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PREFACE

It is my privilege to bring out the Annual Report of Directorate of Water Management for the year 2013-14 containing the research
achievements of the Institute under five different research programmes, ie. rainwater management, canal water management,
groundwater management, waterlogged area management and on-farm research and technology dissemination and other related
information for the said period. During the year, Institute has made several significant research achievements through development
and implementation of several on-farm water management technologies like successful installation of rubber dam technology in
watersheds in different parts of the country, water and energy efficient farming system technology package have been developed to
improve productivity of rainfed areas, understanding CO, emissions and sequestration, carbon and energy balances of multiple
cropping systems under irrigated ecosystem, understanding soil water hydraulics for better water management in Indo-Gangetic
plain and Black-Soil Region, use of industrial waste water, development of water quality index of ground water for irrigation, DSS
driven strategic designs for water harvesting structures in waterlogged areas of Mahanadi basin for sustainable crop production,
increasing nutrient utilization efficiency in waterlogged ecosystem. A web based information system on agriculture water
management is also being developed for dissemination of state of the art on farm water management technologies for stake holders
across the country. Twenty five centres operating under the All India Coordinated Research Project on Water Management have been
engaged in research in different themes like basic studies on soil- water- plant relationships, application of pressurized irrigation
system, management of rain and other natural sources of water and their interactions, water management for different agricultural
production system including horticultural and other high value crops etc. in addition to organizing farmers and trainers training
programmes. Under the All India Coordinated Research Project on Groundwater Utilization, nine centers were operating and were
engaged in different areas like regional groundwater assessmentand modeling, conjunctive use of surface and groundwater, artificial
groundwater recharge, groundwater pollution and transfer of technology through organizing different training programmes for
farmers. The report presents findings research activities of aforesaid different water management research programmes. [ am sure
that content of the report will be useful for the stakeholders at various levels engaged in the field of agricultural water managementin
the country.

As recognition of its significant contribution and excellence in research, DWM has been awarded ISO: 9001-2008 Certified Institute
for Research in the field of Agricultural Water Management. The research accomplishment of the Institute has also been recognized
by various institutions like Fulbright-Nehru Senior Research Fellowship 2012-13, USIEF Alumni Award 2012-2013, GCBR Award for
popularization of Biological Sciences - 2013, several best paper and poster awards along with other recognitions.

During the year the Institute published 38 research papers in scientific peer reviewed journals of national and international repute
along with twenty one research bulletins, information brochure, leaflets, training manual and books. In addition to Research
Advisory Committee meeting and Institute Research Council meetings, the institute has also organized a ICAR sponsored 21 days
summer school on “Bio-drainage for Reclamation of Waterlogging in High Rainfall Deltaic Areas”, a sensitization workshop on
“Enhancing water use efficiency in Yamuna basin” along with NRM division of ICAR, inception Workshop on Evaluation of IWMP
Watershed Projects, workshop on “Software installation-cum-training program” on SAS, a national workshop on “Water quality
issues, opportunities and socio-cultural concerns of wastewater use in agriculture” supported by USIEF Alumni Award, Pre-
Commercialization and stakeholders workshop on Rubber dam etc. In order to strengthen the statistical computation, the Institute
provided training to 53 scientists and stakeholders on “Data Analysis using SAS”. One day stake holders' workshop on “Rubber dam
technology for agricultural water management” was organized on 14" May 2013 on the occasion of foundation day of the Institute.

[ express my sincere gratitude to Dr. S. Ayyappan, Director General, ICAR and Secretary, DARE, Government of India for his constant
support and guidance. [ am extremely grateful to Dr. A.K. Sikka, Deputy Director General (NRM), ICAR for his valuable guidance and
suggestion at every stage of research and development planning of the Institute. My thanks are due to Dr. S.K. Chaudhari, Assistant
Director General, (S&WM) for his help and cooperation for smooth functioning of the Directorate. I place on record my appreciation
for the commendable work done by all the members of publication committee to bring out the annual reportin time.

el

May 2014 (Ashwani Kumar)
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FTHRT AT

YT STt TS

® ¥ 1990 ¥ TS o =LA o YHIh o AT § A
ISt 9 gIfe; o W ST 16 T Gl Al Sqersd o ik 3
1 AT < | GH 3 WY = o Yeehish (e J Tepfas
SYST3T ol viTerRe H gfeg i aRadeierd & «ff gema feam |
¥ 1990 1 5 TaY HI JAT H a9 1990 & 1 T i e
Sgfeet Tat e & Ueh W TRad gt |

® [ & IUST H FHHl T Y 7AYo TS ol foreetsor L o
Tl @UT 2013 W 3TIST i 3T, J3TTeA (IIRT) 3US T J[h
TR JeiCeh ol AR 3t 8 AT o e o 31fe o
U T 3o AT H 609 FHI O ded Jad ¥ I gar | &
ST FA=IEa &I oY 3tfireh 3ust & ford) weh Feeitg et g
H SEeR ot | UFT hiY ATed 3 ST o ol o o o W
3TfergY 1 ITANT fohan T wet figdtr o & i 3 stferel &
HiSH T AT fha T2 | Wifeashia qedrh 1 T 378
AiSc o TR Ud HeaTq ol Gaird e |

® THURl 3T URASH “Siet GHLUT &A1 & o8 Lo el
festTeT wd fah” & STl TR aY ot TR FEARil &l
oI - SIS T o Y it ©IHT T HherdTqeieh it feham
T | Sfeen UsF & Al ST @R & H W il &
foerTe 7 WU GEdT, T STSTifae § guR o faencd,
g ferehedl Te et ScaTe | g 1 e a1 € | 9 &
fafir= Y aRftfaen Td o STelia &6 # 378 ate Tae,
fEsTe Td STHM Xk 25 T WFl W 0 il Y TR
HIIE ST 3 STTHR T TG ! T |

® M &I HHel W fafafid s g (SIier) wd g
3TIfYTeR 5T & gEm ot fafdr (ieTRe) o e fgu fo=g wam
T 109 TR HaTg f=TaT, 99, fafi=Tar uries T 929 faazm
THEIT o ATeAH ¥ ST U8 1 qalusien eggifish ugei
e | qof =g TSR o et 3119 G <kl SHelle, O ohT =419
TS Ui <hl ST T 31k T T | 8094 SAfYTeh <78 &
gEH & fafy () o Ted sTfyerdd wel 3TsT 0T g8 T
TG a1 U TS SUR ¥ S1fueh e ure g2 | fferd SweR
& e SIHaH Tel IS, at ST YT &l o § 133%
3P U g |

® 3 WIF Wl THE (3408.44 T HIX), ¥F WA wHA
IR (327982:157.7 3TEH! f&AT) 1 ol | Afereh g
( 1,88,341/94) T TSR (509.3 f&t goe) i & | 5y

F WY qAE G BHA H IouaH PG S Icaredhal
(% 11.4/5 HaX) T B | 9 o1 e, i) o g wew

A ! § Y STet TSR 1T g8 | AT Tehiapd
T&(T H Yg ST ScUGehll (3 53.7 HfT B HiaX) 3Tk I g3 |
e o A FEe STIeRH 1 Il § HY JesTt Scargand!
T TS g5 | 51 o1 o Faaqor o 3 fema o o ot
T ISR § G A had T 17,750 A STafch f Seme
& e Y Il TR Wil Igfd 370 9 % 50,680 fd
YR AH P g A ghA |

- Haeh WA Tgfd § TRURE S[ATS 1 Y T Aahl dl
3Hfien IuST o o <AaH T I Tal (S feers) § SR
AT AT A TLETU TTE ! 518 § fIaet o ast | ot
3T FH 3TN | 509 STHTEh +50% TaX Tl @18 Td 50%
TSR + 500% T T ! @I START ol Tl H SThTe TR
IAE (100%) & TN A Y TS FIFRl 1 3T(H IUST Al
IS o | e ol WIS 1 3T T T & Tl bl @1G bl
o H e o | o a8 (ST faersT) SR & wue @l
Fars & a1 2l & Ieuram Sifaes e o @ we g §
IucTe] THY +ff 37fyes Tl 7TE | S W e 3 WIS & SUR A
T T R Il Y WG & STER @ o gl H Jew
Sifereh el Tel TH &b a9 T |

T Uieiehesr Ugfa & fafi=1 3T=mi (&,-6000 fRfe/&,
31 -8000 frRfer/8 e & - 10000 fFRfdT/? ) & feae @
STIAIT el ST ITATT SHHTT: 3.61, 3.82 TH 4.24 AT
HraT o1 Stafen ITHRR STet SUFT Yeehish HAT: 6.28,5.51 T
5.79 B9 i Ul fhelium &M of | 36 e, ®.AASH
T AFTeheeR Ugfa # fafy=T YER 5 & STERT & ded
(&,-15000 G @@t / 8, 3,-20000 T &,-25000) F fe@a @
et STeT SUANT SHHT: 2.88,3.14 Td 3.49 T HII o1 STalfh
SR STHI STeT SUANT Yeehieh AL 5.02, 4.62 TS 4.86
o | 1Y Hicieheek | 8000 AR & WerRv ¥ ufd
TR T IS T FTehe=’ & 20000 ATe! Ufd SR 9
FI ek IS, 3N a1y Ud Y[g ST STeT Scurgehar
T AR |

Ui Y Tgha Aise & ad sy Sar, Faed ared, I
qTeT U S0 UTei o o qT ol STTURITye ST 10 STl
GUeu GCeHRd H foman | snffer faveror 3 saren for @t
Tgfd Al ¥ g A H GUR A & o Fut o & it
U, ATEATEl H Hell ITet Ud aTelTsl o qasel o STy Ted
T T SN 81 A 1 e aie sl o a
TSR &R forarl & ford STt fomdl T | & ae et
3T o TS o [T ocHeh 3T § fShdi o Siia o T8
& Y W % qHH Ged § (5-25 % GAW W) 13.47%

18.01% TH FFEEE |
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Y[& STl ScqTEehall shAl: % 6.447-7.79 WA T 4.6-5.72 Hfcl
et & 5 H 210 ferAi § e g2 | oot S1ae STot Gere 3k ue
gl Feil & o § GHRER 37 AR & dehfersh o

RS CR CEE]
o av 1993 ¥ 2013 F XM IS TR FAE &7 & 7 |\

e Yactge-1 Td 2 Y e Sfichsl I o & & & 58-80%
T Te 31 HHal o ST & H 4.1-5.3% T glg ol qal
T | &1 3 Gl § TSR, ATSHIHSI Te Yhe &L ShHTT:
1.15 -2.15, 3.4-4.55 Td 1.0-2.35 filt /f& & o= @ | ogs
e H, 3TCIES TeX ol Gl H STel GHY B 84.8% HH o |
Safer fi=E W &aT 23.95 § 53% & o <51 gAY | 89
ST T AT qahiieh = g 4 Td ST o ST
foTl Teh 3TISITIe o ot Ui T SUCTRIT Sl THET o T
Tt § 1fueh Y 31k & T STANT XA o ILYA Sl ST
ST <l G ST | Iedieh 3T3aeie o o Tl i Sucrera i
! ! THET 3 W g SFS1 U (YTH) ! SreifHeRdT o are
YA & T STINT T 5 ILYF Tl ST ST Hehell § T
T o T80 W § & U TaTs &9 ohl STITET ST |

o g TR o worges § Sfreh fwTaT (Tgg) 3 s i
ST Teg 11.30 S T T gt Sil o Uit &7 Yerehieh o
Fcafies yifaa Al ¢ | Righ & wreaties e (32 ) @
37afY Y AR ®e dle b 10 &7 T8 (69 &) T ol 3vafy
T gfcqdl § Y8 ol ufehan § e S8 Sifadess Sisd &l
A ¥ 3T ThTRT WY il foham & e S8 stiadres
TRUT o IV THSE hl ThRIHh oo a1 gatl | S H wgg ot
o, JTHAH Tl & YEehieh 3Taf (55 fa a7 o 918) |
feT & ma ¥ -18.5 WiEshl HiA HleA S @RS/
Hey/qhs & Te TS A A +4.55 HIZeh! AT hraq S8
FETES/ T HI/ Yehs B o G SAferenad o | faeentin
1T § Y 1 T U Y[g FleA S5 iTarares fies o+ T |
T TS I e, 2 S 37af (76 & 931 & o) W fe
H A A H -22.9 HIZeh! AT e S8 FEES/ T
A/ Yohs & T2 TS T H +4.06 HEshl HIA Hled S
FIZS / T HIY/ Hehs BISH o T Stferehad o1 | T (3)
T FHIS & H S T STl GOl § drerd STenia et
gt (wH, ST SITETT U Hael! UIet) i STel Scaraehal
I TS & Tl Td G Y 37afy ol HH L o e faepfaa
foram T | 39 & Y ST SRl B 1.1 ¥ 1.42 /A M qh
g g& ST 3Tahel T Td dTelTe STHIRA @il 62 6.35-7.95 U
TR 3 ol T g8 | ST fSTet o et STenfid @t &
¥t fAfyea ST U & RN Tele o HHIS &A1 i
T GO H 2 § 2.5 T G g8 TS Y5 ST H T 48,665 T
266,170 TH G |

o ST F TN fSTet H SHuTen sattes & grarfian qed fie
YRS & sfarfa fafie g Ael S SRR, TeEs,
QU T QST H dree ST ggfaal sl Sgd e
T T | FEAl 3UST 2.46 Y 2.88 I/ 8L F T Gohdl TS
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TgiEl S U + (AT § Hel) - qU, 9 + (qrers §
HBAN)- 338 TG Y + (T H HSell)- 3L 31 i o -
HI T - 383 BHA UgIaal Sl STIE STIHTE 74T, HeEs 3T
AER ¥ YH-TA TS Y - 38 BUe Tl Sl STTe O +
T & el + SR (Fady T) - 77 T g + (e &
HSCA) + I (TG W) - I (Y W) MG HEe
TGl T STUHTA AT | UIEIRT 3 HISAE T §RIST ST HIET
H Y- T HHA TG ! T H G + (T § 7aelt) - 747
YT TGIdl ol STOTA T | 1 9 39 AIERI H haet Ugha o
Gl I AN 1,19,772 6T 1,24,230 F A AT G |

T YT Ug(d # Thle(eh @IS & TN § Jeead 3TIST 3T
T B2 | THSTRSTE H Gefeere ieh cicel Haie farfer ¥ Qfire
H GHfa Ui Teal Teie i Gl H 43% Toh STHTST SUST i
AT | SHeTeh WIS 3 e TSRS Tgfer & Afd o1 1 gerlt
H 319 Teh ST 9T (%), T 1000 ST M & I5H H
e Jig oNfE U@ 9| THIRRTR o & hHd H
TR (8 A S, faeaiin et 7 foremm) Tt STehifant
&l H Tl GUR g1l ol dior § Sifaes @rg wEifia
THIRSTE 1 & W HEet Tehvl § 3¢ ! HEe & o 90y
 god 31fies 3UST <) | ot quu & 388 Fl 3fd 39S A d
fganra faftr at o & 73% (1.04 T/ FaAT) 31 3fg @
FoTeehT &7 RO U1 &l U (18l S, T T
TRl o T § gfig) T BEE Y SUS AN faeanst #
TR GUR T @ o |

A UIYE 3T & 9y v fafer & e sy fg=g w e wam
1 G g T et e & weal § Jedren foar T |
T f5aTE o e U 1.0 HieT UIvd A gead fgu fHe & ar
YT oY SIS TeTaR sRTe Tt g2t | Breifen, g g & e
e ot e & 309 feand o Y a g et R s
SN ST H 5094 T GEIR ATt g3 | F¥rien il et o 0
fE=E ST IUANT el H 5094 T G ATt g | e fired
e H S FEETE 5096 ST SAUTEIRE T et U Tt bl
ST BT BISHT 1.0 HeX 3R 1.4 HieX wred g & red
3T & Ty =g 7 sy foh v 3ot wifciforan 3=t =g
TR & g Al o | Bl 75% ShT SAURTERET W
fE=E & quf = & 9 %l 3TST T g8 |

VEEPCEE
® T E H A A SHeR) 2003 W 3T 2013 T Hferd) fiaperd)

Td oAy TEIRAS () TR F kel Hl YA ek
T ST GURW § URad Td SToarg IRad & 9l 39
Gyl o faeeis T o TR = Sar foh T ofed § e st



T TS 7ol QT & Tl ARTEe 3¢ § | 39 ST 9K i
gt Te Hifger TR W STt foge o SR § Sarar & e
SYAN ST He 3 ferd) gpreran & feman S Wehell € | UoT,
TR T fet o ST & &5l &1 Hag Te SYHde H 5ot
T ¥ fiRTeE & R0 gleeie & &0 & TeeH o T |

T T e Tt fSifera &1 & fodl dive foTat Hisa &l
forenTl foham T Wa ST aTeTTaIR 3Y oI o fordl wvegor feman
T @ H AR % HRU AR EIA G R
LI Bl IJAE OH & T8 9 Al &l JHIiv,
T e ST fofal T | AR 3 S o Wit & &
ST o SR T AR STl T30 21 § 24 G &
e o 1 fhentelg & o ol 26 § 29 UHI o A& o1
ST T30 o TR TS H= e Teh G & Ao
S T 1 TR AT e 1Y 9 | SR T R e
21 991 8 g2t 31fyeh TR @ o asE A ehe ¢ |

SIS & ARThTeTuST scileh oh AT el T TG o &l o
T 2000 § 2006 3 &= Tl FAT F fF ST T fF Fa
qRerd @ eiede ZuA + Bfedi @1 ITEN ek FIRE @i
TS | 9l W P ud 31 Feafa & H gfig ohEen: 2.80% I
8.01% ©ff STafeh STt et &, g e oot &l 5 &l 6.54%
Y 4.279 T o | B&d Iferd &8 99 F STt F foa Y Ry
e ST I e ISt g STafeh g Sretehal gae) stet
31fyeh oft UE SHehT T RIS A STl 21 &) el § | 9
I 3R Teeh feretl et gl W STet 3 9 3 el we EC
3fg SFHET: 0.185 dS m™ ¥ 1.745 dSm™ N R ¥ g FE |
AUl H g HHT SHHIT: 0.0682 H 0.778dS m™ & |

ARdE gorlls, Vi I feia! w@ S aIE T fat
STUfYT STt vaTe frgt & reifTeh e Ud 3Heh 3191 7 GuR
FA &1 T AT AT FHR Y ffgd § werin e
IeeAH ol § T (0.25%) 3 HT I T | gl H hreifien
T I JoaaH e (TR ¥ 2 § 3 71 31 fewdierd)
STURYTSE YaTg o Ted 9Tl T3 Stelfeh YUY et STufiTe vare wa
FITIST STIRTR Jale & TWId e 9| i a8 TN i
T WY AT Sl o 1t Wa ieUefaen, STeilg, el el e Uil 41
! frdtal o for? uen o1 f=ns & & &9 A 3y fema s
Gehell ¢ | SR fret & iferet Yl foAfias o a1 o ofsiel
B[ & ST Urercd] Jedish + Far o 57.89% ST 4ied §
TrTferel B T8 € Wa Hedeh 10.53% STl o i el SISt
el el HTT o SOl TS 3 fordl e e fean e & | e,
EC T& HIHIST i 9 &1 H STc i JUracl bl STl o fordl @
et AT ST TR |

|
i
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® T TS TR STURTE STt H ahg ahalfH-ay Jufeerd &

¢ et B & ferd e Aefaer & g Sy sordl, 3 ol
(2 foft § ) TG S[2 BIEeR HASH & 3TN § T et
T AT | R et qeTse Ta §cd "ieshifaad (Hifeawhid Ud
§. PICTE) Tl TEAT h A h H Tl el & | 3 et §
He 01 o &Y H FARI T SUANT IR ST ¥ hefHad
T i T L o [T foharl 1 Ta g9l & ! G |
e i T ST T © |

TS Uidad B T =T TG o1 STeT SHmed & &F AT H STl
URae o T Teh W el &7 o oy fesigH foran o i
50-75 W &elTel o 88 H W HH HTA S |

IR TH THUS AHH! & R T THER A9es i
TR § Uidee Ta s o fordl Sugerd yfsTet ahl Ui o
T o T3l STl TUIae SSo ol foehd fomall 1T | §eh
TG HS ST 1S, AR I T SR wHiS & &
ST TUTE MRS 1 HeANA (Rl T | ST 45.5%
ST o T (STl JUreel S8 100.98 T 196.32 h <) 3=
FHAT, TR, HHRTEH T T8d i 3Tfyehal Hi aoe ¥
A 3 ST 3 o STTTFERT & T 30.03% T (ST Joreleelt
$SHY 458.3 ¥ 5596.4 o a19) S STcT Y FoITTAl oh BRI
feeé 3 IR o ford) wfeifir |

firire S ua siteTsud fafty s ST ek ity stetary &F-
VI # @ HEd Igfd (H-1g) T gt wig @l faf o
1| HY STerarg &5-v1 % et it & 11.4 faferE
IR H Y 5.8 faferam & (50.87) Uo7 wd gRamn U= o
-1 el U 3 TR S ST ¢ | 39 ity STefarg & §
36 TG BRI Y & HHA I ¢ FFoH § ohH9T: 2.6 T 1.05
FrfererT R & el &9 9 Uoe T e Teai 8 |

e sTieTgATeen e o ded §e1 e demi ud et
firgt & Y firgh Y T ergifeteh ATerehar = gad oo iR
el gt &Rl | J& Ul TR [T gegifereh arerehdl o
ford Heeqel R & el g8 WA deH § gRgiiern
<Teehd & fordl il & Sifereh shre g fruftes o | g gt &
TSI ATeTehdl A i Hicqad FHEHe @ fafmg
Hifezm vfaerd (STad) & STHR T FSTg fohdl T Teud &
TIRI o HTEAH Y FfSa T o HiSel ol WhiY o1 &1 T |
firet &t i oo uTl o Wi foig & ST W gt orere
GIh{oh T TR [T 7T TS §21 T A ud reft firgh
&l H fHgY Turel W TS 3 TR o THTE AT
T |

STCATEhTd & Teler
o 3Nfewn & Fsruret el 3 UgmeE st | 41 BHA & Haw

STeATshid & B =R BT dreltel sl Yge & e @d S
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T ASH S T | e DT qeh e J 75% ST @ it STol Hey T Ueh o TR Y= Ugfd (99 uider) o

SUCTRIT o WY ST Y Ta STUIEH o (o 20 TR |
G Y T, 24.1 TR H T TR P 5.9 FHRAH T
! HHA Hl FEAH BHA 3 ol Garrdl {2 | e 3.5 fopit
el STt et ATt () TEe o Wil § qherargadh Sierd
STT WXTe i H A 3 o) ST € 59 ot e ATl 9
STt et TRETI h aE H 2.3 ¥ 3.1 37/ ST HHa U1 1
gfg e e STt el TReyd & 8 H woe 3UST had 1.2 3
/ SFATE AT g8 | 152 et o e at st et wgfa =
THAYE Y & O § 49 YHI T STl WRTd I FH F
feam |

® STTShic TR feIfent o H 4T ST et Igfd # iveh el
ST &FHT T STe [l T | 39 STEAIA ST foh 39
ST ¥E (10 § 15 T STeT 909 o Ted 3o 9 34T (3.8
T/ THRAT) U gs STk 25 § 50 HHI o HeFadl STet wa
TRY Had 3.5 T/ T Y 30T T g5 | IS IaLeh
F 60 fhrATm/TR| H | 4 e fafer (3.49
T/ BERI) Y o S oreHe ffy A i w382 3
THIAT Y U TS AT A & | STEWEHISESTAES (DCD) &
foToT 3 TTeT ARSI 3k I 60 fRHATIH /TFRT H Y
TR T X A At g Ue St wee fgemer g i
GG 1 T H SoeaH o SIS U 4.1 3/ THRA I g8
TS 26.5 R SIS Uf fehclt TTgEIeH 3 &9 s1fyen Tgdier
ST &I T 8 |

® THal H shifiad, hefiad T HieT (W) Tl o SRy
HREBI T hHYT: SHels (THREY), THEE, TS, HIeAER
FATEfiT, e, Sl Te IS s gafl v WTw gl | Tl
& Fenl § el W Afieh wIq (Heet) ST g | hsfHad ot
FAlTecl Wigal o5 TTeT &1 T H Sodl ha e Wi TR Y TahreT
Y & S TS Fiesal @l 3UST H At @ T | i
e B FeTE 3 o et ifere e, §. shietTs ud 37 Sireujaii
T AR 1S (3.02, 1.80 T 3.50 AT HIUH Ui TH) Fad
FH AT 3T Tel Sl il I o WosTall § qard 3Tk o |

® 3TE_ (ORSAC), YavaX ¥ F Wil %, W@ Td SIS
(i) & s7af 2005-2006 3 T f@-111 (1:50000 THH
W) T T el § Afeen A 17 fafi= ueR & 5o et
TS STel HXTE &1 o g o qal Fell | FesrareT fStel # af o)
T ATt Al e YRIsil o qed Seaad 11,229.41 A &
T T I T STTArERYR fTet & 78 &7 10,884.42 THRAT AT |
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EXECUTIVE SUMMARY

RAINWATER MANAGEMENT

The study of extreme rainfall indices of Odisha
showed since the 1990's, consistent occurrences of
more both the floods and droughts with a sharp rise in
temperatures. Temporal evolution of the extreme
rainfall indices also suggested of late increased
variability in magnitude of the opposite anomalies.
There is a positive shift in heat wave frequency and
intensity since the 1990's, compared to pre-1990
period.

In order to analyze the effect of dry spell occurrence
on reduction in paddy yield second year experiment
in kharif 2013 showed that grain yield, straw yield
and dry biomass were highest under recommended
dose of fertilizer and was lowest under 60% of that
dose. Two supplementary irrigations were better
than single irrigation for higher yield. The calibration
of the AquaCrop model was done using first year
experiment data and validation was done using the
second year experiment data. The statistical
evaluation suggested a reasonably good calibration
and validation of the model.

Under NAIP sub-project on “Design and development
of rubber dams for watershed” rubber dam base
structures were installed successfully at nine
locations with anchoring and inlet-outlet mechanism.
The impact or benefits of rubber dams in different
watersheds in Odisha suggested an increase in crop
production, cropping intensity and improved rural
livelihood options. Reconnaissance survey, design,
estimate and installation of base structure of rubber
dams at 25 new locations in different agro-ecological
and geo-hydrologic regions of India was done, based
on technical, hydrological and socio-economic
parameters.

The drip irrigation experiment with regulated deficit
irrigation (RDI) and partial root zone drying (PRD) of
mango trees showed satisfactory hydraulic
performance of the drip system through 10% emitter
flow variation, 9% coefficient of variation and 92%
distribution uniformity. The plant height, collar
diameter and canopy volume were highest under full
irrigation treatment. Maximum fruit yield was obtained
under 80% PRD treatment followed by full irrigation
treatment. The maximum yield under irrigated
treatment was 133% higher than the rainfed trees.

The on-station farming system unit (3408.44 m®) gave
more net return (% 1,88,341 ha') and employment
(509.3 man-days ha') than rice-fallow sequence
(X 27,982; 157.7 man days). The pond with the bund

was found best system with highest net return of
% 363750 ha’. Bottle gourd had highest net water
productivity of 11.4 followed by water melon, okra
and dry season field crops. In integrated farming
system eventhough net water productivity was high
(® 53.7 m®) the energy productivity was less
compared to rice-fallow sequence. Survey result of 51
farmers showed net returns from rice - fallow
sequence was X 17,750 ha" which increased to
¥ 50680 ha' in pond based farming system through
land modification.

Conventional tillage was found better than minimum
and no till system for higher rice and maize yield in
rice-maize cropping system but their difference
reduced considerably over the years due to
conservation effects. Inorganic fertilizers (100%)
produced higher rice and maize yield over 50%
inorganic+50% FYM and 50% inorganic + 50% green
leafmanuring (GLM). An effect of FYM was better than
GLM on yield. Highest soil organic carbon and
available soil moisture were found after harvest of the
crop in 'no till' compared to other treatments.
Similarly, FYM treatment maintained better SOC and
soil moisture than NPKand GLM treatments.

In carp polyculture system, treatment-wise estimated
total water use (TWU) was 3.61, 3.82 and 4.24 ha-m,
while consumptive water use index, CWUI was 6.28,
5,51and 5.79 m’ kg biomass, in T1 (6000 fingerlings
ha™), T2 (8000 ha™) and T3 (10000 ha™) respectively.
Similarly, under different stocking density in shrimp
monoculture system of P monodon, treatment-wise
estimated TWU was 2.88, 3.14 and 3.49 ha-m, CWUI
was 5.02,4.62and 4.86in T1 (150000 post-larvaeha™),
T2 (200000 ha™)and T3 (250000 ha™), respectively.
The stoking density of 8000 fingerlings ha” in carp
polyculture and 200000 post-larvae ha” in
P monodon shrimp monoculture gave significantly
higher yield, economic benefit (OV:CC) and net
consumptive water productivity (NCWP).

Multiple use of water for agriculture, on-dyke
horticulture, pisciculture, poultry and duckery was
done in 10 water harvesting structures under
integrated farming system models. The economic
analysis indicated that poultry cultivation in the
uplands, fish culture in ponds and intensive
cultivation around the embankments of the pond are
essential in improving the net return from the
farming system models. Three 1-day training
programs and two exposure visits were conducted for
the farmers. The impact analysis study of the
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technological interventions showed that the mean
value of overall standard of living of the farmers
increased from 13.47 to 18.01 (inascale of 5 to 25).

CANALWATER MANAGEMENT

Multi-date Resource Sat-1 and 2 data of Hirakud canal
command area during 1993-2013 showed increase
coverage area between 58-80 % under paddy and 4.1-
5.3 % under non-paddy. Field evaporation,
transpiration and deep percolation rates in paddy
fields ranged between 1.15-2.15, 3.0-4.55 and 1.0-
2.35 mmday respectively. Conveyance loss in lined
canal was 84.8% less than unlined canal and
irrigation application efficiency ranged between
23.95-53.0%. Optimized crop model technique
suggested that objective to utilize the maximum area
for cultivation with the constraint of water availability
for each outlet may be adopted for optimal land and
water utilization. With preference for heavy duty crop
(paddy) the objective to utilize the maximum area for
cultivation with the constraints of water availability
for each outlet and at least 1/3™ area under paddy
may be adopted.

The daily variation of net ecosystem exchange (NEE)
revealed that maximum NEE occurred at 1130 hour
and was highly influenced by leaf area index (LAI). In
okra NEE was negative value from secondary
branching (32DAS) to about 10 days before last fruit
picking (69 DAS) due to more photosynthetic CO,
uptake than respiratory release of CO, from the
canopy. NEE reached its peak at maximum leaf area
index stage (55 DAS) with the midday uptake of -18.5
umol CO, m™ s ™" and night-time release of +4.55 pumol
CO, m™ s™. From the tillering stage the paddy field
became the net CO, sink. NEE reached its peak at boot
leaf stage (76 DAS) with the midday uptake of -22.9
umol CO, m™ s ™' and night-time release of +4.06 umol
CO, m™ s™. Pond based farming systems (crops, on-
dyke horticulture, fisheries) were developed in
created water resources in 3 canal commands to
enhance water productivity and to mitigate dry spells.
Water productivity of the area enhanced from ¥ 1.1-
1.42 m” through sole rice to ¥ 6.35-7.95m” through
pond based farming system. Due to assured available
water cropping intensity of command area of the
ponds increased by 2 to 2.5 times and net return
varied from< 48,645 to¥ 66,170 from the pond based
farming area of Kendrapara district.

In Kuanria Medium Irrigation project, Daspalla block,
Nayagarh district in Odisha, pond-based intervention
in four different sub-minors viz. Khamarasahi,
Madhyakhand (2), Lunisara and Soroda-II, was
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beneficial. The fish yield ranged between 2.46-2.88 t
ha’ in 210 days with gross- and net water
productivity ¥ 6.47-7.79 and ¥ 4.6-5.72m’
respectively. Construction of rain/runoff water
storage tanks and open wells, facilitated alternate
cropping systems i.e. rice + (fish in pond) -green
gram, rice + (fish in pond) -black gram and rice + (fish
in pond) -chickpea compared to rice-fallow, rice-
green gram and rice-black gram in the Khamarsahi
sub-minor;rice + (fishin pond) +pigeonpea (on dyke)
- green gram and rice + (fish in pond) + pigeonpea
(on-dyke)- pigeonpea (on dyke) compared to rice-
fallow and rice-green gram only in Madhyakhanda
sub-minor; rice+(fish in pond) -green gram
compared to rice-fallow cropping system in Lunisara
sub-minor; and rice+(fish in pond) - green gram
compared to rice-fallow system in Soroda sub-minor.
The cost of cultivation for the system ranged from
T 1,19,772 to ¥ 1,24,230 and the benefit was
¥ 1,37,210 to T 1,74,012 in four intervened sub-
minors.

Highest grain yield was obtained in SRIwith inorganic
fertilization. SRI-INM enhanced grain yield by 43%
compared to TP-INM. Under organic fertilization SRI
increased grain yield by 31% compared to TP and was
mainly due to significant increase in number of
spikelet/panicle, grain-filling % and 1000-grain
weight. SRI grown rice crop significantly improved
morphology (plant height, tillering and root growth)
and physiological performances of crop. In crop
rotation in rabi season square planting of black gram
gave highest yield in the organically fertilized SRI
field. Average yield of black gram in square planting
was 73% more (1.04 t ha™") than broadcasting method
mainly due to significant improvement in
morphological (plant height, branch and leaf
number) and yield-contributing characteristics of the
crop.

The field experiment on deficit irrigation under drip
system with two lateral layouts was evaluated in
kharifrice and capsicum crops. The grain yield of rice
with surface irrigation and with optimum drip
irrigation regime at 1.0 m lateral was at par. However,
drip irrigation saved 30% irrigation water and 50%
improvement in irrigation water use efficiency over
surface irrigation. The response of capsicum to drip
irrigation at 50% ETc, 75% ETc and irrigation at 50%
ETc except flowering and fruiting stage (FFS) with
lateral layouts of 1.0 m and 1.4 m lateral distance
indicated that the fruit yield was higher with higher
level of irrigation with lower lateral to lateral
distance. However, irrigation at 75% ETc produced
the same yield as that with full irrigation.



GROUNDWATER MANAGEMENT

The analyses of recent changes in Terrestrial Water
Storage (TWS) in India and their linkages with the
climatic variables using 'The Gravity Recovery and
Climate Experiment' (GRACE) satellites records
during January 2003 to August 2013 suggested both
TWS and groundwater have declined significantly in
the Ganga basin, consistent with the previous results.
The region around the Punjab, Haryana and Delhi is
identified as the hotspot of the surface and subsurface
water decline. GRACE precisely captures the
hydrology at seasonal and monthly scales, it can be
used efficiently for agricultural water management.

Lumped Groundwater Model developed for
groundwater irrigated areas with hard rock geology
was tested for Walayar sub basin. The model was
calibrated, validated and used in simulation to
estimate additional groundwater recharge
requirement due drought events. The additional
groundwater recharge on basis of simulation in
Pollachi region of Walayar sub basin varied from 21 to
24 c¢cm and 26 to 29 cm for Kinathukadavu region.
Simulated and observed values of additional recharge
were in agreement but observed values towards
upper limits were higher. It might be due to more
severe droughts which occurred over past 21 years.

