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Itisamatter of satisfaction to present theAnnual Report of Directorate of Water Management for theyear 2012-13 to report
theresearch achievementsof the Institute under five different research programmes, i.e. rainwater management, canal water
management, groundwater management, waterlogged areamanagement and on-farm research & technol ogy dissemination
and other related information for the said period. There has been several significant research achievements made by
Institute by development of several on-farm water management technologies like rubber dam installation in watershed,
optimal designing of micro-catchment for water harvesting, energy efficient conservation agriculture in the rainfed
ecosystem, understanding growth potential of CAM plant sisal under rainfed situation, enhanced water productivity with
climate variability resilient irrigated production systems through integrated water resources utilization, tapping
physiological potential of modified rice intensification system for increased productivity in canal command, groundwater
management and identification of potential areas for artificial groundwater recharge, industrial waste water
characterizationfor irrigation use, devel opment of contingency crop planning for flooded and flood prone areas, package of
practicesfor non food cropslike cat tail in waterlogged ecosystem, exploring scope for reuse of municipal waste water for
peri-urban agriculture, characterization of waterlogging and land use system for drainage map development in different
coastal districts using modern toolslike GIS, etc. Twenty five centres operating under the All India Coordinated Research
Project on Water Management have been engaged in research in different themes like evaluation of pressurized irrigation
system, management of rain and other natural sources of water, basic studies on soil- water- plant relationships and their
interactions, water management for different agricultural production system including horticultural and other high value
crops etc. along with transfer of technologies through different training programmes organized for farmers. Nine centres
were operating under the All India Coordinated Research Project on Groundwater Utilization, which had undertaken
research work in theme areas like regional groundwater assessment and modeling, conjunctive use of surface and
groundwater, artificial groundwater recharge, groundwater pollution and transfer of technologiesto farmers. The findings
of different water management researchesin above areas are presented in the report. | wish that content of the report will be
useful for the stakehol dersat variouslevel swho areengaged in thefield of agricultural water management inthe country.

The research accomplishment of the Institute has also been recognized by various institutions and organizations through
recognition award of ‘National Academy of Agricultural Sciences (NAAS) in the field of soil, water and environmental
science for the biennium 2011-12', Indira Gandhi Rajbhasha Puraskar (First Prize) for the Year 2010-11 by
Honorable President of India Shri Pranabh Mukherjee, Lal Bahadur Shatri Outstanding Young Scientist Award of ICAR,
and many other distinctionsand Fell owshipsof different professional Societies.

During the year the Institute published 37 research papersin scientific peer reviewed journals of national and international
repute along with four technical bulletins and five training manual / books. The meeting of QRT, Research Advisory
Committee meeting and two Institute Research Council meeting were organized during the year. International eventslike
workshop on adaptive governance, exposure visits of Scientistsfrom Bulgaria, Spain and The Netherland was organized by
the ingtitute. Institute has organized training for officers in Watershed Management, Consortium meeting on Water
Platform, Agribusiness camp, one inception workshop during the period under report. In order to strengthen the statistical
computation the Institute provided fivetrainingsto 113 scientists/researcherson “ DataAnalysisusing SAS’. One scientist-
farmer interactive meet was organi zed for farmersof waterlogged affected area.

| express my sincere gratitude to Dr. SAyyappan, Director General, ICAR and Secretary, DARE, Government of Indiafor
hissupport and constant guidance. | am extremely grateful to Dr. A.K. Sikka, Deputy Director General (NRM), ICARfor his
valuable guidance and suggestion at every stage of research and devel opment planning of the I nstitute. My thanks are dueto
Dr. B. Mohankumar, Assistant Director General (Agronomy and Agroforestry) for his help and cooperation for smooth
functioning of the Directorate. | place on record my appreciation for the commendable work done by all the members of
publication committeeto bring out the publicationintime.

\
May 2013 %‘”‘ﬁ“’
(Ashwani Kumar)
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o T2, U Ter Wi o 37¥Tieh 3R Fearo fafir
3R 3 HIZsh! dhertiad o ferd) feman e | o o7
skl dheriia % foTT 37uaTE Torieh (it ST & 0.33
HR Y 7Pl T aYa 3 SHR § 0.51) v
I & i feman T | STerTR T S & | we
& U ShAST: 24.9:1 FMHR & fad T 16.1:1
Y AT TY 3 TR & fere i fepan i | &
HI AT SRR & HIgsh Sreiiad 3 e 39 & drei
1 g T @ I A |

o SNSIM & FEIIE H TGS STl Tl T Hleh URT H
TS oiell 37 & feTt 4500-10000 S HaX It &t
AT HE bl e G e SR fehal ST Hehell € |
3G YR STHT TR & G@ o ferff o SR fed Suerey
1% ICTE 3K SeuTeend] agM & Hee & Y hae
g d ey g g |

o STy URerdH e FrRE 3R gerhien ferems gt
g uReféd (ETCCDMI) R" Searg aiada
il S GE@ & i (AR @ i
SR T 3 YIShell Al eiehich) 311 1 T
1971-2005 & 37afY & SR e o SE@E &
SYGNT g1 Jodieh el ST feh der 8 ST it & <
Q@ S 3 st Higt 3i 37 A uferd g
[T |

o UM T HEA P faEalE g @e SN qEEtes
3T & WY Tehiehd YIS qcd MaeH o il ST
T @ TG IR G I T e
T | ¥ st Y2 (7.91 T S/, I=A Hsil
IS (145.69 T S[A/R.), 3= STl 3T3IYe-
T 3T (18.4) TS 3= Ssit Scdreanal (1.37 M
ST fT 3 3YST) M g4 | Thigct GINeh <edl TaeH (&
31755/%.) % Ted, (M 33 &l ST (§
24400/3) F Ja # 31g R o 91fies et go |
T ! el H Tehigadl UIveh cicel Haiei 3h STaYTE 31T

