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I am privileged to present the Annual Report of AICRP on Irrigation Water Management
20014-15, covering research findings of the All India Coordinated Research Projects
spread across twenty six centres in the country. During the report period, network centers of
AICRP on Irrigation Water Management (renamed after merger of AICRP on Water
Management and AICRP on Groundwater Use) made considerable efforts to develop
improved technologies through five well defined themes. Technical Programs were
approved in the Chief Scientist's Meet of the project organized at CSK HPKYV, Palmpur,
Himanchal Pradesh.

I take this opportunity to express my sincere gratitude to Dr. S Ayyapan, Secretary (DARE,
Govt. of India) and Director General (ICAR) for his constant support and encouragement. I
also express my sincere gratitude to Dr. A. K. Sikka, Deputy Director General (NRM) of
ICAR for his guidance, cooperation and keen interest in conducting network research. I
sincerely acknowledge the timely cooperation received from Dr. S.K.Chaudhari, Assistant
Director General (S&WM), NRM Division of ICAR during the report period. I also
express my sincere thanks to all the Chief Scientists and scientists working in different
centers for their hard work and timely cooperation to run the project smoothly. I place on
record my sincere appreciation for the hard work done by Dr. Prabhakar Nanda, Principal
Scientist at the PCU, Dr. M.Raychaudhari, Pr. Scientist, Er. Ranu Rani Sethi, Sr. Scientis
and Dr. P.K.Panda, Sr. Scientist in compiling and editing the Annual Report. Through this
Annual Report, the coordinating unit has made a sincere endeavour in presenting the salient
findings of the research projects during 2014-15 executed by coordinating centres across
the country. [ hope that the report will prove worthy to agricultural planners, policy makers,
researchers and other stake holders who are directly related with agricultural water
management of the country.

Bhubaneswar (S. K. Ambast)
Director



Prfoce

The irrigated agriculture in India has been ensuring about sixty percent of national food grain
availability. The scientific water management has been a key factor in bringing about
stupendous progress in agricultural production in scarcer areas. However, the areas which are
profligate in water availability have lagged behind in its scientific management. Questions are
raised on sustainability of irrigated agriculture since efficiency of irrigation system as well as
its utilization is low, which is also accompanied with adverse environmental repercussions.
Thus, efficient use of irrigation water with higher productivity is crucial for the development of
sustainable agriculture.

To address the issues of water management in irrigation commands, AICRP on Water
Management was established during 1967 and to address the groundwater related problems,
AICRP on Groundwater Utilization was established in 1971. The achievements of both the
AICRPs are immense. The two schemes of AICRP on Water Management and AICRP on
Groundwater Utilisation have been merged to be renamed as All India Coordinated Research
Project on Irrigation Water Management during XII Plan which has been emphasizing on
increasing water use efficiency across the crops and regions in the country through on station,
on-farm and participatory mode of water management projects spread over twenty six centers
in the country. The coordinating centers have been representing diversified agro economic and
geo hydrological situations. The AICRP on Irrigation Water Management (IWM) since its
inception has been catering to the research needs of water application in agriculture across the
country. During last four decades of its operation, a number of technologies have been
recommended to the state line departments for extension to the farmers. The technologies have
been discussed in the successive annual reports published under the scheme. The annual report
of'the scheme depicts the salient achievements of the coordinating centres during the reporting
year.

The results of the Irrigation Water Management experiments, extension for the year 2014-
2015 have been presented in current annual report theme wise and centre wise. The scientific
teams working under the scheme across the country deserve appreciations for the hard work
and timely submission of results for incorporation in the annual report. We place our
gratefulness to the Deputy Director General (NRM) and Assistant Director General (S&WM),
NRM Division of ICAR and the Director, ICAR-IIWM, Bhubaneswar who have been the
mentors for the day to day management of the scheme.

Prabhakar Nanda
Mousumi Raychaudhari
Pramod Kumar Panda
Ranu Rani sethi






s oo yava W Hf¥e AR wAfeaa IgEue oREeer S Je gHud F 89 # 3Eue e R
AR & o 3gd & & Favd e Fecagel [Jval S $ scued ugla # IMYA-AT & HR FF GA
A [@a & ol & T W A o, o UG HURE ol i STAeddr JUr qurEdl B Hbold, STl SUIT
TET TG e Scueaehdl deld & fod gara e usfd @1 Bemsa va e, g E:R0r ugfadr @ e,
& FIIeT 3URT G Avat W AR R IR

(i) P 3curea ugfadt & st fr YT w9 A & o & O Py TdE wl @uaww) & 3@ wE
Ty 3Tt 1 R aUr 89T TR W Ja S, {ETd T HUIAT S P STAYr TUT 0TI BT Aol |

I AU BT Pol SAaguT &4 8280 a1 fheilaliey ¢ o dAfdeg T¥ & AN el sy, e,
W wd v & Ra B 3w dRa & Awgea s (@, qfaee, Rfade g0, Sa Aari adca, o &,
Solled, Hf 3UANT Td HfH PR AARH) B FIR RRAT 77| 34 AT HT ool GA:H071 T faprd & @i avil
& ygara & AU A & uftear F R srdere fRar Swe| 3@ AffE & 24 aut A VU 3UAY ¥ 3 TRIET
¥ od Tl gt & qut il @ faswur fear ) gw | fr iaa e awt 1009.8 el Ot IRA & Fud
BR & Wy aul & aut f Fea 3e f Safd A eR & WE ey aw F wl & ant H e we
Rt TRy FRREE B P SUANT b GeA:HROT B AET & 17 F 30% b A oA IAT| FH IRAA I PoA
cate! & FEar 33 O S @ 16 Jfa e, 2 Hagasha, 12- 37§ Fagashe aor AV cafs GRiaa Ao & am §

. S deg R AIHEQ el & faffeed Faraal & Sl B SUeuar & &7 A 39S S arel fafde
el P Tl B AN F HFAR HeTTS fhar 1| 9§ X I A & Boés REarsl vd waferd €el & el B
TR TS TAG I P SUATAT F Hediched a1 7| HeTel B suaeddr f Fufa & azer fomr & v
HIHT FT IYANT H A 1 37| @G v W F AGA F O 3o F auf, gauigfmewa aur Fed f
I ST BT ST Y AR STl Toic o ACTH A BHel STel AT BT I A1 I47| Al Seurea Tgha
A guUR A F o Aier vd g & aRomar & fagwor ¢ R awm)

y 3 ol & Srgaeg STewmeor 8 A Hoie danfad &l & R R an aur @ & @y A e
afad & vd FiAA qea-IRor & A o aofiga R s dwEiger X fafr &1 sudier @ ufPder aderor &
el & TAHVUT & HUR W eIy vd HROT JUlies HAA: 123.82 & 386.94 a3 ey fear va 0.000160 &
0.03047 T U TA| Tg Pl 109 A W Fokek H JaR-derd AT gRT HoTol 307 &l A AT IR
39 FoIIS &1 # 3Ea Hate GA:AR0T 2.87 A/AY @ URN| 36 HEAIA &7 I AR He WA A H aier
ST s, AET ST, W Ud dgd W &1 S 6 haAwr: 12.82,49.65,33.21 U 4.32% &7 @f g | AfdE
& FAIH 87.18 FHE &7 WA/ AYA e NG & & Faola ar ¢ 38l TRl Heie veva giafa
A & ol 38 AR dchled I G B IS ¢l PEA Tl IR0 & 0 $of 3ugh &7 el 279 adf

el & ¥ S HemTaT &7 F Fad 15.02% H & A9 T B
‘Cﬁ =
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y A &g GRT WIeed e 3 S{oiel T SUSHl W A AUCE T Feidrg TRad & ued &1 Heaad
frar =W ded # vwEHiwmd ¥ d9ider & wedw @ ad 19912013 A @ F awl wd e
uRadeferar & faguor 1961-90 & ¥afr & Iur & geen F frar @ =g g T o9 oo g auae #
FAecaqul aRadd @ T & @Rd aeds & UE ol § WO Sieardl 8-5d affa # 0o ofieor g Seed &
AR &1 UAl #OIT AT Sese FRAE (RGIEW-IV Ud RGI OW-1) & o Sy ao1 39 giwaffeddr (1) 2.93
¥ 3.16 a9 ety Re awr wRRTE (S) 3.17 x 10° & 3.46 x 10° & diw & F@fs FAE $3nm, IGKV, ToqR & 3
grafefad 9.37 & 9.51 aif der/Ra & drw ol I

. T Feg g0 @S e a7 # e qlewr & gy viRtusa R & Rawear & oder e wih
FEfaa e forar man e afavear RfT & sEere aneh & @y 26 RAfves ®E @ Aifada s &
o seaAe v | g W &9 & ol faga ufeRiuear R & Raedear el e soae & ol o
areafed 3 & WY w9 JE g ¥ uw fga fediusar oftonst & g g warie & o) 9w awds wd
U &89 # $u & [Tufd & uar @ 3 88.46% o fuwey ordt ot 3@ ugld @ om S dfed aiger &
TS & HAedl B ol Tedls & aEdrad Hed! & @ S T aE & Tes F FgAEd @ aEdad qear &
dra oI 6 Uiy Freed U AT 5§ UeR, I R Fo Aftd wuar & T A9 # 93.44% a6 '
GUECRE]

. SR &g o S sl @9 ufaduwar aedie gur 3de a8 Affa i Fend & aEREe & e
forar| da AT & WASTUT @ Al AT HeIT FUET WS I, ATEETT, Uiee, daigd, S, TEraN, de S,
BRAT 1 Faaqd # FfSe B o Rftes wal § g vfolvsar gew & 3R W st @eaens @
fAuifa fear o

. T Hg gH YATig aedE # a9 FHYE & ond vaue § R Ha ' R sua aser gF &
T FE Az A uATe, UAdia, Wgad, gA, WEAU, HeAL OISR e, SigHl, Haidl, aaEgl, TAG,
godtz, A vd anan afa 15 g wfde € uaeia aexds 7719 @ freefer & & @1y ue 5 Of M
s §| aeds, 30 aeddE, id e, DEM, fed wa Hfd suai AefEt & SstE adds @ 30T o
&R R T A AEd & RiSedmr & aw SR § & F @y wfa w ) e Rdun § e w
At 37 arexdEt F § SW7 30 greRds &Y Fdeadlle 30 aeldE & & F ggdE 67 I

- dftrer &eg R diradr @Rk & dea Aoy gada o (DSS) &t vewwr wwr # el frar w3
UgTd WG Ud FUE & FIER HEA N W 0P #T & 3Ra 9ga & ol Sa f waemsar & SEwi uere
A ¥ sun B o 16 guf (1998-2013) & FEHa U@ F HiwEl ¥ HFd FERE & JuR PR o wd
AIETE aweas A Feg ¥ REwor g wan suF yenar done & A aig f ea i e @ shamduw @
UL WE Hpdicha fonan TT| Shangew, fafte wdt o Rudl & wfas J@ad & thieor vd g & &
o spcayet sumol # @ v ¥ 3 oy wada ugfad (DSS) R swdl, wUE vE @ & Hel & YR W U9
1 ot $it maegEar g9 # deraar st

- AT &g @ SE-wEiiees &1 30U S A GAd A o Uuf A FEAe ScHeie Bl A dqona|
WA U9 Uy (el @1 &i9e) & ®d oY dieg auf (1998 2012) & Hiwel & U@ $iy @HE § ug fear
A v & Ol 99 & T # ofigds dad aafa o dan fRd ) od 14 ool & dhia sa & TRt @ A
3-10 #frex a1 S 53 & 21.9 ORI dF &F @ I § Sdie 20 A d HOF s F ded ofd TRl &7 B 0§

~=
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'24.suﬁ‘¢mﬂmir.aw%|ﬁ#ﬁmﬁmmﬁ;ﬁm#mzﬁﬁiﬁrmaﬁaﬁ?ﬁhm-m
aul & T S5 g Rael doifed cygde gt § B uu uaca aefe (dot & @wr ufd 1000 W) SR
frdr 1) SC-Ill &1 & fagrel 9w dt & ash & gfe g8 v ad 2000-2011 & 2R SC-I ¥ vah WS &S vgf
N UE g1 Heuge & Y & aRie SC-ll vd dvA-1l # g ou $C geca # BAU: 67% a1 42% i aeiad
g5 Saf srcrga & 3l & akE dee du de & A A UB-INI AR SCHI # adca # waer: 1% wd 7% &
Faft urft afY| BD-IIl wd BM-NI & 49% U9 46% #r gig e 71|

(i) 3afrE oo Riog wfa Rioe oo w@us & sgon ofiewdt & aea Bed-ueh-glar ggiagor & w9y o IR
eI |

A T # e T W e oel & s td F seued W Sy oiada & usE @
TFe & ol T araae wEfad R T sEe 309, BEe & Efe vd fHen & Eedsait o aeay
URadd & WA F AFed 3 & o w9 e Alza (CROPSYST) & sudnr frar wmm gftaen e & o
I HgHA s 6 @l Fled & dhie vl (MC) vd 2@ (EC) ed ATt 3 udim wv @ Rifta wd sdfE
e @ T suS F 304% F 14.8% TF HA @ Fhc B grenfs, W F v Bl Aok & mwa A A wow
30T 3 ARSN W 0.2% @ gRE o Fehell & aWr ST e Aol # 12.5% d@ Fe @ HWhell &1 UHE vd SHT e
Afort 3 am i wwe & afd @ 17 R (16.3%) wd 24 e (23.1%) &7 Brar o wwar @1 qur I H wwe H
yaft &t 8 B (5%) T 22 A (13.4%) &7 &g a1 g ¢l waEh vg 38 Fed AT & ue & dear A
wafr aut & FeT 48.7% & F gl vadr vd sw Red At # wiv Atew & dhe O smavwsar # w
48.7% UG 51.0% # w1 g Fafs @ Aww & Soa 25.3% wd 41.7% & FHar gl

FI Fg g1 A B B F B vd A & AP A3z F ded el F A o | oA remyE
yafaa e man) s & O 3Ee-e daie ® J9 uieEd o IR & o v Bom aur s &
sughar & o wewdw wuifte fear amm aef feRer wo@wr of vaemer oRfEufadt @ fear s wioare
(CROPWAT) #ilse & Siaarg Hiwal & J=al W AR & 30 #ilgs vd ot 39 & afis agema & @y
AT # agord ke &= & ff srvgga fear man

. AfeTg # F TEA A I A1 A8, Y & ggE B WY HUs AeE Td TS i gema gn
i wu & suaia wulde gaw & BdeT & oo aga & i ¥ Rive dten & da R s e
# Tech §§ vaft &= A S 0.29 ¥ 2.46 3 wEHTw/ A O Rt At & wwla e § A F A=
At fr AT 158 ¥ 9.22 el swdeie/ /ey & A ol el ewEdr A8 dfdE F odfEw ok & R
AP, ANHUGH Ud e 8 A 28.5 F 65.7% HIW FAF 3T Ud HEAH ogurelr @ F o A A
YUY &1 Hhd &d €1 RO 3ugwar $ s (EC) ud WfXTH awunr Hquid (SAR) AEH & IR W AR &
oA OR F o4 e @ g & ford suzer fhar on @ seu eEviar Aol # o gl A e e & ag
et 9 g & P o@e & 3w e w@eg 3R Bed vdus s suad o @ g

- 3EAQ Few G TEUE & Moarsl e & Harel quradn & Hedida fhar o e & Rffes et 4
Fel 110 ¥oiel & Aol UHTad (4 7| GRMAT o daran & sfeas Ge # e e & ol wE @iftd RS
I (90.90% IS F AN I=d W dgd Sod AR #, vd @, & Fod WA §) ¥ FaA 0.99% HFAS & A
# A A sed ARE T (S; W S, @) K wEE ¥l g e, oA B g agd oR @ a7 # (8.18% |
Hotol & Al A AT Haiwor AU 3O d 3RS 2.5 fieh godidele/dier o ) @ orlt ) gafe,

“"ﬁ
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SH AT &1 A ITd AGUICT D FEET P ST §F HeAd AUl § ST B GRS B FACIHT P GEed
fomam S arfed|

3EAYN deg gRT TSI & H Heall 3cuiea & o 3URE o & 393191 & o fSrear aurear @uiRa @
| 3URE STl & AR I3, Givd vd Uiq FeWUT A dgd URAd URIT 7| IS FEA GINh dedi H F el
fSieh (zn) 3fhdA IgHRT WAT & TEL U1 IR, olfhed el T pler #A HURT STof F U Hl aiq (i,
drar, e vd Afva) WG @ & 3RE T R TG A @R v e Gelt § g @t sl
TG BT YATH HWOT UrAT IAT| HURNE ST R wfesrat # daat & ardr argat & wEw B e F W@ @
PIeT UF gy el A urerep, gar e, Fensh aUr degA B wEAl A uarh Hf aig F9 fadw §u @ ule
o O & WY TF YAE GAEA U aRfi| UToies v o el i afesrt A eromelt qur oega f Jerer A
3 hsfager dua g3m

U & 3 vd AT e & aoe # 3ifAe H aigar waAw 0.003 § 0.042 Brefam/ediex wd 0.009 &
0.042 Trehamar/ehex & da geoic el &1 R deg GRT 30 Aal oet A fadfld & & fod seaga
IR fFar war aifs s @ 3mifAe ff Aigar B FA F G S ol B degar F gur Fa ST oas)
TAAT T B §F F TergRE 3 (H,S0,) T O1T 17| Foil el arer Ty TFGERIdT (EDX) & fadwor &
TE § § WG & A geat & sufRafa & 78 3rufa @, dedos, tegghfags, fafder @ derer anfg &
dRft 55 39 B A & IrErss & A ofda Nk EDX & anes @ faduwor frr e W@ & gioad) gest &
Y de A 30T F gar gon| FRIW aRadd Iawh TR (FTIR) @ 525 @' U4 464 @l df8
Al & IS H HAGAN HAMGIT F TAT Tell|

SATE $ g1 AN &1 3 3u Riag & o iee & sugwar &1 Hedida fear | dNg &9 & 7 et
& 73 gediel & 391 AT FHT A A T F FAA W AT 2012 T 2013 & SN AGE qhbl F THAA
o5 T T F FFAT B qoTaT A Al & FuiRa H w1 Far F U & S e F T qoa &
ford Sidree @1 suder fRar arm| fBu Rie & ol Heter ff sugshdr & Aedina & ford diva, 38 (EC), dhfew,
AATA, WRTA, WRA T HAES dU FEAC, A, FANZS T Tehe AR ABee-ABLIOA AH Hd
TUTET AUCS! &1 Teheid fhal TRAT| HaTel T U & AFd! o 30T weh dgwd (TDS), 3aRe wfeaa
Brdiae (RAC), ol TIRIT HANCT (TPH), @f3T#d Haiwor 3urd (SAR), Ewwusd (TSS) 3fg & fauRor fvar armm|
IRTE &7 F O Hoe uraer AT IR R T HEe # 3ufeyd s (EC), SAR T RAC & YR WX HAT:
56.24%, 18.4%, 6.64% Td 18.68% 3l &I IHTBT STel, RT STel, 3= SAR TRI STef UG &THIT Sel &1 Af0Ar & urar
|

(iii) Ofdesr o TRT&fAH qomeh & fod & 3udiT g&TaT U oI 3cUleahar gl & o BT §fH ORSt &

. STaAYY dheg o TFARHIY AiSe &1 ST T g @1 A8 3usf & o g & gy & fAuRer w v
HIYA 1| Ie HEIIS STolarg URade & |1 g &1 579 [FUR0T & # el o difes ot & Hell gl
ar off STor TR STHAT TES S bl g Y GEer A B F & sud W & ywwma 3 R o ed
UdT e f5 Ag i 35U A Bu R & @y gig §51 60 T oexe gl & @Y 40 FIl gl W ORI 30 |

HAHST F FIHT JgaR UTAT I
‘Cﬁ\'_
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dfferrg & ofREh &7 # thipa P ugld 3 S curcadr & aRUTEH & adrar fF 3y aite wHel &
T Cos -CN T O # 3Td ool 3UANT &1 (WUE) 179.4 fhelamat/gaea-feft off| i fr waa & 30
At Eel & I 3T Tl 3UANT G (45.4 fheamer/gacar-fhel) e

i # AT dpfousn Mar td g@a (SAWD) &1 s R & vaa das & 7 & 10 G ugel 15 @
STl fora & are RS ae W ST Sfel SUFNT gatdn (5.77 feeitamer /e ad-fel) ure g8 Safe uRuRe RS
fafr & 5.17 Thetamer/deeay-faeh & u g8 URURS g, ifeda feeafer gig saear @ 15 d9f ofor &
& o s vd wHe Hers & 10 G Ugel 96 Fdd S @ g A aUT T dN U (2.62) 3fF urE
2l

(iv) PRI 3UANT &g aut ol Yauad aur Rffes sore mife Rufaat & dea dora & sueeydr dem & ol s
U307 dAebeltfehall a1 Taehre Td Hedichet

R Fg g AT T W AT gt B @l w=a N aE F aee § oW Ja@ ghaa &
TIGEIAT & T AT ST T ¢ TeT o TR & ORrae & X & gfg, 5o TR & gfg 1 7 & 3 =i )
Q40T &1 g A o qW TR S Waw & @y uRafda e ol arh siea ¥ AR & 'y gl i wel ®
Seaad Gl #R0T Y aX 121.9 fet/ffae & 1.91 dfie/Fae & i o g8 @l fid wyell W = staat & o
et AAEA d, AAYS UG AFHS & d1g 386 (EC) v 3afdy WfEysr deiae (RAC) @ o uar a9mman arn| ase
1, T3¢ 2 Td ASC 3 W 4T (EC) & &AM & 0.60-1.273, 0.50-1.400 Td 0.54-1.015 SHT TSHA/ Aex & &g arn
TN Saf T 1 U TS 2 W GR A A FW It # Hed & Fgar # @ (EC) HHAM: 0.278 to 0.875 TA
0.188-0.920 3 @rzdrw/ X & fw orh =AY zwfor @ A @t F dourar e der & far & e ¥
EASNATI]/HreeArd/ HeaArRs Hquor & O derer & qoraar @ off R{dwor far mn vd @ffa @ d &7 @
qrT AT

SIAR Feg N HW A AR/A A -39 e Meife AT F sFE gFeRT B Apwa fea
AT FET HIA A T Feald ST AT A U Bt F HUR W FIE T FAGA! TG H-Fl FHC & AR
& AfAhe fFaT AT HH T U TG HAF ST IUANT A3 Bl qeiiepd fHAT IRAT JAT HIAA & ITINT P
deral & & fod oEe Waas & A & RwRy o & | sw IR_T F ddeade aFt F sEe gaeRe
WA BT Y geariad fohar S T &

G A AT & ST F W HETE aqeWE (4B2ATa2) F ol Ffaa g.amor & i gga i g
R dffer wa Sh3méua adelie & 3udier X qfaed, H-3pia e, qff suaen/afd s, Bed aur saa
e & R #afT IR 6 M uRs v & st & e gaaRer & gl & g & sad
Ufafshar & HGER IedR @ 3redda fovan | fegd 3egda & a1g A GA:9R01 & o 3ugh T $ 984
i & ford o aur & ar 71 vd R & A 3Na¥e REwor feaAr @) g0 AR & Feddr & "
37e1aT 39T G 9Ra &1 T ggara & a8, 3, dgd 37T IeST ARE, W' T dgd W |

SCAQ deg; GRT AU & geich &7 & GG gU ardl & AGA  HoTel FAUal & Fa9a F 3 drolrali
&7 TIEIAT B Ul 9 & ford wEieT WTSd R dm| arenal T WeT &THGT &1 UdT oone & fad @ ¥d
dreral 37T YR TAT AT P MRS &TACT a5k BT A Hbod FAT AT FeIFT F HHR Td @ A Y |
AT & &g TGO TUMT R & o 3 & dral & TAIgoT & & auT IHuaTs o 3uaeddr &1 o qurer i o)

‘g”h
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HIIQY UG HNGY Tell B HERUT B &THAT (2896.5 U 1803.2 S HeX), Ul HUAE SUSU (7093 UG 9718
o Hiex) & Jeren #H Fhr S ot

. FANE &g g AT Hetol QA0 ddefedt w99 atu, Rl 3| v od ow @9ad @ e
=901 & o AFHa & A & gl Aqeaiea e @ ad 2014 3 $Re o & wges WU o3 urn
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EXECUTIVE SUMMARY

Salient Achievements of AICRP on Irrigation
Water Management during 2014-2015

During the year 2014-2015, 26 centers carried
out research and extension work in the field of
assessment of water availability, groundwater
recharge, groundwater use at regional level,
evaluation of pressurized irrigation system,
groundwater assessment and recharge, water
management in horticultural and high value crops,
basic studies on soil, water, plant relationship and
their interaction, conjunctive use of canal and
underground saline water, drainage studies for
enhancing water productivity, enhancing
productivity by multiple use of water, rainwater
management in high rainfall areas. Salient
achievements during 2014-2015 are given below:

Brief Technical Achievements (2014-15)

Assessment of irrigation water demand and
system supply and Groundwater use

At Jammu, the maximum deficit of irrigation in
the Rainbir canal system is found to be from 9%
to 30" September during pinnacle initiation to
flowering stage of Rice crop to the quantum of
4568.8 ha-m. This indicates that either frequency
of rotation of irrigation supply should be reduced
from present 7 days to alternate day or sub-
surface irrigation potential to the tune of 4568, 8
ha-m be developed at disaggregated level of said
command by stakeholders and supplied in the
shape of conjunctive water use in space, time and
augmentation by stake-holders for improving
water productivity of Rice crop in the study area
i.e basmati bowl R.S. Pura and similar approach
needs to be followed for entire command area.

At Bilaspur, Groundwater recharge planning for
Bilaspur district using remote sensing and GIS
has been conducted. Out of 146 blocks in the state,
15 have been categorized as semi-critical as the
stage of groundwater development in these area
is more than 70% but less than or equal to 90%.
Various thematic maps including drainage map,
slope map, district and block boundary maps, soil
texture and lineament maps were generated using
available data. The pixel based classification of the
satellite imagery will be used for the planning of
artificial groundwater recharge plan.

At Coimbatore, in Amaravathy basin, average
annual rainfall was estimated 1009.8 mm and
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more number of normal years was observed at
the head end of basin and number of deficit years
was high in the tail end. The recharge was
estimated using the empirical formulas range from
17 to 30 %. The number of blocks in the basin is
33, out of which 16 were over exploited, 2-critical,
12- semi critical and remaining blocks are safe.

At Junagarh, the groundwater quality maps for
Saurashtra region were prepared. Based on the
EC, SAR and RSC of the groundwater, 56.24%,
18.4%, 6.64% and 18.68% samples were found
under categories of good water, saline water, high
SAR saline water and alkali water class
respectively.

At Junagarh, it is observed on the basis of daily
water balance in year 2014, total recharge was
14420 cu.m, runoff escaped from check dam was
12582 cu.m, total runoff from catchment was
19997 cu.m. Total Water resource available from
rainfall in hydrological unit (check dam catchment)
was estimated 88017 cu.m. Structure cost on
current rate basis was estimated Rs. 95000, so
recharge cost goes to Rs. 0.33 per cu.m of
recharge volume @ 20 years effective service of
structure. Recharge per sq.m of catchment was
observed 0.19 cu.m. Evaporation loss excluding
stream flowing period was found 834 cu.m and
during stream flowing period it was 3123 cu.m.
During monsoon season total 33381 cu.m of runoff
volume was generated from catchment area of
recharge basin, out of that 15510 cu. m was
trapped in to the basin and 17870 cu.m was
escaped from the basin. Evaporation loss from
the water storage of recharge basin was estimated
as 657 cu.m. So, net recharge was 14853 cu.m.
(water collected - evaporation loss). It was found
that out of total runoff 0.87 cu.m per square meter
of roof, 0.26 cu.m of runoff per square meter of
roof was contributed as ground water recharge
and 0.61 cu.m of runoff per square meter of roof
was collected in to sump. Cost of system was
determined Rs.172 per square meter.

At Ludhiana, during the last 14 years, the area
under different under water table 3-10 m has
reduced from 53.0 to 21.9 per cent, whereas the
area with water table depth greater than 20 m
depths has rose from 0.0 to 24.6 per cent
indicating that central Punjab is under severe
declining water table problem. The pump density



maps (no of pumps per 1000 ha) were prepared
for both diesel and electric operated tubewells for
the individual years. The electric pumpset in SC-
ITI had sharply increased and followed an exact
linear trend from 2000-2011 SC-III and BM-III
witnessed a 67% and 42% increase in electrical
pumpset density respectively during the study
period. In case of diesel pump sets, UB-III and
SC-III witnessed a 11% and 7% decrease in the
density respectively whereas BD-III and BM-III
showed an increase of 49% and 46% respectively
during the study period

At Ludhiana, it was found that In the northern
and central parts of Punjab, the concentration of
arsenic in groundwater varied from 0.003 to 0.042
mg/l and 0.009 to 0.042 mg/I respectively. Study
is being conducted by Ludhiana centre to develop
suitable nano-filter which can reduce
concentration of arsenic from groundwater to
improve its potability. The selected fine sand was
washed with H,SO,. Energy-dispersive X-ray
spectroscopy (EDX) analysis clearly showed the
presence of basic components of sand viz. carbon,
oxygen, aluminium, silica and potash. The washed
fine sand then coated with iron oxide and analysed
through EDX which shows the presence of iron
along with basic components of sand. Fourier
transformation infrared spectroscopy (FTIR) shows
the weak absorption of iron oxide at the 525 cm-
'and a medium band at 464 cm.

At Ludhiana, It was predicted that the average
yield of adequately irrigated and fertilized rice for
Ludhiana district may reduce by 14.8% in MC and
by 30.4% in EC during kharif season. However, in
rabi, wheat may marginally increase by 0.2% in
MC and reduced by 12.5% in EC. In MC and EC
(averaged over soil series), crop duration would
be shortened by 17 days (16.3%) and 24 days
(23.1%) in rice; and 8 days (5%) and 22 days
(13.4%) in wheat, respectively. Rice yield in MC
and EC would decrease almost in all the years
compared to that of the PTS.The irrigation
requirement in MC and EC would decrease by
48.7% and by 51.0% during the kharif season;
and 25.3% and 41.7% in rabi season, respectively.

At Rahuri, artificial groundwater recharge
technique for recharge of bore well is developed
by Rahuri centre to tackle the problem of declining
groundwater table. The experiment was conducted
at the Instructional Farm and the tests were
conducted during the period from July, 2014 to
October 2014. The filters made from various locally

available materials were tested for the constant
suspended load concentration of 200 NTU. The
filter developed in single layer, two layer, three
layer and four layer with combination of filter
material viz. sand- I (0.6-0.2mm), angular gravel-
I (9.5-15.5mm), angular gravel- II (15.5-21.5),
pea gravel -1 (20-24mm), pea gravel -1 (24-28),
brick flacks (24-28mm). The layer thickness in
single layer was 100 cm, in two layer was 25cm,
75cm, in three layer was 25cm, 37.5cm, 37.5cm
and in four layers 25cm, 25cm, 25cm and 25cm.
The four layer filter has performed better in terms
of filtration efficiency (92.3%) and discharge
(1.156 Ips) amongst all other filters.

At Raipur in Chakranal watershed, the aquifer
properties were found for Daldal Seoni (RGI EW-
IV and RGI OW-I) ranges from, transmissivity (T)
2.93 to 3.16 m2/day and storativity (S) 3.17 x
10> to 3.46 x 10 and for FAE well, IGKV Raipur
ranges from, transmissivity 9.37 to 9.51 m2/day.

At Udaipur, the results revealed that the major
limiting factor in groundwater quality of Bhilwara
district is salinity (90.90 % water samples falls
under high to very high salinity classes, ., and
ca)- Only 9.99 % groundwater samples have the
problem of high to very high sodic water (., and
<, Classes). Similarly, the alkalinity problem
encountered only in very small area (8.18 %
groundwater samples reported to have more than
2.5 me-! of RSC). Therefore, looking to the
problem of high salinity, utmost care should be
taken towards the management of salinity
problems of groundwater in the study area.

At Udaipur, the study indicated that about 87.18
per cent of the basin falls under poor/ moderate
groundwater potential zones and therefore,
immediate attention is required for ensuring
sustainable groundwater management in the
basin. The area suitable for artificial recharge is
279 km?, which contributes only 15.02 per cent
of the total study area.

Evaluation of conjunctive water use techniques
in the Mandhar branch canal and development of
effective management plan. Existing Conjunctive
water use practices shows available, utilizable and
utilized surface water as 5.35 Mm?3, 4.81 Mm? and
3.07 Mm?3 respectively where as groundwater
availability is 2.55 Mm?3 in which 1.62 Mm?3 is
utilizable and currently 0.31 Mm?3is utilized. To
meet the deficit of available water optimal crop
plan has assigned 631.7 ha and 33.2 ha area in
kharif to paddy and vegetables where as in rabi
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22.2 ha, 15.6 ha, 4.44 ha area has been assigned
to wheat, gram and lathyrus respectively. Results
on Irrigation scheduling and water use efficiency.

At Bhavanisagar,In the safe alternate wetting and
drying (SAWD) irrigation method in rice, higher
WUEof 5.77 kg/ha/mm was noticed under
irrigation after 15 cmm DPW from 7 DAT to 10
daysprior to harvest while lower WUE of 5.17 kg/
ha/mm was observed under the conventional
irrigation practice. The net return and B: C ratio
(2.62) also was higher with conventional rrigation
practice and irrigaion after 15 cm DPW upto
maximum tillering and continuous submergence
up to 10 days prior to harvest.

At Bilaspur, it was revealed that delaying irrigation
upto 3-5 days after subsidence of ponded water
can be considered to be the best water regime for
paddy in clay-loam to clay as about 40-60% of
irrigation water can be saved without yield loss in
comparison to continuous shallow submergence
(+/- 5 cm ponded water) At Faizabad, the
improved water management practice (6cm water
per irrigation through checks of 10x10m) gave
higher grain yield of 41.77, 41.40 and 40.50 g/
ha at head, middle and tail end of Chandpur
distributory in comparison to farmers practice in
which these were 31.50, 31.42 and 29.89 g/ha,
respectively. Thus, about 31.76-35.50% higher
grain yield was obtained under improved water
management practice over farmer’s practice of
wheat crop. The water expense efficiency (WEE)
was found to be highest (149.87 kg/ha.cm) at
head followed by middle and tail end at which it
was 148.55 kg/ha.cm and 145.32 kg/ha.cm under
improved irrigation practices, respectively. The
water expense efficiency was quite low in case of
farmers practice which were 85.44, 84.21 and
81.07 kg/ha.cm at head, middle and tail end of
the distributory respectively. At Faizabad,
Maximum pigeon pea equivalent yield (22.14 q/
ha) was recorded when pigeon pea was grown on
raised bed in paired row intercropping with rice
at farmer fields under poor availability of canal
water at tail end of distributory. The above
intercropping system which was based on rainfed
cultivation was most economical by giving
maximum net return of Rs. 67988.00 per hectare.
At Faizabad, Integrated farming system including
pisi culture and duckery was found more
productive and remunerative than conventional
cropping system (rice-wheat) giving highest net
return of Rs. 129471.00/ha/yr. with B:C ratio 2.67
against conventional system (Rs. 73625.00/ha/
yrand 1.62).
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At Faizabad, Transplanting rice has recorded the
highest yield of 43.39 g/ha which was significantly
higher over rest of the planting method of rice.
Drum seeding of rice gave the second highest yield
of 37.52 g/ha which was also significantly higher
over planting with zero tillage machine and
seeding under dry condition but at par with that
of broadcasting of sprouted seeds under puddled
condition. Irrigation schedule has significant effect
on rice crop yield and I1 irrigation schedule (7cm
irrigation at 1-DADPW) recorded the significantly
higher yield of rice 46.11 g/ha over other irrigation
schedules in which 7cm irrigation was applied at
4 (I12), 7(13) and 10 (I4) days after disappearance
of ponded water (DADPW). The rice yield under
12, I3 and 14 irrigation schedule was 41.12, 32.54
and 26.14 g/ha respectively.

At Faizabad, Improved irrigation practice of 6cm
water at critical stages (CRI, late jointing and
milking, two irrigation from canal and one from
tube-well water) by check basin (100m?2)
produced significantly higher grain yield (4217.14
kg ha-1) of wheat as compared to farmers
practices (3087.86kg ha-1) in which two
irrigations from canal with 8-10cm of water by
flooding field to field method were given. The
increase in yield was 36.97% in case of improved
irrigation practice over farmers practice. WEE was
also found significantly higher (54.48%) with
improved irrigation practice over farmers
practices.

At Gayeshpur, the analysis of data showed that
the grain yield of wheat was maximum (3340 kg/
ha) with highest frequency of irrigation at 20%
MAD of ASM, however, was at par with moderate
frequency of irrigation at 40% MAD of ASM (3187
kg /ha). Similarly, the highest grain yield was
obtained with 160:80:80 kg/ha N: P,0.: K,O
fertilizer level, but yield was statistically at par
with 120:60:60 kg/ha N: P,O,: K,O. The nutrients
(NPK) uptake was maximum with irrigation at 20%
MAD of ASM (84.6, 22.7 and 71.9 kg/ha of NPK,
respectively) and also with highest level of
160:80:80 kg/ha N: P,O.: K,O fertilizers (99.0,
26.9, 84.6 kg/ha of NPK, respectively), but were
on par with 40% MAD of ASM and 120:60:60 kg/
ha N: P,0.: K,O fertilizers, respectively. The
interaction between irrigation and fertilizer levels
showed that maximum yield (4153 kg/ha) and
water use efficiency of 13.8 kg/ha-mm was
recorded with irrigation at 20 and 60% MAD of
ASM, respectively both supplemented with
160:80:80 kg/ha N:P,0.:K,O fertilization.



At Hissar Planting of wheat cv. WH 711 under
FIRBS resulted in higher irrigation and total water
productivity (5.20 and 1.41 kg/m?3) as compared
to conventional sowing (3.70 and 1.25 kg/m3),
however, the yield did not differ significantly in
both the systems of sowing.

At Hissar Wheat succeeding mungbean produced
significantly higher grain yield (4781 kg/ha),
irrigation (4.64 kg/m?3) and total water productivity
(1.36 kg/m3) than sorghum (4465 kg/ha, 4.21
kg/ms3, 1.22 kg/m?3).

At Hissar, Conventional tillage resulted in
significantly higher grain yield (4826 kg/ha) than
complete zero (4327 kg/ha) but it was at par with
zero-tillage in rabi (4717 kg/ha). The water
productivity of irrigation water under zero tillage
in rabi was higher (4.81 kg/m?3) than conventional
(4.39 kg/m3) and complete zero (4.08 kg/m?3).

At Hissar, The grain yield of wheat was highest
with irrigation at IW/CPE of 0.9 whereas irrigation
water productivity was highest under irrigation
at IW/CPE of 0.60.

At Hissar, Application of irrigation at IW/CPE =
1.0 resulted in significantly higher yield over
irrigation at IW/CPE=0.8 and 0.6. Intercropping
of maize:soybean in 1:1 planting geometry
produced substantially higher maize grain yield.

At Jammu research findings reveal that there is
dire need of critical irrigation during CRI stage-
November and booting stage-March of wheat to
meet up minimum (1) irrigation of 60 mm in view
of canal closure during the period. The quantum
of this additional irrigation potential is 1798.5 ha-
m at disaggregated level of study area. It needs
to be supplied to the farmers through shallow
tube-wells. This shall upscale water productivity
of rice-wheat sequence.

At Jorhat, Pooled yield of three years revealed
that two irrigations, one each at flowering and
siligua development stage recorded significantly
higher seed yield of yellow sarson than one
irrigation either at flowering or siliqua formation
stage and rainfed crop. Pooled yield data also
revealed that application of 90-60-60 N-P,0O.-K,0
kg/ha being at par with 75-50-50 N-P,0.-K,0 kg/
ha recorded significantly higher seed yield than
60-40-40 N-P,0.-K,0 kg/ha. At Jorhat, drainage
coefficient for Assam lemon revealed that highest
value of drainage coefficient (4.28 cm/h) was
obtained for PVC pipe with mineral envelope
followed by PVC pipe with organic envelope.

Bamboo pipe with organic envelop resulted in the
lowest drainage coefficient of 0.669. The plastic
pipe irrespective of envelope material lowered the
water table better than other treatments during
the rainy season. The same pipes are being used
in Rabi season for providing irrigation water to
root zone and observation on yield and plant
attributes are being taken.

At Navsari, it is concluded that for achieving
higher yield and net profit from pigeon pea (rabi),
the crop is to be irrigated through drip at 0.6 PEF
with laying of 50p black plastic as mulch (BPM)
with 56 per cent coverage area.

At Navsari, Based on the yield and economics, it
is concluded that for getting higher yield and net
profit from rabi castor, crop should be sown at
2.4 m x 0.6 m spacing. Further, it should be
fertilized with 160:40 kg N and P/ha. The 10 per
cent dose of N and whole quantity of P should be
given as basal and remained 90 per cent N is to
be given through fertigation in 10 equal splits at
an interval of 8-10 days starting from 15 DAS.

At Shillong, Zero tillage for both kharif and rabi
crops resulted in higher grain yield as compared
to conventional tillage. Grain yield of rice was 15%
higher under zero tillage. Zero tillage also had a
significant influenced on the yield of succeeding
rabi crops: pea (2108.4 kg ha'), mustard (943.1
kg ha!) and buckwheat (723.6 kg ha'!) as well as
the water use efficiency as compared to
conventional tillage.

Pressurised irrigation system and Fertigation

At Faizabad, Drip irrigation @ 80% of PE with
100% N (I3) gave the highest crop yield of
1000.50 to 1050.60 g/ha followed by 14 15 16 17,
I8, I1 and 12 in which it was 980.40 to 1035.40,
892.20 to 952.20, 850.50 to 901.60, 688.10 to
750.80, 680.40 to 730.80, 615.00 to 635.40 and
529.50 to 554.00 g/ha respectively. The yield
obtained under the treatment with 100% N
fertigation was at par with that of 75% N
fertigation treatments. The yield of sugarcane
under drip irrigation @ 80%, 60% and 40% of
P.E. were varied significantly with each other. The
drip irrigation system gave in general significantly
higher sugarcane yield in comparison to surface
irrigation system. Drip irrigation treatment
(Irrigation @ 80% PE with 100% N) was found
most economical with B:C ratio of 4.03, 7.74 and
7.62 during three consecutive years (2012-2014)
followed by 14 I5 16 11, 17, I2 and I8 treatments
of irrigation. Drip irrigation saved about 59.46,
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69.53 and 79.67% irrigation water under 80%,
60% and 40% of PE irrigation levels in comparison
to surface irrigation in sugarcane cultivation
respectively.

At Hissar, Irrigation applied at 0.8 PE through drip
resulted in highest seed cotton yield and water
productivity. Among the surface methods irrigation
at IW/CPE=0.75 by furrow method higher seed
cotton yield as well as water productivity. Mulching
with wheat straw @ 4 or 6 t/ha produced similar
yield and water productivity but was considerably
superior to no mulch.

At Hissar, Irrigation with mini-sprinklers of wetting
diameter of 6 m in wheat saved 40 mm water
with an additional grain yield of 231 kg hat as
compared to surface irrigation. After 5 years of
operation of mini-sprinklers (6 m dia), a net profit
of Rs. 28427/ha was achieved over surface
irrigation. The productivity of irrigation and total
water use was also higher under mini-sprinkler
as compared to surface irrigation.

At Bhavanisagar, The results of water productivity
in integrated farming system in western zone of
TamilNadu revealed that the water use efficiency
(WUE) was higher in CO4 CN hybrid grassof about
179.4 kg/ ha/mm and among the other annual
crops, Bhendi resulted in higher WUE (45.4 kg/
ha/mm).

At Bhavanisagar, the study on optimization on
irrigation and Fertigation schedule revealed that
in the treatments receiving less of irrigation water
and higher fertigation level, the potassium content
near to the lateral seems to be higher compared
to places far off laterals. Irrespective of irrigation
levels and fertigation levels available potassium
was found to be higher in the 15-30 cm depth
compared to 0-15 cm depth and this may be due
leaching of nutrients during the water movements.
Water use efficiency was maximum in the
treatment drip irrigation at 40% of PE and 60%
of PE with lateral spacing of 90 cm.

At Bhavanisagar, Sub surface drip irrigation to SSI
cane at 1.0 PEF with an interval of 2 days recorded
the maximum cane (146t/ha) yield and sugar yield
(17.91 t/ha). Fertigation of 75% RDF :50% P & K
as basal, balance through drip as WSF (Ultrasol-
9:5:33, Urea & SOP) registered the highest cane
(133.41 t/ha) and sugar yield (15.54 t/ha). The
maximum WUE and water productivity of SSI cane
were registered with sub surface drip fertigation
of 75% RDF: 50% P & K as basal, balance through
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drip as WSF (Ultrasol- 9:5:33, Urea & SOP). With
regard to irrigation levels, the highest WUE and
water productivity were observed under irrigation
at 0.6 PEF.

At Chalakudy, drip Irrigation @ 2 ltr./plant on
alternate days using inline drippers along with
mulching can be recommended for salad
cucumber. Full dose of N and K as drip fertigation
with conventional fertilizers (Urea and MOP) at
weekly intervals (8 times) and full P as basal could
increase the yield of salad cucumber. The two
different fertilizer sources tested did not have
any significant influence on the yield of salad
cucumber. The soluble fertilizer ( Krista K ) was
more costly and conventional fertilizers were
more economical and registered significantly
higher B : C ratios compared to soluble fertilizers.
Soluble fertilizers could register a B: C ratio of
1.89 whereas conventional fertilizers recorded a
B:C ratio of 2.41.

At Gayeshpur, the 3-year pooled analysis showed
that the gravity drip irrigation scheduling at 1.0
Eo (evaporation replenishment) coupled with the
conjunctive use of 50% inorganic N plus 50%
organic N through vermicompost produced
significantly the highest number of spikes/plot
(72.6), number of florets per spike (10.3), longer
spike length (65.9 cm), higher weight of single
spike (43.2 g) and spike yield (9886 kg/ha) of
gladiolus, which was competitive with the gravity
drip irrigation scheduling at 0.8 Eo supplemented
with 50% inorganic N plus 50% organic N through
vermicompost. The performances of conventional
surface irrigation were found to be poor in
exhibiting the quality parameters and flower yield
of plant. The highest water use efficiency of 65.63
kg/ha-mm was obtained with gravity drip
irrigation scheduling at 0.6 Eo and the lowest of
31.65 kg/ha-mm in conventional surface
irrigation.

At Jammu, the pooled data for three years Rabi
2011-12 to 2013-'14 for yield and water-use
forPotato (Solanum tuberosum) indicates that
irrigation methods and irrigation schedules
differed significantly. Sprinkler method recorded
significantly higher yield over flooding but at par
yield with skip furrow method. Irrigation schedule
of 0.3 PE recorded significantly higher yield over
0.7PE but at par yield with 0.5 PE. Water use
efficiency was recorded highest with sprinkler
irrigation 42.74 kg /ha-mm followed by skip-
furrow 40.89 kg/ ha-mm and flooding irrigation
30.47 kg/ ha-mm, respectively.



At Navbsari, based on the results of experiment
on comparative performance of water soluble and
routinely used fertilizer in banana (cv. Grand
Naine) under drip irrigation, among the fertilizer
levels, L, (80 % RD) recorded significantly higher
values of all these attributes as compared to L,
and L,. As far as effect of frequency of fertilizer
application is concerned it was found to be
significant on all the attributes except no. of hands
per bunch. In all the cases, F, (twice in a week)
frequency of fertigation recorded significantly
higher values. The fruit yield followed the
significant descending trend on L levels i.e. L,
>L,>L, between the two frequency of fertigation,
level F, recorded significantly higher fruit yield as
compared to F,. In case of control v/s rest analysis,
treatment mean was better than drip and drip
better than surface control.

At Palampur, for maximizing production, broccoli
crop should be irrigated at three day interval with
gravity fed drip irrigation system. The quantity of
water applied per irrigation should be equal to
1.0 time of cumulative pan evaporation of
preceding three days. Hundred per cent of soil
test based recommended NPK dose should be used
for eight fertigation with an interval of at least 11
days between two successive fertigation.

At Palampur, for maximizing production, broccoli
crop should be irrigated at three day interval with
gravity fed drip irrigation system. The quantity of
water applied per irrigation should be equal to
1.0 time of cumulative pan evaporation of
preceding three days. Hundred per cent of soil
test based recommended NPK dose should be used
for eight fertigation with an interval of at least 11
days between two successive fertigation.

At Pantnagar, in Lysimeter the average rice yield
of 46.47 g/ha was obtained with an average water
requirement of 701.3 mm, having average WUE
as 6.68 kg/ha-mm during the kharif season of
2014. The higher grain yield of mustard was
obtained under shallow water table (30 cm) with
sprinkler irrigation method than flood method.
Even under deep water table situations, sprinkler
method was better than flood method. Flood
method was inferior to sprinkler as it produced
lower mean grain yield by a margin of 217 kg/ha.
The mean increase in WUE due to sprinkler method
was 0.54 kg/ha-mm over the flood method (1.87
kg/ha-mm). The average crop coefficient (Kc)
value for Mustard cv. Pant Peeli Serson-1 is 0.56
ranging from 0.17 (sowing time) to 1.02, a stage

of flowering & pod formation stage. During
summer months, cowpea needs to be irrigated at
CPE loss of 150 mm with sprinkler and 200 mm
CPE loss with flood method. Overall, sprinkler
method of irrigation was superior to flood and had
higher WUE. Both the methods performed better
at 60 cmwater table depth.

At Pantnagar, In transplanted rice poor efficacy of
PE herbicides in the want of proper moisture is a
big issue to achieve satisfactory weed control.
Based on the grain yield, it can be concluded that
for higher efficacy of Pretilachlor (PE), irrigation
must not be delayed from 1DADSW during initial
crop phase (upto 15 DAT). In more stressed
treatments Bispyribac-Na (PoE) performed better
than Pretilachlor. With alone application of either
herbicide, irrespective of moisture regimes, the
weed control efficiency was better with Bispyribac
than Pretilachlor. But under severe stress, both
herbicides failed to control the weeds effectively.
Based on interaction data it is noted that weeds
dry matter < 2.0 g/m2 (transformed values) at
60 DAT is the critical value for obtaining good rice
yield.

Rainwater harvesting and utilization

At Dapoli, from the three years study it is observed
that, use of dry grass mating + 75% shading net
retained more water in Jalkund as compared to
other treatments followed by a cover of dry grass
matting + polyethylene paper. Use of dry grass
mating + 75% shading net retained (56.5%) more
water as compared to control treatment.

At Dapoli, Irrigation up to 20 days from peanut
stage of cashew nut could not increase yield,
whereas, the yield was significantly increased and
was highest (4.53 kg/plant) when irrigation was
delivered up 40 days from peanut stage of cashew
nut. Yield under treatment irrigation up to 80 days
from peanut size of cashew nut was decreased,
which indicated that cashew requires water up to
60 days from peanut size of cashew nut to increase
the yield. The results indicated that application
of total water of 6 ha-mm (60000 litres) up to 40
days after the peanut stage of cashew nut could
increase the cashew yield of fully grown crop to
1.30 tonnes/ha with the WUE of 216.7 kg/ha-mm.
Highest yield could be observed in treatment
combination LT, i.e. irrigation application @ 50
litres/plant up to 40 days after peanut stage of
fruit development.

At Shillong, turmeric grown under terrace
condition with FYM + straw mulching significantly
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recorded higher yield (27740.6 kg ha) as
compared to other treatments. Weed population
and density was also significantly influenced by
different manures and mulching. The control plots
recorded highest weed population.

At Shillong, zero tillage resulted in higher maize
equivalent yield (5940.03 kg ha') as compared
to conventional tillage. Among the intercropping
system/ residue management treatments, the
maize equivalent yield (MEY) was higher under
Maize + Groundnut Paired Row (residue retention)
which was 57.87% more as compared to sole
maize and the yield of succeeding toria was also
found to be higher under Maize + Groundnut
Paired Row (residue removal) which was 43.75%
higher as compared to Sole Maize (residue
retention).

At Palampur, under irrigation depth of 2 cm,
application of plastic mulch in Brinjal resulted in
significantly higher gross and net returns than
under application of either organic mulch (21.12
& 25.69 %) or no mulch (38.41 & 41.44 % ) and
application of organic mulch after planting of crop
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resulted in significantly higher (14.27 %) gross
returns than under application of no mulch.
However, in case of net returns, application of
organic mulch had no effect when compared with
no mulch treatment. Similarly, B: C ratios were
not influenced by source of mulch in comparison
to no mulching under irrigation depth of 2 cm.

Basic Studies on
relationship

Soil-water-plant

At Ludhiana, It was predicted that the average
yield of adequately irrigated and fertilized rice for
Ludhiana district may reduce by 14.8% in MC and
by 30.4% in EC during kharif season. However, in
rabi, wheat may marginally increase by 0.2% in
MC and reduced by 12.5% in EC. In MC and EC
(averaged over soil series), crop duration would
be shortened by 17 days (16.3%) and 24 days
(23.1%) in rice; and 8 days (5%) and 22 days
(13.4%) in wheat, respectively. Rice yield in MC
and EC would decrease almost in all the years
compared to that of the PTS.The irrigation
requirement in MC and EC would decrease by
48.7% and by 51.0% during the kharif season;
and 25.3% and 41.7% in rabi season, respectively.




INTRODUCTION

All Indian Coordinated Research Project on Water Management and All India Coordinated Research
Project on Groundwater Utilisation were merged to be rechristened as All India Coordinated Research
Project on Irrigation Water Management during the XII Plan and are operating in 26 centres. There are
multiple locations under Tamil Nadu Agricultural University (Bhavanisagar, Madurai, Coimbatore),
Jawaharlal Neheru Krishi Viswa Vidyalaya, Jabalpur (Powerkheda and Jabalpur), Panjab Agricultural
University, Ludhiana (Bathinda and Ludhiana), Indira Gandhi Krishi Viswa Vidyalaya (Raipur and Bilaspur)
centres. The mandates of the merged AICRP on Irrigation Water Management are as follows.

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

1.

4,

Bf

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

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-eco
systems

Management of rain water for judicious use and to develop and evaluate groundwater recharge
technologies for augmenting groundwater availability under different hydro-geological conditions.
Basic studies on soil-water-plant-environment relationship under changing scenarios of irrigation
water management.

To evolve management strategies for conjunctive use of surface and ground water resources for
sustainable crop production.

List of existing centres and their controlling institutions under AICRP on Irrigation Water Management

Table.1 Centres and their controlling Universities

S.No. Location of the Centre Controlling University /ICAR Institute
1. Almora VPKAS., Almora
2. Bathinda, Ludhiana PAU., Ludhiana
3. Belvatagi UAS.,Dharwad
4, Bhavanisagar,Madurai, Coimbatore TNAU., Coimbatore
5. Bilaspur, Raipur IGKVV., Raipur
6. Chalakudy KAU., Thrissur
7. Chiplima OUAT., Bhubaneswar
8. Dapoli KKV., Dapoli
9. Faizabad NDUAT., Faizabad
10. Hisar CCSHAU., Hisar
11. Jammu SKUAST., Jammu
12. Jorhat AAU., Jorhat
13 Junagarh Junagarh Agricultural University
14 Gayeshpur BCKVYV, Kalyani
15. Kota Kota Agricultural University
16. Morena JNKVV, Jabalpur
17. Navsari NAU., Navsari
18. Palampur HPKVV, Palampur
19. Pantnagar GBPUAT, Pantnagar
20. Parbhani MAU, Parbhani
21. Powarkheda, Jabalpur JNKVV, Jabalpur
22. Pusa R.A.U., Pusa
23. Rahuri M.P.K.V., Rahuri
24. Shillong ICAR Res. Complex for NEH region
25. Sriganganagar R.A.U., Bikaner
26. Udaipur MPUAT, Udaipur

ﬁnl . e
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Irrigation Commands under AICRP on Irrig_atiori Water Management

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

Table 2. Agro ecological region-wise distribution and irrigation commands represented by
the centres of AICRP on Water Management

RT 2014-15 | 16

Region Agro-ecological region State Irrigation Centre Controlling
No. Region command
organization
1 Western Himalayas, cold arid J&K Jammu Tawi
ecoregion with shallow skeletal
soils
2 Western Plain, Kachchh and part of Punjab Bhakra Bathinda PAU
kathiawar Peninsula, hot ecoregion, Haryana Bhakra Hisar CCS HAU
with desert and saline soils Rajasthan IGNP Sriganga-nagar| RAU-Bikaner
Gujarat
3 Deccan Plateau, hot arid ecoregion, A.P.
with red & black soils Karnataka
4 Northern Plain and central Punjab
Highlands including Aravalis, hot Zar}'a”?
semi-arid ecoregion, with alluvium- ujara
. - Rajasthan
derived soils UP
M.P.
5 Central (Malwa) Highlands, Gujarat | Rajasthan Chambal Morena I\Jfll\lilL(J\/i\T/
Plains & Kathiawar Peninsula, hot M.P. Chambal Kota A
T . . . . Udaipur
semi-arid ecoregion, with medium Gujarat
& deep black soils
6 Deccan Plateau, hot semi-arid A.P. Mula Rahuri MPKV
ecoregion, with shallow and | Maharashtra | Jayakwadi Parbhani MKV
medium (with inclusion of deep | Karnataka Malaprabha Belvatagi  [yAS, Dharwad
black soils)
7 Deccan (Telangana) Plateau and A.P.
Eastern Ghats, hot semi-arid
ecoregion, with red & black soils
8 Eastern Ghats, TN uplands and A.P. Lower Bhavani Bhavani-sa_gar TNAU
Deccan (Karnataka) Plateau, hot | Karnataka | Periyar Vaigai Madurai
semi-arid ecoregion with red loamy | Tamil Nadu
soils.
. . i Pant TNAU
o | Northern Plain hot subhumid (dry) |~ Bihar | Sharda CanaliBarmnaoar | o e
ecoregion, with alluvium derived P‘:J”{Dab Sahayak NDUAST
soils h
10 | Central Highlands (Malwa, M.P. Tawa Powarkheda INKVV
Bundelkhand & Eastern Satpura) | Maharashtra
hot humid ecoregion, with black
and red soils

S ___'
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Region Agro-ecological region State Irrigation Centre Controlling
No. Region command
organization
11 Eastern Plateau (Chhatisgarh), hot U.P.
subhumid ecoregion, with red & Bihar _
yellow soils M.P. Hasdeo Bango Bilaspur IGKVV
12 Eastern (Chhotanagpur) Plateau & Bihar
Eastern Ghats, hot subhumid Q-FI;-
ecoregion ith red and lateritic L
so”g gion, withr it Orissa Hirakud Chiplima OUA&T
13 | Eastern Plain, hot subhumid u.p
(moist) ecoregion, with alluvium- Bihar Gandak Pusa RAU
derived soils. Ravi & Tawi Jammu KSUAS&T
Palampur HPKVV
. Al VPKAS
14 Western Himalayas, warm sub- J&K mora
humid (to humid with inclusion of H.P.
perhumid) ecoregion with brown U.P
forest & podzolic soils.
15 | Bengal & Assam Plain, hot sub- Assam Jamuna Jorhat AAU
humid (moist) to humid (inclusion Mslg:?;f%a
of perhumid) ecoregion, with
alluvium-derived soils. LR ] bVC Gayeshpur BCKV
16 | Eastern Himalayas, warm per- Sikkim
humid ecoregion, with brown & red | West Bengal
hill soils Arunachal
' Pradesh
17 North-eastern Hills (Purvachal) Arunachal
warm perhumid ecoregion with red Pradesh
& lateritic soils. Nagaland
Manipur
Mizoram
- ICAR-
Tripura Complex
Meghalaya Shillong for NEH
18 Eastern coastal plain, hot subhumid | west Bengal
to semi-arid ecoregion with coastal Orissa
alluvium-derived soils. A.P.
Tamil Nadu
Pondicherry
19 | Western Ghats & Coastal Plain, hot Gujarat  |Ukai-Kakrapar Navsari Eﬁg
humid-perhumid ecoregion, with Kerala Chalakudy Chalakudy
red, lateritic and alluvium-derived | Karnataka
soil.
20 Inlands of Andaman-Nicrobar and | Lakshadweep
Lakshwadweep, hot, humid to per- | Andaman &
humid island ecoregion, with red N'COb(aUrTI)S'a”d

loamy and sandy soils.
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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. in
respect of each AICRP centres are given in Tables 2 and 3.

Table 3. Locality characteristics of AICRP centres in irrigation commands

Name of Centre Soil type

Belvatagi
Bhavanisagar
Bilaspur
Chalakudy

Chiplima
Faizabad

Hisar

Jammu
Jorhat

Bathinda

Kota
Madurai
Gayeshpur

Morena

Navsari
Pantnagar

Parbhani
Powarkheda
Pusa

Rahuri
Sriganganagar

Sandy loam to clay

Red sandy loam to clay loam
Sandy loam to clay

Loamy sand to sandy loam,
slightly acidic

Sandy loam to sandy clay loam
Silty loam to silty clay loam

Loamy sand to sandy loam
Sandy loam to silty loam

Sandy loam to sandy clay loam,
slightly acidic

Loamy sand to sandy loam
Clay loam to clay

Sandy loam to clay loam

Sandy loam to clay loam

Sandy loam to sandy clay loam

Clayey
Sandy loam to clay loam

Medium to deep black clayey
Clay loam to clayey
Sandy loam

Deep black clayey
Loam to silty clay loam

Depth of
water

table (m)

Very deep
3-10 m
>2m

Annual
rainfall
(mm)

556
702
1249
3146
1349
1163
430
1175
1985
400
777
858
1315
875

1418
1370

879
1285
1200

523
276

Source
of

irrigation

Canal
Canal
Canal

Canal
Canal
Canal
Tubewell
Canal
Tubewell
Canal

Canal
Tubewell
Canal
Tubewell
Canal
Canal
Canal
Tubewell
Canal
Tubewell
Canal
Canal
Tubewell
Canal
Canal
Canal
Tubewell
Canal
Canal
Tubewell

Irriga-
tion
water
quality

Good
Good
Good

Good
Good
Good
Good
Good
Good
Good

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
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Assessment of surface water, groundwater and wastewater 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.

The AICRP on Irrigation Water Management
centres carried out location specific research on
regional water availability from different sources
and on farm demonstrations under above theme
across the country during the reporting year.
Under the theme, selected studies were conducted
to determine the regional availability of water in
command areas of distributaries of major,
medium, minor irrigation projects and tubewell
commands. The results of selected studies are
presented below;

1.1 Pantnagar

Pantnagar centre carried out studies on
groundwater availability and its dynamics in one
districts of Uttarkhand and two district of Uttar
Pradesh. The districts lie in the Baur -Behgul Inter
basin. The basin is located between latitude of
28° 29’ 56" and 29° 06’ 56" N, and longitude of
79° 06" 43" and 79° 36’ 33" E. It covers part of
Udham Singh Nagar district of Uttarakhand and

Bareilly and Rampur districts of Uttar Pradesh.
The eastern boundary of the area is marked by
Behgul river, west by Baur river. Total geographical
area and perimeter under study were about
2,17,640 ha and 346 km, respectively, of which
73,084 ha fell in Udham Singh Nagar district,
84933 ha in Rampur district and rest (59,623 ha)
in Bareilly district.

Study was conducted to assess groundwater
behaviour and changes that took place during the
period of 20 years i.e. from 1990 to 2010 in Bahur-
Behgul inter basin of Uttarkhand state. The pre-
monsoon and post-monsoon water table data were
recorded in the study area. The depth of water
table of the study area was analysed district wise
as given below. The average water table depth
for pre-monsoon period varied from 3.67 m to
4.04 m with the coefficient of variation as 37%
and 22% during the years 1990 and 2010,
respectively. For post-monsoon period, average
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Fig. 1. Pre-monsoon depth to water table contour map
(1990) of Baur- Behgul interbasin

ig. 2. Post-monsoon depth to water table contour
inter basi '
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Fig. 3. Pre-monsoon depth to water table contour map

(2010) of Baur-Behgul inter basin

Fig. 4. Post-monsoon depth to water table contour map
(2010) of Baur-Behgul inter basin

water table depth varied from 1.81 m to 2.35 m
with the coefficient of variation as 55% and 34%
during the years 1990 and 2010, respectively.
Water table contour map for pre-monsoon and
post-monsoon depths to water table, below ground
level, for the years 1990 and 2010 are shown in
Figs. 1 to 4.

The study revealed that there was decline in depth
of pre-monsoon water table was found in Barua
bagh, CRC Pantnagar, University Bhatta, Satuia,
Semalpura, University Gymnasium, Gularbhoj,
Jhagarpuri, Khanpur, Chhatarpur, Motipura,
Bazpur and Kelakheda areas of Udham Singh
Nagar district, where as Bilaspur, Swar and Milak
blocks of Rampur district and Baheri, Shergarh
and Meerganj blocks of Bareilly district there was
decline in both pre- and post monsoon water table
depths during 1990 - 2010. The decline in depth
of post-monsoon water table was found at all the
places of Gadarpur and Rudrapur blocks of Udham
Singh Nagar district. The areas under Swar and
Milak blocks of Rampur district, and Shergarh and
Meerganj blocks of Bareilly district were identified
as the main problematic areas where the condition

of groundwater mining was prevailing and need""\\

immediate attention and suitable remedial
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measures to manage the problem well within time.
The canal network may be extended to the
problematic areas to supply water for irrigation
and also to serve as a potential source for
recharging underground aquifer. The problem of
declining water table was experienced in the study
area mainly because of lack of proper planning of
a systematic groundwater extraction programme.
The trend clearly showed the physical scope of
recharging of groundwater in the area lying near
the banks of the rivers. None of the study areas
was, however, observed under waterlogged
condition. This means that some part of the total
area is drastically facing the problem of
groundwater depletion.