Changes of land use and land cover over a period of 6
years between 2000 and 2006 in Suniti village and its
surrounding areas of Mahakalapada block in Odisha
were monitored by using Landsat ETM+ images.
There was increase in agricultural areas and other
vegetation from 2.81% to 8.01% respectively, while
water spread-areas, soil and barren areas decreased
from 6.54% to 4.27%. The variation of pH in water of
hand pump operated tubewell was higher than the
surface water from creek whereas electrical
conductivity was higher in surface water, and might
be due to connect with the sea. The pH and EC in water
samples gradually increased at a rate of 0.185 and
1.745 dS m™ respectively every kilometer from inland
towards sea. In tube wells the same were 0.0682 and
0.778dSm", respectively.

Wastewaters of United breweries, Sakthi Sugars
distillery and COS Board paper mill improved soil
organic carbon and its fractions with highest value in
soil with low organic carbon (£0.25%) in four
different soil types. The highest influence on soil
organic carbon (2 to 3 times more than the initial) was
registered under distillery effluent while the
influence of paper mill effluent and breweries was at
par. The COS Board - paper mill effluent enriched with
Ca, Mg, SO, and Cl could be good irrigation source for
red and lateritic, alluvial, and red and yellow soil types
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Water quality appraisal of groundwater sources
surrounding Sakthi Sugars Ltd at Dhenkanal revealed
that 57.89% waters are impaired by pH, each 10.53%
are not preferred by Cl and Mn contents for irrigation
use. The pH, ECand Mn could be indicating parameter
for monitoring water quality in that area.

To filter contaminants present in the domestic and
municipal wastewater for its safe use in irrigation, the
filter made with coarse materials viz., gravels, sand
particles (< 2 mm) and jute fibre used in combination,
reduced the sediments and total microbial load
including total coliform and E. coli counts. Coconut
shell charcoal used as finer particle in the filter
removed Cd from aqueous solution and its efficacy
could be increased by altering pH.

A Portable Small Tank Based Drip Irrigation System
was designed for small quantity water transport from
water resource to field in anormal terrain and to work
with apressureof 50-75 cmhead.

The water quality index (WQI) developed to assess
the groundwater quality for potable and irrigation
purpose using chemical parameters based on Indian
and FAO Standards respectively was validated by
assessing the groundwater quality data of
Rushikuliya Command area obtained from Central
Groundwater Board, Bhubaneswar. About 45.5 %
groundwater samples were poor in quality for
potable use (WQI between 100.98 to 196.32) due to
high hardness, alkalinity, magnesium and nitrate
content and 30.3 % samples had severe restrictions
forirrigation use (WQI between 458.3 to 5596.4) due
to seawater intrusion.

Major cropping system (rice-wheat) and soil group
for ACR-VI has also been delineated by using Remote
Sensingand GIS. Outoftotal geographical areaof11.4
million ha in ACR-VI, 5.8 million ha (50.87%) area is
under rice-wheat cropping system spread over states
of Punjab and Haryana. Rice area of 3.6 million ha in
the region existed mainly in Punjab and Haryana
covering an area of 2.6 and 1.05 million ha
respectively.

Saturated hydraulic conductivity (K,) of the soils of
Indo-Gangetic Plains (IGP) and the Black Soil Region
(BSR) under different bioclimatic systems suggested
that particle size distribution is a key factor to predict
Ks ofthe BSR soils, whereas organic carbon was major
determinant of K, for the IGP soils. Models for Ks of
these soils were strengthened by inputing CaCO, and
exchangeable sodium percentage (ESP) and provided
scope to maintain K, at desired levels through
management practices. An index of soil physical
quality (S), derived from the inflection point of the soil
moisture characteristic curves explained the impact
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of management practices on physical quality in IGP
and BSRsoils.

WATERLOGGED AREA MANAGEMENT

8

On-farm water resources plan with four farm pond
locations was identified in 41 ha surface waterlogged
area in Pattamundai block of Kendrapara district
(Odisha). Goal program technique, suggested the
optimal crop allocation of 20 ha kharif paddy, 24.1 ha
rabitomato of and 5.9 ha brinjal with maximum profit
and production with water availability at 75 %
probability level. The 3.5 km long field drain of
successfully modulated water congestion in the crop
fields and increased yield to 2.3-3.1 t ha" in post-
drainage scenario compared to 1.2 tha' in pre-
drainage scenario. At peak rain fall of 152 mm the
drainage system successfully reduced ponding up to
49 cmin paddy field.

Nutrient utilization efficiency study in rice based
cropping system in waterlogged ecosystem showed
higher rice grain yield under shallow submergence
(3.8tha'at10-25 cm) compared to intermediate level
of submergence (3.51 t ha' at 25-50cm). Band
placement of nitrogen fertilizer @ 60 kgha” produced
higher grain yield (3.82 t ha') compared to
broadcasting (3.49 t ha™). Nitrogen @ 60 t ha™ mixed
with Dicyanodiamide (DCD) gave highest rice grain
yield (4.1 t ha") compared to neem coated urea and
DWM bio-formulation and also showed highest
nitrogen use efficiency (26.5 kg grainkg” N applied).

The transfer factors of Cr, Cd and Pb were in the
decreasing order in Amaranthus followed by tomato,
water melon, malabar climbing, bitter gourd, ladies
finger and ridge gourd. Leaf tissues accumulated
more metals than fruits. Field experiment with
graded concentration of Cd showed decrease in net
photosynthesis rate and yield in vegetables at higher
Cd level. Initial load of total coliform, E. coli and other
bacteria on the day of irrigation were lowest (3.02.
1.80 and 3.50log cfu per g) in okra and were highestin
bitter gourd and ridge gourd and showed a mean
reduction of 1.92 and 2.53 log cfu of E coliat 7 and 10
days afterirrigation, respectively.

The LISS I1I data (1:50,000 scale) for the period 2005-
2006 collected from ORSAC, Bhubaneswar of three
seasons, kharif, rabi and zaid (summer) showed 17
different types of water bodies and waterlogged areas
in Odisha. Kendrapara district had highest area
11,229.41 ha perennially under rivers and streams,
followed by Jagatsinghpur district, 10,884.42 ha. The
Ganjam district has highest 8,348.11 ha area
perennially under lakes, ponds, reservoir and tanks
followed by Bolangir district with 5,449.95 ha area.

| DWM ANNUAL REPORT 2013-14

The Baleswar and Kendrapara district showed 569.98
and 169.97 ha man-made waterlogged area of
respectively.

A web based information system on agriculture water
management is being developed with web portal
containing different domains like research, farmer's,
service-domain, e-learning module and other
information etc. It contained general and research
related information of 25 All India Coordinate
Research Project (AICRP) on Water Management
Centres for access by general public. The published
literature, bulletins, leaflets for agriculture water
management in regional and other languages have
been uploaded into the webpage as e-books formats.

Actual crop yields of rice, wheat, maize, sorghum and
pearlmillet for 10 years were estimated for thirty
climatic buffer zones of major agro-climatic zones of
India. The lowest rice yield (0.87 t ha™) was recorded
with Jabalpur Climate Zone, whereas the highest rice
yield (3.26 tha™) was recorded with Paiyur zone. The
Ludhiana zone showed highest wheatyield (4.59 tha™)
and Palampur climate zone showed lowest wheat
yield (1.37 tha™).

ON-FARM RESEARCH AND TECHNOLOGY
DISSEMINATION

Regular high frequency village household data being
collected to enhance availability of reliable
household, individual, field specific, plot level data on
agriculture, labour, expenditure, incomes and
consumption throughout the year to address the
dynamics of economic, social and institutional
development in the study villages. The study aims to
understand the dynamic process of reducing poverty
by tracking the household and village economies
across farm size groups.

In order to strengthen the computational efficiency of
NARS, 33 scientists and researchers of eastern region
were trained regarding the application of advance
statistical tools and techniques using the SAS
software under the 6-days training program. Twenty
nodal officers were trained in software installation.

Under Tribal Sub Plan (TSP) project to improve the
land and water productivity through augmenting the
irrigation infrastructure in Ghurlijore Minor Irrigation
Project in Sundargarh district of Odisha Birjaberna
Gadhuamunda linkage tank was selected because of
around 50 active farm families are engaged in various
remunerative agricultural practices. Inlet, outlet and
surplus escape were constructed in the linkage tank for
judicious conveyance of canal water in the command.
Raised and sunken bed technique was adopted to
introduce crop diversification in low lands areas.
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Introduction

The Directorate of Water Management (erstwhile Water
Technology Centre for Eastern Region) was established on
12" May, 1988 with the aim to cater the research and
development need of agricultural water management at
national level. The centre is located at Chandrasekharpur,
Bhubaneswar ona5.71 ha ofland along with its main office-
cum-laboratory building, guest house and residential
complex. It is situated about 8 km north of Bhubaneswar
railway station and atabout 15 km away from Biju Patnaik
Airport, Bhubaneswar. The location of the Institute is at
20°15' N and 85° 52" E at 23 m above mean sea level. The
research farm of the Institute (63.71 ha of farm land) is
located at Deras, Mendhasal (20°30' N and 87°48' E) and
is 30 km away from main institute complex.

¢ To undertake basic and applied research for
developing strategies for efficient management
of on-farm water resources to enhance
agricultural productivity on sustainable basis.

¢ To provide leadership role and coordinate
network of research with the State Agricultural
Universities in generating location-specific
technologies for efficient use of water resources.

¢ To act as a center for training in research
methodologies and technology update in the
area of agricultural water management.

¢ To collaborate with relevant national and
international agencies in achieving the above
objectives.

Research Achievements

Coreresearch activities of the centre are carried out under
five programmes, viz, rainwater management, canal water
management, groundwater management, waterlogged
area management and on-farm research, extension and
training to solve the agricultural water management
related problems. Agricultural water management
related issues at the national level are being addressed by
the centers under the AICRPs on Water Management and
Groundwater Utilization. Comprehensive water and
energy efficient farming system technology package have
been developed to improve productivity of rainfed areas.
Multilocational installation of flexible rubber dams for
water harvesting and runoff recycling in the watershed
have also been done. In the canal command area,
significant achievements have been made to increase the
water use efficiency and cropping intensity. Canal
hydraulics in Hirakud canal command area was utilized

for developing a DSS for improving productivity under
Mahanadi basin. Strategic designs for water harvesting
structures have been planned for water resources
development to support sustainable cropping in
waterlogged areas. Modern tools like remote sensing and
geographic information system (GIS) have been utilized
extensively for delineation of waterlogged areas for
increasing productivity in such challenged ecosystem.
The institute has a team of experienced multidisciplinary
team of scientists. The stride of DWM for excellence
towards science and technology in agricultural water
management is well recognized at national and
international levels and has been duly recognized by
award of ISO: 9001-2008 Certified Institute for Research
inthe field of Agricultural Water Management.

Infrastructure facilities and Organization

The centre has state-of-the-art infrastructure facilities
and has four well-equipped laboratories, viz, soil-water-
plant relationship laboratory, irrigation and drainage
laboratory, hydraulic laboratory, and plant science
laboratory with all the latest equipments for research
activities. An engineering workshop and photographic
laboratory also cater to the needs of the institute. Four
field laboratories at farm, viz, meteorological laboratory,
pressurized irrigation system, solar photovoltaic
pumping system, and agricultural drainage system also
add totheresearchrelated inputs. The institute has a state
of-the-art communication facility with an automatic
EPABX system. The institute has its own web server and
regularly updated website (www.dwm.res.in). The entire
network administration of the computers, internet and
website management is looked after by the Agricultural
Knowledge Management Unit (AKMU). This unit also
accommodates a fully developed GIS laboratory. The
library of the Institute has more than 2000 reference
books and subscribes to 16 international and 10 national
journals. It has a CD-ROM Server with bibliographic,
database from AGRIS, AGRICOLA and Water Resources
Abstracts. The subscription of electronic journals and its
access through LAN to all the scientists is another useful
facility of the library. The installed video conferencing and
[P Telephony System facility at the Institute as part of the
project ICAR netis being utilized for related use from time
to time.

The DWM has linkages with various agencies through
providing training, consultancy, collaboration or contract
research services. It has provided a platform for public
and private sector institutions dealing with water
management research to address their scientific
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problems, monitor research and development activities
and their evaluation in a cost effective manner. The
institute has developed linkages with different state and
central government agencies like Watershed Mission
(Government of Odisha), Directorate of Agriculture
(Government of Odisha), Central and State Groundwater
Board, Command Area Development Agency,
Government of Odisha, WALMI to implement farmer
friendly water management technologies in the region.
Entrusted by Ministry of Rural Development, GOI and
Watershed Mission, Government of Odisha, the centre
evaluated several Integrated Watershed Development
Projects in different districts of Odisha. The centre has
conducted several ICAR entrance examinations like JRF,
SRF at national level. In addition to ongoing in-house
research projects, the institute is awarded with many
sponsored projects by various organizations like Ministry
of Water Resources, GOI, Department of Science and
Technology, GOI, IIT Kharagpur, NCAP, IRMARA and ISRO.
International linkages have been established through
collaborative project of ICAR with University of Nebraska,
Lincoln, USA, University of Melbourne, ICRISAT, IWMI and
Bill and Melinda Gates Foundation.

Finance

Summary of fund allocation, and expenditure during the
year 2013-14 under Plan and Non Plan budget of the
centreis presented atthe end of thisreport (chapter 15).

Staff

At the end of March 2014, DWM had 80 sanctioned posts
(including AICRP) out of which 57 are in position. The
break up of the posts under different categories is given
below:

RMP 01 01 nil

Scientific 35 24 11
Administrative 16 13 03
Technical 17 13 04
Supporting 11 06 05
Total 80 57 23

ORGANOGRAM

IRC l

i

l

|

Administration &

Research Programmes Service & Support Audit / Accounts
Y
\4 \4
n AICRP on WM
Main Centre and GWU
) Rainwater Management » Farm
» Workshop

» Canal Water Management
» Groundwater Management
> Waterlogged Area Management
\b On-farm Research Extension, TrainingJ
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Extreme Climatic Effects on Major Cropping Systems of Odisha

Effect of Dry Spell Occurrence on Loss in Paddy Yield and Design of Water Harvesting
Structures for its Mitigation

Design and Development of Rubber Dams for Watersheds
Performance Evaluation of Drip Irrigated Mango Under Deficit Irrigation

Development of Water and Energy Efficient integrated Farming System model for the
Rainfed Farmers

Conservation Agricultural Practices in Rice Based Cropping System for Increasing Water and
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Project Title : Extreme Climatic Effects on Major

Cropping Systems of Odisha
: DWM/12/154
: Institute
D. K. Panda, K.G. Mandal, A. Mishra,

A. K. Thakur, R. C. Srivastava, and
A.Kumar

Project Code
Funding Agency

Project Personnel :

In tropical eastern part of India , Odisha state of late
experienced most of the extreme climatic stresses. The
extreme rainfall and temperature indices of Odisha were
investigated as per definition of WMO Expert Team on
Climate Change Detection Monitoring and Indices
(ETCCDMI). Results indicated the occurrence of both
highly positive and negative anomalous years since the
1990 suggesting an increased occurrence of both the
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Comparison of mean and extreme day and night
temperatures in summer (MAM), monsoon (JJAS), and
winter (D]JF) indicated substantial spatial and seasonal
changes for Odisha. Noteworthy is the decrease in the
night time temperature (T,,,), resulting to conspicuous
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floods and droughts in recent years. In particular, the
temporal evolution of the extreme rainfall indices (SDII,
RX1D, RX3D, R100, R95P and R99P) also indicated an
increasing variability magnitude of the opposite
anomalies in recent years. The noteworthy changes are
the vulnerability of coastal and north-western region to
the extreme rainfall events and the south Eastern Ghat to
the moisture deficit stress. The wet day frequency and
moderate rainfall amounts decreased in relatively larger
parts of the state leading to decrease in total monsoon
rainfall (PRECPTOT). The aridity intensity index (AIl), a
pertinent indicator of the moisture availability for crop
production decreased in most parts of the state,
particularly over the southern Eastern Ghats and parts of
the coastal plain and northwestern strip, particularly
during July and August, suggesting the emergence of
moisture stress scenario.
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increase in diurnal temperature range (DTR), in major
parts of the state except the north and south ends. The
mean and extreme day-time temperature (T, TX,, TX,,)
of the monsoon season deceased in recent years and
mightbe due tolightabsorbing aerosols and cloudiness.
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: Effect of Dry Spell Occurrence on
Loss in Paddy Yield and Design of
Water Harvesting Structures for its

Project Title

Mitigation
Project Code : DWM/11/153
Funding Agency : Institute

Project Personnel : S. Mohanty, D. K. Panda, A. Mishra,
D.U. Patiland B.C. Sahoo

The different crop attributes of the rice crop were better
under recommended dose of fertilizer compared to 80%
of recommended dose (Table 1) and it was least under
60% recommended dose of fertilizer. Application of two
irrigations improved plant height, panicles m®, filled
grains.panicle”, grain weight and grain filling per cent in
comparison to rainfed treatment. Application of two
irrigations improved all these attributes.

Table 1 Crop attributes of rice as influenced by fertilizer dose and irrigation

Treatments Plant height Panicles m-2 Filled grains Grain weight Grain filling
(cm) panicle-! (g. 1000 grain -1) (%)

Fertilizer dose ,100% 82.8 330.4 83.3 17.2 76.1

80% 82.0 308.7 77.9 16.8 74.5

60% 81.1 280.1 74.8 16.5 73.3

CD (p=0.05) 0.79 15.2 3.72 0.33 0.68

Irrigation, Rainfed 80.6 277.2 76.0 16.4 73.6

1 irrigation (PI) 81.9 309.1 78.8 16.9 74.6

2 irrigations (PI, F1) 83.4 3329 81.1 17.3 75.7

CD (p=0.05) 1.32 20.0 4.10 0.39 0.55

Table 2 shows the yield and yield attributes of rice as
influenced by fertilizer dose and irrigation. The grain
yield, straw yield and dry biomass were highest under
recommended dose of fertilizer and was lowest under

60% dose of fertilizer application. Regarding effect of
irrigation, it was observed that two supplementary
irrigations treatment was superior to one supplementary
irrigation for meanyield and yield attributes.

Table 2 Yield and yield attributes of rice as influenced by fertilizer dose and irrigation

Straw Yield, t ha

Harvest Index

Dry biomass at
maturity, tha?

Treatments Grain Yield, t ha™
Fertilizer dose ,100% 4.43
80% 4.21
60% 3.70
CD (p=0.05) 0.16
Irrigation, Rainfed 3.79
1 irrigation (PI) 4.08
2 irrigations (PI & FI) 4.47
CD (p=0.05) 0.13

6.69 0.398 10.55
6.21 0.404 9.81
5.76 0.391 8.89
0.20 0.01 0.26
6.40 0.392 9.08
6.73 0.396 9.72
6.95 0.405 10.42
0.25 0.01 0.30

Calibration of the AquaCrop model was done using the
crop yield and biomass data of the first year experiment.
The parameters of the model were adjusted so that
simulated plant biomass and yield almost matched with
the observed plant biomass and yield. The validation of
the model was done by using the yield and biomass data of
the second year experiment of the project. The calibrated

model was used to simulate the plant yield and biomass
and compared with observed data. Figure 1 and 2 shows
the scattered diagram for crop biomass and yield during
the validation period. The values of coefficient of
determination, mean error, mean absolute error and root
mean squared error shows a reasonably good calibration
and validation of the model.
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Fig. 1 Relation of simulated and observed crop
biomass during validation period
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Fig. 2 Scatter diagram for simulated and observed crop
yield during calibration period



Project Title : Design and Development of Rubber

Dams for Watersheds
: NAIP, ICAR, New Delhi
Project Personnel : S.K.Jena, A. Kumar, P.S.
Brahmanand, A. Mishra and D.U. Patil

Funding Agency

There was successful installation of five number of rubber
check dams by DWM, Bhubaneswar at different
watersheds such as Baghamari, Badapokharia, DWM
Farm, Chandeshwar-1 and Chandeshwar-2 in Odisha.
The installed rubber dams were successfully operated
during monsoon for control of flood, soil erosion,
sedimentation and utilization of stored water for
irrigation during long dry spells and post monsoon
season.

Rubber dam base structure was installed successfully at
nine more locations (Pasauli and Siriwalgarh of
Uttarakhand; Pyllun and Nongrah, Meghalaya; Sirsi,
Hazaribagh, Jharkhand; Kanse, Maharashtra, Vansda,
Gujarat; Sunabeda and Kausalyagang of Odisha) during
the year and at Vansda, Navsari, Gujarat it was made
operational after installing rubber sheets to it. The
anchoring and inlet-outlet mechanism have been
successfully installed atall these sites.
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Reconnaissance survey for selection of 25 new sites in
different agro-ecological and geo-hydrologic regions of
India was done for installation of rubber dams. The
following locations were selected based on technical
feasibility, hydrological and socio-economic parameters.

1. Palampur-1and Palampur-2 of Himachal Pradesh;
2. Bhatoliand Selakui of Uttarakhand;

3. Dapoli-1, Dapoli-2, and Dapoli-3 in Konkan region of
Maharashtra;

4. Kanse-1,and Kanse-2 of Pune, Maharashtra;

Vansda-1, Vansda-2, and Navsari of Gujarat;

6. Jaleswar-1, Jaleswar-2, and Jaleswar-3 of Odisha
coast;

7. Nandahandi, Jogiput, Semiliguda and Pottangi in the
Eastern Ghatregions of Odisha,

8. Silala, Balkola and six other locations of Tamil Nadu;
and

9. Khurda of Odisha.

@

Design, drawing and estimates of rubber dams for the
above 26 sites were prepared. The anchoring material,
inlet, outlet and other components of rubber dams were
designed for each site. In the workshop of DWM,
Bhubaneswar, one portable rubber dam has been
developed for further testing.

The Chandeswar and Baghamari check dams are operated
and maintained by farmers for paddy cultivation during
kharif and pulses, oilseed and vegetable cultivation
during rabi and summer season in the surrounding field.
In the period of report various types of evaluations of
rubber dams were done which mainly covers water
availability analysis and crop productivity and other
watershed parameters. The following observations were
made. Water remained available in the upstream side of
the rubber dam till 1st week of May 2013 located at
Chandeswar-1 and 2, whereas all the nearby streams
became dry by middle of March. At all the sites water
stored up to the maximum capacity of the rubber dam
since third week of June 2013 till March 2014. However
water is still available for irrigation beyond March 2014
and expected to remain for another one to two months.

The water stored in the upstream side of the rubber dam
was up to a stretch of 800 m to 1.7 km at various locations.
The additional volume of water stored in the upstream
side due to installation of rubber dam varies between
4800 m’to 10000 m’ at any point of time during monsoon.
In case this water is used for irrigation; it gets filled up by
the water coming from the upper catchment during
monsoon. The stored water in rubber dam irrigated 13 ha
of rice fields during critical stages at Chandeswar-I and
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around 15 ha at Chandeswar-II. The rainfall occurred
after south-west monsoon period during mid-October till
end November hasbeen stored in rubber dam and used by
the farmers for rabi pulses and vegetables. The rubber
dam at Badapokharia has been instrumental in
augmenting groundwater recharge.

The impact of rubber dams on agricultural performance
was studied. The productivity of rice in kharif season
witnessed ajump by 26% due to assured irrigation during
dry spells from rubber dam compared to pre installation
period at Chandeswar. Therice yield increased from 4.14 t
ha™ during pre-installation period to 5.22 t ha™ at post-
installation period of rubber dam. The positive impact of
rubber dam on productivity of summer vegetable crops
such as brinjal (29%), watermelon (34%) and cowpea
(22%) was analyzed (Table 3). The yield of brinjal
increased from 4.8 t ha” during pre-installation stage to
6.19 t ha' during post installation of rubber dam.
Similarly, the yield of watermelon and cowpea increased
from 9.4 t/ha and 5.2 t ha” to 12.4 t ha” and 6.35 t ha”
respectively during corresponding period due to
additional available water after installation of rubber
dam. The economic analysis indicated that the farmers
could generate additional net returns up to ¥ 12000 per
ha. The rainfall fluctuations during monsoon affected the
rice yield in kharif season outside the command area of
rubber dam. The flexible nature of rubber dam provided
better resilience to rice crop under such scenario. The
stored water in rubber dam could irrigate 13 ha of rice
fields during critical stages at Chandeswar-I and around
15 ha at Chandeswar-II. The pod yield of green gram
during rabi season of 2013 under rubber dam command
areain Chandeswar was found to be significantly superior
(35% increase on pod yield) to that of pre-installation
period due to long duration of residual soil moisture. The
rice-green gram cropping system under assured
irrigation supply from rubber dam has the potential to
enhance net returns of the farmers from the ¥ 12,400
(from sole rice cropping in pre-installation period) to
%43,000ha’.

Table 3 Yield of vegetable crops during summer season in
rubber dam command area at Chandeswar

Crop Yield (t ha1) Yield
Pre- Post- increase
installation installation (%)
stage stage
Brinjal 4.80 6.19 29
Cowpea 5.20 6.35 22
Watermelon 9.40 12.60 34
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The farmers were trained on improved water
management practices and other crop management
practices along with participatoryirrigation management
in the field. The biometric observations of rice and other
vegetable have been recorded at regular intervals for
assessing the impact of rubber dam on growth and
productivity. World Bank team members visited the
rubber dam installation sites on various occasion and
interacted with farmers and filled questionnaires
collecting information regarding impact of rubber dams
on livelihood etc. The documents related to
commercialization of technology for manufacturing of
rubber composite was developed. Expression of interest
and technical specification document was developed. This
technology commercialization was included in the Agri-
Business conclave held at NAIP, ICAR during 18-19 July
2013. The Memorandum of Understanding (MoU) among
partners was signed on 17 February 2014 for
commerecialization of technology and for management of
Intellectual Property Right (IPR) during post-NAIP
period. The national bidding was done for
Commercialization of “ICAR Flexi-Check dam” technology
and bids were received and open in the bid opening
meeting at CIRCOT, Mumbai on 28-03-2014. The pre-bid
meeting was successfully done on 24" March 2014.

Project Title : Performance Evaluation of Drip

Irrigated Mango under Deficit

Irrigation
Project Code : DWM/11/151
Funding Agency : Institute

ProjectPersonnel : S. Mohanty, P. Panigrahi,
M. Raychaudhuriand AshwaniKumar

The experiment on performance evaluation of drip
irrigated mango trees under deficit irrigation was
continued at the DWM research farm, Mendhasal,
Bhubaneswar during the period April 2013 to March
2014. The treatments of the experiment were, (1) Full
irrigation @ 100% Etc (FI), (2) RDI @ 80% ETc, (3) RDI @
60% ETc, (4) RDI @ 40% ETc, (5) PRD @ 80% ETc, (6) PRD
@ 60% ETc, and (7) PRD @ 40% ETc and (8) control, i.e.
rainfed. Water was applied during the months of April
and May excepting the periods when some rainfall
occurred. After the end of monsoon season, irrigation was
started from 15" December and continued thereafter. The
irrigation was withheld from mid-January to mid-
February to impose water stress on the trees, which is a
pre-requisite for better flowering. The monthly irrigation
applied under various treatments varied from 9 mm to 75
mm, with maximum amount in April and minimum in



February. The hydraulic performance of the drip system was
studied from time to time and found satisfactory with emitter
flow rate variation (Q,) of 10%, co-efficient of variation
(CV) 0f 9% and distribution uniformity (DU) 0f92%.

Soil water variation

The mean monthly soil water content (SWC) observed at
30 cminterval within top 90 cm soil during April-June and
November-March showed significantly higher SWC at
full irrigation (FI, 100% ET,) compared to other
treatments. The SWC in top 30 cm soil was significantly
higher than that in 30-60 cm and 60-90 cm soil depths.
However, the soil water depletion at 60-90 cm soil depth
was lower than that in 0-30 cm and 30-60 cm soil depths.
The SWC consistently decreased from April to June and
November to March in all the treatments more so under
rainfed treatments. The SWC increased during November,
due to residual soil moisture of the rainfall during July to
October. The mean soil water fluctuation between two
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consecutive measurements during irrigation season
under FI was observed higher than that under other
treatments, suggesting highest evapotranspiration rate of
the plantsunder FI.

Vegetative growth

Plant growth parameters (plant height, collar diameter
and canopy volume) were measured halfyearly (January-
June and July-December) and showed increase in all the
parameters. The maximum increase was noticed with
fully-irrigated trees in both the periods (Table 4). The
vegetative growths were higher in RDI treatments in
comparison to corresponding PRD treatments. The
growth parameters showed a decreasing trend with
decrease in irrigation regimes under both RDI and PRD
treatments. The magnitudes of the increase in plant
growth were higher during July-December than that
during January-June, due to adequate soil moisture
through rainfall.

Table 4 Incremental vegetative growth parameters of mango trees under RDI and PRD treatments

Treatment January-June July-December
Plant . Collar Canopy Plant Collar Canopy
height (m) diameter (mm) volume (m 3) height diameter volume
(m) (mm) (m3)
100% ET, 0.34 14.8 9.82 0.49 21.2 9.71
80% RDI 0.29 11.6 8.09 0.44 20.5 8.74
60% RDI 0.27 9.7 7.83 0.38 16.3 8.22
40% RDI 0.21 8.1 5.66 0.36 12.2 7.43
80% PRD 0.25 10.5 7.23 0.41 16.5 8.06
60% PRD 0.24 9.2 6.55 0.36 14.4 7.54
40% PRD 0.20 7.7 4.37 0.33 11.7 6.42
Control 0.18 7.4 2.87 0.38 10.2 6.11
CDO0.05 0.01 NS 0.51 NS NS NS

Fruityield and quality

The yield parameters (fruit number, fruit weight and fruit
yield), water use efficiency and fruit quality parameters
(pulp content, TSS and acidity) in different treatments
(Table 5) showed that higher number of fruits under FI
treatments followed by RDI treatments at 80% Etc.
However, the fruit weight was lesser in FI compared to
that in 80% RDI, 60% RDI, 80% PRD and 60% PRD
treatments. In PRD treatments, even though fruit
numbers were lower, overall yield was better due to more
fruit weight. Yield was highest in 80% PRD followed by

full irrigation treatment. However, yield in the 60% PRD
was statistically at par with full irrigation and 80% PRD
treatment. There was 40% water saving and 84%
improvement in water use efficiency in 60% PRD
treatment in comparison to full irrigation treatment. The
table shows that fruit quality is better in PRD treatments
in comparison to full irrigation treatment and RDI
treatments. The TSS values were highest and acidity
values were lowest in 60% PRD treatment. However, in
40% PRD treatment, fruit quality was significantly
inferior due to excess water stress.

DWM ANNUAL REPORT 2013-14 | 17



.

Table 5 Incremental vegetative growth parameters of mango trees under RDI and PRD treatments
Treatment Yield parameters Water WUE Quality parameters
Fruit Fruit Fruit yield applied (kg m-3) Pulp TSS Acidity
number weight(g) (kgtreel) (m3tree1t) (%) (°Brix) (%)

100% ETc 111 209.09 23.2 5.881 3.94 66.72 18.8 0.52
80% RDI 104 211.80 22.0 4.339 5.07 69.39 21.0 0.49
60% RDI 86 233.18 20.0 3.176 6.30 68.73 22.7 0.44
40% RDI 65 190.25 12.4 1.918 6.46 61.86 17.2 0.64
80% PRD 96 247.44 23.8 4.256 5.59 69.66 22.7 0.47
60% PRD 81 279.61 22.6 3.112 7.26 70.03 24.4 0.42
40% PRD 67 196.02 13.1 1.852 7.07 67.40 19.1 0.59
Control 61 167.45 10.2 -- - 62.20 15.0 0.61
€D0.05 2.6 9.66 1.64 - - 8.62 1.66 0.008

Project Title : Development of Water and Energy
Efficient integrated Farming System

model for the Rainfed Farmers

Project Code : DWM/09/143
Funding Agency : Institute
Project Personnel : S.K.Rautaray, A. Mishra,

R.K. Mohanty and M.S. Behera

On-Station Integrated Farming System Unit at DWM Farm,
Deras

(a) Economics

The farming system unit consisted of 3408.44 m* with net
return of ¥ 188341 ha’. Out of the seven components,
pond with the bund resulted in highest net returns of
% 363750 ha’ and was distinctly superior to other
components involving crops alone. Among the crop
components, highest net returns were accrued from
pigeon pea grown on field bunds. This component was
followed by bottle gourd (¥ 47852 ha™) and water melon

(X 38728 ha'). Net return ha' increased to ¥ 188341
under Integrated Farming System as compared to
traditional rice-fallow sequence (3 27982).

(b) Employment generation

Atotal of 173.6 man-days were generated from Integrated
Farming System Unit. This is equivalent to 509.3 man-
days ha™ area. Kharif paddy grown alone generated 157.7
man-days ha’. Thus, adoption of Integrated Farming
System generated 223% more employment as compared
torice-fallow sequence.

(c) Water productivity

Among the irrigated crops, bottle gourd showed highest
net water productivity of ¥ 11.4 m” followed by water
melon, okra and dry season field crops (Table 6).
However, when integrated farming system as a unit is
considered, the net water productivity was very high
(% 53.7 m”®). This was due to multiple use of water for
various agro-enterprises, and due to crop production
using rain water during kharifseason.

Table 6 Returns from components and employment generation under energy efficient
Integrated Farming System (area 3408.44 m’)

Component Area Employment Water Net water Gross Return Net Return Net
(m?2) in the unit use productivity from the unit from the unit Return
(man-days) (mm) (X m3) (%) (That)
Pond with bund 1456 94.36 305 - 113755 52962 363750
Rice 1879 29.6 0 = 10018 5258 27982
Field bund pigeon pea 73.44 0.9 0 - 510 406 55303
Okra 615 22.3 517 5.8 5658 1832 29790
Bottle gourd 200 5.3 420 11.4 2008 957 47852
Watermelon 200 5% 420 9.2 1914 775 38728
Dry season crops 864 15.9 504 4.6 4569 2005 23205
Total 3408.44 173.56 2170 53.7 138432 64195 188341

(d) Energy

The farming system had a net negative energy of -
55.74GJ.ha”. This was due to the component of
aquaculture in pond with the poultry in bund which
resulted in net negative energy of -86.64 GJ ha™. All the
crop components had positive net energy. Among the crop
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components, highest net energy was recorded in rice under
INM followed by pigeon pea grown on field bunds. In
contrast to income and employment generation, energy
generation was negative under Integrated Farming
System as compared to rice-fallow sequence (Table 7).
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Table 7 Energy input output (GJha™) from components under energy efficient
Integrated Farming System (Area 3408.44 m’)

Component Area (m?) Energy input Energy output Net energy Net energy, GJ
from the unit from the unit from the unit ha
Pond with bund 1456 108.09 21.45 -86.64 -595.0
Rice 1879 1.44 27.26 25.82 137.4
Field bund 73.44 0.02 0.72 0.70 95.1
Okra 615 1.18 2.44 1.26 20.54
Bottle gourd 200 0.31 0.88 0.57 28.42
Watermelon 200 0.32 0.56 0.24 11.86
Dry season crops 864 0.84 3.147 2.307 26.68
Total 3408.44 112.2 56.46 -55.74 -275.0
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Components of water and energy efficient farming, Pond based unit farming System in a
System at DWM Farm Deras. waterlogged site at Benakera, Satyabadi, Puri, Odisha

On-farm survey on integrated farming system in from coastal water logged areas of Puri, Bhadrak,
Odisha Kendrapada and Cuttack districts, 16 from rainfed

plateau areas of Dhenkanal, and Cuttack districts and 17
Field survey was conducted in 51 farmers' field during  from irrigated areas in Balasore, Bhadrakh, Sambalpur,
2012-13 (Table 8). Out of 51 farmers; 18 farmers were  Khorda, Puri,and Kendrapada districts.

