended for
getting higher yield, benefits, improved water
productivity and improved soil health of alluvial
plains.

Junagadh (AESR 5.1: Hot dry semi-arid ESR, shallow
and medium loamy to clayey black soils)

The aquifer properties for different talukas of
Junagadh district were recommended for the
scientific community/government/non-
government organizations. The properties are
useful for groundwater recharge/development
planning and management as well as simulating
groundwater behaviour for adopted cropping
patterninthe region. It can also be useful for finance
institution for loan sanctions on groundwater
development projects.

On-stream check dam is an effective groundwater
recharge technique in Junagadh region, which may
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result in 0.15 m’ groundwater recharge/m* of
catchment area with cost of ¥ 1.02/m’ considering
prevailing cost.

Recharge basin is a cost effective groundwater
recharge technique in Junagadh region, which may
recharge 0.13 m’ groundwater/m’ of catchment
area at the cost of ¥ 0.27/m’ considering prevailing
cost.

Roof water harvesting is an effective groundwater
recharge technique in Junagadh region. Out of
potential runoff of 0.73/m” of roof area,
groundwater recharge of 0.22 m’ may be done
through tubewell and remaining 0.51 m’ may be
stored in a sump with a cost of ¥ 34/m’. The annual
roof water runoff coefficient of 0.71 for rooftop is
recommended for designing the roof water
harvesting system.

Parbhani (AESR 6.2: Hot moist semi-arid ESR with
shallow and medium loamy to clayey black soils)

Inline drip irrigation system with one lateral for
paired row (0.6 m x 0.6 m) is recommended to
operate at alternate day with 60% PE for better and
quality produce of rabi brinjal.

Irrigation of 60 mm when cumulative pan
evaporation reaches 75 mm at 0.8 IW/CPE is
recommended for increased yield, quality produce
and economic returns from turmeric (Average
irrigation intervals in different months are: June-14
days, July-16 days, August-18 days, September-18
days, October-13 days, November-15 days,
December and January-17 days, February-13 days
and March-10 days).

For increased yield, quality produce and economic
returns from turmeric, it is recommended to apply
150:50:50 kg/ha N, P,0, and K,O as compared to

other combinations of fertilizers.

It is recommended to irrigate Bt cotton after every
two days at 0.5 CPE using inline drip irrigation

Fertigation schedule for chilli

V4

system for paired planting at 60 x 60-120 cm as sole
crop or 180 x 30 cm with greengram as intercrop in
order to get higher yield, gross monetary returns, net
monetary returns and B:C ratio. Also, application of
75:37.5:37.5 kg/ha NPK through water soluble
fertilizers in 7, 3 and 4 splits, respectively during 7 to
115 days after sowingis recommended for the crop.

For higher yields, gross monetary returns, net
monetary returns and B:C ratio of rabi sorghum,
inline drip irrigation system scheduled at 1.0 ETc is
recommended for paired row planting of 45x15-75
cm. The fertilizer dose at 75:37.5:37.5 kg/ha NPK,
respectively in 5, 3 and 5 splits from 0 to 75 days after
sowingis recommended.

For higher yields, gross monetary returns, net
monetary returns and B:C ratio of sweet orange,
inline drip system forming a loop around the tree
canopy is recommended along with application of
75% recommended dose of fertilizers (600:300:300
g/plant NPK) in 12 splits till 240 days after stress
withdrawal of Mrugbaharvariety of orange.

Paired row planting of turmericat45 x 15 cm spacing
on raised beds of 150 cm with alternate day drip
irrigation at 0.5 PE is recommended for obtaining
higher rhizome yield, economic benefit and water use
efficiency. The amount of irrigation water (in litres)
for drip system recommended is: 'V' (Irrigation water
(litre) per meter length of raised bed = 0.45 x
cumulative pan evaporation (mm) of two days from
theraised bed.

To obtain about 54% higher additional income, 14%
higher net extra income and 17% higher water use
efficiency, summer chilli and watermelon may be
planted in medium deep soils of western Maharashtra
by using 40 mm silver black polythene mulch on
raised bed (90 cm) with a spacing of 60 x 45 cm and
drip fertigation at 70% ETc and 125% RDF fertigation
for chilli-watermelon crops as per the scheduled
given below.

Fertilizers (kg/ha)
Crop stage Period (weeks)
Grand growth and branching 60 20.0 10.0 10.0
2. |Flowering 30 40.0 20.0 20.0
Fruiting 60 6 40.0 20.0 20.0
Total 100.0 50.0 50.0
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Fertilizers (kg/ha)

Crop stage D EVES Period (weeks)
1. Grand growth 15 2 25.0 12.5 12.5
2. Flowering 30 4 50.0 25.0 25.0
3. Fruiting 15 2 25.0 12.5 12.5
Total 100.0 50.0 50.0

e For higher grain yield and net monetary returns of
maize, it is recommended to schedule drip irrigation
at 80% pan evaporation with alternate day. Similarly
drip fertigation with 112.5:56.2:56.2 NPK kg/ha to
maize with N in 8 equal splits @12.5% at an interval
of 10 days from 10 DAS to 80 DAS while P and K in 2
equal splits of 50% at sowing and 30 DAS is
recommended.