1.2 Jabalpur

Jabalpur centre carried out studies on groundwater
assessment in alluvial areas of Upper Narmada
Basin. Narsinghpur district was selected to study
the water availability through different sources
and crop water demand considering different crops
grown in the region. Surface water (SW)
availability was assessed by collecting data
regarding canals, designed discharge, operating
h ‘throt year. Gr




availability was estimated using the data from the
State Groundwater Department. Crop water
requirements were estimated using standard
water budgeting using rainfall, evapo-transpiration
and Soil moisture availability during Kharif and
Rabi season separately. The demand and supply
results were analyzed to improve the existing
production system.

Simulation of groundwater using MODFLOW was
carried out in alluvial region of Narsinghpur district
during last year. Model studies were conducted in
groundwater simulation in UNB to finalize the
values of Hydraulic conductivity and specific yield
in Narsinghpur district. Results of the calibrated
flow model (steady and transient states) indicate
that the hydraulic conductivity of the Upper
Narmada basin ranges between 0.000257 and
0.000567 m/sec. The model was validated with
10 years data and applied to forecast the
groundwater changes in 2025. After calibration and
validation three different scenario were considered
for future prediction, first is to continue with the
present rate of abstraction with present recharge
rate of 10% of rainfall, second, is increment of
groundwater withdrawal by 12% till 2025 with
present recharge rate and third one is to increase

_Fig B, Firs_t scenari_o flow dir_ection and water level con-
tour map

withdrawal by 20% up to 2025 (Fig 5 and 6).

While predicting the model for the year 2025
increased abstraction rates by 12% of current
withdrawal rate were considered. It was observed
during the prediction run that a maximum head
range of 456 to 463 m and minimum head range
306 to 308 m which is 0.2% to 0.3% less than
present head values. However decreasing water
levels stressed the need of enhancing recharge,
reducing irrigation demands, and use of efficient
methods of irrigation as well as changing crops of
low water requirements in the area.

Reducing the recharge rate by 9% of the average
annual recharge rate and considering the
withdrawal as 12% more of current withdrawal
rate, the maximum head ranges from 456 to 460
m and minimum head range 339 to 346 m was
observed. This has a deviation of 0.3% to 0.4%
in observed head values. The extent of dry cell is
more in comparison to scenario 1. This reflects
that the recharge should not be lowered than the
present situation. Comparison between observed
and computed heads in year 2013 for both
scenarios are presented in fig 7 and 8.
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Fig 6. Second scenario flow direction and water level
contour map
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Fig. 8. Comparison between observed and combuted

heads in year 2013 (first scenario)

s in year 2013 (second scenario
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1.3 Udaipur

Udaipur centre carried out delineation of
groundwater potential zones in Jaisamand basin
of Udaipur district.The groundwater potential
zones of Jaisamand catchment of Udaipur district
was delineated and the various potential zones
as well as artificial recharge zone were
characterized. The gross catchment area of the
Jaisamand basin is 1813 km? and the gross
capacity of the lake is 568.18 M.Cum. In this study,
the thematic layers on geomorphology, drainage,
soil, land use, net recharge, etc. was used for the
delineation of groundwater potential zones in the
Jaisamand basin. To demarcate the potential
zones, all the thematic layers have been assigned
suitable relative weights and then integrated using
ILWIS GIS software. The weights of the different
themes were assigned on a scale of 1 to 5 based
on their influence on the occurrence of
groundwater potential. Furthermore, different
features of each theme will be assigned weights
on a scale of 1 to 9 according to their relative
influence on groundwater potential. Based on this
scale, the qualitative evaluation of different
features of a given theme will be performed as:
poor (weight = 1-1.5); moderate (weight = 2-
3.5); good (weight = 4-5.5); very good (weight
= 6-7.5); and excellent (weight = 8-9). The
relative influence of the individual themes and
features on groundwater potential was decided
based on the experts’ opinion, information and
local knowledge. The net recharge for the basin

has been estimated using water table fluctuation
method with point recharge value.

To develop the thematic map of net recharge and
also to find out specific yield as well as
transmissivity, constant discharge transient
pumping test in the basin were started in 2013-
14 based on systematic square grid pattern. Entire
Jaisamand basin was divided into 50 systematic
square grids. The size of each square grid was 6
km x 6 km. The pre and post monsoon
groundwater samples along with water tables were
also collected in each grid. Based on pumping test
data analysis using Papedopulos - Cooper method,
transmissivity and storage coefficients ranged
from 123.82 to 386.94 m?/day and from 0.000160
to 0.03047 respectively. Groundwater recharge
of 109 sites was estimated by using water table
fluctuation method and the average groundwater
recharge for the study area was found to be 2.87
cm/year. The study area were divided into four
groundwater potential zones, viz., ‘good’,
‘moderate’, ‘poor’, and ‘very poor’, covering 12.82,
49.65, 33.21 and 4.32 per cent area respectively
(Fig 9). About 87.18 per cent of the basin falls
under poor/ moderate groundwater potential
zones and therefore, immediate attention is
required for ensuring sustainable groundwater
management in the basin. The area suitable for
artificial recharge is 279 km?, which contributes
only 15.02 per cent of the total study area
(Fig 10).
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The different physicochemical parameters such as
pH, electrical conductivity (EC), total dissolved
solids (TDS), calcium (Ca*), magnesium (Mg"),
sodium (Na*), potassium (K*), bicarbonate
(HCO,), carbonate (CO,), chloride (CI), and
sulphate (SO,) present in pre and post monsoon
samples of the study area were determined using
standard methods. The variations in individual
groundwater quality parameters map are prepared
in GIS environments and shown in fig 11. The pH
of groundwater varied from 6.80 to 7.90 with a
mean of 7.35 in pre monsoon period and 7.20 to
8.50 with a mean of 7.77 in post monsoon period.
About 46.48 per cent area of Jaisamand catchment
has pH ranges between 7.10 to 7.35 during pre
monsoon period and 55.38 per cent area ranges
from 7.70 to 7.85 during post monsoon period.
The electrical conductivity (EC) varies from 0.62
to 6.70 ds/m with an average of 1.596 ds/m during

B

pre monsoon and 0.25 to 5.83 ds/m with an
average of 1.14 dS/m during post monsoon period.
The major ion chemistry data revealed that Mg
and Ca are the most predominant cationic
constituents followed by Na during pre monsoon
period as well as post monsoon period. Most part
of the study area was found negligible K and CO,
during both pre and post monsoon period. The
highest HCO, was found in the Bortalai, Karget,
Sathpur meenan, Umedpura etc. villages in pre
monsoon period and about 83.01 per cent area
shows the HCO, greater than 2.62 meq/I during
post monsoon period. The EC and TDS shows
highly significant and good positive correlations
with Ca, Mg, Na, K, Cl and SO, during both pre
and post monsoon period. It is suggested that
presence of calcium, magnesium, sodium,
potassium, chloride and sulphate in the study area
greatly influence the TDS and EC.
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1.4 Rahuri

Rahuri centre carried out studies on reliability of
electrical resistivity method of prospecting
groundwater in hard rock region of Maharastra.
The surface electrical resistivity method was used
with Schlumberger array for geophysical
investigations at 26 different locations. The data
collected from the vertical electrical sounding is
used for the calculation of apparent resistivity.
The apparent resistivities are calculated by using
standard formula proposed by Carrington and
Watson. From resistivity data the minimum and
maximum apparent resistivity of the different
locations of study area are collected and presented
in table 1.1.

The reliability of electrical resistivity method for
hard rock region was established by comparing
the results of electrical resistivity method using
curve break technique with the actual bores or
wells taken by the farmers. It was found that the
instrument and the technique are 88.46 % reliable
in hard rock region in locating the spot for well.
The values of depth of water bearing formation
estimated from the method of successful bores
were compared with the actual values of depth of
water bearing formation (Table 1.1). Around six
per cent deviation was observed between
estimated and actual values of depth of water
bearing formation. Thus this method is 93.44 %
accurate in finding out the depth of water bearing
formation.

Table 1.1. Apparent resistivity and depth of water bearing formation of different locations

Minimum Maximum Depth of water Depth of water %

apparent apparent bearing formation bearing formation Deviation

resistivity, resistivity, by using curve actually locations

(ohm-m) (ohm-m) break method,m
VES 1 2.685 452.208
VES 2 10.400 85.915 80 90 +10.98
VES 3 2.637 41.165 72 54.87 -31.21
VES 4 2.437 74.606 93.33 90 -3.70
VES 5 7.046 126.605 96 90 -6.66
VES 6 36.298 148.714 59.5 Failed 0
VES 7 4.514 214.427 98.82 90 -9.80
VES 8 0.110 79.029 84.12 90 +6.53
VES 9 32.279 185.244 98.52 70.10 -40.54
VES 10 10.605 95.589 94.34 90 -4.82
VES 11 3.014 32.174 18.28 27.43 +33.35
VES 12 13.188 324.990 50.58 27.43 -84.39
VES 13 0.466 101.548 26.80 42.68 +37.21
VES 14 0.297 152.891 62.72 48.78 -28.57
VES 15 6.029 206.531 98.75 76.21 -29.57
VES 16 9.546 499.637 54 60.93 +11.37
VES 17 13.023 95.330 30 18.30 -63.93
VES 18 16.705 153.749 62.64 60.96 -2.75
VES 19 92.403 608.932 57.05 54.86 -3.99
VES 20 29.265 294.695 72.45 Failed 0
VES 21 24.092 868.147 74.34 79.24 +5.69
VES 22 12.686 84.074 48 48.78 +1.59
VES 23 11.681 204.037 104.70 54.87 -90.81
VES 24 37.806 394.199 42.35 45.73 +7.39
VES 25 30.860 228.680 83.33 Failed +100
VES 26 6.029 638.959 48 54.87 +12.52
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1.5 Junagarh

Junagarh centre carriedout studies on aquifer
mapping of Uben river basin by vertical electrical
sounding resistivity technique . Survey was
conducted at nine different sites namely Choki,
Makhiyala, Patala.Vadal, Chobari. Chobari.
Goladhar. Ravani rupavati. Fareni. Satalpur in
Uben river (Fig 12) and based on electrical
resistivity values of different layers, geological
formations were determined. The IGIS signal
stacking Resistivity Meter Model SSR-MP-AT-DS
was adopted for the study. The SSR-MP-AT-DS is
programmable through user-friendly menu for its
operation. the special feature in SSR-MP-AT-DS
resistivity Meter is that it can store the data and
directly down loads to the computer through
RS232 port for further analysis. It has also a
provision to display data through 16x2
alphanumeric liquid crystal display which can be
recorded manually at the time of survey.
Schlumberger Array method was adopted.

N___[d (L?-12)/21]R
where, fi_ = apparent resistivity (U-m) ,

| = distance from center line to
inner probes (m)

L = distance from center line to
outer probes (m)

R = measured resistance (U)

a = probe spacing (m)
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Fig. 12: Survey sites in Uben river basin

The resistivity values of different geological
formations are collected from the literature and
used in the study.

The following geological formations were found
at different sites,

b)

c)

f)

9)

h)

Choki Survey site : Up to 20 m from surface
unconfined aquifer was found, first confined
aquifer was at depth of 26.6m , second
confined at depth of 133.3 m and third
confined aquifer at depth of 160 m were
appeared having possibility of water
availability.

Makhiyala Survey site : At very shallow depth
basaltic layer was found but seven confined
aquifers were observed at depths of 13.3m,
33.3m, 46.6m, 86.6 m, 140m, 153.3m,
173.3m 1nd 180m. good water availability
was observed at this location.

Patala Survey site: Very specific site was
observed up to 6.7 m depth in un confined
aquifer availability of water was determined.
Also only one confined aquifer was observed
at a depth of 153.3 m. remaining layers
having no much possibility of water
availability.

Vadal Survey site : Depth up to 46.6 m m
possibility of water in unconfined aquifer was
observed, In confined zone four aquifer were
found at a depth of 86.6 m, 146.6m 160m
and 186.6 m

Chobari : Up to 20 m from surface
unconfined aquifer was found. Seven confined
aquifers were observed at depth of 26.6m,
53.3m, 66.6m, 106.6m 146.6m, 160m,
186.6m having possibility of water
availability. Poor quality water was observed
at a depth of 120m.

Goladhar Survey site: Very deep at 106.6
first basaltic layer was found so up to 106.6m
was fractured unconfined aquifer. After that
only two confined aquifers were found at a
depth of 120m and 166.6m having possibility
of water availability.

Ravani rupavati Survey site : Hard Layer
like basaltic was not found but hard sand
stone apears at a depth of 40 m so above
this the aquifer was consider unconfined.
Below 60m and 126.6m aquifers of large
thickness are observed having good
possibility of water availibilty. But the both
the aquifer may be in semi pervious nature.

Fareni Survey site : Unconfined aquifer was
found up to the depth of 40 m. Between
basaltic layers four confined aquifers were
observed at a depth of 60 m, 100 m, 113.3m
and 160 m. having possibility of water
availability
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i) Satalpur Survey site : At a depth of 140 m
only one basaltic layers was found Unconfined
aquifer was found up to the depth of 46.6 m
.Between Hard sand stone two semi confined
aquifers are observed at a depth of 53.3 m
and 133.3 m deep. One confined aquifer was
observed at a depth of 146.6m.

1.6 Raipur

Raipur centre carried out cadastral level land use
plan for effective management of water resources
of an agricultural watershed. Watershed comprises
15 village including Dhanali, Dhangaon, Lawatara,
Chamari, Khandsara, Ataria, Ghanadih Kalan,
Karchua, Kewanchhi, Banaspur, Rampur,
Khursbod, Sameria and Martara. Dhangaon
watershed is a 5% order watershed coverng 77.19
km? area. Most of the thematic maps like
watershed, sub-watersheds, drainage, DEM, soil
and land use have been prepared using GIS
technique. Based on the analysis of SWAT, the
critical sub watershed was identified as SW7. The
main village in this micro watershed is
administrative boundary of village Dhangaon. The
digitization work of the acquired cadastral map
was carried out along with its georeferencing
(Figl13). Geodatabase of the cadasatral (patwari)
records have been created with more than 660
land holdings by the tribal farmers. IRS-
Resourcesat-2 LISS IV (5.8 m resolution), Path -
102, Row-057 satellite data of 10 October, 2014
date was procured from National Remote Sensing
Center, Hyderabad for getting the cadastral level

land use of the micro watershed. Pixel based
classification technique has been applied for
retrieving the micro level information. The soil map,
slope and farming situation maps are also being
prepared and based on the various dominating
factors, land and water resource development plan
will be developed at cadastral level. The field level
information about the management plan can be
readily transmitted to the farmers as there field
number (khasra no.) along with name is stored in
the geodatabase (Fig 14).

1.7 Ludhiana

Ludhiana centre carriedout studies on spatial
decision support system for determining energy
requirement for groundwater utilization. The
increased demand of water resources has created
problem of water table decline in most part of
state. The decline in water table results in
decreased water pumped and increase in energy
requirement for lifting water, which ultimately
leads to increasing the cost of cultivation.
Especially during year 2012 the rainfall was
deficient in the month of July and August and
electricity demand shoot up and sufficient supply
of electricity was not available. Information on
groundwater fluctuation in space and time at micro
level is limited for the selection of energy efficient
agricultural pumping sets. Keeping this in view
the groundwater behavior in the Punjab using GIS
was studied and a spatial decision support system
(DSS) was developed for determining energy
requirement for groundwater utilization.

SEERS

Fig. 13 — Cadastral map of Dhangaon micro Watershed

Fig. 14 — Cadastral map displaying field numbers
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Decision Support System (DSS) was developed
under ‘PHP’ server side scripting language by
Ludhiana centre which provides the information
of energy requirement for pumping set at micro
level in time and space and helped for proper
selection of pumping sets. For this groundwater
maps of pre monsoon were prepared for last 16
years (1998-2013) which was analyzed with the
help of Geographical Information Systems (GIS).
Also average rise/fall of each village of Punjab
was assessed by using GIS. GIS is one of the
important tools for integrating and analyzing
spatial information from different sources or
disciplines. By creating groundwater level maps,
the behavior of the groundwater system is
visualized in a context that is easy for many people
to understand. It will be beneficial to the farmers
and policy makers to arrange cropping pattern
with groundwater availability and irrigation
security on long term basis.

.

groundwater level as influenced by net agriculture
water use (irrigation and deep percolation) in
kharif season (rice). During the current year, a
field experiment was conducted at the Research
Farm, Department of Soil Science, to estimate
water balance component in rice crop (PR 121).
Three different dates of transplanting and two
treatments of irrigation viz. 2 days drainage and
tensiometer based were triplicated. Observation
on soil properties, plant parameters and drainage
parameters were periodically recorded. The data
is being analyzed and input files of crops, soil
and weather will be prepared for simulation of
DSSAT model.

The centre also carried out studies on estimation
of carbon emissions for groundwater pumping in
Central Punjab using Geoinformatics. Carbon
emissions from groundwater pumping in central
Punjab was estimated using geoinformatics.

WEB BASED DECISION SUPPORT SYSTEM
FOR ASSESSING PUMPING ENERGY REQUIREMENT
USING GEOGRAPHICAL INFORMATION SYSTEM (G.1.S.)

About Project FAQ

Dedsion Support System
First Name Mandeep
Last Name Brar
Address VPO Thandewala Mub
Contact Mo. 9855375653

Areafacre under 5

Paddy

Areafacre under 5
addy

Motor Running
Time P __3 i .
| Caiculate | Ponl |
total Hp Required = 2.66 hp

close to total hp reguired

Mon P
Year of

of 2014 -
Tubewell
District MUKTSAR N
Block MUKTSAR
Village HARAJ
Present Depth (m) {Calculated by system) 2.14
Depth for design (m) 2.265
Average Rise/fall (m) 0.03
Depth (Optional)

The total Discharge Required = 14,56 Itr/sec. The
Farmer should select motor available in the market

Ludhiana centre also carried out studies on
evaluation of cropping system model for
estimation of groundwater use using the process
based crop models such as CERES, EPIC, and
WOFOST etc. for estimating crop water use from
climate input, soil and water management. The\

W r

o correlate the

Blockwise data, on the number and source of
pumps (electricity or diesel) was obtained from
the Department of Agriculture, Punjab for fourteen
years viz. 1998 to 2012. The water table change
maps were prepared for central Punjab. During
e last 14 years, the area under different under

27

ANNUAL REPORT 2014-15




per cent, whereas the area with water table depth
greater than 20 m depths has rose from 0.0 to
24.6 per cent indicating that central Punjab is
under severe declining water table problem. The
pump density (no of pumps per 1000 ha) for both
diesel and electric operated tubewells for the
individual years (Fig 19 & 20) were observed and
maps were prepared. The electric pumpset in SC-
III had sharply increased and followed an exact
linear trend from 2000-2011 SC-III and BM-III
witnessed a 67% and 42% increase in electrical
pumpset density respectively during the study
period. In case of diesel pump sets, UB-III and

SC-III witnessed a 11% and 7% decrease in the
density respectively whereas BD-III and BM-III
showed an increase of 49% and 46% respectively
during the study period.

1.8 Belvatagi

In Byahatti Malaprava RBC, assessment of
irrigation water supply, demand and studies on
water distribution pattern was carried out during
the study year. The total amount of water required
for maize (150 ha), cotton (75.50 ha), sorghum
(25.60 ha) sunflower (20.50 ha) and onion (17.34
ha) crops for irrigation during Kharif-2014 was 9,
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Table 1.2 Details on irrigation water applied, in the command of
23 Block 12 L distributary near Hebsur Malaprabha RBC during, kharif 2014.

Sl. | Crops Area Irrigation | Irrigation Applied Crop Excess Percent
No. (ha) Numbers | Method Canal Water | Water (+)/ Excess/
(Effecive Demand |Deficit Deficit
rain fall) (=) over
recomm-
ended
Kharif 2014
1. | Maize 150.00 — — 314265 500205 [-185940 |-37.18
2. | Sorghum 25.60 — — 53630 79505 -25875 -32.54
3. | Sun Flower | 20.50 — — 42945 59590 -16650 -27.94
4., | Cotton 75.50 — —- 158180 234955 |76775 -32.67
5. | Onion 17.34 — — 36329 53203 -16874 -31.70
Total 288.94 Mean -32.00
Rabi 2014
1. | Wheat 103.4 3 Boarder strip |359561 302187 (48374 +16.00
2. | Chick-pea 70.2 2 Boarder strip |94447 74621 114089 +26.56
3. | Cotton 75.5 3 Furrow 248259 239970 |8288 +03.42
4 Sorghum 12.84 3 Normal 46911 41515 6999 +13.00
Total 288.94 Mean +17.00
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27,158 m3. The total effective rain fall received
was 6, 05,349 m3. Hence, the excess water
balance was 3, 21,809 m3. Based on data the
current year (Kharif-2014) crop was satisfactory
condition. During rabi 2014, the crops under
observation were wheat (130.40 ha), chick pea
(70.20 ha) and cotton (75.50 ha). The net amount
of water demand during rabi-2014 for all crops
was worked out to be 6, 58,293m3. Gross canal
supply and net canal supply was observed 5,
64,321 m3and 4, 70,268 m?3 respectively. The
effective rain fall received worked out was 3,
48,390 m3. The excess water supplied was worked
out 1, 60,365 m3.

The results revealed that, average deficit of water
for all study crops was recorded 32 per cent during
Kharif 2014 (Table 1.2). For the maize crop deficit
of water was 37.18 percent, sorghum 32.54, sun
flower 27.94 for cotton 32.67 per cent and for
onion 31.70 per cent. During rabi 2014 the excess
irrigation water supply was given by the farmers
to wheat, chick pea, cotton and sorghum crops
which was 16, 26.56, 3.42 and 13 per cent excess
respectively. The overall excess water applied was
17 per cent.

1.9 Bhavanisagar

The Bhavanisagar centre carried out studies on
water table fluctuations in the Lower Bhavani
distributary. The mean value of water table depths
in the selected wells in head, middle and tail
reaches of the distributary, rainfall and evaporation
data in the study area are collected. Water was
released for irrigation to wet crop from 25.08.2013
to 08.01.2014 for I turn command area. During
2014, special supply during April was given for 9
days for recharge of well water and to solve
drinking water problem. There was no rainfall from
Jan - April 2014 and from May to December 2014.
During North East monsoon period, higher rainfall
of 142.6 mm in September and 308 mm in October
was received.

depth in feet

—&— Tai

—e—Head reach —m—Middlereach

Fig 21. Water table depth in selected wells of turn |

The water table depth in the II turn command
area are more or less same as that of I turn wells.
The difference is only 5 to 10 feet more in II turn
command upto July 2014, since water was not
released to these II turn sluices during 2014. Here
also due to heavy down pour during NE monsoon
coupled with the effect of irrigation to wet crops
in the I turn command, the water table reached
GL to 4 feet in head, middle and tail reaches of
the distributary.

The centre also carried out assessment of water
availability in the system tank under PVC and to
devise interventions for matching water supply
with the agricultural production system demand
and supply and GIS mapping. For the cultivated
area of 46.56 hectares, water need was assessed
for its total duration and the supply was assessed
from the water realized into the tank. During the
reporting period there was a supply of 4, 86,772
m3 of water into the tank whereas the demand
was assessed to be 5, 58,348 m3. The water supply
for the crops through effective rainfall is 68,
836.76. Hence there was a shortage of 2756 m?.
The shortage was made up by following efficient
water management and stress management
technologies adopted by the farmers based on
our suggestion.

1.10 Madurai

The Madurai centre in Tamilnadu carried out study
on water use efficiency in PeriyarVaigai Command.
The rainfall data of Melur block were collected for
12 years from Assistant Director of Statistics office,
Madurai. Out of 12 years, six years normal rainfall
was recorded. Three years excess and three years
deficit rainfall were recorded as against the normal
rainfall of 965.7 mm. During the reporting period
the basic data relating to water release for the
last thirteen years were obtained from Water
Resource Organization (PWD). The water release
from PeriyarVaigai to Melur Block for the reporting
period was not uniform. The highest water release
(10435.56 mcft) was recorded during the year
2008 due to high rainfall. It was also observed
that the rainfall in melur block was not uniform.
It was found that groundwater table has gone up
to 2.86 m during the year 2008 due to
groundwater recharge through surplus rainfall and
higher release of water in the command. After
that the subsequent years the groundwater moved
to the deeper level ollowing failure of consecutive
monsoon. The net and gross irrigated areas were
maximum on the higher side in the block coincided
with the year of higher rainfall and more release
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of water from the canal. The total irrigated areas
recorded in the Melur block were highest during
the year 2005- 2006 which coincided with the year
of excess rainfall.

1.11 Bilaspur

In the year 2014, flow in Banahil distributory was
started from 6% July upto 29% October 2014.
Banahil distributory covers about 21 villages with
command area of 10854 ha, mainly under paddy
crop.Near about 28%, 64%, 5.3% and 0.1% area
of rice was covered by broadcast biasi,
transplanting, lehi and SRI system of rice
cultivation. Under minor distributaries near about
9%, 66%, 14% and 10% area of rice was covered
by broadcasting biasi, transplanting, lehi and SRI
system of rice establishment system respectively.
Common varieties of rice grown in the command
were MTU1010, MTU 1001, Swarna, Mahamaya,
IR36, HMT, etc. Generally water flows from field
to field in the command. It was observed that
farmers kept 10-15 cm pounding of water in their
rice fields. However some progressive farmers
were conceived to keep 5+2 cm depth of water
after demonstration that there is no reduction in
the yield of rice due to low submergence. Farmers
agreed but they were reluctant to keep 5£2 cm
water level due to uncertainty in the supply
system. Farmers were also advised to grow early
duration rice varieties. So, that rabi crops can be
raised in time. In the year 2014 irrigation water
was not supplied during rabi/summer through
Banahil distributory.

1.12 Chiplima

The distributarywise deficit-surplus analysis of
canal water in the command area of Retamunda
Branch Canal under Hirakud command for rabi

season depicts that all the outlets are operating
under sub-optimal conditions (Table 1.3). As a
measure of non-structural intervention, to
minimize the demand-supply gap, optimal
cropping pattern under four different scenarios
for each outlet were determined. From the analysis
of the scenarios the constraints of land and water
availability are satisfied under all the scenarios
except for the Dekulba Minor, which is water
surplus. Hence, all the outlets of the distributary
can be operated optimally with the adoption of
the designed cropping pattern in the command
areas of the distributaries except for the Kebar
Disty. The optimal cropping pattern, suggested
under Scenario I, is 98% of the CCA to be irrigated
during the season with lower net return per
hectare. Under Scenario - II, the entire CCA of
the distributary can be used for cultivation with
the designed cropping pattern assuring higher net
return. Since the entire command area is put
under agriculture, it would generate more
employment for the agricultural labourers.
Restricting 1/3™ of the CCA for cultivation of heavy
duty crops in Scenario - III, increase the net
benefit. The optimal cropping pattern for
maximization of net benefit under Scenario - IV
suggests allocation of 77% and 23% of the CCA
under heavy and medium duty crops with no
allocation for light duty crops. This again may not
be advisable for the command area from the self-
sufficiency point of view. Hence, it can be
concluded that the cropping pattern obtained
under Scenario - II may be adopted for the
command area of the distributary for optimal land
and water utilization, and generation of requisite
employment. However, if the affinity of the farmers
towards heavy duty crop cannot be avoided then
Scenario — III can be adopted.

Table 1.3. Deficit - surplus analysis of the Retamunda Branch Canal

Sl. [ Distributary Discharge| CCA Actual Net Return
No. (cumec) | (ha) WR WA Area
(ha-cm) | (ha-cm) |Status |(ha) |(Rs.) Rs/ha
1 |[Bahubasa Disty. | 0.28 367.46 |36746 24451 | Deficit [245 6112800 |[16635
2 |Beheramal Disty.| 0.37 498.68 |49868 31795 |Deficit (318 (7948800 (15940
3 |Salhepali Disty. | 1.16 1445.58 1144558 | 100224 |Deficit (1002 (25056000 [17333
4 | Sukha Disty. 7.11 6645.51 |664551 | 614045 |Deficit [6140 |153511200(23100
5 | Kebar Disty. 3.48 2315.28 |231528 | 300845 |Surplug2315 |57882000 |25000
Total 12.40 11272.51(1127251| 1071360( Deficit [10020|250510800(22223
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Scenario - I

The optimal allocation of areas under different
types of crops under this scenario for each outlet
showed that to maintain the optimality of water
use (with no surplus or deficit), about 98% of the
total command area can be irrigated. However,
there would be surplus water in the command
area of Kebar distributary even if the entire CCA
is cultivated with heavy duty crops. This also
indicates that the more water could be diverted
to the Sukha Distributary or the surplus water
could be provided to the upper reach distributaries
to increase the cultivated area under the later.
Under this scenario 11068.94 ha of the total
command area of 11272.51 ha can be provided
irrigation for the rabi season with average rate of
net return of Rs 24,348/- per hectare of the
irrigated area.

Scenario - II

The optimal allocation of areas under different
types of crops under this scenario for each outlet
showed that 100% of command area of the
distributary can be irrigated, if the designed
cropping pattern could be followed. This would
ensure much more generation of employment of
agricultural labourers than the other scenarios.

However, similar to the first scenario, the use of
irrigation water is not optimal for the Kebar
distributary. Though the total command area can
be provided irrigation under this scenario, there
would be marginally reduced average rate of net
return (Rs 24,332/-) per hectare of the irrigated
area compared to the previous scenario.

Scenario - II1

The optimal allocation of areas under different types
of crops under this scenario for each outlet showed
that this scenario would give more net return than
that of the first two scenarios, with provision of
irrigation for 100% of the CCA with increased
average rate of net return (Rs 24,408/-) per hectare.

Scenario - IV

The optimal allocation of areas under different
types of crops under this scenario for each outlet
showed that cropping pattern under this scenario
would give the maximum net agricultural return
from the command area of the system with 100%
land utilization and without any water deficit in
any of the outlets. However, since no area is
allocated for low duty crops, which includes pulses
and oilseeds, this scenario may not be practicable.
The summary of the scenario analysis is presented
in Table 1.4 and Fig. 22.

Table 1.4. Summary of Scenario Analysis

Scenario % CCA Net

Unculti- Total Cultiva- Return

vated ted (Rs.)
Scenario - I 9114.86 | 1596.72 | 357.36 | 203.56 [11068.94 | 98.19 269515578 | 24349
Scenario - II | 8860.89 | 2180.29 | 231.33 | 0.00 11272.51 | 100.00 (274280039 | 24332
Scenario - III| 8798.28 | 2399.42 | 74.81 0.00 11272.51| 100.00 (275140887 | 24408
Scenario - IV| 8768.35| 2504.16 | 0.00 0.00 11272.51 | 100.00 (275552401 | 24445

et Returmn ~-—Net Returny ha
28 26

27.56

1.13 Gayeshpur

27.43 2751 Spout-wise crops, area coverage and water
demand (crop evapotranspiration, ETc + pre-
sowing/land prepation/puddling) have been
estimated. Accordingly, spout-wise irrigation
water supply and rainfall received during the crop
growing period were recorded. Rainfall received
were 96.1 cm for summer rice, 16.8 cm for wheat,
3.6 cm for mustard, 14.0 cm for lentil and 265.1
cm for jute during non-rainy season (November
2 to May). On this basis, calculation was being made
on the demand and supply of water; spouts are
categorized and efforts have been made to bring
equilibrium through spout wise crop planning on
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Fig. 22. Net return and net return per unit area under
different scenarios
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the basis of water availability. Actual spout wise
water demand and supply revealed that excess
water supply was made to the tune of 11.53 % in
case of summer rice but a deficit water supply of
1.2 % was occurred in dry crops like sunflower,
mustard and wheat. Deficit of water supply in
winter crops in the command was mitigated by
significant contributions from soil profile moisture
(4.2 - 32.0 cm).

1.14 Jorhat

Jorhat centre carried out integrated approach
using Remote Sensing and GIS techniques for
mapping of groundwater prospects in Jorhat
district, Assam. Out of the 336 numbers of geo-
referenced observations recorded from 56 villages
of Jorhat district covering all eight blocks, pre-
monsoon groundwater table depths ranged from
2.22 to 17.58 m bgl. Area (in sq.km) under each
category of pre-monsoon groundwater potential
zone is furnished below: Groundwater prospect
mapping using Remote sensing and Geographic
Information System (GIS) as tool for demarcating
the potential groundwater resource during pre-
monsoon season for the entire Jorhat district
covering 2852 sq.km was completed highlighting
with area-wise groundwater potential information
in the form of map. Maximum area (739.50 sq.
km) was observed in groundwater table depth of
6.16 - 6.82 m bgl and minimum (78.34 sg. km)
in groundwater table depth of 4.20-4.95 m bgl.
Based on the depth of groundwater resource,
selection of pump suitable for lifting water and
possibility of using such pump to irrigate unit area
were prepared in the form of map. Post-monsoon
groundwater potential zone mapping is in
progress.

The centre also carried out Sustainability studies
of water resources of Brahmaputra basin. Scarcity
of fresh water in the face of increasing demand to
sustain agricultural and industrial growth in India
is @ major concern for policy planers, scientists
and water professionals. Brahmaputra is an
important river system having highest amount of
unutilized water resources. However growing
demand for water in the basin requires an in depth
study. This work is an attempt to study the
Brahmaputra river water system through a system
dynamics model. The model has been tested with
time series data of Brahmaputra basin for 30
years. Test scenario generation using the model
suggests that water consumption pattern for
Brahmaputra Basin has showed a rising trend
during years 2025- 2050. The water availability
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in the River Basin has showed wide seasonal
variation. The water supply remained more or less
same whereas the consumption has been rising;
therefore water availability status for the basin
has been going down over the years. With the
present consumption pattern the basin will face
water scarcity during the lean season (December
to February) before the year 2050. Flood storage
reservoir to store excess water during high flood
and augment flow during lean season may be a
viable option

1.15 Ludhiana

The Balluana minor of the Behman distributary of
Bathinda branch was selected to evaluate
irrigation system performance and to work out
intervention for improvement of irrigation system
and its management as well as crop and water
productivity. The Balluana minor takes off from
the Behmandistributary canal at 47918/R and
have total length 10.804 km, which has cultivable
command area (CCA) of about 6223.52 hectares
covering Bathinda block of Bathinda district. The
Balluana minor has 11 outlets in total with 24.63
cusec discharge. Out of 11 outlets in Balluana
minor, 9 outlets (excluding 2 outlets i.e. 23925/R
and 8200/L for Gurudwara sahib and school,
respectively) are selected. The contribution
through total effective rainfall is presented in Table
I.7 and was varying between 4550.7 and 7465.8
ha-cm at different outlets. The crop water
requirement of wheat, barley, raya/chickpea and
other crops was calculated at all the outlets and
was varying between 26297.8 and 43312.2 ha-
cm. The discharge and temporal release of water
in outlets command area is presented in Table
I.5a. The total running days of canal water was
145 days on each outlet (Table I.5) and release of
water varying between 5640.6 and 9223.6 ha-
cm, respectively during the Kharif, 2014.

Table.1.5: Temporal release of water in outlets
in command area during Kharif 2014

Outlet No. Discharge Running Cusec Cusec
(Cusec) Days Days Days
(ha-cm)
3758/R 2.05 145 297.25 7272.4
14025/L 1.84 145 266.8 6527.5
14040/R 1.77 145 256.65 6279.1
18163/R 1.76 145 255.2 6243.7
20170/L 2.6 145 377 9223.6
25000/L 2.18 145 316.1 7733.6
26630/L 2.42 145 350.9 8585.0
35977/TL 2.45 145 355.25 8691.5
35977/TR 1.59 145 230.55 5640.6



Table 1.6. Crop wise area (ha) Kharif, 2014

Guar/ Vegetable Fodder & Total
Moong Other

3758/R 397.2 190.2 26.8 4.0 3.8 38.6 660.6
14025/L 361.9 211.2 1.5 1.9 3.0 23.4 602.9
14040/R 348.4 203.3 1.4 1.8 2.8 22.6 580.5
18163/R 345.7 201.8 1.4 1.8 2.9 22.4 576.0
20170/L 556.4 217.2 18.5 2.2 23.6 36.3 854.2
25000/L 556.3 71.5 27.5 0.0 34.3 27.7 717.4
26630/L 617.2 79.3 30.5 0.0 38.1 30.7 795.8
35977/TL 630.6 59.5 68.9 1.4 19.0 23.7 803.5
35977/TR 399.8 55.8 38.8 0.7 10.1 15.6 520.7

Table 1.7. Contribution through rainfall
(Kharif, 2014)

Outlet No. | CCA (ha) [Rainfall | Effective
(cm) Rainfall

(ha-cm)

3758/R 660.62 278.6 18404.9
14025/L 602.86 278.6 16795.7
14040/R 580.5 278.6 16172.7
18163/R 576 278.6 16047.4
20170/L 854.21 278.6 23798.3
25000/L 717.36 278.6 19985.6
26630/L 795.83 278.6 22171.8
35977/TL 803.46 278.6 22384.4
35977/TR 520.68 278.6 14506.1

1.16 Sriganganagar

The Khetawali distributary (KWD) was selected
for undertaking the studies to evaluate irrigation
system performance and to work out intervention
for improvement of irrigation system and its
management, improved and sustainable
productivity and for equitable economic growth.
The distributary takes off from the main Indira
Gandhi Canal at 60.45 RD left, which has cultivable
command area of about 3702 hectares at Rawatsar
tehsil in Hanumangarh district. The distributory
has two minors namely Khetawali minor and
Amarpura minor with total 24 outlets.Out of 24
outlets in Khetawalidistributory system, 16 outlets
are in Khetawalidistributory itself, 6 outlets are in
Khetawali minor and 2 outlets are in Amarpura

minor. Position of off takes of Khetawalidistributory
(KWD), Khetawali minor (KWM) and Amarpura
minor (ARM) are 60.45 RD left of main canal, 2
RD Right of KWD and 22.37 RD left of KWD,
respectively. The design discharge of
Khetawalidistributory system, KWM and ARM are
74.64, 17.05 and 4.0 cusec, respectively. Total
length of KWD system is 22341.84 m (Table 1.9).

The requirement of warabandi, although in terms
of equity is fulfilled to a certain extent, but in
practice farmers at head reaches get more water
as compared to tail enders. Sometimes, when
canal due to one reason or the other is closed
without completing its full turn, the farmers left
under such situation do not get the water of their
turn.The process of distribution of water in
distributary/minor from main canal is called
regulation or rostering. The supply of main canal
is distributed to different branches or distributaries
in accordance with the supply and demand on
different channels. The main aim of rotation of
water distribution is to regulate and evenly
distribute the water over the command area of
the canal system. The system also eliminates the
possibility of complete drought in pocket area.
But in reality there is no match of actual flowing
of canal water and canal regulation forecasted
earlier.

The canal water flow during rabi 2013-14 was
lesser than design discharge. The flow in KWD,
KWM & APM systems of Khetawalidistributory was
recorded as 72 cusec, 14.9 cusec and 2.5 cusec,
respectively. However the flow has been almost
constant during entire rabi season.The area
covered by wheat crop was the largest in the
distributory followed by mustard and barley. Some
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Table.1.8. System wise area under different crops (ha) during Rabi 2013-14

System Wheat Mustard Barley Gram Fodder Vegetables Total
KWD 2006 439 97 10 49 1 2602
KWM 626 92 23 2 15 - 758
APM 71 20 7 - 2 1 101
Total 2703 551 127 12 66 2 3461

In Rabi the wheat crop was the major crop in the area and utilized most of the canal water.

Table:1.9 Irrigation water requirements (ha-cm) in systems KWD, KWM & ARM
during Rabi 2013-14

System Wheat Mustard Barley Gram Fodder Vegetables Total
KWD 108324 16901.5 4268 305 2450 50 132298.50
KWM 33804 3542 1012 61 750 = 39169.00
ARM 3834 770 308 - 100 50 5062.00
Total 145962 21213.5 5588 366 3300 100 176529.50

Table 1.10- Relative water supply (RWS) during Rabi 2013-14

Name of Canal Water Water Effective Total Water

system Diverted available at rainfall Water Supply Requirement
(ha.cm) field (ha.cm) (GENC 1)) (ha.cm) (ha.cm)

KWD 114831.55 71172.59 13530.40 84702.99 132298.50 0.64

KWM 31012.79 19953.63 3941.60 23895.23 39169.00 0.61

APM 5272.95 3496.49 525.20 4021.69 5062.00 0.79

Total 151117.30 94622.71 17997.20 112619.90 176529.50 0.64

area under fodder and gram has been also
recorded. The relative water supply has been
found low (0.64). There is need to replace part of
the area under wheat by mustard or barley in
order to match water supply with water
requirement during season in all the irrigation
systems. The overall relative water supply during
kharif was deficit (0.70). Some of the area under

A. cotton need to be replaced by low water
requiring crops like guar & moong.

1.17 Coimbatore

The Coimbatore centre carried out studies on
alternate wetting and drying irrigation regimes
management through field water tube device in
rice in tubewell command. The field water tube is

Table 1.11 Relative water supply (RWS) during Kharif 2014

Name of Canal water Water Effective Total Water

system diverted available at rainfall water supply Requirement RWS
(GENCe11)) field (ha.cm) (ha.cm) (GENe11)) (GENC)))

KWD 76150.80 47198.27 72561 119759.3 169488.5 0.71

KWM 20781.08 13370.55 21546 34916.6 54316.0 0.64

APM 3486.76 2312.77 2679 4991.8 5104.0 0.98

Total System 100418.6 62880.89 96786 159667.7 228908.5 0.70
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a PVC pipe of 15cm diameter, length of 40cm in
which 20cm pipe is perforated with holes, which
is sunk into the rice field until 20cm protrudes
above soil level, the tube can be placed in a flat
part of the field close to a bund, so it is easy to
monitor the ponded water depth. When the water
level inside the field water tube drops to 15cm
below ground level, The field is ready to be re-
flooded. This threshold is called ‘safe AWD’ as it
does not impact on yield. To evaluate the impact
of Safe AWD in lowland rice, a research project
was formulated with 8 treatments viz., T1-
Irrigation after 10cm depletion of ponded water
(DPW)(from ground level) from seven days after
transplanting (DAT) to 10 days prior to harvest,
T2 - Irrigation after 15cm DPW (from ground level)
from 7DAT to 10 days prior to harvest, T3-
Irrigation after 20cmm DPW (from ground level)
from 7DAT to 10 days prior to harvest, T4-
Irrigation after 15cm DPW (from ground level) up
to max. tillering stage (30-35DAT) and 10 cm DPW
up to 10 days prior to harvest, T5- Irrigation after
15cm DPW (from ground level) up to max. tillering
stage (30-35 DAT) and continuous submergence
up to 10 days prior to harvest, T6- Irrigation
after 15cm DPW (from ground level) up to panicle
initiation stage (45 DAT- 50 DAT) and 10 cm DPW
up to 10 days prior to harvest, T7- Irrigation after
15cm DPW (from ground level) up to panicle
initiation stage (45 DAT- 50 DAT)and continuous
submergence up to 10 days prior to harvest, T8-
Responding to 5 cm one day after disappearance
of ponded water - (conventional practice).

Higher grain and straw yield of rice was recorded
under conventional irrigation practice (T,) which
was on par with scheduling irrigation after 15 cm
DPW upto maximum tillering and continuous
submergence upto 10 days prior to harvest (T,)
and irrigation after 15 cm DPW upto panicle

initiation and continuous submergence upto 10
days prior to harvest (T,). The total water use by
rice was higher under the current recommended
irrigation practice of recouping 5 cm submergence
one day after disappearance of ponded water
followed by irrigation after 15 cm DPW upto
maximum tillering and continuous submergence
thereafter (T.). The maximum water saving was
noticed under irrigation after 20 cm DPW from 7
DAT to 10 days prior to harvest (T,) followed by
irrigation after 15 cm DPW from 7 DAT to 10 days
prior to harvest (T,). Higher WUE of 5.77 kg ha!
mm-was noticed under irrigation after 15 cm DPW
from 7 DAT to 10 days prior to harvest (T,) while
lower WUE was observed under the conventional
irrigation practice (T,) (Table 3). The net return
and B: C ratio were higher with conventional
irrigation practice (T,) and irrigaion after 15 cm
DPW upto maximum tillering and continuous
submergence upto 10 days prior to harvest (T,).

Plate 1. Field Water Tube Device

Table 1.12. Total water use as influenced by AWDI

Treatments | Irrigation water Effective Total water | Rate of water Percent WUE |
applied (mm) rainfall (mm) use (mm) |used day (mm) | water saving | (kg ha mm )

T 988 68 1056 12.57 8.5 5.35

T1 886 68 954 11.49 17.3 5.77

T2 849 68 917 11.60 20.5 5.25

T 954 68 1022 12.77 11.4 5.29

T 1019 68 1087 12.78 5.8 5.38

T 943 68 1011 12.18 12.4 5.25

T 999 68 1067 12.55 7.5 5.36

T 1086 68 1154 13.26 = 5.17

5]
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Theme 11

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-eco systems.

2.1 Bilaspur

2.1.1 Effect of different levels of irrigation
and mulch on growth and yield of capsicum
(capsicum annum var. gossum l.)

The above effect was studied under drip
environment. The fruit yield on irrigation at 100%
PE with 24.76 cm Water Expanse (WE) produced
significantly higher yield (38.37 g/ha) than at 80%
PE (24.76 cm WE). Black film mulch produced
significantly higher yield (46.53 g/ha) than all
other mulches and no mulch, followed by Blue
LLDPE (43.01 g/ha) (Table 2.1).

20 kg/ha produced significantly higher bulb yield
(172.86 g/ha) than Control and Zn-5 k/ha but at
par with S-20 kg/ha. Water Expanse varies from
18.06 to 33.06 cm (2 to 5 irrigations) with Water
Expanse Efficiency of 613.29 to 677.84 kg/ha-
cm. Higher Net Return of Rs. 153287/~ was found
5 irrigations followed by 4 irrigation Rs 117117/.
Similarly, application of Zn-5 kg/ha+S-20 kg/ha
gave higher net return (Rs 115887/-) with higher
WEE (676.29 kg/ha-cm) followed by S-20 kg/ha
(Table 2.2).

Among the growth and yield attributing
parameters of onion under different irrigation

Table 2.1 Growth, yield attributing characters, WE & WEE of capsicum
as influenced by different treatments.

Treatment. Plant height No of Periphery WEE, Yield,
(cm) branh/plant of fruit (kg/ha-cm) (q/ha)
(CL))

Main I, 34.13 5.42 20.95 92.77 24.76 | 154.96 38.37
I 33.42 5.12 19.00 71.38 19.96 [ 178.85 35.70
CD ., NS NS 1.51 7.26 1.64

Sub M, 28.79 4.53 17.06 65.00 23.97 | 98.08 23.51
M, 38.45 5.66 22.05 108.33 | 21.56 | 215.81 46.53
M, 35.38 5.53 20.46 80.83 21.56 | 185.94 40.09
M, 36.58 5.56 20.75 93.33 21.56 | 199.48 43.01
M, 31.53 5.33 20.15 75.00 21.56 | 169.34 36.51
M, 31.92 5.00 18.76 70.00 23.97 | 135.71 32.53
CD , 3.28 0.58 2.09 23.79 2.86

CV% 8.07 9.14 8.72 18.08 6.46

Rainfall12.04 cm levels, the treatment I, (60% CPE) gave
significantly plant height (56.51 cm), No. of
leaves/plant (8.50), periphery of bulb (18.53 cm)
and Wt/bulb (69.0 g) than the I, (120% CPE) and
I, (100% CPE) but at par with I, (80%). Similarly,
under different micronutrient F, (Zn-5 kg/ha +
S-20 kg/ha) gave significantly higher no. of
leaves/plant (8.70), periphery of bulb (18.31 cm)
and Wt/bulb (65.58 g) than F, (Control) and F,

(Zn=5 k/?a) buF at par with F, (S-20 kg/ha). T

2.1.2 Effect of level of irrigation and micro
nutrient (zinc and sulpher) on growth and
yield of onion.

The bulb yield of onion under different irrigation
levels, irrigation at 60% CPE produced significantly
higher bulb yield (208.56 g/ha) than irrigation at
120% CPE, 100% CPE and (80% CPE. Similarly,
under different micronutrients Zn-5 kg/ha + S-
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bulb yield of onion under different irrigation levels,
the treatment I, produced significantly higher bulb
yield (208.56 g/ha) than I, I, and I,. Similarly,
under different micronutrient F, produced
significantly higher bulb yield (172.86 g/ha) than
F, and F, but at par with F,. Under different
irrigation levels the no. of irrigation varies from

2-5 with, WE 18.06 to 33.06 cm with, WEE of
613.29 to 677.84 kg/ha-cm in I, to I,. Higher Net
Return of Rs. 153287/- was found under 5
irrigations followed by 4 irrigation Rs 117117/-.
Similarly, F, gave higher net return of Rs 115887/
- with higher WEE 676.29 kg/ha-cm followed by
F, (Table 2.3).

Table 2.2 Yield attributing parameters and yield of Onion
as influenced by different treatments.

Treatment. No. of Periphery

leaves/ of bulb,

plant cm
Main I, 10.45 51.14 7.51 16.61 52.75 114.13
I 10.58 52.47 7.91 17.04 55.83 156.31
I 10.58 52.97 8.35 18.49 64.58 172.09
I, 10.58 56.51 8.50 18.53 69.00 208.56
CD ., NS 2.96 0.43 1.22 11.22 18.40
Main F, 10.60 52.23 7.51 16.95 55.08 152.57
F, 10.55 52.57 7.93 17.42 58.16 159.32
F, 10.58 53.68 8.13 17.98 63.33 166.40
F, 10.46 54.61 8.70 18.31 65.58 172.86
CD , NS NS 0.60 0.72 5.96 7.51
CV% 5.59 6.60 8.83 7.83 11.69 8.48

Table 2.3 Yield attributing parameters and yield of Onion
as influenced by different treatments.

Treatment Bulb yield Water Total Cost of Net
q/ha Expanse Income cultivation profit
(cm) (Rs.) (Rs.) (Rs.)
Main I, 114.13 18.06 631.94 114130 54373 59757
I 156.31 23.06 677.84 156310 54673 101637
L 172.09 28.06 613.29 172090 54973 117117
I, 208.56 33.06 630.85 208560 55273 153287
CD ., 18.40
Sub F, 152.57 25.56 596.90 152570 52673 99897
F, 159.32 25.56 623.31 159320 55173 104147
F, 166.40 25.56 651.01 166400 54473 111927
F, 172.86 25.56 676.29 172860 56973 115887
Ccb ,, 7.51

Rate of Bulb Rs. 10/kg, Rainfall 10.8 cm
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2.2 Dapoli

2.2.1 Comparative performance of irrigation
methods and levels of irrigation on growth
and yield of arecanut

The irrigation treatments were imposed from 1t
December, 2013 and terminated after the onset
of effective monsoon (9% June) of the year 2014.
Irrigation was scheduled as per the approved
technical program with three irrigation levels
(0.2PE, 0.4PE, and 0.6 PE) in drip irrigation
system. The volume of water applied (lit/plant)
in each treatment along with evaporation during
the crop season are tabulated in Table 2.4.

2.2.2 Effect of irrigation and fertigation levels
on yield and quality parameters of Aonla
(Emblica officinalis Gurtn) Cv. NA-7 under drip
irrigation system

The irrigation treatments were imposed from 1st
December-2013 and terminated after the onset
of effective monsoon (9t June) of the year 2014.
Irrigation was scheduled as per the approved
technical program with three irrigation levels I,
(100 % ET,), 1,(80% ET ) and I, (60% ET_ )
through drip irrigation. The volume of water
applied (lit/day/plant) in each treatment along
with evaporation during the crop season are
tabulated in Table 2.5.

Table 2.4 Monthly evaporation and volume of water applied lit/plant to
arecanut under different treatments during 2013-14

Evaporation(mm) Water requirement Ring method
Drip irrigation (lit/plant) (mm)
II I3
December 120.2 105 210 315 180
January 109.4 95 192 287 180
February 110.0 96 193 288 150
March 143.8 126 252 378 180
April 153.4 134 268 402 180
May 167.8 127 254 380 180
June 44.3 40 80 116 60
Total, mm 849 170 340 509 1110
Water saving over surface method (%) | 84.7 69.4 54 =

Total amount of water applied per plant under
treatment I, (0.2PE), I, (0.4PE), I,(0.6PE) was 170,
340, 509 mm, while 1110 mm water was applied
in case of control treatment (ring method). It
resulted in the water saving of 84.7, 69.4 and 54
per cent, respectively in case of I, I,, I, irrigation
levels through drip irrigation over surface
irrigation. The total evaporation during the study
period was 849 mm.

Table 2.5 Monthly evaporation, ET

Cro|

Total amount of water applied to Aonla crop under
treatment I, I, and I, were 340, 272 and 204
mm, respectively. It resulted in water saving of
20% and 40% in I,and I, treatments respectively
over I, treatment. The total evaporation during
the study period was 849 mm. The influence of
incorporated treatments of irrigation and
fertigation levels on biometric observations like

and volume of water applied per plant per day to

Aonla under different treatments during the year 2013-14
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Month Evaporation, ETcmp, Volume of water applied (lit/day/plant)
mm mm I, I I,
December | 120.2 48.0 38 30 23
January 109.4 43.7 36 29 22
February 110.0 44.0 37 29 22
March 143.8 57.5 45 36 27
April 153.5 61.4 50 40 30
May 167.8 67.1 53 42 32
June 44.3 17.7 48 38 29
Total, mm | 849 339.6 340 272 204
' i,




plant height and average stem girth were observed
and the results are presented and discussed in
the following sections. The irrigation levels
produced significant effects on height of Aonla
plant. The treatment I, (80% Efi through drip)
has shown highest height of 3.82 m which was
significantly superior over I, and I,. The different
levels of water soluble fertilizers produce
significant effects on height of Aonla plant. The
maximum plant height (3.80 m) was observed at
100% RDF through drip irrigation. The Interaction
effects of irrigation and fertigation levels showed
that treatment combination I,F, has shown highest
height of 4.28 m which was significantly superior
to rest of treatment combinations.

The fruit yield of Aonla Kg per plant was recorded
and yield per hectare is calculated in each
treatment as reported in Table 2.6. From the yield
data it is seen that, maximum yield (6.1 kg/plant)
was observed in LF, treatment as compared to
all other treatments. Minimum vyield (1.63 kg/
plant) was observed in control (rainfed) treatment.
This clearly indicated that the aonla responds to
irrigation as well as fertigation to produce the yield
significantly as compared to no irrigation of aonla
crop.

Table 2.6 Effect of irrigation and fertilizer
levels on yield of Aonla (kg/plant)
during year 2013-14

Treatments | Yield Aonla (kg/plant)

I, I, I, Mean
F, 4.25 6.10 4.10 4.81
F, 4.03 | 4.77 3.93 4.24
F, 3.53 | 3.88 3.5 3.63
Mean 3.94 | 4.92 3.84

I F IxF
SE (m)+ 0.13 | 0.14 0.23
C.D.at 5% [0.52 | 0.42 0.92
Control 1.63

The maximum water use efficiency (WUE) of
44.90kg/ha-cm was observed in LF, treatment
followed by 40.2 kg/ha-cm in L,F, treatment.
Minimum water use efficiency (20.78 kg/ha-cm)
was found in I,F, treatment (Table 2.7).

Table 2.7 Yield of Aonla as affected by
different irrigation treatment and water
use efficiency during the year 2013-14

Treatment Yield Total WUE,
water [Kg/ha
Kg/plant | g/ha | applied, [-cm
ha-cm
LF, 4.25 8.5 33.96 [25.02
LF, 4.03 8.06 33.96 (23.73
LF, 3.53 7.06 33.96 [20.78
LF, 6.10 12.2 27.17 [44.90
LF, 4.76 9.52 27.17 |35.0
LF, 3.88 7.76 27.17 [28.5
LF, 4.10 8.2 20.36 [40.2
LF, 3.93 7.86 20.36 [38.6
LF, 3.5 7.0 20.36 (34.3
Control 1.63 3.26 = =

2.2.3 Response of cashew (Anacardium
occidentale) Cv. Vengurle-4 to irrigation and
fertigation levels under drip irrigation

The irrigation treatments were imposed from 1st
December, 2013 and terminated after the onset
of effective monsoon of the year 2014 i.e. from
9t June 2014. Irrigation was scheduled as per
the approved technical program with three
irrigation levels I, (100 % ET_ ), I,(80% ET_)
and I, (60% ET__ ) through drip irrigation. The
percent wetted area is considered as 45%. Total
amount of water applied to cashew crop under
treatment I, I, and I, were 340, 272 and 204
mm, respectively. It resulted in water saving of
20% and 40% in I,and I, treatments respectively
over I, treatment. The total reference
evapotranspiration during the study period was
849 mm, whereas ET,., was 340 mm. The water
applied for treatment I, from December 2013 to
May 2014 was in the range of 31 to 48 lit/day/
plant. Irrigation levels produced significant
effects on height of cashew plant. The treatment
I, (80% ET,, through drip) has shown highest
and significantly superior height (3.89 m) over
treatment I, and was at par with I,. Different levels
of fetigation produced significant effect on height
of cashew plant. Treatment F, (80% RDF) has
shown highest and significantly superior height
(3.76 m) over treatment F, and was at par
withF,.
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2.3. Gayeshpur

2.3.1 Effect of drip irrigation and integrated
nitrogen fertilizers sources on flower
production of gladiolus (Gladiolus spp.)

Plant quality parameters and flower production
of gladiolus was assessed under four irrigation
levels (conventional surface irrigation, gravity drip
at 1.0, 0.8 and 0.6 Eo) and three nitrogen levels
(100% vermicompost, 50% vermicompost + 50%
inorganic, 100% inorganic) during rabi 2011-2012
to 2013-2014. The results showed that drip
irrigation at 1.0 Eo (evaporation replenishment)
with conjunctive use of 50% inorganic N plus 50%
organic N through vermicompost produced
significantly the highest number of spikes/plot
(72.6), number of florets per spike (10.3), longer
spike length (65.9 cm), higher weight of single
spike (43.2 g) and spike yield (9886 kg/ha), which
was competitive with the drip irrigation at 0.8 Eo
supplemented with 50% inorganic N plus 50%
organic N as vermicompost. Maximum water use
efficiency of 65.6 kg/ha-mm was obtained with
drip irrigation at 0.6 Eo. Based on polynomial
equation, maximum flower yield of 9.4 t/ha was
found 118 .8 mm water application through drip
system in several splits which is much beneficial
to the resource poor gladiolus growers in the
region.

2.4 Hissar

2.4.1 Performance of mini-sprinkler in
mungbean-wheat sequence.

The system mini-sprinklers of varying flow rates
were installed in wheat just after sowing during
2008-09. The flow rates vary from a minimum of
16 to a maximum of 144 Iph having the
corresponding wetting diameters of 2.4 to 6.0 m.
The depth of irrigation water varied from 0.28 to
0.39 cm/hr and accordingly the irrigation depth
also varied during the entire crop season in
different years depending upon the flow rate and
environmental conditions. The initial cost of
installation of mini-sprinklers varied depending
upon the wetting area covered by individual mini-
sprinkler. It was lowest (Rs. 5814/ha) with mini-
sprinkler of wetting diameter of 6 m where as it
was highest (Rs. 18488/ha) in case of mini-
sprinkler having wetting diameter of 2.4 m due
to increased number of laterals and mini-
sprinklers.

The depth of irrigation water applied with mini-
sprinklers of various wetting diameters varied from

40

12.18 to 12.64 cm with an average depth of 12.4
cm as compared to 16.6 cm under surface method
of irrigation (Table 2.8 & Fig. 2.1), thus amount
of irrigation water applied was 4.2 cm less under
mini-sprinklers system as compared to surface
irrigation. The soil moisture depletion (SMD)
among mini-sprinklers of various wetting
diameters varied from 8.14 to 8.68 cm with an
average value of 8.37 cm while it was 8.72 cm
under surface irrigation. Similarly, the ground
water contribution (GWC) towards crop ET under
irrigation with different wetting diameter mini-
sprinklers ranged from 10.18 to 10.56 cm whereas
it was 11.14 cm under surface irrigation. The
consumptive use (CU) under varying wetting
diameter mini-sprinklers was almost similar
(36.98 to 37.83 cm) as against 42.61 cm under
surface irrigation.

Table 2.8 Water use components in wheat
under different mini-sprinklers and surface
irrigation during 2013-14

Wetting Water use (cm)
dia. (m)
Irrigation Rainfall SMD GWC

2.4 12.60 6.15 | 8.14|10.22 |37.11
3.4 12.44 6.15 | 8.68(10.56 |37.83
4.2 12.32 6.15 | 8.26(10.25 |36.98
5.6 12.18 6.15 | 8.57|10.54 |37.44
6.0 12.64 6.15 | 8.18(10.18 |37.15
Surface 16.60 6.15 | 8.72|11.14 |42.61

SMD-soil moisture depletion, GWC- ground water
contribution, CU- consumptive use

Note: Water table depth of the field varied 65 to
108 cm during the crop season.
iy
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Fig. 2.1 Water use components in wheat under
different mini-sprinklers and surface irrigation
during 2013-14 .
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Table 2.9 Yield parameters and grain yield of wheat under different mini-sprinklers and
surface irrigation during 2013-14

Wetting Effective Grains/ Test Yield, kg/ha Harvest
dia.(m) tillers/ m? spike wt.(g) Grain Straw

2.4 345.0 41.2 38.0 5193 6906 42.9
3.4 346.0 41.1 38.2 5205 6819 43.3
4.2 345.5 41.0 38.1 5168 6822 43.1
5.6 345.8 40.8 38.2 5171 6981 42.6
6.0 346.0 41.2 38.2 5244 6817 43.5
Surface 343.0 40.5 37.4 5031 6993 41.8
CD at 5% NS NS 0.5 NS NS =

The yield parameters viz., effective tillers/m? and
grains/spike under mini-sprinklers and surface did
not differ markedly; however, the 1000-grain wt.
(g) was significantly higher with mini-sprinklers
over surface irrigation (Table 2.9). Average grain
yield of wheat (5196 kg/ha) was higher under
mini-sprinklers of different diameters over the
surface method of irrigation (5031 kg/ha). Among
the mini-sprinklers, maximum grain yield of 5244
kg/ha was recorded when irrigations were applied
using mini-sprinkler of 6.0 m wetting diameter.
The straw yield did not differ significantly and the
harvest index was found lower under surface
irrigation as compared to mini-sprinkler system.

The WP of irrigation water under surface method
was 3.30 kg/m? which increased to 4.18 kg/m?3
using mini-sprinkler system of irrigation. The WP
of total water use did not vary much among the
mini-sprinklers of different wetting diameters
(1.38 to 1.41 kg/m?3) with irrigation of different
wetting diameter but it was substantially lower
under surface irrigation i.e. 1.18 kg/m?.

2.4.2 Performance of mini-sprinklers in
wheat over the years (2008-09 to 2013-14)

The grain yield of wheat irrigated with mini-
sprinklers of 6.0 m wetting diameter was highest
in all the years (Table 2.10) among sprinklers of
different wetting diameter and over surface
irrigation. During 2008-09, the grain yield was
significantly higher with mini-sprinklers of 6.0 m
as compared to surface irrigation and mini-
sprinklers of 3.4, 4.2, and 5.6 m wetting diameter.
However, in 2009-10 and 2010-11, it was
significantly higher over only surface irrigation,
and the difference among mini-sprinklers of
varying wetting dia. was not marked. During
2012-13 and 2013-14, the grain yield did not vary
substantially between the surface and mini-
sprinklers. The mean grain yield of the five crop
seasons with mini-sprinklers of 6.0 m wetting
diameter was 5160 kg/ha which was significant
higher by 477 kg/ha as compared to surface
irrigation. The variation in grain yield under
irrigation with mini-sprinklers of varying wetting

Table 2.10 Grain yield of wheat under different mini-sprinklers and
surface irrigation during from 2008-09 to 2013-14

Wetting dia., m Grain yield, kg/ha

2008-09 2009-10 2010-11 2012-13 2013-14
2.4 5426 4686 5405 4342 5193 5010
3.4 5124 4556 5333 4276 5205 4899
4.2 5238 4632 5307 4309 5168 4931
5.6 5045 4598 5432 4288 5171 4907
6.0 5672 4761 5737 4388 5244 5160
Surface 4768 4217 5155 4246 5031 4683
CD at 5% 267 208 296 NS NS 326
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diameter was not significant. Therefore, irrigation
with sprinklers having wetting diameter of 6 m
was found to be most efficient as compared to
the sprinklers of other wetting diameters and
surface irrigation in wheat.