Table 8 Distribution of farming systems surveyed based on ecology and category of land holding

Ecology Districts No. .of Category of holding distribution
farming Marginal Small Semi- Medium
systems Medium

(<1ha)  (1-2ha)  (2-4ha) (4-10 ha)

Coastal water Puri, Kendrapada,

logged areas Bhadrak, and Cuttack 18 > 7 2 4
Irrigated areas Dhenkanal, Sambalpur 17 7 8 1 1
and Cuttack
Rainfed plateau = Balasore, Bhadrakh, 16 4 5 3 4
areas Sambalpur, Khorda, Puri,
and Kendrapada
Total 51 16 20 6 9

Returns from Farming system components pond size was highest under waterlogged ecology

followed by irrigated ecology (2345 m®) and lowest under
rainfed ecology (1079 m®). Within coastal water logged
Pond size in coastal water logged areas ranged between  ecology, marginal farmers had lowest pond size of 701.6
120 m’ to 24000 m* with average of 3187 m’". Average  m’ Itincreased to 2042.9 m’ for small farmers and further

a) Pond area
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increased to 7140 m’ for Semi-medium category and
declined to 5500 m’ under medium category. Similar
trend was observed for irrigated ecology. Under rainfed
ecology, there was increase in pond size with increase in
land holding category. Net returns from 1 ha pond area
was highest under coastal water logged ecology
(X 1,81,085) followed by irrigated ecology (X 1,20,712)
and lowestamount of ¥ 84,566 under rainfed ecology.

b) Bundandupland area

Mean area of bund and upland was highest under rainfed
ecology (2713 m®) followed by waterlogged (1857 m?)
and lowest under irrigated ecology (1279 m®). Mean area
under bund and upland was lowest for marginal farmers
(784.3 m’) followed by 1537.6 m’ for small farmers and
highest of 3590.1 m’ for semi-medium farmers. Net
returns from 1 ha bund and upland area was highest
under irrigated ecology (% 2,27,832) followed by coastal
water logged ecology (% 1,63,409) and lowest amount of
%1,08,801 under rainfed ecology.

c) Pond, bund and upland area

Net returns from 1 ha pond, bund and upland area was
highest under coastal water logged ecology (X 1,71,912)
followed by irrigated ecology (X 1,46,311) and lowest
amountof ¥1,01,319 under rainfed ecology.

d) Rice

Area under rice was highest under rainfed ecology (19.17
ha) followed by coastal water logged ecology (14.04 ha)
and lowest under irrigated ecology (10.63 ha). Net
returns from 1 ha rice area was highest under irrigated
ecology (¥ 21,030) followed by rainfed ecology
(X 17,823) and lowest amount of ¥ 14,397 under coastal
waterlogged ecology.

e) Farming system vis-a-vis rice fallow

Net returns from kharif rice - fallow sequence was
¥ 17,750 ha' (Mean of 51 farmers). This income was
increased to ¥ 50680 ha" by land modification for pond
based farming system. Net returns was highest under
irrigated ecosystem (X 62,584 ha') followed by
waterlogged ecology (X 55,832 ha"') and lowest under
rainfed ecology (% 33,624 ha™). Among the 4 categories of
land holdings, Net returns under Farming system was
345,895 ha' for marginal famers. It increased to
¥ 53,989 ha' for small farmers and further increased to
% 58,667 ha' for semi-medium farmers. Lowest returns of
¥ 37,021 ha" was recorded with medium farmers with
higherland holding (4-10 ha).
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Project Title : Conservation Agricultural Practices
in Rice Based Cropping System for
Increasing Water and Nutrient
Availability in a Rainfed Agro-
ecosystem for Eastern India

: DWM/10/147

: Institute

Project Code

Funding Agency

Project Personnel : P.K.Panda, A.Mishra and
S. K. Rautaray

The field trial was conducted in research farm of the
institute at Mendhasal in split plot design with three
replications. Four tillage practices viz. No-till (NT),
Minimum tillage (MT), Conventional tillage with maize
sownin flat bed (CT,) and Conventional tillage with maize
sown in raised bed (CT,) were assigned to main plot
treatments. Three nutrient managements such as100%
recommended dose of NPK(F1), 50% recommended dose
of NPK+50% N equivalent through FYM(F2) and 50%
recommended dose of NPK+ 50 % N equivalent through
green leaf manuring (GLM)- F3were allotted to sub plots.
Kharifrice was grown with 60, 35 and 35 Kg of N, P,0, and
K,O per hectare, respectively, and rabi maize crop with
120KgN, 60 KgP,0,and 40 KgK,O per hectare.

Among various tillage treatments, conventional tillage-
CT2 registered higher rice yield (4.4 tha™) over Minimum
tillage (3.24 tha™) and no till system (2.84 tha", Table 9).
Both the conventional tillage i.e CT, and CT, were at par.
Among nutrient management options, 100 % NPK
registered significantly higher grain yield (4.2 tha™) over
F,while at par with F,. Both F, and F, were at par with each
other. During rabi season, conventional tillage with maize
sown in raised bed (CT,), recorded significantly higher
grain yield (4.72 t ha™) compared to CT,, MT and NT. CT,
and MT were at par with respect to grain yield of maize.
CT, proved its superiority over NT. Among nutrient
management options, F1 registered significantly higher
grain yield (4.46 t ha™) over F2 and F3. Both F2 and F3
were at par with each other. With reference to soil organic
carbon, NT registered significantly higher values over CT,
and CT, and found to be at par with MT. Among nutrient
management options, F2 registered significantly higher
soil organic carbon compared to F1 and at par with F2. NT
registered numerically higher content of available soil
moisture after harvest of rice compared to CT and MT
treatments (Fig. 3). Both F2 and F3 registered higher
values of available soil moisture over F1.
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Table 9 Rice and maize yield, organic carbon content and available soil moisture on volume basis (%)
under conservational agriculture set up

Treatments Rice yield Maize yield Organic carbon Available soil
(tha?) (tha?l) (%) moisture v/v (%)
Main plots(M)
NT-. No-till 2.84 3.20 0.55 15.94
MT- Minimum tillage 3.24 3.60 0.52 15.68
CT,- Conventional tillage, maize sown in flat bed 4.20 3.86 0.48 15.28
CT,- Conventional tillage maize sown in raised bed 4.40 4.72 0.47 15.16
CD(5%) 0.54 0.46 0.05 0.80
Sub plots(S)
F1-100% NPK 4.2 4.46 0.45 15.81
F2-50%NPK+50% N through FYM 3.8 3.92 0.61 17.23
F3-50 %NPK+ 50 % N through 3.6 3.80 0.60 16.74
green leaf manuring(GLM) CD(5%) 0.42 0.42 0.12 1.02
Interaction(MXS) NS NS NS NS

Minimum tillage, 50 % NPK+ 50 % N as FYM

Project Title : Water Budgeting in High-value
Shrimp Monoculture and Carp
Poly culture under Varying
Intensification Levels

Project Code : DWM/11/155

Funding Agency : Institute

Project Personnel : Rajeeb K. Mohanty, A. Kumar,
D.K. PandaandD. U. Patil

An attempt is being made by DWM since 2012 to quantify
the consumptive water use (CWU), total water use (TWU)
tillage, No 50 % NPK+ 50 % N as GLM or total crop water requirement and water productivity in
18 commercially important carp polyculture, and shrimp
monoculture of Penaeus monodon under varying intensity
levels. The main objectives of this study are (1) To study
16 the effect of different stocking densities on the
consumptive and total water requirement of Indian major
carps in poly culture and black tiger shrimp P. monodon in
14 5 monoculture system, (2) To study the impact of varying
& & R\ . s . . .
$ & & & QQ»\? o)s\* @e\? intensification levels on water quality, sediment load,
water productivity, growth and production performance
of Indian major carps and P. monodon and (3) To develop

Fig. 3 Available soil moisture (%) on volume basis under protocols for best water management practices (BWMPs)
different treatments of tillage and nutrient management for differentlevels of intensification.
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Fig. 4 Treatment-wise TWU, CWU and CWUI in carp
polyculture under varying intensity levels
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Fig. 5 Treatment-wise TWU, CWU and CWUI in black tiger
P. monodon culture under varying intensity levels
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Fig. 6 Production performance of IMCs and P. monodon
under varying intensity levels

Total water requirement and consumptive water use in
carp polyculture and shrimp monoculture were
quantified. Under different stocking density for carp
polyculture, treatment-wise estimated total water use
(TWU) was 3.61, 3.82 and 4.24 ha-m, while the computed
consumptive water use index, CWUI (m3 kg biomass)
was 6.28, 5,51 and 5.79, in T, (6000 fingerlings ha™), T,
(8000 fingerlings ha) and T, (10000 fingerlings ha"),
respectively (Fig. 4). Similarly, under different stocking
density, treatment-wise estimated TWU was 2.88, 3.14
and 3.49 ha-m, while the computed CWUI was 5.02, 4.62
and 4.86in T, (150000 PLha™), T, (200000 PLha") and T,
(250000 PL ha), respectively in monoculture of P
monodon (Fig. 5). As density increased, TWU and CWU
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increased due to increased necessity of water
replenishment. Density-dependent growth and yield
performance takes place at higher intensity levels (Fig. 6),
probably due to mutual competition for food & space that
cause physiological stress, resulting in slow growth, size
heterogeneity & weight distribution of fish/shrimp,
which ultimately affects the water productivity (Fig. 7).
Higher intensity level although substantially increase the
harvestable biomass, also significantly affects production
cost due to increase in the demand for more external
inputs (feed, power, mechanical aeration, water, pumping
cost, labor). Therefore, the desirable density that gives
significantly higher yield, economic benefit (OV:CC) and
NCWP was 8000 SD ha* and 200000 PL ha in case of carp
polyculture and P monodon monoculture, respectively.

35 | ENTWP
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Fig. 7 Treatment-wise net total water productivity and net
consumptive water productivity in carp polyculture and
black tiger P. monodon culture under varying intensity levels

: Sustainable Rural Livelihood and
Food Security to Rainfed Farmers of
Odisha

: NAIP, ICAR, New Delhi

Project Personnel : S. Mohanty, K. G. Mandal,
R. K. Mohanty and Ashwani Kumar

Project Title

Funding Agency

The study on livelihood of the rainfed farmers due to
technological interventions was carried out in six study
villages, i.e. Khallibandha, Nuagaon, Mandapala,
Talagotha, Khamara and Kotapala villages in Dhenkanal
Sadar block and Gunadei, Belpada, Kaunriapala, Mahadia,
Pasa Singh and Podapada villages in Odapada block of
Dhenkanal district. Multiple use of water in agriculture,
on-dyke horticulture, vegetable cultivation, poultry,
duckery, mushroom and fish culture was taken up in ten
water harvesting structures under integrated farming
system models. The pond area was used for fish culture
and the bund area was used for on-dyke horticulture,
whereas the upland area was used for vegetable
cultivation. Some of the farmers had poultry, dairy and
mushroom cultivation in the uplands. Banana, papaya,
drum stick and arhar were mostly planted on the



embankments around the pond as on-dyke horticulture.
Vegetables like potato, brinjal, ladies finger, tomato,
cabbage, cauliflower, cucumber, ridge gourd, cowpea,
onion and chili were cultivated on uplands. The water in
the water harvesting structures was utilized for
supplementary irrigation to paddy crop in kharif season,
irrigation of vegetables in post-monsoon season, fish
culture and duckery:.

View of IFS model inside

A fish fingerling production unit was developed in one of
the integrated farming system model. A drip irrigation
system was also installed in the integrated farming
system model. The drip system was used for irrigating the
vegetables as well as the papaya and banana plants on the
embankment. The vegetables like tomato, ladies finger,
brinjal, cabbage and cauliflower were irrigated by drip
irrigation system.

On-dyke horticulture

Duckery in pond
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Farmer groups were formed to carry out vegetable
cultivation by lift irrigation in the post-monsoon season.
Pumps were provided to the farmers for lifting irrigation
water. Three farmer groups in the Khallibandha and
Nuagaon villages were formed for water melon
cultivation by river lift irrigation. In total 40 farmers were
involved in three groups and 45 ha was put under
cultivation. The water melon farmers were also
encouraged for adopting drip irrigation. Facilitation was
done so that farmers can avail subsidy on drip irrigation
through the schemes of Department of Horticulture. An
area of 4.5 acre of water melon was put under drip
irrigation. The water melon production has increased
significantly during the 5 year project period and now itis
being exported to different states like West Bengal,
Assam, Jharkhand and Chhattisgarh.

The economic analysis of the ten integrated farming
system models indicated that the per hectare net income
from pond area, bund area, upland area and paddy area
varied in the range of ¥ 70,343/- to ¥ 1,42,025/-,
X 74,074/- to % 3,19,444/- ¥ 41,333/-

% 6,10,417/-, and T 15,862/- to ¥ 25,375/- respectively.
The net income/ ha was the lowest under paddy
cultivation and was the highest in uplands especially
where poultry was taken up as one of the components.
The netincome per ha from the bund area was higher than
the pond area especially where intensive cultivation was
done in the bund area. In one successful integrated
farming system model, the net income per ha from the
whole system without considering the fixed cost of the
system was< 3,36,089/-. Considering the fixed cost of the
system, the netincome perhawas¥ 2,50,624/-.

The impact analysis of the technological interventions of
the 10 farmers was done by doing a questionnaire survey
and analyzing the data. The overall standard of living of
farmers was compared based on their physical assets,
social assets, financial assets, human assets and natural
assets before and after adoption of technological
interventions. Fig. 8 shows the average level of different
types of assets of the 10 farmers before and after the
technological interventions. Maximum improvement
occurred in natural assets which were increased by 70%
followed by physical assets with 24%. Social, human and
financial assets gains were found in the range of 17-21%.
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Fig. 8 Average level of different types of assets
measuring livelihood of farmers

The change in overall standard of living of the 10 farmers
is presented in Fig. 9. It is inferred from the figure that
living standard of all farmers except two was below
average level (score < 15) prior to adoption of
technological packages. However, with the change of
farming situation, adoption of technologies helped in
bringing the living standard of all but one farm family at
above average level (score >15). Standard of living of the
farmers, who were engaged in more multiple use
activities in the IFS model improved relatively better.
Mean value of overall standard of living of all the 10
farmers derived through addition of the mean values of
five assets, indicated that this has been increased from
13.47 t0 18.01 (minimum and maximum possible value is
5and 25, respectively).

25 - mm Before adoption
mm After adoption

Incremental increase
20 -
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5
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IFS site

Overall level of living standards

Fig. 9 Overall standards of living of selected farmers
before and after adoption

A documentary film on “On-farm Water Management &
Multi-Interprise System”. A success story based on
success story of NAIP Livelihood project was also
prepared.



CANAL WATER
MANAGEMEN:

« Development of Decision Support System (DSS) for Irrigation Water Management in
Hirakud Canal Command Area

« National Initiative for Climate Resilient Agriculture

« Improving Water Productivity under Canal Irrigation Command through Conservation
of Surface and Ground Water using Tanks and Wells

« System of Rice Intensification (SRI): Studies on Water Management, Micronutrient
Uptake and Crop Rotation

+«+ Evaluating Deficit Irrigation under Drip System for Rice-based Cropping Sequence in
Canal Command Area
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: Development of Decision Support
System (DSS) for Irrigation Water
Management in Hirakud Canal
Command Area

: ISRO, NRSA, Hyderabad

Project Personnel : R.K.Panda, S. Mohanty and
P.S.Brahmanand

Project Title

Funding Agency

A multi layered geo-spatial data base comprising of in-
season satellite data; field water budget components
study, canal hydraulic parameters like conveyance
efficiency and field application efficiency were replicated
during the period in the study area located in canal
command area of Bargarh distributary under Hirakud
canal command area for computation of crop /irrigation
water requirements. In-season crop information using
multi-date Resource Sat -1 and 2 (Sensors LISS IV, LISS III
and AwiFS) during 1993-2013 with 7 cloud free satellite
data were used for deriving paddy transplantation and its
progress. There has been increasing trend in paddy
coverage area between 58-80 % (Total CCA =159076 ha).
However, non paddy area coverage remained within 4.1-
5.3 % (Fig. 10 and Fig. 11). Field scale water budget study
during 2011-12 and 2012-13 in paddy fields located in
upper, middle and lower reaches revealed that field
evaporation, transpiration and deep percolation rates
varied between 1.15 - 2.15, 3.0 - 4.55 and 1.0 - 2.35 mm
day ' respectively.

Fig. 10 Satellite data of 2012-13
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Fig. 11 Temporal crop coverage area

Canal hydraulics

Canal hydraulics like conveyance loss in lined and unlined
canal sections and irrigation application efficiency in the
commands of minor outlets were measured using pigmy
type current meter and there was 84.8 % less conveyance
loss in lined canal compared to unlined channels (Table
10). The irrigation application efficiency was between
23.95 -53.07% at five outlets in Malipali minor with CCA
ranging between 25.6-79.4 ha, and ET,, varied between
3.6-6.5mmday " (Table 11).

Table 10 Canal Hydraulics

Q3in' -1 Qs?ut' -1 3 95.= Qin'Qout.
m/s m’/s° m/s” in1mlength

Lined canal
Bargarh 9.13 9.115 0.00015
Nuagarh 487 483 0.0004
Unlined canal
Andhratikra 1.89 1.595 0.00295
Sanharatikra 1.775 1.665 0.0011
Kubedega 0.84 0.70 0.0014
Negitikra 0.775 0.595 0.0018

Table 11 Irrigation application efficiency

Outlet Q(m’/s") ccA(ha) Irr. appl. eff. (%)
0, 0.0089 43.2 36.14
0, 0.0042 25.7 28.71
0, 0.007 40.1 30.67
0,. 0.024 79.4 53.07
0, 0.01 39.8 44.09

Leaf AreaIndex (LAl) of MTU 1001 paddy variety

The leaf area index of paddy crop increased from 1.28 at
21 days after transplanting (DAT) to 5.63 at 77 DAT after
which it declined in head region. The similar trend was
noticed in mid and tail regions where the highestleafarea
index values of 5.32 and 5.05 respectively were observed
at 77 DAT. Irrespective of the time period, the leaf area
index of rice was found to be significantly superior athead
region compared to mid and tail regions.



Assessment of water availability

Assessment of water availability at regional level in
Bargarh distributary system having CCA of 12166 ha with
total discharge of 9.393 cumec was made and
interventions were developed for matching water supply
with agricultural production system.

|
i

D.W. M

Methodology

The canal release was continuous for the cropping period
(approximately 100 days) except the closure for minor
maintenance for 3 days. The water availability at each minor/
sub-minors were calculated from their discharge rate. The
crops grown in the command area were divided into 3 groups
viz.heavy, medium and low water requiring crops (Table 12).

Table 12 Details of crop parameters used in the analysis

Crop Type Crops Water Requirement* Net Return (% ha'l)
(cm)
Heavy Paddy, Sugarcane etc. 100 22500
Medium G. Nut, Wheat, Vegetables etc. 50 25000
Low Black gram, Green gram, Pea,
Mustard etc. 30 15000

*The total water requirement for the entire cropping period

Deficit surplus analysis

The total crop water requirement for the command of
each outlet (DO / minor / sub-minor) is calculated using
the following expression:

WR, = A, x D, + A}, xD,, + A\ x D,

where, WRi is the total water requirement for the
command area of outlet 'i' (ha-cm), A, A, and A', are the
area under heavy, medium and low duty crops in the
command area of outlet 'i', respectively (ha), and D,, D,,
and D, are the total depth of water required for the heavy,
medium and low duty crops, respectively (cm).

The water available for each outlet is calculated
considering the discharge and the duration of canal
opening. The following formula was used.

WA, =q x36 x 24 x N

where, WA, is the total water available at outlet 'i' (ha-cm),
qiisthe discharge of outlet'i' (cumec) and N is the number
of operation of the canal.

The water available at each outlet is compared with its crop
water requirement in the same command area and deficit
surplus analysisis carried out. If WR,> WA, then the outlet s
operating under deficit condition, if WR; < WA, then the
outlet is operating under surplus condition and if WR, =
WA then the outletis operating under optimal condition.

Optimal allocation of crops

If an outlet is not operating under optimal condition,
proper crop planning is required for the outlet. For
optimal crop planning in the command area of the outlet,

four frequently observed scenarios are considered. The
scenarios and their methodology are presented below.

Scenario-|

Under this scenario, the main objective is to minimize the
surplus water available at the outlet with the constraint
that the total area under all the type of crops should be
less than or equal to the designed curlturable command
area of the outlet. Mathematically itis expressed as:

Objective: Min: Z, = WR,- WA,
Constraints: A, +A,+A <CCA
ALA LA, =0

where, Z, is the objective function, WR, and WA, are the
water requirement in the command area and water
available at the outlet 'i' respectively; A',, A\, and A’ are the
area under heavy, medium and low duty crops in the
command area of outlet 'i' respectively; and CCA'is the
designed curlturable command area of the outlet 'i'.

Scenario-II

Under this scenario, the main objective is to utilize the
maximum area for cultivation with the constraint of water
availability for each outlet. Mathematically it is expressed
as:

Objective: Max:Z =A', +A\, +A
Constraints: A xD+A,xD,+A, xD, <WA,
A, +A,+A <CCA
ALA LA, =0

where, D,, D,, and D, are the total depth of water required
for the heavy, medium and low duty crops respectively
(cm); and the other terms are same as defined above.
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However, it is assumed that the total cropped area Z, may
not exceed the culturable area available under the outlet
'i' i.e, CCA. Hence, the objective effectively becomes
another constraint.

Scenario-Ill

Under this scenario, the main objective is to utilize the
maximum area for cultivation with the constraints (1)
water availability for each outlet should meet the demand,
and (2) atleast 1/3™ of the cropped area should be paddy
(heavy duty crop) as per choice of the people.
Mathematically itis expressed as:

Objective: Max:Z, =A', + A, +A|
Constraints: A, xD,+A, xD,+A xD, <WA,
A, >CCA' /3
AL+ A"+ A <CCA'

ALA LA =0

where, the terms are same as defined above.

Similar to the Scenario II, it is assumed that the total
cropped area Z, may not exceed the culturable area
available under the outlet'i' i.e.,, CCA'. Hence, the objective
effectively becomes another constraint.

Scenario—-1V

Under this scenario, the main objective is to maximize the
net agricultural return from the command area of each
outlet. The constraints here are, (1) water availability for
each outlet should meetthe demand, and (2) the total area
under cultivation should be less than or equal to the
available area. Mathematically itis expressed as:

Max: Z, = NR,x Ai, + NR,,x A\, + NR x A,
A\, xD,+A\, xD,+A' xD, < WA,

A, +A,+A =CCA

ALALAL =0

where, NR,, NR,, and NR, are the net return per hectare
from heavy, medium and light duty crops respectively, and

the other terms are same as defined above. All the
scenarios were analyzed using Excel Solver.

Objective:
Constraints:

Deficit surplus analysis

The analysis of data was carried by the above mentioned
methodology. Deficit status (71569 ha-cm) was observed
for all the minors/ sub-minors of the distributary system
at the head reach. Water was surplus (12125 ha-cm) at
most of the minors located in the middle reach; whereas,
mixed status was observed for the outlets in the tail reach.
However water deficit condition (32392 ha-cm) prevailed
inthe distributary system perhaps due to deficit condition
ofthe outlets atthe head reach.
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Scenario-1

To maintain the optimum water use (with no surplus or
deficit), about 66.5% of the total command area should be
irrigated. However, there would be surplus water in the
command area of Dekulba Minor even if the entire CCA
cultivate heavy duty crops. This suggested that more
water could be diverted to the Dekulba Sub-Minor or
discharge in the Dekulba Minor could be reduced and the
surplus water could flow to the Jamdol Minor to increase
the cultivated area under the later. Under this scenario
only 10026.75 ha of the total command area of 12166 ha
would receive irrigation in rabi season with average rate
of net return of ¥ 17,943/- per hectare of the irrigated
area.

Scenario-II

Under his scenario results suggested that 100% of
command area of the distributary can be irrigated, if the
designed cropping pattern is followed. This would ensure
more employment of agricultural labourers than the
other scenarios. However, similar to the first scenario, the
use of irrigation water is not optimal for the Dekulba
Minor. Even though the total command area could be
irrigated under this scenario, average rate of net return
per hectare of the irrigated area would reduce (X 16,426)
compared to the previous scenario.

Scenario-lll

It was observed that this scenario would give more net
return than that of the first scenario, with provision of
irrigation for 99.7% of the CCA. However, because of the
constraint of 1/3" area under heavy duty crops, the
average rate of net return per hectare of the irrigated area
under this scenario would be less (X 16,365/-) than that
ofthe second scenario.

Scenario-1V

The cropping patten under this scenario would give the
maximum net agricultural return from the command area
of the distributary with 100% land utilization and
without any water deficit in any of the outlets. However,
since no area is allocated for low duty crops like pulses
and oilseeds, this scenario might notbe practicable.

Therefore 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 - 111 could be adopted.
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Monitoring ecosystem CO, emissions and
sequestration, gross primary productivity,
ecosystem respiration, net ecosystem exchange
and energy balances over multiple cropping
systems

Carbon dioxide (CO,) exchange between the terrestrial
ecosystems and the atmosphere is one of the major
processes affecting atmospheric CO, concentration. In
various ecosystems in the world long-term observations
of CO, exchange have been made for assessing the role of
terrestrial ecosystems in the present-day global CO,
budget and to predict its changes in the future climatic
scenario. The eddy covariance (EC) system can provide a
measure of net ecosystem exchange (NEE), which can be
partitioned into gross primary production (GPP) and
ecosystem respiration (RE) using mathematical model
and is useful for characterization of ecosystem carbon
budgets. In this study ecosystem CO, emissions and
sequestration, gross primary productivity, ecosystem
respiration, net ecosystem exchange and energy balances
were monitored using eddy covariance technique over
multiple cropping systems [okra (April-June)-rice (July-
November)-tomato (December-March)] at Deras
research farm of DWM, Bhubaneswar.

The daily variation of NEE showed maximum net
ecosystem exchange at 1130 hour and was highly
influenced by leaf area index (LAI). In okra crop the NEE
showed a negative value from secondary branching (32
DAS) to 10 days before last fruit picking (69 DAS) by more
uptake of CO, due to photosynthetic assimilation than
release of CO, through respiration from the canopy. The
NEE reached its peak at maximum leaf area index stage
(55 DAS) with the midday uptake (negative NEE, ie.
uptake of CO, due to photosynthetic assimilation) of -18.5
umol CO, m™ s™ and night-time release (positive NEE, i.e.
emission of CO, due to respiration in the absence of
photosynthesis) of +4.55 umol CO,m™s ™" (Fig. 12).

Rice crop showed a daytime uptake and night-time
release of CO, from the canopy. From the tillering stage
the paddy field became the net CO, sink and diurnal
variation of NEE became prominent. NEE reached its peak
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at boot leaf stage (76 DAS) with the midday uptake of
-22.9 umol CO, m™ s™' and night-time release of + 4.06
umol CO, m™s™ (Fig. 13). Maximum NEE and GPP by rice
crop was found between 11.30 and 12.30 h. The crop also
behaved asanet CO, emitter during the maturity period.
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Fig. 12 Diurnal variation of gross primary productivity
(GPP), respiration (RE), net ecosystem exchange (NEE), air
temperature (Ta) of Okra at maximum leaf area stage
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Fig. 13 Diurnal variation of gross primary productivity
(GPP), respiration (RE), net ecosystem exchange (NEE), air
temperature (Ta) of rice at boot leaf stage of rice

The seasonal and diurnal variation of surface energy
fluxes over okra and rice crop stand (maximum leaf area
stage in case of okra and boot leaf stage in case of rice)
were measured (Fig. 14 & 15). Maximum net radiation
(R,)), amount of energy available over the crop was
measured at 11.30-12.30 h. The latent heat flux (LE)
which is the most important component of energy
balance for irrigation management was largely
dependent on development of leaf area index (LAI) and
soil moisture content and showed peak when LAI was
maximum. The mid day latent heat flux rate (on clear
days) varied from 432 W m” in okra at maximum leaf area
stage to 465 Wm”inrice atbootleaf stage.
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Fig. 14 Diurnal variation of energy fluxes over okra crop at
maximum leaf area index stage
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Fig. 15 Diurnal variation of energy fluxes over boot leaf
stage in case of rice

Multiple use of created water resources for
higher water productivity

Pond based farming systems (crops, on-dyke horticulture,
fisheries) were developed in created water resources in
three canal commands in Kendrapara district to enhance
water productivity and to mitigate dry spells. Water
productivity of the area enhanced from ¥ 1.1-1.42 m”*
through sole rice to T 6.35-7.95 m” through pond based
farming. Due to assured available water cropping
intensity in the pond command area increased by 2 to 2.5
times with net return between ¥ 48,645 to ¥ 66,170 from
the pond based farming area.
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Estimation of recovery rate, characterization of command
area, cropping system under the dug well command areas
and improving water use efficiency and productivity
throughdripirrigation in vegetable crops.

A 1.5hp (horse power) pump with a discharge rate of 6 Ips
(liter per second) at 3600 rpm (revolution per minute)
with 12 m suction head was used for the pumping
purpose. Water level indicator was used to monitor the
drawdown in the dug well with the time. For the analysis
of pumping test data Neuman's straight line method was
used to determine the hydraulic parameters of an
unconfined aquifer by straight-line fits to early,
intermediate, and late time drawdown data. Drawdown
and time was plotted using semilog graph paper with time
in logarithmic scale (Fig. 16 & 17). From the late-segment
of the curve, the transmissivity and specific yield of the
aquifer (Table 13 & 14) was determined by using
following formulas

2.3 . .
= —Q, Where, T = transmissivity, Q =discharge
4mAs rate, As’ = difference in draw down,
2.25Tt,, S,=specificyield, r =radius of well.
Sy = 2
r
138 well-1_monsoon
1.6
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s 1 /
3
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Fig. 16 Drawdown with time of well 1 in monsoon
and rabi season
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well-2_monsoon Table 13 Transmissivity, specific yield and storativity of the
= aquifer of different wells of monsoon season
A
E | F Well  Transmissivity Specific Storativity
3 no (m 2 min 1) yield
g 7 1 54.74 1.275 0.08 1
1 2 22.81 0.673 0.085
o e 3 17.12 0.664 0.250
1 i dGnim 100 4 20.28 0.315 0.031
well-2__rabi
5
Table 14 Transmissivity, specific yield and storativity of the
A . . .
= . 4 aquifer in rabi
3 Well  Transmissivity Specific  Storativity
= 2 2. . q .
E no (m 4 min 1) yield
1 1 49.77 1.622 0.077
o ——"'/‘/ 2 27.37 0.977 0.087
1 tirneZning 100 3 13.69 0.637 0.200
4 22.81 0.567 0.020

Fig. 17 Drawdown with time of well 2 in monsoon and rabi

Table 15 Total water available (aquifer storage + well storage) in single pumping

Well Avg. Water available from aquifer Water available in the wellina  Total water available (aquifer
no  storativity storage single pumping (mR’h) storage + well storage)
(in a single pumping)
(S*I*2mRh)(m3)
Kharif Rabi Kharif (m3) Rabi Summer Summer Kharif Rabi  Summer
(m?) (m?) m) (@) (md
1 0.079 0.752  0.544 66.939 56.953 44962 0.339 67.690 57.497 45.301
2 0.086 0.833  0.614 67.541 58.008 49.954 0.456 68.374 58.623 50.410
3 0.225 0.515 0.012 32.838 5.002 19.641 0.184 33.353 5.014  19.825
4 0.0255 0.268  0.175 70.386 56.840 43.737 0.104 70.654 57.015 43.841

The total water available from the well and the aquifer ina  ofthevariousvegetable crop growninthe study site (Table 15).
single pumping with an average values of 59.98 m’, 44.52 m’  Analysis ofthe recovery testdatawas carried outto find out the
and 39.83 m’ in the three seasons, kharif, rabi and summer  recovery rate of the wells (Table 16) as well as the time to
respectively, were adequate satisfying the water requirement  regainits original position before pumping (Table 17).

Table 16 Recovery rate of the well water to its static water level

Discharge Static water Time of Recovery
WAl rate(lps) level(m) pumping(min) UGl rate(m hr1)
1 6 4.84 105 1.61 1.8
2 6 1.37 95 4.23 0.30
3 6 4.48 165 0.98 0.39
4 6 2.75 130 4.55 0.26
5 6 0.65 180 0.45 1.8
Table 17 Computed time of regaining static water level
well Recovery Wetted height (h=L -S)(m) Time for regaining static water level  (hrs)
no rate (m hr1) Kharif Rabi Summer Kharif Rabi Summer
1 1.80 7.11 6.05 4.77 3.9 3.4 2.7
2 0.30 7.17 6.16 5.30 23.9 20.5 17.7
3 0.39 3.49 0.53 2.09 8.9 1.4 5.3
4 0.26 7.47 6.03 4.64 28.7 23.2 17.9
5 1.80 6.78 5.73 3.92 3.8 3.2 2.2
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The average aquifer properties calculated using pumping
test data namely transmissivity, specific yield and
storativity of 114 m* min”, 0.077 and 0.096 respectively
showed that the aquifer may serve as a sustainable source
to meet the irrigation requirement of the study area. The
26-63% saving in water and 12-44% increase in yield was
also observed in different crops after installation of drip
irrigation system (Table 18).

Table 18 Saving in water and increase in yield
due to installation of drip irrigation system

Crop Saving in Increase in yield
water (%) (%)
Sunflower 52 -
Maize 53 12
Chilli 53 15
Cauliflower 63 27
Potato 39 38
Tomato 26 42
Cabbage 41 56
B. gourd 53 36.5
Brinjal 44 30
Banana 47 44

Development and evaluation of location specific
groundwater recharge structures in different
agro-ecological zones

Location specific groundwater recharge techniques
suitable for geo-hydrological conditions was developed
and tested for recharge rate and area of influence. Dry
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Stone Masonry Pond, Single Wall Masonry Structure,
Cement Masonry Structure were constructed at Kherad,
Som, Karget, Shisvi villages of Udaipur district, Rajasthan.
To assess groundwater recharge through rainwater
harvesting structures, daily monitoring of surface water
level was carried out through the installation of gauge in
the pond. The water table of the identified well situated in
the downstream side of the structures were measured on
daily basis. The overall storage capacity of water
harvesting structures constructed at Shishviand Masonry
Check Dam at Karget Karget were 4235 and 3985 m’,
respectively. The average recharge rates were 7.92 and
8.32 cmday at Shishvi and Karget, respectively.

The water harvesting cum groundwater recharge
structures were developed and evaluated at Dhari and
Kodinar farms of Junagarh Agricultural University,
Gujarat. The recharged water to aquifer from these ponds
storage (storage capacity 9604 m’) was 13415 m’. The
total harvested rainwater (runoff) during the monsson of
2012 was 13572 m’. The recharged groundwater from
the pond storage can be helpful for the life saving
irrigation of 5 cm depth to the cropsinthearea of 26.83 ha
in case of dry spell during the monsoon. If no dry spells
occur during monsoon, the recharged groundwater can
be helpful during winter season to irrigate additional area
of 3.35 ha of crop having 40 cm seasonal irrigation
requirements.