For increased yield, quality produce and economic
returns from turmeric, it is recommended to apply
irrigation of 60 mm when cumulative pan
evaporation reaches 75 mm at 0.8 IW/CPE (the
average irrigation interval of different months is
June-14,]July-16, Augustand September-18, October-
13, November-15, December and January-17,
February-13 and March-10 days). For increased
yield, quality produce and economic returns from
turmeric, it is recommended to apply 150:50:50
kg/ha N, P,0, and K,O respectively as compared to
other combinations of fertilizers.

Belavatagi (AESR 6.4: Hot dry sub-humid ESR with
shallow and medium loamy and clayey black soils
(deep clayey black soils as inclusion)

 Eighty percent cutofflength of border strip irrigation
that proved to be rewarding for wheat and chickpea
in Malaprabha command is recommended for the
study area as well as narrow spaced crops in any
region of the country. This proven technology will
save water, time and labour. The technology will
avoid over-irrigation in command area and check soil
salinity.

Drip fertigation scheduling at 0.6 IW/CPE (4-5
irrigations) along with 125% RDF (150:75:75
N:P,0.:K,0 kg/ha) is recommended to save water and
fertilizer (wasted by farmers due to broadcasting)
and obtain higher yield of Bt cotton in Vertisols of
Malaprabha command area.

¢ Among the pulses, chickpea should be sown in the
first fortnight of December to obtain higher yield. Its
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yieldlevel goes on decreasing with delay in sowing. In
contrast to chickpea, performance of greengram and
cowpea will be better when sown in the 2" fortnight
of December and 1% fortnight of January. Greengram
crop irrigated at 0.6 IW/CPE recorded 1.54 t/ha of
chickpea equivalentyield, with 22.22% water saving,
net return of ¥ 44,485 and B-C ratio of 5.54. The
recommendation of growing greengram in the 2nd
fortnight of December is recommended for farm trial.

Coimbatore (AESR 8.1: Hot dry semi-arid ESR with
moderately deep to deep, loamy to clayey, mixed red
and black soils)

e Intercropping of blackgram in cotton-maize
sequence was found to be best suitable system. Sub-
surface drip irrigation at 100% PE with 125% RDF
(150:75:75 kg NPK/ha) for cotton and irrigation at
100% PE with 100% RDF (250:75:75 kg NPK/ha) for
maize is recommended to get higher yield and
economicbenefitsin the system.

e Sub-surface drip fertigation of “Chewing cane” at
0.90 PE and 100% RDF was recommended for higher
growth, yield parameters, yield of chewing cane with
water saving of about 27%.

Microirrigation to small onion at 60% PE with 100%
and 75% RDF in the canal command area of Periyar
Vaigaiin Tamil Nadu was recommended.

It is recommended to construct the additional
groundwater recharge structures i.e. 5 check dams, 3
percolation ponds and 4 farm ponds of 168.2 ha-m
storage volume for harvesting the surface water to
meet crop water demand (327.81 ha-m) in a
watershed of Amaravathi river basin. Further, it
requires ground truthing before implementation.

Faizabad (AESR 9.2: Hot dry subhumid ESR, deep
loamy alluvium-derived soils)

* Sowing of greengram on raised beds in paired rows
along with furrow irrigation at 1.0 IW/CPE or
irrigationat 10 days interval isrecommended.

e Application of 7 cmirrigation in check basin of 10 m x
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10 m size at 1-3 days after disappearance of ponded
water is recommended as a high yielding, efficient
and water saving irrigation practice and economical
forricein canal command of Chandpur distributory.

Drip fertigation at 60% PE with 100% N every 3" day
is recommended as high yielding, efficient and
economical viable irrigation schedule for tomato
(Hybrid - SHS) cultivation.

Drip fertigation at 80%PE with 100% N is
recommended for zaid okra for high yield and
remuneration.

V4

after 7 cm drop of water level below surface from 7
DAT to 10 days prior to harvest is recommended for
higher grain yield, straw yield, water saving and
benefit-cost ratio of basmati rice under light
textured soil in comparison to farmers' practice.

e The uptake of microirrigation within 10% of
irrigation command of Jammu for vegetable crops
has been recommended by AICRP on IWM under
Draft State Water Policy and Plan in reference to
University letter no.: AU]J/PP&MO0/2016-17/F-
81046-47 dated: 17.01.2017.

Palampur (AESR 14.3: Warm humid to perhumid
transitional ESR with shallow to medium deep loamy
brown forestand podzolic soils)

Powarkheda (AESR 10.1: hot dry subhumid ESR with
medium and deep clayey black soils (shallow loamy
black soils)

e For better production and economics, onion crop
should be irrigated at three-day interval with
cumulative PE of 0.6% and okra crop should be
irrigated at two day interval with cumulative PE of
0.8%. Both crops should be fertigated with 100%
recommended dose of nitrogen with locally prepared
liquid manure enriched with 1% liquid biofertilizer
(E100) and recommended doses of phosphorus and
potassium as basal application.