Water use and water productivity (WP):

The average water use from all sources i.e. soil
moisture depletion, ground water contribution
from shallow water table, effective rainfall and
irrigation water applied varied between a narrow
margin of 38.1 to 39.6 cm with irrigation from
different wetting diameter mini-sprinklers (Fig.
2.2). It was 43.2 cm in surface method of
irrigation. Likewise, the total depth of irrigation
water applied was 20.0 cm in surface method of
irrigation while with irrigation from different
wetting dia. mini-sprinklers it varied from 15.1 to
17.7 cm. The WP of the total water use was 2.91
kg grain/m?3 with 6.0 m and 3.25 kg grain/m?3 with
5.6 m wetting dia. mini-sprinkler. It was
substantially lower i.e., 2.35 kg grain/m3with
surface method of irrigation in wheat. The WP of
irrigation water applied did not vary among the
mini-sprinklers of varying wetting diameter which
remained around 1.30 kg grain/m3 whereas it was
only 1.08 kg grain/m3 under surface irrigation
method.
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Fig. 2.2 Average Irrigation and total water use,
and water productivity of wheat under different
mini-sprinklers and surface (2008-09 to 2013-14)

Taking into account the initial cost of installation
of mini-sprinklers and the value of additional yield
obtained during the last five years, the net profit
was maximum (Rs 28427/ha) with mini-sprinklers
of 6.0 m wetting diameter. After 5 years of
irrigation with mini-sprinklers, the B:C was found
to increase with increase in wetting diameter of
the mini-sprinklers.
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2.4.3 Evaluation of irrigation scheduling with
different methods of irrigation and mulching
in cotton cultivar

The crop was planted on 20%" may, 2014 after a
pre-sown irrigation. A total of 282 mm rainfall
was received during the crop season out of which
223 mm was calculated to be effective. The
cumulative values of Pan Evaporation, rainfall and
the gap is shown in Figure 2.3. It is clear from the
figure that the gap between cumulative PAN
evaporation and rainfall existed from the start of
the crop season and widened with the
advancement of crop period. The measured
amount of irrigation water was applied as per
treatments. The data from the Meteorological
laboratory located at the research farm was used
to calculate the IW/CPE. It indicated that to meet
the crop water requirement, frequent irrigations
were needed.
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Fig. 2.3 Daily and cumulative PAN evaporation
and rainfall, and their difference during the cotton
crop growth period of 2014

The first irrigation was applied on 18™ June in
flood and furrow methods when 65% of available
moisture in the 0-90 cm soil profile has depleted
in the individual plots. Thereafter, irrigations were
applied as per IW/CPE ratios. The depth of
irrigation was around 6.0 cm under flood and 5.0
cm under furrow method. Under flood method,
six irrigations were applied with a total amount
of 35.9 cm at IW/CPE= 0.75, while four irrigation
were given at IW/CPE= 0.50 with a total amount
of 24.7 cm. In furrow method, seven and five
irrigations with a total amount of 34.7 and 25.9
cm were applied at IW/CPE= 0.75 and 0.50,
respectively. Under drip, irrigations were applied
on alternate days at PE of 0.8 and the total amount
of irrigation water applied was 23.5 cm. The
volume of water applied (V) through drip was
estimated as follows:
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V=prprchAxN—chA

Where, E,is Pan evaporation (mm/day), K, is Pan
factor (0.8 for USDA Class-A Pan), K_is crop factor
during the growth period, A is the effective wetted
area (m?), N is irrigation interval (days), R_is
effective rainfall (mm)

Water use: The depletion of moisture from soil
(SMD) was minimum i.e., 5.8 cm with drip

and GWC and consequently the consumptive use
in cotton crop primarily due to reduced
evaporation from the soil surface during initial
growth period. The total water use did not differ
under 4 or 6 t/ha wheat straw as mulch.

Seed cotton yield and yield parameters: The
yield attributing parameters viz. number of opened
bolls/plant and boll weight as well as the yield

Table 2.11 Values of water use components (cm) in cotton under different methods of
irrigation, moisture regimes and straw muich

Method of Moisture regime Water use (cm)
irrigation SMD | Irrigation Eff. RF GWC Total
Flood IW/CPE = 0.75 5.6 35.9 22.3 8.5 72.3
IW/CPE = 0.50 6.8 24.7 22.3 9.5 63.3
Furrow IW/CPE = 0.75 6.3 34.7 22.3 8.3 71.6
IW/CPE = 0.50 6.5 25.9 22.3 9.5 64.2
Drip PE = 0.8 5.8 23.5 22.3 9.2 60.8
Wheat straw mulch
No mulch 6.7 29.1 22.3 9.5 67.7
4.0 t/ha 6.0 28.9 22.3 8.8 65.9
6.0 t/ha 5.9 28.8 22.3 8.7 65.7

irrigation applied at PE=0.8 and highest (6.8 cm)
with flood irrigation applied at IW/CPE of 0.50.
The contribution from shallow water table (GWC)
towards crop ET was higher with irrigations applied
either in flood or furrow method at IW/CPE=0.5
as compared to IW/CPE=0.75. The total water use
as consumptive use was 60.8 cm with drip
irrigation and highest (72.3 cm) with flood
irrigation applied at IW/CPE of 0.50. Mulching
with wheat straw influenced the water use
components as given in Table 2.11. Use of 6 or 4
t/ha wheat straw as mulch resulted in lower SMD

per plant were significantly influenced by varying
moisture regimes and mulch rates (Table 2.12).
The number of opened bolls/plant were found to
be highest (45.06) with drip irrigation applied at
0.8 PE as compared to other methods of irrigations
and moisture regimes. Irrigation in furrow applied
at IW/CPE=0.50 produced the lowest (34.18)
number of opened bolls/plant. Application of
irrigation through drip resulted in significantly
higher boll weight (3.111 g) as compared to other
moisture regimes and methods. Flood irrigation
applied at IW/CPE=0.5 had the lowest boll weight

Table 2.12 Yield parameters and seed cotton yield of cotton under different treatments

Method of irrigation | Moisture regime | Opened Boll wt. g |Yield/plant, g | Seed cotton yield,
bolls/plant kg/ha
Flood IW/CPE = 0.75 36.26 2.973 106.1 2241
IW/CPE = 0.50 34.87 2.843 97.5 2061
Furrow IW/CPE = 0.75 43.54 3.067 131.9 2785
IW/CPE = 0.50 34.18 2.974 100.4 2124
Drip PE = 0.8 45.06 3.111 138.7 2918
CD at 5% 1.76 0.023 5.3 159
Wheat straw mulch No mulch 35.01 2.923 101.1 2138
4.0 t/ha 40.21 3.024 120.4 2526
6.0 t/ha 41.13 3.035 123.3 2613
CD at 5% 1.25 0.015 3.7 94
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of 2.843 g. The seed cotton yield recorded under
drip system of irrigation was significantly higher
(2918 kg/ha) than flood irrigation applied at IW/
CPE of 0.75 and 0.50, and furrow irrigation applied
at IW/CPE of 0.50 but was at par with furrow
irrigation applied at IW/CPE of 0.75. Also,
application of irrigation at IW/CPE=0.75 through
furrows produced significantly higher seed cotton
yield over other moisture regimes under flood and
furrows. Use of wheat straw mulch either @ 4 or
6 t/ha favourably influenced the yield attributes
viz., opened bolls/plant and boll weight, and
consequently resulted in significantly higher yield/
plant and seed cotton yield over no mulch.
However, the difference in yield attributing
parameters and seed cotton yield between
mulching @ of 4 and 6 t/ha was not marked. The
interaction between methods of irrigation at
various moisture regimes and mulch rates was
found to be non-significant.

Water productivity (WP): The water
productivity calculated as seed cotton yield per
unit of irrigation and total water use revealed that
the productivity of applied irrigation as well as
total water use was highest (1.24 and 0.48 kg
seed cotton yield/m3, respectively) when
irrigations were applied at PE of 0.8 through drip
system over other irrigation methods and
schedules (Fig. 2.4). The irrigation water
productivity as achieved with irrigation at IW/
CPE=0.75 by flood method was found to be lowest
i.e. 0.62 kg seed cotton yield/m?3 as against the
other moisture regimes by surface (flood and
furrow) methods which fluctuated around 0.80 kg
seed cotton yield/m3. Among the surface methods
of irrigation, the productivity of total water use

was highest (0.39 kg seed cotton yield/m?3) with
furrow applied at IW/CPE= 0.75. Mulching with
wheat straw @ 4 or 6 t/ha resulted in achieving
higher productivity of applied irrigation and total
water use (0.38-0.40 and 0.88-0.91 kg seed
cotton yield/m3) as compared to no mulch (0.32
and 0.72 kg seed cotton yield/m?3). However, the
difference between mulching @ 4 and 6 t/ha was
not found to be pronounced in terms of either
irrigation or total water use productivity.
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Fig. 2.4 Water productivity and seed cotton yield
under different methods of irrigation, moisture
regimes and straw mulch

Irrigation applied at 0.8 PE through drip resulted
in highest seed cotton yield and water productivity.
Among the surface methods irrigation at IW/
CPE=0.75 by furrow method yielded higher seed
cotton yield as well as water productivity. Mulching
with wheat straw @ 4 or 6 t/ha produced similar
yield and water productivity but was considerably
superior to no mulch.

Table 2.13 Effect of planting geometry and irrigation levels on growth parameters,
yield attributes and yield of Tomato

AICRP 'REPORT 2014-15 |44

Treatment Plant height No. of Fruit Fruig No. of Yield

(cm) Branches/ Diameter Weight Fruits/ (t/ha)
plant (cm) (g9) Plant

A. Spacing

S, 64.8 3.5 15.2 56.0 17.0 16.5

S, 66.5 4.0 16.5 60.0 19.5 18.1

S, 63.3 3.0 13.3 48.0 14.5 13.0

CD(5%) NS NS 1.8 5.5 2.7 2.1

B. Irrigation levels

I 63.1 3.1 12.5 51.5 15.0 13.5

I 65.5 3.7 15.9 55.7 17.7 16.7

L 65.8 4.0 16.6 56.8 18.3 17.5

CD(5%) NS NS 0.8 2.4 1.2 1.1

C. Absolute control 58.6 2.3 10.3 48.5 11.0 9.5




2.5 Jammu

2.5.1 Evaluation of drip irrigation layout and
effect of irrigation on tomato (Lycopersicon
esculentum)

The total water applied with drip irrigation system
with irrigation levels of I,,I, and I, was 82, 167
and 245mm respectively as compared to350mm
in control. The water saving in respective irrigation
levels ranged from 33-77 percent over control.
Growth and yield of Tomato showed that plant
height and no. of branches/plant did not vary
significantly irrespective of spacing and irrigation
treatments applied. However, significant difference
existed for fruit diameter, fruit weight and no. of
fruits/plant. Spacing treatment S, showed
significantly higher values over S, but at par values
with S, for fruit diameter, fruit weight and no. of
fruits/plant and yield. Similarly, irrigation at I,
(0.75PE) recorded significantly higher values over
I, (0.25PE) but at par values with I,(0.50PE)for
fruit diameter, fruit weight and no. of fruits/plant
(Table 2.13).

2.6 Jabalpur

2.6.1 Effect of Dripper Spacing on Yield and
Water Productivity of Wheat under Drip
Irrigation

Field studies were also conducted on use of drip
irrigation for Wheat crop. The result indicated that
the wheat yield may be improved by 21 %. 60
cm lateral spacing with 40 cm dripper spacing
was found significantly superior in terms of yield.
The water productivity can be increased upto 1.69
kg/m3. Mean grain yield for all three dripper
spacing (30, 40, 50 cm) at lateral spacing of 60
cm produces significantly higher wheat yield
(46.33 g ha) followed by 80 cm lateral spacing
(43.70 g ha') and 100 cm lateral spacing (41.77
g hat). Mean wheat yield as recorded in all lateral
spacing (60, 80, 100 cm) was maximum with 30
cm dripper spacing (45.22 g ha'!) closely followed
by 40 cm dripper spacing (43.56 q hat') and 50
cm dripper spacing (43.06 g ha).

The lateral spacing of 60 cm with drippers at 30
cm interval resulted highest grain yield of 47.16
g hat! which is 18.43% higher as compared to
supervised pipe irrigation. It also saves 24.86%
water applied and thus improves water
productivity by 47.30%. On the basis of
economical analysis, wheat cultivated under 100
cm lateral spacing with dripper at 30 cm interval

resulted the highest net profit of Rs. 47,574 per
hectare with maximum economic water
productivity of 10.94 Rs/m? of water used. Based
on present study with all statistical analysis and
economical gain, 60 cm lateral spacing with 50
cm dripper spacing may be recommended for
wheat crop which may result in 46.36 q ha! of
wheat with use of water up to 32.3 cm. The yield
obtained in supervised pipe irrigation was 39.82
q ha?' with water use of 43.0 cm. Thus drip
irrigation as recommended may improve yield by
16.42% and save water by 24.86%.

2.7 Jorhat

2.7.1 Feasibility of using vermiwash as liquid
fertilizer in Assam Lemon under drip
irrigation

The result showed that for first two years of the
trial , different treatments failed to influence the
yield of Assam lemon plants significantly. However
treatments became significant during 3 and 4%
year of the experimentation. It was interesting to
note that even 50% of recommended dose of N
application through vermiwash application
resulted in better or at par yield that of soil
application with 100% recommended dose of NPK
(Table 2.14). Compared to conventional drip
fertigation vermiwash fertigation resulted in
significantly better yield. The yield of Assam lemon
plants fertigated with vermiwash @ 50%

recommended dose of N were at par with
conventional fertigation of 100% RD during 2012-
13, 2013-14 and in pooled. Vermiwash fertigation
@120% of recommended dose of N resulted in
the highest yield during all the years of
experimentation as well as in pooled. The better
yield of verimwash fertigated plants compared
to soil application of fertilizer may be due to better
availability of nutrient to the plant. Further it was
noticed that if sufficient care is not taken in soil
application of fertilizer considerable damage of
feeder roots in the surface layers takes place
which affects the nutrient uptake of the plant.
Soluble Nitrogen, Phosphorus and Potash are the
main nutrients in vermi wash. Hormones such as
Cytokinins, Oxyn etc., Amino Acid, Vitamins,
Enzymes, some other secretions and many useful
microbes such as heterotrophic bacteria, fungi,
actinomycetes including nitrogen fixers,
phosphate solubilisers present in the vermiwash
(not qualtified) might have played role in getting
better yield of plants. Another reason might be
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Table 2.14 Effect of vermiwash as liquid fertilizer on yield of Assam lemon

Explanation Treatments

2010-11

Yield (no. of fruits per plant)
2011-12 2012-13 2013-14 Pooled

Rain fed + Soil application

(100% of RDF) T, 20.00 32.75 74.00 172.50 74.81
Fertigation (120 % RDF)

conventional drip T, 18.25 33.50 116.00 237.25 101.25
Fertigation (100 % RDF)

conventional drip T, 21.50 31.25 87.50 223.00 80.81
vermiwash (120 % of

recommended dose of N )

through low cost drip T, 24.0 34.00 118.25 238.75 103.75
vermiwash (100% of

recommended dose of N)

through low cost drip T, 24.75 30.50 98.00 221.00 93.56
vermiwash (75 % of

recommended dose of N)

through low cost drip T, 24.5 34.50 84.00 209.50 88.12
vermiwash (50% of

recommended dose of N)

through low cost drip T, 21.25 32.50 70.50 195.25 79.87
CDat5 % NS NS 16.07 39.70 10.7

CcVv 31.22 21.20 11.69 12.50 16.86

that Amino Acids in the vermiwash are easily
available for plants and therefore that explains
better yield.

The benefit cost analysis of the experiment is
presented below. For analysis of benefit cost ratio
pooled yield of the results were taken. Economic
analysis of Assam lemon cultivation from 1 ha area
using the treatments was done. Although highest
yield was obtained in the plants with vermiwash
fertigation with 120 % of recommended dose of N
through low cost drip, the net seasonal income
was found to be highest (#200975/ha) in

conventional fertigation with 120% NPK. Highest
benefit cost ratio of 3.85 was also obtained in the
same treatment. There was negative benefit cost
ratio in the tertaments with vermiwash fertigation
because of higher cost of vermiwash (@ Rs 2 per
). To get an equivalent B: C ratio (3.81, 3.35, 3.09
& 2.71 for 120, 100, 75 & 50 % of RD of N through
vermiwash), the cost of vermiwash has to be Rs
0.10 per 1). Alternatively seliing the fruit with a
premium price of Rs 10 per fruit (as organic) will
result in comparable B: C ratio (3.22, 2.81, 2.59 &
2.25 for 120, 100, 75 & 50 % of RD of N through
vermiwash).

Table. 2.15: Water use efficiency in turmeric Cost of cultivation and economics

Treatments Irrigation water Effective RF Total water used Yield WUE
(mm) (mm) (mm) (kg/ha) (kg/ha.mm)
L 907 162 1069 33618 31.44
I 740 162 902 33413 37.04
I 572 162 734 31770 43.28
I 1305 162 1467 33292 22.69
Il 1137 162 1299 30987 23.85
Il 970 162 1132 26997 23.84
L 812 162 974 23128 23.74

r




2.8 Bhavanisagar

2.8.1 Optimisation of irrigation and
fertigation schedule to turmeric under
different lateral spacing and the moisture
and nutrient movement in soil.

Seven irrigation treatments such as I, : Drip
irrigation at 80% of PE with lateral spacing of 90
cm, I, : Drip irrigation at 60% of PE with lateral
spacing of 90 cm, I, : Drip irrigation at 40% of
PE with lateral spacing of 90 cm, I, : Drip irrigation
at 120% of PE with lateral spacing of 150 cm, L :
Drip irrigation at 100% of PE with lateral spacing
of 150 cm, I, : Drip irrigation at 80% of PE with
lateral spacing of 150 cm, I, : Drip irrigation at
60% of PE with lateral spacing of 150 cm and
three fertigation levels viz. F, :Fertigation at 125%
of recommended N & K, F, :Fertigation at 100%
of recommended N & K and F, :Fertigation at 75%
of recommended N & K were taken for the above
evaluation. Among the different irrigation levels
given I, I, and I, are found to be the best and on
par with each other and they are followed by
irrigation level I,. Among the three fertigation
treatments given F, and F, are found to be best
and on par with each other, followed by F..
Between the different interaction levels LF, is
found to be best and it is followed by LF, and
I,F,.Water use efficiency was the maximum in the
treatment I, and I, (drip irrigation at 40% of PE
and 60% of PE with lateral spacing of 90 cm. The
treatments I, to I, recorded lower water use
efficiencies because of increased water use due
to increased lateral spacing of 150 cm.

The cost of drip system is taken as Rs 1,00,000 /
ha in 90 cm lateral spacing and 75,000 / ha in
150 cm lateral spacing. 10 per cent on interest
and 10 per cent on depreciation was added to the
cost of cultivation in the respective treatments.
Cost of turmeric rhizomes was taken Rs. 10 / kg.
The treatments IF, recorded the highest B : C
ratio and it was followed by I,F, and LF, The
treatmentsin I, L, I, I, I, recorded B: C ratios
higher than 4. The treatments in I, I, recorded
comparatively lower B: C ratios.

Table 2.16: Cost of cultivation and
economics of the treatments

Gross Net
ments| Cultiva- return return
(Rs. (Rs.
ha-t) ha-t)

IF, 77000 [33700 |337000 | 260000 |4.38
IF, 75000 [33060 |330600 | 255600 |4.41
I,F, 73000 [32100 |321000 | 248000 [4.40
LF, 77000 [33330 |333300 | 256300 [4.33
LF, 75000 [35800 |358000 | 283000 |4.77
LF, 73000 [31110 |311100 | 238100 |4.26
LF, 77000 [31860 |318600 | 241600 |4.14
LF, 75000 [33460 |334600 | 259600 |4.46
LF, 73000 [30000 |300000 | 227000 |4.11
IF, 72000 [34820 |348200 | 276200 |4.84
IF, 70000 [33460 |334600 | 264600 |4.78
IF, 68000 [31610 |316100 | 248100 [4.65
I.F, 72000 |32720 [327200 | 255200 (4.54
LF, 70000 [30990 |309900 | 239900 [4.43
IF, 68000 [29260 |292600 | 224600 [4.30
IF, 72000 [28400 |284000 | 212000 |3.94
IF, 70000 [26790 |267900 | 197900 |3.83
IF, 68000 [25810 |258100 | 190100 |3.80
LF, 72000 [24450 |244500 | 172500 |3.40
LF, 70000 [23090 |230900 | 160900 |3.30
LF, 68000 (21850 |218500 | 150500 |3.21

2.8.2 Optimizing irrigation schedule for
redgram under drip fertigation system

For Optimizing irrigation schedule for redgram
under drip fertigation system, following treatment
schedule such as T, - Conventional sowing and
surface irrigation with soil application of RDF, T, -
Transplanting and surface irrigation with soil
application of RDF, T,- Conventional sowing under
drip irrigation at 40% PE and fertigation RDF, T,-
Conventional sowing under drip irrigation at 60%
PE and fertigation RDF, T,- Conventional sowing
under drip irrigation at 80% PE and fertigation
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RDF, T,- Transplanting under drip irrigation at 40%
PE and fertigation RDF, T,- Transplanting under
drip irrigation at 60% PE and fertigation RDF, T-
Transplanting under drip irrigation at 80% PE and
fertigation RDF , T,- Transplanting 30 days old
seedlings grown in polybags and surface irrigation
with soil application of RDF.

Based on the result of the first year the treatments
have been modified as below and the same will
be followed during 2014 and 2015. In the place
of 75 x 18 cm under drip and 45 x 30 cm under
surface irrigation, 75 x 30 cm under drip and 60x
30 cm under surface irrigation will be followed.
Further one additional treatment of 30 days old
seedling grown in poly bag has been included.
Hence, the following are the treatment structure
for 2014 and 2015.The results indicated that
sowing by dibbling of redgram seeds with dirp
irrigation at 60% pan evaporation and fertigation
of RDF resulted in better growth attributes, yield
attributes and grain redgramyield. Though the
above treatment resulted in higher grain yield, it
was comparable with transplanting of redgram and
given with drip irrigation at 60% PE and fertigation

of RDF. Sowing by dibbling with drip irrigation at
60% PE and fertigation of RDF registered a higher
grain yield of 1640 kg/ha and next to this
treatment transplanting of redgram and given with
drip irrigation 60% PE and fertigation recorded
1600 kg/ha.

2.9 Ludhiana

2.9.1 Evaluation of drip irrigation system in
vegetable crops using brackish water under
different cropping system.

Cauliflower:

The results of different quality of water on curd
yield, water expense and water expense efficiency
of cauliflower are presented in Table 2.18. The
results revealed that maximum curd yield (215.3
g/ha) and average curd weight (736 gm) was
obtained in CW (canal water) treatment and was
significantly higher than other treatments except
1CW:1TW treatment. Maximum water expense
efficiency (WEE) was in CW treatment followed
by 1 CW: 2 TW and lowest in TW treatment.

Table 2.17: Effect of treatments on economics of redgram

Treatment

mm)

WUE
(kg/ha/

Net
income
(kg/ha)| (Rs./ha)

Ratio | cultiva-

T, : Conventional sowing and surface

irrigation with soil application of RDF 1.53 1205 30150 1.87 32120 60250
T,: Transplanting and surface irrigation

with soil application of RDF 2.23 1170 23500 1.67 35000 | 58500
T,: Conventional sowing under drip

irrigation at 40% PE and fertigation RDF 3.40 1420 33000 1.86 38000 | 71000
T,: Conventional sowing under drip irrigation

at 60% PE and fertigation RDF 2.88 1640 44000 2.15 38000 | 82000
T,: Conventional sowing under drip irrigation

at 80% PE and fertigation RDF 2.14 1520 38000 2.00 38000 | 76000
T, : Transplanting under drip irrigation at

40% PE and fertigation RDF 3.88 1385 29500 1.74 39750 69250
T,: Transplanting under drip irrigation at

60% PE and fertigation RDF 3.52 1600 40250 2.01 39750 | 80000
T, : Transplanting under drip irrigation at

80% PE and fertigation RDF 2.54 1475 34000 1.85 39750 | 73750
T, : Transplanting 30 days old seedlings

grown in polybags and surface irrigation

with soil application of RDF. 2.34 1230 26000 1.73 35500 | 61500

SED 45.5
CD (P=0.05) 91.3
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Table 2.18.: Effect of different qualities of water on yield, yield attributing characteristics
and water expense and water expense efficiency of cauliflower

CW 4.10 18.70 45.1 736 215.3 11.5
1CW:1TW 4.93 19.53 43.7 692 201.8 10.3
1 CW:2 TW 4.32 18.92 42.9 683 197.9 10.5
1 CW:3TW 3.84 18.44 42.0 668 193.5 10.5
TW 4.50 19.10 41.3 652 190.1 10.0
CD @ 5% NS 47 15.9

Cw = Canal water, Tw= Tubewell water: 1, 2, 3 proportion of water

Cucumber:

The results of different quality of water on yield,
water expense and water expense efficiency of
cucumber revealed that maximum yield (153.8
g/ha) was obtained in CW (canal water) treatment
and is significantly higher than other treatments.
Maximum water expense efficiency (WEE) was in
CW treatment followed by 1 CW: 1 TW and lowest
in TW treatment.

Bottle gourd:

The results of different quality of water on yield,
yield contributing characteristics, water expense
and water expense efficiency of bottle guard
results revealed that maximum vyield (379.6 g/
ha) and numbers of fruits per plant (10.6) of bottle
guard were obtained in treatment T, where canal
water was used for irrigation and was significantly
higher than other treatments except 1 CW: 1 TW
treatment. However, the effect of water quality
on fruit weight was found to be non-significant.
Maximum water expense efficiency (WEE) was
observed in canal water treatment and lowest in
1 CW: 3 TW and TW treatments.

2.9.2 Growth and yield response of Bt cotton
to water quality and fertigation levels under
drip system

The effect of irrigation water quality and fertigation
levels on different growth and water use
parameters show that seed cotton yield recorded
significantly higher values when canal irrigation
or alternate irrigation of canal and tubewell was
applied than with tubewell water alone. On an
average the observed seed cotton yield was

3182.4 kg/ha with canal water followed by 3056.7
kg/ha with alternate irrigation of canal &tubewell
water and 2493.5 kg/ha with tube well water
alone. Similar trends were observed in other
growth parameters i.e. no. of bolls/plant and no.
of sympods / plant. However, plant height had
non-significant results under different water
qualities. Among different fertigation schedules,
the seed cotton yield was at par when 80% and
100% of recommended dose of fertilizer was
applied. Both treatments had significantly higher
yield than treatment in which 60% of
recommended dose of fertilizer was applied. The
water expense efficiency was highest in canal
water and least in tubewell water treatments.

2.9.3 Optimum irrigation schedule for bitter
gourd through drip under low tunnel

On the basis of experimentation, it was observed
that the fruit yield of bitter gourd increased
significantly with increasing level of irrigation
water only up to 0.8 Etc with low tunnel. Further
increase in irrigation water did not increase the
fruit yield significantly.The maximum fruit yield
of bitter gourd (528.24 g/ha) was recorded with
drip irrigation at 1.2 Etc (LT) which was at par
with the yield received with 0.8 Etc (LT) and 1.0
Etc (LT). Thus drip irrigation at 0.8 Etc (LT) was
found optimum irrigation schedule for bitter gourd.
It gave 18.96 % higher fruit over surface
irrigation.The water expense efficiency was higher
in the drip-irrigated treatments as compared to
flood irrigation. The maximum water expense
efficiency of 118.80 kg/ha mm was recorded under
0.8 ETc, followed by 112.35 kg/ha mm under
0.6ETc treatment. (Table 2.19)

AICRP (IWM) ANNUAL REPORT 2014-15 | 49



N

G Y]

HIAR
Table 2.19: Effect of different irrigation treatment. The water expense efficiency was
treatments on water use and expense efficiency increased with increasing levels of fertilizer
A - .
Irrigation |Effective |Irrigation Total WEE appl_lcat|on utp o ey i %p.Of nchrgegntS"l-ll-(he
schedule | rainfall water water |[(kg/ha maXximum water expense € |C|_ency 0 : 9/
(mm) | applied use mm) ha mm was recorded under application of 120%RD
(mm) (mm) of nutrient, followed by 39.774 kg/ha mm under
0.6 ETc 177.1 193.48 416.36 |112.35 application of_ 10_O%RD of putrient. The_fruit yield
of tomato significantly increased with every
0.8 ETc 177.1 | 250.77 | 508.33 (118.80 increase in fertilizer levels with drip irrigation up
1.0 ETc 177.1 307.86 496.14 [102.30 to the application of 100 % RD of nutrient. After
that the increase in yield was not significant. The
1.2 ET 177.1 .2 28.24 7.4 . .
¢ 365.25 528 97.40 maximum fruit yield of tomato (227.41 g/ha) was
Flood 177.1 | 800.0  [427.31 |43.73 recorded with 120%RD of nutrient which was
irrigation significantly higher as compared with the
. N . application of 60, 80 percent of recommended
Table 2.20: Plot wise fruit yield of bitter doses of nutrients with drip and flood irrigation
gourd under different treatments and at par with 100 percent of nutrient application
Treat- Plot wise yield of bitter gourd Fruit with drip irrigation under low tunnel.
ocnts (kg/plot) P Table 2.21: Effect of different irrigation
(q/ha) g
treatments on water use and expense efficiency
R, 416.36 [R, Total |416.36
Irrigation Effective |Irrigation| Total WEE
0.6 ETc | 72.40 |508.33 [105.20 |269.80]508.33 schedule rainfall waer || oarer (kg/ha
0.8 ETc |109.90[496.14 [102.40 [329.40(496.14 applied | use (mm)

(mm) [ (mm)
60% of RD 177.1 393.7 | 570.8 20.418
80% of RD 177.1 393.7 | 570.8 30.183

1.0 ETc | 111.90|528.24 |100.20 [321.50(528.24
1.2 ETc_ | 113.40|427.31 |113.20 [342.30(427.31

Flood 0
irrigation [ 92.30 |29.73 [91.90 |276.90|- 100% of RD| 177.1 | 393.7 1570.8 | 39.775
120% of RD| 177.1 393.7 [570.8 | 39.840
CD at 5% 64.78
Control 177.1 800 977.1 17.398
2.9.4 Response of tomato to fertigation ]
2.10 Navsari

under low tunnel

A post transplanting irrigation of 100 mm in 2.10.1 Feasibility of drip irrigation in pigeon
surface method and in drip irrigation treatments pea (rabi) with and without muich.

the drip was operated 5.5 hr in December to
ensure good establishment of seedlings.
Remaining irrigations were applied as per

Feasibility study of drip irrigation in pigeon pea
(rabi) with and without mulch was undertaken
with following treatments such as I,(Drip at 0.4

Table 2.22: Plot wise fruit yield of Tomato under different treatments

Treatments Plot wise yield of Tomato (kg/plot) Fruit yield (q/ha)
R, 116.54 R, Total 116.54

60% RD 63.80 172.28 64.20 188.80 172.28

80% RD 82.50 227.04 110.00 279.10 227.04

100% RD 113.40 227.41 136.90 367.80 227.41

120% RD 139.60 170.00 111.70 368.40 170.00

Flood 84.40 20.01 102.10 275.40 170.00

Total 483.70 43.60 524.90 1479.50 -

CD 5% 43.60
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PEF), I, (Drip at 0.6 PEF), I, (Drip at 0.8 PEF)
and I,(Surface irrigation at 0.8 IW/CPE)M,(No
mulch), M, (Sugarcane trash @5 t/ha), M,(Black
plastic mulch 50p).It was observed that treatment
I, recorded significantly higher grain yield as
compared to rest of the I levels, but it remained
at par with treatment L,. During all the individual
years as well as in pooled results, black plastic
mulching treatment (M,) out yielded than rest of
mulching treatments by recording significantly
higher grain yield of pigeon pea. The yield
recorded with M, treatment during 2011-12, 2012-
13, 2013-14 and pooled result were 1616, 1915,
1280 and 1604 kg/ha. During first year treatment
combinations I.M, (1732 kg/ha) registered
significantly higher grain yield as comparison to
rest of the treatment combinations, but it
remained at par with treatment M, (1630 kg/
ha), I,M, (1580 kg/ha) and I,M, (1630 kg/ha).
During subsequent two years and in pooled
results, treatment I,M, recorded significantly
higher grain yield as compared to rest of the
treatments, but it remained at par with treatment
combinations I,M,. The grain yield recorded with
treatment I,M, during 2", 3" year and in pooled
results were 2254, 1440 and 1774 kg/ha,
respectively. The average water applied in I, L,
I, and I, were 347, 461, 574 and 680 mm,
respectively which getting 49, 32 and 16 per cent
water saving with I, I, and L, respectively over
surface irrigation (I,). Irrespective of treatments,

was calculated for different treatment
combinations (Table 2.20.7). Considering grain,
stalk and stover yields of pigeon pea, maximum
net profit realized under treatment combination
.M, (Rs.51970/ha).

Table 2.23: Economics of different
treatments

Treat. Total Yield (kg/ha)

Cost Grain Stalk + Gross

income

(Rs./ Stover
ha) (Rs./ha)

1 [ 1M, [36279] 855 | 3813 | 51359 [15080
2 [ I,M, [41779| 1300 4888 | 73996 |32217
3 | I,M, [47342| 1651 | 5909 | 92631 |45288
Z | LM, [36385| 1166 | 4976 | 69032 |32647
5 |, M, [41885| 1245| 5030 | 72435 |30550
6 |, M, [47448| 1774 | 6324 | 99418 [51970
7 | L, M, [36492 | 1198 | 5042 | 70609 [34117
8 | I, M, [42992| 1474 | 6861 | 89835 |46843
9 | L, M, [47555| 1554 | 6697 | 92297 (44742
10[ 1, M, [28747 | 1118 5046 | 67427 |38680
11| 1, ™, |34247| 1331 5907 | 79822 |45575
12| 1, ™, |39810| 1435| 6016 | 84472 |44662

* Selling price of grain @ Rs.40/kg and stover @
Rs.4.5 /kg

2.10.2 Levels of nitrogen and intra-row
spacing on yield of drip irrigated castor

the WUE was ranging from 1.64 kg/ha mm with (rabi).
I,M, to 4.76 kg/ha-mm with I M,.Since interaction
effect of irrigation and mulch levels on grain yield

was found significant, therefore, cost economics
Table 2.24: Economics of different treatments

Fixed Variable Total Seed Gross Net
cost cost cost yield income Profit

Pooled results of three years showed that
treatment N, registered significantly higher castor

Treatments

(Rs./ha) (Rs./ha) (Rs./ha) (kg/ha) (Rs./ha) (Rs./ha)

Intra row spacing (m)

S, (0.6) 16097 23734 39831 2941 108817 68986 2.73
S,(0.9) 16097 23384 39481 2823 104451 64970 2.65
S,(1.2) 16097 23184 39281 2618 96866 57585 2.47
Nitrogen level (kg/ha)

N, (80) 16097 22559 38656 2634 97458 58802 2.52
N,(120) 16097 23436 39533 2772 102564 63031 2.59
N,(160) 16097 24314 40411 2977 110149 69738 2.72
Control

Paired row planting | 19177 | 24607 | 43784 | 2404 | 88949 | 45165 [ 2.03

Selling price of produce: Castor seed = Rs. 37/kg - N
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seed yield as compared to rest of N levels.
However, it remained at par with treatment N,
during first two years. Castor seed yield recorded
with treatment N, during year 2011-12, 2012-
13, 2013-14 and in pooled results were 3057,
3036, 2837 and 2977 kg/ha, respectively. In case
of intra row spacing, during all the individual years
as well as pooled results, treatment S, recorded
significantly higher castor seed yield as compared
to rest of levels, but it remained at par with
treatment S, during last two years. With respect
to control v/s rest analysis, there were non
significant differences in castor seed yield between
treatment mean and control during individual year.
However, in pooled results, treatment mean (2794
kg/ha) had an edge over control treatment (2404
kg/ha). Apart from castor yield, WUE in terms of
kg/ha-mm was also calculated. Irrespective of
treatments, the WUE was ranging from 7.35 kg/
ha-mm (N,) to 5.93 kg/ha-mm (control). All the
treatments registered higher WUE in comparison
to control.As NxS interaction effect was not
significant, the economic is calculated for
individual factor only. The data reported in table
2.24 indicated that the maximum net profit of
Rs. 69738/ha with BCR 2.72 were recorded in N,
treatment followed by treatment N, (Rs. 63031/
ha). Similarly, 0.6 cm intra row spacing recorded
higher net profit of Rs.68986/ha (S,) with BCR
2.73.

2.11 Palampur

2.11.1 Effect of varying drip irrigation depth
and fertigation on productivity of broccoli
with gravity fed irrigation system.

The broccoli crop grown with NPK fertigation under
gravity fed drip irrigation resulted in significantly
higher broccoli yield (2.18,1.09,1.11 & 1.14 times)
than crop grown with recommended package of
practices i.e. fertilization with recommended soil
test based NPK and surface irrigation of 5 cm at
11 day interval. The broccoli crop grown with NPK
fertigation under gravity fed drip irrigation resulted
in significantly higher water use efficiency (2.10,
2.29, 2.35 & 2.25 times) due to lower irrigation
water use (40.91, 49.40, 51.25 & 46.58 %) than
recommended practices. Gross returns were
higher (21.59, 9.30, 10.50 & 13.40 %) in broccoli
grown with NPK fertigation than recommended
practices. Net returns were significantly higher
(17.62 %) in broccoli grown with NPK fertigation
than recommended practices during first year.
However, in later years and on mean basis, net
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returns were significantly lower (24.22, 17.23 &
18.88 %) in broccoli grown with NPK fertigation
than recommended practices mainly due to higher
cost of soluble fertilizers. The B: C ratio was lower
(63.51, 66.50, 59.38 & 63.28 %) in broccoli grown
with NPK fertigation than recommended practices.

During all the year as well as on mean basis, an
increase in irrigation depth resulted in consistent
increase in broccoli yield. However, difference in
yields were not significant when irrigation depth
was increased from 0.6 CPE to 0.8 time CPE during
first year and on mean basis. Likewise during
second year, increases in yield were not significant
when irrigation depth were increased from 0.4 to
0.6 CPE and again from 0.8 to 1.0 CPE. During
third year, an increase in irrigation depth resulted
in consistent and significant increase in broccoli
yield (Table 4).

On the contrary, during all the years as well as on
mean basis, water use efficiency decreased with
increase in irrigation depth due to increase in
irrigation water use. However, the decrease in WUE
was not significant when irrigation depth was
increased from 0.4 CPE to 0.6 CPE during first
year. Highest WUE of broccoli (3.47, 4.02, 5.59
& 4.36 Mg m=3 water) was obtained with water
depth of 0.4 CPE.Further, during all the years and
on mean basis, increase in irrigation depth
resulted in consistent increase B: C ratio, with
highest values at irrigation depth of 100 per cent
CPE. However, the increases in B: C ratios were
not significant when irrigation depth was increased
from 0. 4 to 0.6 CPE and again from 0.6 to 0.8
CPE during first year; and from 0.4 to 0.6 CPE
and again from 0.6 to 0.8 CPE and further from
0.8 CPE to 1.0 time CPE during second year. On
mean basis also, the increase in B: C ratio was
not significant when irrigation depth was increased
from 0.6 to 0.8 CPE (Table 5). For maximizing
production, broccoli crop should be irrigated at
three day interval with gravity fed drip irrigation
system. The quantity of water applied per
irrigation should be equal to 1.0 time of cumulative
pan evaporation of preceding three days. Hundred
per cent of soil test based recommended NPK dose
should be used for eight fertigation with an interval
of at least 11 days between two successive
fertigation.

2.11.2 Effect of drip irrigation and fertigation
frequencies on crop growth, water use and
productivity of summer brinjal.

During both years, brinjal crop grown with 75 per
cent of recommended NPK fertigation under



gravity fed drip irrigation had no effect on brinjal
yield and gross returns than crop grown with
recommended package of practices i.e. fertilization
with recommended NPK and surface irrigation of
5 cm at 7 day interval. During 2013, brinjal crop
grown with 75 per cent of recommended NPK
fertigation under gravity fed drip irrigation had
no effect on net returns than crop grown with
recommended package of practices. However,
during 2014, crop grown with 75 per cent of
recommended NPK fertigation under gravity fed
drip irrigation resulted in significantly lower (23.62
%) net returns than crop grown with
recommended package of practices. However,
during both years, B: C ratio was significantly
lower (34.76 and 41.71 %) in brinjal grown with
75 per cent of recommended NPK fertigation than
recommended practices mainly due to higher cost
of soluble fertilizers (Table 13). Further, during
both years, the brinjal crop grown with 75 per
cent of recommended NPK fertigation under
gravity fed drip irrigation resulted in significantly
higher water use efficiency (1.5 and 2.0 times )
due to lower irrigation water use (33.14 and 52.33
%) than recommended practices.

During both years, twice a month fertigation
resulted in significantly higher gross returns than
fertigation at frequencies of once a week (13.50
& 11.91 %) and twice a week (9.98 & 8.75 %),
respectively. Likewise, net returns were also
significantly higher during both years, when crops
were fertigated at the frequency of twice a month
than at the frequency of once (23.37 & 24.19 %)
or twice (17.06 &17.60 %) a week. During both
years, twice a month fertigation resulted in
significantly higher B: C ratio than fertigation at
frequencies of once a week (23.74 & 24.24 %)
and twice a week (17.81 & 18.27 %), respectively.

At the level of once a week fertigation, irrigation
interval of one day resulted in significantly lower
brinjal yield than irrigation interval of either two
or three day. On the contrary, at the level of twice
a week fertigation, irrigation interval of one day
resulted in significantly higher brinjal yield than
irrigation interval of two day. Similarly, at the
levels of twice a month fertigation, irrigation
interval of one day resulted in significantly higher
brinjal yield than irrigation interval of three day
(Table 2.25). At irrigation interval of one day, twice
a month fertigation resulted in significantly higher
brinjal yield than once a week fertigation.
Likewise, at irrigation interval of two day, twice a
month fertigation resulted in significantly higher

brinjal yield than once a week fertigation as well
as twice a week fertigation. Fertigation frequency
had no effect on brinjal yield at irrigation interval
of three day.Irrigation at two day interval and twice
a month fertigation of brinjal crop resulted in
highest brinjal yield. However, it was statistically
similar to yield obtained by irrigating brinjal crop
at an interval of one day and fertigating either
twice a week or twice a month.

Table 2.25 : Interaction effect of irrigation
interval and fertigation frequency on
productivity of brinjal (Mg ha)
during 2014

Irrigation interval (days)
Two Three

Fertigation

frequency One

Once a week 8.87 10.78 10.72
Twice a week | 11.03 9.77 10.45
Twice a month| 11.27 11.90 10.82
CD (P = 0.05) 0.96

Economics of production of brinjal

At the level of once a week fertigation, irrigation
interval of one day resulted in significantly lower
gross returns, net returns and B: C ratio than
irrigation interval of either two or three day. On
the contrary, at the level of twice a week
fertigation, irrigation interval of one day resulted
in significantly higher gross returns, net returns
and B: C ratio than irrigation interval of two day.
Similarly, at the levels of twice a month fertigation,
irrigation interval of two day resulted in
significantly higher gross returns, net returns and
B: C ratio than irrigation interval of three day
(Table 2.26).

2.11.3 Effect of liquid manure based drip
fertigation on water use and productivity of
onion

Substitution of different proportion of
recommended N with various liquid manures
resulted in significantly higher green onion yield
and economics of drip irrigated (0.6 PE) onion,
than crop fertilized with recommended nitrogen
through chemical fertilizer either with or without
recommended FYM and surface irrigated with
water depth of 5 cm. In surface irrigated onion (5
cm water depth), application of recommended
nitrogen through chemical fertilizer along with
application of recommended FYM resulted in
significantly higher green onion yield (37.01 %),
gross returns (37.02 %), net returns (61.72 %)
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Table 2.26 : Interaction effect of
irrigation interval and fertigation
frequency on gross returns, net returns
and B: C ratio of brinjal during 2014

Fertigation Irrigation interval (days)
frequency

One Two Three
Gross returns (Rs ha?)
Once a week 1,33,000 |1,61,750 |1,60,750
Twice a week 1,65,550 |1,46,500 1,56,750
Twice a month | 1,69,000 |1,78,500 |[1,62,250
CD (P = 0.05) 14,463
Net returns (Rs ha)
Once a week 56,288 85,451 84,526
Twice a week 88,713 69,901 80,338
Twice a month 92,476 |1,02,351 86,176
CD (P = 0.05) 14,463
B: C ratio
Once a week 0.73 1.12 1.11
Twice a week 1.16 0.91 1.05
Twice a month 1.21 1.34 1.13
CD (P = 0.05) 0.19

and B:C ratio (42.71 %) than application of
recommended nitrogen through chemical fertilizer.
In 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 bio-fertilizer (E100)
resulted in highest green onion yield, gross
returns, net returns and B:C ratio . However, the
values so obtained were at par with values
obtained with substitution of 100 per cent of
recommended N with locally prepared liquid
manure (L100) and substitution of 75 per cent of
recommended N with locally prepared liquid
manure and enriched with 1 per cent liquid bio-
fertilizer (E75U25).

Water use Efficiency

In surface irrigated onion (5 cm water depth),
application of recommended N through chemical
fertilizer along with application of recommended
FYM resulted in significantly higher water use
efficiency than application of recommended N
through chemical fertilizer due to significantly
higher green onion yield in the former
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treatment.In 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 bio-fertilizer (E100)
resulted in highest WUE. However, substitution of
100 per cent of recommended N with locally
prepared liquid manure (L100), substitution of 75
per cent of recommended N with locally prepared
liquid manure enriched with 1 per cent liquid bio-
fertilizer (E75U25), substitution of 100 per cent
of recommended N with Banana pseudo stem sap
(B100) and substitution of 75 per cent of
recommended N with locally prepared liquid
manure (L75U25) resulted in statistically similar
WUE.

2.12 Parbhani

2.12.1 Response of drip irrigated turmeric
crop to different levels of irrigation and
fertigation.

Significantly highest fresh rhizome yield was
obtained with irrigation at 0.8 PE (295.7 g/ha)and
was at par with irrigation at 1 PE (291 g/ha).
Lowest irrigation level of 0.6 PE gave lowest fresh
rhizome yield (259.9 g/ha).Highest fertigation
level of 120 % RDF (240:120:120 NPK kg/ha)
gave significantly more fresh rhizome yield(325.7
g/ha) than rest of the lower levels of fertigation,
however it was at par with fertigation level of 100
% RDF(305.3 g/ha). RDF through soil application
(200:100:100 NPK kg/ha) recorded significantly
lower fresh rhizome yield (231.5 g/ha) than rest
of the fertigation level.Significantly highest
GMR(Rs406560) and NMR(Rs277617) was noted
with irrigation at 0.8 PE than rest of the lower
irrigation levels, however it was comparable with
irrigation at 1 PE in the first year of
experimentation. Lowest irrigation level of 0.6 PE
recorded significantly lowest GMR and
NMR.Highest level of fertigationi.e. 120% RDF
(240: 120 : 120 NPK kg/ha ) gave maximum GMR
(Rs447837) and NMR (Rs304296) and was
significantly more than lower levels of fertigation
except 100% RDF (200:100:100 NPK kg/ha). RDF
through soil application recorded significantly
lowest GMR and NMR.Water use efficiency of 637
kg/ha.cm was observed with irrigation at 0.6 PE
and it was gradually decreased with increase in
irrigation level. Lowest WUE of 345 kg/ha.cm was
recorded with irrigation at 1.2 PE.Highest
fertigation level of 120% RDF (240:120:120 NPK
kg/ha) noted highest WUE (532 KG/HA.CM) and
it was gradually decreased with each decreased



level of fertigation. RDF through soil application
showed lowest WUE of 378 kg/ha.cm

2.12.2 Water Management in Soybean-
Chickpea cropping system through sprinkler
method.

Soybean seed and straw yield was not significantly
influenced by sprinkler method and average
soybean yield obtained was 1717 kg/
ha.Significantly highest seed yield was obtained
with three sprinkler irrigations at grand growth +
flowering + pod formation stage (2973 kg/ha)
than rest of the irrigation treatments in case of
gram , however it was comparable with two
sprinkler irrigations at flowering + pod formation
stages (2860 kg/ha). Significantly lowest seed
yield was recorded with only one irrigation at
grand growth stage (2219 kg/ha) by sprinkler and
was at par with only one sprinkler irrigation at
flowering (2331 kg/ha) or pod formation stage
(2443 kg/ha). Average GMR and NMR recorded
from soyabean were 54710 and 31352 Rs/ha,
respectively.In case of gram, significantly highest
GMR and NMR was recorded with three sprinkler
irrigations at grand growth + flowering + pod
formation stage than rest of the irrigation
treatments , however it was comparable with two
sprinkler irrigations at flowering + pod formation
stage. Highest water use efficiency was obtained
with sprinkler irrigation at pod formation stage
(194 kg/ha.cm) followed by sprinkler irrigation
at flowering (185 kg/ha.cm). Lowest WUE was
noted with three surface irrigations at grand
growth + flowering + pod formation stage.

Another experiment on effect of mulching and drip
irrigation on growth and yield of water melon.

Was carried out by the centre during the reporting
period. During growth period of water melon,
irrigation was applied through drip irrigation
system having inline dripper of 2.4 Iph discharge.
The irrigation was applied daily on the basis of
daily pan evaporation at 0.6 PE (I,), 0.8 PE (L,)
and 1.0 PE (I,). The depth of water applied at
irrigation levels I,, I, and I, was measured as
257.22,342.96 and 428.70 mm respectively. The
effective rainfall of 101.50 mm was received
during crop growing season which was considered
while scheduling irrigation.The growth parameters
like length of longest vine and number of leaves
on longest vine were recorded under different

mulching treatments. All these growth parameters
were affected by the various mulching treatments.
Length of longest vine and number of leaves of
longest vine were found maximum in case of black
polythene mulch followed by transparent
polythene mulch and soybean straw mulch. The
minimum values of growth parameters were
observed in un-mulched control plot.

Table2.27 : Yield of water melon as
influenced by irrigation levels
(Summer 2014)

Sr. Treatment Water melon

No. yield (q ha)

1 I, - Irrigation at 0.6 PE 75.89
2 I, - Irrigation at 0.8 PE 96.51
3 L,- Irrigation at 1.0 PE 94.67
SE + 3.02
CD at 5% 8.97

From the above table it is revealed that water
melon yield is affected by different irrigation
levels. Irrigation at 0.6 PE (I,) recorded lowest
yield i.e. 75.89 g/ha whereas highest yield i.e.
96.51 g/ha was recorded when irrigation was
applied at 0.8 PE. The application of irrigation at
1.0 PE recorded 94.67 g/ha. water melon yield.
Results of the analysis of yield data further
revealed that treatment I, (0.8 PE) recorded
significantly higher yield over treatment I..
However yield recorded in treatment I, (1.0 PE)
was found to be at par with treatment I,. Maximum
water melon yield obtained in treatment I,
indicates that water melon crop should be irrigated
at 0.8 PE rather than at 0.6 PE and 1.0 PE. Lowest
water melon yield was obtained in treatment ..

2.12.3 Effect of different mulches on yield of
water melon.

Black polythene mulch, transparent polythene
mulch and soybean straw mulch were used to
study the effect of different mulches on yield of
water melon. The thickness of black and
transparent polythene mulch was 30 micron. The
soybean straw mulch was applied at the rate of 5
t/ha. The water melon yield obtained from
different mulching treatments and control plot is
presented in Table.2.28
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Table 2.28 : Yield of water melon as influenced Yield data recorded under different mulches
by different mulching treatments indicated that black polythene mulch recorded
maximum vyield i.e. 121.64 g/ha which was
followed by transparent polythene mulch, soybean
straw mulch. Lowest yield i.e. 62.49 g/ha was
1 M, - Black polythene muich 121.64 recorded from the unmulched plot (M,). It is thus
2 M, - Transparent polythene mulch 96.43 concluded that black polythene mulch gave
3 M, - Soybean straw mulch 75.53 significantly higher yield over the rest of the
4 M, - Control 62.49 treatments.
SE £ 3.45
CD at 5% 10.24
Table 2.29: Yield parameters as influenced by irrigation regimes and
fertilizer levels under turmeric
Treatment Weight of rhizomes Fresh yield(q ha) Dry yield (q hat)

(kg plant?)

2011-12 1 2012-13 | 2013-14 | Pooled | 2011-12 | 2012-13 | 2013-14| Pooled |2011-12 [ 2012-13 [ 2013-14 |Pooled

a) Irrigation regimes

1. Drip irrigation at 0.5 C.F. 1.66 0.61 0.67 0.98 | 229.92 | 225.00 | 298.28 | 245.51 | 45.98 | 45.17 | 59.66 | 50.27

2. Drip irrigation at 0.7 C.F. 3.60 0.90 0.89 1.80 | 274.80 | 251.38 | 347.61 | 291.27 | 54.96 | 50.02 | 69.52 | 58.17

3. Drip irrigation at 0.9 C.F. 2.49 0.60 0.94 1.34 | 251.03 | 244.80 | 325.72 | 273.85 | 50.21 4896 | 65.14 | 54.77

SEx 0.14 0.019 0.03 0.08 8.31 2.47 9.26 9.10 1.66 0.53 1.85 1.47

CD at 5% 0.56 0.075 NS 0.26 32.42 9.72 3.36 28.05 6.48 2.1 727 | 4.52

b) Fertilizer levels

1.100% GRDF -
Conventional fertilizer 2.51 0.71 0.82 1.35 | 251.37 | 229.88 | 323.89 | 268.38 | 50.27 | 4598 | 64.78 | 53.68

2. 100%GRDF -
P and K basal C.F &

N through drip 2.74 0.74 0.87 1.45 | 262.25 | 242.89 | 339.67 | 277.90 | 52.45 | 48.58 | 67.93 | 56.32
3.100% GRDF -

through W.S.F. 3.93 0.88 1.16 1.99 | 300.93 | 281.00 | 387.44 | 319.42 | 60.19 | 56.20 | 77.49 | 64.62
4.75% GRDF -

through W.S.F. 3.25 0.77 1.01 1.68 | 274.75 | 278.19 | 364.78 | 302.20 | 54.95 | 55.47 | 72.96 | 61.12
5.50% GRDF -

through W.S.F 2.31 0.67 0.73 1.24 | 254.60 | 238.05 | 305.00 | 265.88 | 50.92 | 47.61 | 61.00 [53.18
6. No fertilizers 0.76 0.45 0.42 055 | 167.62 | 172.36 | 222.44 | 187.48 | 33.52 | 34.47 | 44.49 | 37.50
SE= 0.090 0.08 0.05 0.07 5.15 2.41 11.41 8.13 1.03 0.51 2.28 1.47
CD at 5% 0.25 0.23 0.16 0.21 14.88 6.97 32.95 | 22.86 2.98 1.50 6.59 4.14

Surface irrigation- control 2.70 0.50 0.52 0.57 | 260.67 | 192.71 | 285.51 | 229.53 | 42.07 | 38.54 | 57.10 | 45.90

Interaction NS NS NS NS NS Sig. Sig. Sig. NS Sig. Sig. Sig.

Mean 2.60 0.70 0.84 1.37 | 251.92 | 240.40 | 323.87 | 270.21 | 50.38 | 48.05 | 64.77 |54.40
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Table2.30 : Fertilizer use efficiency and Curcumin content in turmeric crop as influenced
by irrigation regimes and fertilizer levels

Treatment FUE (kg kg™ ) Curcumin (%)

2011-12 2012-13 2013-14 Pooled

2011-12 2012-13 2013-14 Pooled

a) Irrigation regimes

1. Drip irrigation at 0.5 C.F. 3.11 | 242 | 3.79| 3.11| 4.98 | 4.56 | 5.72 | 5.09
2. Drip irrigation at 0.7 C.F. 5.36 | 4.09 | 6.26 | 5.24| 5.13 | 4.98 | 5.10 | 5.07
3. Drip irrigation at 0.9 C.F. 4,17 | 3.39 | 5.16 | 4.24| 5.08 | 4.77 | 4.98 | 4.94
b) Fertilizer levels

1. 100% GRDF - Conventional fertilizer 4.18 | 2.88 | 5.07 | 4.04| 4.98 | 4.59 | 5.10 | 4.89
2. 100%GRDF - P and K basal C.F & N through drip| 4.37 | 3.53 | 5.86| 4.59| 5.02 | 4.83 | 4.93 | 4.93
3. 100% GRDF - through W.S.F. 6.66 | 5.56 | 8.25| 6.82| 5.39| 4.92 | 5.20 | 5.17
4. 75% GRDF - through W.S.F. 5.35 |1 4.56 | 7.12| 5.68| 5.21 | 4.89 | 5.15 | 5.08
5. 50% GRDF - through W.S.F 435 | 3.29 | 4.12| 3.92| 5.14| 4.79 | 5.10 | 5.01
6. No fertilizers = = = = 4.63 | 4.52 | 4.40 | 4.52
Surface irrigation- control 2.13 | 2.40 | 3.15| 2.56| 5.09 | 4.48 | 4.63 | 4.73
2.13. Rahuri 2.6.1b) revealed that the highest content was

2.13.1. Effect of fertigation and irrigation
regimes on soil properties, yield and quality
of Turmeric.

The pooled data on fresh yield of turmeric for three
years (Table 2.29) concluded that the irrigation
regime 0.7 C.F. recorded significantly highest yield
(291.27 g hat) being at par with the treatment
0.9 C.F. (273.85 g ha') being higher than the
surface irrigation (229.53 q hat!). The fertilizer
levels treatment with 100% GRDF through W.S.F.
recorded significantly highest (319.42 g ha!) fresh
yield, but was at par with the treatment 75% GRDF
through W.S.F. (302.20 q ha!).The data on total
water applied, WUE and saving are depicted in
table 05 which revealed that the highest water
was applied in surface irrigation treatment (227.43
cm) followed by the treatment with 0.9 C.F.
(119.43 cm) through drip irrigation. The WUE was
highest under the treatment with 0.5 C.F. (73.18
kg hat cm) followed by 0.7 C.F. (70.12 kg ha
cm). The fertilizer level treatment with 100%
GRDF through W.S.F. showed highest WUE (77.80
kg ha cm) followed by the treatment with 75%
GRDF through W.S.F. (71.95 kg hat' cm). The
highest water saving was observed under the
treatment with 0.5 C.F. followed by the treatment
0.7 C.E.The pooled data on curcumin content (Table

observed under the treatment 0.5 C.F. (5.09%)
followed closely by the treatment 0.7 C.F. (5.07%).
The treatment with 100% GRDF through W.S.F
recorded highest curcumin content (5.17%)
followed by the treatment with 75% GRDF through
W.S.F. (5.08%).

2.13.2 Effect of irrigation regimes on yield
contributing characters, yield and monetary
returns and water use efficiency of marigold.

It was noticed that significantly higher no. of
flowers (56) and weight of flower plant? (0.26 g)
was recorded when marigold crop was irrigated
at 100% PE followed by irrigation at 80% PE it
was at par with at 100% PE irrigation i.e. 55 no.
of flower and 0.25 g weight of flower plant?,
respectively.In case of yield, it was noticed that
the marigold flower yield were significantly
influenced due different irrigation regime. The
irrigation given at 100% PE recorded the
significantly higher flower yield (16.36 tha) over
other irrigation regime except irrigation given at
80% PE (15.42 that) was at par with 100% PE
irrigation. The gross monetary return received
from different irrigation regimes presented in
(Table 2) from the table it is revealed that
significantly higher gross monetary return were
recorded (Rs. 5,29,962) when crop was irrigated
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Table 2.31: Water applied and water use efficiency for summer marigold influenced
by Various treatments

Water Effective Total Water use Water
applied rainfall water efficiency saving
applied (kg/ (%)
(cm) ha-cm)

Treatment Yield
t ha™t)

(cm) (cm)

A) Irrigation regimes (4)

I, -Irrigation at 40 % PE 13.05 | 24.13| 8.59 [ 32.72| 398.84 | 66.44
I, - Irrigation at 60 % PE 14.78 | 40.49| 8.59 | 49.08 | 301.14 | 49.67
I, -Irrigation at 80 % PE 15.42 | 56.85| 8.59 | 65.44| 235.63 | 33.91
I,- Irrigation at 100 % PE 16.36 | 73.20| 8.59 | 81.79| 199.29 | 16.12
B) Planting methods

S,: 45x 15cm, lateral spacing 90 cm 14.54 | 51.54| 8.59 | 60.13 | 241.80 38.33
S, : 30-60 x 15 cm, lateral spacing 90 cm 15.18 | 31.70| 8.59 | 40.29 | 376.76 58.62
S,. 60x 10 cm, lateral spacing 120 cm 14.86 | 74.92| 8.59 [ 83.51 177.94 | 14.35
S, : 45-75 x10 cm, lateral spacing 120 cm 15.01 | 36.51| 8.59 | 45.10( 332.81 53.75
Control

S, : 45 x 15 cm row spacing under surface

irrigation (irrigation will be applied as critical

growth stages ) 12.30 | 88.91| 8.59 | 97.50 125.56 -
S, : 45 x 15 cm row spacing under surface

irrigation (Irrigation will be applied at 75 mm

CPE at 7.5 cm depth) 12.45 | 88.91| 8.59 | 97.50| 127.69 =

at 100% PE irrigation regimes over other irrigation
regimes. The next in order of sequence was
treatment I, (Rs. 4,99,487ha'.). Same trend was
observed in case of net monitory returns, it
revealed from the table that significantly higher
net monetary returns were recorded (Rs.
1,43,625ha!) when crop was irrigated at 100%
PE irrigation regimes (I,)over other regimes.
Except treatment I, (irrigation at 60% PE) was
at par (Rs. 1,31,301ha) with treatment I,. Incase
B:C ratio it was observed that, significantly higher
B:C ratio was recorded (1.37) when crop was
irrigated at 100% PE over other treatment
(I,).Table 3 revealed that maximum water
requirement was noticed (81.79 cm) when crop
was irrigated with 100% PE. whereas minimum
water requirement was noticed (32.72 cm) when
crop was irrigated at 40% PE. The reverse trend
was noticed in case of water use efficiency. Higher
water use efficiency was noticed 398.84 kg/ha-
cm when crop was irrigated at 40% PE and lowest
was 199.29 kg/ha-cm when crop was irrigated at
100% PE. In case of water saving it was noticed
that maximum water saving 66.44% at 40% PE
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irrigation regime and minimum at 16.12% at
100% PE irrigation regime.

2.13.3 Effect of irrigation regimes on
sorghum growth, yield contributing
characters, yield monetary returns and water
use efficiency.

Sorghum grain (35.22 g ha') and fodder yield
(7.64 tha') were recorded maximum when
sorghum crop was irrigated at 100% ETc followed
by 80% ETc in case of grain yield 33.99 gha'and
in case fodder yield 7.22 t ha! at 90%
ETc.Interaction effect of planting method and
irrigation regimes on fodder was found significant.
The combination S, x I, i.e. paired planting at 45-
75 x 10 cm x 100% ETc irrigation recorded
significantly higher fodder yield i.e. 8.35 t/ha
exceptS,I,, S, xI,, S;xI;and S, x I, combination
were at par with S, x I, (i.e. 8.15, 7.57, 7.93 and
7.62 t/ha respectively). Same trend was observed
in table 6 case of gross monetary returns and net
monetary return (Rsha) and B:C ratio also.
Maximum and higher gross monetary returns (Rs.
1,04,917, net monetary returns Rs. 68,792ha!

L.




Table 2.32 : Effect of irrigation regimes and planting methods on yield and
monetary returns of rabi sorghum

Treatment

Grain
yield

(CYAE)

Fodder
yield
(t/ha)

Cost of
cultivation
(Rs/ha)

Gross
return

(CHABEVRGEA L))

Net
return

B:C
ratio

A) Irrigation regimes (4)

I,- Irrigation at 70 % ETc 30.95 6.53 = 90964 52759 2.38
L- Irrigation at 80 % ETc 33.99 6.94 = 99074 60864 2.59
L, - Irrigation at 90 % ETc 33.90 7.22 = 98533 62408 2.72
I, - Irrigation at 100 % ETc 35.22 7.84 - 104917 | 68792 2.90
SE * 1.95 0.33 = 5243 5600 0.14
CD 5% NS NS = NS NS NS
B) Planting methods

S,: 45x 15 cm, lateral

spacing 90 cm 32.04 7.16 38210 94893 56683 2.48
S, : 30-60 x 15 cm, lateral

spacing 90 cm 35.95 6.97 38210 104171 65961 2.72
S,. 60x 10 cm, lateral

spacing 120 cm 32.55 7.22 36125 96909 60784 2.68
S, : 45-75 x10 cm, lateral

spacing 120 cm 32.91 7.17 36125 97519 61394 2.69
SE * 0.89 0.15 = 2178 2178 0.06
CD 5% 2.56 NS = 6245 6245 0.16
Interaction NS Sig. = NS NS NS
Control

S, : 45 x 15 cm row spacing

under surface irrigation

(irrigation will be applied as

critical growth stages ) 28.30 5.50 30983 81510 50527 2.63
S, ¢ 45 x 15 cm row spacing

under surface irrigation

(Irrigation will be applied at

75 mm CPE at 7.5 cm depth) 29.10 5.60 30983 83620 52637 2.69

and B:C ratio 2.90) were recorded when sorghum
crop was irrigated at 100% ETc irrigation followed
by 80% ETc irrigation (Rs. 99,074ha!) but in case
of net monetary returns and B:C ratio (Rs.
62408hat and 2.72 respectively) at 90% ETc
recorded maximum value.Data in respect of water
study was presented in (Table 2.32). It was
revealed from the table that maximum water

requirement was noticed (20.97 cm) when crop
was irrigated at 100% ETc regime where as
minimum water requirement was noticed (14.67
cm) when crop was irrigated was 70% ETc regime.
The reverse trend was observed in case of WUE
in respect of both grain and fodder. The maximum
WUE was noticed at 80% ETc irrigation level in
case of grain 215.54 kg/ha-cm and in case of
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Table 2.33 : Total water requirement of Bt. cotton as influenced by different treatments

Water Requirement

Surface Irrigation Drip irrigation

Treatments Effecti- Effectivel Total
ve water [(Kgha) [(Kgha-t)| applied | rainfall | water
rainfall | applied (cm) |applied

() (C)

T,:N application
in 3 splits (33%
at sowing, 33%
30 DAS and

34% 60 DAS) 36.34 75 10.64 | 85.64 [ 42.43 | 41.52 | 38.55 17.2 | 55.75| 74.48

T,:N application
in 3 splits (20%
at sowing, 40%
30 DAS and

40% 60 DAS) 33.65 75 10.64 | 85.64 | 39.29 | 39.49 | 38.55 17.2 | 55.75| 70.83

T,: N application
in 4 equal splits
(at sowing, 30,

45 and 60 DAS) | 42.09| 75 10.64 | 85.64 | 49.15 | 40.77 | 38.55 17.2 | 55.75| 73.13

T,: N application
in 5 equal splits
(at sowing, 30,
45, 60 and 75
DAS) 44.32 | 75 10.64 | 85.64 | 51.75 | 47.19 | 38.55 17.2 | 55.75 | 84.65

T,: N application
in 6 splits (20%
at sowing and
remaining in 5
equal splits at
30, 45, 60, 75
and 90 DAS) 51.65 75 10.64 | 85.64 | 60.31 | 55.92 | 38.55 17.2 | 55.75|100.30

T, T, + foliar
application of
2% urea at 60,
75 and 90 DAS 41.00 75 10.64 | 85.64 | 47.87 | 40.50 | 38.55 17.2 | 55.75| 72.65

T,:T, + foliar
application of
2% KNO, at 60,
75 and 90 DAS 46.10 75 10.64 | 85.64 | 53.83 | 51.74 | 38.55 17.2 | 55.75 | 92.81

Tg: T, + foliar
application of
2% urea at 60,
75 and 90 DAS 39.56 75 10.64 | 85.64 | 46.19 | 39.48 | 38.55 17.2 | 55.75| 70.82
T,: T, + foliar
application of

2% KNO, at 60,
75and 90 DAS | 39.32 | 75 | 10.64 | 85.64 |45.91 |43.73 | 38.55 | 17.2 | 55.75 | 78.44

Total water saving of 35% was achieved due to drip irrigation over surface irrigation
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fodder it was maximum at 70% ETc irrigation
required 445.10 kg/ha-cm. Further it was
observed that maximum water saving was noticed
at 70% ETc (67.40%) and minimum at 100% ETc
53.40%).