8 e § T SR EEe T S gLt
TH 3UST § 18.9% 3 erell ol et Y 3usT §
38.9% H FGEE |

Y- TR BT Ughd & ded, faeipe S[aE e,
<[ [dTs, TRARE AT & | 100% 3THTE(-h
I, 50% SHEH +50% B M @ 3T
50% 3TRTE e +50% T GG 3 o el L&A iy
Tgfaal & e fRa T | IRORe A S
A AT AT T Bl G & &1 3R Herehl Y IUST
¥ ford JgaX R T | 36 e, 100% SHhE (-
3! o TN H 50% T A ThEh +50%
FYM 31X 50% 3Tereifeh + 50% R T0 @le & T4
1 IO H YT T Herhl ol Bl hi 3k 3UST T
gl | Seery Sifereh T <Y /AT ST T SN 50%
TR + 50% THIH e TG 3 TR H qrfy T |
SHMTS el § 10 STt e aielf a1 frmfor foa e
UIe o AREH Y U T Thiud STAT g3t | ST
oo GLERA o fiaX 3T ATl 4T & @l | 4 &
3YST 6.2 3 W TR Safh qTAE & HHS &F &
FTEX 3 o o Wl H 3UST 5.1 T/ A & I g4 |
fafte STa Soed O3 e @ offaRed et
¥.9,000 ¥ &.38,000 T AT« g4 |

fereifira e e oI S1ifien 5Tg & g & farfya
& T 37T 3 Urel T & e g R &b Sua e
T fopen T | fe faen & regifeien uewi &
AT 1 ¥t THIT HaTe Beell (7%), Foreten &1 Jurieh
(8% ) S foao wehewd (93%) & Q1Y FarTsTeh
1 T | 3T & U1 % gfg Aues S e S,
SHTCT T 3T TiT ahT AT 371f hi o =g STk
% Ted Jeadu I T | T Bl @ deEr
80% 3Tk TS & gaEM i fafer & g ol 3T
1 quf =g ST=IR o <ed I gl |

o 1 I 3T W R A Iaeh T & UHTe 1 Tell

M & T wh &9 ¥9T @0% 2012 % R
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TSI R T2 | 36Kk aht 80% FATRIRTT 3 T
T 3R 100% AT & Qe ST feer aHH
e gt | 21 STIYL el o 3T1ST i 3UST bl S
ERIEECEall

T A U e

o TG I ThId ST G o STAN o ARAH
STy UREdRITerd o ded (Hfer Scarad qunferd §
UM 1 IGHAT g o Tl TR fomam = |
3T 3 TR ST el & B 37 TeX & I
Y YA % Yad T Teareh off fepar T 31K St
TETEAT o1 =R S s T e @0 3 e
3R SoIet el <kt Wit o ot v T o 3Taredt &b
FH A H Aeg et | T sTat gl @i g @
T STIRT Sl & (0.47-0.82 A | 314
ferietu & ®7 § i Yg @M €. 47700 ¥ &.
64300 T 1 HEe dradl § 200% Ht gfg gt |
T SRR Sl o SR ST Icqeendl &. 1.1-
1.42/ ¥ Hi Y g &. 6.0-7.5 / T HT & T |
I fafTe Y5/ g S Siieet § a0
o foTU ST & | SSAYL T SATTG She; U AT
o o T G T ST et o femar T |
Jifeen # AN 30 ITUR & A § W GH=Aed
TR T Yehich TG gal Hla SIETaITES qel
AT o TS T 3Teara ffed Jaen W DSSAT
4.5 HISa ol START ¥k [l 1207 |

Y 1 THARSTS A & T8 wHd Tae & §
T HHA USTH UG 8 & BRI HIE! dgal SIS
ferepr 31X S1fereh rret SRR Gofa diell 7t el
AT H T GYNTa 9Rad U gaTl | Fiefeh @15
TFR] hed, 3TehTel(-eh @Ie aTet YS! ol Jerl § Te
¥ R WS qod d g 3R afaal gr senreT Te aer
TeRTYT GYAT0 i &X 1 el € | Breiifen, wet gfg
Tl e § SHfoeh THRETE 3 TRueh o Afird
TSt A Uren et ot STt & G dienel & e
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A LRl Sl Tl § HH UET arel 3THIST
SURIH G T |

UGS TeX FHHIS & H ST T =1 STt TeieH
o2 wen fFofa TwelA vuTTedt 1 ag TR of-efes ST
Y T SYANT Fleh (AT fomal T | STG IS STA
foror Y Aol " A 3fud wEe 9ad @
Treia RS 3 T ) A i SR  sf A
TR o A Y Ttfad fohar T | st 11 aut &
SR Tt ST § STTE ST 1 STANT T 4 & & §
65 ¥ 91% T I gfg I STHHRY T T =IeT | &
TSR0, ATSTeESI S a9k T shAST: 1.3 9 2.3,
3.7 ¥ 4.8 31T 1.0-2.0 firsfly fe ot | oEs 3K 3
TES e ¥ YaTe i 3G & 4.16 X10° 3fiX 2.27
X10™ ¥ Hiex ufd erg ufa ot e & wred g4 |
SIRIFHTAH 3T 3T (6.63 I/ 8FA) T h S0
£ H T g @ S o 7o (5,92 3 / 3R) 3R 4m
& (5.39 T / FRA) I Ja F 12% 3R 23%
37U gt ht T |

NN H FATTG STl o SUUIEAT seleh el ez
femg ufEsHT % ded Gl S sYyare
Qrgrgferct, Tt o ek, aut arY oo dant 3 it
& GRT ST ST o A § el i =g ot
T Sl TG o feT TAT ! ST foram T
31T & weror o femarn T | SR TR 6 SgseNiE
YA § THue faforiienior o 9l 9 dree § oy
37afY Wl qIeF ¥ & i IAehar H gfg g |
TR T P TS e ¥ SUAT SR =T, TR ST,
Y, ST 31IfE el ol ST 3 foRRT T ST T
TehIghd Spid T forehfad eh fomam 7T |

VSR ELE]
o FICH H HEH STl T o fadl IugeRd &l

feRIH, 4f Y ereelt 3K fiy STt Freprdt 3 STUR W
farfaret fefam T2 eIt ¥[STet RIS o ST R SreifHend
QT | 5T § Tga HH, B R qeAq ot &
TR TR T qreiferell aTel &l ol Iea & T8 |



Frfieeh R AHTATg % agd A au ol &
JMATTH T SR &l G& &1 f STAN
T T |

Eilel - FSte gIEehIv oh e § STfSe & qe t@rd
0§ 15 ot feer &l o foTal T ot 3T HIS it ol
TelTE, TEsiioteh @rel ol STl 3K @R T ol SaTth
37Ife el SYFHM oI AT | St e &t eitga
<ot 1 forelt (y[sTet o ware I fewm & qren) F g 9§
AR Teh L& T /131 676 W 10075 B HieT
ufer o e gt | S[Tet U TENE i 2 § 24 HieT
eh 3iiHd g qf Sem 3 ik s femar ST
e | 1-3 ST F SIS TUf Pl F31l 3 ST 3-
4 3 fohet o T @RI THT o TAIT i STie ahid o (g
ST femalT ST Rl S |