Jorhat (AESR 15.4: Warm to hot perhumid ESR with
moderately deep to deep loamy, alluvium derived
soils)

o Chickpea should be grown upto 30" November
without substantial loss in yield. This can be a good
substitute for wheat upto this period. The improved
chickpea variety JG 130 should be given two
irrigations (at branching & pod formation) for
optimum economic returns and higher WUE. If one
irrigation is available, it should be given at pod
formation stage.

In deep black soils of Tawa command area, wheat
crop under zero tillage should be irrigated at 1.0
IW/CPE ratio (i.e. four irrigations) for obtaining
optimum seed yield.

Bilaspur (AER 11: Hot moist/dry subhumid
transitional ESR with deep loamy to clayey red and
yellow soils)

e Irrigation schedule i.e. IW/CPE 0.9 (or 8-9
irrigations) is recommended for summer
groundnut for higher yield and water expense
efficiency.

¢ Inrainfed kharifrice, height of bund should be 30 cm
toretain rainwater for higher yield of rice as well as to
conserve residual moisture for higher yield of
succeedingrelay crops.

¢ In late sown toria, two irrigations of 6 cm depth
should be applied at pre-flowering and siliqua
formation stage of the crop.

Navsari (AESR 19.1: Hot humid ESR with medium to

o Drinierioati 0 . . .
Dripirrigation @ 80% PE with paired row planting of deep loamy to clayey mixed red and black soils)

60 cm is recommended for sugarcane (var. CO-
1305), as it gave higher yield by 24.8% and water
saving by 43.3% over traditional surface irrigation.

Chiplima (AESR 12.1: hot moist subhumid ESR with
deep loamy red and lateritic soils)

e Chickpea crop JG 130 can be sown upto 30"
November without substantial loss to the seed yield.
This can be a good substitute for wheat upto this
period. This improved variety of chickpea should be
given two irrigations (at branching &pod formation)
for optimum yield, economic returns and higher
WUE. If only one irrigation is available, it should be
given at pod formation stage.

e At Chiplima, cropping pattern obtained under
Scenario - Il may be adopted for the command area of
distributary of Retamunda Branch Canal for rabi
season for optimal land and water utilization, and

i o ¢ For achieving higher net profit from 8 to 9 years old
generation of requisite employment

mango plantation, irrigation water can be applied
through drip irrigation system directly in four
vertically inserted HDPE/PVC pipe (75 mm
diameter) into the soil at 40 cm depth below ground
level on all the four sides around 1.5 m away from
mango trunk through spaghetti tube (4 mm
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Jammu (AESR 14.2: Warm moist to dry subhumid
transitional ESR with medium to deep loamy to clayey
brown forestand podzolic soil)

e It may be recommended to farmers that irrigation
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efficiency, yield and quality parameters of broccoli
(Brassica oleracea L. var. italica) in wet temperate
zone of Himachal Pradesh. Indian ] Soil Cons, 45 (In
press)

Kapoor, R., Sandal, S.K. (2017) Response of cauliflower
root-shoot growth parameters, nutrient uptake and
productivity to varying drip irrigation levels and
fertigation in wet temperate zone of western
Himalayas. Progressive Res - An International ],
12(2):244-249.

Kapoor, R, Sandal, S.K., Banyal, A. (2017) Response of drip
irrigation, fertigation and mulching in fruit crops
for enhanced quality attributes and productivity - A
Review. Progressive Res - An International ],
12(1):1-6.

Kumar, ., Kapoor, R., Sandal, S.K., Sharma, S.K., Saroch, K.
(2017) Effectof drip irrigation and NPK fertilization
on soil - plant water, productivity, fertilizer expense
efficiency and nutrient uptake of capsicum
(Capsicum annuum L.) in an acid Alfisol. Indian ] Soil
Cons,45:105-111.

Kumar, S., Datt, N., Sandal, S.K.,, Sharma, S.K. (2017) Effect
of cow urine and bio-fertilizers based fertigation
schedule atvaryinglevels of drip irrigation on yield,
growth, quality parameters and economics of
cucumber under protected condition. Int. J. Curr.
Microbiol. App. Sci., 6(6):1242-1249.

Shillong

Goswami, B., Hussain, R., Kumar, P.V. Saikia, U.S., Banarjee,
S. (2017) Simulation study of the effects of climate
change on potato at Jorhat, Assam using SUBSTOR-
Potato model. Journal of Agrometeorology, 20(2).
(Accepted)

Chakraborty, D., Saha, S., Singh, R.K,, Sethy, B.K,, Kumar, A,
Saikia, U.S., Das, S.K., Makdoh, B., Borah, T.R., Chanu,
A.N., Walling, 1., Anal, PS.R., Chowdhury, S,
Daschoudhuri, D. (2017) Spatio-temporal trends
and change point detection in rainfall in different
parts of North-eastern Indian states. Journal of
Agrometeorology, 19(2):160-163.