2.13.4 Effect of nitrogen splitting and foliar
sprays using surface and drip irrigation
methods for yield maximization in Bt. cotton
under command areas

Application of RDF of nitrogen in 6 splits (T)
through drip irrigation was found to be beneficial
as regards to the growth parameters, yield
attributes, quality and soil health over the surface
irrigation. The water saving of 35% could be
achieved as well as the reddening intensity was
also low. The treatment with application of

with drip irrigation at alternate day recorded
highest fresh bulb yield of 36.67 t ha* compared
to surface irrigation 25.56 t ha!. The INM
treatment RDF + FYM has recorded the
significantly highest fresh bulb yield of 41.24 t
hat, while lowest was recorded in the control
treatment 16.57 tha!. The next treatment
followed by RDF + FYM was RDF + Vermi compost
which recorded 36.47 t ha! of fresh onion. The
interactions are nonsignificant and the average
yield of fresh onion is 31.31 t ha'.The data
pertaining to water applied, WUE and saving is
depicted in table 08, which revealed that the
amount of total water applied was lowest under
drip irrigation and alternate day on ETc (52.62
cm), followed by micrisprinkler treatment (58.48
cm), highest being recorded under the surface

Table 2.34 : Water applied and water use efficiency for onion crop as influenced
by irrigation regimes and fertilizer levels

Treatment Yield | Water | Effective| Total Water Water
(tha ') |Applied | rainfall | water use saving
(cm) (cm) |applied|efficiency | (%)
(cm) | (kg hat
cm)
a) Irrigation methods
I,. Drip irrigation at alternate
day as perETc 36.67 52.63 - 52.63 697 47.37
L. Micro sprinkler irrigation at
alternateday as per ETc 31.87 58.48 - 58.48 545 41.52
I.. Surface irrigation at 50 mm CPE 25.56 | 100.00 - 100.00 256 -
b) INM235
S, Control 16.57 70.37 - 70.37 235 29.63
S, RDF through NPK 28.01 70.37 = 70.37 398
S, AST (As per Soil Test) 33.91 70.37 = 70.37 482
S, RDF through NPK + FYM @ 10 t ha'| 41.24 70.37 = 70.37 586
S, RDF through NPK + PMC
(on the basis of N content of FYM) 32.02 70.37 = 70.37 455
S, RDF through NPK + Vermicompost
(onthe basis of N content of FYM) 36.46 70.37 = 70.37 518

nitrogen in 3 equal splits with support of foliar
application of 2% KNO, at 60, 75 and 90 DAS
also recorded at par results with T, treatment,
under drip as well as surface irrigation.

2.13.5 Effect of integrated nutrient
management under different irrigation
methods on soil health, yield and storability
of rabi onion

Regarding yield of bulbof onion, the treatment

irrigation (100 cm). The WUE was recorded lowest
in surface while highest in drip irrigation followed
by microsprinkler irrigation. The saving of water
was highest in the drip irrigation (47.37%)
followed by microsprinkler (41.52%) under INM
treatments the total water applied was 70.37 cm
for all the treatments. The WUE was recorded
highest by the treatment RDF + FYM followed by
the treatment RDF + Vermi compost, lowest being
recorded by control treatment. The overall water
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Table 2.35. Effect of different irrigation treatments on water use and
expense efficiency (Average of 3 years)

Treatments

Effective

rainfall (mm)

Irrigation

water applied (mm)

Total water

use (mm)

WUE
(kg/ha mm)

0.5 IW/CPE (3) 137.97 260.00 397.97 133.53
0.7 IW/CPE (4) 137.97 320.00 457.97 140.03
0.9 IW/CPE (5) 137.97 380.00 517.97 143.02
1.1 IW/CPE (6) 137.97 460.00 597.97 129.91
Control (Surface

irrigation) (4) 137.97 492.00%** 629.97 101.63

*Including pre sowing irrigation (100 mm),

** Figures in parenthesis indicate the number of irrigations applied ,

*** including convinces losses (25%)

Table 2.36 Response of different treatments on Yield attributes of Sorghum

Green fodder Yield (q/ha)

Treatments 2012 2013 2014 Pooled
0.5 IW/CPE 625.50 350.42 618.33 531.42
0.7 IW/CPE 750.19 423.68 750.00 641.29
0.9 IW/CPE 850.36 493.19 878.89 740.81
1.1 IW/CPE 942.43 542.50 845.56 776.83
Control (Surface irrigation) 860.23 495.00 565.56 640.26
SED 43.58 31.04 30.52 44.25
CD 94.96 67.63 66.49 96.42
Dry fodder Yield (q/ha)
0.5 IW/CPE 111.87 75.36 155.82 114.35
0.7 IW/CPE 129.98 99.92 179.25 136.38
0.9 IW/CPE 147.44 122.99 168.75 146.39
1.1 IW/CPE 160.65 126.16 191.10 159.30
Control (Surface irrigation) 150.60 121.62 146.48 139.57
SED 7.146799 5.454703 7.404645 8.367658
CD 15.57287 11.8858 16.13472 18.23313
Oven dry fodder Yield (q/ha)
0.5 IW/CPE 106.43 73.93 148.25 109.54
0.7 IW/CPE 123.51 98.53 170.32 130.79
0.9 IW/CPE 140.01 121.78 160.24 140.68
1.1 IW/CPE 151.70 123.30 180.45 151.82
Control (Surface irrigation) 145.36 119.85 141.38 135.53
SED 6.781818 5.340689 7.074616 8.018244
CD 14.77758 11.63736 15.41559 17.47175
-3 — 3
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saving was to the tune of 29.63% in INM
treatments. This gives us the idea that use of micro
irrigation methods saves water as well as increases
yield of the crops.

2.14 Sriganganagar

2.14.1 Optimum irrigation schedule for
fodder sorghum under sprinkler irrigation
system

The green, sun dry and oven dry forage vyield
and plant height of sorghum was influenced by
the level of irrigation significantly. The green
forage yield of sorghum increased significantly
with every increase in the level of irrigation
water up to IW/CPE 0.9 (740.81 g/ha). Further
increase in irrigation level increased fodder
yield non-significantly. Thus sprinkler irrigation
at IW/CPE 0.9 was found optimum irrigation
schedule for sorghum.The water expense

efficiency was higher in I, treatment (IW/CPE
0.9) followed by I, treatment (IW/CPE 0.7) as
compared to rest of irrigation treatments tested
in the study.Under sprinkler irrigation the highest
B:C ratio 2.78 was observed when sprinkler
irrigation was scheduled at IW/CPE 0.9 & 1.1. The
maximum B:C ratio 3.84 was recorded under
flood irrigation. The highest incremental benefit
cost ratio was recorded when sprinkler irrigation
was scheduled at IW/CPE 0.9.

2.14.2 Irrigation scheduling for fodder oat
through sprinkler

The green forage yield of oat was influenced by
the level of irrigation significantly during all the
three years and in pooled data. The maximum
green forage yield was recorded when irrigation
was applied at IW/CPE 1.1 and it was at par with
that recorded with IW/CPE 0.9 during 2011-12
but significantly superior to all treatments during

Table 2.37 : Response of different treatments on yield and yield attributes of oat
(Pooled 2011-12 to 2013-14)

Treatments | Plant Height Plant Oven dry

(cm) Population fodder
(1m length) | yield (q/ha) Yield (q/ha) | yield (q/ha)

IW/CPE 0.5 103.37 122.83 620.00 123.45 108.06

IW/CPE 0.7 109.77 122.00 648.33 130.76 110.34

IW/CPE 0.9 111.53 120.83 690.00 133.68 112.96

IW/CPE 1.1 117.23 123.50 757.50 148.37 123.41

Flood 109.95 121.08 640.83 127.03 104.05

S Ed 2.46 2.29 28.24 7.63 8.92

CD at 5% 5.67 NS 65.13 17.60 NS

Table 2.38: Effect of different irrigation treatments on water use and expense efficiency

Irrigation Schedule Effective | Irrigation
rainfall water
(mm) applied
(mm)
I1 = 0.6 ETc through drip (LT) 177.1 303.6 480.7 72.091
I2 = 0.8 ETc through drip (LT) 177.1 397.6 574.7 63.973
I3 = 1.0 ETc through drip (LT) 177.1 492.2 669.3 65.242
14 = 1.2 ETc through drip (LT) 177.1 563.2 740.3 59.660
I5 = 1.0 ETc through drip (WLT 177.1 547.5 724.6 23.708
I6 = Control (Surface irrigation at IW/CPE 1.0) 177.1 940.0 1117.1 11.184
AICRP (IWM) ANNUAL REPORT 2014-15 | 63




N

'l]!'c:?‘
Table 2.39 : Effect of drip irrigation on the Yield attributes of chilli
Treatments Initial Plant Final plant Fruit yield Fruit yield
Population/ha Population/ha (kg/plant) (Q/ha)
0.6Etc (LT) 21728.40 20925.93 1.66 346.54
0.8Etc(LT) 21666.67 20925.93 1.76 367.65
1.0Etc(LT) 21666.67 20925.93 2.09 436.67
1.2Etc(LT) 21296.30 20740.74 2.13 441.67
1.0Etc(WLT) 21481.48 20864.20 0.82 171.79
Control (LT) 21111.11 20802.47 0.60 124.94
SEd 275.54 327.92 0.14 27.03
CD 600.41 NS 0.30 58.90

2012-13, 2013-14 and in pooled data. Thus,
sprinkler irrigation to oat at IW/CPE 1.1 was found
optimum irrigation schedule. The maximum water
use efficiency of 309.58 kg/ha mm was recorded
with thetreatment IW/CPE 0.9. The highest benefit
cost ratio of 3.35 was recorded when sprinkler
irrigation was scheduled at IW/CPE 1.1 as against
3.19 in surface irrigation method. The incremental
benefit cost ratio worth 5.56 was recorded in
sprinkler irrigation at IW/CPE 1.1.

2.14.3. Irrigation scheduling in winter
planted chilli under low tunnels in cotton
based drip irrigation system

On the basis of experimentation, the water
expense efficiency was higher in the drip-irrigated
treatments as compared to flood irrigation. The
maximum water expense efficiency of 72.091 kg/
ha mm was recorded under I, (0.6 Etc by drip
system), followed by 65.242 kg/ha mm under I,
(1.0 Etc by drip system) treatment. (Table
2.38).0n the basis of experimentation it may be
concluded that, the fruit yield of chilli increased
with increase in the level of applied water up to
1.2 ETc with low tunnel. The fruit yield of chilli
(436.67 g/ha) was recorded with drip irrigation
at 1.0 ETc (LT) was statistically at par with that of
1.2Etc (LT) (441.67 g/ha) and significantly higher
than other treatments tested in the study. Thus
drip irrigation at 1.0 ETc with low tunnel was found
optimum irrigation schedule for chilli. It gave
249.5 % higher fruit yield of chilli and saved 36.08
% irrigation water over conventional surface
irrigation and 154.19 % higher fruit yield of chilli
and saved 7.6 % irrigation water over 1.0 ETc
without low tunnel.
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2.14.4. Response of chilli to fertigation

Different fertilizer treatments significantly
influenced chilli yield. The maximum chilli yield
was recorded with 120 % RD and it out yielded
rest of the treatments. The minimum chilli yield
was recorded under flood irrigation treatment.
Thus, 120 per cent recommended dose of fertilizer
in 9 equal splits each at an interval of 15 days
was found optimum dose for fertigation in chilli.

2.14.5.Studies on irrigation scheduling in
winter planted tomato under low tunnel on
cotton based drip irrigation system

On the basis of three years of experimentation, it
was observed that the fruit yield of tomato
increased significantly with increasing level of
irrigation water only up to 0.8 Etc with low tunnel.
Further increase in irrigation water did not increase
the yield of tomato significantly.The maximum
fruit yield of tomato (626.60 g/ha) was recorded
with drip irrigation at 1.0 Etc (LT) which was at
par with the yield received with 0.8 Etc (LT) and
1.2 Etc (LT). Thus drip irrigation at 0.8 Etc (LT)
was found optimum irrigation schedule for tomato.
It gave 51.24 % higher fruit yield and saved 25.72
% irrigation water over drip irrigation at 1.0 Etc
(Without Low Tunnel) and 101.5 % higher fruit
yield and saved 79.08% irrigation water over
conventional surface irrigation.A post
transplanting irrigation of 100 mm in surface
method and in drip irrigation treatments the drip
was operated for 5.5 hr in December to ensure
good establishment of seedlings. Remaining
irrigations were applied as per treatment.On the
basis of three year of experimentation, it was
observed that the maximum water (935.0 mm)




~ least water (425.
treatments.The water expense efficiency was h|gher
in the drip-irrigated with low tunnel treatments as
compared to flood irrigation and drip-irrigated

Table 2.40: Plot wise fruit yield of tomato under different treatments

xpeﬂs

! eff| -|ency of 121 67 kg/ha mm was
recorded under I , (0.60 Etc by drip system with low
tunnel), foIIowed by 115.5 kg/ha mm under L, (0.8
Etc by drip system with low tunnel).

0.6 Etc (LT)
0.8 Etc (LT)
1.0 Etc (LT)
1.2 Etc (LT)
1.0 Etc (WLT)
Control

Total

113.50
146.80
148.40
142.40
100.00
102.10
753.20

106.40
106.90
140.30
152.10
97.70
88.90

692.30

101.10
111.00
129.60
125.50
98.60
84.40

650.20

321.00
364.70
418.30
420.00
296.30
275.40

2095.70
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Theme II1

Management of rain water for judicious use and to develop and evaluate groundwater recharge
technologies for augmenting groundwater availability under different hydrogeological

conditions.

3.1 Ludhiana

3.1.1 Rainwater harvesting in agricultural
fields

The feasibility study of rainwater harvesting
through agricultural fields is continued by
Ludhiana centre in three sites by modifying the
abandoned wells. Two abandoned wells were
selected for recharge through agricultural field and
recharge structures were installed at different
locations for rainwater harvesting. At third site,
earthen channel was available where a pit was
excavated upto 3 m depth. In all the three sites,
water table decline sharply upto July then it start
rising till December month. After that it again
start declinig.It has been observed that rate of
water fall is greater than the rate of rise.

Groundwater recharge

The recharge rate for all the sites were monitored
during/after rainfall and represented in Fig. 3.1
to Fig. 3.2. The recharge rate varies with time.
Initially the recharge rate was as high as 66.32 |/
min where as it reduces to 10.72 |/min in six hours
and 30 minutes duration with the average head
difference of 3.87 m at site 1. At site 2, the
recharge rate in the abandon well varied from
121.9 |/min to 54.18 I/min for first one hour, 39.99
I/min to 19.35 I/min for second hour and 16.77 |/
min to 3.87 I/min thereafter for next five hours
with the average head difference of 1.40 m. At
site 2, the recharge rate in cemented pit varied
from 42.57 |/min to 5.80 I/min for six hours
duration with the head difference of 2.55 m. At
site 3, the recharge rate varied from 19.27 |/min
to 1.91 I/min in four hour duration with the head
difference of 1.49 m. Watertable fluctuation at all
the three sites is presented in Fig. 3.3.

The groundwater and soil sample quality were
tested for pre monsoon, during monsoon and post-
monsoon for insecticides namely organochlorines,
organophosphates and synthetic pyrethroids and
also for the herbicides and found to be below
determination limit. The EC and RSC were also
observed at all the three sites for all the three
seasons i.e. pre monsoon, monsoon and post
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monsoon. It has been found that EC at Site 1,
Site 2 and Site 3 varied from 0.60 to 1.273, 0.50
to 1.400 and 0.54 to 1.015 dS/m whereas for soil
samples in abundant dry wells in Site 1 and Site
2 varied from 0.278 to 0.875 and 0.188 to 0.920
dS/m, respectively. So in all three seasons the
salinity remains within permissible limit. The trend
in RSC values found erratic which need to be
monitored closely for next monsoon season.

The recharge rate for all the sites were monitored
during/after rainfall and represented in Fig. 3.1
to Fig. 3.3.The recharge rate varies with time.
Initially the recharge rate was as high as 66.32 |/
min where as it reduces to 10.72 |/min in six hours
and 30 minutes duration with the average head
difference of 3.87 m at site 1. At site 2, the
recharge rate in the abandon well varied from
121.9 |/min to 54.18 |/min for first one hour, 39.99
[/min to 19.35 I/min for second hour and 16.77 |/
min to 3.87 |/min thereafter for next five hours
with the average head difference of 1.40 m. At
site 2, the recharge rate in cemented pit varied
from 42.57 |/min to 5.80 I/min for six hours
duration with the head difference of 2.55 m.At
site 3, the recharge rate varied from 19.27 |/min
to 1.91 I/min in four hour duration with the head
difference of 1.49 m.
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Fig 3.1. Recharge rate at Site 1 on 28.07.15 fore
noon
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Fig 3.2 Recharge rate at Site 1 on 28.07.15 after
noon
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Fig. 3.3. Water Table depth at different sites during 2014-15

The recharge structures were improved and
observation wells were developed to increase the
porosity and permeability of the water bearing
formation in the vicinity of the well by removing
finer material of aquifer.

3.2 Coimbatore

3.2.1 Groundwater balance to assess the
quantity of water available for development
in the Amaravathy basin

Amaravathy basin has a catchment area of 8280
square kilometer constituting four districts viz.,
Coimbatore, Dindigul, Karur and Tiruppur in Tamil
Nadu. Thematic maps of the basin (Soil, geology,

Lineament density, drainage density,
Geomorphologic, slope, land use and land cover
map) (Fig .3.4, 5.5 and 3.6 ) were generated and
the information are used for decision making
process of identification of potential zones of
ground water recharge and development. About
24 rain gauge stations were available and the
rainfall data of forty years were analyzed and the
average annual rainfall of the basin is 1009.8 mm
and more number of normal years was observed
at the head end of basin and number of deficit
years was high in the tail end. The recharge was
estimated using the empirical formulas range from
17 to 30 %. The number of blocks in the basin is
33, out of which 16 were over exploited, 2-critical,
12- semi critical and remaining blocks are safe.
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3.2.2 Augmentation of ground water
resources by artificial recharge structures
and to identify the potential recharge zone
using remote sensing and GIS in selected
watershed of Amaravathi river basin

The potential recharge zones for Uppar Odai
watershed south (4B2A7a2) of Amaravathi basin
were identified .Thematic maps such as geology,
geomorphology, land use/land cover, soil and slope
map were prepared using Remote Sensing and
GIS. Detail characteristics of each theme were
studied in accordance with their response to
artificial recharge process. After detailed study
and criteria, ranking and weightage applied for
suitable site selection for artificial recharge
process, weighted overlay analysis was carried
out. From the recharge zone map, five different
rechargeable zones were identified, namely ‘very
good’, ‘good’ *‘moderate’, ‘poor’, ‘very poor’ (Fig
3.7). The average annually exploitable
groundwater reserve in the very good and good
zone was estimated to be 15.7 %, whereas it is
61.7 % for the moderate zone and 22.62 % for
the poor and very poor zone.
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Fig 3.7. Groundwater Potential zone of Uppar Odai
watershed

3.3. Udaipur

3.3.1 Impact assessment of low cost
groundwater recharge structures
constructed in hard rock regions of Southern
Rajasthan

The designed and developed low cost structure
has been constructed and assessed in terms of
its effectiveness on groundwater recharging by
AICRP Udaipur centre. The low cost groundwater
recharging structures are very effective for
augmenting groundwater table of hard rock
aquifers. It is widely accepted among the

community because of its cost effectiveness, easy
in construction and high recharging potential as
per the test conducted by AICRP Udaipur centre.
This study is being conducted to assess the impact
of low cost structures constructed by Govt. and
NGOs under MGNREGA and watershed
development programme in various districts of
southern Rajasthan.

The low cost water harvesting structures
constructed in Girwa block of Udaipur, Asapur
block of Dungarpur and Kushalgarh block of
Banswara have been identified to conduct the
impact assessment study. The rainfall pattern of
these districts shows almost similar pattern but
the amount of rainfall is highest in Banswara
followed by Dungarpur and Udaipur. The rainfall
at 75% dependence level for Udaipur, Dungarpur
and Banswara was found to be 455.6 mm, 500
mm and 574.6 mm respectively. The depth
capacity curve of these identified structures will
be prepared after conducting the topographical
survey of the submergence area. The volume of
recharge and recharge rate along with amount of
harvested water used for providing life saving
irrigation to the kharif crops will be determined.

3.3.2 Augmentation of groundwater
resources through dugout ponds in Haroti
Region of Rajasthan

In Haroti region of Rajasthan namely Bundi, Kota,
Baran and Jhalawar district lot of percolation ponds
(about 800) were constructed by the Department
of Agriculture, Govt. of Rajasthan for augmenting
groundwater table and also for providing life
saving irrigation to the crop during longer dry
spells The study is being conducted to standardize
the size and also to determine the recharge rate
and volume as well as increase in irrigation
potential in the area.

Runoff generating capacity of catchment was
calculated by SCS curve number method. The total
catchment areas of three selected farm ponds
were 4.6, 6.35 and 8.7 ha; in which clay loam
soil was found in varying depths. The hydrologic
conditions of these catchments were found to be
good. The highest annual rainfall was recorded to
be 1114 mm in 2013 which produced runoff of
293.27 mm whereas lowest rainfall was observed
323 mm in 2009 for which runoff was estimated
to be 63.16 mm. The average rainfall and runoff
estimation on the basis of ten years data was
found to be 614.35 mm and 134.12 mm,

respectively. The estimated annual runoff volume _
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using curve number method on the basis of 10
years data for three selected ponds was found to
be 6169.52 m3, 8516.62 m?*and 11668.44 m?
respectively (Fig 3.8).
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Fig 3.8. Rainfall-Runoff relationship for the area

The ponds constructed in the area do not have
any relationship of runoff and catchment area and
in each case; the runoff yield is quite high. The
study reveals that there is need to design optimum
size of farm pond after establishing the
relationship between catchment size and runoff
yield for black soils of Bundi district. A study was
conducted to find out percolation through
constructed farm pond of size 32 m x 32 m at
top, 24 m x 24 m bottom and depth of 3 m. The
groundwater recharge through dugout farm pond
was determined. The average recharge rate was
found to be 47 mm/day whereas net recharge
volume was 2905 m3.

3.4 Junagarh

3.4.1 Evaluation of groundwater recharge
techniques for Junagadh region

Three groundwater recharge techniques namely
check dam, recharge basin, groundwater recharge
by roof water harvesting were evaluated by
Junagadh centre during last monsoon season.
Rainfall data analysis of Junagadh shows average
annual rainfall of Junagadh is 937 mm, highest
2794 mm, lowest 146 mm and rainfall of 20, 15
and 10 years return periods are 1595 mm, 1533
mm and 1427 mm respectively. Also maximum,
average, minimum and 15 years return period of
rainy days are 76, 40, 13 and 54 recorded
respectively.

Check dam at Instructional farm, college of
Agricultural Engineering and Technology was
considered for the evaluation of recharge.
Resultant vertical flow velocity of geological
formation below check dam after pounding was
estimated at 0.0058 m/day. The occurrence of
annual average runoff from catchment of check

dam was determined 13094 cu.m, which occurs
at two years return period so, that once in every
two years run off excess was 2339 cu.m as
recharge cum storage capacity of check dam was
estimated 10755 cu.m, against run off 13094
cu.m, for more than two years return period there
will always be excess runoff. Maximum and
minimum runoff may occurs at 58 and 1 year
return period, which may 122835 and 0 cu.m
respectvely also runoff excess during these events
were 112080 and 0 cu.m respectively. Runoff and
excess runoff at 20 years return which is equal to
efective life of checkdam were estimted 35664
cu.m and 24909 cu.m respectively. Itis observed
on the basis of daily water balance in year 2014,
total recharge was 14420 cu.m, runoff escaped
from check dam was 12582 cu.m, total runoff from
catchment was 19997 cu.m. Total Water resource
available from rainfall in hydrological unit (check
dam catchment) was estimated 88017 cu.m.
Structure cost on current rate basis was estimated
Rs. 95000, so recharge cost goes to Rs. 0.33 per
cu.m of recharge volume @ 20 years effective
service of structure. Recharge per sqg.m of
catchment was observed 0.19 cu.m. Evaporation
loss excluding stream flowing period was found
834 cu.m and during stream flowing period it was
3123 cu.m.

The recharge basin structure constructed at
Instructional farm, College of Agricultural
Engineering & Technology, Junagadh Agricultural
University, Junagadh. The curve number technique
was adopted for the estimation of annual runoff
from catchment area of recharge basin. The
maximum, average, minimum and 15 years return
period of runoff were found 1830 mm, 253 mm,
0 mm, 516 mm respectively. The highest, average,
lowest and 15 years return period of per day
runoff were found 976 mm, 107 mm, 0 mm,
190 mm respectively. Recharge basin maximum
storage capacity and maximum water spread area
were estimated 3181 cu.m and 7057 sq. m
respectively. During monsoon season total 33381
cu.m of runoff volume was generated from
catchment area of recharge basin, out of that
15510 cu. m was trapped in to the basin and
17870 cu.m was escaped from the basin.
Evaporation loss from the water storage of
recharge basin was estimated as 657 cu.m. So,
net recharge was 14853 cu.m. (water collected -
evaporation loss). Cost of recharging is Rs. 0.12
per m? in Junagadh region under recharge basin
technique, considering 15 years effective life of
structure, where as cost of recharge basin was
Rs.25500.
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Plate 1. Water storage area of recharge
basin during summer

Plate 2. Recharge Basin Structure
functioning during storm

The roof water harvesting system installed at
South part of Department of Soil and Water
Engineering, College of Agricultural Engineering
and Technology, Junagadh Agricultural University,
Junagadh. Nearby tube wells were used for
recharging as well as observation wells. Estimated
cost harvesting roof water runoff of 1 to 5
consecutive days maximum rainfall for 10 years
return period in sump varies from Rs. 50 to 94
per sq.m of roof respectively. Also estimated runoff
of 1 to 5 consecutive days maximum rainfall for
10 years return period varies from 0.22 to 0.42
cu.m per sq.m of roof respectively in Junagadh
region. The capacity of buffer storage tank for
collection of excess roof water then real time tube
well intake capacity of 1 to 5 consecutive days
maximum rainfall for 10 years return period was
determined, only in case of 1 day maximum
rainfall buffer storage sump of 0.057 cu.m per
sq. m. of roof area is required. In remaining days
intake is more than roof water for given time
duration.

The roof water runoff for annual average, lowest,
highest and 10 years return period of rainfall was
determined as 0.62, 0.1, 1.86 and 0.95 cu.m per
sq. m roof respectively. The rainy days for
average, lowest, highest and 10 years return
period of rainfall were recorded 33, 13, 52 and 41
respectively. Tube well intakes for annual average,
lowest, highest and 10 years return period of
rainfall years were determined considering intake
duration equal to their respective rainy days and
roof water runoff was compared with intake of
tube well yearly intakes for all the cases were
found higher as compare to yearly roof water

runoff. But roof water runoff and tube well intake

is not always matching therefore temporary roof
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pounding may occurs in case system without
buffer storage tank so buffer storage tank is
advisable.

Determination of safest buffer storage sump in
combination of groundwater recharge through
tube well were determined considering 1 to 5
consecutive days maximum rainfall, suppose
occurs at highest rainfall intensity of 10 years
return period and time of concentration equal to
20 min, it means it generates peak rate of runoff
for all five days rainfall duration. Day wise duration
of rainfall occurrence was used to calculate the
tube well recharge capacity. For one day
maximum raifall roof weater runoff was found
0.207 cu.m per sq.m of roof and for remaining
days it was 0.081, 0.060, 0.038 and 0.003 cu. m
per sq.m of roof for 2, 3, 4 and 5 days maximum
rainfall respectively. Cost of system per sq. m of
roof was found Rs. 79.87, 51.67, 46.89, 41.97
and 34.16 for 1 to 5 consecutive days maximum
rainfall respectively. It was found total intake
during 5 consecutive days maximum rainfall is
higher as compare to roof water runoff. However
0.207 cu.m of buffer storage sump is
recommended for safest combination of buffer
storage sump with groundwater recharge in
Junagadh region.

The observations of groundwater recharge and
roof water runoff collected in the sump were
recorded, It was found that out of total runoff
0.87 cu.m per square meter of roof, 0.26 cu.m of
runoff per square meter of roof was contributed
as ground water recharge and 0.61 cu.m of runoff
per square meter of roof was collected in to sump
(Fig 3.9). Cost of system was determined Rs.172

persquare
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Annual roof water runoff coefficient was estimated
0.7 for concreate roof for Junagadh region.It was
found that out of total runoff 0.87 cu.m per square
meter of roof, 0.26 cu.m of runoff per square meter
of roof was contributed as ground water recharge
and 0.61 cu.m of runoff per square meter of roof
was collected in to sump. Cost of system was
determined Rs.172 per square meter.

X

3.5 Raipur

3.5.1 Groundwater recharge planning for
Bilaspur district using remote sensing and GIS

Groundwater recharge planning for Bilaspur
district using remote sensing and GIS has been
conducted by Raipur centre. Out of 146 blocks in
the state, 15 have been categorized as semi-

T

Plate 3. Submersible Pumping
system with flow control valve and
water meter arrangement

Plate 4. Tube well recharging at full
recharge head condition

Plate 5. Spill over flow during tube
well recharging
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Fig 3.9: Recharge rate at various testing days

S. No. Land Class Area (ha)

1 Agriculture upland 5453.9

2 Agriculture lowland 16997.2

3. Fallow land 5493.0

4 Barren land 2137.5

5 Shallow water body 863.0

6 Deep Water Body 584.3

7 Settlements 4617.2
Total 36146.1

Fig. 3.10 - Classified image of Bilha Block,
Bilaspur District

critical as the stage of groundwater development
in these area is more than 70% but less than or
equal to 90%. Various thematic maps including
drainage map, slope map, district and block
boundary maps, soil texture and lineament maps
were generated using available data. The pixel
based classification of the satellite imagery will
be used for the planning of artificial groundwater
recharge plan (Fig 3.10).
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3.6 Rahuri

3.6.1 Development of the technique for
recharge of bore well

Artificial groundwater recharge technique for
recharge of bore well is developed to tackle the
problem of declining groundwater table. The
experiment was conducted at the Instructional
Farm and the tests were conducted during the
period from July, 2014 to October 2014. The filter
unit consisted of inlet tank (sediment mixing
tank), filter tank and an outlet tank (observation
tank) of sizes 1.5 m3, 1 m3 and 0.2 m?3,
respectively. Suspended load from silt and clay
was prepared in sediment mixing tank (inlet tank)
having known volume of water, which was then
passed through the filter. Filter tank with
perforated casing pipe, cover with mesh, which
were used to prevent the blockages of casing pipe.
These casing pipes fixed at bottom of filter tank,
diameter of casing pipe was 16 cm (6.2") and
length was 1.75 m. Filter materials such as brick
flakes, angular gravel, pea gravel, sand were used
in single layer, two layer, three layer and four layer
filter in combination. A tapped outlet for sediment
mixing tank was provided in the form of PVC gate
valve and water was directed towards the filter.
The known weight of suspended load material was
mixed with water in the sediment mixing tank
and turbidity of this influent water was measured
with Digital Nephelometer CL-52 D of ELICO make,
which was compared further with the turbidity of
outflow leaving the filter material. The constant
suspended load concentration of 200 NTU was

passed through each filter by mixing known 1.19
kg of Silt in 1500 lit water. Flow from the tank
was controlled by using gate valve to maintain
constant filtration rate throughout the filter
column. The time required passing the water

through filter and time of filtration was noted.
The elevation of inlet tank was 0.5 m above filter
tank for allowing free flow under gravity to the
filter unit. The experimental layout is shown in
fig.3.11.

Fig. 3.11 Experimental layout of the filter unit

The filters made from various locally available
materials were tested for the constant suspended
load concentration of 200 NTU. The filter
developed in single layer, two layer, three layer

Table 3.1. Comparison of best treatments obtained in
single layer, two layer, three layer and four layer filters

Treatment No. | Filter material Filter material Discharge
thickness (cm) (Ips)

T2,1 BF-I 25 200 25.6 1.108 87.2
SG-1 75

T3,1 BF-I 25 200 22.06 1.072 89.0
SG-1 37.5
AG-I 37.5

T4,2 BF-I 25 200 15.4 1.156 92.3
SG-1 25
AG-I 25
PG-1 25

S.E 0.0229 0.5545

C.D. (0.05) NS 1.6624
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and four layer with combination of filter material
viz. sand- I (0.6-0.2mm), angular gravel-I (9.5-
15.5mm), angular gravel- II (15.5-21.5), pea
gravel -1 (20-24mm), pea gravel -1 (24-28), brick
flacks (24-28mm). The layer thickness in single
layer was 100 cm, in two layer was 25cm, 75cm,
in three layer was 25cm, 37.5cm, 37.5cm and in
four layers 25cm, 25cm, 25cm and 25cm. The
four layer filter has performed better in terms of
filtration efficiency (92.3%) and discharge (1.156
Ips) amongst all other filters (Table 3.1).

The cost of the four layer filter according to
the current price is Rs.4000 /- as per DSR
rates. The four layer filter is recommended for
recharge of bore wells to obtain more filtration
efficiency.

3.7 Almora

Water storage dynamics revealed that the
lowest volume water was reached in Julian day
159. The runoff started flowing in tank during
June 2014; from Julian day 164 days onwards
and it became full by Julian day 200 and it
maintained up to 228 and later on water was
start declining. The runoff water was
harvested from upper catchment (1200 m?) in
LDPE lined tank for providing supplementary
irrigation to wheat crop. There was 42.0 per
cent higher wheat yield obtained with
supplementary irrigation in comparison to rain
fed (22.6 g/ha). The highest grain yield was
with the application of FYM @ 10 t/ha +
recommended NPK both seasons followed by
application of FYM @ 10 t/ha +50 %
recommended NPK in both seasons. Similar
trend was observed with regard to WEE, WUE,
gross returns and gross returns per mm water
use. There was significantly mean higher yield
of soybean obtained in plots those received
supplementary irrigation in wheat in
comparison to rain fed plots. However,
irrigation was not applied in kharif season. The
yield enhancement might be due to
improvement in nutrient and water reserve of
the soil due to supplementary irrigation in
wheat crop. The significantly higher yield was
obtained with the application of FYM @ 10 t/ha
+recommended NPK followed by application of
FYM applied @ 10 t/ha + 50 % recommended
NPK. The yield obtained by the application of
FYM applied @ 10 t/ha and FYM applied @ 10
t/ha + 50 % NPK were at par with each other.

Similar trend was observed with regard to
WEE, WUE, gross returns and gross returns per
mm applied water.

3.7.1 Artificial-recharge techniques for hill
springs

The comparative study revealed that the five
year mean annual discharge of the spring was
higher 73.2, 100.7,114.2,135.9 and 148.8 per
cent during 2006-2010, 2007-2011, 2008-2012
and 2009-2013, and 2010-2014 respectively
in comparison to annual discharge recorded
during 2000 before the inception of recharge
treatments. Although five yearly mean annual
rainfall was below by -19.4, 13.5, -15.5,-13.6
and -12.5 percent in 2006-2010, 2007-2011,
2008-2012, 2009-2013 and 2010-2014
respectively in comparison to year 2000. The
annual discharge was 129.1 percent higher
during 2014 in comparison to discharge
recorded before treatment inception in 2000.
The discharge and rainfall relationship was
worked out including the data before the
treatment inception and after the treatment
inception excluding the before treatment
inception. There was strong correlation between
discharge and rainfall after treatment inception
in comparison to before treatment inception. It
shows that the treatments enhanced water
percolation in soil. Therefore the correlation
between discharge and rainfall increased. The
discharge of spring greatly increased during
lean period in comparison to discharge
recorded in 2000.

3.8 Jammu

3.8.1 Conjunctive use of water at basin
level within the canal commands of
Jammu

Modeling studies for planning the conjunctive
use of water at basin level within the canal
commands of Jammu showed that during the
second year (2014-15), distributary No. 12 (D-
12) emerging from Chak - Harni link road, as
a representative of deficit irrigation scenario
area, has been selected for determining the
cropping intensity, crop productivity and water
productivity for devising the matching
interventions in the shape of conjunctive use of
water to cater the production system demand
(Table 3.2).
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Table 3.2 Water supply v/s water requirement scenario during kharif
within D-12 having command area of 783 ha

Stages of Kharif crop (rice) WR per Total IWS per Total WS
day (ha-m/ WR day (ha on (7) days
day) (ha-m) -m/day) rotation
basis within
different
stages of
rice crop
(ha-m)
Nursery (1-23rd June) 0.17 3.91 8.98 82.0
Field bed preparation (24th-30thJune) 25.1 175.7 8.98 41.0
Planting to PI (1st July -8th Sept) 2.21 154.7 8.98 205.1
PI to flowering (9th Sept-30thSept) 16 352 8.98 82.0
Flowering to Maturity (1st Oct-9thNov.) 2.74 109.6 8.98 53.8
Total water requirement stage wise
during kharif (ha-m) 795.91 Total water
supply stage
wise during
kharif (ha-m) 463.9

WR: Water requirement, IWS: Irrigation water
supply

3.9 Jorhat

3.9.1 Effect of tillage and legume muiching
on soil moisture conservation and
productivity of baby corn - rapeseed system

Mulching with cowpea recorded the highest baby
corn yield followed by mulching with dhaincha.
No mulch treatment recorded the lowest yield.
However, differences among the treatments were
not significant (Table 3.3). Different yield
attributing characters and biomass yield were also
not significantly influenced by different mulching
treatments. Similarly, there had been no much

Table 3.3 Effect of tillage and legume mulching on growth,
yield attributes and yield of baby corn
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Legume mulch

M, 202.0 11.0 15.3 327.6
M, 203.8 11.1 16.3 354.3
M. 202.8 11.1 15.9 344.6
SEm + 6.3 0.3 0.4 9.5
CD (0.05) NS NS NS NS
Tillage 0.0

T, 200.3 11.1 15.6 334.0
T, 202.1 11.1 15.8 341.9
T, 203.6 11.2 16.2 353.2
T, 201.8 10.9 15.7 339.6
SEm + 6.9 0.4 0.3 7.2
CD (0.05) NS NS NS NS
Interaction NS NS NS NS




differences among the different treatments with
respect to water use and water use efficiency
(Table 3.3).

Different legume mulching practices followed in
baby corn had no significant influence on the seed
and stover yield of rapeseed. However, seed and
stover yield were significantly influenced by tillage
practices. Conventional tillage with irrigation at
flowering increased seed and stover yield of
rapeseed significantly followed by one cross
ploughing + rice straw mulching. Conventional
tillage + irrigation at flowering also recorded the
highest water use. The highest WUE was recorded
by one cross ploughing + rice straw mulching
(123.1 kg/ha-cm) followed by conventional tillage
+ irrigation at flowering (104.3 kg/ha-cm).

Table 3.4 Effect of different treatments on
water use efficiency of baby corn

Treatments Water Corn WUEkg/
used yield ha-cm)
(cm)  (q/ha)
M, 15.7 15.3 97.5
M, 16.2 16.3 99.4
M, 16.1 15.9 98.8

Treatments

Seed Yield | Stover

(a/ha) | (cm)

Rapeseed equivalent yield of the system was not
significantly influenced by different mulching
treatments. Among the tillage practices,
conventional tillage with irrigation at flowering
being at par with one cross ploughing by power
tiller (reduced tillage) + rice straw mulching
recorded significantly higher rapeseed equivalent
yield than one cross ploughing by power tiller and
conventional tillage. The highest WUE of the
system was recorded by one cross ploughing +
rice straw mulching (156.5 kg/ha-cm).

3.9.2 Effectct of rain water harvesting with
ridge and furrow on yield of sugarcane with
different methods of planting

Results of the experiment revealed that different
methods of planting had no significant effects on
growth, yield attributes and cane yield of
sugarcane. However, different water harvesting
techniques significantly influenced the cane yield
of sugarcane. Ridge mulch by plastic film and
furrow with sugarcane trash/weed (H,) being at
par ridge mulch by plastic film and furrow (H,)
recorded significantly higher cane yield than ridge

Table 3.5 Effect of tillage and legume
mulching on seed and stover yield and
water use of rapeseed

WUE of
the
system
(CVAERC L))

Rapeseed | Water used
eq.yield by the
(q/ha) |system (cm)

Legume mulch

M, 7.77 12.73 | 7.92 98.1 38.37 23.62 162.4
M, 8.31 13.59 8.14 102.1 40.91 24.34 168.1
M, 8.07 13.24 | 7.97 101.2 39.87 24.07 165.6
SEm + 0.12 0.19 - - 0.79 = =
CD (0.05) NS - = NS - -
Tillage

T, 6.32 10.38 | 6.94 91.1 37.52 22.94 146.1
T, 5.99 9.79 7.41 80.8 37.59 23.41 143.1
T, 9.31 15.24 7.56 123.1 41.71 23.56 156.5
T, 10.57 17.32 | 10.13 | 104.3 41.97 26.13 144.1
SEm + 0.35 0.58 - - 0.68 = =
CD (0.05) 1.05 1.71 - - 2.03 - -
Interaction NS = = = = = =
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and furrow (H,) and ridge and furrow with
sugarcane trash/weed biomass (H,). Similar trend
was observed in case of cane diameter, single cane
weight, millable cane and plant height.

Considering Assam lemon plants susceptibility to
water logging and root zone depth within 45 cm
water table draw down of 300 mm/day has been
selected. Therefore drain spacing is 6 m. Assam
Lemon plants are planted at 3m spacing. Therefore
drains are to be located in middle of alternate
rows of plants at 6 m spacing. In humid areas
drainage coefficient depends largely on rainfall
but it is difficult to correlate rainfall with drainage
coefficient. The drainage coefficient for the design
has been chosen after ASAE 1988 (Table 3.6).

Table 3.6 Drainage coefficient
(for orchard crops)

Crop and degree of Drainage Organic soil
surface drainage Coefficient mm/day

Mineral soil

(Clay & silt)

mm/day

Normal 13-19 19-38
With blind inlets 19-25 38-51
With surface inlets 25-38 51-102

For Assam lemon the subsurface drain has been
designed with blind inlet (no loss of land) and soil
is organic therefore design drainage coefficient is
38-51 mm/day. As per ASAE 1988 a grade of 0.81
is selected. Net size available 76 mm chosen. PVC
pipe of 76 mm dia was punctured with 0.5 cm dia
hole at 2 cm spacingin one half portion. Bamboo
of same dia was split and internodes were
removed. One half of the split bamboo was
punctured with same dia and spacing. Envelope
material (rough sand (0.5-1mm dia) and rice
husk) was laid to a depth of 10 cm on the trenches
dug upto 60 cm. Each of the perforated pipes (both
PVC and Bamboo) were then wrapped with 40
mesh size plastic net and laid at 1:100 slopes.
Backfilling was done with envelope material upto
10 cm depth overlaid by dug soil.

3.10 Bhavanisagar

3.10.1 Evaluation of water productivity in
integrated farming system in different
situations for Western Zone in Tamil Nadu

Water Productivity of different components were
evaluated in Integrated Farming Systems. Among

the crop components, the water use efficiency
(WUE) was higher in CO4 CN hybrid grass which
was 179.4 kg. hat! mm. This might be due to
higher yield potential and perennial type. Among
the other annual crops, bhendi resulted in higher
WUE (45.4 kg hat mm). Among the crop
components, bhendi resulted in higher water
productivity and income. Among the dairy unit,
milching cows resulted in higher water productivity
and CO4(CN) hybrid grass gave higher income.
Regarding the other livestocks, the physical water
productivity was higher in duck followed by pigeon
and economic productivity was higher in pigeon
followed by duck. However higher income was
recorded in fishery unit followed by ducks.

Table 3.7 :Integrated Farming System
components (1 ha) - Wetland (I year)

Components Area

Rice - Rice - pulses [2000 m?
Sugarcane 2000 m?
Maize 2000 m?
Vegetables (Bhendi) [400 m?
CO(CN) 4 grass 1400 m?
Velimasal 1000 m?
Fish pond 1000 m?
(Catla, Roghu & Mrigal)
Dairy unit 2 cows (Jersy)
Poultry unit 30 desi birds
Pigeon unit 10 pairs
Duck 30 birds (Khaki Campbell)

Total area 10,000 m? (1 ha)

3.10.2 Water productivity in rainfed areas
with different land configurations in Lower
Bhavani basin

Among the various land configurations, formation
of broadbed furrows recorded highest moisture
content during vegetative (20.52%), flowering
(23.22 %) and harvest stages (5.64%) under
rainfed groundnut and compartmental bunding
was on par with broadbed furrows. Among
different soil moisture conservation practices
compartmental bunding recorded the significantly
highest pod yield and it was comparable with
broad bed & furrows.Among different soil moisture
conservation practices, during vegetative stage
random tie ridging recorded the highestdplant
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Table 3.8 : Water productivity of crop and livestock components

Irrigation | Total Water Total
consumed water litre of

in litres/ consumed water)
day/ in litres
animal

A. Crop component

Rice (IW Ponni) 525 546 - 5460000 8500 0.00156
Rice (Anna 4) 500 469 = 4690000 6150 0.00131
sugarcane 900 1277.3 - 12773000 - -
Maize (CO6) 550 571 = 5710000 5350 0.00094
Bhendi (ArkaAnamika) 250 271 - 2710000 12300 0.00454
B. Dairy unit

CO4(CN) grass 1450 1783.5 = 17835000 320000 0.01794
Velimasal 550 748.8 = 7488000 75200 0.01004
Dairy (2) (Jersy) = = 136.47%* 99620 4726 litres| 0.04744
C. Other Livestock

Fish = = = 1224000%** 1000 0.00082
Poultry (30) - - 0.29 3178 77 0.02423
Duck (30) Khaki campbell = = 0.62 6738 355 0.05269
Pigeon (20) - - 0.05 347 15 0.04323

* Water consumption for cow includes drinking, washing and shed cleaning
** Water is allowed through inlet @ 0.38 litre per sec and the outflow is also maintained at the same rate

Table 3.9: Water productivity and Economics of IFS components

Enterprises \CETGEYYA Physical |Economic

No. sage (m3)| (kg/ha) WP WP
(kg/m?3) [(Rs./m?)

A. Crop components

Rice 0.2 5460 8500 85000 1.56 15.6
Rice = 4690 6150 61500 1.31 13.1
Sugarcane 0.2 12773 = = = =
Maize 0.2 5710 5350 69550 0.94 12.2
Bhendi 0.04 2710 12300 98400 4.54 36.3
B. Dairy unit

CO4(CN) grass 0.14 17835 320000 480000 17.94 26.9
Velimasal 0.1 7488 75200 150400 10.04 20.1
Dairy 2 Nos. 99.62 4726 litres| 113424 (47.44% litres| 1138.6
C. Other Livestock

Fish 0.1 1224 1000 kg 50000 0.82 40.8
Poultry 30 Nos. 3.178 77 kg 4320 24.23 1359.3
Duck 30 Nos. 6.738 355 kg 30234 52.69 4487.1
Pigeon 20 Nos. 0.347 15 kg 3000 43.23 8645.5

* Litres of milk
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height and number of branches and it was at par
with T3, and T2.

Table 3.10: Effect of treatments on Pod
yield of rainfed groundnut (kg/ha)

Treatments Yield /
ha (kg)
T, - Summer ploughing 1558
T, - Broadbed and furrows 1713
T, - Ridges and furrows 1703
T, - Comparmentalbunding 1752
T, - Contour bunding 1572
T, - Random tie ridging 1705
T, - Control 1572
SEd 19.4
CD (p=0.05) 42.0

Groundwater Table

Watertable fluctuation at all the three sites is
presented in Fig. 3.12. In all the three sites
watertable decline sharply upto July then it start
rising till December month. After that it again
start declining. It has ben observed that rate of
water fall is greater than the rate of rise. It has
been also observed that the water table is rising
in first half of January 2015 and declining
thereafter till the end of month and again rising
in the month of February which may be due to
rainy days in the third week of January 2015.

Date
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Fig. 3.12 Water Table depth at different sites
during 2014-15

Improvement in Recharge structures

There was deficit rainfall during 2014 as it evident
from the rainfall data but recharge rate in the
abundant wells were quite low in spite of high
head. This was due to the soil column present in
the well and some compaction. So this soil layer
was removed from the wells at both the sites. At
Site 1, there was barren land and runoff generated
from this land contain silt load so the grass was
grown in that land to reduce the silt load entering
in the well as shown in plate. Also the direction of
runoff generated from the adjoining fields is given
toward abundant well by constructing small pits
as shown in Plate. At Site 2, the adjoining pit was
covered with better quality PVC sheet and the well
was deepened till sandy strata are available. Also
at Site 1 and Site 2 both the abundant wells were
covered with iron lead to avoid any accident. At
Site 3, the pits were lined with brick wall because

Table 3.11: Effect of treatments on growth parameters during vegetative stage

Treatments Plant Number of Number Leaflength Leaf breadth
height (cm) branches of leaves (cm) (cm)
T, - Summer ploughing 16.67 4.33 16.20 3.50 2.27
T, - Broadbed and furrows 18.43 5.43 23.57 4.30 2.27
T, - Ridges and furrows 20.47 5.33 28.43 4.13 2.07
T, - Comparmentalbunding 18.00 5.00 19.13 5.00 2.67
T, - Contour bunding 17.00 4.57 16.33 4.47 2.40
T, - Random tie ridging 20.60 5.80 23.57 5.20 2.70
T, - Control 17.00 4.67 16.67 4.50 2.43
SEd 0.98 0.32 2.58 0.56 0.27
CD (p=0.05) 2.14 0.70 5.63 1.21 0.59
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at this site soil was light and huge runoff is
generated from the wide channel. Also another
pit was dug out before the drainage point to
enhance the recharge capacity. In this pits RCC
pipe were placed.

3.11. Navasari

3.11.1 Management of rain water for
judicious use to develop and evaluate
groundwater recharge technologies for
augmenting GW availability under different
hydro geological conditions cluster based
MIS demonstration in tribal area

Navsaricentre has developed large number of
technologies related to MIS, mulching and
fertigation in different crops of Gujarat. In order
to promote MIS in tribal areas, Govt. of Gujarat
has enhanced the subsidy up to 75 per cent as
against 50 per cent in plain and coastal areas of
the state. For popularizing MIS in tribal areas.
The results of the demonstrations are given in
table 3.11.During the year under report,out of
twelve (12) farmers three each grown bitter gourd
and brinjal, two grown cowpea and one each
grown little gourd, pointed gourd, rose and maize.
Among the different crops, higher net income of
Rs. 30,000 to 36,200 from 0.2 ha was realized
with bitter gourd and brinjal crop and the lowest
net income of Rs. 6500 from 0.21 ha area was
realized with rose and cowpea (Table 3.12).

Selling price:Bitter gourd, brinjal, cowpea and
BhindiRs. 8/kg, little gourd Rs. 10 /kg and Rose
cut flower Rs.0.25, Pointed gourd Rs.20/kg

3.11.2 Rain water harvesting and it efficient
utilization in tribal area Rubber dam site
selection

A reconnaissance survey for selecting suitable site
for installation of rubber dam in Gujarat at
Ranifalia / Vanarashi village of VansdaTaluka of
Navsari district was carried out by the scientists
from WTC, Bhubaneswar in collaboration with
AICRP on Water Management, NAU, Navsari.
Accordingly, necessary civil work for the
installation of rubber dam at selected site has been
completed. During the monsoon water harvested
and stored in rubber dam area. Further, for
efficient utilization of rain water stored in rubber
dam, given input of MIS for demonstrations (Table
3.12) in dam site areas on different vegetable
crops. The Micro Irrigation System (MIS) was laid
on the farmer’s field and the farmers sown
different vegetable crops and it is in progress.
The results will be reported in next year.

3.12. Palampur

3.12.1 Management of soil moisture in
summer crop of brinjal in high rainfall areas
of Himachal Pradesh

Mulch sources had significant effect on brinjal

Table 3.12: The details regarding MIS demonstration (2014)
ACENGE))

SN Name of farmer Crop Crop Net
duration Profit

(months) (Rs.)

1  ShankarbhaiManjibhai Bhindi 3000 19200

0.12 Cowpea 1500 3 10200
2 RamubhaiChhotubhai 0.21 Bittergourd 3820 6 33200
3 SumanbhaiBhangyabhai 0.26 Rose(local) 22000 Cont 6500
4  ManekbhaiGandabhai 0.25 Bittergourd 4230 6 36200
5 Ranjitbhailallubhai 0.18 Brinjal 4820 7 33560
6 LaljibhaiSonubhai 0.17 Bittergourd 3500 6 30000
7  IshawarbhaiPrabhubhai 0.30 Maize 570 4 11750
8 RamanbhaiBhangyabhai 0.21 Brinjal 3840 7 33400
9 DalubhaiChhanabhaiv 0.21 Littlegourd 2200 Cont. 15500
10 GulabbhaiChhaganbha 0.17 Bhindi 3100 6 18000
11 KanubhaiPrabhubhai 0.11 Brinjal 1100 7 6150

0.10 Cowpea 700 3 2600
12 RameshbhaiPrabhubhai 0.11 Pointedgourd 680 Cont. 10600

0.11 Bhindi 1720 6 6760

Total area 2.63
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Table 3.13 : MIS on farmers field under TSP
(at Ranifalia / Vanarashi village of Vansda Taluka of Navsari district)

SN Name of farmers Survey No. | Area(acre) | Remarks
1 AmrutbhaiLimji Patel 281 3.50
2 MadarbhaiRumshibhai Patel 122 1.12 Crop sow during
3 Kanubhailivanbhai Patel 141 2.50 irsaglsggson and condition
4 IshwarbhaiRanchhodbhai Patel - 1.00
5 BabubhaiKarsanbhai Patel 123 1.50
6 Gulabbhai L. Patel 132 2.33
7 NaginbhaiLimjibhai Patel 133 2.33
8 RamanbhailLimjibhai Patel 133 1.50
9 NarotamParbhubhai Patel 119 1.50
10 SagnatabenKanjibhai Patel 126 2.00
Total 19.28 (8.0ha)

yield, gross returns and water use efficiency. The
crop planted after application of plastic mulch
result in significantly higher brinjal yield and gross
returns than crop grown with organic mulch
application (7.70 % & 7.67 %) after planting and
crop planted without mulching (22.25 & 22.23
%). Organic mulch resulted in significantly higher
brinjal yield and gross returns (13.51 and 13.53
%) than application of no mulch. Similarly water
use efficiency were significantly higher in crop

grown under plastic mulch than crop grown with
organic (14.15 %) or no mulch (46.69 %) due to
lower water use under plastic mulch than under
organic (5.01 %) or no mulch (16.21 %) .
Application of organic mulch resulted in
significantly higher (28.51 %) water use efficiency
than application of no mulch due to 11.79 per
cent lower water use in the former treatment.
Mulch sources had no effect on net returns and
B: C ratio .FYM levels had significant effect on

Table 3.14 : Effect of different treatments on productivity, water use and economics of brinjal

Treatment Brinjal TWU WUE GR NR B:C

yield (m3ha?) (Mgm--3)| (Rs.ha™?) | (Rs.ha') | ratio
(Mgha)

Mulch sources

Organic mulch 10.00 1197(9) 8.34 150000 94628 1.71

Plastic mulch 10.77 1137(7) 9.52 161500 98120 1.55

No mulch 8.81 1357(15) 6.49 132125 84761 1.79

CD (P = 0.05) 0.74 0.62 11100 NS NS

FYM levels (t hat)

5.0 9.47 1230(10) 7.81 142042 87961 1.64

10.0 10.25 1230(10) 8.42 153708 97045 1.73

CD (P = 0.05) 0.60 0.51 9063 9063 NS

Irrigation levels (cm)

2 9.34 1134(10) 8.32 140042 84670 1.52

4 10.38 1327(10) 7.91 155708 100336 1.84

CD (P = 0.05) 0.60 NS 9063 9063 0.16

* Value in the parenthesis indicate number of irrigations
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brinjal yield, gross returns, net returns and water
use efficiency. The crop planted after application
of FYM @ 10 t ha resulted in significantly higher
yield of brinjal, gross returns, net returns and
water use efficiency than crop planted after
application of FYM @ 5t ha (8.24, 8.21, 10.33 &
7.81 %). FYM levels had no effect on B: C ratio.
Irrigation levels had significant effect on brinjal
yield, gross returns, net returns and B: C ratio.
The crop irrigated with 4 cm of water depth
resulted in significantly higher brinjal yield, gross
returns, net returns and B: C ratio than crop
irrigated with 2 cm of water depth (11.14 %, 11.19
%, 18.50 % & 21.05 %). Irrigation levels had no
effect on water use efficiency.

For saving irrigation water and increasing WUE,
brinjal crop should be planted after incorporation
of FYM @ 10 t ha* and application of plastic mulch
and irrigated either with 2 or 4 cm of water depth.
It also maximizes production and gross/net
returns.

3.13. Shillong

and
conservation tillage in Rice-based system.

3.13.1Residue management

Data presented in Table 3.17, revealed that the
grain yield of rabi crops (Buckwheat and Pea)
following rice was increased significantly due to
tillage practices. Yield of buckwheat and pea was
significantly higher under zero tillage for all crops
along with residue retention as compared to other
tillage practices. Straw yield of buckwheat only
was highest under zero tillage for all crops along
with residue retention followed by reduced tillage
(residue incorporation). The water use efficiency
(WUE) of succeeding rabi crops was greatly
influenced by tillage practices. The highest WUE
for pea was recorded under zero tillage for rabi
crops (residue retention) (9.38 kg ha! mm)
which is 18.14% more as compared to
conventional tillage. Higher WUE in mustard was
recorded under zero tillage for all crops (residue

Table 3.15: Interaction effect of mulch source and irrigation on productivity
and water use efficiency of brinjal

Mulch source Brinjal yield (Mg ha) Water use efficiency (kg ha-mm-?)
Irrigation level Irrigation level
2cm 4 cm 2cm 4 cm
Organic mulch 9.08 10.93 8.20 8.49
Plastic mulch 10.99 10.54 10.30 8.73
No mulch 7.94 9.68 6.47 6.51
CD (P = 0.05) 1.05 0.88

Table 3.16. Interaction effect of mulch source and irrigation

on productivity economics of brinjal

Mulch sources Gross returns Net Returns B:C Ratio
(Rs.ha™) (Rs.ha™)
Irrigation Level Irrigation Level Irrigation Level
2cm 4 cm 2cm 4 cm 2cm 4 cm
Organic mulch 136125 163875 80753 108503 1.46 1.96
Plastic mulch 164875 158125 101495 94745 1.60 1.49
No mulch 119125 145125 71761 97761 1.51 2.06
CD (P = 0.05) 15698 15698 0.28

o
o
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retention) (3.24 kg ha* mm) which was 4.85%
higher than conventional tillage.

Seasonal soil profile moisture status:

The soil moisture content at 0-45 cm depth was
marginally higher under Zero tillage for all crops
along with residue retention compared to other
tillage practices. However, the moisture content
at 60 and 90 DAS was almost at par under the
tillage systems.

29 B (T-Res Rem
ZT for rabi crops (Res Rtn)

B 7T for all cropsv (Res Rtn)
B Reduced tillage ( Res Inc)

g 28
e I
g
c I I
8
E
2
.g 26 -
2

25

30DAS 60DAS 90 DAS

Fig. 3.13 Moisture content (%) at 0-45 cm under
various treatments.

Yield attributes and yield:

Data presented in Table 3.18, revealed that the
different tillage practices had significant influence
on yield and yield attributes of rice except for
panicle length and 100 seed weight. The grain
yield of rice was significantly higher under zero

tillage for both the crops with residue retention
(6550.0 kg hat) followed by zero tillage for rabi
crops only with residue retention (6266.7 kg hat).
The lowest grain yield of rice was recorded under
reduced tillage with residue incorporation (5666.7
kg hat). Thus it is seen that there was an increase
of 15% vyield under zero tillage for all crops with
residue retention as compared to conventional
tillage. The straw yield was also significantly
influenced by various tillage practices. The highest
straw yield was recorded under zero tillage for all
crops with residue retention as compared to other
tillage practices.

Tillage practices significantly influenced the weed
population and dry weight in rice. Zero tillage for
all crops with residue retention recorded the
highest weed population while, conventional
tillage residue removal recorded the lowest weed
population. Weed dry weight followed the similar
trend as that of weed population.

3.13.2 Effect of manures and straw mulching
on turmeric under terrace condition.

The evaluation for micro and macro-nutrients in
the soil revealed that the highest amount of
nitrogen was observed under FYM +Mulching
(271.2 kg hat) at 0-15 depth followed by FYM
+Mulching (227.3 kg hat) at 15-30 cm depth while
lowest was recorded at 15-30 cm depth(101.9 kg
hat), under paddy straw mulching. Highest
amount of phosphorous was recorded at 31.2 kg
hat at 0-15 depth under FYM +Mulching practice

Table 3.17: Effect of mulching, and conservation tillage on yield and WUE of rabi crops

Treatments Buckwheat Pea Mustard

Grain

yield yield yield yield (kghat)| vyield yield |(kgha)

(kg hat)|(kghat)|(kghat)|(kgha')| mm |(kghat)|(kgha')| mm™
CT - Residue
removal 588.5 1156.8 | 1783.9 | 1489.7 7.94 899.8 899.8 3.09
ZT for all crops
(Res. Rtn.) 723.6 1342.6 | 1878.5 1618 8.36 943.1 943.1 3.24
ZT for rabi crops
(Res. Rtn.) 493.3 1061.7 | 2108.4 | 1676.1 9.38 816.7 816.7 2.80
Reduced tillage
(Res. Inc.) 708.4 1267.6 | 1939.7 | 1536.3 8.63 901.1 901.1 3.09
SEm 9.3 56 71.3 61.2 - 46.5 46.5 -
CD (P =0.05) 32.3 193.9 | 246.8 NS - NS NS -
... -
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Table 3.18. Yield attributes and yield of rice as influenced by various tillage practices

Treatments Plant | Pani- | Grain | Chaffy| Plant | Root 100 No. No. of | No. of Straw
height cle pani- | grain| dry dry speed of tillers yield yield
(cm) |length | cle* pani- | wt. wt. wt. pani- m-2 (kg (kg

(cm) [ (cm) | cle™* | (9) (9) (g) [clem= ha~t) ha™t)

CT - Residue

removal 98.0 | 23.5 |107.9] 27.2|75.5 | 23.9| 30.2 |(364.7|379.7 (5700.0| 7300.0

ZT for all crops

(Res. Rtn.) 104.4| 24.3 [151.3| 35.4|56.6 | 24.6 | 30.1 |391.3(427.3 |6550.0| 6766.7

ZT for rabi crops

(Res. Rtn.) 99.1 | 23.1 (132.4] 14.3|51.1 | 18.5| 29.7 [348.3|379.7 |6266.7 | 7453.3

Reduced tillage

(Res. Inc.) 94.3 | 23.3 [110.0| 15.7|47.6 | 17.2| 30.1 [306.0|341.0 [5666.7| 7266.7

SEm 0.9 0.5 0.9 1.2 | 0.6 0.7 0.2 4.6 7.9 125.4 | 87.7

CD (P= 0.05) 3.3 NS 3.3 4.1 | 1.9 2.5 NS | 15.8 | 27.5 (433.8 | 303.4

while the lowest was recorded at 16.2 kg ha* 15-
30 cm depth under control. For potassium the
highest amount was recorded poultry manure +
Mulching (159.9 kg ha'* ), 0-15 cm depth followed
by Paddy straw mulching (136.2 kg hat ) at 15-
30 cm depth while control recorded the lowest at
57.1 kg hat at 15-30 cm depth. Organic carbon
percentage was recorded lowest under control
practices (1.1% 15-30 cm depth) while highest
percentage of Organic carbon was observed under
Biowaste + Mulching practice at 2.6 %, at 0-15cm
depth. Little variation was recorded for ph under
the various practices performed as it was observed
that FYM + Mulching and control practice had the
highest ph at 4.6 while practices under Poultry
manure + Mulching, Biowaste + Mulching and

Farmer’s practice recorded the lowest at 4.2 at
15-30 cm depth

mConfrol .
mBiowaste i@ 5 tha + Mulching &0 5 tha

m Poulbv mame @ 5 tha + Mulchmg @F 5 tha
®Pre anure @@ 5 Uha + Mulching @ 5 th

m Paddy straw muleh @@ 5 1l
3% - WFYR{@ & tha+ Mulching @ 5 tha
= Farmers prachice

33
31
9
27
25 . .