TS FaiT I, Gal F AGSH, BN,
difsaq 3 aEwENe 99g a9 URE S|
(STENTRT) TeTTE 31 Tt 31X Aergiaen, STellg aem et
3R et T oY fird) & wrehRl H fe & ot Suge
T T | O I fAfidE, SR o eTEe
3TYFITE ST TaT8 1 60:40 Tigdl & Gl JaT H fa
fepeft oft SR Teh STqTe 3 ofret 3R tgrgfaes aen
el S dret T gt & vl § feE % o
ST QT |

1 74 % ot & AR 20 fFdt 1 g e Tt A
3 ST AR HiAIST Teell bl Wigell w1 S1HE e
¥ R AT 2.65 X 0.237 Nfiew &t fopan T |
TfeRrdde IR (0.2%) e St & Afafe
3T 3R AN 1 Forewrer wavell © | Shfewram ik
HARTEH qE g2 74 1 et =g e gt
dIu= 1 5.25 § 6.29 T 91 341 ¢ 31 T A
gy opl QR ST el @ |

3ifeen # it qre o ford fafve eRifsracrsiene
YfETY & T Srstl bl G Bl STTHM ST 741 |
STl a1 et 1 31X 3 (1S Tep &) 3T et 2
(STelie &) o &9 H - Hi=g et fagetyul 3 39
1 EIFAT § Fiied e T | STt Ae o il
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iR Sstl @ 7.37X10° # S[ ufT a, 5w &
55% Zstl i GUT T 2 H gt | TR Tegpl (120
T TS Toh) GRT STl i ATl I 3t (5-
10 HIIT TR Th) Sl I | 24% e off | 39
eI, U AT TEX TARUI b1 Fstlt @O H (ore] L
BT thgretT TeewT 3 1T, ffere &, Srett & <kl Sepfar
3 Hafeere e Srefemre W R el @ |

o T SR @ STeieawe # @ THR I g

SRR SH@I oh ST TTal ol ST i o o
T SR Haer ST foma o | T § §
0.57-1.31 THI SiId o Wl 78.45% BIdl S arel
U 9 | STl Wed GERT (53.59%) & H&AT It
ISR H 31fYeh ot T BIdY ST ATl R TgEaan g
& @EER & | STt feshenall ¥ et AT S qrft Y
et A el TRETeH AN &, 25.00 Hfd HE W
®.11.92 Ufd 52 &1 Y[ T SRS Rl ST 9T ol T
AR TG ST € | Tt 3 et &1 37 et
e H WERT o siie o o +ff o7 g |

STATehTd & Teie
o 3ifeen ¥ SafdeR ot % @wEmr 9 Foim 3K

SheureT fSTel o ARETEE salehl § 3iifesm R |
TAHYE HaX, Yaiel § U ffH T T,
BRI TR SN AR ford |11 Feerse a1
RN § STeT HXTe &A1 T 3TTEhel fohall T | 4T &
el 3 3TETA & & § STol FHeprel & oHer &
[REEENEIKPIACTR ol

o d1G % F1& r¥Tel TaYH o fordl afifee & Gl et o 11

TR, haeh fSTel o 16 ATehl, STArHEYR 5Tl & 8
Tep!, AT f57e1 & 11 sfep! 3i wges Tl & 4
AR Y TR Fh & i (S T B Heiferd
THEIAT 3 STHR T ST IS AR & T | =
! TUATA 668 fHeT =l a1 Tl Ty fefa & ded
I o ol et H ga STZerd I 1T |

o SIS & FgTareT 7ot & TTSTE T 3 STl ¥ &

H 29-46 YR % A feieh el 3T B T2 & g
1 ST YETE @ 0.2 ¥ 0.45 30 0.9 ¥ 1.63 =H
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HiaX ufc Yehe o I H Sst ol T | TS 1Aty 3Taf
G A ITAM ek 162 /T #1 s et
i iR foar T | e 39 Al (1200 §
6000 T HIT & F & AhT) ST 6.2% FHHIS & I
e B & o feieh Tl I wae fafafiraor gfaen &
fordr qafafia fman @ | T e & O @
HSRU 0.5 3.2 HIT TEWTS ek TwTg a1 AT 4T |

IR @ s wHe el (A st
3cqTe RSS! &1 AT8dISH 3a<eh & 0, 30, 60 Td
90 ferm/& Tl & v (U1 & farfies gfig ey
S F37TE & U 31 TS 3 3 TU1 6 HEH & a15) &
T STl e &1 3 S9! g 3 Scuted & Ui
3R i fagiell sl Te=I 3 foru svea fepar 1 |
AEISTH &1 ST FAM 60 31X 90 fehaiam™/ ZeaK &t
R Y BT T T Y e, Ifr Y T 3 AeR
FARItet TR 3T S5 Jaiieh ST el &Far &
gfg o gt | IS & a9e TAN 90 fRarm/
BHRI T HH F IRl 3UT & 127 ufwa ufq anf Hiax
qh Il gl |

ity St Ao @ frdl guR S Arshifade
Tfdfafy o |rr IRy o1g Se| | gig gt | Rl uig
e e SHATT: TR > ffeh > HIHIST = Shefaad
> ShIfHEE > BT SHA A 9 | Tl STt f=s & dea
IR SR o 3TeFH 5 gard fan b e, i
T el 1 Gfestdl, T, ST U S &l gorrd
ST 3 fere Geferet & | 78 3 AT 3 ey eraf¥Te St
& GYH START § 50% T ST UM bl F=r=T T2
s fssrat s rer Y & T g E ¥ STofTE
STeT AT ST STl 3 o 8 Q1Y ek i3 e &
IR T 7T |

Wl U ST 3T T Tent e
o eI & shaeh fSfel o AEN (fere) fH=re womed &

Ted SAeNg-HisT 8% § 150 Uee fergmi arel 15
ST IYANT T opT 3 foman T | fepa vriiery

Il DWM ANNUAL REPORT 2012-13

YEHhich e 75 ¥ 88% U 3Tl Sl {TiGR! fi=rg
TEYT I AHERidr 1 Uk Hohd oT| foRdHl &
gfeehor ¥ =g 3 uewi ¥ var =ren fom feneqoier,
gferar, Gferen & gferardy anfe, Wi Hiww (> 3.0; 5 farg
HATEH FHH W) Y G F ehd Ew GisH
(>4.0) & 197 i 171 2. fifera & & @y s1fu
I g | STl YA Tell Rl 9T WS U 5 fog
HATIH T T 95 3758 TR 3.77 ¥ 4.37 T il
ISTH AT g |