Coimbatore

Balathandayutham, K., Valliammai, A. (2017) Analysis of
Rainfall Parameters in Walayar Watershed of
Parambikulam- Aliyar - Palar Basin, Coimbatore,
Tamil Nadu. Trendsin Bio Science., 10(1):152-158.
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Balathandayutham, K., Valliammai, A., Kottiswaran, S.V.
(2017) Simulation of surface runoff and sediment
yield for Walayar watershed using SWAT model.
Trends in Bio Science, 10(1):171-175.

Sharmil,A.S, Tamilmani, D., Valliammai. A.,
Kumaraperumal, R. (2017) Identification of
groundwater recahrgable zone in Uppar Odai
(South)-Amaravathi river basin using RS and GIS.
International Journal of Agriculture Science,
9(46):4765-4769.

Valliammai, K., Balathandayutham, Pandian, B.]. (2017)
Assessment of climate change using SWAT,
Agriculture Update, 12(Special issue 7):1788-
1793.

Balathandayutham. K., Valliammai, A. (2017) Evaluation of
artificial neural networks and regression PTF's in
estimation of soil hydraulic properties, Agriculture
Update, 12(TECHSEAR-4):1105-1112.

Angaleeswari, M., Valliammai, A. (2017) Assessment of
groundwater quality using water quality index in
western zone of Tamil Nadu, India. Chemical Science
Review and Letters, 6(23):1750-1757.

Madurai

Anbarasau, M. Gurusamy, A. and Indirani, R. (2017)
Enhancing growth and yield attributes of sugarcane
sustainable initiative (SSI) through sub-surface
drip fertigation. Progressive Research an
International Journal, 12(Special 1):1361-1364.

Sathayamoorthy, N.K.,, Gurusamy, A., Ragavan, T.,
Prabhaharan, J., Rajeshwari, M., Venkatraman, N.S.,
Pandian, B.J. (2017) Optimization of nutrient levels
and sources of nutrients for sustainable sugarcane
initiative (SSI) under sub surface drip fertigation
system. Agriculture Update. (Accepted for
publication)

Anbarasau, M., Gurusamy, A., and Indirani, R. (2017) Water
soluble fertilizer and economics of sustainable
sugarcane cultivation under sub-surface drip
fertigation system. Agriculture Update. (Accepted
for publication).

Bhavanisagar

Manikandan, M., Thenmozhi, S., Natarajan, S.K.,
Bhuvaneswari, J., Prabhakaran, N.K. (2017)
Optimization of irrigation and fertigation levels to
turmeric under different drip lateral spacing for
western zone of Tamil Nadu. The Bioscan, 12
(1):561-564.

Natarajan, S.K., Prabhakaran, N.K., Usharani, K.S. (2017)
Residue management and nutrient dynamics in
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combine harvester operated rice field. Int. J. Curr.
Microniol. App. Sci, 6 (11):1517-1524.

Manikandan, M., Thenmozhi, S., Natarajan, S.K.,,
Bhuvaneswari, J., Prabhakaran, N.K. (2017)
Optimization of irrigation and fertigation levels to
turmeric under different drip lateral spacing for
western zone of Tamil Nadu. The Bioscan, 12
(1):561-564.

Manikandan, M., Thiyagarajan, G. Bhuvaneswari, J.,
Prabhakaran, N.K. (2017) Wetand dry spell analysis
for agricultural crop planning using markov chain
probability model at Bhavanisagar. International J.
of Mathematics and computer Application Res.,
7(1):2249-8060.

Junagadh

Vekariya, P.B., Rank, H.D., Vadher, P.G., Gontia, N.K. (2017)
Groundwater utilization and management policy
guidelines for the South west Saurashtra region. J.
Sustain. Water Resour. Manag. (Springer) DOI
10.1007/s40899-017-0086-7.

Bhatu, H., Rank, H.D. (2017) Estimating the water balance
component in Rangmati river basin using SWAT
model. International Journal of Agricultural Science
and Research (1JASR), 7(4):547-554.1SSN(P): 2250-
0057;ISSN(E): 2321-0087.

Bhatu, H., Rank, H.D. (2017) Simulatingthe climate change
impact on water resources system in UND river
basin using SWAT model. AGRES - An International
e.Journal,6(2):376-382.1SSN:2277-9663.

Bhatu, H., Rank, H.D. (2017) Climate simulation using RCM
data for Jamnagar district. Curr World Environ,
2(2):1-10.