0 DAS

Moisture Content %)

90 DAS

60 DAS 120 DAs

Fig 3.14 : Soil moisture content at 0-45 cm during
the crop period

Table 3.19: Effect of manures and straw mulch on weed population and density

Treatment Total weed population m Total dry wt. (g) m=2

30 DAS 60 DAS 30 DAS 60 DAS
Control 180ab 271a 65.5a 33.1b
Bio waste + mulching 216a 272a 33.7c 29.9abc
Poultry manure + mulching 229a 187ab 29.5c 26.7cd
Pig manure + mulching 128b 236a 27.5c 24.4d
Paddy straw mulch 177ab 180ab 44.4b 27.1abc
FYM + mulching 117b 133b 34.0c 31.0bc
Farmers practice 164ab 177ab 52.8b 42.2a
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3.13.3 Zero energy based water harvesting
(Jalkund) and its recycling for high value
crop under hilly condition.

The demonstration on low cost micro rain water
harvesting structure and their efficient utilization
undertaken at different farmer’s field viz; Umroi

Jalkund at Umroi villége

T P e

o \‘-'.1\- -1-. ? -
1 T e WY e L

Jalkund at Water Management farm

84

village (Fig.1.1.), Kyrdem (Fig.1.2.) and
Mawlasnai village (Fig.1.4.) at Ri-Bhoi District.
The harvested water is being used for growing
vegetable crops; rearing livestock and poultry etc.
the technology is getting immense popularity in
different states of N.E. hill region.

- Jalkund at Mawlasnai village

-
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Theme IV

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

4. 1. Pantnagar

4.1.1 Development of Water Production
Functions for Rice-Mustard-Cowpea
Rotation

Rice experiment was conducted during kharif
season 2014 in 36 lysimeters under controlled
conditions with irrigation schedule as 7.5 cm of
irrigation water 3 days after its disappearance of
ponded water since one week after seedling
establishment. Daily loss of water as ET was
measured in Lysimeters using Hook Gauge during
the crop season.

The average yield of 46.47 q/ ha of rice was
obtained with an average water requirement of
701.3 mm, having average WUE as 6.68 kg/ha-
mm during the kharif season of 2014 in lysimeters
(Table 4.1. and Fig. 4.1.). During the month of
June 2014, a total of 114.6 mm rainfall was
received. There was well distribution of rainfall
during kharif season 2014 in all months except
in August & September 2014. The rainfall
distribution in various months was 114.6 mm
(June), 427.2 mm (July), 90.2 mm (August), 37.0
mm (September) and 45.4 mm (October). Rice
yield was observed during kharif season 2014.
More number of irrigation was required in August
& September 2014.

@  Riceyidd (qha) during Kharif season 2014

Poly. (Rice 2014) y= 0132

Rice yield (q/ ha)

b=
o
"

Wateruse (mmj

500
550
600
650
F50
800
850
2900

Fig. 4.1 Rice yield (g/ha) and total water use
(mm) during kharif season 2014

Table 4.1. Water use, yield and water use
efficiency in Lysimeter experiment during
Kharif season 2014

) Rice WUE

((ul)) yield (kg/
(q/ha) LWER LT

1. 680.2 45.8 6.73
2 684.9 42.7 6.23
3 785.6 52.7 6.71
4 742.4 53.4 7.19
5 724.6 50.4 6.96
6 682.7 48.6 7.12
7 600.4 42.7 7.11
8 764.5 49.2 6.44
9 598.6 42.8 7.15
10 623.4 49.5 7.94
11 629.8 47.3 7.51
12 645.1 50.8 7.87
13 746.8 52.3 7.00
14 704.8 50.4 7.15
15 697.2 48.7 6.99
16 714.3 52.4 7.34
17 678.4 47.6 7.02
18 702.4 48.2 6.86
19 846.7 42.6 5.03
20 792.5 42.6 5.38
21 687.4 45.2 6.58
22 810.2 43.5 5.37
23 792.4 42.6 5.38
24 645.2 40.2 6.23
25 710.5 47.8 6.73
26 678.4 47.4 6.99
27 694.7 48.5 6.98
28 812.5 40.7 5.01
29 742.6 46.7 6.29
30 684.5 42.4 6.19
31 648.2 43.2 6.66
32 742.6 46.7 6.29
33 680.3 47.2 6.94
34 542.8 46.8 8.62
35 610.8 40.4 6.61
36 716.9 42.8 5.97
Average
of 36
Lysimeters | 701.26 46.5 6.68
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Table 4.2. Water use, seed yield and water use efficiency of
yellow Mustard during Rabi season

Irrigation Treatment &
Water Table depth

contribution | (irrigation+ (kg/ha) | efficiency

IW: CPE 0.5 (I,F) 30 cm 478 174.6 653 996 1.53
60 cm 353 174.6 527 844 1.60
90 cm 210 174.6 384 431 1.12
IW: CPE ratio 0.5 (I, S), 30 cm 343 154.6 497 1287 2.59
60 cm 246 154.6 401 860 2.15
90 cm 203 154.6 358 847 2.37
IW: CPE ratio 0.75 (I,F), 30 cm 246 174.6 421 924 2.20
60 cm 162 174.6 337 689 2.04
90 cm 122 174.6 297 616 2.08
IW: CPE ratio 0.75 (I,S), 30 cm 204 184.6 389 1212 3.12
60 cm 172 184.6 357 1087 3.04
90 cm 162 184.6 347 840 2.42
IW: CPE ratio 1.00 (I,F), 30 cm 248 224.6 473 981 2.07
60 cm 142 224.6 367 791 2.15
90 cm 103 224.6 328 657 2.00
IW: CPE ratio 1.00 (I,S), 30cm 244 244.6 489 1125 2.30
60 cm 186 244.6 431 957 2.22
90 cm 120 244.6 365 667 1.83

Table 4.3. Water use parameters of yellow Mustard under
different treatments during rabiseason 2013-14

Treatments Ground Water | Total Water Mustard Water use

contributon use (mm) seed yield efficiency
(mm) (kg/ha) (kg/ha-mm)

Water table depth (cm)
30 307 526 1088 2.25
60 210 403 871 2.20
90 154 347 676 1.97
Irrigation method
Flood 230 421 770 1.87
Sprinkler 218 413 987 2.41
Irrigation schedule
IW:CPE 0.50 305 470 877 1.89
IW:CPE 0.75 178 358 895 2.48
IW:CPE 1.00 188 422 863 2.04
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The results pertaining to water use and seed yield
of yellow Mustard are given in Table 4.2.. The
maximum seed yield of yellow mustard (1287 kg
/ha) was obtained in IW/CPE ratio 0.50 irrigation
associated with 30 cm water table (only one
irrigation by sprinkler) and minimum seed yield
of 431kg /ha was obtained under 90 cm water
table (only one irrigation by flood method). In
general seed yields were more under 30 cm water
table and were decreased as the water table depth
was increased upto 90 cm. At deeper water table
depths, the decrease in grain yield was better
arrested by sprinkler irrigation (less depth but
more frequency) than the flood method. The
ground water contribution and total water use
decreased with increase in water table depth. The
ground water contribution was relatively higher
in flood method than sprinkler method. Among
irrigation schedules, IW:CPE 0.50 had the highest
ground water contribution and other two ratios
were close to each other.

depths under various irrigation schedules
consisted of 3 irrigation treatments with two
methods of irrigation with two replications during
Summerseason of 2014.

The number of irrigations required at 100, 150 &
200 mm CPE was 5, 3 & 2, respectively. To
maintain ground water table at 30 cm, the highest
1378 mm water was needed in 200 mm CPE
schedule with sprinkler irrigation. It was 1261 mm
at 100 mm, with same method. It suggests that
under relatively drier treatments 117 mm, more
water was needed to maintain the same water
table depth. In deeper water table level i.e. 90
cm, the ground water contribution did not vary
much over the irrigation levels. Total crop water
use was the highest (1500 mm) in 100 mm CPE,
30 cm water table with sprinkler method and
minimum (936 mm) at 200 mm CPE at 90 cm
water table depth with sprinkler method.

Table 4.4. Seed yield (kg/ha) of yellow Mustard under different treatments

Flood

Water table IW:CPE 0.50

depth (cm) Flood Sprinkler
30 996 1287
60 843 860

90 431 847

IW:CPE 0.75 IW:CPE 1.00
Sprinkler Flood Sprinkler
924 1212 981 1125
689 1087 791 957
616 840 657 667

From interactive effect of different factors tested
on grain yield of mustard (Table 4.4), it is observed
that Mustard performed better under shallow
water table (30 cm) at both the methods of
irrigation. Sprinkler irrigation system maintained
the grain yield in a better way than flood when
water table depth got deeper. It can be concluded
that for higher grain yield, mustard should be
taken under shallow water table with sprinkler
irrigation method. Even under deep water table
situations, mustard should be grown with sprinkler
method. Flood method was inferior to sprinkler
as it produced lower mean grain yield by a margin
of 217 kg/ha than sprinkler method. The mean
increase in WUE due to sprinkler method was 0.54
kg/ha-mm over the flood method (1.87 kg/ha-mm).

Cowpea (Vigna unguiculata)

After the harvesting of Mustard in the month of
February 2014, Lysimeter experiment was
conducted in an available battery of 36 lysimeters
associated with 30, 60 and 90 cm water table

The mean ground water contribution decreased
as the water table depth was increased. It did not
vary much between two irrigation methods and
among irrigation levels. Total crop water use
decreased as the ground water table depth was
increased. Between two irrigation methods, flood
method had 30 mm higher water use than
sprinkler. Total crop water use was considerable
higher at 100 mm CPE schedule than 150 and
200 mm CPE levels, but did not vary much
between the later two levels. The grain yield
followed almost the similar trend that of total
water use. The WUE was the highest at 60 cm
water table depth, with sprinkler method and 150
mm CPE ratio. The cross table data on grain yield
of cowpea indicates that 60 cm water table was
optimum irrespective of the irrigation method and
irrigation levels.

It can be concluded that summer cowpea needs
to be irrigated at CPE loss of 150 mm with sprinkler
and 200 mm CPE loss with flood method. Overall
sprinkler method of irrigation was superior to flood
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Table 4.5. Water use, grain yield and water use efficiency of Lobia cv Pant Lobia -1

Irrigation Treatment & Ground
Water Table depth water
contribution

(mm)
100 mm CPE, Flood 30 cm 1285 214.8 1500 1187 0.79
60 cm 1126 214.8 1341 1323 0.99
90 cm 948 214.8 1163 998 0.86
100 mm CPE, Sprinkler 30 cm 1261 164.8 1426 1347 0.94
60 cm 1086 164.8 1251 1478 1.18
90 cm 868 164.8 1033 1077 1.04
150 mm CPE, Flood 30 cm 1226 154.8 1381 1233 0.89
60 cm 1149 154.8 1304 1300 1.00
90 cm 825 154.8 980 943 0.96
150 mm CPE, Sprinkler 30 cm 1172 124.8 1297 1248 0.96
60 cm 1024 124.8 1149 1513 1.32
90 cm 910 124.8 1035 1124 1.09
200 mm CPE , Flood 30 cm 1237 124.8 1362 1246 0.91
60 cm 1033 124.8 1158 1343 1.16
90 cm 811 124.8 936 1024 1.09
200 mm CPE, Sprinkler 30 cm 1378 104.8 1483 1233 0.83
60 cm 1149 104.8 1160 1148 0.99
90 cm 919 104.8 1024 845 0.83

*(Irrigation + rainfall)

Table 4.6. Grain yield and water useparameters of cowpea during 2014

Ground water Total Grain
contribution water use yield

(kg/ha)

Treatment

(mm) (mm)

Water table depth (cm)

30 1260 1408 1438 0.89
60 1095 1227 1273 1.11
90 881 1028 1059 0.98
Irrigation method

Flood 1071 1236 1266 0.96
Sprinkler 1085 1206 1247 1.02
Irrigation schedule

100 mm CPE 1096 1285 1316 0.97
150 mm CPE 1051 1191 1221 1.04
200 mm CPE 1088 1187 1233 0.97
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Table 4.7. Grain yield (kg/ha) of cowpea under different treatments during 2014

Water table 100 mm CPE 150 mm CPE 200 mm CPE
depth (cm) Flood Sprinkler Flood Sprinkler Flood | Sprinkler
30 1187 1347 1233 1248 1246 1233
60 1323 1478 1300 1513 1343 1148
90 998 1077 943 1124 1024 845

Table 4.8. WUE (kg/ha-mm) of cowpea under different treatments during 2014

Water table 100 mm CPE 150 mm CPE 200 mm CPE
depth (cm) Flood Sprinkler Flood Sprinkler Flood | Sprinkler
30 0.79 0.94 0.89 0.96 0.91 0.83
60 0.99 1.18 1.00 1.32 1.16 0.99
90 0.86 1.04 0.96 1.09 1.09 0.83

and had higher WUE. Both the methods performed ET = Kc . ET, ..(1)

better at 60 cm water table depth.

4.1.2 Determination of Crop Coefficients for
Mustard

Evapotranspiration and crop coefficients are the
keys to irrigation management decision. Their
determination requires lysimeters and
meteorological data. Crop coefficients of major
crops like Rice, Wheat, Chickpea, Fieldpea, Lentil,
Spring Maize, Toria and Sugarcane crops have
been worked out earlier and have been published
in the form of Research Bulletin No. 150 of
Directorate of Experiment Station in May 2005
(Tripathi & Kushwaha, 2005). However, the crop
coefficients for other crops like, European dill
(Anethum graveolens Linn.) and Vegetable pea
grown earlier in Lysimeters have been worked out
during 2013-14 using Evapotranspiration data
taken through lysimeters. For this purpose
reference crop evapotranspiration was calculated
using Jensen-Haise (1963) using required weather
data as has been done earlier for other crops.
The evaporative demand was often expressed as
reference evapotranspiration (ET,), which
represents the ET rate of an extended surface of
an 0.08 - 0.15 m tall green grass cover, actively
growing, completely shading the ground and not
short of water. The reference crop
evapotranspiration (ET,) will be calculated using
meteorological data, and is related with actual
crop ET as determind4ed by lysimeters by the
relation

Where, ET is actual ET of a healthy crop well
supplied with water, mm d-!, ET, is reference crop
ET or potential ET, mm d, and Kcis crop growth
stage coefficient. The Kcvaries with crop,
development stage of the crop, and method used
to determine ET,. Kcincreases from planting to
full development of the crop, and declines
thereafter until maturity. Crop ET determined
using lysimeters (Tripathi et al., 1987), and ET,
estimated from Jensen and Haise (1963) method
have been used to calculate Kcfor important crops
of this region.

Computation of Reference

evapotranspiration, ET,,

crop

The Jensen - Haise method (1963),
method will be utilized for computation of ET,
mm d! by

ET, = C, (T - T,) Rsx 0.0171 (2)

Where T is mean daily air temperature, °C, and
Rsis daily solar radiation, cal cm=2 d*. The factor
0.0171 converts Rsinto equivalent depth of
evaporation in mm. C, is air temperature
coefficient, degree!, calculated as

1
- )

in " which,

i
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C, = 38 - (2°C. elevation in m/305) ...(4a)
50 mb
= 0 —
C,=7.6C,and C, = e,—¢, ...(4b)

where e, and e, are saturation vapour pressures
in mb at mean maximum and mean minimum
air temperatures, respectively, during the
warmest month in the area based on long-term
monthly temperature records. The T, is
calculated as

T,=-2.5-0.14 (e,- €,) °C/mb - elev. in m/550
-(5)

Both C, and T, are constants for the area. Daily
maximum and minimum temperatures, and Rscan
be taken from the meteorological observatory.
Daily Rs can also be estimated for Pantnagar
situations from bright sunshine hour, n, as
(Tripathi, 1992)

Rs = 34.98 n + 155.83, R?2 =0.73

Results: Values of crop coefficients for Yellow
Mustard var. Pant Pili Serson-1 computed based
on ETp calculated and ET determined by
Lysimeters for two consecutive years 2012-13 and
2013-14 are given in Table 4.9

Table 4.9 Crop Coefficients (Kc) for Yellow
Mustard var. Pant Pili Serson-1 at Pantnagar

Weeks Weeks
after after
sowing Kc sowing Kc
1 0.17 10 0.68
2 0.43 11 1.02
3 0.60 12 0.60
4 0.56 13 0.40
5 0.65 14 0.55
6 0.50 15 0.48
7 0.60 16 0.33
8 0.60 17 0.38
9 0.93 Av. 0.56

The average Kc (crop coefficient) for Mustard cv.
Pant Pili Serson-1 is 0.56. It ranges from 0.17
(sowing time) to 1.02 at flowering & pod formation
stage. The Kc values increased till 11" week after
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sowing and decreased thereafter. It remained
below 1.0 at all the stages except flowering and
pod formation stage.

4.1.3 Pollution of water resources due to
industries in Kashipur industrial cluster of
Uttarakhand state

In the study of pollution of water resources due
to industries in Kashipur Industrial cluster of
Uttarakhand State it was found that the turbidity,
the total suspended solids, the BOD and the COD
values in the effluent at all the sampling sites
were out of permissible limits (BIS norms). The
ground water at Parmanandpur I and
Parmanandpur II located on downstream side of
effluent channel-II (towards Kosi river) from
Cheema Paper Ltd. and Multiwal Paper & Board
Factory sites was found in C3-S2 class which
indicated that the ground water at these two
locations was moderately alkaline in nature and
cannot be used for irrigation on all type of soils
without proper drainage practices.It was
concluded that effluents of both the effluent
channels were affecting the ground water
resources in the area.

Contour maps of concentration of the total dissolve
solids and the alkalinity show that the higher
concentrations of these parameters were present
near Petrol pump, Parmanandpur I, Parmanandpur
IT (Fig 4.2 and 4.3). These observation points were
at downstream side of effluent channel-II (toward
Kosi river) from Cheema Paper Mill, Multiwal Paper
& Board Factory. Therefore, it was concluded that
there industrial cluster was polluting the ground
water of the region and the concentration of the
several parameters were increasing near the
factories/industries.

Different parameters viz. Mg: Ca ratio, Percent
Na, ESP, SAR and SSP were estimated for the
assessment of the quality of the effluents from
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Fig. 4.3 Spread of alkalinity
in ground water

Fig. 4.2 Spread of TDS in
ground water
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Indian Glycol Ltd., Multiwal Paper & Board Factory,
Cheema Paper Mill, water quality of Kosi river and
ground water of nearby study area. The
categorization, for their suitability for irrigation,
was done on the basis of criteria given by Richard
(1954), Wilcox’s (1955) and Wescot and Ayers
(1984). The values of different parameters
estimated for the assessment of water quality for
irrigation are given in table 2. The Mg:Ca ratio is
an important parameter for the assessment of

water quality for irrigation, when its value is higher
than 4. Therefore, in addition to salinity and SAR,
Mg: Ca ratio was considered while judging the
suitability of water for irrigation. The Mg: Ca ratio
values were found to be less than 4 in all the
effluent and Kosi river water as well as ground
water samples. As Mg: Ca ratio was found less
than 4 in all of the samples of surface water and
ground water, therefore it can be concluded that
the effect of Mg: Ca ratio will be very less on the
quality of water for irrigation.

Table 4.10. Irrigation suitability Categorization of water on the basis of criteria given by
Wescot and Ayers (1984)

Problem Parameter Class

None

Salinity (affects the EC

Limits Locations

Kosi river, Artesian well at Sugarcane
Research Center, DhouriPratha II,
DhouriPratha (D.H.P.), Sangam
sweets, Punjabi Dhaba, Glyscol
material gate (D.H.P.), Jaishankar tea
stall, Railway crossing (D.H.P.), Mazar
and Multiwal gate (D.H.P.)

<0.70

availability of crop
water) (ds/m)

Slight to
moderate

0.70-3.0

IGL effluent, DhouriPratha culvert,
Sugarcane Research Center site I,
Sugarcane Research Center culvert,
Railway bridge, Cheema Paper Mill
outlet, Multiwal outlet, Multiwal after
mixing with Cheema Paper Mill
effluent, Jindal farm, Mazar effluent,
Mukandpur, Kosi bank, Sugarcane
Research Ccenter gate, Glycol gate
no.1l, DhouriPratha I, Tea stall at
Cheema Paper Mill, Multiwal Gate,
Petrol pump, Parmanandpur I and
Parmanandpur II

Severe

> 3.0 -

None

TDS

Kosi river, Artesian well at Sugarcane
Center, DhouriPratha II, DhouriPratha
(D.H.P.), Sangam sweets, Punjabi
Dhaba, Glycol material gate (D.H.P.),
Jaishankar tea stall, Railway crossing
(D.H.P.), Multiwal gate, Multiwal gate
(D.H.P.) and Mazar

< 450

(mg/1)

Slight to
moderate

450-2000

IGL effluent, DhouriPratha culvert,
Sugarcane Research Center site I ,
Sugarcane Research Center culvert,
Railway bridge, Cheema Paper Mill
outlet, Multiwal outlet, Multiwal after
mixing with Cheema Paper Mill efflunt,
Jindal farm, Mazar effluent,

AICRP (ITILVI\‘;??.ANNUAL REPORT 2014-15 | 91




Problem Parameter Limits Locations

Mukandpur, Kosi bank, Sugarcane
Research Center gate, Glycol gate
no.l, DhouriPratha I, Tea stall at
Cheema Paper Mill, Parmanandpur I,
Petrol pump and Parmanandpur II

Severe >2000

Kosi river, Artesian well at Sugarcane
Research Center, DhouriPratha I,
DhouriPratha 1II, DhouriPratha
None < 3.0 (D.H.P.), Punjabi Dhaba, Glycol
material gate (D.H.P.), Railway
crossing (D.H.P.), Mazar, Sangam
sweets and Multiwal gate (D.H.P.)

IGL effluent, Cheema Paper Mill outlet,
Multiwal outlet, Multiwal after mixing
with Cheema Paper Mill effluent, Jindal

Specific ion toxicity | Sodium Slight to farm, Mazar,Mukandpur, Kosi bank,

serggiftfi?/(i:s (t)r;?che ;2?3?;105 moderate 3.0-9.0 | Sugarcane Research Center gate,
crops) Glycol gate no.1, Jaishankar tea stall,
Tea stall at Cheema Paper Mill and
Multiwal gate,
DhouriPratha culvert, Sugarcane
Research Center site I, Sugarcane
Severe >9.0 Research Center culvert, Railway
bridge, Petrol pump, Parmanandpur I,
andParmanandpur II
Permeability SAR and None 0-3& DhouriPratha I
(affects the EC (ds/m) > 0.7
infiltration rates of 3-6 & _
water in to soil) > 1.2
6-12 & -
> 1.9
12-20 & | -
> 2.9
Artesian well at Sugarcane Research
0-3 & Center, DhouriPratha II, DhouriPratha

0.7-0.2 | (D.H.P.), Sangam sweets, Punjabi
Dhaba, Glycol material gate (D.H.P.),
Railway crossing (D.H.P.), Mazar and
Kosi river and Multiwal gate (D.H.P.)
Sugarcane Research Center gate,
Glycol gate no.1, Tea stall at Cheema
Slight to 3-6 & Paper Mill, Jaishankar tea stall,
moderate 1.2 -0.3 | Multiwal gate, Multiwal outlet and
Mazar effluent

S ——
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Parameter Class

Problem

Limits Locations

Jindal farm, IGL effluent, DhouriPratha
culvert, Sugarcane Research Center
site I, Sugarcane Research Center
6-12 & | culvert, Railway bridge, Cheema Paper
1.9-0.5 | Mill outlet, Multiwal after mixing with
Cheema Paper Mill effluent,
Mukandpur, Kosi bank, Petrol pump,
Parmanandpur I and Parmanandpur II
12-20 &
2.9-1.3 ;
0-3 & _
<0.2
3-6 & )
Severe <0.3
6-12 & _
< 0.5
12-20 & | _
<1.3

4.2 Belvatagi

4.2.1 Effect of irrigation levels and land
configurations for sustainable yield of
maize-chickpea in Malaprabha command

In Malaprabha command area, water released
in to the canal at the end of Aug and Sept
first week every year for irrigation. Adopting
different land configuration like 120 cm width
raised bed recorded significantly higher maize
yield in all years and in pooled analysis over
normal sowing. The irrigation at 0.6 IW/CPE
ratios recorded significantly higher yield over
other treatments. It also recorded higher
gross returns (Rs. 60,337), net returns
(Rs.42, 837) and B: C ratio (3.1) and WUE
(14.2 ha mm) (Table 4.10). The interaction
between irrigation levels and Iland
configuration showed that, irrigating the crop
at 0.6 IW/CPE ratio with 120 cm width
raised bed recorded higher yield (64.49 g/ha)
over 0.8 IW/CPE ratio and normal sowing
(L,L,), 0.8 IW/CPE ratio and 60 cm width
raised bed (I,L,), 0.6 IW/CPE ratio and 60
cm width raised bed (I,L,) and 0.8 IW/CPE

ratio and 60 cm width raised bed (I,L,)
Table (4.11-4.12).

The chickpea grown after maize also
responded to the application of water at
different IW/CPE ratio levels. Irrespective of
land configuration and irrigating the crop at
0.6 IW / CPE ratio recorded higher yield
(13.35 g/ha in pooled analysis) compare to
other treatments in all the years except
during 2011-12 and 2012-13. Among the
different land configurations 120 cm width of
raised bed recorded higher yield (13.94 g/ha)
over 60 cm width raised bed (11.90 g/ha)
and normal sowing (12.2 g/ha). The
interaction between irrigation and land
configuration shows that , an irrigation at
0.6 IW/ CPE ratio with 120 cm width raised
bed recorded higher yield over irrigation at
0.8 and 0.4 IW/CPE ratio with normal or
60 cm width raised bed. The former
treatment in pooled analysis also recorded
higher gross income (Rs.35, 500), net
income (Rs.15,823) and B:C ratio (2.21)
and water use efficiency (5.15 kg/ha mm)
(Table 4.11).

copeniists
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Table 4.11 Effect of irrigation levels and land configurations on Net income for maize crop

TREATMENTS
2011-12 2013-13 2014-15 Pooled
Irrigation levels (TI)
I.,= 0.8 IW/CPE 22036 34625 53737 36799
I,= 0.6 IW/CPE 24135 31862 60219 38739
I,= 0.4 IW/CPE 26459 34803 59754 40339
SEm+ 630 350 415 465
CD(0.05) 954 1052 1439 1148
Land configurations (L)
L, = Normal sowing 34038 24650 49570 36086
L, = 60cm width raised bed 33605 22007 57543 37718
L, = 120 cm width raised bed 35942 25973 66597 42837
SEm+ 449 7068 991 2836
CD(0.05) 1335 9684 2944 4654
Interaction effect (IXL)
IL, 36801 23441 45043 35095
IL, 28896 21747 54249 34964
I L 45054 20920 61918 42630
LL, 32534 25157 52663 36784
LL, 26779 20935 59730 35814
L 36274 26314 68264 43617
IL, 32789 25352 51004 36381
1L, 45139 23339 58649 42375
I,L 26490 30686 69610 42262
SEm+ 778 768 717 754
M X S CD(0.05) 2312 2355 2156 2274

Table 4.12 Effect of irrigation levels and land configuration on
water use efficiency (WUE) for chick pea crop

TREATMENTS

2009-10

2010-11

2011-12

2012-13

2013-14

Pooled

Irrigation levels (I)

I, = 0.8 IW/CPE 2.38 4.57 3.79 6.03 3.79 4.19
I,= 0.6 IW/CPE 2.67 3.97 4.45 6.5 4.45 4.39
I,= 0.4 IW/CPE 3.3 4.27 4.88 7.36 4.88 4.95
SEm+ 0.12 0.42 0.13 0.26 0.129 0.21
CD(0.05) 0.44 1.45 0.32 0.91 0.316 0.68

land configurations (L)
L, = Normal sowing Z:53 3.78 378 4.28 379 an22
L, = 60cm width raised bed 2.76 2.92 3.25 5.97 3.25 3.87
L, = 120cm width raised bed 3.26 6.11 5.07 7.14 5.07 5.34
SEm+ 0.15 0.24 0.12 0.21 0.12 0.16
CD(0.05) 0.47 0.73 0.25 0.86 0.25 0.51
Interaction effect (I XL)

IL, 2.22 3.99 3.1 6 3.10 3.68
IL 2.26 3.22 3.65 5.62 3.65 3.68
LL, 2.66 6.5 4.62 6.47 4.62 4.97
LL 2.29 3.58 3.9 6.75 3.90 4.08
LL, 2.77 2.77 4.32 5.75 4.32 3.98
LL, 2.96 5.58 5.12 7 5.12 5.15
LL 3.07 3.67 4.37 7.6 4.37 4.61
LL, 3.26 2.79 4.8 6.55 4.60 4.44
LL, 3.58 8.05 5.47 7.95 4.87 6.26
SEm+ 0.25 0.54 0.21 0.39 0.10 0.34
M X S CD(0.05) 0.76 1.62 0.6 1.18 0.32 1.03
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4.3. Gayeshpur

4.3.1 Integrated nutrient-water manage-
ment for sunflower

The changes in simulated moisture situations
brought significant changes in plant height, basal
girth, CGR, NAR, seed yield, harvest index and
water use efficiency and better seed yield, harvest
index and water use efficiencies were supported
under 50% depletion of soil moisture in sun flower.
Integrated management of nutrients influenced
the plant height, basal girth, dry matter
accumulation, seed yield, harvest index and water
use efficiencies significantly over chemical
fertilizers where boron fertilization (F3) and
bacterial fertilizers (Azotobacter and PSB) along
with boron supported highest values. The nutrient-
moisture interactions also showed remarkable
promise in improving water use efficiencies, yield
attributing parameters and augmenting yields.
Crops grown under 50% depletion of available
soil moisture, supported by integrated fertilizer
NPK supplemented with bacterial fertilizers and
substantiated with boronated fertilizers (I,F,)
turned up with highest seed yield manifested
through best efficiency of water use.

Total N, P, K uptake (kg/ha) by hybrid sunflower
at harvesting stages as affected by irrigation at
varying ASMD level and INM Simulation of the
moisture situations failed to exert any significant
influence on NPK uptake by sunflower while
integrated management of nutrient brought
significant changes in N, P uptake by sunflower
although effect of their interactions (moisture x
INM) were significant in K uptake only. Sunflower
internal efficiencies (IE) to recover NPK from soils
were also derived from the uptake database and
effects of simulated moisture situations and INM
packages were assessed. The INM treatments and
moisture x INM interaction significantly influenced
the IE,_ while IE, values were significantly
influenced by moisture situations. Precisely, total
NPK uptake and sunflower IE,, were facilitated
at 50% ASMD of ASW (1,) and also supported by
F. (NPK+ FYM + azotobacter + PSB + boronated
fertilizer) and F, (NPK+ FYM + azotobacter + PSB)
respectively.

The recoveries of available NPK from post harvest
soils were observed to decrease with depth of
sampling. Moisture situations and INM packages
alone and in combination brought significant
changes in NPK availabilities in post-harvest soils
of sunflower. Increasing moisture stresses (70%

MAD of ASW>50% MAD of ASW>30%MSD of
ASW) significantly and progressively reduced NPK
availabilities at all depth of sampling.
Recommended doses of chemical NPK
administration (N:P,0.:K,0::80:60:40 kg/ha)
recovered highest available NPK from 30 cm of
sunflower post-harvest soils while chemical NPK
supplemented with bacterial azotobacter, PSB and
boronated fertilizer (F,) restored higher available
NPK at 60 and 90 cm soil depths. The effect of
nutrient-moisture interaction on NPK availabilities
in sunflower post-harvest soils did not follow a
definite pattern although plants receiving NPK +
bacterial fertilizers + boronated fertilizer at 30%
ASMD of ASW (I,F,) supported highest soil nutrient
recoveries in major occasions

Water use and its efficiency by sunflower varied
with variation of irrigation water applied to soil.
Relative water content (RWC) of leaf was directly
related to irrigation. RWC was observed maximum
(79.085%) at I1. Highest water use in the profile
up to 0-90cm was maximum in case of I1 i.e. at
30 % ASMD level followed by I2 (50% ASMD)
and I3 (70 % ASMD). Depletion of available
moisture was found maximum in I3 (70 % ASMD).
But the highest water use efficiency was found
maximum in case of I2 (50% ASMD). Interaction
effect of available soil moisture and INM showed
a significant increase in water use efficiency.
Depletion of available soil moisture decreased with
increasing irrigation. Amount of available soil
moisture gradually decreased with decrease in
amount of irrigation I1>12>13,

4.4 Jorhat

4.4.1 Integrated approach using remote
sensing and GIS techniques for mapping of
groundwater prospects in Jorhat district,
Assam

Out of the 336 numbers of geo-referenced
observations recorded from 56 villages of Jorhat
district covering all eight blocks, pre-monsoon
ground water table depths ranged from 2.22 to
17.58 m bgl. Area (in sq.km) under each category
of pre-monsoon ground water potential zone is
furnished below:

Groundwater prospect mapping using Remote
sensing and Geographic Information System (GIS)
as tool for demarcating the potential ground water
resource during pre-monsoon season for the entire
Jorhat district covering 2852 sq.km was completed
highlighting with area-wise groundwater potential
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information in the form of map. Maximum area
(739.50 sg. km) was observed in groundwater
table depth of 6.16 — 6.82 m bgl and minimum
(78.34 sg. km) in groundwater table depth of
4.20-4.95 m bgl. Based on the depth of
groundwater resource, selection of pump suitable
for lifting water and possibility of using such pump
to irrigate unit area were prepared in the form of
map. Post-monsoon groundwater potential zone
mapping is in progress.

4.4.2 Arsenic level in ground water, paddy
soil and rice plant — a micro level study from
Titabar area of Jorhat district, Assam

Forty-two (42) water samples were collected from
different locations of Titabar subdivision covering
7 villages viz. Nagajanka, Bacha bihari, Garmuria,
Katoni, Kathpar, Borera and Deka gaon. The
sources of the water samples were PHE outlet,
STW, Hand tube well etc. Tube wells were oper-
ated at least 10 minutes before collection to flash
out the stagnant water inside the tube and to get
fresh ground water.

Two sets of water samples from each location were
collected in clean 500 ml Poly-propylene bottles.
In one set, the samples were collected directly in
the rinsed bottles without using any preservatives
for immediate analysis of Arsenic while, in the
other, samples were collected similarly with
addition of preservative (HNO, @ 1%). Analysis
for the samples with preservative may be delayed
for a maximum period of 6 months. Immediately
after collection of water samples, the bottles were
sealed and transported to the laboratory under
ambient temperature. Samples were collected
during January-February’ 2013 and analyses for
As were done in the month of March 2013.

Ground water arsenic content (ppm)
in Titabar block. Jorhat districe

Extracted Image of Titabar Block

Lepuad
Earin_TTE_AmaE
ALUE-

-

N (LR

LB - D40
k e

Water samples collected from three villages viz.
Nagajanka, Bacha bihari and Garmuria gaon,
showed Arsenic contamination in 67% samples
based on the bench mark value of National
Drinking Water Standard. The remaining four
villages viz. Katoni, Kathpar, Borera and Deka gaon
had only 50% samples contaminated with Arsenic.

Table 4.13. Arsenic content in groundwater

GW Arsenic Area Total Arsenic Area
content (Sq.km) content(ig/g) (Sq.km)
(ig/ml) in soil

0.029-0.049 | 183.12 |10.428-0.667 195.98
0.049-0.056 | 132.47 10.667-0.755 122.55
0.056-0.066 | 130.44 |10.755-0.892 96.36
0.066-0.078 | 104.43 10.892-1.025 119.23
0.078-0.117 82.43 |1.025-1.33 98.77

GW arsenic content in most of the paddy soils
ranged from 0.029 to 0.117ig/ml resembling with
29 to 117 ppb, which showed far above the critical
value of 10 ppb set by WHO. Maximum area of
183.12 sq. km was seen in the category of 0.029
- 0.049 ig As/ml and minimum area of 82.43 sq.
km was noticed in the category of 0.078 to 0.117
ig As/ml. Interestingly, total arsenic content in
most of the paddy soils ranged from 0.428 to 1.33
ig/g which did not show any residual toxicity of
arsenic so far. Maximum area of 195.98 sq. km
was observed with arsenic content of 0.428 to
0.667 ig/g and minimum area (98.77 sq. km) was
noticed in the category of 1.025 - 1.33 ig/g.
Highest concentration was noticed towards north-
western part of Titabar and comparatively lowest
value was recorded in eastern part of central
Titabar.

4.4.3 Assessment of fluoride content in soil
and irrigation water of Margherita
subdivision, Tinsukia district, Assam

Results showed that nearly 80% samples had
fluoride concentration less than 0.15 mg/L while
7% had more than 0.2 mg/L. Highest fluoride
concentration was noticed in sample number 10
(0.872 mg/L) and lowest in sample number 29
(0.029 mg/L). It was observed that 7.3% samples
had more than 0.5 mg/L fluoride concentration
which showed comparatively higher value in
respect to the rest of the samples. In respect of
Arsenic concentration of the study area, data
revealed that nearly 44% samples had their
arsenic content less than 30 ppb while, 34%
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samples showed 30-40ppb showing maximum
concentration of 40-50 ppb in 17% samples. Both
arsenic and fluoride content in the soils as well as
in rice plants are in the verge of analytical phase.
Fluoride contents below the guideline values of
WHO have been reported in large number of
samples. Because of low level of fluoride in ground
water there may be a possibility of occurring dental
caries among the children. Nearly, 80% samples
had fluoride concentration of less than 0.15 mg/L
while, 7% had more than 0.2 mg/L. Of the total
sample analyzed, 7.3% samples had more than
0.5 mg/L fluoride concentration which showed
comparatively higher value in comparison to the
rest of the samples. Regarding arsenic
concentration of the study area, data revealed that
nearly 44% samples had their arsenic content less
than 30 ppb while, 34% samples showed 30-
40ppb highlighting maximum concentration of 40-
50 ppb in 17% samples. Both arsenic and fluoride
content in the soils as well as in rice plants are in
the verge of analytical phase.

4.4.4 Sustainability of water resources of
Brahmaputra basin

Scarcity of fresh water in the face of increasing
demand to sustain agricultural and industrial
growth in India is a major concern for policy
planers, scientists and water professionals.
Brahmaputra is an important river system having
highest amount of unutilized water resources.
However growing demand for water in the basin
requires an in depth study. This work is an attempt
to study the Brahmaputra river water system
through a system dynamics model. The model
has been tested with time series data of
Brahmaputra basin for 30 years. Test scenario
generation using the model suggests that water
consumption pattern for Brahmaputra Basin has
showed a rising trend during years 2025- 2050.
The water availability in the River Basin has
showed wide seasonal variation. The water supply
remained more or less same whereas the
consumption has been rising; therefore water
availability status for the basin has been going
down over the years. With the present
consumption pattern the basin will face water
scarcity during the lean season (December to
February) before the year 2050. Flood storage
reservoir to store excess water during high flood
and augment flow during lean season may be a
viable option

4.5 Bhavanisagar

4.5.1 Evaluation of alternate wetting and
drying irrigation (AWDI) in transplanted rice
in western zone of Tamil Nadu

Among the different irrigation levels,irrigation
after 20 cm drop in ponded water in field water
tubes (DPW) upto maximum tillering stage (30-
35DAT) (from seven days after transplanting)
received lowest quantum of irrigation water as
compared to other treatments. The results
revealed that, irrigation after 15 cm drop in
ponded water in field water tubes (DPW) upto
maximum tillering stage (30- 35DAT) (from seven
days after transplanting) was recorded highest
water use efficiency of 5.38 and which is followed
by Irri. after 15 cmm DPW - upto PI stage (45DAT -
50 DAT) and afterwards irrigation 10 cm DPW upto
10 days prior to harvest.The results revealed that,
irrigation after 15 cm drop in ponded water in
field water tubes (DPW) upto maximum tillering
stage (30- 35DAT) (from seven days after
transplanting) and after that 10 cn DPW up to 10
days prior to harvest was found to be the best
treatment in terms of grain yield and B C ratio.
However, the highest WUE was recorded in the
treatment of

4.5.2 Alternate wetting and drying irrigation
regimes management through field water
tube device in rice in western zone of Tamil
Nadu

The grain yield of rice was significantly influenced
by the irrigation treatments. Significantly higher
grain yield of 5972 kg ha was registered under
the conventional irrigation practice of recouping
5 cm submergence one day after disappearance
of ponded water (T,) followed by irrigation after
15 cm DPW uptomaximum tilleringand continuous
submergenceupto 10 days prior to harvest (T)
recorded grain yield of 5855 kg hatand it was on
par with T,. This was followed by scheduling
irrigation after 15 cm DPW uptopanicle initiation
and continuous submergence upto 10 days prior
to harvest (T,), irrigation after 10 cm DPW from 7
DAT to 10 days prior to harvest (T,) and irrigation
after 15 cm DPW from 7 DAT to 10 days prior to
harvest (T,) in registering comparable yields of
5726, 5650 and 5455 kg ha?, respectively and
the treatments were statistically on par with T,
and T..

Scheduling irrigation after 20 cm DPW from 7 DAT
to 10 days prior to harvest (T,) recorded lower
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Table 4.14: Effect of treatments on Water use and water use efficiency

Treatments

water
applied
(cm)

Irrigation

Effectve
Rainfall
(mm)

Total
water
used
(mm)

Yield
(kgha-t)

WUE

(kg/
ha.mm)

prior to harvest

Irri. after 10 cm DPW -
from transplanting to 10 days

1250

141

1391

4131

2.97

prior to harvest

Irri. after 15 cm DPW -
from transplanting to 10 days

800

141

941

5061

5.38

prior to harvest

Irri. after 20 cm DPW -
from transplanting to 10 days

700

141

841

4237

5.04

prior to harvest

Irri. after 15 cm DPW -
upto max tillering

(30- 35DAT) and afterwards irri.
after 10 cm DPW upto 10 days

stage

1050

141

1191

5201

4.37

Irri. after 15 cm DPW -
upto max tillering stage (30-35DAT)
and continuous submergence upto

10 days prior to harvest

1200

141

1341

4558

3.86

Irri. after 15 cm DPW -
upto PI stage (45DAT - 50 DAT)
and afterwards irri. after10 cmm DPW
upto 10 days prior to harvest

900

141

1041

4798

5.19

Irri. after 15 cm DPW -

upto PI (45 DAT- 50 DAT) and
afterwards continuous submergence
upto 10 days prior to harvest.

1100

141

1241

4808

4.16

Farmers practice - Irrigation to
5 cm depth one day after disappearance
of ponded water

1550

141

1691

4611

2.73

Table 4.15 : Economics of treatments

Treatments Grainyield Straw yield Grossincome Expenditure Netincome B:C ratio

(kg/ha) (kg/ha) (Rs.) (Rs.) (Rs.)
T, 4131 5649 58257 36187 22070 1.61
T, 5061 5564 67302 36187 31115 1.86
T, 4237 6331 61363 36187 25176 1.70
T, 5201 6413 71249 36187 35062 1.97
T, 4558 6561 65263 36187 29076 1.80
T, 4798 6501 67483 36187 31296 1.86
T, 4808 6805 68495 36187 32308
T 4611 6664 66102 36187 29915
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grain yield of 4819 kg hat and was significantly
inferior to the rest of the treatments. The cost of
cultivation under various treatments ranged from
28,638 to 29,793 hal. The highest gross return
of 78,269 ha' and net income of 48,476 ha'!
were realised under conventional irrigation
practice (T,) followed by irrigaion after 15 cm
DPWuptomaximum tillering and continuous
submergenceupto 10 days prior to harvest (T,)
and both the treatments recorded the maximum
B: C ratio of 2.62. Lower monetary returns with
minimum B: C ratio of 2.19 was realized under
irrigation at 20cm DPW from 7 DAT to 10 days
prior to harvest (T,).

FIELD WATER TUBE DEVICE

40 cm length

= Each hole is 0.5 o diameter 15¢m diameter

Fig.4.1 Field water tube device

Table 4.16 :Effect of AWDI on grain yield
and straw yield

Treat- Cost of Gross Net - He
ments cultivation income income ratio
(ha™) (ha*) (ha?)
T1 29133 74117 | 44984 | 2.54
T2 28803 71595 | 42792 | 2.48
T3 28638 62830 | 34192 |2.19
T4 28968 66443 | 37475 | 2.29
T5 29298 76781 | 47483 | 2.62
T6 28968 69365 | 40395 |2.39
T7 29298 74730 | 45405 | 2.55
T8 29793 78269 | 48476 | 2.62

4.5.3 Alternate wetting and drying irrigation
regimes management through field water

tube device in rice

Similarly, the net return and the BC ratio were
higher with the treatment adopted with irrigation
after 15 cm drop below ground in the water level

Table 4.17 Economics of Alternate Wetting and Drying Irrigation

Treatments Grain yield Straw yield
(kg ha™) (kg ha™)

T1 Irrigation after 10 cm DPW 5650 6328
Tz_ Irrigation after 15 cm DPW 5455 6130
T3 Irrigation after 20 cn DPW 4819 5461
T4 Irrigation after 15 cm DPW upto maximum tillering and

10 cm DPW there after 5410 5569
T5 Irrigation after 15 cm DPW upto maximum tillering and

continuous submergence thereafter 5855 6481
T6 Irrigation after 15 cm DPW upto panicle initiation and

10 cm DPW thereafter 5317 5916
T7_ Irrigation after 15 cm DPW upto panicle initiation stage

and continuous submergence thereafter 5726 6349
Tg_ Conventional irrigation practice ( recouping 5 cm

submergence one day after disappearance of ponded water) 5972 6581
S Eq 261 302
CD (p= 0.05) 546

= ——
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of the field tube continuously (T2- Rs.93,305;
2.33)followed by irrigation after 15 cm drop below
ground in the water level of the field water tube
upto panicle initiation (50 DAT) and 10 cm drop
there after (T6 —-Rs.90,337; 2.29). The higher
water use efficiency of 9.0 kg/ha/mm and water
productivity of 184.27Rs./ha/mm was recorded
with the irrigation adopted after 15 cm drop below
ground in the water level of the field water tube
upto 10 days prior to harvest (T2). It was closely
followed by the irrigation after 15 cm drop below
ground in the water level of the field water tube
upto panicle initiation (50 DAT) and 10 cm drop

water level of the field water tube upto 10 days
prior to harvest (T2 - 8.3; 169.21).

4.6 Ludhiana

4.6.1 Impact of climate change on irrigation
energy requirements and crop production in
Ludhiana district

In the previous year, simulations for crop duration
and water- balance were run using CropSyst model
by Stockleet al (1994). In the CropSyst model,
daily weather files were prepared from the
observed data. The soil files for Ludhiana district

there after (T6 - 8.3; 169.73) and irrigation
adopted after 10 cm drop below ground in the

were made using the data reported by Sharma
(2004). Irrigation events were calculated based

Table 4.18 Effect of irrigation regimes on Grain yield (kg/ha), Straw yield (kg/ha),
Harvest Index and Economics

Cost of Net
return

BC |WUE
ratio | kh/

Grain |Harvest| Gross
return | cultiva-

Treatments

tion Rs./ha ha/
Rs./ha mm

Water level 10cm below ground

upto 10 days prior to harvest 7677 0.45 |(1,57,310f 70,135 | 87,175 | 2.24 | 8.3

T, Water level 15cm below ground

upto 10 days prior to harvest 7946 0.44 11,63,230| 69,925 | 93,305 | 2.33 | 9.0

T, Water level 20cm below ground

upto 10 days prior to harvest 6599 0.42 |(1,36,830| 70,135 | 66,695 | 2.05 | 7.8

T, Water level 15cm below ground
upto AT stage (30 - 35DAT) and
at 10cm below ground upto

10 days prior to harvest. 7407 0.46 |1,51,104| 70,135 | 80,969 | 2.15 | 7.9

T. Water level 15cm below ground
upto AT stage (30 -35 DAT) and
continuous submergence upto

10 days prior to harvest. 7273 0.45 (1,48,962| 70,135 | 78,827 | 2.12 | 7.2

T. Water level 15cm below ground
upto PI stage (45DAT - 50 DAT)
and at 10cm below ground upto

10 days prior to harvest. 7811 0.44 11,60,262| 69,925 | 90,337 | 2.29 | 8.3

T, Water level 15cm below ground
upto PI stage (45 DAT-50 DAT)
and continuous submergence
upto 10 days prior to harvest. 7138 0.44

T, Farmer’s Practice 6465 0.43

SEd 447

CD (P=0.05) 960

1,46,800
1,33,610

70,135
70,555

76,665 | 2.09 | 7.0
63,055 [ 1.89 | 5.6
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on IW/CPE ratio and were added to management
file of CropSyst. The soil water balance model,
used to assess the percolation losses from fields,
incorporates several features to facilitate
estimation of percolation losses on daily basis.
The population projections for 2021, 2031, 2041
and 2051 were found to be 3675400, 4210480,
4745560 and 5280640 respectively and
accordingly the projected built-up land was
computed as 43844.93, 47790.97, 58782.9 and
72302.97 hectares respectively. Thus, area under
built-up which is presently 10 per cent of district
area would increase to 12, 13, 16 and 20 per cent
by 2021, 2031, 2041 and 2051 consequently
causing reduction in agriculture area from 85 to
75 per cent by 2050.

Climate projections

The Hadley Centre of United Kingdom has
developed PRECIS, a regional climate model
(RCM) system which has been adopted in this
research for generating projections of some
specific climatic parameters, such as total monthly
precipitation and temperature. The PRECIS RCM
is based on the atmospheric component of the
HadCM3 climate model and is extensively
described in Jones et al. (2004). Simulated climate
outputs from PRECIS RCM for the present (1961-
1990, baseline) near term (2021-2050,
midcentury) and long term (2071-2100, end-
century) for A1B IPCC SRES socioeconomic
scenario (characterized by a future world of rapid
economic growth, global population that peaks in
the mid-century and declines thereafter, and rapid
introduction of new and more efficient
technologies, with the development balanced
across energy sources) were used to study the
Ludhiana district of Punjab. Bias correction of the
temperature data was carried out using Leander
&Buishand (2007)and rainfall data were corrected
using a daily difference approach. The data for 5
years were averaged for each of the time slices
and were computed to nullify the effect of yearly
variability. A perusal of the figures reveals that
by the end of this century, the maximum and
minimum temperature will increase by 5.5° C and
6° C, respectively, indicating that warming will
be pronounced in the region. There will be
variation in rainfall trends i.einterdecadal
variability will be prominent in rainfall trends but
overall it shows an increasing trend. The model
results also indicated an increase of by 37 per
cent by the end of century (Fig. 4.2.). Monthly
trends (averaged over years in each time slice)

showed that change in RF would be positive in all
the months of MC and EC compared to that of the
PTS, except in months of June and September
(Figure 4.2). The highest positive change in RF
would be in the month of July, which was
computed as 104 mm in MC and 193 mm in EC.

On seasonal basis, in MC and EC, T__ would
increase by 3.6° C and 6.7° C during kharif
season; and 2.4° C and 4.8° C in rabi season,
respectively. In MC, the change in T__ would be
positive in all months except in February, March
and April. Highest positive change would be of
5.8°C in the month of June and negative change
of 1.3° Cin the month of March. In EC, the change
in T_.. would be positive in all the months and
the maximum positive would be 8.1° C in the
month of October. Similarly, the increase in T_.
would be 3.5° C and 7.1° C in kharifseason; and
2.2° C and 4.3° C in MC and EC in rabi season,
respectively. On monthly basis, in MC there would

40 - 1400
=#=Tnm: —=Tmun =s—=RF

33 1 - 1200
09 - 1000_
o 25 | £
L
E - 800 &
= 20 =
ils W‘# WGE

n

Mo ano®™

5 - 200

0 0

1975 1995 2015 2035 2055 2075 2095
 Year . L
Fig. 4.2.Monthly variation in rainfall in different
years in past and under A1B Scenario
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Fig. 4.3 Monthly variation in rainfall in different
years in Past and under A1B Scenario
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be positive change in T_,_ in 11 months with
highest of 4.8°C in the month of August; and
negative in one month (April) by 0.4°C. In EC,
the change would be positive in all the months
with highest of 9.1°C in the month of August.

Crop yield

Simulated crop yields of rice-wheat cropping
system in the PTS, MC and EC for four soil series
are presented in Table 4.18. Averaged across soil
series, yield of rice in MC and EC would be reduced
by 701 kg/ ha (10.6%) and 1355 kg/ ha (20.5%),
respectively from 6606 kg/ha in the PTS. Yield of
wheat in MC would be almost identical to that in
PTS (5642 kg/ ha) but in the EC it would be
reduced by 708 kg/ ha (12.5%).

Due to increase in built up area in future, the
agricultural area under different soil types
would decrease as computed in Table 4.19.

may marginally increase to1460.9 thousand
metric ton (0.2%) in MC and reduced to 1274.8
thousand metric tons (12.5%) in EC.

Crop duration

Reduction in yields of rice and wheat crops in
climate change scenarios was found to be directly
related to increased T__ and T_, . The increase in
temperature would shorten the crop duration. In
MC and EC (averaged over soil series), crop
duration would be shortened by 17 days (16.3%)
and 24 days (23.1%) in rice; and 8 days (5%)
and 22 days (13.4%) in wheat, respectively. Rice
yield in MC and EC would decrease almost in all
the years compared to that of the PTS. Yield of
wheat would decrease in 7 out of 30 years in MC
and 13 out of 28 years in EC. Though wheat yield
would decrease in less number of years but the
magnitude of decrease would be more than rice,
especially in EC.

Table 4.19. Yield (kg/ha) of rice-wheat cropping system as influenced by
different time slices of the century and soil type

Crop Time Slice Soil type
Loamy sand | Sandy loam Loam Silt loam | Average
Rice Present time slice 4971 6050 7358 8045 6606
Mid century 5422 5754 6198 6248 5905
End century 5019 5200 5383 5403 5251
Wheat | Present time slice 5043 5177 6068 6281 5642
Mid century 5158 5303 6056 6097 5654
End century 4522 4701 5249 5263 4934
Table 4.20. Present and Projected agricultural area (thousand ha)
under different soil types
Soil Type 2005 2011 2021 2031 2041 2051
Loamy sand 27.6 27.5 27.2 27.0 26.6 25.9
Sandy loam 101.3 100.4 98.2 96.8 93.0 88.3
Loam 158.1 156.8 153.6 151.5 145.7 138.5
Silt loam 29.0 28.8 28.2 27.9 27.1 26.1
Total 316 313.5 307.2 303.2 292.4 278.8

Therefore on spatial scale, the average yield of
adequately irrigated and fertilized rice for
Ludhiana district in the PTS is 2117 thousand
metric tons, which may reduce to 1803 thousand
metric ton (14.8%) in MC and 1473 thousand
metric ton (30.4%) in EC during kharif season
(Table 3 and Fig. 3). However, in rabi, wheat
yield in PTS is 1457.8 thousand metric ton which
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Irrigation water requirements

The irrigation water requirement for different type
of soils and time slices is presented in Fig.
5.Averaged over four soil types, there is 45 per
cent reduction in irrigation water requirement by
mid and end century during kharif season. In Rabi
season the irrigation water requirement is




decreased by 22 per cent and 34 per cent by the
mid and end century respectively. On annual basis,
about 40 per cent reduction in irrigation water
requirement of Ludhiana district is expected under
A1B scenario, in both MC and EC in comparison
to PTS. The maximum irrigation requirement, in
kharif season, would decrease from 1240.9 (2002-
03) to 716.7 mm during MC (2035-36) and 785
mm in EC (2076-77), and correspondingly the
minimum irrigation requirement of 721.4 mm
(2003-04) in PTS would reduce to 335.0 (2034-
35) and 275.0 (2095-96) mm in MC and EC
respectively. In rabi season, maximum irrigation
requirement would reduce from 481.6 to 431.1
and 332.0 mm in MC (2028-29) and EC
respectively, and correspondingly the minimum
irrigation requirement of 331.6 mm (2004-05) in
PTS would be decreased to 205.6 (2034-35) and
175.0 (2073—74) in MC and EC respectively.
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The spatial variability of irrigation requirement
blockwise in kharif and rabiare given in Table 4.
The average annual irrigation requirement was
computed as 415.8, 243.6 and 215.6 thousand
ha-m for PTS, MC and EC. The irrigation
requirement ranged from 14.8 to 37.2, 7.6 to 19.6
and 7.0 to 19.4 thousand ha-m during kharif and
6.8t016.7,5.0to 12.8 and 3.7 to 10.4 thousand
ha-m during rabi in PTS, MC and EC in various
blocks of the districts. This variation was mainly
due to spatial variation in area under agriculture,
soil profile that has been accounted. Overall, the
irrigation requirement in MC and EC would
decrease by 139.5 thousand ha-m(48.7%) and
146.4 thousand ha-m (51.0%) during the
kharifseason; and 32.7 thousand ha-m (25.3%)
and 53.8 thousand ha-m (41.7%) in rabiseason,
respectively .

4.7 Navasari

4.7.1 Feasibility of drip irrigation in summer
paddy

The results of grain yield of paddy influenced by
different treatments reported in table 4.20
revealed that individual effect of variety (V) and
spacing(L) as well as their interactive effect (V x
L) were conspicuous on grain yield of paddy.
Variety V, (GNR-3) (between two varieties) and
treatment L, (among three lateral spacing) levels
recorded significantly higher grain yield of paddy
in comparison to their respective other levels.
Treatment V L, out yielded than rest of the
treatments by recording significantly higher yield
of paddy i.e., 6263 kg/ha. With respect to control
v/s rest analysis, only treatment V L, (GNR-3 at
20x20x40 cm spacing) recorded significantly
higher grain yield as compared to control-1 (GRN-
3-Flood irrigation), while rest of the treatments
were recorded significantly lower yield as
compared to control-1. In case of control-2 (NAUR-
1) v/s rest analysis, almost similar trend was
observed, except treatment V,L, (GNR-3 at 20x20-
60 cm spacing) which recorded significantly higher
yield in comparison to control-2 and treatments
V,L, and treatment V,L, remained at par with
control-2. In case of control V/ L treatment mean
analysis both the controls were significantly
superior over treatment mean.

4.7.2 Drainage demonstrations on farmers’
fields in UKC

Since completion of Indo-Dutch Net work project
in 2003, about 62 farmers have installed
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Table 4.21: Grain yield (kg/ha) of summer paddy as influenced by different treatments

Treatment/ Lateral Spacing (cm)
Variety L,(60) L, (80)
V, - GNR-3 4287 6263 4477 5009
V, - NAUR-1 1741 4188 1538 3749
Mean(S) 3014 5225 3007
Control-1 Cont-2
(GNR-3) mean 4876 (NAUR-2) mean 4116
Source V L V xL
SEm+ 83 68 117
CD @5% 240 196 339

Cont.-1/Rest Cont-2/Rest Cont-1/ Cont-2/

treatment mean | treatment mean

SEm+ 130 93 171 211
CD at 5% 376 266 492 349
CV % 11.17

OSSD system covering about 56.09, 28.57 and
42.70 ha area with drain spacing of 30-40, 40-50
and 50-60 m, respectively in Surat(Tapi), Bharuch
and Navsari district of South Gujarat under only
technical guidance of this unit. Whole cost of the
system was borne by the farmers. These farmers
are cultivating array of crops in CSSD/0OSSD
installed fields. On overall basis, they have
reported about 40-50 per cent increase in crop

yields (Table 4.22). Apart from yield increase, they
also experienced early vapsa condition in fields
which facilitate timely interculturing and thereby
minimize weed and disease infestation.

4.8 Palampur

4.8.1 Soil-plant water dynamics under
protected conditions in relation to drip based
irrigation & fertigation scheduling in
cucumber.

Table 4.22: Details of SSD demonstrations completed on farmers’ fields (2003 to 2014)

SN District Drain Name Crop Area covered (ha) Increase
spacing of taken in yield
(m) farmers CSSD OSSD Total over pre
drainage
yield(%)
1 |Surat 30-40 16 S’cane
Cotton 36.84 = 36.84 25-40
Bharuch 4 S’cane,
Cotton 12.10 - 12.10 20-25
Navsari 2 S’cane
Banana
Mango
Vegetables
Rose 5.40 = 5.40 30.35
Tapi 1 Sugarcane 1.75 = 1.75
Sub total 23 56.09 56.09
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2 |Surat 40-50 19 S’cane

Cotton

Wheat

Vetetable 25.47 1.50 26.97 15-40
Bharuch - - - - - -
Navsari 1 S’cane

Vegetables

Rose 1.60 - 1.60 30-40
Sub total 20 22.07 1.50 28.57

3 |Surat 50-60 12 S’cane

Cotton

Wheat

Mango

Vegetable

Sapota 20.40 2.0 22.40 20-50
Bharuch 5 S’cane 7.80 10 17.80 30-40
Navsari 2 Mango

Sapota 2.50 2.50 15-20
Sub total 19 30.70 12.0 42.70
Gross total 62 113.86 13.50 127.36

Application of 200 per cent RDF (50 % through
conventional and 50 % through fertigation in 7
splits at 10 days interval) resulted in significantly
higher marketable yield of cucumber than that
obtained at all other levels of fertigation.
Application of 200 per cent RDF (50 % through
conventional and 50 % through fertigation in 7
splits at 10 days interval) resulted in 33.94 per
cent higher marketable yield, 33.45 per cent
higher B: C ratio and 33.95 per cent higher water
use efficiency than that obtained by the application
of 100 per cent RDF (25 % applied as basal and
75 % through fertigation in 7 splits at 10 day
interval).Fertigation schedulinginteracted
significantly with irrigation scheduling in respect
of marketable yield, water use efficiency and
economics of cucumber (Table 4.23). A
progressive increase in marketable yield of
cucumber was recorded with increase in fertigation
scheduling from 50 to 150 per cent at both levels
of irrigation scheduling. However, increase in
marketable yield was not significant when
fertigation was increased from 100 to 150 per cent
under irrigation schedule of 0.4 CPE. Application

of 200 per cent RDF (50 % through conventional
and 50 % through fertigation in 7 splits at 10
days interval) resulted in significantly higher
marketable yield of cucumber than that obtained
at any other levels of fertigation under irrigation
schedule of 0.4 CPE as well as under irrigation
schedule of 0.8 CPE. Irrigation scheduling had no
effect on marketable yield of cucumber when the
crop was fertigated with 50 per cent RDF (25 %
applied as basal and 75 % through fertigation in
5 splits at fortnightly interval) or 200 per cent
RDF (25 % applied as basal and 75 % through
fertigation in 20 splits at 3 day interval). Irrigation
scheduled at 0.8 CPE resulted in significantly
higher marketable yield of cucumber than that
obtained at 0.4 CPE when it was fertigated with
any other levels of fertigation. The application of
200 per cent RDF (50 % through conventional
and 50 % through fertigation in 7 splits at 10
days intervals) and drip irrigation at 0.8 CPE
resulted in significantly higher cucumber yield
(7.97 kg m2) compared to all other combinations
of fertigation and irrigation scheduling.
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Table 4.23 : Effect of different treatments on productivity, water use and
economics of cucumber under protected condition

|

o

Treatment Marketable TWU WUE B.C
yield (kg m2) (m3m-2) (kg m3) ratio

Irrigation scheduling

0.4 CPE 3.92 0.068 57.65 1.61

0.8 CPE 4.36 0.136 32.06 1.91

CD (P = 0.05) 0.43

Fertigation scheduling

50 % RDF 4.05 0.102 39.71 2.12

100 % RDF 5.54 0.102 54.31 2.96

150 % RDF 6.08 0.102 59.61 3.05

200 % RDF 5.03 0.102 49.31 2.14

200 % RDF ( 50 % Conventional &

50 % fertigation) 7.42 0.102 72.75 3.95

CD (P = 0.05) 0.68

Control vs others

Control 4.87 0.156 31.22 4.84

Others 5.82 0.102 57.06 2.88

CD (P = 0.05) 0.71

Farmers’ Practice vsfertigation

Farmers’ Practice 5.63 0.156 36.09 2.38

Fertigation 5.62 0.102 55.10 2.75

CD (P = 0.05) NS

Table 4.24. Interaction effect of fertigation 4.9 Ludhiana
scheduling and irrigation scheduling on
marketable yield (kg m-2) of cucumber

4.9.1 Impact of climate change on irrigation
energy requirements and crop production in

Fertigation Irrigation scheduling Ludhiana district
scheduling The study was continued to understand the impact

of climate change on irrigation water requirement
0.4 CPE 0.8 CPE and agricultural production at local scale in

50% RDF 4.03 4.07 Ludhiana district. Simulated CropSyst model was
used to estimate the impact of climate change on

100 % RDF 5.00 6.13 crop yield, crop duration and irrigation
% requirements. Simulated climate outputs from
150 % RDF >.73 6.42 PRECIS RCM for the present (1961-1990,
200 % RDF 4.90 5.17 baseline) near term (2021-2050, midcentury) and

long term (2071-2100, end-century) for A1B IPCC

200 % RDF SRES socioeconomic scenario (characterized by a

(50 % Conventional future world of rapid economic growth, global

& 50 % fertigation) 6.87 7.97 population that peaks in the mid-century and

declines thereafter, and rapid introduction of new

CD (P = 0.05) 0.33 and more efficient technologies, with the
. _*__.-:_,__ —




development balanced across energy sources)
were used to study the Ludhiana district of Punjab.
Bias correction of the temperature data was
carried out and rainfall data were corrected using
a daily difference approach.