The total harvested water storage was 4478 m’ through
runoffinanother 4 ponds atJAU farm Dhariand out of that
4297 m’ was available for groundwater recharge. The
recharged groundwater due to pond storage can be
helpful for the life saving irrigation of 4 cm depth to the
cropsinthe area of 10.74 hain case of dry spell during the
monsoon. Otherwise, it can be utilized to cover additional
area of one hectare of winter crop having seasonal
irrigation water requirements of 40 cm. Construction of
another recharge structure of designed capacity of 31700
m’ is under progress at JAU farm, Mahuva which is located
in coastal belt of Gujarat.

ProjectTitle : Improving Water Productivity under
Canal Irrigation Command through
Conservation of Surface and Ground
Water using Tanks and Wells

Funding Agency : INCID, MOWR, New Delhi

Project Personnel : K.G. Mandal, S. Ghosh, R.K. Mohanty,
M. Raychaudhuriand Ashwani Kumar

The canal command and the study area

Kuanria Medium Irrigation Project (KIP; 20°21" N latitude
and 84°51' E longitude) at Daspalla block (571.57 km®
area) Nayagarh district of Odisha has reservoiris 124 km*
and cultivable command area 3780 ha. The right and left



distributaries are 18.2 and 16.5 km long.There are total of
32 sub-minors and 5 minors distributed over the entire
command area.

Pond-based integrated system under Khamarsahi
sub-minor

The rain/ runoff water storage tank was made in the field
of a beneficiary farmer, Sh. Sudarsan Das of village
Paikabaguarani under Khamarsahi sub-minor in the right
distributaries of KIP under WUA 8 jurisdiction. The
capacity and total command area of the constructed pond
were 1630 m’ and 2.43 ha including the pond area. Fish
(rohu, catlaand mrigala) was reared inthe pond. Primary
crop rice (varieties were 'Swarna’, 'Priya’ and 'CR-1018")
was grown during kharif season in the pond command
area. Paddy yield ranged from 3829 to 3952 kgha" under
the pond command, and 3162 to 3396 kg ha" in the non-
command. During rabi season, greengram, blackgram and
chickpea was grown with residual soil moisture. One
supplementary irrigation was given from the pond. In the
non-command area, greengram and blackgram was
grown with residual soil moisture only. The crop yield of
greengram, blackgram and chickpea was 453, 494 and
741 kg ha”, under the pond command, whereas yield of
greengram and blackgram, in the non-command area
were 371 and 395 kg ha respectively. The fish yield of
2.88tha" wasobtainedin 210 days.

Pond-based integrated system under
Madhyakhanda sub-minor

The rain/ runoff water storage tank was constructed in
the field of a beneficiary farmer, Sh. Banabihari Muduli of
village Dendabhuin under Madhyakhanda sub-minor in
the right distributaries of KIP under WUA 9. The capacity
and total command area of the constructed pond were
1630 m3 and 2.43 ha including the pond area. Fish (rohu,
catla and mrigala) rearing was done in the pond. Rice was
the primary crop during kharif season and varieties were

3 il e - = i, - i
Brinjal intercropped with maize in the tank and well
command in Madhyakhanda sub-minor
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'Swarna', 'Pooja’ and 'CR-1009". Paddy yield ranged from
3293 to 3890 kg ha” under the pond command and 2779
to 3520 kg ha” in the non-command area. During rabi
season, crop yield of green gram and pigeonpea was 401
and 371 kg ha”, under the pond command, whereas yield
of green gram in the non-command area was 371 kgha™ .
Theyield of fishwas 2.71 tha™ in 210 days.

Bitter gourd cultivation in the tank and open well
command in Madhyakhanda sub-minor

Pond-based integrated system under Lunisara
sub-minor

The rain/ runoff water storage tank was constructed in
the field, near the main roadside, of a beneficiary farmer,
Sh. Hadia Nayak of village Soroda under Lunisara sub-
minor in the right distributaries of KIP under WUA 10.
Fish (rohu, catlaand mrigala) was reared in the pond. Rice
was the primary crop during kharif season in the pond
command area. Paddy yield was 3211 kg ha™ under the
pond command, and average of 3335 kg ha" in the non-
command. The fish yield was 2.83 t ha” and was obtained
in210 days.

Pond-based integrated system under Soroda sub-
minor-I|

The rain/ runoff water storage tank was constructed in
the field, near roadside, of a beneficiary farmer,
Sh. Bhagirathi Nayak of village Subalaya under Soroda
sub-minor-II in the right distributaries of KIP in WUA 10.
The capacity and total command area of the constructed
pond were 1630 m’ and 2.02 ha including the pond area.
Fish was reared in the pond. Rice was the primary crop
during kharif season. Rice varieties 'Swarna’, 'Pooja" and
'CR-1009' were in the pond grown command area. Paddy
yield ranged from 3088 to 3458 kg ha™ in pond command,
and 3088 to 3149 kg ha in the non-command. The crop
yield of greengram was 346 kg ha’ under the pond
command. The fish (rohu, catlaand mrigala) yield of 2.46 t
ha” was obtained in about 210 days.
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The other four rain/ runoff water storage tanks and open
wells were constructed in four different sites/ sub-
minors. These ponds were made in the beneficiary
farmer's (Mrs. Jyotsnamai Nanda) field in the village
Kunjabanagarh with Mangalpur sub-minor in the left
distributary of KIP under WUA 2; in a beneficiary farmer's
(Sh. Banamali Mishra) field in the village Malisahi with
Khairapankalsahi sub-minor in the left distributary of KIP
under WUA 4; in a beneficiary farmer's (Sh. Balakrushna
Pradhan) field in the village Dwargaon with
Madhyakhanda (2) sub-minor in the left distributary of
KIP under WUA 5; and in a beneficiary farmer's
(Mrs. Itishree Mishra) field in the village Dendabhuin with
Odasar sub-minor in the right distributary of KIP under
WUA 6. On an average, the trend was similar to the other
four as described earlier.

New crop of sweet corn has been introduced in the pond-
command under Mangalpur sub-minor

Fish harvested (rohu, catla and mrigala) from constructed
water storage tank under Sorada sub-minor Il
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Conjunctive use of groundwater and pond water was made
possible for irrigation to okra in Madhyamkhanda (2) sub-
minor

Fish culture and studies on pond water quality,
production and performance index and fish water
productivity

Low input-based medium-duration fish culture was
undertaken. Fish fingerlings of Indian major carps i.e.,
IMCs (Catla catla, Labeo rohita and C. mrigala) were
stocked @ 5,000 ha’ with a stocking composition of
30:30:40 (MBW- 18.0, 14.5 & 12.0 g for catla, rohu and
mrigala, respectively) in each pond of 1630 m’ (Table 19).
The mean minimum and maximum values of various
water quality parameters in the ponds during the rearing
period were: water temperature 27.4 - 35.3 °C; pH 6.8-8.8;
dissolved oxygen 4.4 - 6.9 ppm; total alkalinity 81 - 123
ppm; dissolved organic matter 2.6 - 4.6 ppm; nitrite -N
0.006 - 0.07 ppm; nitrate-N 0.06 - 0.5 ppm; ammonia 0.01
- 0.33 ppm; transparency 33+4; and total suspended solid
160 - 358 ppm. TSS and DO concentration showed a
decreasing trend with the advancement of rearing period
while, gradual increase in nitrite, nitrate, ammonia were
attributed by increased level of metabolites and organic
matter. At any given point of time, other water quality
parameters and plankton did not register any specific
trend. After 210 days of rearing, fish yield was 2.46-2.88 t
ha™ . Species-wise production-size index ranged between
540.7-609.6,241.1-279.2,and 338.6-382.4 for Catla catla,
Labeo rohita and C. mrigala respectively. Similarly, the
species-wise performance index ranged between 274.2-
303.5,196.7-210.9,and 200.1-209.4 for Catla catla, Labeo
rohita and C. mrigala respectively, indicating the normal
growth performance of the cultured species. Pond-wise
gross water productivity (Z m”) ranged between 6.47-
7.79 while the net water productivity (2 m®) ranged
between 4.6-5.72.
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Table 19 Production and performance indices of IMCs in pond-based farming system

Pond in the Species Initial Final PSI / PI Productivity = AFCR/FE%  GWP NWP
sub-minor MBW (g) MBW (g) (that210d?) (Xm-3) X m3)
Khamarsahi Catla 18.0 553.2 540.7 / 274.2
sub-minor Rohu 14.5 476.5 241.1 /196.7 2.88 1.37 /50.3 7.79 5.72
Mrigala 12.0 498.5 338.6 / 200.1
Madhyakhan Catla 18.0 570.0 606.2 / 303.5
da sub- Rohu 14.5 485.5 279.2 /2109 2.71 1.15/70.3 7.32 5.35
minor Mrigala  12.0 470.0 382.4 /206.5
Lunisara Catla 18.0 558.5 609.6 /302.0
sub-minor Rohu 14.5 480.5 260.7 / 204.4 2.83 1.29 /64.2 7.07 5.03
Mrigala 12.0 485.5 356.2 /202.2
Soroda sub- Catla 18.0 562.0 609.0 / 282.2
minor-II Rohu 14.5 482.5 246.1 /200.9 2.46 1.41 /59.6 6.47 4.60
Mrigala  12.0 490.0 372.7/209.4

PSI- production-size index, PI- performance index, AFCR- apparent feed conversion ratio, FE- feeding efficiency, Fish sold @ ¥ 80 kg”,
GWP- gross water productivity, NWP- net water productivity

The chemical quality parameters of pond and
groundwater in Kuanria command area is presented in
Table 20. It indicated that mean values of each parameter

was within the permissible limits for irrigation purpose
as per the FAO guidelines, hence were found suitable for
irrigation.

Table 20 Chemical quality of pond water and groundwater in the Kuanria canal commands in Daspalla, Nayagarh

Quality parameters Pond water Groundwater
Mean (#s.d.) Range Mean (#s.d.) Range

pH 7.68 (x0.35) 7.26-8.18 6.47 (+0.38) 6.08-6.84
EC (uS cm) 506 (x185) 267-640 497 (£183) 388-771
TDS (mg11) 248 (+¥91) 131-314 243 (+¥90) 190-378
Na (me 1) 2.66 (+1.18) 1.21-3.78 1.56 (20.60) 1.17-2.46
K (me 1) 0.34 (+0.16) 0.21-0.55 0.38 (+0.06) 0.02-1.37
P (ppm) 2.40 (+¥1.18) 0.70-4.20 1.43 (20.15) 0.50-3.10
Ca (me 1) 0.98 (+0.21) 0.70-1.30 1.60 (20.60) 1.20-2.50
Mg (me 1) 0.73 (£0.24) 0.50-1.10 1.33 (+0.82) 0.30-2.30
NH4-N (mg 1) 14.0 (£4.43) 10.5-21.0 23.6 (x1.0) 10.5-35.0
NO3-N (mg1-1) 20.42 (£6.79) 14.00-31.5 43.0 (£3.5) 38.5-46.0
Cl (me 1) 2.03 (x1.12) 0.70-3.25 1.57 (£0.66) 0.60-2.12
HCO3 (me 1) 9.33 (¥2.73) 6.00-13.00 9.5 (£0.5) 5.0-15.0

s.d. is standard deviation

Development of appropriate cropping systems
and assessment of economic benefit of pond-
based integrated farmingin the canal command

Rice-fallow is a predominant cropping system in the
command area; rice is grown during kharif season due to
almost sufficient rainfall during monsoon period.
However, due to drought like situation once in three years,
paddy crop also suffers from moisture stress. Due to our
intervention by construction of rain/ runoff water storage
tanks and open wells, better cropping systems were
followed in the intervened area by the trained and
beneficiary farmers. Due to pond-based integrated
system, appropriate cropping system was rice + (fish in
pond)-green gram, rice + (fish in pond) -black gram and

rice + (fish in pond) -chickpea compared to rice-fallow,
rice-green gram and rice-black gram in the Khamarsahi
sub-minor; rice + (fish in pond) +pigeonpea (on dyke)
-green gram and rice + (fish in pond) + pigeonpea (on-
dyke)- pigeonpea (on dyke) compared to rice-fallow and
rice-green gram only in Madhyakhanda sub-minor;
rice+(fish in pond) -green gram compared to rice-fallow
cropping system in Lunisara sub-minor; and rice+(fish in
pond) -green gram compared to rice-fallow cropping
system in Soroda sub-minor under the KIP command in
the study area. The economic assessment of pond-based
integrated farming showed that cost of cultivation,
including the cost for kharif crop, fish culture and rabi
crops, ranged from ¥ 1,19,772 to ¥ 1,24,230 and the
benefit was ¥ 1,37,210 to ¥ 1,74,012 due to the pond-
based interventions.
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: System of Rice Intensification (SRI):
Studies on Water Management,
Micronutrient Uptake and Crop

Project Title

Rotation
Project Code : DWM/12/156
Funding Agency : Institute
Project Personnel : A.K.Thakur, K.G. Mandal,

S. Raychaudhuriand A. Kumar

Rice experiment during kharif

A field experiment was conducted during the 2013 kharif
season atthe DWM Research Farm to evaluate the effect of
rice cultivation systems on growth, physiology and grain
yield. The systems of rice cultivation comprised SRI
method and conventional transplanting method (TP)
with two different nutrient managements (organic and
integrated nutrient management (INM)). Experimental
treatments were, a.SRI-Organic; b. SRI-INM; c. TP-
Organic; d. TP-INM

Morphology, grain yield and yield-contributing
characteristics

At harvest. SRI plants were 11% taller than
conventionally TP plants (Table 21). Organically-grown
plants were shorter than the plants grown with chemical
fertilizers in both the methods. SRI hills had nearly double
the number of tillers and panicles than TP hills. The
number of tillers per unit area was greater under TP
method compared to SRI method mainly due to the
greater number of hills per unit area under TP. The
number of tillers per unit area was also more when grown
with chemical fertilizers than with organic treatments.
However, the number of panicles per unit area was
significantly higher in SRI plots than TP. These results
showed that in SRI method the percentage of tillers that
formed panicles (effective tillers) were significantly
higher (13%) than conventional method.

Table 21 Effect of rice cultivation systems on plant height, tillering and panicle development

Cultivation Plant height Tiller No. Panicle No. Tiller No. Panicle No. Effective
system (cm) hill-2 hill-2 m-2 m-2 tillering
(%)
SRI-Organic 86.9 16.9 15.0 422.1 374.5 88.72
SRI-INM 91.9 18.4 16.5 461.2 412.3 89.40
TP-Organic 78.3 9.0 7.2 451.1 358.1 79.38
TP-INM 83.2 10.0 7.9 502.1 392.8 78.23
LSD 0.05 2.1 1.4 1.2 24.7 19.8 2.19

The average panicle length in SRI (21.0 cm) was
significantly higher than panicles in TP (16.1 cm). The
longer SRI panicles carried nearly 18% more number of
grains compared to panicles obtained from TP (Table 22).
Highest grain yield was obtained in SRI with inorganic
fertilization. As compared to TP-INM grain yield under
SRI-INM enhanced by 43%. Under organic fertilization

under SRI showed 31% higher grain yield than TP. The
enhancement in grain yield under SRI was mainly due to
significant improvement in number of spikelet per
panicle, grain filling percentage and 1000-grain weight.
The harvest index in SRI method also showed significant
improvement compared to TP, mainly due to increase in
grainyield (Table 22).

Table 22 Effect of rice cultivation systems on grain yield, yield contributing characters, straw weight and harvest index

Cultivation Ave. panicle Spikelet Filled 1000-grain  Straw dry Grain  Harvest
system length (cm) number spikelet weight (g) weight yield Index
Panicle! (%) (thal) (tha?)

SRI-Organic 20.4 122 78.4 24.2 4.84 4.99 0.51
SRI-INM 21.6 132 76.7 24.0 6.47 6.02 0.48
TP-Organic 16.4 98 68.9 23.1 491 3.97 0.45
TP-INM 15.8 113 66.9 23.3 5.66 4.19 0.43
LSD 0.05 0.5 9 2.2 0.4 0.27 0.19 0.02
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Black gram with different planting pattern
during rabi

Another field experiment was conducted during rabi
season to evaluate the effect of rice cultivation methods
(SRI vs TP with two different nutrient managements) on
performance of rabi pulse crop with three types of
planting pattern, broadcasting (with plant density of 50-
55m™), line sowing with 30 cm row to row distance (plant
density of 30-35 m®) and square sowing (maintaining
same plant-plant and line-line distances) with 20 x 20-cm
spacing (planting density of 25 m”®). Black gram (Vigna
mungo L. var. Ujala) was grown in the same field where
rice was cultivated during kharif season following two
cultivation methods (SRI vs TP) with two different
nutrient managements (organic vs. INM). No additional
nutrients were provided for the pulse crop.

|
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Effect onyield and yield components

Improved morphological features and root growth under
square planting of black gram resulted into significant
improvement in number of pods, seeds per plant and
grain weight (Table 23), which ultimately led to higher
grain yield. Organic application during kharif rice also
added advantage in terms of grain yield and yield
contributing parameters compared with INM. Square
sowing significantly improved number of pods plant-1
(97% than broadcasting and 60% than line sowing),
seeds number pod-1 (48% than broadcasting and 26%
than line sowing) and bolder grains. Overall, these
parameters led 73% and 70% more yield under square
planting than broadcasting and line sowing method (Fig.
18).In SRI plots there was 11% more yield compared with
conventional transplanted rice plots, may be due to more
availability of remnant nutrients in SRI plots.

Table 23 Effect of rice cultivation system and planting pattern in black gram (Vigna mungo) on No of pods plant™,
No of seeds pod”, and 1000-seeds weight (g).

Rice No. of pods plant! No. of seeds pod-! 1000-seeds weight (g)
Cultivation
system Broad. Line Square Aw. Broad. Line Square Av. Broad. Line Square Aw.
SRI-Organic 13.8 146 276 187 4.0 4.6 6.4 5.0 25.0 29.2 29.8 28.0
SRI-INM 10.8 150 226 161 3.6 4.6 5.8 4.7 24.4 27.4 30.2 27.3
TP-Organic 13.6 164 236 179 4.0 4.2 5.4 4.5 23.2 26.4 29.2 26.3
TP-INM 11.0 14.6 232 16.3 3.8 5.0 5.6 4.8 23.8 26.0 28.6 26.1
Av. 12.3 152 243 3.9 4.6 5.8 24.1 27.3 29.5

R P RxP R P RxP R P RxP
LSD 0.05 1.17 144  2.89 0.2 0.3 0.6 1.7 1.3 2.5

1.60

HBroad Mline Square

1.40 I

TIT

SRI-INM TP-INM

l

Grain yield {t/ha)

SRI-Organic TP-Organic

Fig. 18 Effect of rice cultivation system and planting pattern
in black gram (Vigna mungo L.) on grain yield. Bars
indicated mean +SE (n =5)

Project Title : Evaluating Deficit Irrigation under
Drip System for Rice-based

Cropping Sequence in Canal

Command Area
Project Code : DWM/12/158
Funding Agency : Institute

Project Personnel : P.Panigrahi, R. K. Panda,
A.K.Thakur, S. K. Rautaray and
S.Raychaudhuri

This project was initiated at the DWM Research farm,
Mendhasal, Bhubaneswar. The project aims to compare
the effect of deficit irrigation (DI) under drip system in
rice-capsicum-baby corn and rice-rice-baby corn
cropping sequences. The response ofrice to supplemental
irrigation during stress period through drip system at
75%ET, 100% ET, and 125% ET, were compared with to
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that under surface irrigation and rain-fed treatments in
kharifperiod at 2 lateral layouts: lateral to lateral distance
of 1.0 m and 1.4 m. The response of capsicum to drip
irrigation at 50% ET, 75% ET, and irrigation at 50% ET,
except flowering and fruiting stage (FFS) with lateral
layouts of lateral distance of 1.0 m and 1.4 m were
evaluated.

Drip irrigation in rice

Soil Samples were collected from experimental field and
it's physical and chemical properties were determined.
The texture of soil is sandy loam (45% sand, 24% silt and
31% clay) with bulk density of 1.44 g cm”. The field
capacity and permanent wilting point were 0.17-0.31
cm3.cm” and 0.05-0.12 cm3 cm®, respectively with mean
pH of5.91. The experimental soil was acidicin nature.

The hydraulic performance of the drip system was
studied from time to time and found satisfactory with
emitter flow rate variation (Q,) of 8%, co-efficient of
variation (CV) of 7% and distribution uniformity (DU) of
92%. Water was applied to kharif rice after one or two
days of drying of standing water in field. The monthly
irrigation applied under various treatments varied from
107 mm to 179 mm under different drip irrigation
treatment and 248 mm under surface irrigation. The
vegetative growth and yield parameters of rice under
differentirrigation treatments and lateral layout are given
in Table 24.

Table 24 Vegetative growth, yield and IWUE of kharif rice under drip and surface irrigation methods

Treatments Plant  EBTtill'  Grain 1000 grain grain straw water IWUE
height per weight (g) yield yield applied (tha-mm-1)
(cm) panicle (thal) (tha) (mm)
DI, L, 92.1 11.2 61.3 22.7 3.92 4.87 107 0.005
L, 91.7 11.0 60.9 224 3.87 4.69 107 0.004
DI, L, 93.2 11.8 61.7 229 4.27 5.13 143 0.006
L, 92.8 11.4 61.4 22.7 4.01 5.04 143 0.004
DI, L, 95.1 12.1 62.1 23.0 4.39 5.46 179 0.005
L, 94.6 11.8 61.8 22.8 4.19 5.21 179 0.004
SI 95.6 12.7 62.4 23.2 4.48 5.83 248 0.004
Rainfed 93.2 11.4 59.8 22.6 3.40 5.11 -
CDy s | 4.1 2.7 11.5 3.6 0.7 0.3 21
L 3.7 1.8 6.4 2.9 0.8 0.5 16
IxL 4.6 3.1 9.8 4.7 0.5 0.8 22

DI, Drip irrigation at 75% ET,, Dl ,,: Drip irrigation at 100% ET,, DI.,: Drip irrigation at 125% Et,
SI: Surface irrigation, L,: 1.0 m lateral distance; L,: 1.4 m lateral distance

After kharif rice, capsicum was transplanted in the same
field and different irrigation regimes (at 50% ET, 75% ET,,
50% ET, except FFS and 100% ET,) were imposed with two
lateral layout (1.0 m and 1.4 m lateral to lateral distance)
under drip system. The maximum vegetative growth (plant
height, canopy soread and number of branches were)
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observed with 100% ET.. The maximum fruit yield (15.4 t
ha™) was recorded with fully-irrigated (100% ET,) plants at
lower later to later distance (1.0 m) which was statistically
at par with that at 75% ET, and 1.0 m lateral to lateral
distance. However, the water use efficiency under the later
treatmentwas 49% higher than that with 100% ET..
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Project Title : Groundwater Recharge Guidelines
for Agro-Ecological Region No. 8.

with Hard Rock Geology

Project Code : DWM/11/150
Funding Agency : Institute
ProjectPersonnel : M.J. Kaledhonkar, R.R. Sethi,

Ashwani Kumar andR.C. Srivastava

Study was conducted in Walayar sub basin of
Parambikulam and Aliyar river basin (Agro-Ecological
Region No. 8), located in Coimbatore district of Tamil
Nadu. The basin is dominated by hard rock geology and
decline of groundwater table is major problem. Hence in
order to maintain groundwater table depth, additional
groundwater recharge required for the basin was
calculated through modelling approach. Analysis of
meteorological data for frequency and severity of extreme
droughts events were carried out for rain gauge stations
(North and south Pollachi, Negamam) located within the
sub basin. Probability curves were prepared by Weibull
formula. Results suggest that Pollachi station may
experience 30 and 20 % deficit drought in every 7 and 4
years, respectively. However, Negamam Rain Gauge
Station experience 30 and 20 % deficit drought in every 5
and 4 years, respectively. Therefore, Negamam is more
prone to severe drought compared to Pollachi station. The
rain event with 20, 30 and 40% less rainfall than mean
value will represent approximately 15-17 cm, 23-25 cm
and 31-34 cm of water deficits in Walayar sub basin and
probability of exceedence for corresponding annual
rainfall amounts will be 74-77,80-85 and 91-92%.

Lumped groundwater model

A lumped groundwater model with the basic principle of
water budget was used to estimate the groundwater table
behavior of the study area. The model was calibrated with
the data of observation wells from period from 2005 to
2008. Rise in groundwater level was noticed which
confirmed the reduction in net pumping during the
calibration period. Net groundwater draft was 0.1506,
0.1444 and 0.1284m for Pollachi North, Pollachi South
and Negaman respectively. Results of calibration and
validation of the model at six observation wells showed
that lumped model was able to predict changes water
table reasonably to a good extent. Ability of lumped model
in simulating ground water table level was tested by RMSE

Table 25 Testing of simulated results

Calibration Period

1999 2.8 50.3 0.056 5.6 94.4
2000 3.2 49.4 0.064 6.4 93.6
2001 4.4 50.3 0.087 8.7 91.3
2002 3.9 52.9 0.073 7.3 92.7
2003 3.2 52.7 0.061 6.1 93.9
2004 4.4 53.5 0.083 8.3 91.7
Validation Period
2006 2.7 50.5 0.053 5.3 94.7
2007 3.3 51.1 0.065 6.5 93.5
2008 3.0 499 0.061 6.1 93.9

(Root Mean Square Error), RMSE-Observation standard
deviation ratio (RSR) and NSE (Nash Sutcliffe efficiency).
Results of tests are given in Table 25.

Determination of additional recharge required to
manage water deficits

Frequency of extreme drought events might increase
under climate change scenario with resultant depletion of
groundwater level. Recurring drought would further
worsen the scenario. Therefore, modelling was attempted
for moderate drought events (20 and 30% less than
average rainfall amount) and persisted for 7 years in
sequence. Two possibilities, as mentioned below,
considered for modelling to simulate water table
conditions.

i) Rainfallamountequal to 80% of average rainfall for 7 years

ii) Rainfallamountequalto 70% ofaveragerainfallfor 7 years
Depletion of groundwater storage due to persistent
droughts was worked out and the same was considered as
additional recharge requirement besides natural
recharge so that current groundwater could be met and
groundwater storage could be restored.

Verification of modeling results with field data

In Pollachi region, 12 years out of 21 years were having
less rainfall than average amount (i.e. 862 mm) but out of
12 years 8 were less than 800 mm. In Kinathukadavu
region, 8 years out of 21 years were having less rainfall
than average amount (i.e. 777 mm). Thus water table data
of all observation wells could be used to estimate the
additional groundwater recharge. The same could be
used for verification of modelling results (Table 26).

Table 26 Additional groundwater recharge for Pollachi 6 and Kinathukadavu 15 on basis of simulations (1988-2008)

Pollachi Kinathukadavu
PG6 (m) PG14 (m) PG1(m) PG3(m) PG4 (m) PG15(m)
Maximum 309.8 251.6 379.8 355.2 387.1 326.6
Minimum 294.3 243.3 371.8 340.9 378.2 313.2
Difference 15.5 8.3 8.0 14.4 8.9 13.4
Sp. Yield 0.025 0.025 0.025 0.025 0.025 0.025
Addl. recharge 0.39 0.2 0.20 0.36 0.22 0.34
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The observed additional groundwater recharge varied
from 21-39 cm in Pollachi region and 20-36 cm for
Kinathukadavuregion (Table 27).

Table 27 Comparison of observed and
simulated additional recharge.

Location Additional recharge (cm)
Observed Simulated

Pollachi 6 21to 39 21-24

Kinathukadavu 15 20 to 36 26-29

The additional groundwater recharge on basis of
simulation varied from 21-24 cm in Pollachiregion and 26
-29 cm for Kinathukadavu region. It showed agreement
between observed and simulated values of additional
recharge but observed values towards upper limits were
higher. It might be because of real occurrence of severe
droughts in 21 years period compared to simulation of
period of 7 years in which only moderate drought (20 and
30% less than average rainfall amount) was assumed for
simulations.

: Development of Technological
Options for Comprehensive Water
Resource Management in Non-
exploration Zone (CRZ Ill) of Coastal

ProjectTitle

Odisha
Project Code : DWM/12/164
Funding Agency : Institute

Project Personnel : Ranu Rani Sethi, R.C. Srivastava,
Jugal Tripathy, M.Das, P.S.B. Anand
and A. Kumar

The study was conducted in Mahakalapada block of
Kendrapara district of Odisha. The area is situated at
latitude of 20.400 to 20.500 N and longitude of 86.450 to
86.750E respectively. The altitude is only 0-3m above
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mean sea level along the coast line. Mean annual rainfall
(1994-2013) of the study area is 1409.58mm, out of
which about 1237 mm (87.73%) is received during
monsoon season (June-October). The maximum and
minimum temperature varies up to 38.6°C in May and
11.2°C in January. Groundwater table depth varied
between 1.2m to 3.5 m during February to May, and water
level remains 0.5 to 1m above the ground surface during
monsoon and post monsoon season. For comprehensive
water resource planning, assessment of water resources
was carried out by rainfall and change in land use/land
cover analysis.

Change detection analysis

The Landsat ETM+ satellite images of 2000 and 2006
were used to classify land use/land cover maps and
change detection study. Iso cluster unsupervised
classification was employed to generate land cover maps.
Post classified images were observed to detect the
changes. Fig. 18 showed the post classified Landsat ETM+
images for both the years. Major land cover types were
agricultural areas, land with other vegetation, water
bodies and soil/barren land (Table 28). There was
increase of 2.81% agricultural areas in the year 2006 with
reference to the year 2000. Similar trend in increase
(8.01%) in land with other vegetation was observed in
2006. The reason was due to the effect of super cyclone in
coastal areas during the year 1999, which damaged
almost 90% of the agricultural and other crops. However,
gradually over the period of time, there was increase in
cropped area in the coastal areas, as reflected in the image
analysis (Fig. 19). During 2006 there was increase in crop
coverage for most of the coastal Odisha. But water bodies
and soil/barren land areas, decreased by 6.54 % and
4.27% respectively during period of 6 years (2000 -
2006) suggesting effect of water stagnation during 1999
super cyclone year that affected the cropped areain 2000.
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Fig. 19 Post Classified images (left) and (right) for the years 2000 and 2006 respectively
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Table 28 Land Cover Changes in and around Suniti Village (from the classified images for the year 2000 & 2006)

Land Cover Types 2000 2006 Total Change
Changes
ha % ha % (ha) (%)
Agricultural Areas 2553.84 18.12 2660.40 20.93 106.56 2.81
Land with other vegetation 4361.04 30.95 4951.08 38.96 590.04 8.01
Water Areas 5239.80 37.19 3894.12 30.65 1345.68 6.54
Soil & Barren Areas 1932.12 13.71 1199.52 9.44 732.6 4.27

Spatial analysis of water quality

Twenty water samples (10 from creek and 10 from bore
wells) were collected from the study area during October
2013 (post monsoon) and March 2014 (Pre monsoon)
and spatial distribution of the same was analysed using
krigging procedure. The pH for borewell was
comparatively higher than the surface water (Creek). But
electrical conductivity, was higher in surface irrigation
sources which may be due to link with the sea and some
external factors. Spatial variation shown in Figures 20 and
21 depicts the continuous increase in pH and EC of water
samples from inland sites towards the sea coast due to
influence of sea. In Fig 19 (left), it was observed that pH at
C4 site decreased from 7.43 to 6.78, which may be due to
influence of other sub distributaries of fresh water
resources at this point. Again there was increase in pH in
C5. Beyond the distance of 11.32 km from sea coast, pH
remained almost neutral (close to 7) in surface water
sources. In Fig. 19 (right), there was gradual increase in
pH of water in borewells (hand pump operated). Similar
trend was observed in electrical conductivity of water
from both the sources (Fig. 20). The rate of change in
variation of pH and EC for the creeks from the study area
was found to be 0.185 and 1.745 dS.m™" per kilometer,
respectively and that for the borewells were 0.0682 and
0.778 dS.m" per km respectively moving away from sea.

In case of post monsoon (October 2013) water samples,
pH varied between 7.14 to 8.42 and 7.29 to 8.46 in creek

i i

Fig. 20 Variation of pH in creek (left) and bore
wells (right) during March 2014
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and borewells respectively. But electrical conductivity in
creek did not follow any trend and varied within 1 to 10.3
dS.m”. The reason could be due to its location and
connection with many small creeks with different salinity
level. In bore well, there was decrease in salinity towards
inland. Further, the variation of pH and EC in surface
water was comparatively larger than that of tube wells,
which tapped water from the deeper aquifer. Both for
surface and sub surface water resources, saline water
intrusion is the major concern for coastal areas
warranting appropriate technological options addressing
bothirrigation and drainage issues in the coastal areas for
improving the water management scenarios in
agriculture.
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Fig. 21 Variation of EC (dS.m-1) in creek (left) and
bore wells (right) during March 2014

: Geo-referenced Soil Information
System for Land Use Planning and
Monitoring Soil and Land Quality
for Agriculture

Funding Agency : NAIP, ICAR, New Delhi

Project Personnel : M. Raychaudhuri, K. G. Mandal

and G. Kar

ProjectTitle

In the reporting year, soil physical quality of the Indo-
Gangetic Plains (IGP) and Black Soil Regions (BSR) of
India under paddy-wheat and cotton-based cropping
system respectively with different management practices
were assessed. The pedo-transfer functions (PTFs) were



derived to determine Ks based on physical and chemical
properties and soil physical quality index was developed.
These will helpful to understand soil hydraulic behaviour
and formulating appropriate water management
strategies for sustainable crop production.

Indo-Gangetic Plains (IGP)

In IGP fourteen benchmark geo-referenced sample sites
were selected from arid, semiarid, sub humid and
humid/Perhumid bio climates with mean annual rainfall
of <550 mm, 550-1000 mm, 1000-1600 mm and 1600 to
2000mm/>2000 mm respectively covering seven states
namely Rajasthan, Punjab, Uttarakhand, Uttar Pradesh,
Bihar, West Bengal and Tripura and eleven (2.1, 4.1, 9.2,
4.3,9.1,12.3,13.1, 18.5, 16.2, 15.3, 17.2) agro-ecological
sub-regions (AESR). The texture of the soils varied from
sandy clay loam to loamy, with few soils having sandy or
clayey texture prevailing under arid and humid bio-
climates, respectively. The soil reaction is in general,
acidic to neutral in humid/perhumid region; slightly
acidic to slightly alkaline in sub-humid environment;
slightly alkaline to strongly alkaline in semiarid
environment and strongly alkaline in arid environment.
The saturated hydraulic conductivity (K,) varied from
negligible in Zarifaviran soils to 8.39 cm h" in Fatehpur
soils. Majority of the soils had K, 0-1 cm h” covering Bihar,

Fig. 22 Distribution of
saturated hydraulic
conductivity (K.)
in the IGP soils

Fig. 23 Distribution of
saturated hydraulic
conductivity (K,)
in the BSR soils
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West Bengal and Uttar Pradesh (Fig. 22). It had been
observed that the K, increased significantly with increase
in sand (r = 0.63**) and SOC content (r = 0.25**) and
decreased significantly with increase in silt (r = -0.52*%),
clay (r = -0.53**), FC (r = -0.40**), PWP ( r = -0.38*%),
CaCoO, (r= -0.22**) and exchangeable sodium percentage
ESP (r =-0.33**) content in the soil. Higher ESP content
was observed in soil control section (SCS) of Natrustalfs
(>25-100) and lower in Haplustalfs (< 15) and the results
are well supported. The results depict that apart from
particle size distribution organic carbon content, CaCO,
and ESP content in the soil contributed well towards K_ of
IGP soils.