Sondarva, K.N., Rank, H.D., Jayswal, P.S., Trivedi, K.R. (2017)
Techno economic study of summer sesame crop
under drip irrigation with various irrigation
interval and thermal regimes. Res. Environ. Life Sci.,
10(2):123-128.ISSN 0974-4908

Wandre, S.S., Rank, H.D. (2017) Bias correction for RCM
predictions of precipitation In Vartu river basin of
Gujarat, India. International Journal Of Agricultural
Science and Research (1JASR), 7(1):187-194.
ISSN(P):2250-0057,ISSN(E): 2321-0087.

Sojitra, M.A., Rank, H.D. (2017) Bias correction of RCM
simulated precipitation and temperature for Und
basin. Trends in Biosciences 10(10):1945-1954.
Print:ISSN 0974-8431,

Maheta, H.Y,, Rank, H.D. (2017) Estimation of groundwater
recharge in Karmal watershed of Bhadar basin
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using empirical models. AGRES - An International e.
Journal (2017) 6(3):486-493.1SSN:2277-9663.

Maheta, H.Y.,, Rank, H.D. (2017) Trend analysis of rainfall
using mann-kendall test in Karmal watershed of
Bhadar basin. AGRES - An International e. Journal
(2017),6(3):435-441.ISSN:2277-9663

Wandre, S.S., Rank, H.D., Shinde, V.B. (2017) Simulating
the hydrologic response to climate change: Sani
river basin, Gujarat (India). Advances in Research
9(1):1-9. Article no. AIR.31473 ISSN: 2348-0394,
NLMID:101666096.

Paghadal, A.M., Rank, H.D., Pandya, P.A. (2018)
Hypsometric analysis of Ozat river basin (Gujarat)
using remote sensing and GIS techniques. AGRES -
An International e. Journal, 7(1):17-29.1SSN : 2277-
9663.

Bathinda

Kaur, A., Thaman, S., Sidhu, A.S., Sekhon, K.S., Buttar, G.S.
(2017) Effect of variable irrigation supply based
diversification of Bt cotton (Gossypium hirsutum)-
wheat (Triticum aestivum) system on productivity,
profitability, soil fertility and water expense
efficiency. Indian Journal of Agronomy, 62(4):431-
437.

Kaur, A., Sidhu, A.S., Sekhon, K.S., Thaman, S., Buttar, G.S.
(2017) Economically viable cropping sequence for
diversification in south-western region of Punjab.
Journal of Soils and Crops, 27(2):12-16.

Buttar, G.S. Thind, H.S., Sekhon, K.S., Kaur, A., Gill, R.S,,
Sidhu, B.S. Aujla, M.S. (2017) Management of
saline-sodic water in cotton-wheat cropping
system. Journal of Agricultural Science Technology,
19:465-474.

Ludhiana

Dar, Meliraju Din, Aggarwal, R., Kaur. S (2017) Effect of
climate change scenarios on yield and water
balance components in rice wheat cropping system
in Central Punjab, India. journal of
Agrometeorology, 19(3):226-229.

Singh, P, Garg, S., Satpute, S., Singh., A. (2017) Use of rice
husk ash to lower the sodium adsorption ratio of
saline water. International Journal of Current
Microbiology and Applied Sciences, 6(6):448-458.

Satpute, S., Singh, M. (2017) Modeling phosphorus
distribution under different fertigation strategies in
onion (Allium cepa L.) crop. Journal of Applied and
Natural Sciences, 9(2):720-729.

Satpute, S. Singh, M. (2018) Potassium and sulfur
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dynamics in drip fertigated onion. Journal of Soil
Salinity and Water Quality (Accepted)

Kaur, H., Satpute, S., Raheja, A. (2017) Blockwise
assessment of crop evapotranspiration in central
Punjab, India Agriculture Science Digest, 37(3):171-
178.

Pusa

Chandra, R, Jain, S.K, Singh, A.K. (2017) Estimation of
water consumption and crop water productivity of
wheat crop in farmers field of North Bihar.
Environment & Ecology, 35(2A):954-957.

Kumar, P, Kumari, P, Kumar, V, Roy, D.K, Raij, S., Raj, R,
Prakash, N., Kumar, V. (2017) Effect of organic
nutrition treatments on aromatic rice cooking
quality. Bulletin of Environment Pharmacology and
Life Sciences, 6(Special Issue 4):373-383.

Kumar, P, Kumari, P, Kumar, V, Roy, D.K,, Rai, S., Raj, R,
Prakash, N., Kumar, V. (2017) Effect of
organic-inorganic nutrition in aromatic rice
(Oryza sativa L.). Bulletin of Environment
Pharmacology and Life Sciences, 6(Special Issue
4):384-98.

Kumar, P, Kumari, P, Kumar, V., Roy, D.K,, Raj, S., Raj, R,
Prakash, N., Kumar, V. (2017) Response of fine
aromatic rice (Oryza sativa L.) to different moisture
regimes and NPK levels. Bulletin of Environment,
Pharmacology and Life Sciences, 6(Special Issue
4):399-406.

Kumar, P, Kumari, P, Kumar, V., Roy, D.K, Raj, S., Raj, R,
Prakash, N., Kumar, V. (2017) Soil fertility
relationship with respect to organic and inorganic
nutrient sources in aromatic rice. Bulletin of
Environment Pharmacology and Life Sciences,
6(Special Issue 5):23-32.