A perusal of the data reveals that by the end of
this century, the maximum and minimum
temperature will increase by 5.5° C and 6° C,
respectively, indicating that warming will be
pronounced in the region. There will be variation
in rainfall trends i.e interdecadal variability will
be prominent in rainfall trends but overall it shows
an increasing trend. The model results also
indicated an increase of by 37 per cent by the
end of century (Fig4.5).

=#=Tmax =B=Tmin =d=RF

E 2 B
{=) =3 (=
Rainfall {mm)~

I
=
(=]

=

1975 1995 015 2035 055 2075 2005
Year
Fig. 4.5 Monthly variation in rainfall in different
years in past and under A1B Scenario

Crop yield

Simulated crop yields of rice-wheat cropping
system in the PTS, MC and EC for four soil series
are presented in Table 1. Averaged across soil
series, yield of rice in MC and EC would be reduced
by 701 kg/ ha (10.6%) and 1355 kg/ ha (20.5%),
respectively from 6606 kg/ha in the PTS. Yield of
wheat in MC would be almost identical to that in
PTS (5642 kg/ ha) but in the EC it would be
reduced by 708 kg/ ha (12.5%). It was predicted
that the average yield of adequately irrigated and
fertilized rice for Ludhiana district may reduce
by 14.8% in MC and by 30.4% in EC during kharif
season. However, in rabi, wheat may marginally
increase by 0.2% in MC and reduced by 12.5%
in EC. In MC and EC (averaged over soil series),
crop duration would be shortened by 17 days
(16.3%) and 24 days (23.1%) in rice; and 8 days
(5%) and 22 days (13.4%) in wheat, respectively.
Rice yield in MC and EC would decrease almost
in all the years compared to that of the PTS.

Irrigation water requirements

The irrigation water requirement for different type
of soils and time slices is presented in Fig. 4.6.
The maximum irrigation requirement, in kharif
season, would decrease from 1240.9 (2002-03)
to 716.7 mm during MC (2035-36) and 785 mm
in EC (2076-77), and correspondingly the
minimum irrigation requirement of 721.4 mm
(2003-04) in PTS would reduce to 335.0 (2034-
35) and 275.0 (2095-96) mm in MC and EC
respectively. In rabi season, maximum irrigation
requirement would reduce from 481.6 to 431.1
and 332.0 mm in MC (2028-29) and EC
respectively, and correspondingly the minimum
irrigation requirement of 331.6 mm (2004-05) in
PTS would be decreased to 205.6 (2034-35) and
175.0 (2073-74) in MC and EC respectively. The
irrigation requirement in MC and EC would
decrease by 48.7% and by 51.0% during the kharif
season; and 25.3% and 41.7% in rabi season,
respectively.

B 1129 . e .
1200 Irrigation-Kharif
1000
800 -

600 474539503474 493532513493
400 -
200
0 4|
Present Mid Century End Century
B Loam B Loamy Sand
500 - 475 | o .
a0omr+1400 371 Irrigation-Rabi
400 -
06gmP06 3035,
300 - 25 258
200 -
100 -
G T T T
Present Mid Century End Century
Bloam MLloamySand MSandyloam ®SiltLoam
Fig.4.6 Irrigation water requirement
under Al1B scenario in different soil types :
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4.10. Coimabatore

4.10.1 Assessment of surface and
groundwater quality and waste water reuse
in Amaravathy basin and developing
management strategies for agriculture

Amaravathi river basin at the downstream of Karur
Town in Tamil Nadu is severely polluted due to
discharge of partially treated effluent by the textile
bleaching and dyeing units. The values on
electrical conductivity showed an increasing trend
during various season and the values ranged from
0.29 - 2.46 dsm*.The sodium ions in the
groundwater samples collected from the various
seasons was found to vary between 1.58 - 9.22
me L. The groundwater in the tail end of the
Amaravathy river basin near Aravakurichi,
Nagampalli and Karur areas showed deviation
from water quality standards recording 65.7 and
28.5 per cent samples under high and medium

contamination. Regarding irrigation suitability
based on EC and Sodium Absorption Ratio (SAR -
>10), the groundwater in the tail end of the basin
is under high salinity hazard when used for
irrigation. Proper soil management strategies are
to be adopted in the major part of the Karur district
while using groundwater for irrigation. The result
of the field experiment conducted is presented in
table.4.25.

The vyield increase in gypsum application
treatment was 17 % more than without gypsum
application and the yield increase due to
vermicompost application was 34 % more than
control.

Other management practices recommended
are

o Artificial recharge structures such as percolation
pond, check dams, recharge pit, recharge shaft,

salinity

class

indicating

groundwater

contour trench, shall be constructed in

Table 4.25. Effect of different management strategies on yield attributes and
yield of bhendi in Amaravathy basin

Treatments | No. of seeds/fruit |100 seeds weight (g) | Yield/plot (kg plot?!) Yield ha (t hat)
M, M, | Mean M, M, Mean M, M, Mean M, M, Mean

S, Control 35.4 | 32.1| 33.7 5.80| 5.10 | 5.45 |18.2 | 15.8 (17.0 | 9.10 | 8.25 | 8.67

S, RDF 38.6 | 35.5| 38.0 6.72| 5.71 | 6.21 (21.4 | 16.3 | 18.8 |10.70 | 8.88 | 9.79

S, RDF+FYM

12.5 t/ha 41.5 | 32.8| 37.1 7.22 | 6.22 | 6.72 |24.2 | 17.5 [20.8 |12.60 |10.10|11.35

S, RDF+

Vermicompost

5t/ha 42.8 | 34.6 | 38.7 7.85| 6.75 |1 7.30 | 26.4 | 18.9 [22.6 |13.80|11.20|12.50

S, RDF+

Biocompost

5t/ha 42.6 | 33.2| 37.9 7.57 ]| 6.56 | 7.06 |25.3 | 18.1 (21.7 |13.10|11.30|12.20

S, RDF +

Green Leaf

Manure 6.25

t/ha 40.6 | 31.7| 36.1 7.15] 6.12 | 6.63 |22.6 | 16.8 [19.7 |11.30 |10.14|10.72

Mean 40.4 | 33.4| 36.9 7.05| 6.07 | 6.56 |23.0 (17.2 [20.1 |11.76 | 9.98 |10.87
SEd CD (0,05) | SEd CD (0,05) | SEd CD (0,05) | SEd CD (0,05)

S 0.87 1.94 0.15 0.34 0.46 1.04 0.25 0.56

M 0.26 0.56 0.05 0.10 0.14 0.31 0.08 0.17

SxM 0.98 2.17 0.17 NS 0.53 1.17 0.28 0.63

MxS 0.63 1.38 0.11 NS 0.35 0.77 0.19 0.41

M, - with gypsum and M, - without gypsum
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Amaravathi river basin area so as to augment
the ground water recharge by way of rain water
harvesting.

e Indiscriminate sand mining in the river bed had
depleted the aquifer recharge rate. Sand mining
in the river bed should be banned atleast for 5
years.

e Existing ponds / tanks should be cleaned,
protected and properly managed and dumping
of municipal solid waste in the tanks / ponds
should be banned

e The application of chemical fertilizers and
pesticides should be gradually reduced and
replaced by biodegradable compost and other
substitutes.

e Farmers should be educated for optimum use
of groundwater for irrigation and to go for drip
and sprinkler type irrigation.

4.11. Rahuri

4.11.1 Development of crop coefficients for
sweet corn

The study was undertaken to develop the crop
coefficient values of important different crops of
the region, from the locally available
measurements on crop evapotranspiration from
lysimetric experiments and corresponding
estimates of reference crop evapotranspiration;
and develop the crop coefficient equations.
Accordingly Sweet Corn was considered.

Methodology

Crop coefficient (Kc) is the ratio of crop
evapotranspiration (ETc) to reference crop
evapotranspiration (ETr) as given by following
equation

ETc
ETr

Kc =

The weekly values of crop coefficients were
computed for sweet corn as the ratio of weekly
crop evapotranspiration and weekly reference
evapotranspiration. Weekly sweet corn
evapotranspiration data were available from the
lysimeters installed on the Experimental Farms
of the AICRP on Water Management, MPKV, Rahuri
for three years years 2010, 2011 and 2013. As
the crop evapotranspiration values were available
for two lysimeters, the ETc values were averaged

over both the lysimeters to compute the crop
coefficient values and deleting some erroneous
measurements.

Finding

The crop coefficient curves were developed for
the reference crop evapotranspiration estimated
by Penman Monteith. The results with Pan
Evaporation method were not consistent due to
the variation in pan evaporation data and hence
this method was ignored. The polynomial
equations of different orders with crop coefficient
as a function of the ratio of days since sowing/
planting to total crop growth period were fitted
for two three years (2011 and 2013). These
equations are presented below. The results from
the year 2010 were not consistent and hence
ignored.It is seen that the polynomial equation of
5t order is the best fit as it gives the maximum
value of regression coefficient for the three years.
The average Kc values were obtained from the Kc
polynomial equations of fifth order of two years.
These Kc curve for the polynomial equations of
5% order is presented in Figure 7.1.

The proposed Kc equation is

Kc, = -8.523(t/T) + 31.21(t/T)* - 38.39(t/T)* +
17.82(t/T)? - 2.174(t/T) + 0.659 R2 = 0.99

Kct=-8.523{Y/TP + 3L.21(t/T)* - 38.30(4/TP + 17.82(/T) - 2174t/ +
0659

Ri=0.99

LN
o /

06 1 /

05 1

04 T . T T
0 0.2 04 Ke 0.6 08 1

Figure 5.6.1: Kc curves for sweet corn for ETr
estimated by Penman Monteith method
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Table 4.26. Average weekly crop
coefficient values for sweet corn

Table 4.27. Yield and WUE of Onion and
other climatological parameters rabi 2014-15

Week since sowing Kc Sr. Particulars Values
No.
1 0.61 : :
1. Crop and Variety Onion (N-2-4-1)
2 0.58 seed to bulb
. - production
i 2. Season Rabi
4 0.71 3. Duration 113 days
5 0.80 4. Total ET 458.8 mm
6 0.87 5. Total EP 711.6 mm
6. Average ET 4.1 mm
/ et 7. Average EP 6.3 mm
8 0.91 8. ET/ EP Ratio 0.65 mm
9 0.89 9. Yield Tank Field
(Kg) (t/ha)
L 0.83 Main produce
11 0.77 (bulb ) 2.60 11.30
12 0.70 Stalk 0.75 3.20
Total bio mass 3.35 14.50
13 . 10. Harvest index 0.77 0.77
14 0.60 11. WUE (kg/ha cm) Tank Field
15 0.59 Seed yield 269.05
. ] i Stalk 76.18
4.11.2 Estimation of consumptive use of Y
water by rabi onion through lysimetric 12. No. of irrigation
technique. applied 6
The onion bulb yield and stalk yield, CU, WUE, 13. Total depth of
rainfall and number of irrigation applied to onion irrigation water
crop in lysimeter and field were presented in Table applied 42
4.27. The onion bulb and stalk yield both from 14. Total rainfall
3200 ko, respectively. The harvest index of received during
Iysimetér and field were 0.77 and 0.77 the growth period S fulul

respectively. The moisture depletion was
monitored daily and data in respect of ET, EP of
crop were 458.8, 711.6 mm respectively. The
irrigation water applied after considering moisture
depletion at 50 mm CPE. The average ET was 4.12
and EP was 6.58. The average ET/EP ratio was
0.62. The maximum ET/EP ratio was 0.8 at bulb
development stage. There by slightly declining
upto bulb enlargement stage. The lowest ET/EP
was noticed at maturity stage 0.5.From the table
1 (b) the ET and EP during entire growth period
of onion was 458.8 and 711.6 mm respectively.
The ET/EP ratio was maximum 0.8 bulb
development stage and lowest was at maturity
stage 0.5.
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4.11.3 Effect of polluted groundwater due to
sugar factory effluent on yield of wheat crop
and soil properties

The untreated effluents from sugar factory and
distillery and paper mill are dumped into lagoons
and Nag Odha, respectively. These effluents seep
into the adjacent wells and thus the well water is
being polluted day by day. The water of the wells
in the area adjoining the lagoon is highly polluted
and lowly polluted away from the lagoon.
Depending on the concentration of different anions
and cations in the effluents, the crop yield grown
in the area is influenced. Due to the irrigation
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Table 4.28. ET/ EP, at various growth sm

nion - Variety (N-2-4-1) rabi 2014-15

AR

Physiological Duration ET EP Average Average ET/ EP
growth stage (days) (mm) (mm) ET(mm) EP (mm) ratio
Transplanting to vegetative 43 139.3 211.1 3.2 4.9 0.6
Bulb development 20 86.9 101.3 4.3 5.1 0.8
Bulb enlargement 33 162.1 251.2 4.9 7.6 0.6
Maturity 17 70.5 148.0 4.1 8.7 0.5
Total / Average 113 458.8 711.6 4,12 6.58 0.62

with well water the soil adjoining to the lagoon is
also polluted. The experiment is therefore,
undertaken to know the influence of the
application of different combination of low,
medium and high polluted well water and normal
well water on the yield in the polluted soil. The
experiment was conducted on the farmer’s field
(Shri.Gunjal Mohan Vitthal) in Survey No. 508 of
village Deolali Pravara for low polluted well water,
Shri.Pansambal Karbhari Tukaram in Survey No.

101 of village Chinchvihire for medium polluted
well water and Shri.Deshmukh Ganesh Madhukar
in Survey No. 79 of village Chinchvihire for highly
polluted well water located near Rahuri sugar
factory area. The Wheat crop of Varity Trimbak
(NIAW-301) was sown on 02.12.2013. Fertilizer
dose was applied as per the recommendation. The
crop is in the field observations are being taken
and reporting will be done after harvest of the
crop.
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Theme V

To evolve management strategies for conjunctive use of surface water, groundwater and
wastewater resources for sustainable crop production.

5.1 Almora

5.1.1. Soil moisture and nutrient dynamics
in wheat-soybean rotation

Soil moisture and nutrient dynamics in wheat-
soybean rotation under irrigated conditions
showed that grain yield of wheat was affected
significantly due to treatments. The significantly
higher grain yield was recorded in all the treatment
in comparison to control. Application of
recommended NPK+ 10 t FYM /ha recorded
significantly highest grain yield (55.4 g/ha)
followed by 120 kg N + 10 t FYM /ha (50.2 g/ha).
The significantly higher yield of 28.7 g/ha was
recorded by the application of FYM in comparison
to N alone (23.8 g/ha). The gross returns and
gross returns per mm applied water followed the
same trend. There was a significant higher net
return observed by the application of NPK+FYM,
N+FYM, NPK, and NPK in both the season in
comparison to application of alone FYM, or alone
N and control. The loss was observed in control
(no application of FYM or fertilizer). The average

profile moisture was higher in FYM consisting
treatments in comparison to control and alone
application of fertilizer. The WEE and WUE followed
the same trend as of grain yield. During the crop
season 236.2 mm rainfall was received and 2
irrigations of each 50 mm were applied. The
experiment results revealed that the higher water
use efficiency and higher returns per mm applied
water can be achieved by application of balanced
fertilizer.

Soybean: The seed yield of soybean was affected
significantly due to the residual effect of
fertilization .The highest seed yield (23.1 g/ha)
was recorded in NPK+FYM whereas minimum in
control (14.0 g/ha). The highest residual effect
on soybean seed yield was recorded with NPK +
FYM. The residual affect was in the order of NPK
+ FYM (9.1 g/ha), N+FYM (8.0 g/ha), FYM (7.1
g/ha) NPK (3.6 g/ha) and N effect was negative
(-1.9 g/ha) over the control. The residual effect
of NPK +FYM, N+ FYM, FYM was higher than direct
effect of NPK +NPK (4.8 g/ha). The values of water
expense efficiency ranged from 2.7 to 4.6 kg/ha/

Table5.1 Bulb yield and water use of onion as influenced by irrigation levels

Treatments Irrig WE WEE WUE Gross Gross
(mm) | (mm) | (kg/ha| (kg/ha| returns | returns
mm) mm) (o000 (per mm
Rs/ha applied
water
in 000
Rs/ha)
Drip
IW: CPE 0.6 138.8 -52.6 41.4 334.0 41.6 47.8 155.5 3.75
IW: CPE 0.8 146.6 -52.1 60.0 352.1 41.6 47.5 164.2 2.74
IW: CPE 1.0 169.1 -49.0 81.0 370.0 45.7 51.8 189.4 2.34
IW:CPE 1.2 149.8 -38.5 103.8 382.3 39.2 44.2 167.8 1.62
Check basin
IW: CPE 0.8 126.7 -50.3 100 390.3 32.5 36.6 141.9 1.42
IW: CPE 1.0 130.1 -57.4 100 397.4 32.7 36.8 145.7 1.46
IW:CPE 1.2 149.4 -69.2 100 409.2 36.5 40.9 167.3 1.67
CD (P=0.05) NS
Drip Mean 151.1 -48.0 71.6 359.6 42.0 47.9 169.2 2.61
Check basin mean 135.4 -56.2 100.0 399.0 33.9 38.1 151.6 1.79




mm. The gross, returns and gross returns per mm-

applied as well as net returns and net returns per
mm applied of water followed the same trend.

5.1.2 Effect of irrigation schedule on onion

The mean onion yield (151.1 g/ha) under drip
irrigation was higher in comparison to check basin
irrigation (135.4 g/ha).The highest yield (169.1
g/ha) was obtained under drip irrigation scheduled
at 1.0 IW: CPE ratio followed by drip irrigation
scheduled at 1.2 IW: CPE ratio. The lowest yield
(126.7 g/ha) was recorded under check basin
irrigation scheduled at the rate of 0.8 IW: CPE
ratio (Table 5.1). The gross returns were calculated
on the basis of whole sale price (Rs 1120 per
quintal) of Haldwani market.

5.1.3 Effect of irrigation schedule on Garlic

The mean garlic yield (101.7 g/ha) under drip
irrigation was higher in comparison to check basin
irrigation (78.7 g/ha) and farmer practice (80.4
g/ha).The highest yield (118.7 g/ha) was obtained
under drip irrigation scheduled at 11.0 (CPE-R)

~ followed by drip irrigation scheduled at 10.8 (CPE-

R) .The lowest yield (71.6 g/ha) was recorded
under drip irrigation scheduled at the rate of 0.8
IW: CPE ratio(Table 5.2).

5.2 Belvatagi

5.2.1 Evaluation of different cropping
systems under different water available

Evaluation of different cropping systems under
different water available release situations showed
that water released during July middle recorded
significantly higher maize equivalent yield of 94.81
g/ha and was on par with July end water release
situation (79.38 g/ha) (Table 5.3). August middle
and August end water release situation recorded
significantly lowest maize equivalent yields. Full
season maize hybrid followed by chickpea
recorded significantly highest MEY of 102.58 g/
ha compared to all other cropping systems. The
next best system was Sunflower hybrid followed
by chickpea with 77.03 g/ha. Bt cotton recorded
the lowest MEY (36.37 g/ha). However, this system
was on par with early maize hybrid followed by

Table 5.2 Garlic Bulb yield and water use of irrigation levels

Treatments Bulb PMC Irrig WE WEE WUE Gross Gross
yield (+) (mm) (mm) (kg/ha (kg/ha returns returns
(q/ha) mm) mm) (o000 (per mm
Rs/ha applied
water
in 000
L EYAT))
Drip
0.4 (CPE-R) 91.0 -65.1 105.6 | 413.7 22.0 24.4 176.93 1.68
0.6 (CPE-R) 97.0 -67.3 160.2 470.5 20.6 22.6 188.62 1.18
0.8 (CPE-R) 100.2 -73.7 212.4 529.1 18.9 20.5 194.81 0.92
1.0 (CPE-R) 118.7 -69.6 264.6 577.2 20.6 22.1 230.86 0.87
CB IW: CPE 0.8 71.6 -51.0 200 494.0 14.5 15.8 139.34 0.70
CB IW: CPE 1.0 85.8 -68.6 200 511.6 16.8 18.2 166.85 0.83
Farmer practice 80.4 -52.5 200 495.5 16.2 17.7 156.42 0.78
Drip Mean 101.7 -68.9 185.7 497.6 20.5 22.4 197.8 1.16
Check basin mean 78.7 -59.8 200.0 502.8 15.6 17.0 153.1 0.77
CD (P=0.05) 12.48

ive rainfall =201.7
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Table 5.3 Effect of different cropping systems under water available situations on
Maize Equivalent Yield (q/ha) of 2013-14

Maize- Maize Maize Sun- Bt Maize Mean
Chickpea (PEEHM5) (PEEHM5) flower cotton (PEEHM5)
(full Chickpea Safflower Chick- Durum
season (early (CELY pea wheat
maize maize maize
hybrid) hybrid) hybrid)
July middle 141.60 111.44 79.26 131.48 | 53.09 51.98 94.81
July end 123.82 85.05 71.89 96.36 51.08 47.60 79.38
August middle 101.29 63.06 52.11 58.10 31.22 48.22 59.00
August end 43.61 21.39 21.67 22.19 10.06 29.17 24.68
Mean 102.58 70.35 56.23 77.03 36.37 44.24
SEm CD
Water Release 6.25 21.64
Cropping systems 3.86 11.02
Interaction 9.42 26.90

Table 5.4 Effect of different cropping systems under water available situations on Water
Use Efficiency (kg/ha mm) of 2013-14.

Maize- Maize Maize Sun- Bt Maize Mean
Chickpea (PEEHM5) (PEEHM5) flower cotton (PEEHM5)
(full Chickpea Safflower Chick- Durum
season (early (early pea wheat
maize maize maize
hybrid) hybrid) hybrid)
July middle 17.71 13.94 9.91 16.44 6.64 6.50 11.86
July end 15.40 10.64 8.95 11.99 6.36 5.92 9.88
August middle 13.12 8.17 6.75 7.53 4.04 6.25 7.64
August end 7.97 3.91 3.96 4.05 1.84 5.33 4.51
Mean 13,55 9.16 7.39 10.02 4.72 5.99
SEm CD
Water Release 0.78 2.71
Cropping systems 0.54 1.54
Interaction 1.26 3.59

wheat (44.24 g/ha). Similar results were obtained

with the water use efficiency (Table 5.4).

5.3. Chalakudi

5.3.1 Production system for high water use

efficiency in Cauliflower

Evolving a production system for high water use
efficiency in Cauliflower showed that online

114

drippers were superior to inline drippers with
regard to yield and water use efficiency and
irrigation at 80% PE recorded the highest yield
(Table 5.5). Application of boron at 5 kg/ ha had
significant influence on the yield and WUE of
Cauliflower. Among the different interaction
effects, method and levels of irrigation had
significant influence on the yield and WUE of
cauliflower. With respect to yield of cauliflower

L.
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per plant yield and per hectare yield was highest
in treatment receiving irrigation at 80 % PE
through online drippers followed by online drippers
receiving water at 60 % PE. The maximum WUE
was realized for irrigation at 60% PE through
online drippers. Application of boron at 5 kg/ ha
had significant influence on the yield and WUE of
Cauliflower.

Soil nutrient dynamics under varying moisture
regimes in banana: Banana under Drip Irrigated
Condition showed that biometrical observations
on growth and yield parameters showed that
application of P at 75% and K at 125% (T4) of
RDF was found to  be better. Second year crop
planted in Nov 2014 is in the field and treatments
are being imposed.

),

5.3.2 Evaluation of different integrated weed
management practices under modified water
regimes in SRI

The paddy var. MTU1010 of 120-130 days duration
was cultivated under different water regimes and
weed management methods during the year
2013-14. The results obtained are presented in
Table 5.6. Tiller number (45) and yield (45.15 q
ha'') were significantly higher in as compared to
rest other irrigation treatments (Table 5.6). Among
weed management methods, number of tillers was
significantly higher in W,, whereas number of
panicle per plant, length of panicle, number of
filled grain per panicle and yield (54.52 q ha™)
were significantly higher in W, .The variation in

Table 5.5 Effect of irrigation methods and fertilizer levels on yield of banana

NPK-100-100-100 6.547 7.330 6.938
NPK-100-100-125 7.773 7.690 7.732
NPK-100-75-100 7.917 6.618 7.268
NPK-100-75-125 8.767 7.527 8.147
NPK-100-50-100 7.630 6.635 7.133
NPK-100-50-125 7.770 7.247 7.508
Mean 7.734 7.174

Table 5.6 Effect of irrigation and methods of weed control on yield and yield attributes in SRI

Treatments Tiller No. of Length No. of Test Yield
No. panicles/ of filled weight (CLER)
plant panicle grains/ (g9)
(cm) panicle
I 45 24 17 72 21.87 47.15
I 44 24 16 56 21.95 40.58
L 35 21 14 58 21.64 34.75
SEM 2.36 NS NS NS NS 5.12
CD 8.17 NS NS NS NS 17.71
W, 24.25 16.79 10.83 50.08 21.50 26.4
w, 54.50 20.54 14.03 60.23 21.76 39.98
W, 38.25 25.25 17.00 68.60 22.20 42.4
w, 48.75 30.83 20.33 69.21 21.84 54.52
SEm 1.83 0.95 0.53 4.51 NS 3.47
2.74 1.54 _ 13.09 NS 10.08
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test weight was non-significant among the weed
management practices. Kolhe (1999) observed
that post emergence application of Fenoxaprop-
p-ethyl +ethoxysulfuron was as effective as hand
weeding twice. The cono weeder was found to
increase the grain yield. This might be due to the
fact that cono weeding incorporated the weeds in
the soil and minimized the weeds besides
increasing the soil aeration and root pruning
(Uphoff, 1999). The irrigation levels affected the
weed population and at saturation the weed count
and its dry weight was found to be significantly
higher than rest two irrigation levels. Among
different weed management methods, application
of pre and post emergence weedcides suppressed
the germination of the broad leaves and sedges.
The best weed management methods were
achieved by application of both pre and post
emergence weedicide in treatment W, (Table 5.7)

Table 5.7 Weed analysis

Among irrigation treatment surface irrigation of
0.80 IW/CPE recorded highest equivalent yield
(43.98 g ha?t) followed by 0.90 IW/CPE. Maize
intercropped with green gram in 2:2 ratio recorded
the highest equivalent yield (48.65 g ha) followed
by 1:1 row ratio. Land equivalent ratio: Highest
LER was recorded with irrigation at 0.8 IW/CPE
(1.33). Among the intercropping treatments, 2:2
and 1:1 row ratios recorded the same LER (1.56)
which were higher than all other treatment
combinations. Advantages from non-
legume+Ilegume intercropping systems have been
reported in crops such as wheat + legume (Barik,
1996), pea +barley (Chen et.al. 2005), field bean
+ wheat (Bulson et.al.1997) and maize + faba
bean (Li et.al. 1999), and maize +cowpea
(Dahmardeb et.al. 2009). The B: C ratio was
higher (2.25) under surface irrigation scheduled
at 0.8 IW/CPE ratios. Surface irrigation at 1 IW/

Grass Broad leaf Sedge

Treatments | number | Dry weight (g) number Dry weight (g) number Dry weight (g)
I 8 3 5.50 2.31 180.81 168
L 10 5 5.25 2.81 209.56 204
L 18 6 7.25 4.63 258.13 226
SEM 2.91 0.47 0.76 0.25 7.32 3.98
CD 5.04 1.2 2.18 0.72 21.12 12.99
W, 16.33 7.25 8.33 9.67 323.7 320.7
w, 15.50 4.67 14 10.8 202.8 224.3
W, 13.83 4.92 25 09.2 162.5 183.5
w, 5.00 1.33 6 03.3 108.8 112.8
SEm 6.52 1.35 1.39 0.97 16.04 18.23
CD NS NS 4.04 2.82 46.55 52.89

5.3.3 Effects of water regimes and crop
geometry on yield and water productivity in
maize — green gram intercropping system

The yield attributes such as number of cobs/plant,
seeds/cob, 1000 seed weight and yield were
higher in treatment with irrigation at 0.80 IW/
CPE ratio followed by 0.90 IW/CPE. Among the
intercropping system, sole maize recorded more
number of cobs/plant, grains/cob and 1000 seed
weight followed by green gram intercrop with
maize in 2:2 ratio. Tsubo et al. (2005) observed
legume+cereal intercropping is generally more
productive than monocrop. Total equivalent yield:
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CPE ratio recorded the least B: C ratio (1.66).
Among the intercropping system, maize + green
gram at 2:2 row ratio recorded the highest BC
ratio (2.28). Intercropping commonly gave greater
combined yields and monetary returns than
obtained from sole crops (Ahmad and Rao, 1982).
Surface irrigation scheduled at 0.70 IW/CPE ratio
has consumed 500 mm water for the whole period
with a water use efficiency of 7.93 kg ha?! mm
(Table 22). This was followed by surface irrigation
scheduled at 0.80 IW/CPE ratio with a
consumption of 556 mm and WUE of 7.91 kg ha-
! ' mm=t.Optimizing irrigation scheduling and
nutrient management for onion



Effect of irrigation scheduling irrespective of
nutrient management was studied. The bulb yield
showed an increased trend from 0.8 to 1.2 IW/
CPE (169.9 to 194.1 g ha ).Irrigation schedule
IW/CPE ratio of 1.2 recorded significantly higher
bulb yield ( 194.1 g ha! )over IW/CPE 0.8 ratio
but was at par with IW/CPE 1.0. Effect of sulphur
on the seed yield of onion was studied irrespective

5.3.4 Growth and yield response of toria to
irrigation scheduling and sulphur application

The toria variety Sushree of 65-70 days duration
was cultivated under different water regimes and
sulphur management practices for first year i.e 2013.
The results obtained are presented in Table 5.8.

Table 5.8 Effect of irrigation and sulphur levels on yield and water use efficiency in toria

Treatment Seed yield Water Water use

(q hat) requirement efficiency
(cm) (kg hat cm™)

Irrigation scheduling

I,:IW/CPE = 0.6 4.91 15 32.7

I: IW/CPE = 0.8 5.20 20 26.0

I,: IW/CPE = 1.0 5.43 25 21.7

CD (5%) NS - -

Sulphur levels

S,: 30 kg S hat 4.89

S,: 45kg S ha' 5.69

S,: 60 kg S ha 4.96

CD (5%) 0.33

of irrigation scheduling. As evident from Table 23
the yield was influenced by sulphur application
and showed an increase trend upto 40 kg S ha!
and of course produced significantly highest bulb
yield i.e 192.5 q ha which was reduced to 181.1
g hat with application of 60 kg S ha Hence, it
may be concluded that onion crop responded well
up to 40 kg S ha ina sulphur deficient soil. Water
Requirement (WR) and Water Use Efficiency
(WUE) for different irrigation treatment was
presented in Table 23. Highest water requirement
of 70 cm was observed with IW/CPE 1.2 ratio
whereas, lowest value of 60 cm was observed with
IW/CPE 0.8 ratio. The treatment with IW/CPE ratio
1.0 registered a highest mean water use efficiency
of 28.09 kg ha! cm* whereas, lowest value of
27.72 kg ha' cm was observed in IW/CPE ratio
1.2. Onion variety N 53 produced significantly
highest bulb yield at 40 kg S hat with an irrigation
schedule at 1.2 IW/CPE. Highest water use
efficiency was observed when less water was
applied. The application of 40 kg S ha (192.5 g
ha) along with irrigation scheduling at 1.2 IW:
CPE (194.1 g ha) can produce economically
higher bulb yield in onion. The highest water use
efficiency was observed with irrigation scheduling
at 1.0 IW: CPE ratio.

Effect of irrigation scheduling irrespective of
nutrient management was studied Though
irrigation schedule at IW/CPE 1.0 ratio recorded
highest seed yield i.e., 5.43 g ha but it was not
significantly higher than other two irrigation
schedules. Hence, IW/CPE 0.6 ratio with seed yield
4.91 g ha'may be considered as best irrigation
practice. Effect of sulphur on the seed yield of
toria was studied irrespective of irrigation
scheduling. As evident from Table 24 the yield
was influenced by sulphur application and showed
an increase trend up to 45 kg S hatand produced
significantly highest yield i.e., 5.69 q ha'.The yield
to 4.96 q hat' with application of 60kg S ha.
Hence, it may be concluded that toria crop
responded well up to 45 kg S ha!. Water
requirement and water use efficiency for different
irrigation treatments is presented in Table 24.
Highest water requirement of 25 cm was observed
with IW/CPE 1.0 ratio whereas, lowest value of
15 cm was observed in IW/CPE 0.6 ratio. The
treatment with IW/CPE 0.6 ratio registered highest
mean water use efficiency of 32.7 kg ha! cm
whereas, lowest value of 21.7 kg ha?' cm! was
observed in IW/CPE 1.0. Toria variety Sushree
produced significantly highest seed yield at 45 kg
S hat with an irrigation schedule at 0.6 IW/CPE.
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Higher water use efficiency was observed when
less water was applied. Application of 45 kg S ha-
1 (5.69 g ha't) along with irrigation scheduling at
0.6 IW: CPE (4.91 g ha') can produce
economically higher seed yield in Toria. The
highest water use efficiency was observed with
irrigation scheduling at 0.6 (IW/ CPE).

5.4 Dapoli

5.4.1 Effects of irrigation combined with
nutrients and paclobutrazol (cultar) on the
growth and fruiting behaviour of mango on
hill slopes of Konkan region

The effect of irrigation levels on canopy volume
was found significant. Maximum average canopy
volume was found in I, treatment (106.43m?) and
the lowest average canopy volume was found in
treatment I, (92.43m?). The data reveals that
mango crop responds to irrigation to increase the
crop canopy. The effect of fertilizer levels combined
with PBZ application was found significant. The
treatment N, showed highest and significant
volume (152.66m?) as compared to N, & N, levels.
The lowest canopy volume was found in N,
treatment (64.10m?3) indicating the role of PBZ
on restriction of vegetative growth. The interaction
effect of irrigation and fertilizer application was

The effect of irrigation levels on yield kg/plant
was found significant. The average yield was found
maximum in I, treatment (16.33kg/plant) and the
lowest average yield was found in treatment I,
(13.13 kg/plant), however, the yield was at par
with no irrigation treatment. This indicated that
irrigation played important role in enhancing the
yield. The application of water @50%PE may not
be sufficient to produce the significant effect;
however, it was useful to increase the volume of
tree. The effect of fertilizer levels combined with
PBZ application was found non-significant. The
interaction effect of water application and fertilizer
application was significant. Highest yield of mango
crop water recorded in I,N, (Irrigation 75% of PE+
100%RD +PBZ application), while lowest was
recorded in I,N, (50% PE irrigation + 50% RD +
PBZ). The highest yield under treatment
combination could be attributed to the effect of
water and fertilizer application in increasing the
yield. The water use efficiency was also
determined for the treatments incorporated and
is presented in Table 5.10.

Table 5.10 Yield and water use efficiency of
mango under various treatments

Water
applied
(ha-cm)

WUE

(kg/
ha-cm)

Treat-
ments

Mango
yield

(t/ha)

significant on increase of canopy of mango crop. LN 1.32 — —
In treatment combination I N, (No irrigation + IO Nl — — —
50% RD + PBZ) the lowest canopy volume 92 :
(51.20m?3) was observed and the maximum I, N, 1.45 — —
canopy volume (158.80m3) was observed in I, N, 1.62 60.3 26.87
treatment LN, (Irrigation 50% of PE+ RD without I N, 1.70 60.3 28.19
PBZ application) (Table 5.9).
I, N, 1.58 60.3 26.20
Table 5.9 Effect of irrigation combined with I, N, 1.42 40.2 B2
nutrients and paclobutrazol on average LN, 1.31 40.2 32.59
B

canopy volume (m?) of trees LN, 11 20.2 30.10

I, - No irrigation 144.90 81.20 51.20 92.43

I, - 75% PE 154.30 85.10 70.30 103.23

I, - 50% PE 158.80 89.70 70.80 106.43

Mean 152.66 85.33 64.10

Statistical parameters Irrigation Fertilizer Irrigation x Fertilizer

S.E. + 0.255 0.255 0.442

C.D. at 5% 0.7648 0.7648 1.325
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Water use efficiency in producing the mango yield
was found maximum in treatment I, N, (50%PE
irrigation and 100%RDF+PBZ), while minimum
WUE was found in treatment I, N, (75%PE
irrigation and 50%RDF+PBZ). The results on water
use efficiency indicate that in case of water
scarcity, the mango yield can be increased by
about 17% with the application of 60 cm water
as compared to no irrigation.

5.4.3. Effect of amount of irrigation during
critical stages on cashew nut

The effect of amount of water application during
the critical stages of fruit development of cashew
nut is presented in Table 5.11.

delivered up 40 days from peanut stage of cashew
nut. Yield under treatment irrigation up to 80 from
peanut size of cashew nut was decreased, which
indicated that cashew may require water up to
60 days from peanut size of cashew nut to increase
the yield. The interaction effect of irrigation
amount and its application during different growth
stages of fruit development on yield was
significant. Highest yield could be observed in
treatment combination I,T, i.e. irrigation
application @ 50 litres/plant up to 40 days after
peanut stage of fruit development. The results
clearly indicated that application of total water of
6 ha-mm (60000 litres) up to 40 days after the

Table 5.11 Effect of water application during different growth stages on yield of cashew nut

Treatments T,-20days|T,-40days | T,-60days |T,-80days| Meanyield,
kg/plant

I, - No irrigation 2.60 3.40 3.60 3.00 3.20

I, -25 lit/week 2.50 3.70 4.30 3.30 3.45

I, - 50lit/week 2.90 6.50 4.93 4.70 4.76

Mean 2.67 4.53 4.28 3.66

Statistical parameters| Irrigation Days Irrigation X Days

S.E. + 0.234 0.271 0.469

C.D. at 5% 0.687 0.794 1.375

5.4.4. Effect of amount of irrigation on
average yield of trees:

The effect of amount of irrigation on yield (kg/
plant) was found significant. The cashew nut yield
was significantly superior under treatment I, over
other I, and I,. Treatments I, and I, were at par
with each other. The highest yield recorded due
to amount of irrigation was 4.76 kg/plant in I,
treatment. This indicated that cashew responds
to irrigation and its yield can be enhanced by about
49% by irrigating the crop weekly @ 50 lit/plant/
week. The application of water @ 25 lit/plant/
week could not produce any significant effect on
yield per plant.

5.4.5. Effect of water application during
growth stages on cashew yield:

Cashew yield can be significantly increased due
to irrigation in different growth stages of fruit
development. Irrigation up to 20 days from peanut
stage of cashew nut could not increase yield,
whereas, the yield was significantly increased and
was highest (4.53 kg/plant) when irrigation was

peanut stage of cashew nut could increase the
cashew yield of fully grown crop to 1.30 tonnes/
ha with the WUE of 216.7 kg/ha-mm.

5.6. Gayeshpur

5.6.1. Effects of irrigation schedules and
integrated nitrogen on yield and water use
efficiency of lettuce (Lactuca sativa L.)

Yield attributes and yields of lettuce

The yield attributes and head yield of lettuce were
significantly influenced by different irrigation
schedules and N fertilizers levels (Tables 5.12).
Irrigation at IW/CPE 1.0 produced significantly the
maximum head yield (10.81 kg/ha) and yield
attributes such as head diameter (16.5 cm),
number of leaves per plant (16.3) and single head
weight (97 g), which was at par with irrigation
schedule at IW/CPE 0.8 excepting the number of
leaves per plant. Both treatments were superior
to the remaining two irrigation schedules. On the
other hand, irrigation at IW/CPE 0.6 registered
significantly the lowest head yield and yield

.
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contributing parameters. The effect of surface
irrigation in promoting the yield and yield
attributes, however, was intermediate. The
combined application of 50% organic N and 50%
inorganic N fertilizers recorded maximum head
yield (10.71 kg/ha), head diameter (15.9 cm),
leaves per plant (16.7) and single head weight
(95 g) and was superior to the recommended
100% inorganic N fertilizer. Addition of 100%
organic N as vermicompost registered the
minimum yield contributing parameters and head
yield. The interaction effect between irrigation
schedules and fertilizer N levels was significant.
Relatively higher head yield (11.3 kg/ha), head
diameter (17.2 cm), leaves per plant (17.8) and
single head weight (98 g) was obtained with
irrigation at IW/CPE 0.8 coupled with 50%
inorganic N plus 50% organic N fertilizers, which
was on par with irrigation scheduled at IW/CPE
1.0 enriched with 50% inorganic N plus 50%
organic N fertilizers.

The total water use and water use efficiency by
lettuce plant varied with the variation of irrigation
water applied and use of inorganic and organic N
fertilizers (Tables 5.3 and 5.14). The highest water
use (192.26 mm) was found in surface irrigation
and the lowest (105.42 mm) in irrigation at IW/
CPE 0.6. Conversely, the highest water use
efficiency (88.22 kg/ha-mm) was recorded with
irrigation at IW/CPE 0.6, whereas the lowest
(51.77 kg/ha-mm) in the conventional surface
irrigation. The interaction effects revealed that
maximum water use efficiency of 93.57 kg/ha-

mm was obtained with irrigation at IW/CPE 0.6
provided with 50% inorganic N plus 50% organic
N (vermicompost) fertilizers and minimum (51.75
kg/ha-mm) with conventional surface irrigation
supplemented with 100% inorganic N fertilizer.

Table 5.12 Interaction effect of irrigation and
fertilizer N levels on yield attributes and head

yield of lettuce plant during 2013-2014

Inter-

action diameter| leaves/

(I xN) plant |weight (g) | yield
I N, 13.5 16.2 90 9.96
I N, 14.1 16.4 93 10.24
I N, 11.3 14.5 88 9.66
LN, 12.2 14.1 90 9.30
LN, 13.8 15.7 92 9.86
LN, 10.9 14.1 87 8.74
LN, 16.7 16.7 95 10.74
LN, 17.2 17.8 98 11.30
LN 13.6 16.1 95 10.28
I, N 17.2 16.5 96 10.46
I, N, 18.4 16.9 99 11.44
I, N, 13.8 15.5 96 10.52
SEm= 0.51 0.39 0.47 0.17
CD(0.05)] 1.57 1.23 1.45 0.52

Table 5.11 Effect of irrigation and fertilizer N levels on yield attributes, head yield,
water use and water use efficiency of lettuce plant during 2013-2014

Treatment

Head
diameter

(cm)

No. of
leaves/

plant

Single

head

Fresh

head

Water

use

weight(g) yield (t/ha) (mm)

WUE

(kg/
HER111)

Irrigation schedule (I)

I 13.0 15.7 91 9.95 192.26 51.77
I 12.3 14.6 90 9.30 105.42 88.22
L 15.8 16.9 96 10.77 133.65 80.61
I, 16.5 16.3 97 10.81 163.27 66.19
SEmz* 0.25 0.16 0.35 0.11 - -
CD (0.05) 0.86 0.55 1.21 0.38 - -
Fertilizer N level (N)

N, 14.9 15.9 93 10.12 148.64 71.13
N, 15.9 16.7 95 10.71 148.70 75.34
N, 12.4 15.1 92 9.80 148.62 68.63
SEm=* 0.33 0.17 0.29 0.07 - -
CD (0.05) 1.30 0.67 1.13 0.29 - -
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Table 5.13 Components of water balance, water use and water use efficiency of
lettuce plant under varied irrigation and fertilizer N levels during 2013-2014

Inter- Profile Irrigation | Rainfall Total Yield WUE

action contribution (mm) (mm) water use* | (kg/ha) (kg/

(I xN) (cm) (mm) ha-mm)
I N, 9.98 150 12.5 192.48 9960 51.75
LN, 9.76 150 12.5 192.26 10240 53.26
I N, 9.54 150 12.5 192.04 9660 50.30
LN, 12.92 60 12.5 105.42 9300 88.22
LN, 12.88 60 12.5 105.38 9860 93.57
LN, 12.96 60 12.5 105.46 8740 82.88
LN, 11.12 90 12.5 133.62 10740 80.38
LN, 11.18 90 12.5 133.68 11300 84.53
LN, 11.16 90 12.5 133.66 10280 76.91
I, N, 10.52 120 12.5 163.02 10460 64.16
I, N, 10.96 120 12.5 163.46 11440 69.99
I, N, 10.82 120 12.5 163.32 10520 64.41

*including a common irrigation of 20 mm depth
for seedling emergence and crop establishment

5.6.2. Effect of moisture regimes on yield,
water use efficiency and economics of
safflower (Carthamus tinctorius L.) based
intercropping systems

The mean seed yields of the main crop and
intercrops during the year 2013-14 and their

pooled values over the three years (2011-12,
2012-13 and 2013-14) given in Tables 5.14
showed that equivalent seed yield of safflower
was found maximum in the cropping system when
pea intercropped in between rows of main crop
safflower. The highest safflower equivalent yield
of 7.56 g/ha was registered under irrigation at
CPE 30 in safflower + pea intercropping system
(I,C,). The second higher production in terms of

Table 5.14 Effect of irrigation and cropping systems on seed yields of
safflower, French bean, pea and faba bean in 2013-14

Treatment Safflower French bean Pea (q/ha) Faba bean Safflower eq.
(q/ha) (q/ha) (q/ha) seed yield
(g/ha)
I.C, 5.48 - = = 5.48
I.C, 4.38 2.04 - - 6.97
LC, 4.27 - 2.25 - 7.47
I.C, 4.15 - - 2.56 6.94
LC, 5.42 - - - 5.42
LC, 4.32 1.87 - - 6.70
LC, 4.23 = 2.13 = 7.26
LC, 4.11 - - 2.41 6.73
LC, 4.80 - = = 4.80
I.C, 4.10 1.56 - - 6.08
LC, 3.85 - 1.82 - 6.44
LC, 3.81 - = 2.05 6.04

NB: C,: Sole safflower; C,: Safflower + french bean; C,: Safflower + pea; C,: Safflower + faba bean;
market price of safflower Rs. 3300/-, french bean Rs. 4200/- , pea Rs. 4700/- and faba bean Rs. 3600
per quintal. : S D -
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safflower equivalent yield (7.37 g/ha) was
obtained in safflower and pea intercropping
system irrigated at CPE 45 (I,C,). However, the
yield advantages of growing more than one crop
simultaneously in the same piece of land instead
of sole cropping were due to efficient utilization
of inter-row spaces of safflower with short duration
high value pulses, which may compensate the
yield losses of safflower and bring an additional
economic return to the resource poor farmers.

Profile moisture contribution, effective rainfall,
irrigation water use and water use efficiency in
different cropping systems is furnished in Table
5.15. The total water use was found maximum
where more number of irrigation was applied. But
water use efficiency appeared to be higher where
lesser number of irrigation applied and that too
in intercropping system than in sole cropping of
safflower. Maximum water use efficiency of 3.03
kg/ha-mm was recorded in lower irrigation regime
of CPE 60 under safflower + pea intercropping
system (I,C,). In addition to main crop safflower,
short duration intercrops like pea could be grown
successfully in between rows of safflower without
any additional expenses on irrigation water. This
approach may offer substantial income to the poor
farmers exploiting every parcel of land.

Table 5.15 Effect of irrigation and cropping
systems on safflower equivalent yield
(average of 2011-2012, 2012-2013 and
2013-2014)

Treat-| Safflower equivalent seed yield (q/ha)
ment | 2011-12 |2012-13 | 2013-14 Mean
IC, 5.41 5.57 5.48 5.48
I.C, 6.93 7.13 6.97 7.01
I.C, 7.57 7.66 7.47 7.56
I.C, 7.14 7.12 6.94 7.06
LC, 5.31 5.50 5.42 5.41
e 6.82 6.86 6.70 6.79
L. 7.42 7.43 7.26 7.37
1L, 7.02 6.88 6.73 6.87
L.C, 4.62 4.89 4.80 4.77
LC, 5.78 6.23 6.08 6.03
LG, 6.31 6.61 6.44 6.45
LC, 5.95 6.18 6.04 6.05

C,: Sole safflower; C,: Safflower + french bean;
C,: Safflower + pea; C,: Safflower + faba bean
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5.7. Hissar

5.7.1. Irrigation scheduling in wheat under
FIRBS planting

Wheat crop was planted on furrow irrigated raised
bed system (FIRBS) by tractor driven bed planter.
In this machine, the beds of desired width, sowing
of seed and fertilizer application was carried out
at same time. Two rows of wheat were planted
on the bed at a spacing of 20 cm. A pre-sown
irrigation of 6.0 cm depth was applied and another
a common irrigation at CRI stage was applied in
all the treatments. Thereafter, irrigations were
applied on the basis of treatments schedule. On
this basis, 3 post-sown irrigations in treatment
CRI+100 mm CPE, 2 in CRI+150 mm and
CRI+200 mm CPE were applied. Depth wise soil
samples were collected before and after each
irrigation. In conventional planting, 13.5 cm of
irrigation water was applied while it was 9.7 cm
under FIRBS. The rainfall received during the
wheat crop season was 6.15 cm the same was
considered as effective.

The soil moisture depletion from profile (SMD) in
wheat crop was higher (8.53 cm) under FIRBS
than under conventional system of planting (8.87
cm) while the contribution from shallow water
table (GWC) was higher in conventional planting
than the FIRBS (Table 5.16). The total water use
as consumptive use was 35.95 cm in FIRBS
whereas it was 39.72 cm in conventional planting.
The GWC increased with the decrease in the level
of moisture regime from irrigation at CRI+100
mm to 200 mm CPE. The consumptive use was
highest i.e. 39.70 cm in moisture regimes of CRI+
100 mm CPE primarily due to larger amount of
applied irrigation water.

Planting of wheat in FIRBS resulted in significantly
higher grains/spike and grain weight but lower
number of effective tillers as compared to the
conventional sowing but the difference in the grain
yield was not significant (Table 5.17). The effective
tillers reduced significantly when irrigation were
applied at CRI+200 mm CPE whereas grains/spike
were significantly lower in CRI+150 mm CPE as
compared to other moisture regimes. The grain
weight was observed to be significantly higher in
CRI+100 mm CPE as compared to CRI+150 mm
CPE. A significant increase in grain yield was
recorded with increase in moisture regimes from
CRI+200 mm CPE to CRI+100 mm CPE.



Table 5.16 Water use by wheat under different irrigation methods and
moisture regimes during 2013-14

Treatment Water use (cm)
SMD GWC Rainfall Irrigation CuU

Sowing method

Conventional 8.53 11.57 6.15 13.47 39.72
FIRBS 8.87 11.20 6.15 9.73 35.95
Moisture regime

CRI+100 mm CPE 8.45 10.60 6.15 14.50 39.70
CRI+150 mm CPE 9.10 11.50 6.15 10.00 36.75
CRI+200 mm CPE 8.55 12.05 6.15 10.30 37.05

SMD-soil moisture depletion, GWC- ground water contribution, CU- consumptive use
Note: Water table depth of the field varied between 65 to 108 cm during the crop season

Table 5.17 Yield attributing parameters and yield of wheat under
different treatments during 2013-14

Treatment

Effective tiller/m?

Grains/ spike

1000-grain wt. (g)

Grain yield, kg/ha

Sowing method
Conventional 352.0 39.4 37.3 4982
FIRBS 342.0 40.1 38.2 5064
CD at 5% 8.7 0.6 0.5 NS
Moisture regimes
CRI+100 mm CPE 359.0 40.2 38.1 5293
CRI+150 mm CPE 354.0 39.2 37.3 4988
CRI+200 mm CPE 328.0 40.0 37.9 4787
CD at 5% 12.6 0.7 0.7 101
The interaction between irrigation methods and CD at 5%: Irrigation methods = NS; Moisture
moisture regimes was significant (Table 5.18) regimes = 101; Interaction = 143, Moisture

revealing that there was significant increase in
grain yield of wheat when irrigated at CRI+100
mm CPE under FIRBS of planting.

Table 5.18 Grain yield (kg/ha) of wheat
under different methods of irrigation and
moisture regimes during 2013-14

Sowing Moisture regime,
method irrigation at CRI+CPE
100mm|150mm|200mm | Mean
(3) (2) (2)
Conventional 5149 | 4967 | 4829 |4982
FIRBS 5437 5009 | 4745 | 5064
Mean 5293 4988 | 4787

regimes at the same level of irrigation method =
227, Irrigation method at the same level of
moisture regime = 290. Note: WT depth = 68-
122 cm; Rainfall 61.5 mm, Values in
parentheses indicate number of irrigations applied

5.7.2 Performance of wheat under FIRBS
(2006-07 to 2013-14)

The wheat grain yield under FIRBS was
significantly higher as compared to conventional
sowing during 2007-08 to 2011-12 but no
significant differences were observed during 2006-
07, 2012-13 & 2013-14 (Table 5.19). The mean
grain yield of eight years experimentation under
FIRBS was higher (255 kg/ha, 5%) as compared
to the conventional sowing. The irrigation applled

+JSOO mm CPE produced hi
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Table 5.19 Grain yield (kg/ha) of wheat under FIRBS with various moisture regimes
in different years (2006-07 to 2013-14)

Treatment | uue07|a07-45 | 200808 | 20090 20101 avi1-12| 01233 | 201534 | e |

Irrigation method

Conventional 4735 | 4285 6360 | 5427 | 5525 | 5445 4531 4982 5161
FIRBS 4734 | 4927 6760 | 5736 | 5801 | 5735 4571 5064 5416
CD at 5% NS 256 265 147 249 262 NS NS 208
Moisture regimes

CRI+100 mm CPE 5115 | 5681 6845 | 5790 | 5842 | 5783 4732 5293 5635
CRI+150 mm CPE 4703 | 4412 6570 | 5565 | 5665 | 5676 4602 4988 5273
CRI+200 mm CPE 4385 | 3725 6265 | 5390 | 5483 | 5310 4319 4787 4958
CD at 5% 349 368 301 85 208 339 257 101 285

AICRP (_|w_Mi ANNUAL REPORT 2014-15

than the other moisture regimes in all the years.
Highest grain yield was achieved with irrigation
at CRI+100 mm CPE and decreased significantly
with decrease in moisture regimes.

The contribution of shallow water table towards
crop ET was more in conventional sowing than
FIRBS. The average irrigation water applied under
FIRBS was less by 2.35 cm over the conventional
sowing and thus, a saving of 14.6 % irrigation
water (Table 5.20 and Fig 5.1). The total was use
was also less by 2.85 cm in FIRBS than the
conventional sowing.

at CRI+ 200 mm CPE resulted in highest WP ie.,
4.14 kg grain/m3 of irrigation water followed by
CRI+ 150 mm CPE (3.42 kg grain/m?) and lowest
with CRI+ 100 mm CPE ( 2.69 kg grain/m3)-The
WP of total water applied varied within a narrow
range of 1.29 to 1.35 kg grain/m3. From the
research results of eight years of field
experimentation on sandy loam soil under semi-
arid conditions, it can be assertively concluded
that FIRBS is an efficient method of planting wheat
for achieving higher crop and water productivity
as FIRBS found to save 12.75 % irrigation water
coupled with 255 kg/ha higher grain yield and

Table 5.20 Water use components (cm) of wheat under FIRBS with
various moisture regimes (mean of 2006-07 to 2013-14)

Irrigation method
Conventional 9.00 9.11 18.43 4.98 41.51
FIRBS 9.20 8.40 16.08 4.98 38.65
Moisture regimes
CRI+100 mm CPE 8.30 8.52 21.92 4.98 43.71
CRI+150 mm CPE 9.30 8.68 16.64 4.98 39.60
CRI+200 mm CPE 9.71 9.07 13.21 4.98 36.99
SMD - Soil Moisture depletion, GWC - Ground water contribution, RF- Rainfall
Fig. 5.1 Components of total water use (cm) = B
in wheat under FIRBS with various moisture i e =
regimes (mean of 2006-07 to 2013-14) s ™
§ 20 [43e | = [ 2.2 |
Consequent upon better grain yield and lesser ER = = 2]
irrigation water use in FIRBS, the average WP of © | oo | mes | crmamarn | crrrsomm | Crisssoim
applied irrigation water was 3.60 kg grain/m? as raton et T s o
compared to 2.96 kg grain/m? . Irrigation applied Fig. 5.1
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Table 5.21 Yield parameters and yield of wheat under different treatments during 2013-14

Preceding crop
Mungbean 335 40.0 37.4 4781
Sorghum 325 39.4 36.6 4465
CD at 5% NS 0.5 0.3 289
Tillage practice
Conventionnel 340 39.8 37.4 4826
Zero-rabi 334 39.8 37.3 4717
Complete zero 316 39.5 36.3 4327
CD at 5% 11 NS 0.4 113
Moisture regime
IW/CPE=0.60 318 39.4 36.7 4380
IW/CPE=0.75 331 39.6 37.1 4636
IW/CPE=0.90 341 40.1 37.2 4853
CD at 5% 12 0.8 0.3 120
consequently enhanced the productivity of Oirigaton  @Rainfall  BGWC  mSMD

irrigation water by 22% over surface irrigation
method. For harvesting higher grain yield,
irrigations be applied at CRI+100 mm CPE,
however to achieve higher water productivity,
irrigation be applied at CRI+200 mm CPE.

5.7.3 Effect of varying moisture regimes in
zero-till wheat succeeding mungbean and
sorghum

Wheat succeeding mungbean produced
significantly higher number of grains/spike, 1000-
grain weight and grain yield (4781 kg/ha) than
sorghum (4465 kg/ha). The yield and yield
parameters did not differ significantly between
conventional tillage and zero-tillage in rabi but
were significantly higher than complete zero (Table
5.21). Among the moisture regimes, the yield
attributing parameters as well as grain yield of
wheat were highest under irrigation at IW/CPE of
0.9 and decreased with decrease in the level of
moisture regime.

SMD= Soil moisture depletion, GWC= ground
water contribution, CU= Consumptive use

Fig. 5.2. Water use components in wheat crop
under different tillage practices and moisture
regimes preceding mungbean and sorghum
during 2013-14

The interaction between preceding crops and
tillage practices was significant revealing that
there was significant increase in grain yield of
wheat with either conventional tillage or zero-
tillage in rabi sown after mungbean.

Water use, cm
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The WP of irrigation and total water used was
higher after mungbean (4.64 & 1.36 kg/m3) than
sorghum (4.21 & 1.22 kg/m?3). The water
productivity of irrigation water under zero tillage
in rabi was higher than the conventional and zero
tillage in both the seasons. Among the moisture
regimes, the WP was highest with irrigation at
IW/CPE of 0.6 (Fig. 5.3).

Fig. 5.3 Yield and water productivity of wheat
under different methods of irrigation and
moisture regimes during 2013-14
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The net return in raising wheat crop after
mungbean was higher than after sorghum. Among
the three tillage practices, highest net return was
obtained under zero tillage in rabi followed by
conventional and complete zero in both seasons
(Table 5.22). Applying irrigation at IW/CPE of 0.90
resulted in highest net return of Rs. 28569/ha
followed by IW/CPE of 0.6 (Rs. 25068/ha) and
0.75 (Rs. 24350/ha).

5.7.4 Effect of varying moisture regimes on
the yield of soybean and maize grown under
different intercropping patterns

In response to irrigation at different IW/CPE ratios,
it was found that the entire yield attributes viz.,
cob/m2, cob weight, grain/cob and grain weight
were increased significantly upon increase in each
level of moisture regimes from IW/PCE ratio of 0.6

Table 5.22 Economics (Rs/ha) of wheat under tillage practices and
moisture regimes preceding crop of mungbean and sorghum

Treatment Variable cost Total cost | Gross return Net return
over variable
cost
Preceding crop
Mungbean 30315 63615 61577 28277
Sorghum 31355 64655 54467 21167
Tillage practice
Conventionnel 31395 64695 61352 28052
Zero-rabi 26568 59868 64094 30794
Complete zero 27063 60363 56101 22801
Moisture regimes, irrigation at
IW/CPE=0.60 30815 64115 53368 20068
IW/CPE=0.75 31455 64755 57650 24350
IW/CPE=0.90 31415 64715 61869 28569

Table 5.23 Yield attributing parameters, yield and harvest index of maize
under different moisture regimes and intercropping planting geometry during 2014

Moisture regimes, irrigation at
IW/CPE=1.0 6.01 0.171 405 306 10303 | 7005 | 9765 41.8
IW/CPE=0.8 5.78 0.156 380 294 9001 | 6120 | 8314 42.4
IW/CPE=0.6 5.52 0.138 348 285 7618 | 5180 | 6916 42.8
CD at 5% 0.17 0.006 24 11 196 133 216 -
Planting geometry (maize:soybean)
01:01 5.81 0.154 379 297 8984 | 6110 | 8276 42.5
01:02 5.71 0.155 380 296 8889 | 6044 | 8245 42.3
02:01 5.72 0.157 375 293 8991 ([ 6114 | 8395 42.1
02:02 5.84 0.154 376 293 9031 | 6140 | 8411 42.2
CD at 5% NS NS NS NS NS NS NS




to 1.0. As a consequence, the highest grain yield
of 7005 kg/ha was obtained when irrigation was
applied at IW/PCE ratio of 1.0 and decreased
significantly to 6120 and 5180 kg/ha with irrigation
at IW/PCE ratio of 0.8 and 0.6, respectively (Table
5.23). The difference in yield between the different
planting geometry of maize:soybean was similar
since the soybean crop could not be establish as
intercrop during the season.

The amount of water used under different
components of total water use with different
moisture regimes (Table 5.24) indicated that the
amount of irrigation water of 23.2, 18.2 and 12.6
cm was applied in IW/CPE of 1.0, 0.8 and 0.6,
respectively. The corresponding total water use
was 62.1, 57.9 and 52.9 cm. The productivity of
irrigation water was 302 kg grain/ha-cm with
irrigation at IW/CPE of 1.0 which increased to

336.3 under IW/CPE of 0.8 and to 411.1 kg grain/
ha-cm under IW/CPE of 0.6, however reverse was
found in case of productivity of total water use.
The productivity of irrigation as well as total water
use did not differ substantially under different
planting geometry of maize:soybean
intercropping.

Economics calculated on the basis of the prevailing
input and produce prices for intercropping of maize
and soybean under different moisture regimes and
planting geometry (Table 5.25) showed that the
gross returns ranged between Rs. 98076 to 72525
and a net return of Rs. (-) 25 under irrigation at
IW/CPE of 0.6 to Rs. 24526 under irrigation at
IW/CPE of 1.0. The net returns was highest in
maize:soybean::1:1 and 2:1 and the lowest in
1:2 plant geometry in maize-soybean
intercropping system.

Table 5.24 Water use components and water productivity (WP) of maize under
different moisture regimes and planting geometry during 2014

Treatment

Components of water use, cm
Irrigation Eff. RF SMD Total

WP, kg grain/ha-cm
Irrigation Total water

Moisture regimes, irrigation at
IW/CPE=1.0 23.2 28.5 10.4 62.1 302.0 112.8
IW/CPE=0.8 18.2 28.5 11.2 57.9 336.3 105.7
IW/CPE=0.6 12.6 28.5 11.8 52.9 411.1 97.9
Planting geometry (maize:soybean)
01:01 18.0 28.5 11.0 57.5 339.4 106.3
01:02 18.0 28.5 10.6 57.1 335.8 105.8
02:01 18.0 28.5 11.4 57.9 339.6 105.6
02:02 18.0 28.5 11.2 57.7 341.1 106.4
Table 5.25 Economic of intercropping of maize and soybean under
different moisture regimes and planting geometry (Rs/ha) during 2014
Treatment Gross return Cost of cultivation Net return
Moisture regimes, irrigation at
IW/CPE=1.0 98076 73550 24526
IW/CPE =0.8 85679 73050 12629
IW/CPE =0.6 V2525 72550 -25
Planting geometry (maize: soybean)
1:1 85540 72475 13065
1:2 84613 73990 10623
2:1 85591 72285 13306
2:2 85962 73450 12512
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5.7.5 Performance of maize-soybean
intercrop in different years

The maize grain yield obtained during individual
years as well as pooled of the three crop seasons
revealed that significantly highest grain yield
during 2014 as well as pooled was achieved with
the application of irrigation at IW/CPE = 1.0. It
decreased significantly with decrease in each level
of moisture regime (Table 5.26). During 2011,

also application of irrigation at IW/CPE = 1.0
resulted in significantly higher yield over the other
two moisture regimes, however, the difference
between irrigation at IW/CPE = 0.8 and 0.6 was
only marginal. Intercropping of maize:soybean
in 1:1 planting geometry produced substantially
higher maize grain yield as compared to 1;2 and
2:1 planting geometry during 2011, 2014 as well
as polled (Table 5.27). The pooled grain yield
was significantly higher under maize:soybean ::

Table 5.26 Maize grain yield under different moisture regimes and
intercropping planting geometry during the three crop seasons

Treatment Maize grain yield, kg/ha

2011 2013 2014 Pooled
Moisture regimes, irrigation at
IW/CPE=1.0 4533 6836 7005 6125
IW/CPE=0.8 4000 6959 6120 5693
IW/CPE=0.6 3945 6936 5180 5354
CD at 5% 384 NS 133 227
Planting geometry (maize:soybean)
01:01 4834 7126 6110 6024
01:02 4296 6653 6044 5664
02:01 4049 6745 6114 5636
02:02 3457 7119 6140 5572
CD at 5% 424 348 NS 158

Table 5.27 Soybean grain yield under different moisture regimes and
intercropping planting geometry during the three crop seasons

Moisture regimes, irrigation at

IW/CPE=1.0 172 303 = 158
IW/CPE=0.8 154 302 = 152
IW/CPE=0.6 135 302 - 146
CD at 5% 23 NS - 8
Planting geometry (maize:soybean)

01:01 138 317 = 152
01:02 222 341 = 188
02:01 59 262 = 107
02:02 198 287 = 161
CD at 5% 28 17 = 7
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1:1 planting geometry over others. The difference == WPiigatian = WP total mater

among maize:soybean :: 1:2, 2:1 and 2:2 was 500 4 Maizeyfld kgha = Mizesqualwtyied hgha
not marked. The maize grain yield during 2013 wl ™ o 1 100
under varying moisture regimes and during 2014 : o W% L

with different plant geometry of maize:soybean
intercropping was found to be statistically at par.