Jfeen & FPpHTe SR et el & el w1 A
forafid 7 ¥ IR a1 id & ;g 37 S favag=
e o1, =21, 3771 X ST 31 ol SYcT=IeT @
ferdr il & enfefen, wrfSTn 3K G fasr
TRTTETaT ol GaMTd T o fofd TehiAd Ud ofeaad
R ST S | 98 STee SR AR el oh 3T 3 TRl
H g srferawemsii @ faveryu wia Tl I FH
T ol TSI Ak Sl GHSH o fordl foram T |
SAS I IUAN X a1 faveso W 6 faT o afieqo
FRIchA & Ted i & & T Hi STTHYE et
AR RSN (STl YeE) & 37 awite 3K
Siehaistl sl TR foham T | $9h 3TaTal, I8
TTRTET0T O SITHH Hea X Weraen! ! ot we fema
T | WEAER T S ARTero srdehd & TR 47
irandiadl ot AR foma T | oet 113 Tiechaistl
¥ 2012-13 3 SR TIRITRT foharr 7/t |

N F TAER iR 7R el & Terdide
Gifereli= viie & Aresm 4 Q) W o drete | st w4
T & ford e S 11 foreml & @i & deed
Y IYCTe Tl o YT T G N o ST bl &1 6
ffET o AT § STt e ok STel SYANT ged
T &g G H UGy o T | fafie gas il et
& TTE § T =Tl o STedl gaTs (22 T8, 2012) §
T @ IS (7.21 foeTe/aRE) SR U
ST &7l (2.83 fohel / e firedt) e gt |



i
vy
4 A
%

EXECUTIVE SUMMARY

RAINWATER MANAGEMENT

® The calibration and validation of the soil water

balance model for the different shapes of
microcatchments was carried out. The runoff
coefficient for the best microcatchments (0.33 in
square and 0.51 in cup and saucer shape ) was
determined using sprinkler simulated rainfall. The
catchment area to cultivated area ratio of 24.9:1 and
16.1:1 was determined for square and cup & saucer
shaped microcatchments, respectively. The
physiological performance of mango plants under cup
and saucer shape microcatchment was found better.

Installation of rubber dams in watersheds of Odisha
stored water for a longer period in the stream and
additional volume of 4500-10000 m’ water at most
of the time. The water stored helped enhancing the
production and productivity by providing irrigations
at critical dry spells with increase in cropping
intensity.

Using the extreme climate change indices defined by
the Expert Team on Climate Change Detection
Monitoring and Indices (ETCCDMI), the drought
indices, such as the maximum number of consecutive
dry days (CDD) and the aridity intensity index (AlI)
were assessed by utilizing the daily rainfall dataset
during 1971-2005 period which suggested seasonal
and sub-seasonal differences between and within the
two droughtindices.

Rice crop grown with integrated nutrient
management with Sesbania green manure and
chemical fertilizers showed lower energy input (7.91
GJ/ha), higher energy output (145.69 GJ]/ha), higher
energy output: input ratio (18.4) and higher energy
productivity (1.37 G] per ton yield) compared to the
crop grown with chemical fertilizers. The net returns
were also higher (Rs 31755/ha) under the INM
compared to chemical fertilizer use (Rs 24400/ha).
Residual and direct effect of INM in rice based
cropping system increased 38.9% yield in horse
gram and 18.9% in sunflower.

Conservation agricultural practices were evaluated
under rice- maize cropping systems with no-till (NT),
minimum tillage (MT) and conventional tillage with
100 % inorganic fertilizers, 50% inorganic + 50%
FYM and 50% inorganic + 50% green leaf manuring.
The conventional tillage was superior to minimum
tillage and no tillage system for higher rice and maize
yield. Similarly, 100 % inorganic fertilizers produced
higher rice and maize yield over 50% inorganic +
50% FYM and 50% inorganic + 50% green leaf

manuring. Highest organic carbon was found in no till
aswellas 50% inorganic + 50% FYM treatments.

Multiple use of water through on-dyke horticulture,
pisciculture, poultry and duckery was done in 10
water harvesting structures in Dhenkanal district.
The yield of paddy within the command of water
harvesting structures was 6.2 t/ha in comparison to
5.1 t/ha in the paddy fields outside the command
area of the pond. Additional income from different
water harvesting structure systems varied from
Rs.9,000toRs. 38,000.

The field experiment on regulated deficit irrigation
(RDI) and partial root zone drying (PRD) on bearing
mango trees was conducted using drip irrigation. The
hydraulic performance of the drip system like
emitter flow variation (7%), coefficient of variation
(8%) and distribution uniformity (93%) were found
satisfactory. The growth parameters like 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.

e Afield experiment was conducted during kharif2012

to find out the effect of irrigation and fertilizer dose
on yield of paddy. Similar grain yields were recorded
at80% ofrecommended dose of fertilizer as compared
to the recommended dose. Two supplementary
irrigations helped toincrease grain yield.

CANAL WATER MANAGEMENT

e The study was conducted to enhance water

productivity in irrigated production systems under
climate variability through integrated water
resources utilization. Cropping pattern and canal
water availability in selected canal commands were
assessed and fourth tier of assured water resources
were created which helped in mitigating dry spells
during kharif and for cultivating double crops.
Income stabilization was achieved with the net
returns of Rs. 47700 to Rs. 64,300/- from the pond
based farming area (0.47 to 0.82 ha) and cropping
intensity of 200% due to created water resources.
Water productivity of the area enhanced from Rs. 1.1-
1.42/m’ through sole rice to Rs. 6.0-7.5/m’ through
pond based farming. Location specific groundwater
recharge structures suitable for geo-hydrological
conditions, like recharge shaft with percolation pond
at Coimbatore, Low cost dry masonry structure at
Udaipur, percolation pond at Junagarh centre were
constructed. The drought assessment in Odisha was
carried out using Normalized Difference Vegetation
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Index (NDVI) of MODIS-TERRA satellite data and
impact of elevated carbon dioxide and temperature on
irrigated maize was studied using DSSAT 4.5 model.

Significantly better root development and more
efficient physiological functioning due to changes in
the plants’ morphological structure resulting from a
modified crop managementunder SRIled to superior
crop performance. Organically fertilized crops
showed initially better SPAD value and growth, light
interception by canopy and photosynthesis rate
compared to chemically fertilized plots. However, at
later stages of crop growth probable limitations in
nutrient supply in organic SRI and conventional
flooded rice plots resulted into inferior grain
production than chemically fertilized plots.