Hussain, M., Gupta, S.P. (2017) A field study on hydraulic
performance of drip irrigation system for
optimization of operating pressure. Journal of
Applied and Natural Science,9(4):2261-2263.

Kumar, A, Anand, S., Kumar, M., Chandra, R, (2017)
Groundwater Assessment: A case study in Patna
and Gaya districts of Bihar, India. Int. J. Curr.
Microbiol. App. Sci., 6(12):184-195.

Kumar, V,, Sharma, J.C., Kumar, M., Singh, S.K. (2017) Soil
and Plant Nutrient Status as Modified by Different
Types of Mulching in Cauliflower. Current Journal of
Applied Science and Technology, 24(1):1-8.

Sapkota, T.B,, Jat, R.K,, Singh, R.G., Jat, M.L,, Stiriling, C.M.,
Jat, M.K,, Bijarniya, D., Kumar, M., Singh, Y., Sahrawat,
Y.S., Gupta, R.K. (2017) Soil organic carbon changes
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plains. Soil Use and Management.
doi:1111/Sum.12331.

Udaipur

Jadeja, Y., Maheshwari, B., Singh, P.K., Chinnasamy, P., Chew,
M. (2018) Managing aquifer packham, recharge and
sustaining groundwater use: developing a capacity
building program for creating local groundwater
champions. Sustainable Water Resources
Management.10.1007 /s40899-018-0228-6

Kumar, D., Singh, PK,, Kothari, M., Singh, R.S., Yadav, K.K.
(2017) Application of RS and GIS techniques in the
analysis of morphometric characteristics of upper
Berach river basin, Rajasthan state. International
Journal of Agricultural Science and Research, 7(5):
521-530.

Machiwal, D., Singh, PK., Yadav, K.K. (2017) Estimating
aquifer properties and distributed groundwater
recharge in a hard-rock catchment of Udaipur,
India. Applied Water Science,7,3157-3172.

Dahiphale, P, Singh, P.K. (2017) Identification of
groundwater potential zones and artificial recharge
sites in Jaisamand catchment using remote sensing
and geographical information system. Indian
Journal of Soil Conservation, 45(3):244-254.

Kumar, D., Singh, PK., Kothari, M., Singh, R.S., Yadav, K.K.
(2018) Ground water quality study of pre monsoon
in upper Berach river basin, Rajasthan state.
Environmentand Ecology, 36(2):397-404.

Radha Srivalli, C.H., Singh, M. (2017) Estimation of runoff
for the watershed using SCS-curve number method
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and GIS. International Journal of Agricultural
Science and Research, 7(5):83-88.
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Pathak, R., Awasthi, M.K.,, Sharma, S.K., Hardaha, M.K,,
Nema, R.K. (2017) Impact of groundwater recharge
and withdrawal on water table fluctuation in
alluvial area. International Journal of Agriculture
Sciences,9(36):4546-4549.

Upadhyay, R., Nema, R.K., Awasthi, M.K., Tiwari, Y.K. (2017)
Spatial distribution of crop mapping of
Narsinghpur district, MP. International Journal of
Agriculture Sciences,9(36):4538-4541.

Upadhyay, R, Nema, R.K, Awasthi, M.K.,, Tiwari Y.K.
(2017) Change detection analysis of cropland
using geospatial technique-A case study of
Narsinghpur district. International journal of
Environment, Agriculture and Biotechnology,
2(4):1725-1731.

Yadav, D., Awasthi, M.K,, Nema, R.K. (2017) Estimation of
crop water requirement of microirrigated orchard
crops for different agroclimatic conditions of
Madhya Pradesh. International Archive of Applied
Sciences and Technology, 8(3):18-24.

Yadav, D., Awasthi, M.K,, Nema, R.K. (2017) Estimation of
reference evaporation using Aquacrop model for
agro-climatic conditions of MP. Indian Journal of
Agriculture Research,51(6):596-600.

Thakur, S., Awasthi, M.K., Dubey, S. (2017) Assessment of
groundwater quality in selected blocks of MP.
International Journal of Chemical Studies,
5(6):2144-2149.
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BUDGET ALLOCATION 2017-18

Name of Center (University/ | Grant-in-aid Grant-in-aid General

(% in lakhs)

‘ TA ‘Equipment IT ‘TSP‘ Total

Centre/ Institute) Salary (Res. Oper.)