Pedo-transfer functions through multiple regression
models were developed for determining K; A significant
relationship with sand and SOC content was observed
when only physical properties alongwith carbon were
used as inputs. Significance level was increased when
chemical properties like CaCO, content, ESP and Ca/Mg
ratio were added in the regression model (Table 29).
Pedo-transfer functions through multiple regression
equations were developed for K, by incorporating
physical parameters viz., sand, silt, clay and BD and
chemical properties like pH, OC, CaCO, content, EMP, ESP,
BS, clay CEC and Ca/Mg. A significant model with sand
content and BD was obtained when only physical
properties were used as inputs. Significance level was
increased when chemical properties like CaCO, content
and ESP were added in the regression model as inputs to
determine K. Further better model was obtained when
clay CEC (%) and BS (%) were included as input
parameters. The R’ value improved to 0.6224 with
inclusion of chemical parameters and K, could be more
precisely expressed in terms of clay (%) clay CEC (%) BS
(%) ESP (%), EMP (%), CaCO, and Ca/Mg (Table 29). This
is because the presence of pedogenic CaCO, and
exchangeable sodium content highly influences the soil
hydrological behaviour. Soils with ESP > 15 % exhibit
large swelling and shrinkage with wetting and drying and
also disperses completely in the presence of water.

Table 29 Pedotransfer functions for K, of the IGP and BSR soils

IGP Ks = -1.06 + 0.055 sand(%) -0.074 CaCO, (%) - 0.011 Ca/Mg
Ks (cm/h) = -0.134 - 0.00631clay (%) + 0.008 clay CEC (%)

BSR

0.58
0.62

133
194

1.55
0.029

+0.0039 BS (%) - 0.0146 ESP (%) -0.0124 EMP (%) + 0.037

CaCO3 (%) - 0.045Ca/Mg

In Black Soil Region (BSR) eighteen benchmark geo-
referenced sample sites were selected from arid,
semiarid, sub humid dry and sub humid moist bio
climates with mean amount rainfall of <550 mm, 550-
1000 mm, 1000-1200 mm and 1200 to 1600 mm

respectively covering six states viz.,, Maharashtra, Gujarat
Madhya Pradesh , Andhra Pradesh, Karnataka and Tamil
Nadu and eighteen (6.1, 5.1, 8.1, 3.0, 6.4, 7.1, 5.1, 8.3, 8.2,
44,7.2,6.2,6.3,5.2,10.3,10.2,10.1, 7.3) agro-ecological
sub-regions (AESR).
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The soils are clayey, and clay and silt constitutes >50% of
the total particles The soils are, in general, neutral to
slightly alkaline and strongly alkaline when they occur in
semi-arid and arid environments (<900 mm mean annual
rainfall). The pH and CaCO, generally increase as the
rainfall decreases from sub-humid to arid climates.

The saturated hydraulic conductivity (K,) varied from
0.027 cmh™ in Vasmatsoilsto 6.521 cmh™ in Sokhdasoils.
Majority of the soils of this region has K, <0.25 cm/h
covering Maharashtra, Karnataka and Tamil Nadu (Fig.
23). The K, increased significantly with increase in sand
(r=0.25**), clay, CEC (r = 0.27**) and CaCO, (r = 0.46**)
content and decreased significantly with increase in clay
(r=-0.21**), ESP (r =-0.16*), EMP (r =-0.22*) content in
the soil and also with BD (r = -0.17*) of the soil. The
results depict that apart from particle size distribution K
of these soils is also governed by CaCO,, ESP, and EMP
content in the soil and the compactness of the soil too.
More compactthe soillessisthe K.

Soil Physical Quality

Soil physical quality governs the hydrological behaviour
of soil and depends on textural and structural porosity. It
has been observed that BSR soils with higher clay content
have higher textural porosity that occurs between the
primary mineral particles, whereas IGP soils have higher
structural porosity comprising microcracks, cracks, bio-
pores, and macrostructures produced by tillage. The
surface (Fig. 24) and subsurface (Fig. 25) soils of IGP were
found sensitive to management factors such as tillage,
compaction and cropping due to high structural porosity
whereas the surface (Fig. 26) and subsurface soils (Fig.
27) of BSR were little affected by soil management
practices because of high textural porosity. The slope, S of
the water retention curve at the inflection point is mostly
due to micro-structural porosity that governs directly
many of the principal soil physical properties. Soil with
only textural or structural porosity is compacted or loose
and shows poor physical quality. Therefore, the presence
of considerable amount of structural and textural pores
and a corresponding large value of S are essential for good
soil quality.

In IGP soils incorporation of organic matter as one of the
management practices destroyed the structural porosity
(i.e., pores which are larger than that which corresponds
with the inflection point) whereas there are simultaneous
gains in textural porosity (sizes smaller than that which
corresponds with the inflection point) which in turn
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improved the soil physical quality. In BSR soils textural
pores dominated and the management practices adopted
had little effect on improving the structural porosity of the
soils. Incorporation of coarse materials like sand, crop
residues etc are recommended for improving the
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Fig. 24 Soil physical quality (S) of the IGP surface soils Fig. 25 Soil physical quality (S) of the IGP sub surface soils
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Fig. 26 Soil physical quality (S) of BSR surface soils Fig. 27 Soil physical quality (S) of BSR subsurface soils

: Impact of Wastewater Use on Soil
Properties and its Prospect of
Utilization in Crop Production

Project Code : DWM/11/152

Funding Agency : Institute

Project Personnel : MadhumitaDas, O.P.Verma,

A.K.NayakandR.R. Sethi

Project Title

Response of soil organic carbon and its fractions
under wastewater treatments

Four different types of soils, red and laterite, red and
yellow, coarse and fine textured alluvial were incubated at
a temperature 27-38°C with normal water (W), the
effluent of COS Board Paper mill (PM), Jagatpur, Cuttack,
United Breweries (UB) Ltd., Khurda and Sakthi Sugar
distillery (DE), Dhenkanal, at soil moisture content of
100% (F) and 60% (F60) of field capacity. The organic
carbon, humus, humic acid, fulvic acid and microbial
carbon contents of soil samples were measured at 13, 30
and 48 days intervals. The soil organic carbon (SOC)
showed a decreasing trend with time, while humus
formation as organic carbon concentration showed
maximum after 48 days of incubation. The SOC was higher
at 100% field capacity (F) than that of 60% FC but varied
with nature of wastewater and types of soil. SOC
increased with the application of wastewaters from all
three sources. Maximum with distillery waste water



followed by paper mill and breweries. The soil humus
concentration however decreased with the incubation
period duration from 13 to 48 days reaching lowest at 48
days. The soil humus concentration was lowest under
normal water treatment at 48 days and 1.9-4.2 times
higher under red and laterite soils, 4.7- .94 times under
red and yellow soils, 5.06 -7.45 times under alluvial coarse
and 1.22-2.8 times under alluvial fine textured soils with
three above different effluent treatments.

The soil microbial carbon improved by 0.56-5.11, 0.63-
1.96, 1.0-2.97 and 0.58-1.36 times in red and laterite, red
and yellow, coarse and fine textured alluvial soil types
respectively over its respective normal water treatment
values. The impact of breweries and paper mill effluents
was relatively more in red and laterite, and red and yellow
soils, while effect of distillery spent wash was maximum
in alluvial soil. The application of breweries, paper mill
and distillery wastewaters in four different soil types was
found useful to improve soil organic carbon and its
fractions

Influence of soil types on leachate properties
during leaching with paper mill effluent and
water

Paper mill effluent (PME), collected from COS Board,
Jagatpur, Cuttack had neutral (pH7.0), low saline (EC,1.32
dS m™), with excess amount of Ca (154.71 mg L"), Mg
(53.28 mg L), CI (779.9 mg L"), HCO, (91.5 mg L"), SO,
(88.5 mg L"), and contained moderate to low content of
NO,, organic carbon, Zn, Cu, Fe and Mn. The paper mill
effluent was allowed to pass through four different soil
types at constant head method up to the level of
equilibrium. The PME bathed soil columns were then
leached with normal water till it stabilized with leachate
parameters. There was no Cd and Pb detected in collected
PME sample.

Data pertaining to the important components of leachates
collected at different intervals from varied soil types
reveal (Fig. 28) that based on pH and EC, the equilibrium
was attained after 145 to 195 minutes of leaching with
PME, which further got stabilized after 80 to 120 minutes
of leaching with normal water. It subsequently indicates
that recharge of soils with various ions during the
progress of leaching with PME usually get discharged
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under normal water washing. In regards of parameter
wise comparison of leachate qualities, a 7% increase in
pH and 18% enrichment in HCO, content with normal
water over its corresponding PME leached leachate was
obtained under neutral coarse textured alluvial soil type.
These subsequently reflect the suitability of Paper Mill
Effluent of COS Board, Jagatpur, Cuttack, as alternate
irrigation source for red and laterite, red and yellow and
alluvial soil types.

Water quality appraisal around the industrial
estate, and perspective of use in agriculture

Groundwater samples are collected from nineteen
different places covering four villages in and around the
Sakthi Sugars Limited, Haripur, Dhenkanal District in
Odisha during pre-monsoon period and analyzed for
sixteen water quality parameters. Parameter to
parameter wise comparison revealed that 57.89% waters
were impaired by pH, each 10.53% were not preferred by
Cland Mn contents and 78.95% were not desirable for use
in irrigation by Ca/Mg (Table 30). Use of descriptive
statistics revealed that Mn was highly varied followed by
Cu, Fe and other parameters. Among all the water quality
parameters, lowest variation (CV 10.23%) was observed
in pH. Simple correlation (r) among the parameters,
reflected that pH was significantly related with Na (0.70,
0.01P) and Ca (0.57,0.01P); and EC with Na (0.77,0.01P),
Cl (0.71, 0.01P) and SO, (0.68, 0.01P); and Fe with Mn
(0.51, 0.01P). Simple and multiple regressions among the
correlated parameters revealed that by estimating EC and
pH, the Na, Ca, Mg, Cl and SO, contents of the samples can
be determined.

pH = 5.39 + 0.58(Na) + 0.041(Ca) + 0.073(Mg), R* = 0.70;
EC=0.19 + 0.12(Na) + 0.18(Cl) + 0.013(S04), R*= 0.66;
EC=0.23+0.56(Na), R*= 0.57; EC=0.44+0.27(Cl), R*= 0.51;
EC=0.36+0.03(S0,), R* = 0.46; Na=0.38 + 0.44 (Ca), R* =
0.64

Integrating the results of descriptive statistics, and
susceptibility of the parameter to cross the threshold
limit, pH, EC and Mn were found as indicating parameters
for periodical monitoring of water quality for irrigation
purpose, and by estimating them the whole range of water
quality can be generated.
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Fig. 28 Variation of leachate characteristics with time under different soil types
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Table 30 Variability measures of water quality parameters (CV % in descending order)

Parameters Largest Smallest Mean Standard CV (%)
deviation
High variability (CV, >200%)
CumgL’ 0.0008 Trace 0.0001 0.0002 211.18
Mn mg L 1.043 Trace 0.112 0.239 214.16
Moderate variability (CV, 100 - 200%)
Kme L' 0.43 Trace 0.11 0.12 103.98
ZnmgL" 0.64 Trace 0.14 0.16 110.53
FemglL' 0.2 Trace 0.04 0.06 176.09
Ca/Mg 7 0.09 1.18 1.64 139.39
Low variability ( CV, <100%)
pH 7.97 5.44 6.36 0.65 10.24
ECdSm" 1.92 0.24 0.86 0.50 57.64
Na me L" 2.44 0.3 1.11 0.68 61.49
CamelL’ 3.96 0.22 1.66 0.95 57.30
Mg me L’ 12 0.22 2.88 2.59 90.04
Clme L" 5.2 0.2 1.58 1.31 83.26
SO, mg L 50 5 17.24 11.51 66.80
HCO, meL" 3 0.2 1.02 0.85 83.29
SAR 0.93 0 0.68 0.23 33.02
Cl/so, 11.34 0.26 3.87 3.04 78.55

Project Title : Suitability of the Available Poor
Quality Water Resources for
Agriculture under Different Agro-
climatic Region

Project Code : WTCER/08/135

Funding Agency : Institute

Project Personnel : M. Raychaudhuri, Ashwani Kumar,

S.Raychaudhuri, S. K. Jenaand
R. C.Srivastava

Development of a water quality index (WQI) for potable
and irrigation purpose using chemical parameters based
on Indian and FAO Standards was attempted. The WQI
developed was validated with the groundwater quality
data of Rushikuliya Command area obtained from Central
Ground Water Board, Bhubaneswar.

Water Quality of Rushikuliya Canal Command
AreaforIrrigation and Potable Use

Rushikulya Canal Command is situated in the Ganjam
district of Odisha comprising of four numbers of Anicuts
(Sorismuli on Badanadi river, Madhaborida on Mahanadi
river, Padma on the Padma river; and Janivilli on the
Rushikulya river) and two medium sized reservoirs
(Bhanjanagar reservoir on Borigam nala and Sorada
reservoir on the Padma river). For Irrigation, the
numerous distributaries, minors and sub-minors of
Rushikulya Irrigation System plays a vital part. In

addition, number of Minor Irrigation schemes are also in
operation in for of check weirs, ponds, tanks etc, which are
also extensively utilized.

The water quality data of ground water from the
Rushikulya command area were monitored from the
established monitoring wells, exploratory wells and
surface water body as well was obtained from Central
Ground Water Board (CGWB). These samples were
collected both during the pre-monsoon season (2005) for
a comprehensive comparison and to document any
distinct seasonal changes in ground water quality. The
samples collected were subjected to analysis for their pH,
Electrical Conductivity (E.C.), Carbonate (CO,’), Bi-
carbonate (HCO,"), Chloride (CI), Sulphate (SO,), Nitrate
(NO,), Phosphate (PO,"), Fluoride (F), Calcium (Ca™),
Magnesium (Mg™), Sodium (Na") and Potassium (K"). For
the present study only the water samples collected from
the dug wells (phreatic aquifers have been considered).
The depth of these dug wells are in the range of 6 — 12
metres below the ground level.

For estimating WQI, 10 to 15 parameters were considered
viz., pH, total hardness, calcium, magnesium, bicarbonate,
chloride, nitrate, sulphate, total dissolved solids, sodium,
potassium and fluorides. The chemical analyses of the
groundwater and the percent compliance with the FAO
guidelines/Indian Standards were estimated. For
computing WQI three steps were followed. In the first
step, each of the parameters were assigned a weight (wi)
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according to its relative importance in the overall quality
of water for drinking purposes as well as per cent
deviation from the standards. A deviation of 0-20, 21-40,
41-60, 61-80 and 81-100 % were assigned weight of 5, 4,
3, 2, 1 respectively. In the second step, the relative weight
(W)) was computed and in the third step, a quality rating
scale (qi) for each parameter was assigned by dividing its
concentration in each water sample by its respective
standard according to the guidelines laid down in the
FAO/BIS and the result multiplied by 100. For computing
the WQI, the SI is first determined for each chemical
parameter, whichis then summed up to determine the WQI.

For irrigation purpose, the computed WQI values were
classified into four categories based on the restrictions
viz., none, slight, moderate and severe with WQI ranging
as <150, 151-300, 301-450 and > 450 respectively. For
potable use the computed WQI values were classified into
four categories viz., good, poor, very poor and unsuitable
with WQI ranging as <100, 101-200, 201-300 and > 300
respectively.

Groundwater Quality for Irrigation Use

WQI was determined following three steps as described
above. In the first step, weight was assigned to each
parameter (wi) according to its relative importance in the
overall quality of water for drinking purposes as well as
per cent deviation from the FAO standards. The maximum
weight of 5 was assigned to the parameter K due to its
importance in water quality assessmentas well as 80 % or
more than 80 % of the samples are beyond the
permissible limit. The pH, carbonate, bicarbonate,
chloride, sulphate, phosphate and fluoride were given the
minimum weight of 1 as >=80 % of the samples are within
the permissible limit for irrigation purpose. The second
step was followed and relative weight was assigned
accordingly. The computed WQI ranges from 31.74 at
Narayanpur to 5596.4 at Nimina. Majority of the samples
(39.4 %) were of good quality followed by severe
restrictions (30.3 %) with WQI ranging from 458.3 to
5596.4. The high value of WQI at these locations was
found to be mainly from the high salinity and potassium
contentin the groundwater due to sea water intrusion.

Groundwater Quality for Potable Use

WQI was determined following three steps as described
above. In the first step, weight was assigned to each
parameter (wi) according to its relative importance in the
overall quality of water for drinking purposes as well as
per cent deviation from the standards. The maximum
weight of 4 has been assigned to the parameter TDS,
alkalinity and total hardness due to its importance in
water quality assessme nt as well as 60 % or more than
60% of the samples are beyond the permissible limit. The
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pH, sulphate and fluoride is given the minimum weight of
1 as >= 80 % of the samples have the pH within the
permissible limit and of no harm for potable use. The
second step was followed and relative weight was
assigned accordingly. The WQI computed as per the
methodology ranges from 17.2 at Jatrasuni to 430.4 at
Surala (Fig. 29). Majority of the samples (45.5 %) are of
poor quality with WQI ranging from 100.9 to 196.3 (Fig.
30). The higher WQI at these locations was due to high
hardness, alkalinity, magnesium and nitrate contentin the
groundwater.

It may be concluded from the study that WQI can be used
to predict the suitability of water quality for irrigation and
domestic purpose based on their respective standards
.The methodology can also be incorporated easily in the
algorithms of decision support system.
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Fig. 29 Variation in irrigation water quality of Rushikuliya
command area based on FAO guidelines
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Fig. 30 Variation in drinking water quality of Rushikuliya
command area based on BIS guidelines




Project Title : Design and Development of Small
Filters for Reducing Contaminants in
Poor Quality Water at Farmers' Level
for Safe Irrigation in Periurban Areas

: DWM/12/161

: Institute

Project Code
Funding Agency
Project Personnel : M. Raychaudhuri, R. C. Srivastava,

S. Raychaudhuri and Ashwani Kumar

The objective of the project was to devise a filter useful for
reducing undesirable/ unwanted/ toxic contaminants
present in the wastewater (domestic and municipal) for
itssafe useinirrigation by the small scale holders.

Selection of Filter Materials

Some locally available, inexpensive coarser materials like,
gravels, sand, coconut and jute fibres were tried to design
and develop small filters for reducing contaminants in
poor quality water. Column study conducted using these
coarse materials revealed that combination of gravels,
quartz sand particles (< 2 mm) and jute fibre was found
the best in reducing the sediments and total microbial
load including Total Coliform and E. Coli counts (Fig. 31.).

Gravels Sand+Gravels Jute+Gravels+Sand
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Fig. 31 Percent reduction in microbial load by filter components

Removal of Cd using Coconut Shell Charcoal

Wastewaters contain heavy metals that are transmitted to
human through soil and crop assimilation. Cadmium is
one of the abundantly available heavy metal in
wastewater. Cd contamination is observed in wastewater
ranging from 0.1-0.18 ppm which is beyond the
permissible limit as recommended for irrigation use by
FAO. An attempt has been made to remove Cd from
aqueous solution using coconut shell charcoal (CSC).
Coconut shells are abundantly available especially in the
coastalregionand 1 m t of CSC can be produced from 3.1 m
tofcoconutshell eachyear.

|
i

CSC was prepared anaerobically and was made alkaline
by increasing the pH to increase its adsorption efficiency.
Batch test was carried out with varying concentration of
Cd (0.1 to 1 ppm) to determine the efficiency of coconut
shell charcoal (CSC) and Alkaline charcoal (AC) to remove
Cadmium. Models were developed on Cd adsorption by
CSC and AC using the Langmuir and Freundlich Isotherm
Expressions.

Experimental data obtained from batch test were fitted

into Freundlich and Langmuir adsorption isotherm (Fig.
32 - Fig. 35). The linearised form of Freundlich and
Langmuir equations are described as follows:

C./Q.=1/ab+C./a M
LogQ.=logK,+1/nlogC, (II)

where Q, represents the amount of adsorption adsorbed
at equilibrium (mg/g), C, is equilibrium concentration
(mg/1), a is the maximum surface density or adsorption
capacity and has same limit with Q, and b (I/mg) can be
related to the equilibrium constant or bonding energy, K;
and n are Freundlich constants. The intercept and slope
obtained by plotting log Q, versus log C.. The slope of the
straight line represents (1/n), while log K. is the
interception of the line on the Y-axis.

logq y=0.521x - 1.791
A R?=0.988
T U T
-1 05 ( 1 2
¢ logq
=%
Linear (log q)
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Fig. 32 Freundlich adsorption isotherm for Cd on CSC

y = 33.62x + 18.75
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Fig. 33 Langmuir adsorption isotherm for Cd on CSC
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Fig. 34 Freundlich adsorption isotherm for Cd on alkaline CSC
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Fig. 35 Langmuir adsorption isotherm for Cd on CSC
Thelinearization of both equations with the experimental

data revealed that both Freundlich and Langmuir
adsorption fitted well with the experimental data which is

depicted from the R® obtained for the Langmuir equation
as 0.917, 0.985 and the R’ obtained from the Freundlich
equation as 0.988, 0.967 for CSC and alkaline CSC
respectively. The Langmuir adsorption equation is valid
for monolayer sorption on a surface with finite number of
identical sites. Based on this equation the constant 'a' was
the adsorption on CSC and alkaline CSC to form a
monolayer. The adsorption capacity of Cd on CSC and
alkaline CSCwere 0.03 and 2.27 mg g" respectively (Table
31). The empirical constant b in the equation deuotes the
affinity of the binding sites. The 'b' obtained for Cd on CSC
and alkaline CSC was 1.78 and 0.192, respectively (Table
31). The adsorption capacity of CSC was increased by
increasing its pH. This is because the surface charge of the
adsorbent was modified by charging the pH from 8.64 to
10.89. Increase in pH increases the negative charge of
carbon surface, which in turn increased the cation
exchange capacity of CSC. At the same time the force of
electrostatic attraction were weakened because of the
increasing fraction of Cd (OH)" with the rise in pH. But this
effect may be insignificant compared with those positive
effects. The increase in K, which is the measure of
adsorption capacity, with rise in pH is quite encouraging
compared to the values. The K, for CSC is 0.0162 mg g
while for alkaline CSC the K, increased to 0.3062 mg g"
(Table 32). All these results indicated that the process is
endothermic. It has been observed that the adsorption
capacity increased with increase in alkalinity duo to
increase in surface charge of the charcoal. In both the
cases the n calculated from Freundlich equation are
higher than 1 and increased with increase in pH. The
situation n>1 is most common and may be due to a
distribution of surface sites or any factor that causes a
decrease in adsorbent adsorbate interaction with
increasing surface density.

Table 31 Langmuir adsorption isotherm for Cd on CSC and alkaline CSC

Carbon source Langmuir Model a(mgg? b (1/g) R2
CSC Ce/Qe =33.62 Ce + 18.75 0.030 1.78 0.917
Alkaline CSC Ce/Qe = 0.440 Ce + 2.293 2.27 0.192 0.985

Table 32 Freundlich adsorption isotherm for Cd on CSC and alkaline CSC

Carbon source Freundlich Model K¢(mg g) n R?2
CSC LogQe=0.5211ogCe - 1.791 0.0162 1.92 0.988
Alkaline CSC LogQe=10.357logCe - 0.514 0.3062 2.80 0.967

It may be concluded from the study that gravels, quartz
sand particles (< 2 mm) and jute fibre in combination can
reduce the sediment and microbial load and the readily
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available coconut shell burnt to form charcoal can remove
Cd from wastewater economically.



Project Title : Decision support system for
enhancing water productivity of
irrigated rice-wheat cropping
system

Funding Agency : NFBSFARA, ICAR, New Delhi

Project Personnel : Ranu Rani Sethi, M. J. Kaledhonkar
and K. G.Mandal

The objective of the projects was to develop the Water
Productivity Decision Support System for Agro-
Technology transfer (WPDSSAT-RW) for sustainable
production in irrigated rice-wheat cropping system.
During the reported period followings works has been
carried out.

Delineation of Rice areas for the State of Punjab

Rice area in the state of Punjab was delineated using
Remote Sensing (Enhanced Thematic Mapper + of
Landsat 7) and GIS tools. The dominant feature class in all
the districts is agricultural area mainly covered by rice
was identified and its area was calculated and compared
with rice area reported by the state Govt. There was good
match between satellite image analysis and Govt. of
Punjab records. Map prepared delineating the rice area
coverage in the state of Punjab is shown in Fig. 36.

The total area estimated by remote sensing analysis
(2626.2 thousand hectare) was in agreement with area
reported by Govt. of Punjab (2611 thousand hectare).
However, there were variations in areas of individual
districts. The supervised classification of remote sensing
data gave spatial distribution of rice area in the state of
Punjab and gave reasonably good estimate ofrice area.

Delineation of Rice areas for Agro-Climatic
Region (ACR) VI

The rice area (3.6 million ha) under under ACR-VI],
comprising Punjab, Haryana and two districts of
Rajasthan (Sri Ganganagar and Hanumangarh) is shown
in Fig. 37. Out of total rice area, 2.6 and 1.05 million ha is
covered in Punjab and Haryana respectively. However
very limited area is under rice cultivation in Rajasthan.
This result was confirmed from the reports of AICRP
(WM) centerslocated in Sriganganagar of Rajasthan.

Delineation of major cropping system

District wise cropping pattern was prepared from the
based on the cropping system map of Punjab developed
by SAC (ISRO), Ahmedabad. Fig 38 showed the major
cropping pattern in ACR-VI. Out of total geographical area
of 11.4 million ha in ACR-VI, 5.8 million ha (50.87%) area

Fig. 36 Spatial distribution of rice area in state of Punjab

during year 2000

Fig. 38 Major cropping pattern in ACR-VI
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is under rice-wheat cropping system, which is covered in
the states of Punjaband Haryana.

Delineation of dominating soil group in ACR-VI

Soil map for ACR-VI has been prepared from Harmonized
World Soil database web site. Major soil group and soil
texture class has been delineated for the study area. Major
portion of the area is under calcisol CL. Broader soil group
showed the dominance of loamy soil in ACR-VIL. It
represented the major cropping system of rice-wheat is
under loamy soil. Rainfall data were obtained from
statistical abstract of Punjab, 2008-2009.

Project Title : Design and evaluation of a portable

drum based drip irrigation system

Funding Agency : Institute

Project Personnel : R.C.Srivastavaand D.U. Patil

A Portable Small Tank Based Drip Irrigation System was
designed and evaluated with aim 1. to design a system by
which water in small quantity (100 litres ) could be
transported from a water resource to field in a normal
terrain; 2. Designing a drip system to work with a
pressure of 50 -75 c¢cm head, and 3. Evaluation of the
efficacy of the system.

The total study consisted of two parts: first to design a
system (Fig. 39) to transport water from site of resource
to the field and secondly to apply it efficiently to minimize
the amount of water required. For this the idea came from
seeing people rolling gas cylinder to transport them from
trucks to buildings just by pushing it. Another scene was
transport of water in buckets on small trolleys from public
taps or tankers to home. It was thought to combine both
and create a system where a water tank can be rolled on
wheels. To do so, a cylindrical water tank of 100 litre was
taken and two old jeep tyres were fitted on both sides (Fig.
40). This gave the tank a free rolling on these two tyres.

Handle to push the tank

100 It tank

Old tyre acting
as wheel

Old tyre

connected
with submain

Fig. 39 Gravity fed drip system for sub marginal farmers
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A 'U' shaped handle was attached on both sides for
pushing the wheels as it is in lawn mower. To fully
integrate the handle with tyres, a cross of MS flat was
fitted on tyres alongwith a shaft and ball bearing. This
reduced the effort in carrying the tank. Tests were carried
out to push it on rough surfaces and it was found that it
with full capacity water of 100 litres can be pushed on
uneven surface with normal effort.

Fig. 40 Prototype (built from scrap of institute workshop)
of rolling water tank on 25 cm high ramp at testing area

The tank had an inlet opening covered with a cap. The
outlet lateral was connected in the cap so that no
additional hole has to be made in body of tank reducing
chances of leakage. The diameter of the tank was 45 cm
and thus the average head available with the tank alone
lying would be about 20 cm. Thus it was proposed to put
the tank on an elevated platform to add up the head
available. To evaluate the drip system, a 50mm diameter
sub main pipe of 5 mlength was used and the laterals were
fitted at spacing of 2 m each. In all three laterals of 15 m
each were fitted. While two laterals were fitted with
microtube of 50 cm length ata spacing of 100 cm, the third
one was fitted with button drippers of 2 Iph. To estimate
the optimum height of platform, 3 platforms of 25, 50 and
75 cm along with ramp to facilitate pushing of tank to
platform were fabricated. The tank was filled with water
from tap about 50 m away, rolled to site and was
connected to submain through a 12 mm diameter lateral.
The discharge from microtube and button drippers was
measured by collecting water in mugs for 5 minutes.

The evaluation of the system showed that system can be
operated even with 25 cm high ramp, However for better
results using 50 cm high ramp will be desirable, which had
highest uniformity coefficient of 94.20. The discharge
with 2 mm dia microtube was higher (10 Iph) which will
reduce with smaller dia microtube. Further for reduced
discharge, the microtube can be connected to the
designed emitter.



Assessment and Development of Water Resources for Diversified Agriculture in
Waterlogged High Rainfall Area

Eco-efficient Agricultural Practices for Enhancing Nutrient Use Efficiency of Rice
(Oryzasativa) under Waterlogged Ecosystem

Identification of Suitable Crops for Wastewater Irrigation

Delineation of Waterlogged Areas in Eastern India and Formulating Strategies for
Fitting in Suitable Crops and Aquaculture through Harnessing Agro-biodiversity for
Enhancing Water Productivity

Development of Agriculture Water Management Portal (AWMP)

Global Yield Gap and Water Productivity Atlas (GYGA)
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: Assessment and Development of
Water Resources for Diversified
Agriculture in Waterlogged High

Project Title

Rainfall Area
Project Code : DWM/09/140
Funding Agency : Institute

Project Personnel : R.K.PandaandG.Kar

The on-farm water resources management plan of 41 ha
alongwith feasible crop plan was developed for the study
area in Pattamundai block of Kendrapara district, Odisha,
which is frequently affected by the surface waterlogged
condition. The depth-duration-frequency relationship
was developed using Gringorten's plotting position
approach and the drainage coefficient was computed as
75.2 and 162 mm/day for 2-years and 5-years return
period, respectively. Considering 2-year return period,
the design discharge was found to be 0.35 m®s™ and the
proposed cross section for the irrigation cum drainage
channel oflength 675 m was computed.

Design strategy for water harvesting structures

Previous study of minor irrigation system in Odisha
through secondary storage, efficient delivery and
multiple use, reported that assuming about 50% main
reservoir capacity water will be available for irrigating
dry season crops . Fixing the 1% priority level of the
objective function as maximization of net seasonal benefit
and 2" priority level as maximization of cropped area, the
optimal surface area for auxiliary storage reservoir as the
percentage of the command area was found 17.40% and
10.92%, respectively. Therefore in the present study it

was assumed that 15% pondage area of the command
areaof41hai.e. 6.2 hawasunder farm ponds.

Optimized crop model

A multi objective optimized crop model using Goal
programming technique was developed with two
objective functions namely; maximization of profit and
maximization of production for the study area. The
farmers' affinity for selection of crops and the constraints
like availability of water and fertilizer was considered.
The model was studied under two water availability
scenarios of 75 and 85 % of net irrigation water (Table 33
and Table 34). Estimation of total water availability and
effective rainfall were computed using USDA SCS-CN
procedure and FAO approach, respectively. Reference
evapo-transiparion ET0 was computed using Hargreaves
approach and accordingly ET, was computed. Thus the
net irrigation requirement (NIR) of crop was estimated
using the equation:

NIR = ET, + PERC - ER, where, PERC is the continuous
percolationlosses

Considering the above procedure, the multi-objective
goal programming using winQSB software was run for
obtaining optimal solution (Table 35). In scenario 1,
water availability was higher (75% probability, 17346 ha-
mm) compared to scenario 2 (85% probability, 13877 ha-
mm) and kharif paddy, rabi tomato and rabi brinjal were
allocated with maximum profit and production. In
scenario 2, only paddy in kharif season and tomato in rabi
were found in the solution. Thus optimal crop area
allocation with 75 % water availability was found feasible.

Table 33 Crop-wise net water availability at 75 % probability level

Crops K. ET,
mm
Kharif Rice 1.15 79.4
(July-October) 1.23 73.2
1.14 90.6
1.02 98.3
Total
Rabi Rice 1.0 168.9
(January-April) 1.1 135.5
0.9 160.0
0.9 166.0
Total

ET.., Effective Percolation NIR
mm rainfall, mm mm mm
91.31 203.48 69.1 -43.07
90.04 173.72 69.0 -14.68
103.28 148.12 66.9 22.06
100.27 27.56 69.0 141.71
384.89 552.88 274.0 106.02
168.9 0 0 168.9
149.1 0 0 149.1
144 0 0 144.0
149.4 23.9 0 125.5
611.3 23.9 0 587.47
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Crops K, ET, ET,,, Effective Percolation NIR

mm mm rainfall, mm mm mm

Rabi Tomato 0.5 126.2 63.1 0 0 63.1
(December- 0.6 168.95 101.37 0 0 101.37
March) 1 135.52 135.52 0 0 135.52
0.5 159.65 79.83 0 0 79.83

Total 379.82 380
Rabi Brinjal 0.85 126.2 107.27 0 0 107.27
(December-April) 0.9 165.95 152.1 0 0 152.1
1.0 135.52 135.52 0 0 135.52
0.95 159.65 151.67 0 0 151.67

0.7 108.3 75.81 0 0 75.81

Total 622.32 0 0 622

Table 34 Crop-wise net water availability at 85 % probability level

Crops K, ET, ET,,, Effective Percolation NIR, mm
mm mm rainfall, mm mm
Kharif Rice 1.15 74.1 85.2 193 69.1 -38.7
(July-October) 1.23 72.5 89.2 164.44 69.0 -6.24
1.14 75.9 86.5 146.04 66.9 7.36
1.02 82.5 84.2 22.34 69.0 130.86
Total 345.07 525.82 274.0 93.25
Rabi Rice 1.0 160.3 160.3 0 0 160.3
(January-April) 1.1 113.7 125.07 0 0 125.07
0.9 150..7 135.63 0 0 135.63
0.9 151.8 136.62 7.76 0 128.86
Total 557.62 7.76 0 549.86
Rabi Tomato 0.5 109.7 54.85 0 0 54.85
(December-March) 0.6 160.3 96.18 0 0 96.18
1 113.7 113.7 0 0 113.7
0.5 75.35 75.35 0 0 75.35
Total 340.08 0 0 340.0
Rabi Brinjal 0.85 109.7 93.25 0 0 93.25
(December-April) 0.9 160.3 144.27 0 0 144.27
1.0 113.7 113.7 0 0 113.7
0.95 150.7 143.17 0 0 143.17
0.7 151.8 106.26 0 0 106.26
Total 600.64 0 0 601
Table 35 Optimal crop area
Crop Name/ Area (ha) Allocation Unit Profit Total Contribution
Decision Variable (Rs ha1) (%)
Water availability at 75% Probability of estimated runoff
Kharif Paddy 20 25000 5,00,000
Rabi Paddy 0 30000 -
Tomato 24.1 80,500 19,40,316
Brinjal 5.9 86,100 5,07,705
Water availability at 85% Probability of estimated runoff
Kharif Paddy 25.7 25000 6,43,117
Rabi Paddy 0 30000 -
Tomato 24.3 80,500 19,54,162
Brinjal 0 86,100 -
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Impact of surface drainage system on paddy yield

The pre-intervention survey of the farmers in four
beneficiary villages adjacent to the study area namely;
Amber, Baipada, Jigarana and Naladholia under
Khadianta Gram Panchayat was made to ascertain the
existing socio-economic condition by interviewing fifty-
nine key farmers. About 89.8% of the farmers were
marginal (withlessthan 2.5 acres holdings) and small (2.5
to 5.0 acres) categories. Similarly, 74.6 % farmers were
under BPL category. Execution of the field drainage
system during 2007-08 by CAD&WM modulated the
waterlogged situation in the crop field and the farmers
cultivated paddy crop during 2008-12 kharif seasons with
yield between 2.3 - 3.1 tha” compared to 1.2 t ha™ under
pre-drainage scenario. Further, a waterlogged tolerant
paddy variety Swarna sub-1was introduced during 2010-
11 and 2011-12 crop seasons and the average yield was
4.65tha”.