® A Decision Support System (DSS) for real time

adoptive irrigation water management in Hirakud
canal command area is attempted using multi
layered geo-spatial data base. Optimal cropping
pattern for Malipali minor of Bargarh distributary
under the command is being proposed through
performance assessment and identification of the
gaps in demand and supply of irrigation water. In-
season crop information using satellite data revealed
increase in paddy area from 65 - 91 % during last 11
years in rabi season. The field evaporation,
transpiration and deep percolation rates were 1.3-
2.3, 3.7-4.8 and 1.0-2.0 mm/day, respectively.
Average loss of flow in the lined and unlined canal
was 4.16X10° and 2.27 X 10" m’ per sec per m’
wetted perimeter, respectively. The highest grain
yield (6.63 t/ha) was recorded in head region which
is 12 % and 23 % higher than that of mid (5.92 t/ha)
and tail (5.39t/ha) regions.

Improving water productivity under canal irrigation
command through conservation and recycling off
runoff, seepage, rainwater and groundwater using
tanks and wells was implemented and field tested
under Kuanria Medium Irrigation Project in Daspalla
block of Nayagarh district in Odisha. Crop
diversification including short duration pisciculture
increased productivity of the area. The harvested
water is used as multisource water for irrigation,
domestic use, fish rearing and duckery, and on-dyke
cultivation of various crops like arhar, papaya,
banana, bhindi, brinjal etc along the banks in an
integrated farming system approach.

GROUNDWATER MANAGEMENT

e Areas suitable for artificial groundwater recharge in

Karnataka were delineated on the basis of geology,
land capability and soil drainage and were
prioritized depending on groundwater depth. The
areas having recharge priority under very low, low
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and medium rainfall zones in the state were
identified. The number of recharge structures
necessary in very low rainfall area of Karnataka and
Tamil Nadu were estimated.

Ghyben-Herzberg approach was used to estimate
freshwater flow towards sea, hydraulic gradient and
fresh and saline water interface for areas located
within 0-15 km away from the coast line of Odisha.
Average safe pumping volume for the selected strips
of 1 km width (along the groundwater flow direction)
stretching from Puri to Balasore varied between 676
to 10,075 m’/day. Groundwater pumping depth
should be restricted within 2 - 24 m depending upon
elevation of location from MSL. Small pumps of 1-3
hp with well density of 3-4/km” could be used to
checksaline water intrusion.

Enriching soil with N, P, K, organic carbon, secondary
and micronutrients the sodium and bicarbonate rich
alkaline effluent (treated) water of United Breweries
was found suitable for irrigation in red and lateritic,
alluvial, and red and yellow soil types. Without
producing any persistent salt build up the distillery
effluent of Shakthi Sugars Ltd up to the concentration
of 60:40 as effluent:water was useful for irrigation in
red and lateritic,and red and yellow soil types.

e Along 20 km stretch of Daya River, average Fe and Mn

concentration in ground water was 2.65 and 0.237
ppm respectively beyond the permissible limit.
Activated charcoal (0.2 %) could remove excess Fe
and Mn from the contaminated groundwater. The
calcium and magnesiumrich alkaline Daya River water
irrigation increased the soil pH significantly from
5.25t06.29 and could be an ameliorative for acid soil.

The energy consumption for groundwater extraction
was estimated for different hydro-geological settings
in Odisha. Thirty districts were classified into cluster
1 and cluster 3, hard rock region and cluster 2,
alluvial region using K-means cluster analysis. The
total annual energy consumption for groundwater
extraction was 7.37 x 10° M Joule/annum, 55 % of
which was consumed in cluster 2. Energy
requirement by deep tubewells (upto 120m depth)
was 24 times higher than shallow wells (upto 5-10m
depth). Thus, the decision to invest in shallow or
deep tubewells rests on the aquifer properties, area
to be irrigated, nature of energy source and relative
costeconomics.

Samples based survey was conducted to assess
impacts of irrigation markets on farm economy
across farm size and water user groups. 78.45% of
samples were small holders with holding size 0.57-
1.31 ha. Water buyers dominated (53.59%) the water
market and majority of small holder were buyers.
Water sellers earned a net profit of Rs 11.92 per hour



over the total cost and Rs 25.00 per hour over the
total operational cost of water extraction, making
water selling a remunerative business. Rabi crops
area and cropping intensities improved amongbuyers.
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water melon, amaranthus under wastewater
irrigation. The conjunctive use of wastewater with
river water saved 50% of fresh water and heavy
metal concentrations remained within permissible

limits in edible parts of vegetables grown with
wastewater and fresh water mixture.

ON-FARM RESEARCH AND TECHNOLOGY
DISSEMINATION

WATER LOGGED AREA MANAGEMENT

e The Satellite data of IRS LISS III and Land use map,
geomorphology map from Orissa Remote Sensing

Application Centre, Bhubaneswar were used in
assessing the waterlogged areas of Ersama, Kujang
and Marsaghai blocks of Jagatsinghpur and
Kendrapara district in Odisha. Thematic maps were
prepared for the rice crop and drainage system in the
study area.

Block wise contingency plans for efficient post flood
management were prepared for 11 blocks of Puri, 16
blocks Cuttack, 8 blocks of Jagatsinghpur, 11 blocks of
Balasore and 5 blocks of Bhadrak districts of Odisha
based on the identified soil and crop related
problems of these regions. SML-668 variety of green
gram was suitable under post flood situation
compared to the local variety due to its better
adoptability in post flood situation.

Temporal flow rate in the link drain and minor canal
were observed within the range of 0.2-0.45 and 0.9-
1.63 m’/sec, respectively during 29"-46" weeks in the
waterlogged area of Pattamundai (Kendrapara),
Odisha. Using depth-duration-frequency relationship,
the drainage coefficient of 162 mm/day was
determined. Total 39 ponds (area ranging between
1200 to 6000 m*) covering 6.2 % command area were
renovated along the link drain which facilitated crop
diversification. Week-wise depth of storage water in
renovated pond varied between 0.5 - 3.2 m.

The production physiology of non-food commercial
crop cattail (Typha sp.) was studied for identification
of physiological and agronomic principle of its
growth and production in waterlogged areas by
applying N at 0, 30 and 60 and 90 kg/ha rate at three
different stages of plant growth i.e. basal, 3 and 6
month after planting. The basal N application
improved plant height and number of leaves
significantly at 60 and 90 kg/ha level with better
photosynthesis rate, nitrate reductase activity,
chlorophyll retention and higher fertliser use
efficiency. The leaf yield increased significantly up to
127leaves/m”at 90 kg/habasal application.