PAU, Ludhiana 229.95 2.00 0.30 0.00 0.20 | 0.00 | 232.45
UAS, Dharward 75.00 2.00 0.25 0.00 0.17| 0.00 | 77.42
TNAU, Coimbatore 186.50 3.00 0.50 5.00 0.00 | 0.00 | 195.00
IGKV, Raipur 136.00 2.00 0.40 0.00 0.20 | 0.00 | 138.60
KAU, Thrissur 69.00 2.00 0.30 0.00 0.17( 0.00 | 71.47
OUAT, Bhubaneswar 35.00 2.00 0.25 0.00 0.17| 0.00 37.42
BSKKYV, Dapoli 75.00 2.00 0.25 0.00 0.17| 0.00 | 77.42
NDUAT, Faizabad 43.50 1.00 0.25 0.00 0.18| 0.00 | 44.93
BCKYV, Kalyani Nadia 53.00 2.00 0.30 0.00 0.18( 0.00 | 55.48
CCSHAU, Hisar 41.75 1.00 0.25 0.00 0.18( 0.00 | 43.18
SKUAST, Jammu 112.75 2.00 0.25 0.00 0.18( 0.00 | 115.18
MPUAT, Udaipur 35.00 1.05 0.25 0.00 0.17| 5.00 | 41.47
AU, Kota(Raj.) 98.45 2.30 0.25 0.00 0.18( 0.00 | 101.18
JAU, Junagadh 41.50 1.00 0.25 0.00 0.18( 0.00 | 42.93
RVSKVV, Morena 74.10 2.15 0.25 0.00 0.18( 0.00 | 76.68
NAU, Navsari 89.25 2.00 0.25 0.00 0.18] 5.00 | 96.68
CSKHPKYV, Palampur 137.75 2.00 0.30 0.00 0.18( 0.00 | 140.23
GBPUAT, Pantnagar 140.00 2.00 0.40 0.00 0.20( 0.00 | 142.60
VNMKYV, Parbhani 53.50 2.50 0.35 0.00 0.18( 0.00 | 56.53
JNKVV, Jabalpur 103.25 2.00 0.40 0.00 0.20 | 0.00 | 105.85
MPAU, Rahuri 80.45 2.00 0.40 0.00 0.20( 0.00 | 83.05
SKRAU, Bikaner 77.00 2.00 0.30 0.00 0.17| 0.00 | 79.47
AAU, Jorhat 85.00 2.00 0.30 0.00 0.18( 0.00 | 87.48
Dr.RPCAU, Pusa 33.30 1.30 0.40 0.00 0.00( 0.00 | 35.00
ICAR-RC-NEH, Umiam 0.00 1.00 0.25 0.00 0.00 | 0.00 1.25
VPKAS, Almora 0.00 1.00 0.35 0.00 0.00 | 0.00 1.35
[IWM (PCU) 0.00 5.70 0.00 0.00 1.00| 0.00 6.70
Sub total 2106.00 53.00 8.00 5.00 5.0 | 10.0 | 2187.0
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STAFF POSITION

Almora Agronomist Vacant
Chief Scientist Dr. S.C. Panday Soil Physicist Vacant
Agronomist Dr. Sher Singh Agril. Engineer Er. R.C. Tiwari
Soil Physicist Dr. S.C. Panday Jr. Agronomist Dr. B.N. Singh

Agril. Engineer

Vacant

Assistant Professor

Dr. Elayarajan

Agronomist Prof.

Dr. T. Ragavan

: Gayeshpur

Jr gr0n015t Die 10, L lberity Chief Scientist Dr. S.K. Patra
. atgl " T 5 - Agronomist Dr. B. Biswas

ief Scientis r. Kumar D. Lamani
A Vacant Soil Physicist Dr. K. Bhattacharya
Soil Physicist Dr. Punitha B.C. bl Sugier B L el
Agril. Engineer Vacant Jr. Agronomist Mr. R. Poddar
Tt Agronomist DrUK Shanawad

. . . Chief Scientist V.K. Phogat
Coimbatore + Madurai + Bhavanisagar n : =
Chief Scientist Dr. B. ]. Pandian s g.rlo;}i)m.ls.t Valfa;}:
Associate Professor Dr. A.Raviraj AOI m Ey SI.CISt V - Phogat
Assistant Professor Dr. A. Valliammai s ngln-eer acant

Jr. Agronomist Vacant

Chief Scientist Dr. AK. Raina
Agril. Engineer Dr. M. Rajeswari Sr. Agronomist [ A m—
Soil Physicist Dr.J. Prabhaharan Soil Physicist Dr. Abhijit Samanta
Jr. Agronomist N.K. Sathiyamoorthy Agril. Engineer Er. N.K. Gupta

Res. Engineer

Dr. N.K. Prabhakaran

Jr. Agronomist

Sr. Agronomist

Dr. S.K. Natarajan

Powarkheda + Jabalpur

Soil Physicist

Dr. S. Thenmozhi

Chief Scientist

Dr. Vijay Bharti

Dr. N.K. Seth

Agril. Engineer

Vacant

Sr. Agronomist

Dr. P.B. Sharma

Jr. Agronomist

Chalakudy
Chief Scientist

Dr. J. Bhuvaneswari

Dr. E.K. Kurien

Soil Physicist

Dr. P.S. Kulhare

Agril. Engineer

Vacant

Jr. Agronomist

Sr. Agronomist

Dr. Anitha S.