5000
4000
3000

Grain yield of soybean during 2011 and pooled
was significantly higher with application of
irrigation at IW/CPE=1.0 over IW/CPE=0.6, but
was at par with at IW/CPE=0.8. The difference
between at IW/CPE=0.8 and 0.6 was not marked.
Planting of soybean as intercrop in maize:soybean
:: 1:2 planting geometry produced significantly
higher pooled soybean grain yield over other
planting geometry.

T 2000
1000

WP of maize equivalent grainyield, kgha-cm
Maize and maize equivalent grain yield, kgha

IWICPE=1.0 | IWICPE=0.8 | IMVICPE=05

Hoisture regimes, imrigation at Planting geametry (maize:scybean)

Fig. 5.4 Average grain yield of maize and maize equivalent,
and water productivity (WP) maize equivalent yield under
different moisture regimes and intercropping planting
geometry (average of 2011, 2013 and 2014)

Table 5.28 Maize equivalent grain yield under different moisture regimes and
intercropping planting geometry during the three crop seasons

Treatment Maize equivalent grain yield, kg/ha
2011 2013 2014 Pooled
Moisture regimes, irrigation at
IW/CPE=1.0 5083 7745 7005 6611
IW/CPE=0.8 4492 7864 6120 6159
IW/CPE=0.6 4377 7842 5180 5800
CD at 5% 279 NS 133 188
Planting geometry (maize:soybean)
01:01 5274 8077 6110 6487
01:02 5005 7676 6044 6242
02:01 4236 7533 6114 5961
02:02 4087 7981 6140 6069
CD at 5% 432 363 NS 166

Table 5.29 Water productivity (WP) of irrigation and total

The maize equivalent yield during 2011, 2014 as
well as pooled was found to be significantly higher
with the application of irrigation at IW/CPE=1.0
and decreased substantially with decrease in each
level of moisture regime (Table 5.28). Planting of
soybean as intercrop in maize:soybean :: 1:1
planting geometry produced significantly higher
pooled maize equivalent grain yield over other
planting geometry. Maize: soybean either 1:1 or
1:2 planting geometry had a significant edge over
2:1 or 2:2 in terms of maize equivalent grain yield.
The maize equivalent grain yield did not differ
substantially under varying moisture regimes
during 2013 and with different plant geometry of
maize:soybean intercropping during 2014.

Highest productivity of applied irrigation water
(542.3 kg maize grain equivalent/ha-cm) was
achieved with the application of irrigation at IW/

water use under of under different moisture regimes and
intercropping of maize and soybean with varying planting
geometry (Mean of the three crop seasons)

Treatment WP, kg maize equivalent
grain/ha-cm
Irrigation Total
water water
Moisture regimes, irrigation at
IW/CPE=1.0 297.9 118.0
IW/CPE=0.8 352.2 114.8
IW/CPE=0.6 542.3 114.2
Planting geometry
(maize:soybean)
01:01 389.5 122.0
01:02 376.4 115.4
02:01 346.3 112.3
02:02 340.9 113.8
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CPE=0.6. It decreased with increase in moisture
regimes and the lowest (279.9 kg/ha-cm) was
with irrigation at IW/CPE=1.0. (Table 5.29 and
Fig. 5.4). The productivity of total water use did
not vary substantially among the varying moisture
regimes. The irrigation as well as total water use
productivity of maize equivalent yield was highest
in maize:soybean :: 1:1 planting geometry.

The average cost of cultivation, gross and net
returns which was calculated on the basis of the
prevailing input and produce prices for
intercropping of maize and soybean under
different moisture regimes and planting geometry
(Table 5.30) revealed that the gross and net
returns were highest with irrigation at IW/CPE=1.0
and declined with reduced moisture regime.
Planting of maize:soybean :: 1:1 planting
geometry as intercrop gave the highest net
returns of Rs. 21268/ha.

Table 5.30 Economic (Rs/ha) of
intercropping of maize and soybean under
different moisture regimes and planting
geometry (Mean of the three crop seasons)

Gross Costof Net

return cultiva- return
tion

Treatment

Moisture regimes,

irrigation at

IW/CPE=1.0 92554 | 70233 | 22321
IW/CPE =0.8 86220 | 69900 | 16320
IW/CPE =0.6 81198 | 69567 | 11631
Planting geometry

(maize: soybean)

1:1 90820 | 69552 | 21268
1:2 87380 | 70603 | 16777
2:1 83453 | 69328 | 14125
2:2 84972 | 70117 | 14856

5.8 Jammu

5.8.1 Effect of establishment methods and
irrigation regimes on water productivity of
basmati rice

The results of the first year of the study during
Kharif, 2013 revealed that the water expense
efficiency (WEE) values with regard to
establishment methods were recorded as 1.28,
1.29, and 1.27 kg/ha-mm for corresponding
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conventional, SRI, and modified-SRI methods.
Water expense efficiency of the order of 0.91, 1.44,
1.38, and 1.70 kg/ha-mm were registered with
continuous flooding, 3 DADW, tensiometric
approach, and SRI norms, respectively. The
minimum value of 0.91 kg/ha-mm (with
continuous flooding) and the maximum value of
1.70 kg/ha-mm (with SRI irrigation) represents
an 87% enhancement in WEE with SRI than that
of continuous flooding.

5.9 Jorhat

5.9.1. Irrigation schedules and nutrient
management on Indian mustard (yellow
sarson)

Irrigation schedules and nutrient management on
Indian mustard (yellow sarson) grown after kharif
rice showed that different levels of irrigation
influenced plant height, number of siliquae/plant,
siliqua length, seeds/siliqua and seed yield of
yellow sarson significantly. Total branches/plant
and test weight were not significantly influenced
by different irrigatinal treatments. Two irrigations
at flowering and siliqua development stage (I,)
being at par with one irrigation at flowering (I,)
and siliqua development stage (I,) recorded
significantly higher plant height, siliqua length and
number of seeds/siliqua than the rainfed crop.
Two irrigations, one each at flowering and siliqua
development stage recorded significantly higher
number of siliqua/plant and seed yield of yellow
sarson than one irrigation either at flowering or
siligua formation stage and rainfed crop

Different level of fertilizers significantly influenced
the total branches/plant, number of siliquae/plant
and seed yield of yellow sarson. Application of
90-60-60 N-P,0O.-K,0 kg/ha being at par with 75-
50-50 N-P,0.-K,O kg/ha recorded significantly
higher branches/plant, number of siliquae/plant
and seed yield than 60-40-40 N-P,0O.-K,0 kg/ha.
Plant height, siliqua length and number of seeds/
siliqua and test weight were not significantly
influenced by different fertilizer management
practices. Interaction effect of irrigation and
fertilizer was found to be significant on number
of siliqua/plant and seed yield of yellow sarson.
Application of 90-60-60 N-P,0.-K,0 kg/ha with
two irrigation at flowering and siliqua formation
stage being at par with 75-50-50 N-P,O.-K,0 kg/
ha with two irrigation - one each at flowering and
siligua formation stage recorded significantly
higher siliqua/plant and seed yield than rest of
the treatments. Under rainfed condition, response




Table 5.31 Total water used and WUE (kg/ha-cm) of yellow sarson

Treatments Seed yield IwW Total water Field WUE
(kg/ha) (cm) used (cm) (kg/ha-cm)
I, = One irrigation at flowering 985 4.0 12.3 80.1
I,= One irrigation at siliqua
development stage 1024 4.0 12.7 80.6
[,= Two irrigations at flowering
and siliqua development stage 1090 8.0 14.5 75.2
I, = Rainfed 745 = 9.8 76.0

of higher dose of fertilizer was not realized in terms
of seed yield. 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. Thus, the highest amount of irrigation
(8.0 cm) and total water use (14.5 cm) were
recorded under irrigations at flowering and siliqua
development stage (Table 5. 31).

5.9.2 Effect of potassium and different
moisture regime on growth and quality of
gladiolus

Application of 100% RD of K and 150% RD being
at par with each other recorded significantly higher
plant height, florets/spike, spike length, rachis
length, spike weight and spike yield of gladiolus.
Spike/bulb and spike/m? were not significantly
influenced by different levels of potassium.
Different level of irrigation significantly influenced
the growth, yield attributes and flower yield of
gladiolus (Table 4.32). Irrigation at plant
emergence + spike initiation, 4 leaves + spike
initiation, plant emergence + 4 leaves + spike
initiation and plant emergence + 4 leaves + spike
initiation + flower initiation being at par with each
other recorded significantly higher spike/bulb and

spike/m? than rainfed crop. Gladiolus irrigated at
plant emergence + 4 leaves + spike initiation +
flower initiation and plant emergence + 4 leaves
+ spike initiation being at par with each other
recorded significantly higher plant height, florets/
spike, spike length, rachis length, spike weight and
spike yield than rainfed, irrigation at plant
emergence + spike initiation and irrigation at 4
leaves + spike initiation.

The highest field WUE was observed under rainfed
control (1722.6 kg/ha-cm) followed by irrigation
at 4 leaves and spike initiation (1718.9 kg/ha-
cm). It was followed by irrigation at plant
emergence and spike initiation (1554.0 kg/ha-
cm). The lowest field WUE (1259.7 kg/ha-cm) was
observed under irrigations at plant emergence, 4
leaves, spike initiation and flower initiation. Pooled
analysis of flower yield revealed that 100% and
150% RD of K being at par with each other
recorded the highest flower yield of gladiolus.
Among the irrigation levels, irrigation at plant
emergence + 4 leave stage + spike initiation and
irrigation at plant emergence + 4 leave stage +
spike initiation + flower initiation being at par
with each other recorded significantly higher
flower yield than rest of the treatments.

Table 5.32 Total water used and WUE (kg/ha-cm) of gladiolus

Treatments Flower yield IW Total water Field WUE
(t/ha) (cm) used (cm) (kg/ha-cm)

I, = Controlo (no irrigation) 15.9 = 9.23 1722.6

I, = Irrigation at PE and SI 22.3 8.0 14.35 1554.0

I, = Irrigation at 4 leaves and SI 25.8 8.0 15.01 1718.9

I, = Irrigation at PE, 4 leaves and SI 26.9 12.0 17.91 1502.0

I, = Irrigation at PE, 4 leaves, SI and FI 26.1 16.0 20.72 1259.7

PE = plane emergence; SI = Spike initiation; FI = Flower initiation
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The flower of gladiolus fetches price on the basis
of its quality which is determined by size, number
of florets, spike length, colour etc. In our
experiment, colour of the florets was uniform.
Number of florets indirectly influenced the weight
of the flower. It was observed that heavier flowers
had more florets/spike and more spike length.
Thus considering  10/- as the maximum price
fetched by the heaviest flower, the price considered
for K, K, K, I, I, I, I, and I, are 8.21, 8.94,
9.11, 7.16, 8.15, 8.70, 9.75 and 10.00. As such
price/kg flower comes up as 80.65. Cost of corm
is considered as 6.00 for all treatments. It was
observed that, among the K levels, 100%
recommended dose of K recorded the highest net
return ( 2187476/-) and B: C ratio (2.09). Among
the irrigation levels, Irrigation at plant emergence,
4 |eaf stage and spike initiation stage recorded
the net return ( 2413147/-) and B: C ratio (2.31).

5.9.3 Response of irrigated autumn rice
(ahu) to Zinc application in acid soil

DTPA extractable Zn recorded at different days
after sowing revealed that their contents tend to
decrease upto 60 days under rainfed and 40 days
under improved irrigation management system
and thereafter there was trend to increase further
upto 100 days of sowing. Thus, under improved
irrigation management, Zn availability was found
to increase 20 days prior to the rainfed situation.
Results further showed that increased level of Zn
led to higher content of DTPA extractable Zn and
maximum value was recorded at Zn level @ 20
kg/ha which did not show any significant difference
with no Zn application

Pooled analysis of the effect of improved irrigation
practice in direct seeded autumn rice did not show
any significant increase in total Zn uptake,
however comparatively higher value was recorded
at 100 of sowing of rice. It was observed further
that Zn uptake was found to be more with
increasing levels of Zn application and
considerable uptake of Zn was recorded under
application of Zn @ 20 kg/ha which was further
recorded to be at par with other application rate
of Zn (Table 4.33).

Pooled data on yield and yield attributing
characters as affected by the irrigation regimes
and levels of Zn application are depicted in Table
4.63b. Results revealed that improved irrigation
management increased the plant height
significantly while, there was no influence on
number of effective tillers, 1000 grains weight and
grain yield over the rainfed treatment. Application
of increased levels of Zn found to increase the
plant height, no. of effective tiller/hill, length of
panicle and 1000 seed weight and the results were
found to be prominent upto 20 kg of Zn application
per hectare. Regarding grain yield, highest value
was recorded in the treatment receiving 20 kg
Zn/ha without showing any treatment difference
with respect to no Zn application.

Correlations between available Zn content in soil
and its uptake by rice crop with yield is presented
in Table 4.64. Highest correlation coefficient
between available Zn and yield was observed in
80 days of crop growth while, total Zn uptake
correlated well at 60 days of crop growing stage

Table 5.33 Effect of irrigation regimes and Zn application on growth and
yield attributes of rice (pooled over 2012 and 2013)

Irrigation Plant height No. of effective Length of 1000 grain Grain yield
(cm) tiller/hill panicle(cm) weight(g) (q/ha)
I 77.75 11.12 20.11 19.16 19.66
I 80.76 11.83 21.72 21.72 22.64
C.D. 5% 1.79 1.13 NS NS 3.46
Levels of Zn
Zn, 77.42 10.22 19.44 19.11 17.49
Zn, 76.71 11.14 19.79 19.65 18.35
Zn, 79.81 11.44 20.70 20.64 21.04
Zn, 80.93 11.35 21.42 20.75 22.03
Zn, 82.27 12.42 22.16 21.50 24.12
Zn, 80.84 12.11 21.47 21.17 23.79
C.D. 5% NS 1.13 1.57 1.53 NS
T -




Table 5.34 Kinetic constants as influenced by irrigation and Zn levels

Treatments KC-I(ig/g/day) R2 KC-II (g/ig/day) R2
Irrigation

I 0.115 0.919 0.172 0.802
I 0.130 0.954 0.188 0.823
Zn levels (Kg/ha)

0 0.140 0.922 0.298 0.761
5 0.139 0.935 0.253 0.779
10 0.142 0.946 0.247 0.794
15 0.129 0.942 0.192 0.797
20 0.107 0.948 0.120 0.832
25 0.101 0.960 0.110 0.863

highlighting the importance of soil management
of Zn at 80 days of crop growth. In regards to
kinetic constant, results revealed that both first
and second order kinetic constant showed highest
value under improved irrigation management and
more that 80 percent data on available Zn varied
well in accordance with the days of crop growth.
Comparative study on kinetic constant showed
that first order kinetic constant to study available
Zn release could be depicted well over that of
second order kinetic constant (Table 5.34)

Pooled analysis over two years experiments
conducted during 2012 & 2013 revealed that
improved irrigation practice i.e. 5 cm irrigation at
3 days after disappearance of ponded water
(DADPW) did not have any significant effect on
periodical total Zn uptake by rice crop. Although
Zn uptake was found to be more with increasing
levels of Zn application but it was found prominent
up to the rate of 25 kg ZnS0O,.7H,0 during 2012
while, it was up to 20 kg ZnSO,.7H,0 during the
year 2013. Pooled analysis to study the effect of
irrigation practice and levels of Zn application also
showed no treatment differences among the
treatments depicting an insignificant role of Zn
under improved irrigation management in autumn
rice more particularly in medium low land
situation. It was further reaffirmed through on-
station observation trial conducted during 2014
and no definite trend was observed.

5.9.4. Response of summer moong to levels
of irrigation and boron in an acidic soil of
Assam

Pooled analysis of biometric observations revealed
that plant height, no. of branches per plant and

thousand grain weights were not affected
significantly by the irrigation regimes. Same
observation was also recorded in respect of
numbers of pod/plant and grain yield. Application
of increasing levels of boron although increased
the numbers of pod/plant and grain yield but
highest value was recorded in the treatment
receiving application of boron @ 15 kg/ha irrigated
with IW/CPE ratio of 1.0 that too without showing
any significant difference with the remaining
treatments both under irrigation schedule and
levels of boron application

Different irrigation schedules influenced the
effective tillers/m?, panicle length, grains/panicle,
grain yield and straw yield of aerobic rice
significantly during 2013-14 (Table 5.35).
Saturated condition being at par with 75 available
moisture recorded significantly higher effective
tillers/m?, panicle length, grain yield and straw
yield than 50% available water and rainfed crop.

5.10 Bhavanisagar

5.10.1 Conjunctive use of groundwater and
canal water in the command area-
LowerBhavani Project.

Study was undertaken for Conjunctive use of
groundwater and canal water in the command
area-Lower Bhavani Project.Water table
fluctuation indicated that there was steady decline
in ground water from Jan - July 2014 since there
was no rainfall during Jan- April and only slight
rains between May - July. Wells with shallow depth
dried and in the other wells water table has gone
below 50 feet.The fluctuation in water table both
in T turn and II turn wells is similar , the variation
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Table 5.35 Effect of irrigation schedule and variety on yield attributes and
grain and straw yield of aerobic rice

Irrigation Schedule (I)

I = Rainfed 106.3 19.5 82.3 20.0 15.4 26.3
IC= Saturation 180.1 21.2 107.3 20.1 35.3 71.1
I1 = 75% Available moisture 193.3 21.1 87.3 20.1 30.6 73.5
I =50% Available moisture 130.1 20.8 87.6 20.1 20.7 40.6
§Em + 4.8 0.5 3.8 0.5 1.4 2.8
CD (P = 0.05) 14.3 1.6 11.3 NS 4.8 8.3
Variety (V)

V, = Luit 134.3 17.6 77.1 21.9 20.5 45.8
V, = Englongkiri 167.3 23.5 129.2 16.3 33.0 61.6
V, = Banglami 159.3 21.5 90.6 21.3 28.9 58.9
V, = Dubaichenga 149.2 20.1 67.5 20.9 19.6 45.4
SEm + 4.9 0.5 3.6 0.5 1.4 2.8
CD (P = 0.05) 13.9 1.5 10.2 1.5 4.0 8.0

is small, since the command of I turn and II turn
sluices are nearby.Nearly more than 75 per cent
of farmers having open wells are also having bore
wells (one or two) so that they can give irrigation
to annual crops during summer. Among them
nearly 60 per cent of farmers pump out water
from bore wells in to open wells / surface level
tanks and give irrigation to fields by pumping
water from open wells/diverting water from
surface level tanks. The reason being the low yield
from bore wells which cannot be directly let in to
the fields.When water was released from Aug-
2014, the farmers at head reaches mostly irrigate
with canal water and one or two farmers irrigate
with well water and it was reverse in tail reaches
(more irrigation from well & less irrigation from
canal) because the tail end farmers are not getting
canal water sufficiently. The following are the
details of number of irrigations through well and
canal water in the selected well commands. In
the I turn wells, water was not released for
irrigation from canal during the year 2014. Hence
all the farmers used groundwater only for
irrigation. During summer period, when water
table depth gone in open wells dried, farmers who
are having bore wells, pumped water from bore
wells and store the water in open well/surface
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level tank and use this for irrigation. Water was
released for irrigation from canal for II turn from
August 2014 to December 2014. During this
period, i.e. up to August 2014 well water was used
for irrigation and after canal water is released,
they used ground water in conjunction with canal
water. Farmers who are at the head of the sluice
use more of canal water whereas at the tail reach
of sluice, farmers use comparatively more of
groundwater since the availability at tail reach is
less compared to head reach farmers who installed
drip system used only groundwater.

5.11. Ludhiana

5.11.1 Evaluation of furrow irrigation system
with poor quality water in wheat- cotton
cropping sequence.

The effect of irrigation water on water use
parameters was given in table 5.36. The furrow
irrigation considerably saved irrigation water. The
irrigation to each furrow (EF) and alternate furrow
(AF) saved 26.7 and 46.7 per cent of irrigation
water applied as compared to flat (check basin,
CB) method of irrigation on an average basis. The
difference in plant height was significant under

different irrigation methods.The grain yield and
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Table 5.36 : Irrigation water applied, profile water use, water expense,
yield water expense efficiency and yield attributing parameters of wheat with
poor quality water in different methods of irrigation

Water
expense
(cm)

Water
expense
(kgha) | efficiency
(Kgha
cm™)

Irrigation methods |Irrigation | Profile
water
applied

Plant [Tillers/

(cm)

Canal Water

Check basin (CB) 30.0 15.5 53.42 4172 78.1 90.4 118.2
Each furrow (EF) 22.0 14.0 43.84 3779 86.2 92.8 111.2
Alternate furrow (AF) 16.0 10.0 33.91 3117 91.9 86.9 102.3
Mean 22.7 13.2 43.7 3689 85.4 90.0 110.6
Tube well water
Check basin (CB) 30.0 14.1 52.00 4025 77.4 89.4 115.5
Each furrow (EF) 22.0 12.8 42.72 3672 86.0 92.4 109.7
Alternate furrow (AF) 16.0 11.0 34.88 3157 90.5 87.9 103.4
Mean 22.7 12.6 43.2 3618 84.6 89.9 109.5
Pre-sowing irrigation with canal water and all other irrigation with tube well water
Check basin (CB) 30.0 11.5 49.39 3898 78.9 90.2 112.6
Each furrow (EF) 22.0 8.0 37.92 3559 93.9 92.0 106.5
Alternate furrow (AF) 16.0 10.7 34.54 3286 95.1 87.3 104.6
Mean 22.7 10.1 40.6 3581 89.3 89.8 107.9
Overall average
Check basin (CB) 30.0 13.7 51.6 4032 78.1 90.0 115.4
Each furrow (EF) 22.0 11.6 41.5 3670 88.7 92.4 109.1
Alternate furrow (AF) 16.0 10.6 34.4 3187 92.5 87.4 103.4
CD (5%)
Irrigation water NS NS NS
Irrigation method 235 3.6 5.78
Interaction NS NS NS

tillers/m-row length were found to be significant
under different methods of irrigation.The grain
yield was significantly higher in the flat (CB) and
each furrow (EF) irrigation methods as compared
to alternate furrow (AF) method of irrigation.The
water expense efficiency was in the order of
alternate furrow (AF) > each furrow > check basin
irrigation method irrespective of water quality.

The effect of varying qualities of irrigation water
and different irrigation methods on water use

parameters and seed cotton yield are given in table
5.37.The amount of irrigation water applied and
total water use was in the order of check basin
irrigation method > each furrow irrigation >
alternate furrow irrigation.The overall seed cotton
yield was highest in each furrow irrigation method.
The water expense efficiency was also highest in
each furrow irrigation method.The tube well water
irrigation decreased the seed cotton yield in flat
(check basin) method of irrigation.On an average
basis, tube well water irrigation alone yielded 1454
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Table 5.37: Irrigation water applied, profile water use, water expense, yield and yield
attributing parameters of cotton with poor quality water in different methods of irrigation

Irrigation methods | Irrigation |Profile Plant | Bolls/ |[Sympod
water | water |expense| (kg/ | expense | height| plant
applied ha) |efficiency| (cm)

(cm)

Canal water
Check basin (CB) 52.5 1.6 81.9 1918 20.3 98.5 45.5 32.2
Each furrow (EF) 38.5 6.3 77.5 1996 23.7 100.8 | 45.3 33.1
Alternate furrow (AF) 28 6.1 73.0 1678 17.3 94.9 42.4 31.1
Mean 39.7 4.7 1864 20.4 98.1 44 .4 32.1
Tube well water
Check basin (CB) 52.5 -0.6 80.8 1245 12.0 84.1 28.5 22.3
Each furrow (EF) 38.5 4.0 77.3 1603 14.2 91.5 40.5 26.3
Alternate furrow (AF) 28 3.0 72.8 1513 13.6 85.7 37.1 25.5
Mean 39.7 2.1 77.0 1454 13.3 87.1 35.4 24.7
Rauni with canal water and subsequent irrigation with tube well water
Check basin (CB) 52.5 0.7 82.5 1368 14.5 97.2 38.1 24.9
Each furrow (EF) 38.5 3.4 76.2 1842 17.7 99.3 41.6 30.3
Alternate furrow (AF) 28 4.4 71.8 1675 17.6 93.9 39.1 27.3
Mean 39.7 2.8 76.8 1628 16.6 96.8 39.6 27.5
Overall average

Check basin (CB) 52.5 0.6 81.7 1510 15.6 93.3 37.4 26.5
Each furrow (EF) 38.5 4.6 77.0 1814 18.5 97.2 42.5 2.
Alternate furrow (AF) 28.0 4.5 72.5 1622 16.2 91.5 39.5 28.0
CD(5%)

IrrigationWater 201.9 4.4 5.4 2.2
IrrigationMethod 155.7 4.1 3.1 1.9
Interaction NS NS 5.5 NS

kg/ha seed cotton yield as compared to 1628 kg/
ha in which pre-sowing (rauni) with canal water
followed by all other irrigations with tube well
water and (1864 kg/ha) with canal water irrigation
alone. The difference in seed cotton yield and
other yield attributing characters viz. no. of
sympods / plant, no. of bolls/plant and plant
height were statistically significant under both
different water qualities and different irrigation
methods. However, interaction among different
water qualities and different irrigation methods
were found to be non significant.
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5.11.2. Effect of quality of water on growth,
yield and quality of potato under varying
mulch conditions

The effect of quality of irrigation water under
varying mulch conditions on tuber yield and water
use parameters was given in Table 5.38 . Under
no mulch condition, tubewell water irrigation alone
gave significantly lower tuber yield than canal
water alone and alternate irrigation of canal and
tubewell water irrigation. In general, mulching
with straw and plastic mulch produced significantly
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Table 5.38 : Irrigation water applied, profile water use, water expense, yield, water
expense efficiency of potato with different water qualities under varying mulch conditions

Irrigation methods Irrigation Profile Water Marketable Water
water water expense tuber expense
applied use(cm) (cm) yield efficiency,
(cm) (a/ ha?) (kg ha?
m-1

T, = No mulch under canal

water (CW) 35 10.96 51.08 131.1 256.7
T, = No mulch under tubewell

water (TW) 35 8.96 49.08 71.4 145.4
T, = No mulch under CW /TW

(alternate irrigation) 35 10.55 50.67 104.1 205.5
T, = Straw mulch under canal

water (CW) 35 9.67 49.79 142.5 286.2
T, = Straw mulch under tubewell

water (TW) 35 10.03 50.15 83.8 167.1
T, = Straw mulch under CW /TW

(alternate irrigation) 35 9.91 50.03 120.1 240.1
T, = Plastic mulch under canal

water (CW) 35 10.46 50.58 158.5 313.3
T, = Plastic mulch under tubewell

water (TW) 35 9.49 49.61 85.3 171.9
T, = Plastic under CW /TW

(alternate irrigation) 35 9.86 49.98 124.5 249.1
CD (5%) 25.9

Rainfall = 5.12 cm

higher marketable tuber yield than non mulching
conditions. The tuber yield with polythene mulch
was at par with straw mulch in all the water
qualities. Similarly the water expense efficiency
was higher under straw and plastic mulch than
without mulch.

5.11.3 Effect of quality of water on growth,
yield and quality of okra under varying mulch
conditions

The effect of quality of irrigation water under

varying mulch conditions on okra yield and water
use parameters was given in Table 5.39. The
application of mulch irrespective of the quality of
irrigation water improved the okra
yield.Application of tubewell water alone produced
lower fruit yield than canal water alone or its
alternate use with canal water irrespective of
mulch application.The highest fruit yield was
obtained with canal water alone under plastic
mulch followed by straw mulch.The fruit yield
increment was significant under plastic mulch and
straw mulch irrespective of the quality of
water.Similarly the water expense efficiency was
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Table 5.39 : Irrigation water applied, profile water use, water expense, yield, water
expense efficiency of okra with poor quality water under varying mulch conditions

Irrigation methods Irrigation Water Water Green water
water Profile expense okra expense
applied water use (cm) yield efficiency
(cm) (cm) (kg/ha) (kg/ha-cm)

T, = No mulch under canal

water (CW) 60 3.63 70.9 8013 113.0
T, = No mulch under tubewell

water (TW) 60 2.62 69.9 3258 46.6
T, = No mulch under CW /TW

(alternate irrigation) 60 3.25 70.5 6259 88.8
T, = Straw mulch under canal

water (CW) @ 6 ton/ha 60 1.92 69.2 9175 132.6
T, = Straw mulch under tubewell

water (TW) @ 6 ton/ha 60 4.39 71.7 3863 53.9
T, = Straw mulch under CW /TW

(alternate irrigation) @ 6 ton/ha 60 2.14 69.4 7003 100.9
T, = Plastic mulch under canal water

(CW) Plastic mulch 50 micron 60 3.97 71.3 9861 138.3
T, = Plastic mulch under tubewell

water (TW) Plastic mulch 50 micron 60 2.34 69.6 4256 61.1
T, = Plastic mulch under CW /TW

(alternate irrigation) Plastic mulch

50 micron 60 3.77 71.1 7544 106.1
CD (5%) 890

Irrigation depth: 6.0 cm

higher under plastic mulch and straw mulch
application than without mulch.The irrigation
water applied was 60 cm, profile water use ranged
from 1.92 to 4.39 cm under different
treatments.The water expense efficiency was
maximum (138.3 kg /ha-cm) under T, and
minimum (46.6 Kg /ha-cm) under T, treatments.

5.11.4. Screening of wheat cultivars under
varying saline sodic irrigation water
conditions

The effect of quality of irrigation water on yield
and other parameters of different wheat cultivars

are studied.The mean profile water use was 9.65

and 7.79 cm under canal and tubewell water,
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respectively.The quality of water had non-
significant effect on grain yield of different wheat
cultivars, however, various wheat cultivars showed
significant difference with respect to grain yield
and height among themselves.The overall water
expense efficiency of cv. PBW 343 and PBW-550
was higher than remaining cultivars. The quality
of water had non significant effect on grain yield
of different wheat cultivars.. The wheat cultivars
PBW 550 and PBW 343 gave significantly higher
grain yield than other varieties under canal water
as well as tube well water. However, the wheat
cultivars viz. PBW- 343, and PBW-550 performed
better than KRL 19 under tube well water alone.
The water use efficiency was also maximum under
canal water than tube well water alone application
e Wé Woucii




5.11.5. Study the growth and water use of
tree species under different saline sodic
water environments.

The plantation of three tree species viz. Poplar,
Eucalyptus and Burma Dek was done during 2010-
11. The data of growth parameters (height and
girth) was taken in the month of November 2014
and is given in table 5.40 . Different proportions
of canal water and tubewell water had non-
significant effect on girth and height in case of
Eucalyptus. In case of Dek, maximum height was

in 2CW:1TW. The girth of poplar trees was at par
among CW, CW:TW and 2CW:1TW treatments
which were significantly higher than the TW and
2 TW:1CW treatments. The data in table V.8.2
indicates that water expense under different tree
species was lowest in canal water followed by
2CW:1TW treatment.

5.12. Morena

5.12.1 Effect of fertilizer on seed yield and
economics of Blackgram (Urid) under
Blackgram -Fennel cropping sequence.

found in canal water, which was significantly higher
than irrigation with TW and 2 TW:1CW. The lowest
height of dek was recorded under tubewell water
alone. Among different treatments, theheight of
poplar trees with canal water irrigation was
significantly higher than other treatments except

Application of 125% RDF produced more grain
yield, straw yield and B: C ratio. Application of
150% RDF is more expensive & reduced returns
& B: C ratio. (Market rates: Grain Rs.4000/-per
gt. & Straw @ Rs.200/= per qt.)

Table 5.40. Height and Girth of Dek, Eucalyptus and Poplar under
different qualities of water during November, 2014

Treatment

Eucalyptus

Girth
(cm)

Girth
(cm)

Girth
(1))

Height
(cm)

Height
(cm)

Height
()

CwW 9.2 44.2 15.3 50.0 11.4 40.9
TW 8.0 38.5 14.6 47.6 9.1 34.7
CW:TW 8.8 41.6 14.8 48.2 10.0 38.1
2CW:1TW 9.0 43.7 15.2 49.8 11.1 39.0
2TW:1CW 8.2 38.8 14.7 48.0 9.5 36.1
CD(5%) 0.7 3.7 NS NS 1.2 3.4
Table 5.41. Irrigation Water Applied (IWA), Profile Water Use (PWU) and
Water Expense (WE) in different tree species
Treatment IWA (cm) PWU (cm) Rainfall (cm) WE (cm)
Dek
CW 33.6 10.32 36.92 80.84
TW 33.6 16.72 36.92 87.24
CW:TW 33.6 15.61 36.92 86.13
2CW:ITW 33.6 13.01 36.92 83.53
2TW:1CW 33.6 14.16 36.92 84.68
Eucalyptus
CW 39.2 13.13 36.92 89.25
TW 39.2 18.4 36.92 94.52
CW:TW 39.2 17.56 36.92 93.68
2CW:ITW 39.2 13.95 36.92 90.07
2TW:1CW 39.2 17.58 36.92 93.7
Poplar
CW 39.2 10.88 36.92 87.00
TW 39.2 16.63 36.92 92.75
CW:TW 39.2 16.49 36.92 92.61
2CW:ITW 39.2 13.71 36.92 89.83
2TW:1CW 39.2 14.07 36.92 90.19
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Table 5.42. Effects of treatments on seed yield and economics of blackgram

Treatments Grain Straw Total Cost of Net B:C Ratio
(Fertility levels) Yield yield Income cultivation Income

(kg/ha) (kg/ha) (Rs/ha) (Rs/ha) (Rs/ha)
75% RDF 890 2002 39602 11102 28502 3.56
100% RDF 1024 2560 46080 12870 33210 3.58
125% RDF 1156 2832 51904 14380 37524 3.61
150% RDF 1126 2815 50670 15950 34720 3.17
Sem= 0.032 0.148 = = = =
CD(P=0.05) 0.069 0.302 - - - -

Table 5.43: Effects of treatments on growth, yield, WUE and economics of Fennel

Treatments Plant No. of No. of

height umbels/ seeds/ weight (kg/ha)

(cm) plant umbel

Test Yield B:C

ratio

WUE Net
(kg/ha/ income

(9) cm) (Rs)

Irrig. Schedules
I-0.6 IW/CPE 131.6 25 626 11.7 2136.38 30.5 54830 | 2.78
I:- 0.8 IW/CPE 139.7 28 661 11.9 2239.47 40.0 61954 | 3.24
I:- 1.0 IW/CPE 119.4 24 611 11.7 2058.44 42.0 56213 | 3.15
Sem+ 2.12 0.96 2.89 0.06 8.97 0.02 - -
CD(P=0.05) 4.65 1.95 5.89 0.12 18.30 0.04 - -
Fertility levels
F - 75% RDF 115.9 19 584 10.9 1835.85 32.2 47184 | 2.81
F - 100% RDF [ 125.2 24 507 11.5 2079.33 36.4 55673 | 3.04
F-125% RDF | 139.7 29 670 12.3 2352.55 41.2 65352 | 3.28
F:- 150% RDF | 140.1 29 669 12.3 2311.33 40.4 62453 | 3.09
Sem= 3.05 1.02 3.11 0.08 10.22 0.03 - :
CD(P=0.05) 6.57 2.19 6.70 0.17 22.06 0.06 - -
5.12.2. Effect of irrigation scheduling& The results pertaining to seed yield and shell: seed

fertilizer levels on growth, yield, WUE and
economics of Fennel under Blackgram-
Fennel cropping sequence

Irrigation scheduling at 0.8 IW/CPE along wth
125% dose of nutrients yielded the maximum
yield, growth, WUE, net income & B:C ratio.

5.13. Navasari

5.13.1 Effect of irrigation and fertigation
levels on growth and yield of annatto
(Bixaorllana)

Seed yield and shell
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ratio are reported in tables 5.4.11 and 5.4.12,
respectively. The individual effect of fertigation
and interaction effect between irrigation and
fertigation were found to be significant on seed
yield during pooled analysis only. Wherein
treatment F, recorded significantly higher seed
yield as compared to F, level, but it remained at
par with treatment F,. While treatment LF, gave
significantly higher seed yield than rest of
treatment combinations, but it remained at par
with treatment combinations LF,, LF;, L,F, LF,
and L,F,. In case of seed : shell ratio of annatto,
the I x F effect was significant during pooled
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registered significantly higher shell : seed as
compared to rest of the treatment combinations,
but it remained at par with treatment
combinations L.F,, I,F,, LF,, LF, and L,F,. With
respect to control v/s rest analysis, no significant
difference was found between treatments mean
and control during individual years as well as in

pooled analysis for both the cases.

Water use efficiency (WUE)

Irrespective of treatments, the WUE ranging from
0.9 kg/ha-mm with control to 3.79 kg/ha-mm with
I, F.treatments . Based on mean data of total water
applied, 75 per cent water saving was recorded
with lower drip irrigation ratio (I,) over control.
Since interaction effect of irrigation and fertigation
levels on seed yield was found significant hence
economics was calculated for different treatment
combinations (Table 5.44). Considering seed yield
of annatto, maximum net profit realized under
control treatment (Rs. 21629/ha) followed by
treatment combination of I.F, (Rs. 17686/ha).

Table 5.44. WUE as influenced by different
treatments (pooled)

Treat- | Seed Water | WUE | Water
ments | yield |applied|(kg/ha |saving
(kg/ha) [ (mm) mm (%)
IF, 794 296 2.68 75
LF, 1120 296 | 3.79
IF, 796 296 2.69
LF, 964 573 | 1.68 51
LF, 1128 573 | 1.97
LF, 1098 573 | 1.92
LF, 806 650 | 1.24 44
LF, 842 650 | 1.29
LF, 1032 650 | 1.59
Control| 1049 1160 0.90 =

Table 5.45. Effect of irrigation and fertigation levels on seed yield of annatto (kg/ha)

Treatments 2010-11 2011-12 2012-13 2013-14 Pooled
I, (0.2 PEF) 529 1172 852 865 854
I, (0.4 PEF) 547 1446 1144 984 1030
1.(0.6 PEF) 567 1321 1137 877 975
SEm=+ 47.3 132.0 168.2 76.7 58.0
CD at 5% NS NS NS NS NS
F.( N& K 40%) 495 1155 958 1007 904
F,( N& K 80%) 679 1519 1141 915 1063
F, (( N& K 40%) 469 1266 1033 804 893
SEm+ 47.3 132.0 168.2 76.7 58.0
CD at 5% NS NS NS NS 166
Treat. Mean 548 1313 1044 909 953
Control(0.8 IW/CPE) 702 1604 1165 724 1049
IxF

SEm= 82.0 228.7 291.3 132.8 100.5
CD at 5% NS NS NS NS 288
Cont. v/s rest

SEm= 84.8 184.0 213.1 101.2 74.9
CD at 5% NS NS NS NS NS
CV% 13.9 15.5 21.6 21.8 18.2

Interaction.

ANNUAL REPORT 2014-15

Y

141




T —

G Y]

Table 5.46. Economics of 5.13.2 Study on pit method of planting in
different treatments sugarcane under drip irrigation

Treat System| Culti- | Total | Seed | Gross |Net The results of first ratoon crop of sugarcane

ment | cost | vation|| cost | yleld | Income| profit experiment presented in table 5.47. The results

(Rs/ cost | (Rs/ (kg/ | (Rs/ (Rs/
ha) (Rs/ |ha) ha) |ha) ha) revealed that all the growth parameters as well

ha) as yield attributes, the main effect of pit diameters
was foun ignificant only on aver n
IF, 15291 | 22617| 37908| 794 | 39700 |1792 £6 oI 0 512 Eig LILSCII O CITEECE Came

weight, wherein treatment D, (1.79 kg) recorded
I,F, |15291)23023| 38314| 1120/ 56000 | 17686 significantly higher can weight as compared to

LF, |15291] 23430] 38721] 796 | 39800 | 1079 treatment D,, but it was at par with treatment
ILF, | 15291|22828| 38119| 964 |48200 (10081 D,.With respect to pit spacing, the effect was
LF, | 15291 23234| 38525 112856400 | 17875 significant only on girth of internodes and length
LF, | 15291 23641| 38932 1098| 54900 | 15968 of internodes. In both the cases treatment S, and
IF, | 15291 22886 38177| 806 | 40300 | 2123 S, remained at par with each other and both were

significantly superior over treatment S.. In case
L7 || Soen || 2eibe| ey | 2 || G2 || S50 of cane yield, treatment D, (135.7 t/ha) rlegistered
IF, | 15291] 23699 38990] 1032 51600 | 12610 significantly higher yield as compared to treatment
Controf 3667 | 27154 30821 1049| 52450 | 21629 D,, but remained at par with treatment D,. Among
* Selling price of Annatto seed @ Rs. 50/kg the three spacing tested, treatment S, and S,

Table 5.47. Growth parameters and yield of sugarcane as influenced by
different treatments

Treatments Av. Millable
length cane

of inter- length |weight
nodes (m)
(cm)

Pit diameter(cm)

D, -45 8.75 10.7 28.2 4.25 3.12 1.79 119.9
D,-60 8.69 10.7 28.3 4.31 3.14 1.67 135.7
D, -75 8.87 10.4 28.2 4.33 3.13 1.59 132.8
SEm+ 0.10 0.11 0.47 0.06 0.05 0.03 3.74
CD at % NS NS NS NS NS 0.12 14.8
Pit Spacing(m)

S,(1.5x1.5) 8.14 9.9 29.5 4.17 3.09 1.66 135.8
S, (1.75x1.75) 8.96 10.9 28.0 4.39 2.98 1.54 137.7
S,(2.1x2.1) 9.20 10.9 27.2 4.33 3.31 1.85 115.0
SEm=+ 0.23 0.18 0.69 0.13 0.08 0.08 3.34
CD at % 0.73 0.61 NS NS NS NS 11.55
DxS

SEm=+ 0.18 0.18 0.81 0.11 0.08 0.05 6.47
CD at % NS 0.54 2.39 NS NS 0.15 NS
Control v/s rest(mean)

Treat. Mean 8.77 10.6 28.2 4.30 3.13 1.68 129.5
Control 8.26 10.8 27.1 4.25 3.00 1.58 117.10
SEm=+ 0.02 0.02 0.51 0.01 0.01 0.00 20.11
CD at 5% 0.07 NS NS NS NS NS NS
CV % 4.12 3.47 5.76 3.28 5.14 6.21 9.99
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Table 5.48. Qualitative parameter of sugarcane (%) as influenced by different treatments

Treatments Pol Purity CCS Fibre Pol per cent Recovery(%)
Pit diameter(D)
D, 17.49 93.20 12.40 14.74 13.16 10.24
D, 17.76 90.17 12.41 14.39 13.43 10.44
D, 17.60 90.88 12.34 14.39 13.31 10.33
Pit spacing (S)
S 17.91 91.71 12.61 14.83 13.47 10.55
S, 17.20 91.03 12.07 14.46 13.00 10.04
S, 17.74 91.51 12.47 14.23 13.44 10.42
Control 17.43 92.22 12.30 14.73 13.12 10.20

remained at par with each other and both were
significantly superior over treatment S,.As regards
to D x S interaction (Table 5.4.21), the effect was
significant on length of internodes, girth of
internodes and average cane weight. The value
of internodes girth was significantly higher in D,S,
treatment combination as compared to rest of the
treatment, but it was at par with treatment
combinations of D,S,, D.S, and D,S,. The value of
length of internodes was significantly higher in
all the combinations of S, and S, with D. In case
of average cane weight, treatment D,S, and DS,
were remained at par with each other and both
were superior over rest of the treatment
combinations. With respect to control v/s rest
analysis, the effect was found significant with only
in case of girth of internodes and higher girth of

internodes was registered with treatment mean
than control. The quality parameters viz., pol,
purity, CCS, fibre, pol % in cane and estimated
recovery were also determined. Not much
variation was observed in all quality parameters
due to different treatments. However, as compared
to control, treatments S, and D, showed an edge
with respect to pol per cent (Table 5.48).

5.13.3 Effect of water application in different
layers of soil on growth and yield of drip
irrigated young mango plantation Results
and interpretations

During the year, the growth parameters and fruit
yield of mango were recorded (Table 5.49). The
differences among the treatments were not
significant in growth parameters as well as fruit

Table 5.49: Growth parameters of young mango as influenced by different treatments

Treatments

No. of
fruits

Fruit
yield
(kg/
tree)

Water
applied
(mm)

WUE

(kg/
per ha-mm)

plant

T,-Surface drip 51.5 168.3 31.4 709 17.7
T,-30 cm below ground level through drip 50.7 168.3 29.4 709 16.5
T,-40 cm below ground level through drip 50.2 124.7 24.6 709 13.9
T,-50 cm below ground level through drip 54.8 192.7 36.3 709 20.5
T,-60 cm below ground level through drip 53.3 168.8 35.7 709 20.1
SEm= 2.06 2.63 3.14
CD @ 5% NS NS NS
CV % 11.7 33.65 28.0
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Table 5.50. Yield attributes and fruit yield of banana as influenced by different treatments

Treatments Av. Length No. of No of Fruit
bunch of hands/ | fingers/ yield
wt./plant bunch bunch bunch (t/ha)
(kg) (cm)
Source (S)
S, :Routine Fertilizers:
Urea + Phosphoric acid + MoP 28.42 94.67 9.83 145 96.40
S, :Water soluble fertilizers :
(Urea,12:61:0, 13:00:45) 29.19 100.72 10.06 148 99.96
SEm=+ 0.37 0.88 0.13 1.3 1.265
CD at 5% NS 2.58 NS NS NS
Fertigation levels (L) (% RDF)
L, (40 % RDF) 25.97 86.44 9.06 138 85.23
L, (60 % RDF) 28.76 102.1 9.96 148 98.60
L, (80 % RDF) 31.89 104.6 10.81 153 110.72
SEmz+ 0.45 1.1 0.153 1.6 1.55
CD at 5% 1.31 3.2 0.450 5.0 4.54
Fertigation frequency (F)
F, :(Once in a week) 27.96 96.53 9.81 143 94.18
F, :(Twice in a week) 29.66 98.86 10.08 149 102.20
SEm=+ 0.37 0.88 0.13 1.3 1.265
CD at 5% 1.07 2.60 NS 4.0 3.71
Sig. Interactions = = = = =
Treatment Mean 28.81 92.61 9.94 146 100.0
Surface-control 23.81 73.67 8.83 136 82.70
SEmz+ 4.842 5.795 1.123 16.900 11.371
CD at 5% NS NS NS NS 18.11
PFDC-package 27.34 85.25 10.08 145 94.90
SEmz+ 4.786 6.196 1.114 17.010 11.671
CD at 5% NS NS NS NS 14.66
CV % 5.2 2.85 5.30 5.7 6.00

yield. Though, not significant, yet applying water
at 50 and 60 cm depth through drip recorded
relative higher fruit yield than 30 and 40 cm depth
treatments. This was reflected in WUE as T, and
T, recorded higher WUE as compared to remaining
three treatments.

5.13.4 Comparative performance of water
soluble and routinely used fertilizer in

RT 2014-15 | 144

banana (cv. Grand Naine) under drip
irrigation

In case of fruit yield, only the effects of levels of
fertigation (L), frequency of fertigation (F) and
control v/s rest analysis were significant (Table
5.4.4). The fruit yield followed the significant
descending trend on L levelsi.e. L,>L,>L, between
t wo fr n f fertigation
he ayfreaignaigotite tigatio




significantly higher fruit yield of 102.2 t/ha as
compared to F, (94.18 t/ha). In case of control v/
s rest analysis, treatment mean (100.0 t/ha) was
better than drip method (94.9 t/ha) and drip better
than surface method (82.7 t/ha).

5.7. Parbani

5.7.1 Influence of mulching and irrigation
level on growth and yield of summer
groundnut under drip irrigation.

Application of irrigation water through drip at 1.0
PE recorded significantly higher pod yield (4211.11
kg hat') of summer groundnut as compared to
rest of the irrigation treatments. However, lowest
pod yield (3341.85 kg ha'!) of summer groundnut
was observed in irrigation level I, (1.2 PE).As
regard to mulching treatment, significantly
maximum pod yield (4370 kg ha!) of summer
groundnut was harvested in Transparent Polythene
Mulch (M,) as compared to rest of the mulches.
The maximum water use efficiency i.e. 7.51 kg
ha*-mm was recorded in irrigation level 0.6 PE
(I,) followed by 0.8 PE (I,) i.e. 5.96 kg ha*-mm.
Water use efficiency of 5.41 kg hal-mm was
recorded in irrigation level 1.0 PE. Lowest water
use efficiency 3.58 kg ha'-mm was observed in
irrigation treatment I, (1.2 PE). As regards to
economics significantly highest gross monetary
return was observed in irrigation at 1.0 PE
treatment (I,) as compared to rest of the irrigation
levels.In case of mulches treatments the
maximum gross monetary return was recorded
(185729 Rs.ha™) in transparent polythene mulch
(M,) which was found significantly superior over
rest of the treatment. Significantly maximum net
monetary return (95461 Rs.ha™!) was observed in
irrigation level 1.0 PE (I,) as compared to rest of
the treatments.Similarly, significantly maximum
net monetary return (86310 Rs.ha') was recorded
in transparent polythene mulch (M,) over rest of
the mulches.

Table 5.51: Growth and yield of summer
groundnut as influenced by irrigation levels

and various mulches during 2014-15.

Treatment

Irrigation levels

Plant ht.

(cm)

Dry Pod

yield

(kg ha'')

I, - Irrigation at 0.6 PE 25.89 3507.59
I, - Irrigation at 0.8 PE 26.52 3712.59
L, - Irrigation at 1.0 PE 31.20 4211.11
I, - Irrigation at 1.2 PE 24.12 3341.85
SE + 0.46 102
CD at 5% 1.59 354
Mulches
M, - Black polythene

mulch 27.77 3931.85
M, - Transparent

polythene mulch 31.01 4370.00
M, - Soybean

straw mulch 25.84 3492.22
M, - Control 23.11 2979.07
SE + 0.51 105
CD at 5% 1.76 364
IxM
SE + 0.91 191
CD at 5% NS NS
GM 26.93 3693.00

Table 5.52. Water use efficiency of summer
groundnut as influenced by different
irrigation levels during 2014-15.

Irrigation Water Dry Pod Water
levels Applied Yield Use
(mm) (kg hat) Efficiency
(kg hat
mm)
I, : 0.6 PE| 466.92 | 3507.59 7.51
I, : 0.8 PE | 622.56 | 3712.59 5.96
I, :1.0PE | 778.20 | 4211.11 5.41
I, : 1.2PE | 933.84 | 3341.85 3.58
_',-;_-_,\
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Table 5.53 : Economics of summer groundnut as influenced by different treatments

Treatment GMR Total cost NMR B:C ratio

(Rs.ha™?) (Rs. ha) (Rs. ha)

Irrigation levels
I,-Irrigation at 0.6 PE 148360 83256 65104 1.79
I-Irrigation at 0.8 PE 157616 83360 74256 1.92
I,-Irrigation at 1.0 PE 179054 83594 95461 2.15
I,-Irrigation at 1.2 PE 141796 83186 58611 1.75
SE + 4477 - 1781 -
CD at 5% 15492 = 6162 =
Mulches
M,- Black polythene mulch 167045 95353 71692 1.75
M,- Transparent polythene mulch 185729 99419 86310 1.87
M,- Soybean straw mulch 148315 78878 69436 1.88
M, - Control 125739 59745 65993 2.10
SE + 4572 = 3185 =
CD at 5% 15822 - 11021 -
IxM
SE + 8099 = 4053 =
CD at 5% NS = 12042 -
GM 156707 83349 73358 1.90
- . —
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Singh, H.C. and Tiwari, R.C. (2014). Field
evaluation of various sowing methods under
dryland conditions of eastern Uttar Pradesh.
Submitted for 49" Annual Convention of I.S.A.E.
and National Symposium on Engineering Solutions
for Sustainable Agriculture and food Processing
scheduled to be held on 23-25 Feb, 2015 at PAU
Ludhiana.
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Singh, B.N; Singh, G.R. and Singh Bhagwan
(2014). Sukhe chare ko poshtic banayen. Modern
Kheti, 31 March, 2014, pp37.

Tiwari, R.C.; Singh, G.R. and Singh, B.N. (2014).
Effect of drip irrigation under mulch in cowpea.
Presented in 48" ISAE Annual Convention and
National Symposium on conservation agriculture
held at MPUAT Udaipur (Rajasthan) during Feb.21-
23,2014.

Tiwari, R.C.; Singh, G. R. and Singh, B. N. (2014).
Effect of moisture regime and nutrient supply
systems on scented rice. National Symposium on
Agricultural Diversification for Sustainable
Livelihood and Environmental Security held at PAU
Ludhiana during 18-20 Nov., 2014.

Tiwari, R.C.; Singh, G. R. and Singh, B. N. (2014).
Effect of drip irrigation on growth and production
of Aonla. Submitted for 49™ Annual Convention
of I.S.A.E. and Inter-National Symposium on
Engineering Solutions for Sustainable Agriculture
and food Processing scheduled to be held on 23-
25 Feb, 2015 at PAU Ludhiana.

Gayeshpur

Patra, S. K. and Zaman, A. 2013. Enhancing crop
productivity and water use efficiency in deep tube
well command (DTW). In: Manual on enhancing
water use efficiency in canal commands,
Directorate of Water Management (ICAR) pub.,
2013.

Pramanik, S., Ray, R. and Patra, S. K. 2014. Effect
of drip vis-a-vis surface irrigation on fruit yield,
water use and distribution efficiency of banana in
Gangetic plain of West Bengal. Indian J. Hort., 71
(2): 176-183.

Sharma, S., Patra, S. K., Roy, G. B. and Bera, S.
2013. Influence of drip irrigation and nitrogen
fertigation on yield and water productivity of
guava. The Bioscan, 8 (3): 783-786.

Singh, T. B., Patra, S. K. and Devi, K. N. 2013.
Study on sesquioxide content and lime
requirement of lateritic soils. Int. j. bio-resources
& Stress Management, 4 (4): 518-523.

Tripathi, S., Ray, R. and Patra, S. K. 2014. Effect
of irrigation and nutrient levels on growth, yield
attributes and yield of turmeric (Curcuma longa
L) under alluvial soils of West Bengal. Environ &
Eco., 32 (3A): 1096-1099.

Hissar
Bairwa, V., Dahiya Rita, Kumar P. and Phogat, V.K.
2013. Effect of long-term integrated nutrient
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management on soil properties, soil fertility,
nutrient uptake and crop yields under pearl millet-
wheat cropping system. Research on Crops. 14:
762-768.

Kumar, Suresh; Dhindwal, A.S. and Parveen
Kumar. 2013. Dry matter and straw yield in wheat
as influenced by preceding crops, planting
methods and irrigation levels. Forage Res., 39(2):
88-92.

Kumar, Suresh; Dhindwal, A.S. and Parveen
Kumar. 2013. Soil physic-chemical properties of
wheat field as influenced by preceding crops,
planting method and moisture regimes under
shallow water table conditions. Haryana J. Agron.
29(1&2):20-23.

Kumar, Suresh; Dhindwal, A.S., Kumar, Parveen
and Sewhag, Meena. 2014. Yield and economics
of wheat as influenced by preceding crops, tillage
practices and moisture regimes. Annals of Biology.
30(4): 641-644.

Patil, M.D., Dhindwal, A.S. and Rajanna G.A. 2014.
Integrated moisture stress management in wheat
(Triticum aestivum). Indian Journal of Agronomy.
59(4): 629-633.

Phogat, V.K. and Horn, R. 2013. Applicability of
Darcy’s law for predicting irrigation head: what
are the limits? Soil Research 51:10-13.

Singh, A., Phogat, V.K., Dahiya, R. and Batra, S.D.
2014. Impact of long-term zero till wheat on soil
physical properties and wheat productivity under
rice-wheat cropping system. Soil and Tillage
Research 140:98-105.

Jammu

A.K. Raina, Vijay Bharti and A. Samanta, (2015)
Impact of effective rainfall in rainy season on
irrigation efficiency in canal commands of Jammu,
Journal of Environment and Ecology . 33 (1A) :
243—246, January—March 2015

N. K. Gupta and J. S. Manhas (2014) Learning
indexof trainers’ Training course on watershed
management, Ind. J. Extn. Educ. & R.D. 22 : 1-5,
2014

M.S. Azad, A.K. Raina and Sumit Mahajan, (2014)
Introduction of Corriedale Rams for improving
meat and wool quality in Hilly regions of Jammu
& Kashmir, Asian J. Dairy and Food Res., 33(1):
44-47, 2014

Jorhat

Sarma, Abhijit (2014). Numerical Agronomy.
Kalyani Publisher, New Delhi



K.Pathak (2014). Conservation Agronomy and new
paradigm in System of Rice Intensification. In
Technological Intervention in Agriculture published
by Directorate of Extension Education, AAU,
Jorhat, pp-38-42

K.Pathak (2014). Production technology and
economics of coomericial oilseed crops. In
Selfemployment in Agriculture: Technologies
Published by Directorate of Extension Education,
AAU, Jorhat, pp-38-42

Ahmed, S., Basumatary, A., Das, K. N., Medhi, B.
K. and Srivastava, A. K. (2014) Effect of integrated
nutrient management on yield, nutrient uptake
and soil fertility in autumn rice in an Inceptisol of
Assam. Annals of Plant and Soil Research . 16(3)
: 192-197

Barua, P. ; Thakuria, R. K.; Medhi, B. K. ; Sharma,
A and Pathak , K (2013). Manual low lift pumps
for shallow water table areas of Assam. In
proceeding of Annual convention of ISAE and
Symposium of Engineering Interventions in
conservation agriculture, 21 -23 Feb, Udaipur, P -
207.

Bora, N., Deka, N. C., Deka, J., Baruah, I. C., Nath,
D. J. and Medhi, B. K. (2014). Enrichment of
compost through microbial inoculation - Effect on
quality, International Journal of Current Research,
6(8): 8026-8031

Das, J. C. and Sarma, Abhijit. (2014). Effect of
surface drainage on growth and yield of sesamum
during kharif season. Advances in plant Sciences
.27 (1): 39-41

Das, R., Bora, A., Medhi, T., Medhi, B., Bhanisana,
R. K., Kalivani, T., Rajesekaran, C. and Bhagawati,
K. (2014) Performance studies of some gladiolus
cultivars under rain-fed condition of Assam (India)
Hortscience. 89(SPECIAL) 789- 797

Das, Ranjan; Medhi, Tulika; Boro, Alpana;
Choudhury, H; Pathak, K.; Pathak, P. and
Bhagawati, K. 2014.Comparative study of carbon
storage and sequestration in some selected
bamboo species of north —eastern region of India.
ESA Frontiers in Ecology and the Environment

Devi, Munu, Hussain, R. Sarma, Abhijit; Sarmah,
Kushal and Deka, R. L. (2013). Yield prediction of
winter rice employing meteorological variables in
central and upper Brahmaputra valley zone of
Assam. Journal of Agrometeorology 15 (Special
Issue I): 162-166.

Kandali, G.G., Medhi, B K., Barua, N.G. and
Srivastava, A.K. (2014). Effect of liming materials
on yield, P release and P uptake by summer moong
in a typic dystochrept. Annals of Plant and Soil
Research 16(4): 300-303

Medhi, B. K., Singh, C. P., Ruhal, D. S., and
Groover, D. K. (2014) An Appraisal of Phosphate
Supply Characteristics of Some Soils in Humid
Sub-tropic and Semi-Arid Regions of India. Indian
J Agric. Res. 48 (4): 269 - 277

Pathak, K. (2014). A new thought in practices of
Direct seeded rice in Assam. In Ghare Pathare,
Nov, 2014

Pathak, K. (2014) Food Security: Role of pulses.
In Abad published by KVK, AAU, Chirang, 4-5

Saikia, R,; Bora, P. C. and Sarma, A. (2013). Effect
of integrated nutrient management (INM) on
productivity, nutrient uptake and economics of
rape seed (Brassica campestris var. Toria) in
Assam. Advances in Plant Sciences . 26(2): 491-
493.

Saikia, S. Barman, U and K.Pathak .2014
Determinants of Variables Assoc iated with
adoption behaviour of Farmers towards
recommended production Technologies of winter
rice in Assam. Progressive Agriculture (An
International Journal), Vol. 14, 2.

Sarma, Abhijit and Das, J. C. (2013). Effect of
irrigation and fertilizer on growth, yield, nutrient
uptake and water use by coriander (Coriandrum
sativum). Advances in plant Sciences. 26(2): 485-
488

Sarma, Abhijit; Das, J. C. And Rajhkhowa, D. J.
(2013). Productivity and profitability of garlic
(Allium sativum L.) under different levels of drip
irrigation and nutrient management. Advances in
Plant Sciences 26 (2): 499-503.

Sarma, Abhijit; Sarmah, Kushal and Devi Munu
and Pathak, K. (2014). Changes of rain water
balance in jorhat district of assam, india. Indian
J. Agric. Res.., 48 (5) 379-383.

Sarma, Abhijit; Sarmah, Kushal and Devi, Munu.
(2013). Variations and trends in annual, seasonal
and monthly temperature in Jorhat, Assam, India.
Advances in plant Sciences. 26(2): 513-51.

Thakuria, R. K. (2013). Fertigation, Krishi Dapon
- A monthly Agricultural information bulletin,
published by the Department of Agriculture, Govt.
of Assam, 1(8) P-9.
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Thakuria, R. K. (2013). Multiple use of water - a
new concept. In Abad, published by KVK,
Kajalgaon, PP 3 -5.

Thakuria, R. K. (2013). Scope of Makhana
cultivation in wetland of Assam , Seeralu - A
souvenir , published by Farmer’s Right Protection
Committee, Assam , Moran, PP 56 -57

Thakuria, R. K. (2013). Water conservation for
crop production, Seeralu - a souvenir, published
by Farmer’s Right Protection Committee, Assam,
Moran, PP 30-31.

Thakuria, R. K. (2013). Water management in field
and horticultural crops. In Training Mannual for
self employment through Agriculture, Directorate
of Extension of Extension Education, AAU, PP 11
-13.

Thakuria, R. K. and Medhi, B.K. (2013) . Rain
water harvesting and recycling for crop production.
Ghore Pathare - a fortnightly agricultural
information bulletin published by AAU, 24(18)
P-3.

Bhavanisagar Centre

Gnanavel, I and S.K. Natarajan. 2014. Eco-friendly
weed control options for sustainable agriculture
— A review. Agri.Review, 35(3): 172-183, 2014

K. Ramah, S.K. Natarajan and T. Selvakumar.
2014. Weed Management and cropping system
in turmeric. Training Manual on “Recent trends in
turmeric cultivation” p: 34-43.

P. Hemalatha, P.K. Selvaraj, V.K. Duraisamy, P.
Karuppuchamy, S.Maruthasalam and M.Rajavel.
2014. Drip fertigation technology in Brinjal

P. Hemalatha, P.K. Selvaraj, V.K. Duraisamy, P.
Karuppuchamy, S.Maruthasalam and M.Rajavel.
2014. Drip fertigation technology in Banana

P. Hemalatha, P.K. Selvaraj, V.K. Duraisamy, P.
Karuppuchamy, S.Maruthasalam and M.Rajavel.
2014. Drip fertigation technology in Tapioca

P. Hemalatha, P.K. Selvaraj, V.K. Duraisamy, P.
Karuppuchamy, S.Maruthasalam and M.Rajavel.
2014. Drip fertigation technology in turmeric

P. Hemalatha, P.K. Selvaraj, V.K. Duraisamy, P.
Karuppuchamy, S.Maruthasalam and M.Rajavel.
2014. Drip fertigation technology in small onion.

P.K. Selvaraj, V.K. Duraisamy, P. Karuppuchamy,
S.Maruthasalam and M.Rajavel. 2014. Drip
fertigation technology in Sugarcane
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P.K. Selvaraj, V.K. Duraisamy, P. Karuppuchamy,
S.Maruthasalam and M.Rajavel. 2014. Drip
fertigation technology in Maize

P.K. Selvaraj. 2014. Drip fertigation technologies
in turmeric cultivation. Training Manual on “Recent
trends in turmeric cultivation” p: 15-23.

S. Thenmozhi. 2014. Fertilizer management in
turmeric. Training Manual on “Recent trends in
turmeric cultivation” p: 24-33.

S.K. Natarajan, K. Ramah, V.K. Duraisamy and
N.Sumitha. 2014. Organic cultivation of turmeric.
Training Manual on “Recent trends in turmeric
cultivation” p: 67-73.

Sasthri, G., V.Vakeswaran,S.Sundareswaran and
V.K.Duraisamy. 2014.
Pasunthalurapairkalilvithaiurpathiyaiookuvithal

V.K. Duraisamy. 2014. Scope and importance of
turmeric cultivation. Training Manual on “Recent
trends in turmeric cultivation” p: 1-8..

Morena

Singh, Y. P, Raghubanshi, B. P. S., Tomar, R. S.,
and Verma, S. K. 2014. Soil Fertility Status and
Correlation of Available Macro and Micronutrients
in Chambal region of Madhya Pradesh.Jounal of
the Indian Society of Soil Science.(Accepted).

Singh, Y. P, Singh, S., Dubey, S. K. and Tomar, R.
2014. Organic, inorganic sources of phosphorus
and method of application on performance of
groundnut (Arachishypogaea) under rainfed
condition.Indian Journal of Soil Conservation.
42(2): 204-208.