Wastewater irrigation improved soil fertility and
microbial activity along with heavy metal
enrichment even with long term wastewater
irrigation. Heavy metal enrichment factors were in
the order Fe > Zn > Mn = Cd > Cr > Cu. The transfer
factors study suggested ridge gourd, ladies finger and
bitter gourd are safer for consumption than tomato,

e Minor (lift) irrigation systems at 42 Mouza area of

Cuttack district in Odisha were studied covering 150
member-farmers representing 15 WUAs. Farmers
participation index (FPI) values ranged from 75 to
88% indicating the effectiveness of PIM. Irrigation
performance from farmers’ perspectives revealed
that tractability, convenience, predictability and
equity were relatively higher in kharif season (>4.0)
than in rabi season (>3.0; on a 5-point continuum
scale) with irrigated area of 197 and 171 ha
respectively. Overall performance of WUAs was quite
well with mean performance score ranging from 3.77
to4.37 ona5-point continuum scale.

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

Under the 6-days training program “Data Analysis
using SAS”, 37 scientist and researchers from the
National Agricultural Research System in eastern
region and that from the AICRP (water management)
were trained. In addition, this training was offered to
9 research fellow and assistants. Under the software
installation and training program, 20 nodal officers
have been trained. Under 3-days sensitization and
training program, 47 researchers were trained. A
total of 113 researchers of the NARS were trained
during2012-13.

Efficient water harvesting through control of seepage
and conveyance losses for increasing water use
efficiency were demonstrated in Balasore and
Mayurbhanj districts of Odisha through LDPE lined
sheets in two farm ponds and laid out PVC pipesin 11
farmers’ fields. The effect of different planting dates
onyield and water use efficiency of mustard revealed
that early sowing (22 November, 2012) yielded
maximum (7.21 q/ha) with water use efficiency of
2.83kg/ha-mm.
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Introduction

The Directorate of Water Management (erstwhile Water
Technology Centre for Eastern Region) was established
on 12th 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 on a 5.71 ha of land
along with its main office-cum-laboratory building,
guesthouse and residential complex. Itis 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 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 campus.

systems through integrated water resources utilization
has been achieved. In order to facilitate ground water
utilization in a sustainable manner potential areas for
artificial groundwater recharge have been identified The
industrial wastewater characterization wasalso donefor its
conjunctive utilization with surface water for irrigation.
The contingency crop planning for flooded and flood prone
areas, package of practices for non food crops like cat tail
was developed with either resilient cropping system or
following strategic intervention in to address uncertainties
of productivity waterlogged ecosystem. Looking for reuse
option of municipal waste water for peri-urban agriculture,
identification of safer crops under waste water irrigation,
development of drainage map in different coastal
waterlogged areas with help of modern tools like

Mandate

» Toundertake 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.

» Tocollaborate with relevantnational and international agencies in achieving the above objectives.

Research Achievements

The research activities of the centre are carried out
under five different programmes, viz, rainwater
management, cannal water management, ground water
management, waterlogged area management and on-
farm research, extension and training to solve the
problems related to agricultural water management. At
the national level the researchable issues of Agricultural
water managementare being addressed by the different
centers under the AICRPs on Water Management and
Ground Water Utilization. Comprehensive technology
for in-situ rainwater harvesting through
microcatmentmentis being designed with suitable crop
diversification to enhance and stabilize productivity of
rainfed areas. The installation of rubber dam
technology for water harvesting in different watersheds
and runoff recycling at micro-level have significantly
improved crop productivity in its command.
Standardization of energy efficient cropping system
conservation agriculture in the rainfed ecosystem has
potential to improve productivity in rainfed region. In the
canal command area, enhanced water productivity with
climate variability resilient irrigated production
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geographic information system (GIS) and remote
sensing have been done to minimize extent of
waterlogging in coastal areas. The multidiscipline
approach adopted by DWM in each of the technology
development process has added to robustness of these
technologies for their application in farmers field.

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 to the research related inputs.
The institute has a state of-the-art communication
facility with an automatic EPABX system and LAN. The
institute has its own web server and regularly updated
website (http://www.dwm.res.in/). The network



administration of the computers, internet and website
update and managementis looked after by the ARIS cell.
The ARIS cell also accommodates a fully developed GIS
laboratory. The air-conditioned library of the Institute
has more than 2000 reference books and subscribes to
16 international and 5 national journals. The
subscription of electronic journals and its access
through LAN to all the scientists is another useful
facility of the library. The Video conferencing and IP
Telephony System facility have been installed at the
Institute as part of the project ICAR net.

The DWM has linkages with various agencies through
providing training, consultancy, collaboration or
contract research services. It encourages public and
private sector institutions dealing with water
management research addressing their issues
scientifically, monitoring research and development
issues and their evaluation in a cost effective manner.
The institute has linkages with different state and
central government agencies like National Rainfed Area
Authority, Watershed Mission (Government of Odisha),
CAPART, NABARD, Directorate of Agriculture
(Government of Odisha), Central and State Ground
Water Board, Command Area Development Agency,
Government of Odisha, WALMI to implement farmer
friendly water management technologies in the region.
Entrusted by NRAA, New Delhi and Watershed Mission,
the centre organized training programme on Integrated
Watershed Development for officers and stakeholders.
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The Institute has conducted ICAR entrance examinations
for UG and PG courses in Agriculture and allied sciences
at national level. The center has been recognized as
nodal center for carrying out research work leading to
Ph.D degree under Utkal University and also has been
recognized by Indira Gandhi National Open University
as Study Center to carry out Diploma in Watershed
Management. In addition to ongoing in-house research
projects, the institute is awarded with many projects
sponsored by various external organizations like
Ministry of Water Resources, Department of Science
and Technology, ISRO, GOI, Bill and Melinda Gates
Foundation, etc.

Staff

Atthe end of March 2013, DWM had 78 sanctioned posts
(including AICRP) out of which 59 are in position. The
break up of the posts under different categories is given
below:

Cadre Sanctioned In Position Vacant
RMP 01 01 nil
Scientific 35 25 10
Administrative 15 13 02
Technical 16 14 02
Supporting 11 06 05
Total 78 59 19

ORGANOGRAM

:

IRC

s

Research
Programmes

Service &
Support

i

Administration &
Audit / Accounts

v

Main Centre

AICRP on WM

and GWU

:

» Rainwater Management

» Canal Water Management

» Ground Water Management

» Waterlogged Area Management

» On-farm Research Extension, Training

» Farm

» Workshop

» Technical Cell
» Training Cell
» Library

» ARIS Cell
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RAINWATER
Management

® Designand development of rubber dams for watersheds
® Micro-catchmentwater harvesting in the rainfed ecosystem of eastern region
® Sustainablerurallivelihood and food security to rainfed farmers of Odisha

o Effect of dry spell occurrence on reduction in paddy yield and optimum design
of rainwater harvesting structures for its mitigation

® \Water budgeting in high-value shrimp monoculture and carp poly culture
under varying intensification levels

® Performance evaluation of drip irrigated mango under deficitirrigation

® Conservation agricultural practices in rice based cropping system for
increasing water and nutrient availability in a rainfed agro-ecosystem for
easternIndia

® Development of water and energy efficient integrated farming system model
for the rainfed farmers

® Extreme climatic effects on major cropping systems of Orissa



Project Title Design and Development of

Rubber Dams for Watersheds

Funding Agency NAIP, ICAR, New Delhi

Project Personnel: S.K.Jena, A. Kumar, A. Mishra, P.S.