Dr. Vinod Kumar

Irrigation Engineer

Sr. Agronomist

Dr. Mini Abraham

Dr. R.K. Nema

Soil Physicist

Smt. Bhindhu P.S.

Junior Scientist

Agril. Engineer

Chiplima

Dr. Mary Regina F.

Jorhat

Dr. M.K. Awasthi

Er. YK. Tiwari

Dapoli

Junagadh
Chief Scientist

Chief Scientist Dr. RK. Thakuria
Chief Scientist Dr. A.K. Mohanty Dr. K. Pathak
Sr. Agronomist Dr. Sanjukta Mohapatra Agronomist Dr. A. Sharma
Soil Physicist Vacant Agril. Engineer Dr. P. Barua
Agril. Engineer Dr. N. Panigrahy Soil Physicist Dr. BK. Medhi
Jr. Agronomist Mrs. S. Lenka

Dr. H.D. Rank

Agril. Engineer

Dr. B.L. Ayare

Kota

Jr. Agronomist

Faizabad
Chief Scientist

Dr. T.N. Thorat

Vacant

Chief Scientist

Chief Scientist Dr. RT. Thokal Agril. Engineer Prof. P.B. Vekariya
Horticulturist Dr. Smt. R.S. Patil Soil Physicist Dr. M.S. Dulavat
Soil Physicist Dr. K.P. Vaidya Agronomist Vacant

Dr. Pratap Singh

Soil Physicist

Vacant

Sr. Agronomist

Dr. H.P. Meena
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Agril. Engineer Er. LN. Mathur Agronomist Dr. Vinod Kumar

Jr. Agronomist Dr. R.S. Narolia Soil Physicist Dr. Mukesh Kumar

Chief Scientist Dr. Rajan Aggarwal Agril- Engg Dr. S.P. Gupta

Asst. Res. Engineer Dr. (Mrs.) Samanpreet Kaur Jr. Soil Chemist Dr. AK. Singh

Asst. Res. Engineer Dr. Sanjay Satpute Jr. Agril. Engineer Dr. Ravish Chandra

Asst. Res. Engineer Er. Amina Raheja It SO, D1 IRy i

Sr. Scientist (Irrigation) Dr. A.S. Sidhu

Soil Physicist Dr KS. Sekhon Chief Scientist Dr. S.D. Gorantiwar

Asst. Agronomist Dr. Anureet Kaur Agronomist Prof. ].B. Shinde

Asst. Agril. Engineer Dr Sudhir Thaman Agril. Engineer Dr. S.B. Gadge
_ Research Engineer Dr. S.D. Dahiwalkar

Chief Scientist Dr. Y.P. Singh Soil Physicist Dr. B.D. Bhakare

Soil Physicist Dr. N.S. Yadav Junior Agronomist Prof. S.S. Tuwar

Agril. Engineer Er. S.K. Tiwari Asst. Res. Engineer Er. S.A. Kadam

Sr. Agronomist Dr. Sandeep Singh Tomar Junior Res. Asst. Er. K.G. Pawar

Jr. Agronomist Dr. Janmejay Sharma
Chief Scientist Dr. AK. Sahu

Chief Scientist Dr. V.P. Usadadiya Dr. A.K. Swarnkar

Sr. Agronomist Vacant Agronomist Dr. J.R. Patel

Soil Physicist Dr. ].M. Patel Soil Physicist Sh. PK. Keshry

Agril. Engg o IIL S Agricultural Engineer Dr. Devesh Pandey

Jr. Agronomist Prof. R.B. Patel Junior Agronomist Dr. Geet Sharma

Chief Scientist Dr Sanjay K. Sharma Chief Scientist Dr. U.S. Saikia

Agril. Engg Vacant Agronomist Vacant

Sr. Agronomist Dr. Kapil Saroch Agril. Engineer Vacant

Soil Physicist Dr. S.K. Sandal Soil Physics Vacant

Jr. Agronomist Vacant Jr. Agronomist Vacant

Chief Scientist Dr. Subhash Chandra

Soil Physicist Dr. H.S. Kushwaha Chief Scientist Vacant

Senior Agril Engineer Dr. Yogendra Kumar Soil physicist Dr. B.S.Yadav

Agronomist Vacant Agronomist Dr. R.PS. Chauhan

Dr. Vinod Kumar Agril. Engineer Vacant
Dr. H.C. Sharma Jr. Agronomist Vacant

Agril. Engineer

Dr. U.C. Lohni Chief Scientist Dr. PK. Singh
Jr. Agronmlst Dr. Gurvinder Singh e Dr KK Yadav
Agell Engineer Er. Manjeet Singh
Chief Scientist Vacant :
Agronomist Vacant
Agril. Engineer Dr. U.M. Khodke 7 Ao Vacant
Agronomist Prof. G.D. Gadade
Soil Physicist Prof. U.N. Karad
Jr. Agronomist Vacant

Chief Scientist Vacant
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