Hydrologic impact of field drain and the
renovated structures

It was observed that the field drain successfully
modulated the submergence in the nearby paddy field. As
aresult, on 8th October 2010 when a peak rainfall event of
152 mm occurred in the study area, there has been a
reduction of 49 cm depth of submergence in paddy crop
field (Fig. 41) compared to field drain where the depth of
water was 109 cm.

Impact of surface drain on field submergence level during 2011-12
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w0

Ponding depth, m
Rainfall, mm

I rainfall mm —— Drain —— drained field —— Poor drained field

Fig. 41 Spatial submergence in field drain and
drained paddy field

The renovation work of the minors increased in flow rate
with the range of 0.2-0.45 m’sec” during 29" -46" weeks,
where as prior flow rate was almost negligible. Similarly,
week-wise temporal water availability measured in a
farm pond during the year 2012 revealed water
fluctuation between 0.5 -3.2 m during 23" - 31" weeks,
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which indicated availability of adequate water for
growing rabi crops. The impact of 39 renovated farm
ponds of size ranging between 1200-6000 m’ covering 6.2
% area of the command area of 300 ha revealed
encouraging results during rabi season with varied
successes.

Project Title : Eco-efficient Agricultural Practices

for Enhancing Nutrient Use
Efficiency of Rice (Oryza sativa)
under Waterlogged Ecosystem

: DWM/12/163
: Institute

Project Code

Funding Agency

Project Personnel : P.S.Brahmanand, S.Roy Chowdhury,
S.Ghoshand A. Kumar

Field experiment was conducted in kharif season in the
farmers' fields in village Balisahi of Pipli block of Puri
district of Odisha to study the performance of rice under
different nutrient treatments in waterlogged ecosystem.
Split-split plot design was adopted with two depth of
waterlogging (M1:10-25 cm; M2: 25-50 cm) as main plot
treatments, two method of fertilizer application
(S1:Broadcasting; S2: Band placement) as sub plot
treatments of and five sub sub-plot treatments of type of N
fertilizer (SS1: Control; SS2: N@60 kg ha™ through urea;
SS3: N@60 kg ha” through Dicyanodiamide (DCD); SS4:
N@60 kg ha” through Neem coated urea (NCU) and SS5:
N@60 kg ha” through DWM bioformulation) with three
replications. DWM bio-formulation was prepared with
combination of leaf extracts of Pongamia pinnata,
Azadirachta indica and other plant species which have
property of slowing down the rate of release of nitrogen.
The main objective of the study was to find out the effect of
different nutrient treatments on productivity and
nitrogen use efficiency of rice under waterlogged
condition.

The growth parameters such as plant height, tiller
number, leaf area index and dry matter accumulation
were higher at lower submergence level, band placement
and N@60 kg ha" through DCD. There was concomitant
increase in yield attributes such as panicle number and
filled grain per panicle through superior grain yield with
these treatments. Significantly superior grain yield (3.8 t
ha™) was noticed under shallow submergence (10-25 cm)
compared to intermediate level of submergence (25-50
cm, 3.51 tha’; Fig. 42) and band placement of N @ 60 kg
ha™ was found to be significantly superior in terms of
grain yield (3.82 t ha') compared to broadcasted of
nitrogen fertilizer treatment (3.49 t ha’, Fig. 43).
Similarly, Nitrogen @ 60 kg ha' applied through
Dicyanodiamide (DCD) has resulted in superior grain
yield of rice (4.1 t ha") compared to NCU and DWM bio-



formulation (Fig. 44). Highest nitrogen use efficiency of
26.5 kg grain. kg N" applied was also noticed with N @ 60
kg ha' through area + DCD (Fig. 45). However, the

iy

treatment with DWM bio-formulation also improved

grain yield and nitrogen use efficiency compared to
controland NCU application.
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Fig. 42 Grain yield (t ha™) of rice as influenced by level of Fig. 43 Grain yield (t ha) of rice as influenced by method

submergence

of application of N fertilizer
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Fig. 44 Grain yield (t ha™) of rice as influenced by type of Fig. 45 Nitrogen use efficiency (kg grain kg™ N applied) of
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rice as influenced by type of N fertilizer

View of experimental rice field at Balisahi village, Puri district during kharif, 2013
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Project Title : Identification of Suitable Crops for

Wastewater Irrigation
: DWM/12/159
: Institute

: S.Raychaudhuri, M. Raychaudhuri,
S.K. Rautaray andS. Roy Chowdhury

Project Code
Funding Agency
Project Personnel

Studies on transfer factors of heavy metals to
identify crops having lower accumulation of
metals

Heavy metal accumulation of in parts of ladies finger,
pumpkin, ridge gourd, bitter gourd, Amaranthus,
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cucumber, malabar climbing and paddy was studied in pot
culture experiment. Plants were grown in earthen pots
with three replications. Each pot was filled with 3kg soil
collected from wastewater irrigated fields at Joypurpatna,
having pH 5.7, organic C 0.54%. The pots were irrigated
with a synthetic sewage having metal concentrations of
0.5mgkg" Cd, 0.5 mgkg' Crand 5 mg kg Pb. The plants
were harvested at 60 days along with roots and were
analyzed for Cd, Cr and Pb. The transfer factor (TF) was
calculated for each plant. Highest TF was observed with
Amaranthus red followed by tomato, water melon,
malabar climbing, bitter gourd, ladies finger and ridge
gourd. The concentration of Cr was more than Cd and Pb
in most plants. Higher accumulations of metals were
observedinleaftissues thanin fruit parts (Fig. 46).
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Fig.46 Heavy metal accumulation by different plants and transfer factors

Studies on graded levels of heavy metals in
vegetables

Field experiment was conducted at Deras experimental
farm with graded level of Cd on six vegetable crops viz.
okra, tomato, ridge gourd, french bean, radish and
Amaranthus. The experiment was laid out in split plot
with vegetables in main plots and graded doses of Cd (0, 3,
6 and 9 ppm levels) in sub plots. The growth parameters
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and photosynthesis rate and yield were recorded.
Amaranthus gave maximum yield of 24.7 tha™ (fresh) at 3
ppm Cd level and was higher than that at 0 level of Cd
addition. At 6 ppm level decrease in yield (24 t ha™) was
observed with Amaranthus. However, the differences
were insignificant. The yields of all other vegetables were at
parin both the 0 and 3 ppm Cd level whereas at 6 and 9 ppm
decreaseinyieldsinridge gourd was observed (Fig.47).
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Fig. 47 Vegetable yield at different concentration of Cd

The net photosynthetic activities were measured at 30
and 60 days after planting to ascertain the impact of Cd on
photosynthetic CO, uptake of vegetable plants. The net
photosynthetic rates decreased with higher doses of Cd
both at 30 and 60 days after planting (Fig. 48)
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Fig. 48 Effect of graded level of Cd on net photosynthetic
rate of vegetables (umol CO, m”s™)

Periodic analyses for Mass balance of heavy
metal in paddy-vegetable and paddy-paddy
systems

Periodic analyses of soil and crop samples from six
identified sites in farmer's field at Joypurpatna were done
between winter (January) 2013 and winter (January) 2014
along with the analyses of irrigation water for budgeting
heavy metals viz. Cd, Cr and Pb. The soils were analysed for
pH, EC, organic Carbon and heavy metals viz. Cd, Cr and Pb.
The uptake of heavy metals in crops grown and addition of
metals through wastewater were determined. The heavy
metal uptake in rice was 11 percent higher in Rabi seasons
than that in kharif (17,40 and 12 g per ha for Cd, Cr and Pb
respectively). Levels of Cd, Cr and Pb in soil at different
seasonsare givenin Fig.49.
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Fig. 49 Changes in heavy metal concentrations in
wastewater irrigated fields in different seasons

Studies on Die off period of pathogens

To ascertain the persistence of microbial pathogens on
vegetable crops after wastewater irrigation, an
experiment was conducted in farmers field at
Joypurpatna. Vegetable samples viz. okra, tomato,
amaranthus, Malabar climbing, bitter gourd, ridge gourd
and cucumber were collected at 0, 3, 5, 7 and 10 days after
irrigation. The microbial load viz, total coliforms (TC), E
coli and other bacteria (OB) were enumerated as
indicator organisms in the laboratory and expressed as
log cfu per gram of vegetables in figures below. The initial
load of TC, E coli and OB were lowest (3.02. 1.80 and 3.50
log cfu per g) in okra on the day of irrigation (0 days) and
highest in bitter gourd, ridge gourd. Probably, the rough
surface and crevices in ridge gourd might have been
congenial for higher retention of microorganisms. At 7
and 10 days after irrigation mean, reduction of 1.92 and
2.53log cfu of E coli were found in vegetables (Fig. 50).

m0Days m3days m5days W7days m10days

w +~

Population of £ coli, log cfu

Fig. 50 Pathogens in vegetable at different days after
wastewater irrigation (log cfu g”)
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Project Title : Delineation of Waterlogged Areas
in Eastern India and Formulating
Strategies for Fitting in Suitable
Crops and Agquaculture through
Harnessing Agro-biodiversity for

Enhancing Water Productivity
: DWM/12/162
: Institute

Project Code

Funding Agency

Project Personnel : S.Roy Chowdhury, P.S. Brahmanand,
A.K. Nayak, R.K.Mohanty and
Ashwani Kumar

The delineation of waterlogged areas in Odisha was
carried out through assessment of the district wise status
of waterlogged areas with the help of LISS III data
(1:50,000 scale) for the period 2005-2006. The data were
collected from Orissa Space Application Center (ORSAC),
Bhubaneswar. To improve the accuracy of delineation,
LISS III data of three season, namely kharif (monsoon),
rabi (winter) and zaid (summer) for the period 2005-06
were considered following on-screen visual
interpretation approach. Accordingly 17 different types
of water bodies and waterlogged areas were
characterized using ARC GIS software. The different types
of water bodies/waterlogged areas classified were
1. Canal drained lined, 2. Canal drain-unlined,
3. Lakes/ponds dry 4. Lakes/ponds dry, rabi-extent,
5. Lakes/ponds dry, kharif-extent 6. Lakes/ponds dry,
zaid -extent, 7. Lakes/ponds perennial 8. Reservoir /
tanks dry 9. Reservoir / tanks dry, rabi-extent,
10. Reservoir / tanks dry, kharif-extent, 11. Reservoir /
tanks dry, zaid -extent, 12. Reservoir / tanks perennial
13. River stream dry 14. River stream perennial,
15. Wetland coastal natural, 16. Wetland inland
manmade, and 17. Wetland inland natural. In addition
there is manmade waterlogged areas as well (Fig. 51). In
these different classes of waterlogged areas and or water
bodies, the perennial river or streams flow throughout the
year whereas perennial lakes and ponds are those areas
which maintain water for a season or throughout the year
and generally are not subjected to extreme fluctuation in
level of water. The perennial reservoir / tanks normally
show spread of water at least in one season in a year
(NRSANRCLULC50K).

Among waterlogged prone districts of Odisha,
Jagatsinghpur district showed 10884.42 ha perennially
under rivers and streams, and 548.98 ha under lakes and
ponds with a total of 11433.4 ha under perennial water
bodies. This was followed by Kendrapara district where
11229.41 ha perennially under rivers and streams, and
162.34 ha under lakes and ponds with total 11391.75 ha
area was under perennial water bodies. The Baleswar
district had perennially 6350.86 ha area under rivers and
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streams and 253.53 ha area under lakes and ponds and
91.76 ha under reservoir/tanks with total 6696.15 ha as
perennial water bodies. In Bhadrak district 4747.67 ha
area was perennially under rivers and streams and
286.24 ha was under lakes and ponds with total 5033.91
ha of perennial water bodies. The Puri had 6237.13 ha
perennially under rivers and streams, and 204.92 ha
under lakes and ponds. The Khurda district showed
1729.07 ha area was under perennial water bodies. The
Ganjam district had perennially 4075.77 ha area under
rivers and streams and 4530.07 ha area under lakes and
ponds and 3818.04 ha under reservoir and tanks. In
Sambalpur district which is dominated by Mahanadi river
basin and Hirakud command, about 9563.29 ha area was
perennially under rivers and streams, lakes and ponds
and reservoir and tanks as perennial water bodies. The
Kalahandi district showed 8118.80 ha area perennially
under rivers and streams, and 3015.10 haunder lakes and
ponds with total 11133.9 ha area perennially under
waterlogged condition. The Bolangir district showed
8310.64 ha area perennially under rivers and streams,
5446.12 ha under lakes and ponds and 3.83 ha under
perennial reservoir and tanks. Koraput district had
perennially 4832.63 haarea under rivers and streams and
266.56 ha area under lakes and ponds and 117.05 ha
under reservoir and tanks with total 5216.24 ha as
perennial water bodies.

Kendrapara district had highest area 11229.41 ha
perennially under rivers and streams, followed by
Jagatsinghpur district i.e. 10884.42 ha. The Ganjam
district has highest 8348.11 ha area perennially under
lakes, ponds, reservoir and tanks followed by Bolangir
district with 5449.95 ha area under similar category. The
Baleswar and Kendrapara district had shown man made
waterlogged area of 569.98 and 169.97 ha respectively.
Three of such manmade waterlogged area was delineated
and were identified for cropping system study and
intervention. They were in Haldipada block in Baleswar
district, Taribatpur village ( N 21°45.872'/ E 87°11.248")
of Jaleswar block of Baleswar district and Jambhirai
village (locatedat N 21°33.124'/E87°11.108") in Baliapal
block in Baleswar district. Soil samples were collected
from three locations i.e. Haldipada block in Baleswar
district, Taribatpur village located at N21°45.872'/
E87°11.248" of Jaleswar block of Baleswar district and
Jambhirai village located at N21°33.124'/ E87°11.108" in
Baliapal blockin Baleswar district.

Table 36 presents physical properties of the soils at three
sites. Soils are lightin texture i.e. siltloam, sandy loam and
loamy sand at Haldipada, Taribatpur and Jambhirai sites
respectively. Bulk density of sol at Taribatpur and
Jambhirai found 1.64 and 1.53 g.cm” respectively which
were higher than normal soil i.e. 1.33 g cm”, and might be



due to higher proportion of and particles whereas at
Haldipada, it was found to be lower i.e. 1.28 g cm”. The
chemical properties of the soils are presented in table 37.
The soils of three sites were slightly acidic (6.10 to 6.22) in
reaction and electrical conductivity was also very low
(Table 37). Organic carbon content of the soils are low
(0.27 t0 0.37%). Available N content were alsolow (115-196
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kg ha") and could be due to low organic carbon content
and nitrate loss through leaching from surface soil.
Available P status of the soil are also low (<15 kgha™) and
might be due to acidic nature of the soil. The available
potassium content are in medium range (168.37 to
189.69 kgha™), suggesting loss of labile K from soil profile
due to waterlogged condition and leaching.

Table 36 Physical properties of soil at three experimental sites

Sites Soil depth Particle size analysis (%) Textural Bulk density
(cm) Coarse sand Fine sand Silt Clay class (g.cm3)
Haldipada 0-15 22.16 14.49 60.37 2.98 Silt loam 1.28
Taribatpur 0-15 28.61 40.22 28.78 2.39 Sandy loam 1.64
Jambhirai 0-15 32.62 40.51 21.14 5.73 Loamy sand 1.53
Table 37 Physico-chemical properties of soil at three experimental sites
Sites Soil depth pH EC dS/m Organic Available N Available P Available K
(cm) Carbon (%) (kg.ha) (kg.ha'1) (kg.ha1)
Haldipada 0-15 6.22 0.02 0.37 196 <15 170.23
Taribatpur 0-15 6.2 0.02 0.35 149 <15 189.69
Jambhirai 0-15 6.10 0.04 0.27 115 <15 168.37

In the post monsoon period after Phailine cyclone, which
occurred on second week of October, the water level
decreased from 124 cm above ground situation in October
2013 to 52cm in November and gradually subsided to -64
cm in the month of February, 2014 at Taribatpur near
Chalantilake in Jaleswar block of Baleswar district.

The water quality parameters for aquaculture
intervention were also done at Taribatpur village (Table
38). The recorded mean minimum and maximum values
of various water quality parameters prevailed in the pond
were indicative of its suitability to carry out freshwater
aquaculture. At any given point of time, other water
quality parameters and plankton did not register any
specifictrend.

Table 38 Pond water quality parameters at Taribatpur
(Farmer- Narayan Dhal) during 2013-14

PARAMETERS

Water quality parameters

Water pH 7.66 £0.12
Dissolved Oxygen (ppm) 59+0.6
Temperature (°C) 29.8+0.3
Total alkalinity (ppm) 111+£9
Dissolved Organic Matter (ppm) 51+0.2
Total Suspended Solids (ppm) 192 £ 11
NH4+ water (ppm) 0.6 £ 0.01
Total plankton (units 1-1) 6.8x10%+ 1.3x103
Nitrite - N (ppm) 0.04 £ 0.01
Nitrate - N(ppm) 0.33 £0.05
Phosphate - P (ppm) 0.21 £0.02

All values are mean + SD

The productivity of natural waterlogged areas in general
has been found to be poor due to unfavorable conditions
for crop survival and growth. In case of manmade
waterlogged areas, the extent of waterlogging is
predictable and it provides scope for developing and
implementing the alternate crop plans with an objective
of augmenting the land and water productivity. Chalanti
(Jaleswar block and Baleswar district) comes under such
scenario where waterlogging has been a common feature
since long and farmers have been practicing rice
cultivation in kharif season and potato and greengram,
groundnut, brinjal and other vegetables in rabi season.
Advancement of sowing time by 10 days from 3rd week of
November to first week of November in greengram
resulted in 16% higher pod yield from 720 kg ha™ to 835
kg ha™. Similarly, practice of ridge and furrow system has
bettered the fruit yield of brinjal and tuber yield of potato
compared to the flat bed system. The introduction of new
crops such as radish, cabbage, coriander and mustard
have resulted in higher economic returns in addition to
better insurance under low lying waterlogged prone
environment.

Phailin cyclone and subsequent flood have resulted in
crop damage to the tune of about 6.4 lakh ha covering 17
districts of Odisha affecting about 12 million people.
Phailin cyclone caused severe crop damage in Ganjam,
Puri, Khurda, Kendrapara, Baleswar and Cuttack districts
of Odisha. The consequent flood has resulted in
inundation of crop fields in Baleswar, Bhadrak,
Mayurbhanj, Cuttack and Kendrapara districts. Paddy was
the main affected crop during these events. The other
crops affected were fruits and vegetables such as coconut,
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papaya, banana, cashew, brinjal and tomato. In seasonally
low lying areas, the paddy faced submergence for longer
period which resulted in higher crop damage. In these
patches, early rabi crop was advocated. In considerable
portion of flood affected area, paddy fields didn't
experience submergence for longer period where water
receded quickly resulting in good crop recovery and
lesseryield loss. Moreover, the rice plants experienced the
submergence during their vegetative phase (pre booting
stage) which provided better scope for crop recovery. In
such Phailin affected areas, an assessment was made to
study the improved practices adopted by some farmers. In
Jajpur district, the farmers mainly cultivated groundnut
and mustard either as sole crop or as intercrop. The pod
yield of groundnut was recorded as 1165 kg ha” and seed
yield of mustard was 980 kg ha". The pod number per
plant and seed number per pod of mustard were found to
be 286 and 11.7 respectively which contributed for higher
pod yield and reflects the better resilience of this crop to
survive under post flood scenario. Similarly, the average
number of branches per plant, pod number per plant and
100-kernal weight of groundnut were found tobe 5.1,13.5
and 42g. Some farmers have grown cucurbits such as

A, Ground truthing of Chalanti Lake in Nov, 2013; B,
Damaged vegetable crops (B, Okra; C, Cucurbits) due to
submergence with NH5 in background; D. Subsidence of
Lake water in January, 2014; E Cabbage in peripheries of
lake; F. biodrainage plantation inlow lyingarea, Baleswar
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pumpkin and ridgegourd. In few pockets, the farmers
have grown Colocasia. After the harvest of groundnut and
mustard, about 20% of the farmers have gone for the crops
such as watermelon, cucumber and pumpkin. Planting of
Acacia, Eucalyptusinlow lying areas were also seen.

Chalanti lake near Taribatpur
(N 21°45.872'/ E 87°11.248')

district ; G , H Mustard ground nut inter crop in Jajpur
district, in 23rd November, 2013 (G) and 27th February
2014 (H); I Cabbage, tomato and chilli mixed cultivation at
Taribatpur, Baleswar district.
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A web based information system on agriculture water
management is being developed for better utilization of
water resources in agricultural development. The web
portal contained different domains like research domain,
farmer's domain, service domain, e-learning and contact
information for use of different group of stake holders.

The information of all 25 centers under All India
Coordinate Research Project (AICRP) on Water
Management Centres regarding their general information
and information related to their research activity were
collected and compiled in the web pages. These
developed web pages of the web portal will be kept in
public domain for access by general public. Webpage
format has been prepared for researches carried out by
AICRP Centres across the country to access related
information by the stake holders. The background
information, centre information, theme of Research,
Location map, soil type, alongwith the major
accomplishments done by the centre has been uploaded
on the website. The sample snapshots of web portal are
giveninFig.52 and 53.

The literature on research and extension on agriculture
water management were collected for developing an e-
learning module of the web portal for the farmers and
other researchers. The published literature, bulletins and
leaflets for agriculture water management in Hindi and
Odia language were uploaded on the webpage as e-books.
The published bulletins of DWM and e-books already
available in the DWM website have also been linked with
the web portal (Fig. 54).
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Fig. 52 Snapshot of the Agricultural Water Management
Web Portal
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Fig. 54 Snapshot for the E-learning module of the web portal
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Productivity Atlas (GYGA)

: University of Nebraska, USA and Bill
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Project Personnel : P.S. Brahmanand, Ashwani Kumar,
N. Subash and B. Gangwar

Funding Agency

The objective of this project is to collect and compile the
data on yield gaps and water use efficiency in India to
prepare an atlas, initially for five major crops namely
maize, rice, wheat, sorghum and pearl millet. Thirty
Reference weather stations sites and climatic buffer zones
were identified in different agro-climatic zones of India
for estimating actual and potential yields of rice, wheat,
maize, sorghum and pearl millet (Table 39). The daily
weather data of these sites for 30 years (1980-2010) were

collected. Actual crop yields of rice, wheat, maize,
sorghum and pearl millet for 10 years were estimated for
all the thirty climatic buffer zones taking the respective
district and surrounding district weighted mean of major
crops with in 100km radius. The lowest rice yield (0.87 t
ha") was recorded with Jabalpur climate zone where as
the highest rice yield (3.26 t ha') was recorded with
Paiyur zone. The lowest wheat yield (1.37 t ha™) was
recorded with Palampur climate zone where as the
highest wheat yield (4.59 t ha') was noticed with
Ludhiana zone. Crop distribution maps - based on
triennium ending period 2011-12 for rice, wheat, maize,
sorghum and millet during kharif and rabi were created.
APSIM model is being used for estimation of yield
potential of wheat and rice and Hybrid maize model is
used for maize and WOFOST model is being used for
sorghum and pearl millet.

Table 39 Geographical location of reference weather station sites along with their major crop
under different agro-climatic zones of India

S1 Name of reference weather Latitude  Longitude Major Agro-climatic zone

No station N° E° crop

1 Akola, Maharashtra 20.70 77.03 Sorghum  Western Plateau and Hills Region
2 Bangalore, Karnataka 12.97 77.58 Maize Southern Plateau and Hills Region
3 Bhubaneswar, Odisha 20.25 85.83 Rice East Coast Plains and Hills Region
4 Faizabad, Uttar Pradesh 26.78 82.13 Wheat Middle Gangetic Plains Region

5 Hisar, Haryana 29.17 75.73 Wheat Trans Gangetic Plains Region

6 Jabalpur, Madhya Pradesh 23.15 79.97 Rice Central Plateau and Hills Region

7 Jorhat, Assam 26.78 94.20 Rice Eastern Himalayan Region

8 Kanpur, Uttar Pradesh 26.43 80.37 Wheat Upper Gangetic Plains Region

9 Ludhiana, Punjab 30.93 75.87 Wheat Trans Gangetic Plains Region

10 Palampur, Himachal Pradesh 32.10 76.05 Wheat Western Himalayan Region

11 Parbhani, Maharashtra 19.13 76.83 Sorghum  Western Plateau and Hills Region
12  Raipur, Chhattisgarh 21.23 81.65 Rice Eastern Plateau and Hills Region
13 Hyderabad, Andhra Pradesh 18.98 78.92 Maize Southern Plateau and Hills Region
14 Ranchi, Jharkhand 23.28 85.32 Rice Eastern Plateau and Hills Region
15 Udaipur, Rajasthan 25.35 74.63 Maize Central Plateau and Hills Region
16 Modipuram, Uttar Pradesh 29.07 77.67 Wheat Upper Gangetic Plains Region

17 Thiruvalla, Kerala 9.15 77.11 Rice West Coast Plains and Hills Region
18 Pune, Maharashtra 19.47 74.18 Bajra Western Plateau and Hills Region
19  Paiyur, Tamil Nadu 12.35 78.30 Rice Southern Plateau and Hills Region
20 Navsari, Gujarat 20.57 72.54 Rice Gujarat Plains and Hills Region

21 Kalyani, West Bengal 23.40 88.52 Rice Lower Gangetic Plains Region

22 Jaipur, Rajasthan 26.55 75.49 Bajra Central Plateau and Hills Region
23 Indore, Madhya Pradesh 22.04 76.00 Wheat Western Plateau and Hills Region
24  Coimbatore, Tamil Nadu 11.98 78.92 Rice Southern plateau and Hills Region
25 SK Nagar, Uttar Pradesh 24.32 72.32 Wheat Middle Gangetic Region

26  Karnal, Haryana 29.72 76.97 Wheat Trans Gangetic Region

27 Umiam, Meghalaya 25.69 91.92 Rice Eastern Himalayan Region

28 Pusa, Samastipur, Bihar 25.65 85.50 Wheat Middle Gangetic Region

29 Sabour, Bihar 25.38 87.12 Wheat Middle Gangetic Region

30 Maruteru, Andhra Pradesh 16.63 81.73 Rice East Coast Plains and Hills Region
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Tracking Change in Rural Poverty in household and Village Economies in South Asia
Strengthening Statistical Computing for National Agricultural Research System

Enhancing Land and Water Productivity through Integrated Farming System (Tribal
Sub Plan Project)
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Project Title : Tracking Change in Rural Poverty in
household and Village Economies
in South Asia

Funding Agency : Billand Melinda Gates Foundation

Project Personnel : M.K.Sinha, P.NandaandA. Kumar

Agriculture and poverty related high frequency data
collected on monthly basis to enhance availability of
reliable household, individual, field specific, plot level
data on production, consumption, labour, expenditure
and incomes throughout the year to address the dynamics
of economic, social and institutional development were
processed to understand the dynamic process of reducing
poverty by tracking the household and village economies
from Odisha villages. Data base was prepared in a user-
friendly format of CSPro (Fig. 55). This software package
can be accessed in user friendly format by individuals,
researcher and planners.
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Data from Ainlatunga village of Balangir showed that 62
per cent populations were below poverty level (BPL) and
rest 38 per cent were of APL category. Through public
distribution system, the BPLs could avail 30 kg rice, 3 litre
kerosene and 1.5 of sugar in each month, where the APLs
could avail 7 kg of wheat and 25 kg of rice in each month.
Further data suggests that almost 76 per cent of the
population meet livelihood from agricultural sector,
consisting of 65 per cent is cultivators and 10.89 per cent
agricultural workers (Fig. 56). Second sizable population
(21.07%) was of non-farm workers in the village. From
the small, medium, and large farmer households, 80 per
cent were cultivators as they held sufficient land area to
sustain. But 75 per cent of landless households were
workers, out of which 14.95 per cent were agricultural
workers and 56 per cent non-farm workers. It was hard to
find any households having government employment.

Other
2%

Government
Job
1%

Agricultural
worker

11%

Fig. 56 Income diversification in Ainlatunga

The villages had sizable 81.82% as migrants in search of
daily wage employment followed by salaried job
(13.64%) and education (4.55%). Insufficient
employment opportunities in agricultural sector due to
regular drought situation and absence of irrigation
facilities in spite the watershed development accelerated
the trend. Lack of generation of employment, advance
payments from the labour contractors to work in
unknown land were the other major causes of migration.



Project Title : Strengthening Statistical
Computing for National
Agricultural Research System

: NAIP, ICAR, New Delhi

Project Personnel : D.K.PandaandG. Kar

Funding Agency

In order to improve computational efficiency of scientists
and researchers of National Agricultural Research System
under the NAIP project “Strengthening Statistical
Computing for NARS, a 6-days training program “Data
Analysis using SAS” was organized at CRIJAF,
Barrackpore, during 1-6 July, 2013. A professionally
diversified group of 33 personnel who participated in the
programme includes 18 scientists from CRIJAF, 1 scientist
from ERS-NDRI, Kalyani, 1 Assistant Professor from
WBUFAS, Kolkata, and one from BAU, Katihar, Technical
Assistants and research scholars of CRIJAF. They were
trained on various applications of statistical tools and
techniques for proper analysis agricultural datasets.
Moreover, a two-day workshop on “Software installation-
cum-training program” was organized at the DWM
Statistical Computational Hub during September 05-06,
2013. 20 nodal officers under the DWM Hub were
apprised about the recent versions of the SAS software
and theirapplications.

Participants of the training programme on
“Data Analysis using SAS” at CRIJAF, Barrackpore

Project Title : Enhancing Land and Water
Productivity through Integrated
Farming System (Tribal Sub Plan
Project)

Funding Agency : Institute
Project Personnel : R.K.Panda, Ranu RaniSethi,

S. K. Rautaray and Rajeeb K. Mohanty

The project has been initiated at Ghurlijore Minor
Irrigation Project located in Sundargarh district of Odisha
in collaboration with Department of Water Resources,
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Govt of Odisha. It aims to improve the land and water
productivity through augmenting the irrigation
infrastructure by utilizing both surface and groundwater
resources and develop an integrated farming system in
upland areas of Odisha. Minor Irrigation Division,
Sundargarh was involved to identify the suitable
site/village to carry out the project. During the initial
phase, survey was carried out to select the site for
engineeringintervention.

Survey to identify the location

Initial survey was carried out in the Ghurlijore Minor
Irrigation Project site to identify the location/village for
assessment and renovation of existing water resource
infrastructure. Total design Ayacut is 364 ha (kharif) and
210 ha (rabi) with the total length of canal is 7866 m out of
which right main canal is 7713 m and left main canal is
153 m. Nearly 156 farmers are the members of the group.
The details about the village to be benefitted by the
project of MIP are given in Table 40.

Table 40 Demography of the project area

Village Population SC ST GEN
Kendmal 230 21 172 37
Birjaberna 122 0 81 41
Kinjirma 308 103 104 101
Mahuljore 201 62 62 77
Total 861 186 419 256
(21%)  (49%) (29%)

Assessment and development of water resources

In Ghurlijore Minor Irrigation Project, total area of 200 ha
(left: 170 ha and right: 30 ha) is being considered. The
duty is 850 ha m™ and canal discharge is 0.2353 cumec,
hence, total design discharge at the inlet including 30%
loss is 0.306m’s”. Similarly for downstream outlet, total
area of 170 ha in left ayacut only was considered with
canal discharge of 0.2m’s™. Hence, design discharge was
computed as 0.3 m’s™. There are six linkage tanks within
the MIP project. Birjaberna Gadhuamunda Linkage Tank
was selected for the project under TSP because around 50
families are dependent on the structure and engaged in
various agricultural practices and being cooperative
farming community. Rainfall distribution in Sundargarh
showed that monsoon rainfall is concentrated during the
month of June, July, August and September only.
Percentage deviation from normal rainfall during 2008-
2012 is depicted in Fig. 57. It showed that during the
month of April and November, percentage of deviation
from normal is more than 100% deviation, where as in the
month of March, there is negative deviation from the
normal.
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Design of inlet, outlet and surplus escape
structures in Gadhuamunda Linkage Tank

Design of inlet, outlet and surplus escape has been made
based on the depth-capacity curve of the structure (Fig.
58). During the month of August and September, highest
water level of 3 m is available in the structure. Similarly
during the month of March-May, lowest level of water is
maintained in the tank. Considering this, design and
constructions are made. For lowland areas, land has been
modified by raised and sunken beds (5m width x 51mx
0.4m depth) for bringing diversification in crops.
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Fig. 57 Percentage of deviation from normal rainfall for
Sundargarh (Source: imd.gov.in)
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Fig. 58 Depth-capacity curve of Gadhuamund Linkage tank
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Capacity building training Programmes

Three training programmes were organized during 28-29
November, 2013, 30 January and 21-22 March, 2014.
Total 169 beneficiary farmers from 4 villages were
imparted training on “Integrated farming system to
enhance the land and water productivity” and “Improved
water management techniques for sustainable
agriculture”.

Training programmes under TSP project
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Events / Trainings Organized for Women Empowerment

A farmers training program on “Improved water
management techniques for sustainable
agriculture” was conducted at Birjaberna village in
Sundargarh district under TSP project during 21-
22 March 2014 and was attended by 38 female
participants.

Farmers' training on “Development of climate
resilient agriculture through integrated water
resources development” and Hands on training on
“Drip fertigation technology” and “Vegetable
cultivation utilizing groundwater resources” were
organized during 9-10" February, 2014 at
Parbatiya, Dhenkanal and Gurpara, Cuttack. A total
of 130 farmers including 50 women farmers were
trained in the training programme.

Three one-day training programs and two
exposure visits were conducted under NAIP
project “Sustainable Rural Livelihood and Food
Security to Rainfed Farmers of Odisha” 24 women
farmers participated in the training programs and

29 women farmers participated in the exposure
visit programs. Dr. S. Mohanty organized these
programmes.

A Field visit of 45 B. Tech (4" year) students
representing 44% of girl students from Agril. Engg.
Dept. of OUAT was organized for exposing them to
various farm implements and field experiments at
the Institute farm on 3" May 2013.