Brahmanand and D.U. Patil

Successful installation of five rubber check dams was
done at different watersheds such as Baghamari,
Badapokharia, DWM Farm, Chandeshwar-1 and
Chandeshwar-2, Odisha under NAIP Project. The
Chandeswar and Baghamari check dams were 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 reportvarious types of evaluations
of rubber dams were done regarding water availability
analysis and crop productivity. Water remained
available in the upstream side of the rubber dam till 1%
week of May 2012 at Chandeswar-2. However, it
remained up to end of April 2012 at Chandeswar-1,
while all the nearby streams became dry by middle of
March. There was almost no rain in the months of
March, April and May 2012. At all the sites water stored
up to the maximum capacity of the rubber dam since
third week of June 2012 till end of mid-February 2013.
The water stored in the upstream side of the damup toa
length of 800 m to 1.70 km at various locations. The
additional volume of water stored in the upstream side
due to installation of rubber dam varied between 4800
m’ to 10000 m’ at any given point of time during
monsoon. Incase this water was used for irrigation; it
filled up by the water was from the upper catchment
during monsoon.

The stored water in rubber dam irrigated 12 ha of rice
fields during critical stages at Chandeswar-I and around
16 ha at Chandeswar-II. The rainfall occurred after
south-west monsoon during mid-October till end-
November was stored in rubber dam and was used by
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the farmers for rabi pulses and vegetables. The rubber
dam at Badapokharia facilitated augmenting
groundwater recharge. There was a yield enhancement
of paddy by about 16-25% during kharif season. During
rabi season farmers close to the rubber dam sites were
growing vegetables water melon, cucumber, tomato,
ladies finger, etc. in approximately 5.5 ha area utilizing
the water stored in the dam which was otherwise
remaining fallow. The economic (pod /fruit yield) yield
of vegetables like cucumber, okra, cowpea under rubber
dam command area in Chandeswar was enhanced by
28%, 34% and 31% respectively due to assured water
supply from the installed rubber dams. The pod yield of
greengram under rubber dam command area in
Bamadiha and Chandeswar was significantly superior
to that of pre-installation period due to longer retention
of residual soil moisture. The average productivity of
green gram in rabi season enhanced from 0.52 t/ha to
0.81 t/ha at Bamadiha. Similarly, the area of the green
gram in rabi season increased by 26 % in this village.
The pod yield of greengram was found to be 0.75 t/ha at
Chandeswar.

The farmers were trained on improved water
management and other crop management practices
through participatory irrigation management. The
biometric observations of rice were recorded at regular
intervals for assessing the impact of rubber dam on
growth ofrice during kharif season at Chandeswar.

For commercialization of technology document with
technical specification of rubber composite used for
rubber dam was finalized. After reconnaissance survey
for selection of sites for rubber dam installation in the
states of Uttarakhand, Meghalaya, Maharashtra,
Jharkhand and Odisha, drawing, design and estimates
were prepared for all the sites. Discussion was made with
Rubber Board, Kerala for installation of rubber dam at a
rubber plantation area in Kerala. World Bank team
members visited the rubber dam installation site on
various occasion and interacted with farmers and filled
questionnaires collecting information regarding impact




Project Title : Micro-catchment Water Harvesting
in the Rainfed Ecosystem of Eastern
Region

Project Code : DWM/09/138

Funding Agency : Institute

Project Personnel: AMishra, S. K. Routray, H. Chakraborty,
S.RoyChowdhuryand M.J. Kaledhonkar

The soil water balance model for the microcatchments
was calibrated and validated. The runoff coefficient for
the best microcatchments was calculated and the
catchment to cultivated area ratio was determined. The
physiological aspect of plants under different
microcatchments was also studied.

Calibration and Validation of Soil Water Balance
Model

During last year, a soil water balance model was
developed for the microcatchment water harvesting
system. This year, the model was calibrated and
validated. In the absence of rainfall, the field
experiments were carried out using the sprinkler
system to simulate the rainfall in the microcatchments.
The rainfall intensity data was generated by running the
sprinkler system. In microcatchments with mango plant
(Square, Cup & saucer and Diamond shapes), the soil
moisture content at four depths 0-20, 20-40, 40-60 and
60-80 cm were measured two days after the
experimental run. In circular shape microcatchment
with mango plant and cup & saucer shape
microcatchment with sapota plant, the moisture
content at four depths 0-20, 20-40, 40-60 and 60-80 cm
were analysed one day after experimental run.

To calibrate the model, the moisture content data was
used. The model calibrated parameters are saturated
hydraulic conductivity and van-Genuchten model
(VGM) parameters a and n. Tables 1 and 2 present the
calibrated model parameters at different soil depth for
microcatchments with mango plant and sapota plant,
respectively. As the soil characteristics were different at
microcatchments with mango plant compared to
microcatchments with sapota plant, two sets of

Table 1 Calibrated parameters at different soil depths for
microcatchments with mango plant

Soildepth(cm) o(cm™) n Ks (m/s)
0-30 0.4010 2.4109 6.78E-06
30-60 0.3431 2.3901 3.95E-06
60-80 0.3312 2.3104 2.56E-06
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Table 2 Calibrated parameters at different soil depths for
microcatchment with sapota plant

Soildepth (cm)  o(cm™) n Ks (m/s)
0-20 0.3801 2.3462 6.78E-06
20-40 0.3334 2.3518 3.95E-06
40-80 0.3356 2.2661 2.56E-06

calibrated model parameters were obtained. The
simulated and measured moisture contents for
different shapes of microcatchment were plotted. A
good agreement between the simulated and measured
moisture content was visually observed, with the
corresponding values of Nash-Sutcliffe Coefficient
(NSC) and mean absolute relative error (MARE) ranging
from 0.65 to 0.86 and from -0.006 to 0.01 respectively
for microcatchments with mango plant. Similarly for
Sapota plants, the Nash-Sutcliffe Coefficient ranged
from 0.85 and 0.69 and MARE ranged from 0.0018 and -
0.0028. Simulations were made using the calibrated
values of parameters (o, n and Ks) to validate the model
for remaining selected microcatchments.

Microcatchment Design

In order to decide the catchment to cultivated area ratio
ofthe microcatchment, determination of design rainfall,
runoff coefficient and crop water requirement were
determined as follows.