Singh, Y. P,, Verma, S. K. and Tiwari, S. C. 2014.
Distribution of salt affected soils of Morena district
of Madhya Pradesh. Jounal of Soil Salinity and
Water Quality. 6(1): 64-69.

Navsari

B. M. Solia, S. Sonvene, N.G Savani and R. G
Patil 2014. Evaluation of different inter crops in
drip irrigated banana.Bioinfolet,Vol-11, pp:271-
272

J. M. Patel, V. R. Naik and R. B. Patel . 2014.Effect
of Different Lateral, Dripper spacing and Dripper
Discharge rates on yield and WUE of Onion Grown
on Clay Soils. The Bioscan9(4): 1367-2014

Naik V. R., Patel P. B., and Patel B.K. 2014. Study
on effect of different organics on yield and quality
of organically grown onion. The Bioscan9(4):
1499-1503



Zala J.N., Desai N. D., Naik V. R., Patel D. P., Gonge
A. and Patel K. K . 2014. Effect of irrigation
scheduling based on IW/CPE ratio and INM on
growth, yield attributes and yield of garlic(Allium
sativum |).Green Farming.5(5):793-795

Palampur

Choudhary A K and Suri, V. K.2014. Integrated
nutrient management technology for direct seeded
upland rice (Oryza sativa) in north-Western
Himalayas. Communications in Soil Science and
Plant Analysis 45: 777-784.

Choudhary AK and Suri, V. K. 2014. Frontline
demonstration programme - An effective
technology transfer tool for adoption of oilseeds
production technology in Himachal Pradesh, India.
Communications in Soil Science and Plant
Analysis, 45 (11): 1480-1498.

Choudhary AK and Suri, V. K. 2014. On-farm
participatory technology development on forage
cutting and nitrogen management in dual purpose
wheat (Triticumaestivum) in North-Western
Himalayas. Communications in Soil Science and
Plant Analysis 45: 741-750.

Jai Paul, Choudhary AK, Suri VK, Sharma AK,
Kumar V and Shobhna. 2014. Bioresource nutrient
recycling and its relationship with biofertility
indicators of soil health and nutrient dynamics in
rice-wheat cropping system. Communications in
Soil Science and Plant Analysis 45: 912-924.

Kapoor R, Sandal SK, Sharma SK, Kumar A and
Saroch K. 2014.Effect of varying drip irrigation
levels and NPK fertigation on soil water dynamics,
productivity and water use efficiency of cauliflower
(Brassica oleracea var. botrytis) in wet temperate
zone of Himachal Pradesh. Indian Journal of Soil
Conservation 42 (1):19

Kumar A, Choudhary AK and Suri VK. 2014.
Influence of AM fungi, inorganic phosphorus and
irrigation regimes on plant water relations and
soil physical properties in okra
(Abelmoschusesculentus L.) — pea (Pisumsativum
L.) cropping system in Himalayan acid Alfisol. J.
Plant Nut. (Accepted/Press).

Kumar A, Suri VK and Choudhary AK. 2014.
Influence of inorganic phosphorus, VAM fungi and
irrigation regimes on crop productivity and
phosphorus transformations in okra
(Abelmoschusesculentus L.) — pea (Pisumsativum
L.) cropping system in an acid Alfisol.
Communications in Soil Science and Plant Analysis
45: 953-967.

Kumar A, Suri VK and Choudhary AK. 2014. The
AM fungi lead to fertilizer phosphorus economy
and enhanced system productivity and profitability
in okra (Abelmoschusesculentus L.)-pea
(Pisumsativum L.) cropping system in Himalyan
acid Alfisol. J. Plant Nut. (Communicated).

Saroch K and Sandal S. 2014.Effect of surface
drainage of water on soil aeration and productivity
of black gram (Vignamungo) cultivars in wet
temperate zone of Himachal Pradesh. J.
KrishiVigyan 3(1):27-32

Saroch K, Sandal SK and Shivani. 2014. Effect of
FYM, mulching and irrigation scheduling on water
use and productivity of garden pea (Pisumsativum
L.) Himachal Journal of Agricultural Research
Himachal Journal of Agricultural Research 40
(1):14-18

Suri VK, Khanna, Sanjay, Jaggi RC and Raina SK.
2014.Dhankeekheti main shaiwal (Kai)
khadkakamal.KhetiDuniyan, 19 (22): 3

Yadav A, Kumar A, Choudhary AK and Suri VK.
2014. Enhancing plant water relations, quality and
productivity of pea (Pisumsativum L.) through AM
fungi, inorganic phosphorus and irrigation regimes
in an Himalayan acid Alfisol. Communications in
Soil Science and Plant Analysis (Accepted).

Pantnagar

AmitBhatnagar, Subhash Chandra and Gurvinder
Singh.2014.PrakratikApdaPrabandhanHetuKrishi
ranneeti. KissanBharti, Issue No. 11 Page 38-40

Anchal Dass, Subhash Chandra and Gurvinder
Singh. 2014. System of Rice Intensification for
improving productivitynd profitability. Indian
Farmers Digest No. 3 Page 7-8

Anchal Dass, Subhash Chandra, Anil K. Choudhry,
Gurvinder Singh and S. Sudhishri. 2015. Influence
of field re-ponding pattern and plant spacing on
rice root-shoot characteristics, yield and
waterproductivity of two modern cultivars under
SRI management in Indian Mollisos. Paddy and
waterenvironment, DOI 10.1007/S 10333-015-
0477-2.

Gurvinder Singh, Subhash Chandra and
AmitBhatnagar. 2013. Response of spring
sugarcane to irrigation scheduling and planting
methods in sub-tropical India. Madras J.Res.100
(7-9): 709-712.

Gurvinder Singh and Subhash Chandra. 2015. Jal
Utpadkta Barene Hetu Upyogi Sujhav. Kissan
Bharti, IssueNo. 7 Page 10-11
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Jillani Asima, Akhilesh Kumar and Vinod Kumar
(2014). Comparison of Infiltration Behaviour of
Guar GumandCarboxymethylcellulose (CMC)
Polymer Treated and Untreated Soils. In:
Proceedings National Seminar on “Natural
Resource Management & Environmental Concerns”
G.B. Pant University of Agriculture & Technology,
Pantnagar (Uttarakhand), May 16-18, 2014, pp
11127-11135.

Lalit Kumar, Gurvinder Singh, Subhash Chandra,
AmitBhatnagar and K.P. Raverkar. 2014. Yield
quality and irrigation water use efficiency in
sugarcane as influenced by pre-planting tillage
and crop establishment methods in Taraibelt of
Uttarakhand. Indian J. Agron59 (1): 175-178.

Sonakar, S. V. and Vinod Kumar (2014).Drought
Investigation at Pantnagar. In: Proceedings

National

Seminar on “Natural Resource Management &
Environmental Concerns” G.B. Pant University of
Agriculture & Technology, Pantnagar
(Uttarakhand), May 16-18, 2014, pp 180-188.

Thakare K. R., Shiv Kumar and Yogendra Kumar
(2014). Water Table Fluctuations and Ground
Water Budget in Ramganga-Kosilnterbasin.In:
Proceedings National Seminar on “Natural
Resource Management & Environmental Concerns”
G.B. Pant University of Agriculture & Technology,
Pantnagar (Uttarakhand), May 16-18, 2014, pp
156-164

Tomar, A.S. and Vinod Kumar (2014). Relationship
among Rainfall Quantity, Average Daily Rainfall
Concentration and Rainy Days at Pantnagar
(Uttarakhand).In: Proceedings National Seminar
on “Natural Resource Management &
Environmental Concerns” G.B. Pant University of
Agriculture & Technology, Pantnagar
(Uttarakhand), May 16-18, 2014, pp 1121-1126.

Vinod Kumar, A.S. Tomar and H.C. Sharma
(2014).Shallow Groundwater Quality in the Inter-
Basin of BoarandGola River in Uttarakhand.In:
Proceedings National Seminar on “Natural
Resource Management & Environmental Concerns”
G.B. Pant University of Agriculture & Technology,
Pantnagar (Uttarakhand), May 16-18, 2014, pp
1100-I1105.

Proceedings

Thakare K. R., Shiv Kumar and Yogendra Kumar
(2014). Water Table Fluctuations and Ground
Water Budget in Ramganga-Kosi Interbasin. In:
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Proceedings National Seminar on “Natural
Resource Management & Environmental Concerns”
G.B. Pant University of Agriculture & Technology,
Pantnagar (Uttarakhand), May 16-18, 2014, pp
156-164.

Sonakar , S. V. and Vinod Kumar (2014).Drought
Investigation at Pantnagar. In: Proceedings
National Seminar on "“Natural Resource
Management & Environmental Concerns” G.B.
Pant University of Agriculture & Technology,
Pantnagar (Uttarakhand), May 16-18, 2014, pp
180-188.

Vinod Kumar, A.S. Tomar and H.C. Sharma (2014).
Shallow Groundwater Quality in the Inter-Basin
of Boar and Gola River in Uttarakhand. In:
Proceedings National Seminar on “Natural
Resource Management & Environmental Concerns”
G.B. Pant University of Agriculture & Technology,
Pantnagar (Uttarakhand), May 16-18, 2014, pp
1100-1105.

Tomar, A.S. and Vinod Kumar (2014). Relationship
among Rainfall Quantity, Average Daily Rainfall
Concentration and Rainy Days at Pantnagar
(Uttarakhand). In: Proceedings National Seminar
on “Natural Resource Management &
Environmental Concerns” G.B. Pant University of
Agriculture & Technology, Pantnagar
(Uttarakhand), May 16-18, 2014, pp 1121-1126.

Jillani Asima, Akhilesh Kumar and Vinod Kumar
(2014). Comparison of Infiltration Behaviour of
Guar Gum and Carboxymethylcellulose (CMC)
Polymer Treated and Untreated Soils. In:
Proceedings National Seminar on “Natural
Resource Management & Environmental Concerns”
G.B. Pant University of Agriculture & Technology,
Pantnagar (Uttarakhand), May 16-18, 2014, pp
11127-11135.

Ludhiana

Aggarwal Rajan, Kaur S andBrar M S.
2015.Groundwater status and Management in
Punjab at M.S.P. Mandal'sDeogiri College,
Aurangabad in Souvenir of National Conference
on Groundwater Management and Assessment in
Deccan Basaltic Terrain. 3-4 January, 2015

AggarwalRajan. 2015. Submersible pump
laagyunelayekutchaheamnuktaye. ChangiKheti 51
()78

AggarwalRajan. 2015. Wise selection and proper
installation of agri-pumps.Progress Farming 51
(2):11, 26.



Buttar, G. S.,Thind,H.S., Sekhon, K.S.,Sidhu,B.S
and Anureet Kaur. 2014. Effect of quality of
irrigation water and nitrogen levels applied
through trickle irrigation on yield and water use
efficiency of tomato under semi-arid
environment.Indian Journal of Horticulture.71 (1)
1 72-76

Singh, A.K., Bector V, Sharma R, Satpute ST,
Gupta SK, Kaur P, Alam MS, Kumar M, Singh SK,
Sharda R, Singh M and Gill KS. 2015. Souvenir
49t Annual Convention of ISAE & Symposium on
Engineering Solutions for Sustainable Agriculture
and Food Processing. February 23-25.

Rahuri

A.H. Kalhapure,B.T. Shete,M.B. Dhonde.2013.
Integrated nutrient management in maize (Zea
mays L.) for increasing production with
sustainability.International Journal of Agriculture
and food science technology.vol-4 No.3 PP.195-
206.

A.H. Kalhapure,,B.T. Shete,,M.B. Dhonde,P.S.
Bodake . 2013.Journal of Agri. Research and
TechnologyVol.39 (3), PP. 236-240.

A.H. Kalhapure,B.T. Shete,M.B. Dhonde,P.S.
Bodake.2014.Indian Journal of Agronomy

B.D. Malunjkar,].B. Shinde,B.V. Pagire and, E.N.
Patil.2014. Journal of Agril. Res.And Technology.39
(1) -040

G.D. Gadade , G.U. Ukale and V.B. Awasarmal
2014.Assessment of spacing and fertilizer levels
in Niger. Indian J. Fert. 10 (10): 48-52

G.D. Gadade, D.N.Gokhale, and A.S.
Chavan.2015.Performance of hirsutum cotton
genotypes to different fertilizer levels under high
density planting system. J. Cotton Res. Dev. 29
(1): 45-47

Jadhav K. T. ,Wagh V. H., Ghule T.M. and Jadhav
U. T. 2014. Resource conservation techniques and
weed management practices on growth and yield
in Rice. Journal of Interacademicia.18 (2) : 163-
170.

Jadhav K. T., D. C. Lokhande and B. V. Asewar
2014. Effect of ferrous and zinc nutrient
management practices on rice under aerobic
condition. Adv. Res. J. Crop improvement.5 (2):
131-135.

Jadhav K. T., D. C. Lokhande and U. N. Alase.
2014. Growth and yield attributes and grain yield
as influenced by vaying seed rates and spacing of

rice under upland irrigated condition. Adv. Res. J.
Crop improvement.5 (2): 185-189.

Jadhav K. T., Solanki R. D. and More K. A. 2014.
Evaluation of intercropping of soybean with
different row proportions and weed management
practices in upland rainfed rice. Journal of
Interacademicia.18(2) : 190-197.

N.N.Gudadhe, Neeraj Kumar, R.R.Pisal, B.M.Mote
and M.B. Dhonde.2013.Trends in Biosciences Vol.6
No.3, PP.246-250.

Popular article

The Marathi article on Well and Bore well recharge
by AICRP on Groundwater Utilization published
in MPKV publication “Krishidarshani-2015"

The Marathi article on “"Well recharge” by AICRP
on Groundwater Utilization published in MPKV
publication “Krishi Vasant 2014”

The Marathi article on “Reuse of Wastewater for
crop irrigation” by AICRP on Groundwater
Utilization published in MPKV publication “Krishi
Vasant 2014”

Abstracts/Proceedings

Er. S. A. Kadam attended VISHOTECH-2014 two
days National Technical Symposium held at
Vishwabharti Academy’s College of Engineering,
Ahmednagar, held during February, 2014 and
presented a research paper on, “Estimation of the
crop evapotranspiration using remote sensing”.

Sriganganagar

Bhati, A.S.;Yaday, B. S.; Bhunia S.R and Chauhan
R.P. S. 2014. Effect of levels of irrigation and crop
geometry on quality of sugarcane under drip
irrigation.The Journal of Rural and Agriculture
Research 14 (2) pp 5-8(1J-028)

Bhunia, S.R.,Chauhan R.P.S., and Yadav, B.S.
2012. Effect of plant geometry and irrigation levels
on productivity, yield component, water use and
water use efficiency of castor (Ricinuscommunis)
in canal command area of north-western
Rajasthan. The Journal of Rural and Agriculture
Research 12 (2): pp 37-39.

Chauhan R. P. S. and Yadav, B.S. 2012. Effect of
levels and depth of sprinkler irrigation for mustard
(Brassica juncea L). The Journal of Rural and
Agriculture Research 12 (1): pp 52-54.

Chauhan R. P. S., Yadav, B.S and Singh, R.B.
2013.Irrigation water and fertigation management
in Brinjal crop with drip Irrigation.The Journal of
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Rural and Agriculture Research 13 (1):53-56. (T-
028)

ChauhanR. P. S., Yaday, B.S and Singh, R.B. 2014.
Studies on drip irrigation, fertigation and spacing
in Bt cotton. The Journal of Rural and Agriculture
Research 14 (2) pp 27-29(J-028)

Chauhan R.P.S. and Yadav, B.S. 2012.Effect of
level and depth of sprinkler irrigation for chickpea
(Cicerarietinum).Journal of Progressive Agriculture
(An International Journal). 3 (2): pp 60-62.

Chauhan R.P.S., Bhunia, S. R.,andYadav, B. S.
2012. Effect of irrigation and integrated nutrient
management on productivity, monetary return,
sustainability value index and water use efficiency
of cluster bean (Cyamopsisteragonoloba) - wheat
(Triticumaestivum) cropping system under north-
western canal command area of Rajasthan. The
Journal of Rural and Agriculture Research 12 (2):
pp 7-10.

Meena, B.S. and Yadav, B.S., 2013. Evaluation of
Trainers Training Programme on Scaling up of
Water Productivity in Agriculture.Indian Journal
of Extension Education 49:99-102.

Yadav, B.S., Chauhan, R.P.S., Bhatia, K.N. and
Yadav, N.K., 2014. Studies on drip fertigation on
growth, yield and pest incidence of american
cotton (Gossypiumhirsutum L.) and desi cotton
(Gossypiumarborium L.) on sandy loam soil.
J.Cotton Res. Dev. 28 (2) : 234-237.

Shillong

C. Debnath, A. Singha, L. Sahoo, G. S. Yadav, M.
Datta, D. J. Rajkhowa, S.V. Ngachan. 2014. Effects
of temperature and depth of water on growth,
survival and proximate composition of
Heteropneustesfossilis(Bloch). Indian Journal of
Fisheries.

D.J. Rajkhowa, U.S. Saikia and A.K. Sarma. 2014.
Buck Wheat (Fagopyrumesculentum): A potential
crop in Meghalaya under changing climatic
conditions. Paper presented in ‘International
Conference on Harnessing Natural Resources for
Sustainable Development-Global Trend’ held at
Cotton College, Guwahati, India, 29-31 January
2014.

R. Basumatary, Suresh Kumar, Sunil Doley, M.H.
Khan, G. Kadirvel, ArnabSen, R.Laha, I.
Shakuntala, D.J. Rajkhowa and S. V. Ngachan.
2012. Scientific Intervention in Mitigating future
risks of Climate Change and Documentation of
Pig and Poultry Production System in North Eastern
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Hill Region. Director, ICAR Research Complex for
NEH Region pp:55

S. Doley, H. Chutia, S. Kumar and D. J. Rajkhowa.
2014. Effect of seasons on performance of different
chicken varieties in Meghalaya. National seminar
on “Emerging Challenges and Prospective
Strategies for Hill Agriculture in 2050".

S. Doley, H. Chutia, Suresh Kumar and D. J.
Rajkhowa. 2014. Effect of seasons on performance
of different chicken varieties in Meghalaya.
National seminar on “Emerging Challenges and
Prospective Strategies for Hill Agriculture in 2050”
held at ICAR Research Complex, Nagaland.

S. Doley, S. K. Dabas, G. Kadirvel, P. K. Bharti, G.
Khargharia, D. J. Rajkhowa and M. Das. 2015.
Effect of housing systems on performance of
vanaraja, gramapriya and indigenous grower
chicken in Meghalaya. Annual Convention of Indian
Society of Animal Production and Management &
National Symposium on “Livestock Production
Practices for Small Farmers of Marginalized groups
and communities in India” XXII.

S. Doley, Suresh Kumar, G. Kadirvel, P. K. Bharti,
G. Khargharia, D. J.Rajkhowa and Mukut Das.
2015. Effect of housing systems on performance
of Vanaraja, Gramapriya and Indigenous grower
chicken in Meghalaya. National seminar on
“Livestock Production Practices for Small Farms
of Marginalized Groups and Communities of India”
held at College of Veterinary Sciences and Animal
Husbandry, Selesih, Aizawl, Mizoram.

Suresh Kumar, Pramod Singh, P. K. Bharti, Sunil
Doley, G. Kadirvel, R. Basumatary, Champak
Barman, G. Khargharia, D. J. Rajkhowa and S. V.
Ngachan. 2014. Performance evaluation of Murrah
buffalos under agro climatic conditions of North
East India. National seminar on “Emerging
Challenges and Prospective Strategies for Hill
Agriculture in 2050".

U.S. Saikia, A. Kumar, S. Das, R. Pradhan, B.
Goswami, V. Wungleng, D.J. Rajkhowa and S.V.
Ngachan. 2014. Effect of mulching on
microclimate, growth and yield of mustard
(Brassica juncea) under mid-hill condition of
Meghalaya. Journal of Agrometeorology. Vol. 16
No. 1

U.S. Saikia, B. Goswami, D. Nonglait, D.J.
Rajkhowa and N.S. Azad Thakur.2014. Climate
change and its impact on North East India. Oral
Presentation, published in Abstract Compadium
of National Seminar on ‘Recent Trends in Science



and Technology’ organized by Science
Department, Union Christian College, Umiam,
Meghalaya on 24-26 September 2014.

Ludhiana
Research article

Miglani Pamela, Aggarwal Rajan and Kaur S.
(2015) Groundwater Simulation Model for Sirhind
Canal Tract of Punjab. Journal of Engineering and
Technology 5 (1): 31-35.

Kaur S, Jalota S K, Singh K G, Lubana PP S and
Aggarwal Rajan. 2015. Assessing Climate Change
Impact on Root-zone Water Balance and
Groundwater Levels. Journal of Water and Climate
Change (Accepted).

Kaur S, Jalota S K, Kaur H, Vashist B B, Jalota U
R and Lubana P P S. 2015. Evaluation of statistical
corrective methods to minimize bias at different
time scales in a regional climate model driven
data. Paper accepted in Journal of
Agrometeorology. 17(1):xxx

Kaur S, Aggarwal Rajan, Jalota S K, Vashist B B
and Lubana P P S. (2014) Estimation of
Groundwater Balance using Soil-Water-Vegetation
Model and GIS. Water Resources Management DOI
10.1007/s11269-014-0756-2.

Rangarajan R, Aggarwal Rajan, Kaur S,
Muralidharan D and H Sigh. (2014) Impact of
precision land leveling of irrigated field as an
effective water conservation measure- A case
study in overexploited central Punjab region.
International Journal of Earth Sciences and
Engineering 7(1): 218-223.

Kaur S, Jalota S K and Aggarwal Rajan. (2014)
Impact of climate change scenario on yield and
irrigation water requirements of Rice-Wheat
cropping system in Central Punjab. International
Journal of Earth Sciences and Engineering 7(1):
296-302.

Goyal Pallvi, Aggarwal Rajan, Gill KK and Singla
Chetan. 2014. A case study - Probability
distributions for long term rainfall data in
Ludhiana. Mausam Journal of Metrology Hydrology
and Geophysics. (Accepted).

Gill KK, Aggarwal Rajan and Goyal Pallvi. 2014.
Rainfall Probabilities for crop planning in Ludhiana
by Markov Chain Analysis. Indian J Ecology 42.
(Accepted).

Extended Summary/Abstract

Brar M S, Aggarwal Rajan and Kaur S. 2015.
District wise status of groundwater for Indian

Punjab using GIS. Souvenir & Abstract of Seminar
on Geospatial technology in natural resource
management held at Punjab Remote Sensing
Centre, Ludhiana 17-18 March, 2015 pp 30.

Kaur S, Aggarwal Rajan, Jalota S K and Sood Anil.
2015. Estimation of fluxes across boundaries for
groundwater flow model using GIS. Souvenir &
Abstract of Seminar on Geospatial technology in
natural resource management held at Punjab
Remote Sensing Centre, Ludhiana 17-18 March,
2015 pp29.

Singh Maninder, Kaur Samanpreet and Sood Anil.
2015. Spatial variation of groundwater levels using
Geostatistics in Punjab. Souvenir & Abstract of
Seminar on Geospatial technology in natural
resource management held at Punjab Remote
Sensing Centre Ludhiana 17-18 March, 2015
pp29.

Banjeet Singh, Samanpreet Kaur, Harpinder Singh,
Amardeep Singh and P K Litoria. GIS Services on
Cloud. Souvenir & Abstract of Seminar on
Geospatial technology in natural resource
management held at Punjab Remote Sensing
Centre Ludhiana 17-18 March, 2015 pp35

Aggarwal Rajan, Singh Sompal, Kaur Samanpreet
and Singh Mahesh Chand. 2015. Rainfall
Variability and Futuristic Trend in Central Punjab.
49" Annual Convention of ISAE & Symposium on
Engineering Solutions for Sustainable Agriculture
and Food Processing. February 23-25.Pp 196.

Garg S, Satpute S T, Aggarwal Rajan and Singla
C. 2015. Groundwater Pollution by Buddha- Nala
in Ludhiana District, Punjab. 49t Annual
Convention of ISAE & Symposium on Engineering
Solutions for Sustainable Agriculture and Food
Processing. February 23-25.Pp 188.

Brar Mandeep Singh, Kaur Samanpreet and
Aggarwal Rajan. 2015. Water Table Status of
Indian Punjab in Different Agro Climate Regions.
49t Annual Convention of ISAE & Symposium on
Engineering Solutions for Sustainable Agriculture
and Food Processing. February 23-25.Pp 197.

Goyal Pallvi, Kaur Samanpreet and Aggarwal
Rajan. 2015. Wastewater Treatment Technology-
A Review. 49" Annual Convention of ISAE &
Symposium on Engineering Solutions for
Sustainable Agriculture and Food Processing.
February 23-25.Pp 213.

Kaur Samanpreet and Aggarwal Rajan. 2015.
Design and Evaluation of Border Irrigation System
using SURDEV Software. 49t Annual Convention
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of ISAE & Symposium on Engineering Solutions
for Sustainable Agriculture and Food Processing.
February 23-25.Pp 215.

Singh Sompal and Aggarwal Rajan. 2015.
Assessing Regional Scale Rainfall Scenarios in
Himachal Pradesh using Marksim GCM. 49t Annual
Convention of ISAE & Symposium on Engineering
Solutions for Sustainable Agriculture and Food
Processing. February 23-25.Pp 227.

Aggarwal Rajan, Kaur S and Brar M S. 2015.
Groundwater status and Management in Punjab
at M.S.P. Mandal’s Deogiri College, Aurangabad
in Souvenir of National Conference on
Groundwater Management and Assessment in
Deccan Basaltic Terrain. 3-4 January, 2015.

Aggarwal Rajan, Brar A S, Singh Gagandeep and
Sarangi A. 2014 Productivity of Wheat cultivars
influenced with method of crop establishment in
preceding rice and irrigation levels at PAU,
Ludhiana in National Symposium on Agriculture
Diversification for sustainable livelihood and
environmental security. November 18-20,
Ludhiana, Punjab.

Sethi Ranu Rani, Sohu Amiya Sagar Aggarwal
Rajan, Kumar Ashwani. Moundal K.G. and Sarangi
A. 2014. Geospatial techniques for identifying the
paddy cultivated areas of agro-climatic region-VI
of India” at Hyderabad International convention
centre, India. September 15-16, 2014. Hydrology:
Current Research 5(4): 54.

Invited Paper

Aggarwal Rajan, Kaur S and Brar M S. 2015.
Groundwater status and Management in Punjab
at M.S.P. Mandal’s Deogiri College, Aurangabad
in Souvenir of National Conference on
Groundwater Management and Assessment in
Deccan Basaltic Terrain. 3-4 January, 2015

Popular articles

Aggarwal Rajan. 2015. Wise selection and proper
installation of agri-pumps.Progress Farming 51
(2): 11, 26.

Aggarwal Rajan. 2015. Submersible pump
laagyune laye kutch aheam nuktaye. Changi Kheti
51 (2): 7.

Aggarwal Rajan, Kaur S, Kumar Ashwani and
Kaledhonkar M.J. 2012. Bhujal kay geerate sattar
ko neantrit karney key liye kuch mahatabpuran
tecniques. Krishi Jal 3 (1): 22-23

Aggarwal Rajan, Kaur S, Kumar Ashwani and
Kaledhonkar M.J. 2012. Chatoan kay madhyam
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se varsha jal ka bhu jal puna bharan. Krishi Jal 3
(1): 24-25.

Aggarwal Rajan, Kaur S, Kumar Ashwani and
Kaledhonkar M.J. 2012. Pandoobi pumpaon kaye
uchit chayan awam adhisayathapan kay madhyam
sae urja sarankshan. Krishi Jal 3 (2): 11-12.

Jabalpur
Research article

S S Chouhan M.K. Awasthi, R.K.Nema ( 2015)
Studies on Water Productivity and Yields
Responses of Wheat Based on Drip Irrigation
Systems in Clay Loam Soil Indian Journal of
Science and Technology, Vol 8(7), 650-654.

S S Chouhan M.K. Awasthi, R.K.Nema ( 2014)
Wheat (Triticum Aestivum) Crop Response Under
Drip Irrigation Systems In Clay Loam Soil Ge-
International Journal Of Engineering Research
(Ge-Ijer) Ge-International Journal Of Engineering
Research Volume -2, Issue -5 (July 2014)

Abstracts/Proceedings

R.K. Nema (2015) Value addition in agricultural
products through human values Proceeding of
National Seminar on Enhancing Agricultural
Profitability through Value Addition” held on 25-
26 July, 2014 at College of Agricultural
Engineering, JNKVV, Jabalpu

R.N. Shrivastava, S.K. Garg and V.B. Upadhyay
(2015) Enhancement of farmers income through
value addition on water users association basis in
samrat ashok sagar project vidisha Proceeding of
National Seminar on Enhancing Agricultural
Profitability through Value Addition” held on 25-
26 July, 2014 at College of Agricultural
Engineering, JNKVV, Jabalpur

Avneesh Gupta, R.K. Nema, M.K. Awasthi and Y.K.
Tiwari Improving seed weight and growth
parameter through botanical plant products
Proceeding of National Seminar on Enhancing
Agricultural Profitability through Value Addition”
held on 25-26 July, 2014 at College of Agricultural
Engineering, JNKVV, Jabalpur

Udaipur
Research Paper

Rajak, D., Mittal, H.K., Bhakar, S.R., Lakhawat,
S.S., Yaday, K.K. and Jain, H.K. (2014). Irrigation
and fertigation scheduling under gravity fed drip
irrigation for cabbage (Brassica oleracea L. var.
Capitata) crop. Ecology, Environment and
Conservation 20 (4) : 1517-1524.



Basant Maheshwari, Maria Varua, John Ward,
Roger Packham, Pennan Chinnasamy, Yogita
Dashora, Seema Dave, Prahlad Soni, Peter Dillon,
Ramesh Purohit, Hakimuddin, Tushaar Shah,
Sachin Oza, Pradeep Singh, Sanmugam Prathapar,
Ashish Patel, Yogesh Jadeja, Brijen Thaker, Rai
Kookana, Harsharn Grewal, Kamal Yadav, Hemant
Mittal, Michael Chew and Pratap Rao (2014). The
Role of Transdisciplinary Approach and Community
Participation in Village Scale Groundwater
Management: Insights from Gujarat and
Rajasthan, India. Water 2014, 6, 3386-3408;
doi:10.3390/w6113386.

Dahiphale, P., Singh, P. K. and Yadav, K.K. 2014.
Morphometric Analysis of Sub-Basin in Jaisamand
Catchment Using Geographical Information
System. International Journal of Research in
Engineering & Technology 2(6): 189-202.

Dahiphale, P., Purohit, R.C., Singh, P.K., Yaday,
K.K. and Nikam, S. 2014. Curve matching and
software technique for determination of Aquifer
parameters. Ecology, Environment and
Conservation 20 (3): 1159-1162.

Dahiphale, P., Purohit, R.C., Singh, P.K., Yaday,
K.K. and Nikam, S. 2014. Estimation of
hydrological parameters in Wakal river basin of
Rajasthan. Ecology, Environment and
Conservation 20 (3): 1019-1025.

S.P. Nikam, R.C. Purohit, M.G. Shinde, P.K. Singh,
H.K. Jain & Pravin Dahiphle. (2014). Principal
component analysis for morphometric modelling
for small watersheds of Tapi basin in India.
International Journal of agricultural Engineering
7(1): 186-189

S.P. Nikam, R.C. Purohit, M.G. Shinde, P.K. Singh,
H.K. Jain & Pravin Dahiphle.(2014). Annual
geomorphic response model for prediction of
runoff from ungauged watershed. International
Journal of Agricultural Engineering 7(1): 233-237

Proceedings

Singh, Manjeet, Urmila and D.P.S. Dudi (2014).
Seasonal variation in soil fertility status of
Rajsamand district of Rajasthan. Presented in the
79th Annual Convention of the Indian Society of
Soil Science (ISSS) held during November 24-
27, 2014 at Hyderabad, Telangana.

Pravin Dahiphale, R.C. Purohit, P.K. Singh and J.
P. Shukla (2014). Transmissivity and Storage
Coefficient Estimation in Wakal River Basin of
Rajasthan. Presented in 48th Annual Convention
of Indian Society of Agricultural Engineers (ISAE)
held during 21-23, February, 2014 at CTAE,
Udaipur. pp: 16

Shukla, J. P, H.K. Mittal, P.K. Singh and Pravin
Dahiphale (2014). Impact of Loose Stone Check
Dams on Silt Deposition in Suawato Ka Guda
Watershed of Udaipur Region. Presented in 48th
Annual Convention of Indian Society of Agricultural
Engineers (ISAE) held during 21-23, February,
2014 at CTAE, Udaipur. pp: 225

Bulletin

P.K. Singh, Manjeet Singh and K.K. Yadav (2014)
Augmentation of Groundwater Resources under
Climate Change in Rajasthan. Published by
MPUAT, Udaipur.

P.K. Singh, K.K. Yadav and Manjeet Singh (2014)
Field Investigations and Delineation of
Groundwater Potential Zones using RS and GIS
in Wakal River Basin. Published by MPUAT, Udaipur.

Book Chapters

C K Saxena, S K Gupta, Ravi Kishore and P K
Singh (2014). Land Reclamation and Conservation
in: “Hand Book of Agricultural Engineering”
published by ICAR, New Delhi.

Ramadhar Singh, DM Bhandarkar, KV Ramana
Rao, P K Singh, CK Saxena (2014). Integrated
Watershed Management in: “Hand Book of
Agricultural Engineering” published by ICAR, New
Delhi.

Leaflets

K.K. Yadayv, P.K. Singh and Manjeet Singh (2014).
Heavy Metal Accumulation in Vegetables Irrigated
with Urban Wastewater.

P.K. Singh, K.K. Yadav and Manjeet Singh (2014).
Design and Construction of Cost Effective Water
Harvesting Structure for Groundwater Recharge.

K.K. Yaday, P.K. Singh and Manjeet Singh (2014).
Conjunctive Use of Harvested Rainwater and Poor
Quality Groundwater for Mustard Production.

P.K. Singh, K.K. Yadav and Manjeet Singh (2014).
Delineation of Groundwater Potential Zone and
Suitable Artificial Recharge Zone for Ahar River
Basin.

Popular article

P.S. Rao, Hari Shankar and K.K. Yadav (March,
2014). Krishakon ke liye Farm Abhilekh ke Labh.
Rajasthan Kheti Pratap. pp 27-28.

Coimbatore
Books /Abstract/Proceeding

“A Handbook of groundwater perspectives of
Prambikulam Aliyar Palar Basin (PAP) basin” was
published during 2014. ISBN No : 978-93-83799-
11-4
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Three booklets in Tamil on Water Management in
Agriculture.

Raipur
Research article

A. K. Pali, P. Katre & D. Khalkho (2014). An
unsteady subsurface drainage equation
incorporating variability of soil drainage properties.
Water Resources Management. DOI 10.1007/
$11269-014-0631-1

D. Khalkho, S. K. Patil, S. Patel and G. P. Pali
(2014). Efficient natural resources management
of Tahakapal cluster villages using Geospatial
technologies. International Journal of Bio-resource
and Stress Management. Vol. 5(3):319 - 325.
DOI:10.5958/0976-4038:2014.00575.2

A. K. Pali, H. Thakur and D. Khalkho (2014). Dry/
wet spell analysis and rainwater availability at
Durg district of Chhattisgarh state for rice crop
planning. Journal of Soil and Water Conservation.
13(2):74-80.

A. K. Chandraker, V. M. Victor and D. Khalkho
(2014). A study on status of Farm power and scope
of farm mechanization in the Agro - climatic zone
of Chhattisgarh plains. Prabandhan: Indian Journal
of Management. Vol. 7 (11):40 - 48.

Thakur, D. S., Sharma, G.K., Naik, R. K., Khalkho,
D., Choudhary, J. L. and Patil, S. K. (2014).
Evaluation of rice establishment methods with
nutrient and weed management options under
rainfed farming situations of Bastar plateau.
Journal of Soil and Water Conservation. Vol.
13(1):36-41

Nivedita Singh, Priyanka Tiwari, P. K. Guru and
D. Khalkho (2014). Morphometric analysis for
prioritization of watershed using GIS technique.
International Journal of Agricultural Engineering.
Vol. 79(1):69 - 73.

Abstracts/Proceedings

M. P. Tripathi, Yatnesh Bisen, Deepa
Chandrawanshi, P. Katre (2015). Water
management studies on Maize (Zea mays L.) in
alfisol of midland situation in Chhattisgarh plains.
Published in Compendium of Abstracts of 2" Int.
Conf. on Bio-resource and Stress Management
during 7-10t*" January, 2015 at PJTSAU,
Rajendranagar, Hyderabad, India. pp 03.

Priti Tiwari and M. P. Tripathi (2015). Calibration
and validation of ArcSWAT Model for estimation
of surface runoff and sediment yield from
Dhangaon watershed. Published in Compendium
of Abstracts of 2" Int. Conf. on Bio-resource and
Stress Management during 7-10% January, 2015
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at PJTSAU, Rajendranagar, Hyderabad, India.
pp 03.

M. P. Tripathi, Yatnesh Bisen, Karnika Dwivedi and
D. Khalkho (2015). Water management studies
on finger millet (Eleusine coracona) in alfisol of
mid land situation in Chhattisgarh plains.
Published in Compendium of Abstracts of 2" Int.
Conf. on Bio-resource and Stress Management
during 7-10% January, 2015 at PJTSAU,
Rajendranagar, Hyderabad, India. pp 192.

D. Khalkho, S. K. Patil, S. Patel and G. P. Pali
(2015). Remote sensing and GIS applications for
natural resources management planning of cluster
village Turangur. Published in Compendium of
Abstracts of 2" Int. Conf. on Bio-resource and
Stress Management during 7-10% January, 2015
at PJTSAU, Rajendranagar, Hyderabad, India.
pp 197.

M. P. Tripathi, Yatnesh Bisen, Karnika Dwivedi and
D. Khalkho (2015). Water management studies
on finger millet (Eleusine coracona) in alfisol of
mid land situation in Chhattisgarh plains.
Abstracts: International Conference on Natural
Resource Management for Food Security and Rural
Livelihoods during 10-13 February, 2015 at New
Delhi, India. pp 112.

G. Verma, A. P. Mukherjee, M. P. Tripathi and V. K.
Nayak (2015). Formulation of a mathematical
model for optimizing the conjunctive use of
available water resources of distributor no. 5 canal
command area of Mandhar branch canal in
Chhattisgarh. Abstracts: International Conference
on Natural Resource Management for Food
Security and Rural Livelihoods during 10-13
February, 2015 at New Delhi, India. pp 452.

M. P. Tripathi, P. Tiwari and D. Khalkho (2015).
Estimation of surface runoff from a small
watershed using satellite data and ArcGIS.
Abstracts: International Conference on Natural
Resource Management for Food Security and Rural
Livelihoods during 10-13 February, 2015 at New
Delhi, India. pp 463.

Priti Tiwari, M. P. Tripathi and Y. Bisen (2015).
Prioritization of critical areas of an agricultural
watershed for effective management using SWAT
model. Abstracts: International Conference on
Natural Resource Management for Food Security
and Rural Livelihoods during 10-13 February, 2015
at New Delhi, India. pp 471.

D. Khalkho, S. K. Patil, S. Patel and G. P. Pali
(2015). Natural resource management planning
of cluster village Lalaguda using remote sensing
and GIS. Abstracts: International Conference on



Natural Resource Management for Food Security
and Rural Livelihoods during 10-13 February, 2015
at New Delhi, India. pp 474.

Priti Tiwari and M. P. Tripathi (2015). Identification
and prioritization of critical areas of an agricultural
watershed for management using SWAT model.
Souvenir of 49* Annual Convention of ISAE &
Symposium on Engineering Solutions for
Sustainable Agriculture and Food Processing held
at PAU, Ludhiana during 23 - 25, February, 2015.
pp 228.

M. P. Tripathi and P. Tiwari (2015). Watershed
modeling using generated rainfall by ArcSWAT
model. Souvenir of 49" Annual Convention of ISAE
& Symposium on Engineering Solutions for
Sustainable Agriculture and Food Processing held
at PAU, Ludhiana during 23 - 25, February, 2015.
pp 230.

D. Khalkho, M. P. Tripathi, P. Katre, Jyotsana
Khakha and Y. Bisen (2015) Block wise
groundwater recharge plan for Dhamtari District
of Chhattisgarh using GIS. Souvenir of 49 Annual
Convention of ISAE & Symposium on Engineering
Solutions for Sustainable Agriculture and Food
Processing held at PAU, Ludhiana during 23 - 25,
February, 2015. pp 231.

M. P. Tripathi, D. Khalkho, P. Katre, Jyotsana
Khakha and Priti Tiwari (2015). Groundwater
recharge planning for Bemetara District of
Chhattisgarh using satellite data and GIS.
Souvenir of 49t Annual Convention of ISAE &
Symposium on Engineering Solutions for
Sustainable Agriculture and Food Processing held
at PAU, Ludhiana during 23 - 25, February, 2015.
pp 232.

P. Katre, M. P. Tripathi, D. Khalkho, Jyotsana
Khakha and A. P. Mukherjee (2015). Development
of ground water recharge plan for critical blocks
of Balod district of Chhattisgarh state. Souvenir
of 49*" Annual Convention of ISAE & Symposium
on Engineering Solutions for Sustainable
Agriculture and Food Processing held at PAU,
Ludhiana during 23 - 25, February, 2015. pp 233.

D. Khalkho, S. K. Patil, S. Patel, M. P. Tripathi, G.
P. Pali and P. Katre, (2015). Efficient management
of natural resources for improving livelihood of
tribal cluster village using remote sensing and GIS.
Seminar Proceeding of International Seminar on
Non Conventional Energy Sources for Sustainable
Development of Rural Areas held at Parthivi
College of Engg. & Management, Bhilai during 21-
22 March, 2015. pp03.

N. Agrawal, M. P. Tripathi and Priti Tiwari (2015).
Development of user friendly software for drip
irrigation system design. Seminar Proceeding of
International Seminar on Non Conventional
Energy Sources for Sustainable Development of
Rural Areas held at Parthivi College of Engg. &
Management, Bhilai during 21-22 March, 2015.
pp02.

Junagadh
Research article

Sonadarva, K N, Rank, H D and Jayswal, P S.
(2014). Summer sesame response to moisture
and thermal regimes. African Journal of
Agricultural Research, 9(27). 2095-2103, 3 July,
2014.

Rank, H D, Vekariya, P B, Paradava, D.M., and
Kelaiya, J H. (2014). Climate change impacts on
irrigation sector for agricultural crop water
demands in north Saurashtra region of Gujarat
state, India. In(Ed.): Tripathy R. (2014). Recent
Trends in Water Science and Technology. Charotar
Publishing House Pvt. Ltd., Anand, India.
ISBN:978-93-80358-90-1. First Edition.
Pp.61-70.

Paradava, D.M., Rank, H D and Kelaiya, ] H.
(2014). Climate change assessment and its
impacts on surface and groundwater resources
for Shetrunji basin of Gujarat state, India. In(Ed.):
Tripathy R. (2014). Recent Trends in Water Science
and Technology. Charotar Publishing House Pvt.
Ltd., Anand, India. ISBN:978-93-80358-90-1.
First Edition. Pp.51-55.

Kelaiya, J H, Rank, H D and Paradava, D.M. (2014).
Climate change impacts on groundwater resources
in Bhadar basin of Gujarat state of india authored
by Er. J. H Kelaiya Dr. H D Rank Er. D. M Pardava.
In(Ed.): Tripathy R. (2014). Recent Trends in
Water Science and Technology. Charotar
Publishing House Pvt. Ltd., Anand, India. ISBN:
978-93-80358-90-1. First Edition. Pp.71-80.

Vekariya, P B and Rank, H D (2014). Conjunctive
water use planning in South Saurashtra region
for irrigating wheat crop. In(Ed.): Tripathy R.
(2014). Recent Trends in Water Science and
Technology. Charotar Publishing House Pvt. Ltd.,
Anand, India. ISBN:978-93-80358-90-1. First
Edition. Pp.127-133.

Pandya, P.A and Rank, H D (2014). Summer
sesame response to irrigation methods and
mulching. Research on Crops, Vol-15(4):
Dec.2014.
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Pandya PA and Rank H D (2015). Techno Economic
Feasibility of High Discharge Drip Irrigation and
Mulch for Summer Sesame. AET. In Press March-
2015.

Patel, R J, Rank, H D, Ajudiya, B. H. and Dhanani
N. V. (2014). An Assessment of Ground Water
Recharge Potential Through Tube Well “, Vol. 3 -
Issue 10 (October - 2014), International Journal
of Engineering Research & Technology (IJERT) ,
ISSN: 2278-0181, www.ijert.org

Abstract/Proceedings

H.D. Rank, P.B. Vekariya, D.M. Paradava and J.H.
Kelaiya (2014). Climate Change Impact on Crop
Water Requirements in Coastal Belt Area of
Saurashtra Region. of Gujarat State, India. A paper
abstract published in Agrometeorology for
Sustainable Agriculture. Compendium-cum-
Abstract of NASA2014, 16-18 October, 2014,
Department of Agrometeorology, G.B. Pant
University of Agriculture & Technology, Pantnagar-
263145 (Uttarakhand), India. pp.19

K.N. Sondarva, P.S. Jayswal and H.D. Rank.
(2014). Summer Sesame Response to Thermal
and Moisture Regimes. A paper abstract published
in Agro meteorology for Sustainable Agriculture.
Compendium-cum-Abstract of NASA2014, 16-18
October, 2014, Department of Agrometeorology,
G.B. Pant University of Agriculture & Technology,
Pantnagar-263145 (Uttarakhand), India. Pp.112.

H.V. Parmar, R.]. Patel, G.V. Prajapati, P.A. Damor
and H.D. Rank. (2014). Hydrological Study of Ozat
Catchment using Remote Sensing and
Geoinformatics. A paper abstract published in
Agrometeorology for Sustainable Agriculture.
Compendium-cum-Abstract of NASA2014, 16-18
October, 2014, Department of Agrometeorology,
G.B. Pant University of Agriculture & Technology,
Pantnagar-263145 (Uttarakhand), India. Pp.149.

S.S. Wandre and H.D. Rank. (2014) . Estimation
of Runoff Potential for Shetrunji River Basin.A
paper abstract published in Agrometeorology for
Sustainable Agriculture. Compendium-cum-
Abstract of NASA2014, 16-18 October, 2014,
Department of Agrometeorology, G.B. Pant
University of Agriculture & Technology, Pantnagar-
263145 (Uttarakhand), India. Pp. 167.

H.D. Rank, P.B. Vekariya, J.H. Kelaiya and D.M.
Paradava. (2014). Modelling and Simulating the
Groundwater Level Behavior to Climate Change
for the Bhadar Basin. A paper abstract published
in Agrometeorology for Sustainable Agriculture.
Compendium-cum-Abstract of NASA2014, 16-18
October, 2014, Department of Agrometeorology,
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G.B. Pant University of Agriculture & Technology,
Pantnagar-263145(Uttarakhand), India. Pp.248.

G. Kar, A. Kumar, P.S.B. Annad, M. Ray Choudhury,
C. Mayilsami, P.K. Singh and H.D. Rank. (2014).
Assessing Crop Water Demand under Changed
Climate Scenarios and Some Adaptation Options
through Crop and Water Management. A lead
paper In A.S. Nain, Ranjan Srivastava, Sunil Goria,
Ankita Jha, Lata Vishnoi, Shweta Gautam, Asha
Latwal and Shakuli Kashyap (Eds.). 2014. New
Dimensions in Agrometeorology for Sustainable
Agriculture. Compendium-cum-Abstract of
NASA2014, 16-18 October, 2014, Department of
Agrometeorology, G.B. Pant University of
Agriculture & Technology, Pantnagar-263145
(Uttarakhand), India. Pp. 13

Books

Kelaiya, J H, Rank, H D and Paradava, D M. (2014).
Impact of Climate change on Groundwater
Recharge in Bhadar basin. SBN-13:978-3-659-
14962-7, 1ISBN-10:3659149624, EAN:
9783659149627. Lap Lambert Academic
Publishing, Germany.

Paradava, D.M. Rank, H.D. Kelaiya J. H. (2014).
Impact of Climate Change on Ground Water
Recharge in Shetrunji Basin, ISBN-13:978-3-659-
57340-8, ISBN-10:365957340X, EAN:
9783659573408, Lap Lambert Academic
Publishing, Germany.

Paradava, D.M. Hemani, J. M.. Savani F. K (2014).
Hydraulic Performance of Drip Emitters under Field
Condition, ISBN-13: 978-3-659-58132-8, ISBN-
10: 3659581321, EAN: 9783659581328, Lap
Lambert Academic Publishing, Germany.

Paradava, D.M. Makwana, P. J. Dabhi H. M. (2014).
Furrow Irrigation: Water Front Advance, Recession
and Infiltration, ISBN-13: 978-3-659-58803-7,
ISBN-10: 3659588032, EAN: 9783659588037,
Lap Lambert Academic Publishing, Germany.

Bulletin

Rank H D, P B Vkeariya, Vadher P G, Kelaiya J H
and Pardva D M. (2014) Modelling and simulating
the groundwater level behavior to climate change
for Bhadar basin

Rank H D, P B Vkeariya, Vadher P G, Kelaiya J H
and Pardva D M. (2014) Modelling and simulating
the groundwater level behavior to climate change
for Bhadar basin

P B Vkeariya, Rank H D, Vadher P G, Gontia N.K.
(2014) Daxin Pashsim Saurashtra vistar maate
niti vishayak maargdarshika
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:(I)'. Na?CeAcl;fIl:‘ r:t‘i’fl:::y/ AICRP Centre Location Lagitude Longitude
1 |a) ICAR-Indian Institute of B 200 18" 52" N | 850 48" 40" E
Water Management,
Bhubaneswar, Odisha
b) ICAR-IIWM Research Farm, Mendhasal, Khordha 200 17’ 30" N|85° 41’ 34" E
Mendhasal, Khurda, Odisha
2 |G.B.Pant University of GBPUART, Pantnagar, 263145, . o
Agriculture & Technology Uttarakhand 290 017 26" N | 75° 29° 04" E
Pantnagar- 263 145
Uttarakhand
3 |Mahatma Phule Krishi M.P.K.V., Rahuri,Dist : 190 45’ to 740 18’ to
Vidyapeeth M.P.K.V., Rahuri, Ahmednagar, 413 722, 190 57'N 740 19’ E
Dist: Ahmednagar - 413 722 Maharashtra
Maharashtra
4 RaJ.endr.a AU R.A.U., Pusa, Dist:Samastipur, 259 59'N 85 48'E
University, R.A.U., Pusa, 848 125 Bih
Dist: Samastipur - 848125, » bihar
Bihar
5 |Punjab Agricultural University |3} Regional Research Station, o cQ’ 0 18’
Punjab University, Dabhawali Road,
Bhatinda, 151 001, Punjab
b) College of Agril. 0 =4’ 5 s
Engineering, P.A.U., S0 B 75 PAT 5
Ludhiana, 141 004, Punjab
6 |Jawaharlal Nehru Krishi Vishwa |@) INKV Zonal Agril. Research o i
Vidyalaya J.N.K.V., Station, Powarkheda, Dist: |22° 41" 38" N|77045"12"E
Jabalpur- 482 004, Hoshangabad, 476001,
Madhya Pradesh Madhya Pradesh
b) College of Agril. 230 12’ 57" N|[79° 57" 38" E
Engineering, J.N.K.V.,,
Jabalpur, 482 004, Madhya
Pradesh
7 | Tamil Nadu Agricultural a) T.N.A.U., Agricultural 047’ 056’ 16"
University T.N.A.U., Research Station, 11247°N 769567167 E
Coimbatore 641 003, Bhavanisagar, 638 451,
Tamil Nadu Tamil Nadu
b) Dept. of Agronomy, Agril. o car 1an 0 197 1pn
College & Research Institute 090 58" 13" N |78° 12" 16" E
(TNAU), Madurai, 625 104,
Tamil Nadu
c) Water Technology Centre, 11001"01" N|[76° 56" 03" E
T.N.A.U., Coimbatore : 641 ’
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Sl. Name of University/ . . .
No ICAR Institute AICRP Centre Location Lagitude Longitude
8 | Maharana Pratap University of College of Technology & 240 35" 46" N | 730 44" 04" E
Agriculture & Technology Agricultural Engineering
M.P.U.A. & T.Udaipur- 313 001, Campus, M.P.U.A. & T,
Rajasthan Udaipur, 313 001,
Rajasthan
9 | Agriculture University, Kota Regi_onal Research _ 269 0’ N 76U 6’ E
Station, Ummedganj Farm,
Nayapura, Kota, 324 001,
Rajasthan
10 [Indira Gandhi Krishi a) Faculty of Agricultural 2AP 9" 1| Bl 22 577
Vishwavidyalaya I.G.K.V., Engineering, 1.G.K.V,,
Raipur, 492 012, Chhattisgarh Raipur, 492 012,
Chhattisgarh
b) I.G.K.V., Regional 220 06’ 18" N (82008’ 27 E
Agricultural Research
Station, Sarkanda Farm,
Bilaspur, 495 001,
Chhattisgarh
11 [Junagadh Agriculture Junagadh Agriculture 21031.73'N |70027.47'E
University, J.A.U., University, J.A.U.,Junagadh-
Junagadh- 362 001, Gujarat 362 001, Gujarat
12 | Navsari Agriculture Navsari Agriculture 20° 57'N 72054’ E
UniversityNAU, Navsari, UniversityNAU, Navsari, 396
396 450, Gujarat 450, Gujarat
13 | University of Agricultural Coord. Project for Res. on 0 / 0 /
Sciences, Dharwad, 580 005, Water Management, Belvatgi, 15 el I 799 129 E
Karnataka P.O. Navalgund, Dist.:
Dharwad, 582 208, Karnataka
14 | Kerala Agricultural University, |Kerala Agricultural University, (100 20’ N 760 26’ E
P.O. 680 656, Thrissur, Kerala P.O. 680 656, Thrissur, Kerala
15 | Orissa University of Agriculture | OUAT Regional Agril. Research 0 AR’ 0 20
& Technology OUAT, Station, Chiplima, Dist.: 580 ‘11:12’, It\lo g;o ‘;’g, ItEO
Bhubaneswar, 751 003, Odisha | Sambalpur, 768 025, Odisha
16 | Dr. B.S. Konkan Krishi Dr. B.S. Konkan Krishi 170 45 730 26’
Vidyapeeth, Dapoli, Vidyapeeth, Dapoli,
Dist.: Ratnagiri, Dapoli, 415 Dist.: Ratnagiri, Dapoli, 415
712, Maharashtra 712, Maharashtra
17 | Narendra Dev University of Narendra Dev University of 26°47'N 820 12'E
Agriculture & Technology Agriculture & Technology
NDUAT, Faizabad, 224 229, U.P | NDUAT, Faizabad, 224 229, U.P
18 [ Bidhan Chandra Krishi Bidhan Chandra Krishi Viswa o’ o’
. . . 239 0'N 890 Q' E
Viswavidyalaya BCKV,Mohanpur, | Vidyalaya BCKV, Mohanpur,
Nadia, W.B. Nadia, W.B.
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19 | CCS Haryana Agriculture CCS Haryana Agriculture 290 10'N 750 46'E
University, Hisar, 125 004, University, Hisar, 125 004,

Haryana Haryana

20 [ S.K. University of Agricultural |S.K. University of Agricultural [ 370 40’ N 740 53’ E
Science & Technology, Jammu, |Science & Technology, Jammu,

180 00 180 002

21 | Assam Agriculture Assam Agriculture , ,
University, Jorhat, 785 013,  |University, Jorhat, 785 013, 26° 44°N 94°10°E
Assam Assam

22 | Rajmata Vijayaraje Rajmata Vijayaraje 25° 15" to 70° 30' to
Scindiya Krishi Vishwa Scindiya Krishi Vishwa 26° 45' N 76022'E
Vidyalaya, Zonal Agricultural Vidyalaya, Zonal Agricultural
Research Station, Morena, 476 |Research Station, Morena, 476
001, Madhya Pradesh 001, Madhya Pradesh

23| Ch. Sarwan Kumar Ch. Sarwan Kumar 32° 6N 76° 3’ E
Krishi Vishwavidyalaya, Krishi Vishwavidyalaya,

Palampur, 176 062, H.P. Palampur, 176 062, H.P.

24 | Marathwada Agriculture Marathwada Agriculture D D=0 UTY
University,Parbhani - 431 University,Parbhani - 431 LSS UG
402Maharastra 402Maharastra

25 | Rajasthan Agriculture Rajasthan Agriculture 29° 50°N 759 53"E
UniversityRegional Research UniversityRegional Research
StationSriganganagar - 335 StationSriganganagar - 335
0O1Rajasthan 0O1Rajasthan

26 | ICAR Research Complex ICAR Research Complex 25° 38’ N 91°53'E
for NEH Region, for NEH Region,

Umroi Road, Barapani,Shillong - |Umroi Road, Barapani,Shillong -
793 103 (Meghalaya) 793 103 (Meghalaya)
27 | Vivekanand Parvatiya Krishi Vivekanand Parvatiya Krishi 29037’ N 790 40’ E

Anusandhan Sansthan
Almora - 263 601,
Uttarakhand

Anusandhan Sansthan
Almora - 263 601, Uttarakhand
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SCIENTIFIC STAFF POSITION-- o

F AICRP ON IRRIGATION WATER

MANAGEMENT AS ON 31-12-2014

Almora Bilaspur + Raipur Bathinda+Ludhiana
Chief Scientist | Dr.S.C.Pandey Dr.A.K.Sahu Dr. Rajan Aggarwal
Agronomist Dr.Sher Singh Dr.A.K.Swarnkar Vacant
Soil Physicst | Dr.S.C.Pandey Sh.P.K.Keshri Dr. Ajaib Siddhu

Agril Engineer

Vacant

Dr.Devesh Pandey

Dr.Sudhir Thaman

Jr.Agronomist

Dr. D.Mohanta

Dr.Geet Sharma

Dr.Mrs A. Kaur

Dr. M. P. Tripathy

Dr. K.S.Sekhon

Er. P. Katre Dr. Sunil Garg
Er. D. Khalko Dr. (Mrs.) S Kaur
Dr. Sanjay Satpute

Chalakudy Belvatgi Chiplima
Chief Scientist [ Dr.Mini Abraham Dr.Gopal.V.Dasar Dr. A.K.Mohanty
Agronomist Dr.Anitha. S. Dr. G.B.Shashidhar Dr.(Mrs).S.Mohapatra
Soil Physicst | Vacant Dr.S.S.Gundlur Dr.P.K.Samant
Agril Engineer | Er.E.B.Gilsa bai SrilJ.K.Neelakanth Dr.N.Panigrahi
Jr.Agronomist |[Dr.Deepa Thomas Dr. S.P.Halagalimath Dr.B.R.Nayak

TNAU (Bhavanisagar+Madurai+Coimbatore) | Dapoli Faizabad
Chief Scientist | Dr.V.K.Duraiswamy Dr.R.T.Thokal Dr.G.R.Singh
Agronomist Dr.S.K.Natarajan Dr.(Smt) R.S.Patil Vacant
Soil Physicst | Dr.S.Thenmozhi Dr.K.P.Vaidya Dr.T.P.S.Katiyar
Agril Engineer | Dr. P.K. Selvaraj Dr.B.L.Ayare Dr.R.C.Tiwari
Jr.Agronomist | Dr.K. Ramah Dr.T.N.Thorat(on Study leave)| Dr.B.N.Singh
Chief Scientist | Dr.S.Krishnasamy
Agronomist Vacant
Soil Physicst | Dr.R. Indirani
Agril Engineer | Dr.N.Anandaraj
Jr.Agronomist | Dr.A.Gurusamy

Dr. A.Raviraj

Dr. A.Valliammai

Dr.P.Jothimani

Jorhat Gayeshpur Kota
Chief Scientist | Dr.R.K.Thakuria Dr.S.K.Patra Dr.Pratap Singh
Agronomist Dr.K.Pathak Dr.D.Datta Dr.H.P.Meena
Soil Physicst | Dr.B.K.Medhi Dr.K.Bhatacharya Dr.N.N.Sharma
Agril Engineer | Dr.P.Baruah Er.S.Saha Er.I.N.Mathur
Jr.Agronomist Dr.S.B.Goswami Dr.R.S.Narolia

Dr.A.Sharma
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Jammu

Hissar Jabalpur
(Powerkheda+Jablpur)
Chief Scientist Dr.A. S. Dhindwal Dr.A.K.Raina Dr. N. K. Seth
Agronomist Dr.A.S.Dhindwal Vacant Dr.P.B.Sharma
Soil Physicst Dr.V.K.Phogat Dr.Abhijit Samanta Vacant
Agril Engineer Er.Mukesh Kumar Er.N.K.Gupta Vacant

Jr.Agronomist Vacant Dr. Vijay Bharti Dr. Vinod Kumar
Dr. R. K. Nema
Dr. N. K. Awasthi
Er. Y. K. Tiwari
Morena Pusa Navsari
Chief Scientist Dr.Y.P.Singh Dr.Vinod Kumar (I/c) Dr.V.P.Usadadiya
Agronomist Vacant Dr.Vinod Kumar Dr.V.P.Usadadiya
Soil Physicst Vacant Dr.Mukesh Kumar Dr.J.M.Patel
Agril Engineer Dr.K.Kishore Dr.S.P.Gupta Er.N.G.Savani
Jr.Agronomist Dr.S.K.Tiwari Dr.Rajan Kumar Dr.R.B.Patel
Palampur Parbhani Pantnagar
Chief Scientist Dr.V.K.Suri Dr. A. S. Kadale(I/C) Dr.Subhash Chandra

Agronomist Dr.Kapil Saroch Dr.K.T.Jadhav Vacant
Soil Physicst Dr.Naveen Datt Dr.U.N.Karad Dr.H.S.Kushwaha
Agril Engineer Vacant Ds. A.S. Kadale Dr.Vinod Kumar
Jr.Agronomist Dr.S.K.Sandal Dr. G. D. Gadade Dr.Gurvinder Singh
Prof. & IC Dr.H.C.Sharma
Prof. Dr.Yogendra Kumar
SRO Dr.Harish Chandra
Sriganganagar Rahuri Shillong
Chief Scientist Vacant Dr.M.B.Dhonde Dr.D.J.Rajkhowa
Agronomist Dr.R.P.S.Chauhan Dr.J.B.Shinde Vacant
Soil Physicst Dr.B.S.Yadav Dr.B.D.Bhakare Dr.U.S.Saikia
Agril Engineer Vacant Dr.S.B.Gadge Vacant
Jr.Agronomist Vacant Dr.S.S.Tuwar Vacant
Assoc. Prof. Dr.S.D.Dahiwalkar
Asst. Prof. Er.S.A.Kadam
Jr. Reseach Asst.
Junagadh Udaipur
Research Er. Dr.H.D.Rank Dr. P. K. Singh

Assoc. Prof.

Er.P.B.Sharma

Dr. K. K. Yadav
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Revised Budget Estimate (RE) of AICRP Irrigation Water Management for Year 2014-15

Rs. in Lakhs

The head-wise allocation of budget (ICAR share) for each centre under AICRP on Irrigation Water
Management based on Revised Estimate for the year 2014-15
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Name of the Center RC/ IT/ Total for | Total for
Research | Commu-
Expenses | nication

VPKAS Almora* 0 4 1 1 0 6 0 6
2 PAU, Ludhiana

(Bath+Ludh) 155 9 0 1 0 175 0 165
3 UAS, Belvatgi 50 5 0 1 0 56 0 56
4 TNAU, Coimbatore

(Madurai+BSR+Coimb) 180 15 0 2 0 197 0 197
5 IGKYV, Raipur

(Bilaspur+Raipur) 115 7 0 1 0 123 15 138
6 KAU, Chalakudy 55 6 0 1 0 62 0 62
7 OUAT, Chipilima 35 8 0.75 1 0 44.75 25 69.75
8 BSKKYV, Dapoli 50 6 0 1 0 57 25 82
9 NDUAT, Faizabad 55 6 0 1 0 52 0 62
10 | BCKV, Gayeshpur 75 6 0 1 0 82 0 82
11 | CCSHAU, Hissar 55 2 0 1 0 58 0 58
12 | SKUAST, Jammu 75 7 0.75 1 0 83.75 0 83.75
13 | MPUAT, Udaipur 63 4 0.75 1 0 68.75 0 68.75
14 | MPUAST, Kota 75 5 0.75 1 0 81.75 10 91.75
15 | JAU, Junagadh 45 3 0 1 0 49 49
16 | RVSKV, Morena 45 4 0 1 0 50 0 50
17 | NAU, Navsari 50 7 0 1 0 58 0 58
18 | CSKHPKYV, Palampur 91 6 1 1 0 99) 10 109
19 | GBPUAT Pantnagar

(WM+GWU) 46 1 0 54 54
20 | MAU, Parbhani 48 0 1 0 54 0 54
21 | INKV, Jabalpur

(Powkheda+Jabalpur) 115 6 0 1 0 122 0 122
22 | RAU, Pusa (WM+GWU) 62 7 0 1 0 70 0 70
23 | MPKV, Rahuri (WM + GWU) 95 8 1 1 0 105 15 120
24 | RAU, Sriganganagar 65 5 0 1 0 71 0 71

Sub Total 1700 148 6 25 0 1879 100 1979
25 | AAU, Jorhat(NEH) 49 7 0 1 0 57 0 57
26 | ICAR-RCNEH Shillong(NEH)* 0 12 0 0 13 0 13

Sub Total NEH 49 19 0 2 0 70 0 70

Grand Total 1749 167 6 27 0 1949 100 2049
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