Exhibited achievements of DWM at the exhibition
organized under “Technology Week for Women” by
DRWA, Bhubaneswar on 27" January, 2014 and
showcased various technologies to farm women.

An exposure cum interaction meet was organized
during 26-27 March, 2014 for a group of 37
students, consisting of 64% girls of 4" year B. Sc.
from the Dept. of Forestry, OUAT in the Institute.
They were exposed to salient activities, outputs
and significantachievements of the Institute under
on farm water management.
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All India Coordinated Research Projects

AICRP on Water Management

Twenty five centres were operating under the All India
Coordinated Research Project on Water Management.
Salient theme wise research achievements of the AICRP
centresduring 2013-14 are given below.

Evaluation of pressurized irrigation system

At Bhavanisagar, the experiment revealed that drip
irrigation at 80 per cent PE with 30 cm dripper spacing
recorded higher rhizome yield of 10027 kg ha™. It was
comparable with drip irrigation at 80 per cent PE with 60
cm dripper spacing. Among the different spacing studied,
the spacing of 30 cm x 30 cm recorded higher rhizome
yield of 9867 kg ha” and this was comparable with the
spacing of 30 cm x 25 cm. In the cropping system
experiment on “Evaluation of micro sprinkler irrigation
and nutrient dynamics under green gram-groundnut-
chillies based cropping system” indicated that optimum
level ofirrigation at 60 per cent once in three days through
micro sprinkler in groundnut with 100 per cent
recommended dose of fertilizer resulted in higher pod
yield of 2482 kg ha”, WUE of 3.534 kg ha-mm with a B:C
ratio of 3.10.

At Rahuri, the drip irrigation at an alternate day as per ET,
is found to be the best for yield, quality, water saving and
efficiency, and storage studies followed by micro-
sprinkler irrigation on alternate day as per ET,.. Amongst
the INM treatments, the 100% recommended dose of
fertilizer (100:50:50 kg ha" NPK) along with 5 tonnes of
FYM ha” was found to be the best with respect to yield,
quality and storage studies followed by 100%
recommended dose of fertilizers along with application of
vermin-composton N basis of FYM. In view of the above, it
can be concluded that drip irrigation on alternate day as
per ETc and 100% RDF along with 5 tonnes of FYM ha™
can be more suitable for growing onion to get higheryield,
quality, water savingand WUE and storage.

Also at Madurai, the results of the experiment on evolving
appropriate micro irrigation method, irrigation and
fertigation regimes for groundnut revealed that micro
sprinkler irrigation at 100% PE once in three days
registered the maximum pod yield (2844 kg ha™), WUE
(4.59 kg ha-mm™) and B:C ratio (2.36). Fertigation of
100% RDF (50% P and K as basal, balance NPK as WSF)
onceinaweekfrom 15to 90 DASrecorded the highest pod
yield (2789 kg ha') and WUE (4.55 kg ha-mm™) in
groundnut. Also at Madurai, with regard to land
configuration, sowing groundnut in ridges and furrow
was best suited for subsurface drip fertigation.
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Fertigation of 100% N and 50% P and K as WSF with an
irrigation regime at 100% PE was the best management
to get higher yield (3616 kg ha™) and B:C ratio (2.25), net
return (X 64088 ha™) and water use efficiency (6.38 kg ha-
mm") in groundnut.

At Navsari, Based on the results of yield and net income
recorded during third year, itis concluded that planting of
water melon in paired row with drip irrigation + mulching
with either black plastic or silver black plastic is
necessary for realizing higher netincome. The magnitude
of increase in fruit yield was 48 % with paired row, drip
irrigation and mulching over control along with water
saving of about 30 per cent. Also, results revealed that
with the adoption of drip irrigation@ 0.6 PEF + black
plastic mulching could increase seed yield of pigeon pea
to the extent of 70 per cent along with saving of water by
about48 per centover conventional method of pigeon pea
cultivation during rabi season. Results also indicated that
planting of drip irrigated castor (rabi) at a row spacing of
2.4 mand intrarow spacing of 1.2 m along with fertigation
@ 80 kg N/hain eight equal splits at an interval of 10 days
found to increase seed yield of castor by about 13 per cent
along with enhancing WUE.

At Palampur, on mean basis, WUE of cauliflower-
capsicum cropping sequence was 20.24 per cent higher in
drip irrigation and fertigation than in recommended
practices, due to 5.94 per cent higher capsicum equivalent
yield (CEY) and 11.82 per cent lower TWU. The B: C ratio
(34.76 %) was significantly lower in brinjal crop grown
under gravity fed drip irrigation with 75 per cent of
recommended NPK fertigation than crop grown with
recommended practices. Further, the brinjal crop grown
with 75 per cent NPK fertigation under gravity fed drip
irrigation resulted in significantly higher water use
efficiency (54.04 %) due to lower irrigation water use
(31.14 %) thanrecommended practices.

At Hissar, irrigation applied at PE of 0.8 with drip
produced highest seed cotton yield (2674 kg ha') over
flood and furrow methods irrigation. The water
productivity of irrigation was highest when irrigations
were applied through drip system at PE of 0.8 over other
irrigation methods and schedules. Use of wheat straw
mulch either @ 4 or 6 tha™ resulted in significantly higher
seed cotton yield over control, and the yield difference
between mulching @ of 4 and 6 tha™ was not marked.

Management of Rain and other Natural sources
of water

At Pantnagar, In late sown wheat, under favourable
weather condition wet bed method of crop establishment



over moist bed and one additional irrigation at grain
filling over irrigation till flowering showed significant
effect on grain yield and water productivity. While, under
harsh weather conditions, chemical spray at anthesis
showed favorable effect to offset the adverse effect of
terminal heat stress. The monetary advantages were
highly linked to the grain yield. Foliar spray of 2% urea at
anthesis stage was the most viable option for higher
economic returns. For producing higher grain yield of
transplanted rice, irrigation at 1 DADPW showed its
superiority over the 3 and 5 DADPW treatments. Crop
fertilized with 120 kg N ha™ recorded significantly higher
mean grain yield than 90 kg N ha’. Among the crop
establishment methods, flat planting produced higher
grain yield than raised beds but raised bed systems of rice
transplanting had higher water productivity than the
conventional flatmethod.

At Bilaspur, delaying irrigation up to 3 to 5 days after
subsidence of ponded water was best water regime for
paddy in clay-loam to clay soil as about 40 - 60 % of
irrigation water can be saved without any loss in yield in
comparison to continuous shallow submergence (+ 5 cm
ponded water). Soil moisture regimes significantly
influenced the paddy yields. Continuous submergence
produced significantly higher grain yield (5.22 t ha™) of
paddy followed by irrigation at 1 DADPW and 3 DADPW.
The significant difference in yield due to variable
moisture regimes may be attributed mainly due to the
temperature shock experienced during different
physiological stages of the crop as aresult ofirrigation at 1
DADPW and 3 DADPW, which ultimately reflected in
loweryields in these treatments.

At Madurai, under SRI there was an increase in grain yield
ranging from 10.8 to 24.0% in all the technologies
demonstrated as well as saving of water. The minimum
water saving of 14.0 % was observed with irrigation to 5
cm depth one day after disappearance. Terminal water
stress managementsaved 29.1 water and rotational water
supply saved 27.0% water. Invariably the yield levels
recorded was higher ranging from 5650 to 6850 kg ha-mm
in the above demonstrations with improved WUE of 5.70
to7.20kgha-mm™.

Basic studies on soil- water- plant relationships
and theirinteractions

At Belvatagi, land configuration with 120 cm raised bed
showed significantly higher (pooled data) net income
(X 5426 ha') when compared with the other 60 cm raised
bed treatment (% 3,807 ha") and normal sowing (T 4,747
ha"). The interaction between Irrigation treatment 0.8
IW/CPE ratio and 120 cm raised bed configuration
treatment recorded higher (pooled data) net income and
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on par with other treatments ie., 0.6 IW/CPE ratio and
120cmraisedbed (X 5,076 ha™) and also withirrigation
treatment 0.4 IW/CPE ratio and 120 cm raised bed
(X 5,644 ha'). The B:C ratio on land configuration
obtained a higher 2.82 in respect of 0.8 IW/CPE. This
result was on par with the irrigation level 0.6 IW/CPE and
0.4 IW/CPE treatments. The interaction effect between
irrigation treatment 0.8 IW/CPE ratio and normal bed
configuration treatment recorded higher B:C ratio (1.5)
with other treatments.

At Jammu, the laser leveling improved the smoothness of
land surface which is proved through leveling index and
values of application efficiency (7.8%), distribution
efficiency (18.8%) and storage efficiency (14.7%) over
farmer leveled field in rice-wheat sequence. Laser
leveling improved the yield by 20.4% in rice (Basmati)
and 20.3% in wheat as compared to farmer levelled field.
The experiment has been concluded with
recommendations. It was also found that SRI registered
the WUE of the order of 1.60 kg ha-mm™ as against the
conventional practice which recorded 1.49 kg ha-mm.
The rice yield also improved by 7% with SRI as compared
to traditional method of growing basmatirice.

Water management for different agricultural
production system including horticultural and
other high value crops.

At Bathinda, the productivity of grapes cv. Perlette under
poor quality tubewell water irrigation can be increased
considerably with the application of either sulphitation
press mud or its alternate use with canal water with
minimal adverse effect on soil health. Irrigation with tube
well water caused detrimental effect on soil quality.
Therefore in light textured soils, for optimum yield and
desirable quality of grapes with sodic water, application of
either sulphitation press mud @ 6 kg/vine on dry weight
basis every year after pruning in January or cyclic use of
sodic water with good quality canal water (1:1) was
recommended to minimize any adverse effect on soil
health.

At Dapoli, in arecanut the maximum plant height (5.4 m)
was observed under I3 (0.6 PE) as compared to all other
treatment. The percentincrease in plantheight during the
year was maximum in treatment I3, whereas it was least
in ring method of irrigation. The maximum stem girth
(56.50 cm) was observed under 13 (0.6 PE) as compared
to all other treatments. Overall percent increase in the
stem girth of arecanut was observed to be almost same in
all incorporated treatments during last six months. Study
resulted in the water saving of 81, 62.5 and 44 per cent,
respectively in case of 11, 12, I3 irrigation levels through
drip irrigation over ring method of irrigation. The results
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clearly revealed that the early maturity of arecanut can be
achieved with the application of water through drip
irrigation as compared to the control (ring method)
treatment.

At Jorhat, Among for the rabi vegetables, brinjal, the
optimum irrigation schedule was found to be 4 cm depth
of each irrigation at IW/CPE ratio 1.4 (18 days interval)
requiring 4-5 irrigations against the farmers' practice of
10 days interval which required of irrigations of 3cm
depth. The practice led considerable irrigation water
savings (about 26 per cent) along with the yield increase
of 23 per cent. Treadle pump use revealed that 89 mm
twin barrel treadle pump of 100mm stroke for areas
having water table within 5 m. a discharge of 0.79 to 1.24
LPS is possible and each pump can command a minimum
area of 0.25 ha per crop cycle for vegetables and flowers.
Benefit cost ratio adopting treadle pump is 5:1. The
technology was recommended for the state. The optimum
schedule of irrigation for this crop had been found to be at
IW/CPE ratio 1.2. Accordingly, four irrigations of 4 cm
depth each at an interval of 20 days may be optimum for
the crop. The practice led to considerable irrigation water
saving (41%) andyield increase (23 %).

At Rahuri, turmeric crop irrigated with 0.7 composite
factor along with fertigation of water soluble fertilizer at
75% the recommended dose of fertilizer was found to
have higher yield, growth attributes, water and fertilizer
use efficiency with its saving further maintaining the soil
health. The above treatments are at par with 0.9 CF and
100% RDF through conventional method of fertilization.
Under Mula Command, Bt. cotton yield increased by 9.78
to 15.28 per cent over control plot by scheduling of
irrigation at 75 mm CPE and recommended dose of
fertilizer. The WUE ranged from 27.18 to 31.22 kg ha-cm™
which was higher than control plot.

At Sriganganagar, 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 ET, with low tunnel.
Further increase in irrigation water did not increase the
yield of tomato significantly. In pooled data, the maximum
fruit yield of tomato (56.65 t ha') was recorded with drip
irrigation at 1.0 ET, (LT) which was at par with the yield
received with 0.8 ET, (LT) and 1.2 ET, (LT). Also at
Sriganganagar, the results revealed that the green, sun dry
and oven dry forage yield and plant height of sorghum was
influenced by the levels 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 (49.32 t ha"). Further increase in irrigation
level increased in fodder yield but it was statistically not
significant. Thus sprinkler irrigation at IW/CPE 0.9 was

72 | DWM ANNUAL REPORT 2013-14

found optimum irrigation schedule for sorghum. The
water expense efficiency (81.86 kg ha-mm™) was higher
in I1 treatment (IW/CPE 0.5) followed by 14 treatment
(IW/CPE 1.1) as compared to rest of irrigation treatments
tested in the study.

AICRP on Groundwater Utilization

Salient theme wise research achievements of the Nine
AICRP Centres on Groundwater Utilization during 2013-
14 are given below.

Regional groundwater assessment and modeling

The impact of climate change on evapotranspiration,
potential groundwater recharge, groundwater draft and
behavior during mid century (2020-2050) and end
century (2070-2098) was predicted under A1B scenario.
The results indicated that the average annual irrigation
water requirement for Ludhiana district in the present
time scenario (PTS) (1961-1990) as 1314.5 mm, would
decrease by 39.1 and 41.9 % in MC and EC respectively.
The average annual groundwater draft estimated as
1113.5mm in the PTSwould decrease by 41.2 and 44.9 %
in MC and EC respectively. The total potential
groundwater recharge during PTS, MC and EC was 916.9
mm, 759.0 mm and 950.5 mm, respectively.

The study at 15 different locations in the Rahuri Tahsil
indicated that the potential zones for the groundwater
availability in hard rock region lie at the depth of 78-90 m
and 97-110 m from the ground surface.

Jabalpur centre simulated groundwater system in a
selected area of alluvial plain of Narmada Basin to predict
the groundwater scenario of the selected area
(Narsingpur district) by 2025. The water table ranged
between 4.30-22.50 m deep from ground surface during
pre monsoon and at 2.80-20.72 m during post monsoon
season and water table was declining at a rate of 20 cm
-1
year .

In Amaravathy basin the recharge with respect to rainfall
varied from 0-252.11 mm with an average of 80.22 mm.

The pumping tests were conducted at twelve locations viz.
Gingla, Adwas, Bhalon ka Gura, Hariyav, Jud, Vasa, Vali etc
to find out the aquifer parameters in the Jaisamand basin
showed transmissivity and storage coefficients ranged
from 123.82 m’day to 386.94 m*day " and from 0.000160
to 0.01529, respectively.

Aquifer parameters and effect of climate change on
groundwater availability in the Kharun watershed of
Mahanadi basin was studied. A pumping test was
performed to find out the behaviour of aquifer and the



aquifer performance tests were conducted to determine
the performance of the well and its efficiency. The aquifer
properties for Daldal Seoni (RGI EW-IV and RGI OW-I)
ranges from, transmissivity (T) 2.93 to 3.16 m? day™ and
storativity (S) 3.17 x 10° to 3.46 x 10”° and for FAE well,
IGKV Raipur transmissivity ranges from, 9.37 to 9.51 m?

1

day".

Aquifer mapping of Uben river basin showed that six, two
and six confined aquifer was found at Parab, Ranpur and
Evenagar site respectively. It was found that larger the
number of confined layers, lesseris the thickness.

Conjunctive use of surface and groundwater

Conjunctive Water Use Planning in Nanakmatta Canal
System Command Area of district Udham Singh Nagar of
Uttarakhand. in Nanakmatta Canal System Command
Area of district Udham Singh Nagar of Uttarakhand for
optimal cropping pattern, a linear programming model
was used considering the weekly canal water availability,
available ground water for irrigation for different running
hours of tube wells and irrigation water requirement. Out
of the three optimal crop plan, Plan-II gave maximum net
return of < 84.8 million utilizing 545.19 ha-m ground
water (within 65% of netrecharge).

Reconnaissance survey and data collection initiated to
estimate spatial and temporal water availability from
rainwater, surface sources and groundwater sources in
the selected distributary of Lower Bhavani Project
command area. Water availability in the dam is highly
variable and found to be about 66.5x 10°m® on an average
and varies between 35.8x10°m’t0 149.4x10° m’.

A study on comparative performance of Water User
Association was carried out in three WUAs namely Bijori,
Bauchar and Govindgarh of Jabalpur, Narsinghpur and
Rewa district respectively in Narmada and Tones basin
showed thatthe mean values oflevel of participation for 3
WUAs is 6.8, 6.3, 7.9, operation and management 7.2, 6.8,
8.3 for water managementlevel, 7.5, 7.1, 8.3, for financial
management 6.5, 7.0, 7.6,, and for organizational linkage
6.7, 7.0, 7.3, respectively. It was concluded that WUA 3
situated in Govindgarh tank command in Tones basin
performed bestamong the three WUAs studied.

Study showed that water productivity of drip irrigated
wheat was 1.63 kg m” whereas it was 0.98 kg m” in flood
irrigated wheatin Narmada basin.

Land use and land cover map of distributaries command
in the Mandhar branch canal in Raipur District of
Chhattisgarh was prepared by using LISS III images and
ERDAS imagine software.
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Artificial groundwater recharge

The four layer filter comprising of brick flakes (30-40
mm) of 15 cm thickness, sand grade-I (0.6-2 mm) with 45
cm thickness, pea gravel grade-I (2-6 mm) with 45 cm
thickness and angular gravel grade-I (9.8-15.5 mm) with
45 cm with maximum filtration efficiency (88.70%) and
discharge (1.731ps) over other combinations tested as the
substitute for coal layer of MPKV recommended four layer
filter for recharge of irrigation well.

The impact of artificial recharge structures in recharging
groundwater in Vadachitur and Panapatti watershed
under Parambikulam-Aliyar Project area in
Kinathukadavu block of Coimbatore district in Tamil
Nadu was studied. Ground water recharge through
rainfall was 2755.83 ha-m. The potential recharge (Rep)
was 35.6 mmday" for percolation pond and 17.8 mm day™
for check dams. The storage structures in the watershed
alone contributed 11.5% of the annual rainfall as
potential recharge; whereas 6.5% of the annual rainfall
actually recharged the groundwater table in the entire
catchmentarea.

Impact of rainwater harvesting-cum-groundwater
recharging structure micro-watershed in Wakal River
basin in Rajasthan showed that average recharge rate was
10.34 cm day’, 7.63cm day’, 7.46 cm day” and 7.39 cm
day for the year 2010, 2011, 2012 and 2013 respectively,
with net recharge volume 7873.20 m’, 6131.06 m’,
3933.66 m’and 4056.57 m’respectively.

AtJunagadh, Gujarat, recharge techniques were evaluated
and resultant vertical flow velocity of geological
formation below check dam was estimated at 0.0058 m-
day. Total recharge from water spread area of 5954 sq.m
was determined as 6215.9 m’. The runoff for 20 years
return period from catchment of check dam was found as
35664.1 m’. Storage capacity of check dam is 4539 m’ and
excess runoffwas estimated at 24909 m’.

Groundwater pollution

At Budha Nala waste water drain near Ludhiana city,
concentration of arsenic, manganese, lead, boron, iron
and calcium in groundwater sample during the pre-
monsoon and post monsoon season was found out to
higher than the maximum permissible limit of 0.01, 0.1,
0.01, 0.5, 0.3 and 75 mg L' respectively. Heavy metal
pollution index calculated was found to be 113 and 109
for pre-monsoon and post-monsoon season, respectively
whichis above the critical pollution index.

Assessment of groundwater quality in Bhatinda district of

south west Punjab showed that during the pre-monsoon
season, 12 % groundwater samples were fit, 28% were
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marginally fit and 60% were unfit for irrigation, based on
sodicity and salinity. During monsoon, on the basis of
sodicity and salinity, 21 % groundwater samples were
found fit, 39% were marginally fit and 40% were unfit for
irrigation in Bathinda district, whereas, during the post-
monsoon season, 25 % groundwater samples were found
fit, 54% were marginally fit and 21% were unfit for
irrigation.

Three industries i.e. Indian Glycol limited (IGL), Cheema
Paper mill and Multiwal pulp and Board paper mill in
Kashipur industrial cluster of Uttarakhand State showed
that effluents had higher TDS, alkalinity, BOD, Cod beyond
the permissible limit contaminating the groundwater at
downstream side of this industrial cluster.

Groundwater quality in Jabalpur, Mandla, Dindori and
Seoni districts of Madhya Pradesh was assessed for pH,
EC, NO,, total hardness, Ca, Mg, Na, K, CO,, HCO,, Cl, P,
micronutrient and heavy metals and compared with the
data obtained from records (1970-75) of Water
Resources Department of M.P.

Water samples collected from Amaravathy river basin
from open wells, bore wells and dug cum bore wells
showed that most of the samples come under high salinity
class (C,) followed by medium salinity class (C,), very high
salinity class (C,), low salinity class (C,) during summer,
south west monsoon, north east monsoon and winter
season, based on USSL classification.

The groundwater of Rajsamand district was found to be
Na-Mg-Caand Cl-HCO,-SO, type. Hence the dominated salt
types in groundwater might be chlorides, bicarbonates
and sulphates of sodium, calcium and magnesium. On the
basis of salinity it was found that the quality of
groundwater in Rajsamand block was worst affected
followed by Railmagra and Nathdwara blocks.

On the basis of characterization of wastewater and
accumulation of heavy metals in the wastewater irrigated
vegetable crops it was found out that Cu, Zn, Cd and Cr
accumulation was the major problem at Kota for spinach,
cabbage, cauliflower and garlic crops grown with
wastewater irrigation. At Bundi Cu and Cd contamination
was the main limiting factor for the safe use of wastewater
for irrigation in vegetables. The wastewater of Anta and
Jhalawar cities was comparatively better for vegetable
production except Cd and Cr build-up in leafy vegetables
(spinach and cabbage). The spinach crop at all the four
most polluted site of Haroti region grown with
wastewater irrigation found to accumulate cadmium
more than the maximum permitted levels prescribed by
WHO.
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The study on wastewater irrigation at Patna bye-passarea
has revealed that sewage sludge treated soils were rich in
DTPA extractable micronutrients (viz. Zn, Cu, Fe and Mn)
and heavy metal cations like Cd, Cr, Ni and Pb with
maximum accumulation at the point of discharge. The
study also revealed that concentration of Zn, Cu, Fe and
Mnwereintherange of1.08-5.60,5.31-37.6,10.25-24.7
and 7.05 - 15.9 ppm, respectively and Cd, Cr, Ni and Pb
varied in the range 0f0.02 - 3.13,0.02-0.38,0.14 - 4.8 and
0.38 -1.02 ppm, respectively. Leafy vegetables viz., poi
and red spinach accumulated most of trace metal cations
to the greater extentin comparison to other crops.

In Saurashtra Region in total 327 groundwater samples
were collected from open wells and tube wells from 5
districts, Jamnagar, Rajkot, Surendranagar, Junagadh and
Porbandar for suitability of groundwater for drip
irrigation. The average EC and of the groundwater in
Jamnagar, Rajkot, Surendranagar, Junagadh and Porbandar
district were 2.68,2.25, 3.43,2.09 and 3.17 dS m™ and total
hardness 49,46,86,50and 55 mg L respectively.

Transfer of technology

Technology developed for rainwater harvesting,
groundwater recharge, water management aspects and
agricultural pumps were demonstrated to the farmers
and other beneficiaries. All the nine centres organized
farmers' training, trainers' trainings, delivered TV or
Radio talks, delivered lectures in extension programmes,
participated in Krishi-Mahostav, Agriculture Science Fair,
and Kisan Melas and interacted with farmers in Kisan
Gosthi. Junagadh centre equipped 70 tribal farmers with
sprinkler irrigation sets to use irrigation water
judiciously and to reduce groundwater draft. A total of
122 tribal farmers from Nilgiri and Coimbatore districts
were benefited through training on water managementin
hilly areas and demonstration of micro irrigation.
Udaipur centre renovated existing open wells and
benefitted 19 tribal families. Raipur centre equipped 5
tribal families with lift irrigation, sprinkler and drip
irrigation system to improve water management aspects
inrabiseason.

The scientists working in the scheme has published nine
research papers, threebulletins/manuals, eight popular
articles, and three books/book chapters. They presented
twenty seven papers in national and international
conferences/seminars, attended eight training
programmes on advanced water management topics.
Two best paper presentations were awarded to scientists
of Rahuri and Junagadh centres. Best teacher award was
conferred to DR. H. D.Rank for the year 2011-12 instituted
byJAU, Junagadh and ICAR.
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Awards / Honours / Recognitions

e DWM has been recognised as a ISO: 9001-2008
Certified Institute for excellence in Research in the
field of Agricultural Water Management.
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e Dr. Madhumita Das, Principal Scientist has been
awarded 2012 - 2013 Alumni Award, United States
India Education Foundation (USIEF), New Delhi.

e DWM Proficiency Award for the year 2012 was given
by Director, Dr. Ashwani Kumar to different
categories of staff (Scientific, Administrative,
Technical and Supporting) on the DWM foundation
day celebration (14" May) for their significant
achievements. The recipients of the award in
different categories were as follows:

1. Dr.G.Kar

2. Dr.R. K. Panda

3. Dr.S. K. Rautaray
4. Dr.S. Raychaudhuri

1. Mr D.U. Patil

1. Mr B.N. Naik

- J

o Dr. AK Thakur, Senior Scientist received USIEF's
Fulbright-Nehru Senior Research Fellowship 2012-13.

e Dr. PS.B. Anand, Senior Scientist was awarded with
Guinness World Record in Longest Speech Marathon
for delivering extempore talk for continuous 33
hours and 46 minutes on 'Science and Technology,
Societyand Human Development'.
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e Dr. PS.B. Anand, Senior Scientist has been awarded
with GCBR Award for popularization of Biological
Sciences - 2013 instituted by Gugly Centre for
Biological Research, Bhubaneswar.

® Dr. R. R. Sethi, Scientist has been awarded Doctor of
Philosophy (Ph.D) in the field of Civil Engineering,
faculty of Engineering and Technology from Uttar
Pradesh Technical University, Lucknow on 4"
September 2013 for her thesis 'Development of
regional scale groundwater recharge model for
irrigation use'.



Dr. S.K. Jena, Principal Scientist has been awarded
J.S.P. Yadav Best Paper Award 2010-12 by Indian
Society of Coastal Agricultural Research, Canning
Town, West Bengal for the paper entitled Jena, S.K,,
Sahoo, N., Roy Chowdhury,S., Mohanty,R.K.,
Kundu,D.K., Behera,M.S., Patil,D.U. and Ashwani
Kumar.2011.'Reclamation of coastal waterlogged
wasteland through bio-drainage’ published in ]
Indian Soc. Coastal Agric. Res.29.57-62.

Dr. Madhumita Das, Principal Scientist has been
awarded Best Paper Presentation award for her
paper entitled 'Utilization prospect of various
wastewater sources in cropping', presented at
International Conference on Water Quality and
Management for Climate Resilient Agriculture
organized by ASM foundation, New Delhi and Jain
Irrigation System Pvt. Ltd., Jalgaon, India during May
28-31,2013 in]algaon.

Dr. R.C. Srivastava, Principal Scientist received Best
Paper Award at International Conference on Water
Quality and Management for Climate Resilient
Agriculture organized by ASM foundation, New Delhi
and Jain Irrigation System Pvt. Ltd., Jalgaon, India
during May 28-31,2013 in Jalgaon.

Dr. A.K. Nayak, Senior Scientist has been awarded Best
Paper Presentation Award for the paper entitled 'Jal-
jeev palan ke liye sthanik nirnay samarthan pranali' at
National seminar on 'Parvatiya Kshetron nein jal-jeev
palan vividhikaran' organized by Directorate of
Coldwater Fisheries Research, Bhimtal, Uttarakhand
during 23-24 September 2013.

Dr. Madhumita Das, Principal Scientist has been
awarded Best Paper Presentation award for her
paper entitled 'Das, Madhumita, Verma, O. P, Patri, D.,
Nayak, A. K. and R R Sethi (2013) Water quality
appraisal and perspective of use in agriculture’,
presented at National Seminar organized by Odisha
Bigyan Academy, ISCA Bhubaneswar chapter on 23 -
24 November2013.
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Dr. S. Mohanty, Senior Scientist received Best
Presentation Award at 'National Workshop on
Achieving Food Security in the Face of Climate
Variability' held at Bhubaneswar during 26"
November 2013.

Dr. M. Raychaudhuri participated in ICAR Sports Meet for
Eastern Zone 2013 at CRRI Cuttack held during 18" to
22" October 2013 and won Women Chess Championship
and alsobecame Women Table tennis Runners up.

Dr. M. Das, Principal Scientist was appointment as an
external examiner for evaluation of Environmental
Science (theory paper) by OUAT, Bhubaneswar.

Dr. S. Raychaudhuri, Principal Scientists has been
appointed as Paper setter for External Theory
Examination, 2012 - 13 for course Fundamentals of
Geology and Soil Science (NRM 112).

Dr. S. Raychaudhuri, Principal Scientists guided Mr
Arnoud van Spronsen, a Bachelor degree student of
International Land and Water Management program,
Wageningen University, The Netherlands for his
internship at DWM, Bhubaneswar during January -
March, 2014.

Dr. S. Raychaudhuri and Dr. M. Raychaudhuri,
Principal Scientists has been appointed as Technical
Editor of Vision 2035 document on 'Food and
Agriculture' of TIFAC, DST, GOL.

Dr. K.G. Mandal, Senior Scientist has been elected as
Recorder for the Section of Agriculture and Forestry
Sciences of The Indian Science Congress Association
(ISCA) for theyear2014-15& 2015-16i.e. 102nd and
103" Sessions of the Indian Science Congress.

Dr. S.K. Jena, Principal Scientist has been nominated
by ICAR as Member, Institute Management
Committee (IMC) of ICAR Research Complex for NEH
Region, Barapani, Meghalaya.

Dr.S.K.]Jena, Principal Scientist has been nominated by
ICAR as Chairman, Assessment Committee of CRIJAF,
Kolkata.

Dr. S.K. Jena, Principal Scientist has been Invited as
speaker during NAAS brain storming session 'Bio-
drainage: An Eco-friendly tool for combating
waterlogging' at NAAS Hqr,, New Delhi.

Dr. S. Roy Chowdhury, Principal Scientist has
delivered a policy paper at NAAS brain-storming
session 'Bio-drainage: An Eco-friendly tool for
combating waterlogging'.

Dr. S. Roy Chowdhury, Principal Scientist has delivered
an invited lead paper entitled 'Physiological strategies
for improved livelihood in flooded and waterlogged
areas' at National Conference of Plant Physiology held
atJunagad during 13"-16" December, 2013.
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Dr. K.G. Mandal, Senior Scientist has been
reappointed as one of the Editorial Board Members
up to two additional years from March 5, 2014 for the
Journal of Sustainable Bioenergy Systems (JSBS) of
the Scientific Research Publishing Inc., USA.

Dr. S. Roy Chowdhury, Principal Scientist has been
selected as editor for Indian Journal of Plant
Physiology (Springer), ISPP, New Delhi.

Visit Abroad on Deputation

Dr. Amod K. Thakur, Senior Scientist visited Cornell
University, Ithaca, NY, USA during 15th March to 14th
November, 2013 under Fulbright-Nehru Senior
Research Fellowship 2012-13 and worked on project
entitled 'Understanding the physiological
mechanisms of assimilate partitioning and nitrogen
uptake during grain-filling in wheat under different
plantdensities'.

Dr. Ashwani Kumar, Director, DWM; Dr. S.
Raychaudhuri, Dr. M. Raychaudhuri and Dr S.K.
Rautaray, Principal Scientists visited Germany and
The Netherlands during 13" to 27" September 2013
under the New Indigo project, 'Reuse options for
marginal quality water in urban and peri-urban
agriculture and allied services in the gambit of WHO
guideline'(REOPTIMA)' sponsored by DST,
Government of India.
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Dr. PS. Brahmanand, Senior Scientist visited The
Netherlands during10-12 September 2013; USA
(Florida and Nebraska) during 4-10 November, 2013;
and Ethiopia during 25-27 March 2014 to attend
Workshop of International Collaborative Project of
ICAR and University of Nebraska, USA entitled 'Global
Yield Gap and Water Productivity Atlas (GYGA)'.

Dr. D. K. Panda, Senior Scientist visited University of
Colorado, USA for 3-months training during 1 October
to 31 December, 2013 as a part of the ICAR Challenge
Research Project 'Impact of Climate Variability and
Anthropogenic Factor on Groundwater Resources of
India', associated with the Lal Bahadur Shastri

Outstanding Young Scientist Award, 2011.

Dr. P. Panigrahi, Scientist (SS) visited Cornell
University, New York, USA during December 7,2013 -
March 6, 2014 for 3-months training on 'Sensor
Based Application Including Bio-indicators' under
NAIP, ICAR, New Delhi.

Dr. G. Kar, Principal Scientist; Dr. K.G. Mandal and
Dr. PS.B. Anand, Senior Scientists visited Colombo,
Sri Lanka for participation and presented their
research papers in the International Conference on
Agriculture and Animal Sciences (AGRIANIMAL
2013) organized by International Centre for
Research and Development (ICRD) at Colombo,
SriLankaduring 8-9 July 2013.
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RAC/ IRC/ AICRPs Meetings

QUINQUINNIALREVIEW TEAM (QRT) MEETING

The concluding meeting of 4™ QRT of the institute was
held from 24" to 26" July, 2013 at DWM, Bhubaneswar
under the chairmanship of Dr. G.B.Singh, former Deputy
Director General (NRM), ICAR. Other QRT members who
attended the meeting were Prof. Jaswant Singh, Prof. S.
Raman, Dr. Debaraj Panda. In the meeting the activities of
different programme of the DWM and its co-operating
centres were deliberated. The draft report was prepared
and discussed for its finalization. The team also visited on-
farm research sites of DWM under NICRA project on 25"
July, 2013 at Gurpara, Cuttack and Parbatiya, Dhenkanal
and appreciated the drip-fertigation technology which
was implemented to develop climate resilient agriculture.
Dr. Gouranga Kar, Principal Scientist, DWM and member
secretary, QRT organized the meeting and visit.

QRT team visiting a on farm research site of DWM
at Dhenkanal district, Odisha

RESEARCH ADVISORY COMMITTEE (RAC)
MEETING

The second meeting of sixth Research Advisory
Committee of Directorate of Water Management was
organized on 12 and 13 December 2013 at DWM
Bhubaneswar. The meeting was chaired by Dr. S.R. Singh,
former Vice Chancellor, RAU, PUSA and Project Director,
DWMR, Patna, and held at Directorate of Water
Management, Bhubaneswar. The meeting was attended
by Chairman, RAC Dr. S.R. Singh, Former VC, RAU PUSA
and PD, DWMR, Patna, and other members, Dr.S.D.
Sharma, Ex-Dean (Agric. Engg.) OUAT, Bhubaneswar, Dr.
S.K. Tripathi, Professor, IIT, Roorkee and Dr. Ashwani
Kumar, Director, DWM, Bhubaneswar along with the
scientists of Directorate of Water Management,
Bhubaneswar. At the beginning of the meeting, Dr.
Ashwani Kumar, Director, DWM, welcomed the Chairman
and all other members. Dr. S.R. Singh, Chairman in his

opening remark elaborated the need for storage of part of
1179 BCM water atappropriate sites for use in agriculture
without adversely affecting the environmental flows in
different rivers. Director presented the progress and
achievements of the institute and AICRPs during 2012-13
followed by presentation of work under different
programmes and AICRPs by programme leaders and
Principal Scientists of AICRPs. The Chairman and other
members appreciated the work of the scientists and the
achievements made by DWM, AICRP on WM as well as
AICRP on GWU projects during the said period.

2" meeting of 6" RAC
INSTITUTE RESEARCH COUNCIL (IRC) MEETINGS

During the year 2013-14, Institute's Research Council
(IRC) meeting was organized 14-15" February, 2014. The
results of the on-going research projects were presented
and deliberated in the meeting and new research project
proposals were presented and discussed. The meeting
was organized by Dr. R.C. Srivastava, Principal Scientist
and Member Secretary, IRC and was chaired by Dr.
Ashwani Kumar, Director, DWM, Bhubaneswar. All the
scientists participated in the meeting. During the meeting
RPF III of seven projects, RPF II of 15 projects were
presented which was approved after through discussion.
One new project was presented and was approved.

BIENNIAL SCIENTISTS' MEET OF AICRP-WM and
AICRP-GWU

The Biennial Scientists Meet of All India Coordinated
Research Project on Water Management was organized at
Navasari Agricultural University, Navsari from 29" July
2013 to 17 August 2013. The inaugural session of the
Biennial Workshop was held in the Central Examination
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Hall of the University. The Hon'ble Minister of Agriculture,
Food and Civil supplies, Consumer affairs, Forest and
Environment, Govt. of Gujarat, Mr. Govinbhai Patel was
the Chief Guest of the meeting. Dr. A.K. Sikka, DDG, NRM
(ICAR), and Shri. Mathurbhai Savani, President,
SaurashtraJaldhara Trust graced the occasion as Guests of
Honour. Dr. A.R. Pathak, Hon'ble Vice Chancellor, Navsari
Agricultural University presided over the function. The
session commenced with lighting of the lamp by the Chief
Guest and Guests of Honour followed by Saraswati
Banadana and Krishi Geet. Dr. R.G. Patil, Head, SWMRU,
NAU and Chief Scientist, AICRP on Water Management
welcomed the delegates and also briefed the house about
the various activities of the University.

The 4-day workshop reviewed the progress of the work
carried out on different themes of AICRP on Water
Management and AICRP on Groundwater Utilization like
regional assessment of water availability under selected
command area, Water management of different cropping
systems, Evaluation of pressurized irrigation system for
horticultural and high value crops, Conjunctive use of
canal and underground saline water, Rainwater
management in high rainfall areas, Enhancing
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AICRP Workshop

productivity by multiple-use of water, groundwater
recharge techniques, groundwater pollution,
groundwater assessment for 2013-14. The technical
programme was finalized for next year for 25 AICRP on
Water Management centres and 9 Groundwater
Utilization centres for efficient use of irrigated water in
well defined themes of the project.

\ T
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List of Completed / Ongoing / New In-House Projects

A. LIST OF IN-HOUSE RESEARCH PROJECTS COMPLETED DURING 2013-14

Sl Project Code Project Title PI Name
No.
1. DWM/09/138 Micro-catchment water harvesting in the rainfed Dr. A. Mishra
ecosystem of humid region
2. DWM/09/140 Assessment and development of water resources for Dr. R. K. Panda
diversified agriculture in waterlogged high rainfall area
3. DWM/09/143 Development of water and energy efficient integrated Dr. S. K. Rautaray
farming system model for the rainfed fa rmers
4, DWM/10/145 Sustainability of water Users associations (WAUs) and Dr. S. Ghosh
effect of participatory irrigation management (PIM) on
agriculture and system performance
5. DWM/10/146 Ground water modeling to determine the safe yield of Dr. R. R. Sethi
coastal aquifer
6. DWM/10/148 Assessment of water logging and land use system in Dr. A. K. Nayak
different coastal district of Orissa using remote sensing
and GIS
7. DWM/11/150 Ground water recharge guidelines for agro-ecological Dr. M. J. Kaledhonkar
Region No. 8 with hard rock Geology

B. LIST OF IN-HOUSE ONGOING RESEARCH PROJECTS DURING 2013-14

SL. Project Code Project Title PI Name
No.

1. DWM/10/147 Conservation agriculture practices in maize based cropping | Dr. P. K. Panda
system with special emphasis on nutrient and water
availability for the rainfed sub -humid agro-ecosystem

2. DWM/11/151 Performance evaluation of drip irrigated mango Dr. S. Mohanty
(Mangifera indica L) under deficit irrigation

3. DWM/11/152 Impact of wastewater effluents on soil productivity Dr. M. Das
constituents and its prospect of utilization in farming

4. DWM/11/153 Effect of dry spell occurrence on reduction in paddy yield Dr. S. Mohanty
and optimum design of rain water harvesting structure for
its mitigation

5. DWM/12/154 Extreme climate effects on major cropping systems of Dr. D. K. Panda
Odisha

6. DWM/12/155 Water budgeting in high value shrimp monoculture and Dr. R. K. Mohanty
carp poly culture under varying intensification levels

7. DWM/12/156 System of Rice Intensification: Studies on water Dr. A. K. Thakur
management, micronutrient uptake and crop rotation

8. DWM/12/157 Development of runoff recycling model for production and Dr. P. K. Panda
profit enhancement through alternate land and crop
management practices

9. DWM/12/158 Evaluating deficit irrigation under drip system for rice Dr. P. Panigrahi
based cropping sequence in canal command area

10. | DWM/12/159 Identification of suitable crops for wastewater irrigation Dr. Sachidulal

Raychaudhuri
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Sl Project Code Project Title PI Name
No.
11. | DWM/12/160 Development of Agricultural Water Management Portal Dr. A. K. Nayak
(AWMP)
12. | DWM/12/161 Design and development of small filters for reducing Dr. M. Raychaudhuri
undesirable substances in poor quality water at farmers
level for safe irrigation in peri urban areas
13. | DWM/12/162 Delineation of waterlogged areas in eastern India and Dr. Somnath Roy
formulating strategies for fitting in suitable crops and Chowdhury
aquaculture through harnessing agro-biodiversity for
enhancing water productivity
14. | DWM/12/163 Eco-efficient agricultural practices for enhancing nutrient Dr. P. S. Brahmanand
use efficiency of rice (Oriza Sativa ) under waterlogged
ecosystem
15. | DWM/12/164 Development of technological options for comprehensive Dr. R. R. Sethi
water resource management in non exploration zone (CRZ III)
of coastal Odisha

C. LIST OF IN-HOUSE NEW RESEARCH PROJECTS UNDERTAKEN DURING 2013-14

ground water

Development of decision support system for conjunctive use of surface and

Dr. O. P. Verma
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Participants

All Scientists of DWM

Dr. Ashwani Kumar
Dr. R.C. Srivastava
Dr S. Raychaudhuri
Dr. M. Raychaudhuri

Dr. S. Mohanty
All Scientists of DWM

Dr. R.C. Srivastava
Dr. M. Das

Dr. S. Raychaudhuri

Dr. Ashwani Kumar

Dr. PS. Brahmanand

All Scientist of DWM

Dr. R. K. Panda

All Scientists of DWM

Dr. R. K. Panda

Dr. M.K. Sinha

Dr. M.K. Sinha

Dr. A.K. Nayak

ollis

R

D.W. M

Human Resource Development

Name of the Seminar / workshop
/ training / conference

Seminar on ISO 9001-2008
Certification by Chief Consultant,
AQL Systems & Consultants, Kolkata
International ‘Workshop on the
Eastern Gangetic plains’

India Water Week 2013

Workshop on ‘Rubber Dam
Technology for Agricultural Water
Management’

International Conference on ‘Water

Quality and Management for Climate

Resilient Agriculture’

National Workshop on ‘Water
Resource Management for
Sustainable Development’

NAIP Pre-Commercialization
workshop on ‘Flexi rubber check
dam for watershed application’
Training Programme on Internal
Auditing for Quality Management -
ISO 9001-2008 Certification
Agri-Business Camp

Inception Workshop on Evaluation
of IWMP Watershed

Agri-Business Camp

Field Investigators training on Field
Survey, Electronic Compilati on &
Analysis of Data

Project Advisory Meeting of Village
Dynamics Studies Project

International Training programme
on ‘Flood Risk Mapping, Modeling
and Assessment using Space
Technology’

Organized by Date of events

DWM, Bhubaneswar April 6,2013

IWMI, New Delhi April 7-8,2013
MOWR, Govt. of India at New |April 8-12,2013
Delhi

DWM, Bhubaneswar May 14, 2013

ASM foundation, New Delhi
and Jain Irrigation System
Pvt. Ltd., Jalgaon, India

May 28-31,2013

Institute of Advance Technology May 29-31, 2013
and Environmental Studies
(IATES)

DWM, Bhubaneswar and May 30, 2013
CIRCOT, Mumbai and NAIP,

New Delhi

AQL Systems & Consultants, June 13-15,
Kolkata and DWM, 2013
Bhubaneswar

NRC on Orchid, Gangtok, June 24, 2013
Sikkim

DWM, Bhubaneswar June 25, 2013

NIRJAFT, Kolkata
ICAR-RCER, Patna

June 26, 2013
July 1-7,2013

ICAR-RCER, Patna July 9, 2013

CSSTEAP, UNOOSA/UN-
SPIDER, UNESCAP and IWMI
at IIRS, Dehradun

July 22-26, 2013
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ICAR

All Scientists of DWM

Dr. Ashwani Kumar
Dr. G. Kar

Dr. P.S. Brahmanand
Dr. A.K. Nayak

Dr. D.K. Panda

Dr. P. Nanda
Dr. M.K. Sinha

Dr. D.K. Panda

Dr. R.R. Sethi

Dr. P. Nanda
Dr. M.K. Sinha

Dr. A.K. Nayak

Dr. R. K. Panda
Dr. PS. Brahmanand

Dr. S. Raychaudhuri
Dr. M. Raychaudhuri

Dr. G. Kar
Mr. S.K. Das

Dr. R. K. Panda

Dr. G. Kar

National Workshop on ‘Water
quality issues, opportunities and
socio-cultural concerns of
wastewater use in agriculture’ under
USIEF Alumni Award 2013
Sensitization Workshop on
‘Enhancing Water Use Efficiency in
Yamuna Basin’

Workshop on ‘Water Use Efficiency
of Irrigation Projects’

Workshop on ‘Emerging issues in
South Asian Agriculture’

Workshop on ‘NAIP Project
Evaluation’

Advisory committee meeting of
projects under Decision support
system and water productivity
thematic area of NFBSFARA
4th Annual Review meeting on
Transformation of rural economies
in south Asia: Insights from Village
Dynamics Studies
National Seminar on ‘Parvatiya
kshetron mein jaljeev palan
vividhikaran’
Annual workshop for ZITMC (EZ)
and Agri- Investor Meet
Dwiteeya Akhila Bharatiya
Rajbhasha Sammelan
National Seminar on ‘Developments
in Soil Science: 2013’ Indian Society
of Soil Science, 78th Annual
Convention, at CAZRI, Jodhpur,
Rajasthan
Workshop on ‘Implementation of
Management Information System
(MIS) including Financial
Management System (FMS)’
Launching workshop of Business
Planning & Development Unit
International Conference on climate
change and implications for water
resources and nutritional security
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DWM, Bhubaneswar

NRM Division, ICAR and
DWM, Bhubaneswar

CWC, New Delhi

ICRISAT, Hyderabad

IASR],
New Delhi

WTC, New Delhi and PAU,
Ludhiana

ICRISAT, Hyderabad

Directorate of Coldwater
Fisheries Research, Bhimtal,
Uttarakhand

NIRJAFT, Kolkata

KIIT,
Bhubaneswar

ISSS, New Delhi

ICAR at Ranchi, Jharkhand

CIFA, Bhubaneswar

International Life Science Institute,
India and Centre for Integrated
Modeling of Sustainable Agriculture
and Nutritional Security,Washington
DC at Bengaluru, India

August 7-8,
2013

August 30, 2013

September 10,
2013
September 17,
2013

September 17-
18,2013

September 17
and 20,2013

September 18-
19,2013

September 23-
24,2013

September 26-
27,2013
October 18-20,
2013

October 23 -26,
2013

October 31,
2013

November 02,
2013
November 15-
16,2013



Dr. M. Das

Dr. S. Mohanty

Dr. M.K. Sinha

Dr. M.K. Sinha

Dr. K.G. Mandal

Dr. S.K. Jena

Dr. S. Roy Chowdhury

Dr. R. K. Panda

Dr. S. Roy Chowdhury

Dr. P. Nanda

Dr. Ashwani Kumar
Dr. R.R. Sethi

Dr. M. Das
Dr. PS. Brahmanand
All scientists of DWM

Dr. S. Roy Chowdhury

National Seminar on Innovations in
Science and Technology for Inclusive
Development

National Workshop ‘A chieving Food
Security in the Face of Climate
Variability’

ICAR-ICRISAT Trainin g program on
Adoption and Impact Assessment for
Research and Development Project
ICAR-ICRISAT Training program on
‘Small farm value chain and market
linkages’

Showcasing of Agricultural
Technologies under NAIP Project on
Mobilizing of Mass Media Support
for Sharing Agro-information

10t National Symposium on
‘Managing Natural resources for
enhancing agricultural and allied
productivity in coastal region under
changing climate’

National Conference of Plant
Physiology on ‘Current Trends in
Plant Biology Research’
Agri-business Development Meet

Brain storming session on
‘Biodrainage: an Eco-friendly Tool
for Combating Waterlogging’

Odisha Environment Congress

Workshop of Aus-Aid project
‘Improving the capacity of Indian
State level water authorities on
systemic and adaptive governance
to climate change’
National Agricultural Fair cum
Exhibition ‘Krishivasant-2014’
National workshop on ‘Rubber dam
technology’
‘World Congress on Agroforestry
2014

Odisha Bigyan Academy, ISCA
Bhubaneswar chapter at
Bhubaneswar

GCBR, Bhubaneswar

ICRISAT, Hyderabad

ICRISAT, Hyderabad

ICAR-RC for ER, Patna &
Directorate of Knowledge
Management in Agriculture
(ICAR), New Delhi

ISCAR at CSSRI RRS, Bharuch

ISPP, New Delhi, GAU and
DGR, Junagad

NRC on Yak, Dirang,
Arunachal Pradesh

NAAS, New Delhi

Centre for Environmental
Development & Human
Development Foundation,
Odisha

Irrigation management
Institute (IMTI), Kota and
University of Melbourne,

Australia at Jaipur, Rajasthan.

CICR, Nagpur

DWM, Bhubaneswar

ICAR, New Delhi and World
Agroforestry Center (ICRAF),
Nairobi, Kenya
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November 23 -
24,2013

November 26,
2013

November 27-
30,2013

December 1-4,
2013

December 6-7,
2013

December 11-
14,2013

December 14-
16,2013

December 17,
2013
December 19,
2013

December 23-
24,2013

February 6-7,
2014

February 9-13,
2014

February 10-11,
2014

February 10-14,
2014
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ICAR

Dr. M. Das

Dr. P. Nanda
Dr. S. Mohanty
Dr. AK. Nayak
Dr. G. Kar

Dr. Ashwani Kumar
Dr. M. Raychaudhuri
Dr. R.R. Sethi

Dr. R.C. Srivastava

Dr. P. K. Panda

Dr. M. Raychaudhuri

Dr. RK. Mohanty
Dr. K.G. Mandal
Dr. S. Mohanty

Dr. M. Raychaudhuri
Dr. D.K. Panda

Dr. P. K. Panda

International Symposium on
‘Integrated Water Resources
Management’

Indo-US bilateral workshop on
‘Adaptation of rural communities to
climate change: Bridging the gap
between academia and community
workers and identifying research
needs’

48t Annual Convention of ISAE and
Symposium on Engineering
Intervention in Conservation
Agriculture

Seminar on ‘Development of
fisheries in water deficient regions’

National Seminar on ‘Enhancing
Water Productivity through Weed
Management’

Seminar on ‘Integrated Nutrient
Management for sustainable Crop
Production’ during 35t Annual
Convention of Bhubaneswar Chapter
of ISSS

State Level Workshop on Livelihood
Improvement Through Agriculture,
Fisheries and Livestock Intervention
in Odisha, NAIP Livelihood Project
(Component 3)

Workshop on ‘Augmentation and
Conservation of Groundwater
Resources of Odisha’

International Congress on
‘Agriculture, Food Engineering and
Environmental Sciences- Sustainable
Approaches’
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CWRDM, Kozhikode, Kerala

Columbia University, USA at
ATREE, Bengaluru

Indian Society of Agricultural
Engineers and College of
Technology and Engineering,
MPUAT, Udaipur, Rajasthan
Fisheries Technocrats Forum,
Chennai

BHU, Varanasi

Bhubaneswar Chapter of
Indian Society Soil Science &
OUAT, Bhubaneswar

CIFA (ICAR) & OUAT,
Bhubaneswar

CGWA & CGWB,
Bhubaneswar, Odisha

Krishi Sanskriti,
JNU, New Delhi

February 19-21,
2014

February 20-21,
2014

February 21-23,
2014

February 25-26,
2014

March 10-11,
2014

March 14, 2014

March 21, 2014

March 21, 2014

March 29-30,
2014
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List of Sponsored / Collaborative / Consultancy Projects

Design and development of rubber dams 900.84 2008-2014 Dr. S.K. Jena NAIP, ICAR, New Delhi

for watersheds

Sustainable Rural Livelihood and Food 30.74 April 2008 to Dr. S. Mohanty NAIP, ICAR, New Delhi

Security to Rainfed Farmers of Orissa March 2014

Strengthening statistical computing for 57.30 April 2009- Dr. D.K. Panda NAIP, ICAR, New Delhi

NARS March 2014

Georeferenced soil information system for 35.16 2010- 2014 Dr. M. NAIP (C-4), ICAR, New Delhi

land use planning and monitoring soil and Raychaudhuri

land quality for agriculture

Enhancing land and water productivity 10.00 1 year Dr. R.K. Panda Institute (Plan)

through integrated farming system (Tribal

Sub Plan Project)

Improving water productivity under canal 45.49 2010-2014 Dr. K.G. Mandal INCSW (formerly INCID),

irrigation command through conservation Ministry of Water Resources,

and recycling of runoff, seepage, rainwater GOI, New Delhi

and groundwater using tanks and wells

Decision Support System for Assessing 27.10 2009-2014 Dr. Ashwani DST, GOI under Indo-

Impact of Low Quality Water Used in Kumar Bulgarian Inter-Governmental

Irrigated Agriculture on Food Production Programme of Cooperation in

Science and Technology

Tracking Change in Rural Poverty in 70.35 May 2010 to Dr. M.K. Sinha Bill and Melinda Gates

Household and Village Economies in South April 2015 Foundations, USA

Asia

National Initiative for Climate Resilient 600 2011-2017 Dr. G. Kar ICAR, New Delhi

Agriculture

Development of Decision Support System 11.70 January 2012 Dr. RK. Panda ISRO, NRSA, Hyder abad

(DSS) for irrigation water management in to December

Hirakud Canal Command area 2015

Reuse options for marginal quality water 19.78 2012-2014 Dr. Ashwani DST, GOI under New Indigo

in urban and peri-urban agriculture and Kumar

allied services in the gambit of WHO

guidelines

Improving the capacity of Indian State Aus $ 2012-2014 Dr. Ashwani Australia Centre of

level water authorities on systemic and 499490 Kumar International Agricultural

adaptive governance to climate change Research (Aus-Aid Project)

Decision Support System for Enhancing 54.90 June 2012- Dr. R.R. Sethi National Fund for Basic,

Water Productivity of Irrigated Rice - May 2016 Strategic & Frontier

Wheat Cropping System Application Research in
Agriculture, ICAR, New Delhi

Impact of climate variability and 35.00 Nov. 2012-Oct.  Dr. D.K. Panda ICAR-Challenge project

anthropogenic factor on groundwater 2015

resources of India

Appropriating the use of Sakthi Sugars 2.00 Aug. 2012- Dr. M. Das Sakthi Sugars Limited

Limited - distillery effluent in different Aug. 2014

cropping practices

Global Yield Gap and Water Productivity $56,000 2 years Dr. PS. University of Nebraska, USA

Atlas (Collaborative project of ICAR with Brahmanand and Bill & Melinda Gates

University of Nebraska, Lincoln, USA) Foundation, USA

Evaluation of IWMP (2010-11) watersheds 56.00 2013-14 Dr. Ashwani Odisha Watershed Mission,

(Consultancy) Kumar Bhubaneswar
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Events Organized

Workshops Organized

4

One day stake holders' workshop on “Rubber dam
technology for agricultural water management” was
organized on 14" May 2013 where utility of this
technology for improving production was discussed
onthe occasion of foundation day of the Institute.

A sensitization workshop was organized on
“Enhancing water use efficiency in Yamuna basin”
on 30" August 2013, jointly by Directorate of Water
Management, Bhubaneswar, NRM, Division ICAR
and Ministry of Water Resources, Government of
India. About 150 scientists and officials from ICAR
and Ministry of Water Resources, Government of
India attended the workshop and deliberated
different issues regarding enhancing water use
efficiency of Yamuna basin.

An inception Workshop on Evaluation of ITWMP
Watershed Projects (2010-11) as per the Common
Guidelines 2008, Government of India was
organized on 25" June, 2013. In the workshop the
evaluation criteria of preparatory phase of IWMP
watershed programme (2010-11 batch) was
discussed. About 150 watershed officials, evaluating
team, Project Directors, Project Implementing
Agencies (PIA) attended this programme. Dr.
Gouranga Kar, Principal Scientist and Coordinator,
IWMP organizing secretary of the workshop gave a
detailed presentation on “Evaluation criteria of
preparatory phase of IWMP watershed”.

A two-day workshop on “Software installation-cum-
training program” was organized during September
05-06, 2013 at the DWM Statistical Computational
Hub for the nodal officers of eastern India. Dr. D.K.
Panda organized this workshop.

NAIP's Pre-Commercialization Workshop on 'Flexi
rubber check-dam for watershed application' was
organized by DWM on 30" May 2013 at CIRCOT,
Mumbai

A National Workshop on “Water quality issues,
opportunities and socio-cultural concerns of
wastewater use in agriculture” supported by USIEF
Alumni Award 2013, was organized at the Institute
on 7-8" August, 2013. Seventy five persons including
invitees, dignitaries and participants were attended
and actively participated in five Technical Sessions
in the workshop. An Awareness campaign for
wastewater - reuse among the farmers groups was
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organized under plenary session of the workshop,
six farmers covering three villages of two districts of
Odisha, shared their field level experience on waste
water use in various crops and soil types.

Summer School

4

DWM organized ICAR sponsored 21-day Summer
School on 'Bio-drainage for Reclamation of
Waterlogging in High Rainfall Deltaic Areas' during
07-27 May 2013. Twenty three participants from

OF WATER



five different states of India participated in this
training. They were trained about various aspects of
reclamation of waterlogged areas with the help of
biological drainage as a tool. The course director
Dr. S. Roy Chowdhury and course coordinators Dr.
P.S. Brahmanand, Dr. S.K. Jena, Dr. S. Ghosh and Dr.
R.K.Mohanty conducted the summer school.

Field day cum farmers' awareness programme
Organized

4

Four field day cum farmers' awareness programme
were organized by DWM, Bhubaneswar on
'Development of climate resilient agriculture' at
Jagatpur village, Kanas block, Puri district on
12.06.2013, at Tanar village, Kendrapara block,
Kendrapara district on 22.06.2013, at Village-
Benakera Satyabadi block, Puri district on
26.06.2013, and at Village Parbatia, Dhenkanal
Sadar block, Dhenkanal district on 30.06.2013. On
this occasion farmers-expert interaction meeting
was also held and more than 100 farmers
participated in each program. Dr. Gouranga Kar
organized these programmes.

One one-day farmers training program on
'Rainwater management for sustainable agriculture
and rural livelihoods' and two trainings on 'Field
demonstration on drip irrigation systems' were
conducted at Talagotha, Dhenkanal on 10.11.2014,
at Khallibandha, Dhenkanal on 11.11.2014, and at
Kotapala, Dhenkanal on 22.3.2014. Thirty farmers
in each programme were trained. Dr. S. Mohanty
organized these training programs.

A farmers field day was organized on 'Development
and Effective utilization of groundwater for
Enhanced productivity under Climatic Variability' at
Gudpada village, Athgarh Block, Cuttack district on
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25" May 2013. Fifty nine farmers attended the
meeting. Dr. M. Raychaudhuri organized this
program.

Three training programmes were organized during
28-29 November, 2013; 30 January and 21-22
March, 2014 in Birjaberna village of Sundargarh
district, Odisha under TSP project. Total 169
beneficiary farmers from 4 villages were imparted
training on “Integrated farming system to enhance
the land and water productivity” and “Improved
water management techniques for sustainable
agriculture”. Dr. R.K. Panda and his team of scientists
organized these programs.

DWM Scientists interacted with the farmers in the
Eastern Zone Regional Agricultural Fair on the
aspect of “Production Technology For Food
Security” on 27" February, 2014 held at CRRI,
Cuttack.

Two one-day farmers' training programme on
“Agricultural management Strategies for
Waterlogged Area” was organized at Patsanipur
village, Pipli Block, Puri district, Odisha on
28.12.2013. Dr. S. Roy Chowdhury, Dr. S.
Raychaudhuri, Dr. P. S. B. Anand and Dr. A. K. Nayak
organized the training programme and at Madana
village, Garadpur block, Kendrapada district, Odisha
on 21.3.2014. Dr. S. Roy Chowdhury, Dr. S.
Raychaudhuri, Dr. P. S. B. Anand, Dr. A. K. Thakur and
Dr. A. K. Nayak organized the training programme. A
total of 110 farmers participated in these training
programmes.

A farmer - scientist interaction was organized at
Sunity village at Mahakalapada block of Kendrapara
district on 29" April, 2013. Thirty farmers including
members of ATMA Krishak Parisad participated and
interacted on subsurface water harvesting
structures, groundwater pumping options and other
aspects of water managements in waterlogged and
coastal areas.
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¢  Two One-Day 'Farmers Interaction Program' under
Village Dynamics in South Asia (VDSA) Project were
organized at villages Sogar and Chandrasekharpur,
Dhenkanal district on 28" and 29" March, 2014,
respectively. A total of 241 farmers participated in
the program. Dr. M. K. Sinha organized these
programs.

Exposure visits for Farmers

¢ Anexposure visit was organized by Dr. S. Mohanty to
Soil Conservation Demonstration Centre,
Bishwanahakani, Tangi on 30.1.2014 and 1.2.2014.
Total 40 farmers each from Odapada block and
Dhenkanal Sadar block of Dhenkanal district visited
these two programs.

Training of Students

¢ One year “Diploma course on Watershed
Management” was initiated at DWM from session
2013-14 under IGNOU. An induction meeting held at
DWM on October 06, 2013 and Regional Director,
IGNOU Regional Center, Bhubaneswar graced this
occasion. Dr. R. K. Panda, Principal Scientist is acting
as the Programme-In-Charge for the course. A total of
six students enrolled for this course for 2013-14
session.
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¢ Three students of Department of Environmental
Sciences, Utkal University, Vani Vihar completed their
M.Sc. dissertation work of four - months duration in
July 2013 under supervision of Dr. M. Das, Dr. G.Kar
and Dr. M Raychaudhuri.

¢ One month summer training programme for six
B. Tech final year students of CAEPHT, Central
Agricultural University Gangtok was organized at
DWM during 3-31 March, 2014. Dr. M. Das was
training co-ordinator for this program.

& Mr Arnoud van Spronsen, a Bachelor degree student
of International Land and Water Management
program, Wageningen University, The Netherlands
visited DWM for his internship/training for nine
weeks from January to March 2014. Dr. S.
Raychaudhuri was his training coordinator.

Scientists-School Children Interactive Meet

Organized

¢ On the occasion of National Science Day on 28"
February, 2014, a Scientists-School Children
Interactive Meet was organized at Joypurpatna
Primary School, Khurda district. School children of
class III, IV and V participated in this program. Dr. S.



Raychaudhuri, Dr Somnath Roy Chowdhury and Dr. S.
K. Rautaray of DWM interacted with the children to
inculcate interestin science. Mr Arnoud van Spronsen
of Wageningen University also interacted with the
students for their encouragement.

World Water Day 2014 celebrated

¢ DWM celebrated World Water Day on 22" March
2014 with theme 'Water-Energy Nexus'. A seminar
was delivered by Dr. G. Kar on “Climate change:
Reality versus Uncertainty and its role as a driver to
hamper food, water and environmental security” on
this occasion.

— ..h -

Seminar cum Monthly meet

¢ Fifteen seminars cum monthly meetings were
organized during April 2013 to March 2014. During
the seminars scientists delivered seminars on
important water related issues under institute
mandate. Seminar presentations were based on
contemporary topics which appeared in reputed
journals, alongwith deputation seminars given by
scientist for abroad visit and dissertation work etc.
given by the students.
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Exhibition Organized

& Exhibition of DWM's significant accomplishments
was made in National Agricultural Fair cum
Exhibition “Krishi Vasant-2014” held at CICR, Nagpur,
Maharashtra during 9-13 February 2014. Also our
scientists participated in Scientist-farmer question
answer session on 'Soil and water conservation
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¢ DWM achievements were exhibited on the occasion
of foundation day celebration of CRRI, Cuttack on 23"
April2013.

& Institute's achievements were exhibited on the
occasion of an interface meet for theyear 2013 - 2014
organized at CRRI, Cuttack on 26-27" November,
2013.

& Technologies developed by DWM were displayed in
the “Showcasing of Agricultural Technologies 2013”
organized by ICAR Research Complex for Eastern

Region, Patna on 6-7"December, 2013.
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Weather Summary

Meteorological data 2013-14

The

daily rainfall and open pan evaporation data was

recorded at DWM Central Research Farm, Deras,
Mendhasal, Khurda and were analyzed. The monthly
rainfall and mean monthly evaporation data are

94

presented in Figure 59. The total annual rainfall was
2058.5 mm during 2013-14 and October month was
wettest with the highest rainfall of 886.7 mm. The monthly
average pan evaporation data varied from 2.79 mm during
Decemberto 6.25 mm during the month of May:.
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Fig. 59 Monthly rainfall and mean monthly evaporation data during 2013-14

Promotion / Transfer / Retirement

Dr. S. Raychaudhuri and Dr. M. Raychaudhuri were
promoted to the post of Principal Scientist under CAS
with effectfrom 1.1.2011.

Dr. S. Ghosh, Dr. D. K. Panda and Dr. R. R. Sethi were
promoted from RGPT 8000 to ¥ 9000 under CAS with
effect from 10.07.2012, 24.10.2012 and 07.10.2012
respectively.

Mr. S. Lenka was promoted to Senior Technical
Assistant (Field investigator) w.e.f. 18.4.2012.

Mr. A. Parida was promoted to Senior Technician
(Lab) w.e.f.28.5.2012.

Mr. R. K. Dalai was promoted to Assistant w.e.f.
15.4.2013.
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Mr. N. K. Mallick was promoted to UDC w.e.f.
17.6.2013.

Mr. S. K. Mathur, AO was transferred to CRRI, Cuttack
on 25" June, 2013.

Dr. M. S. Behera, Farm manager (T-9) got selected as
Senior Scientist at CRIJAF, Barrackpore, W.B., left this
institute on 10" June, 2013.

Dr. M. ]. Kaledhonkar, Principal Scientist was
transferred to NIASM, Baramati on 24" August 2013.

Mr. R. C. Behera, AAO was retired from his duty on
31.3.2014.



Principal Scientist

Dr. R.C. Srivastava

Dr. Atmaram Mishra?
Dr. M. Das

Dr. S. Roy Chowdhury
Dr. P. Nanda

Dr. RK. Panda

Dr. S.K. Rautaray

Dr. M.]. Kaledhonkar?2
Dr. G. Kar

Dr. S.K. Jena

Dr. R.K. Mohanty

Dr. (Mrs.) M. Raychaudhuri
Dr. S. Raychaudhuri

Senior Scientist

Dr. S. Mohanty

Dr. M. K. Sinha

Dr. K.G. Mandal

Dr. PK. Panda

Dr. A.K. Thakur

Dr. P.S. Brahmanand
Dr. S. Ghosh?

Dr. D.K. Panda

Dr. AK. Nayak

Scientist (SS)

Dr. Ranu Rani Sethi
Dr. P. Panigrahi

Scientist

Dr. O.P. Verma

a- Transferred; b- Lien; c-Retired

Personnel

Director
Dr. Ashwani Kumar

Chief Technical Officer

Dr. M.S. Behera?®
Er. D.U. Patil

Asst. Chief Technical Officer

Mrs. Sunanda Naik

Technical Officer

Dr. VK. Tripathi b
Mr. Chhote Lal

Senior Technical Assistant

Mr. R.C. Jena

Mr. P.C. Singh Tiyu
Mr. S.K. Dash

Mr. B.K. Acharya
Mr. S. Lenka

Technical Assistant
Mr. A.K. Binakar

Mr. P. Barda
Mr. L. Singh Tiyu

Senior Technician

Mr. A. Parida

P ﬁv

K
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Administrative Officer

Mr. S.C. Sheet
Mr. S.K. Mathur?

Finance & Accounts Officer

Mr. S.K. Das

Assistant Administrative Officer
Mr. R.C. Beherac

Private Secretary

Mrs. M. Padhi

Personal Assistant

Mr. Trilochan Raut
Assistant

Mr. A. Mallik
Mr. . Nayak
Mr. B.P. Sahoo
Mr. R.K. Dalai

Upper Division Clerk

Mr. A.K. Pradhan
Mr. N.K. Mallick

Lower Division Clerk

Mr. C.R. Khuntia
Mr. B.S. Upadhyaya
Mr. S.C. Das

Skilled Support Staff

Mr. Sanatan Das
Mr. H.K. Bal

Mr. B.N. Naik
Mr. B. Bhoi

Mr. S.K. Panda
Mr. B. Dutta
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Finance
. in lakhs)
SL. Head of A/C Non-Plan Plan
No.
Budget Expenditure Budget Expenditure
2013-14 2013-14 2013-14 2013-14
1. Establishment Charges 462.00 462.00 = =
2. O.TA. 0.05 0.05 - -
3. TA. 3.00 3.00 9.00 9.00
4. Other charges including 30.95 30.95 69.46 69.46
equipment
5. Other charges-IT - - - -
6. Repair & maintenance of 11.00 11.00 10.00 10.00
building
7. Works - - 3.38 3.38
8. Library Books & Journals - - 20.16 20.16
9. H.R.D. - - 3.00 3.00
10. Others 41.00 40.68 10.00 10.00
Total 548.00 547.68 125.00 125.00
11. AICRP on Water Management - - 1565.00 1565.00
12. AICRP on GWU (P) - - 340.00 340.00
AICRP WM-PC Unit
. in lakhs)
Head of A/C Sanctioned (Non plan) Actual Expenditure (Non plan)
(2013-14) (2013-14)
1. Establishment 36.00 36.00
2. T A 0.50 0.50
3. Other charges including equipment = =
Total 36.50 36.50
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