Designrainfall - Probability analysis

Design rainfall is the amount of rainfall at which
catchment area will provide sufficient runoff to meet
the crop water requirement. To estimate the design
rainfall, the daily rainfall data of 24 years (1985-2008)
was analyzed. The probability analysis of daily rainfall
data was carried out. To fit the probability distribution
to rainfall data, EasyFit software was used with
Anderson-Darling test as a goodness of fit criteria.
According to Anderson-Darling test, the two parameter
gamma distribution was fitted well to rainfall data.
After fitting the probability distribution, the frequency
factor method was used to estimate the design rainfall.
Table 3 presents the descriptive statistics of gamma
distribution fitted to daily rainfall. Figure 1 presents the
design daily rainfall at 50% probability of occurrence.
The frequency factor (K) depends upon the return
period (T) and the frequency distribution. The two
parameter gamma distribution acts as a Pearson 1l type
distribution. For Pearson III type distribution,
frequency factor (K) for 2 years return period and
skewness coefficient of 7.99 was found to be -0.249.

DWM ANNUAL REPORT 2012-13



aah

Table 3 Descriptive statistics of gamma distribution
fitted to daily rainfall

Statistic Value
Sample size 8766
Range 400.3 mm
Mean 4.33 mm
Variance 211.3 mm’
Standard deviation 14.5 mm
Coefficient of variation 3.55
Standard error 0.156 mm
Skewness 7.99
Kurtosis 117.8

The values of the Parameters of Gamma distribution are
a=0.08876,3=48.79.

Runoff measurement

The runoff measurements were carried out by
collecting the runoff water in the drums installed at the
centre of the microcatchments. The soil moisture
content and crop growth performance showed that
square and cup & saucer shaped microcatchments
performed better over other shapes. Therefore, the
runoff coefficient for square and cup & saucer shape
microcatchment was determined (Table 4). For cup and
saucer shaped microcatchment with area 23.75 m’, the
runoff coefficient was 0.51 and for square shaped
microcatchmentit was 0.33.

Table 4 Runoff coefficient for square and cup & saucer
shape microcatchment

Shape of Rainfall Runoff Runoff
microcatchment  (m®) (m?) coefficient
Square 0.61 0.2 0.33
Cup & saucer 0.33 0.17 0.51

Catchment areato cultivated arearatio

For appropriate design of microcatchment water
harvesting system, itis necessary to determine the ratio
between catchment area and cultivated area. The
catchment area to cultivated area was calculated by the
following equation.

Catchment area Crop water requirement - Design rainfall

Cultivated area  Design rainfall x Runoff Coefficient x Efficiency factor

For humid region, there is sufficient rainfall in monsoon
season to meet the crop water requirement but in the
remaining eight months crop suffer from moisture
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stress. Therefore, design of microcatchment system for
dry season in humid region is necessary. Starting from
October to May considered as dry period and catchment
to cultivated area ratio was decided using the design
parameters for this period. The design rainfall at 50%
probability for dry season was 115.7 mm. On the basis
of 24 years pan evaporation data, average crop water
requirement for dry season was calculated. The crop
water requirement for dry season was 828.9 mm. The
efficiency factor was taken as 0.75. For better moisture
conservation and crop growth square and cup & saucer
shaped microcatchments recommended. On the basis
of runoff coefficient, the catchment area to cultivated
area ratio found 24.9:1 and 16.1:1 for square and cup &
saucer shaped microcatchments, respectively (Table 5).

Table 5 Catchment area to cultivated area ratio for
square and cup & saucer shaped microcatchments

Shape of Runoff Catchment to
Microcatchment coefficient cultivated area ratio
Square 0.33 24.9:1

Cup and saucer 0.51 16.1:1

Leaf water status, photosynthesis and water
use efficiency
In mango, the leaf water potential (LWP, -MPa)

decreased steadily in post monsoon period in all the
treatments. However, the decline was slowest in Cup &
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Fig. 1 Design daily rainfall at 50% probability of occurrence

saucer shaped and fastestin farmers practice (Fig. 2). As
a result, the former treatment was able to maintain
better leaf water status in the month of March. Other
treatments showed similar trend with intermediate
values. The net photosynthesis was also found highest
in Cup & saucer shaped i.e. 14.1 pmol of CO,.m™s fixed
compared to 13.05 in farmers practice which was



lowest among five treatments (Fig.3) during month of
January and in March it was 13.9 and 12.75 p mol of
CO,.m™s fixed respectively. The photosynthesis rate in
‘square’, ‘circular’ and ‘diamond’ shaped
microcatchment was lesser than Cup & saucer shaped
and did not vary significantly among themselves. The
average water use efficiency (WUE), i.e. p mol of CO,
fixed per mol of water transpired in mango was 2.53 in
January and increased to 2.67 during March in Cup &
saucer shape compared to 2.45 and 2.33 during same
period in farmer’s practice.
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Fig. 2 Leaf water potential in Mango plants during 1*

quarter of 2013
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Fig. 3 Net photosynthesis in Mango plants during 1"
quarter of 2013
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Project Title

Funding Agency

The study on livelihood of the rainfed farmers due to
technological interventions on water management was
carried out in three study villages, i.e. Khallibandha,
Nuagaon and Mandapala villages in Dhenkanal Sadar
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block and Gunadei, Belpada and Kaunriapala villages in
Odapada block of Dhenkanal district. In the current year
another three villages, i.e. Kotapala, Talagotha and
Khamara villages in Dhenkanal Sadar block and
Mahadia, PasaSingh and Podapada villages in Odapada
block were added to the study villages. Multiple use of
water in agriculture, on-dyke horticulture, vegetable
cultivation, poultry, duckery and pisciculture was taken
up with ten water harvesting structures. The total
command areas of the water harvesting structures were
13 ha. 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, pisciculture and for duckery. Different
vegetables like brinjal, tomato, ladies finger, cauliflower,
cabbage, potato, ridge gourd, bitter gourd, cowpea,
onion, cucumber, pumpkin etc were cultivated by the
farmers. Banana, papaya and drumstick trees were
planted on the embankments of the pond. Poultry and
duckery were part of some pond-based integrated
farming systems.

Horticultural plants on the embankment of the pond

Analysis of the monthly and weekly rainfall data of
Dhenkanal Sadar block and Odapada block was done for
the year 2012 (Fig.4). The analysis showed that

450 4 B Dhenkanal Sadar|
B Odapada

Rainfall (mm)
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January
February
March
April
May
June
July
August

Month
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Fig. 4 Monthly rainfall in Dhenkanal Sadar and
Odapada block for the year 2012
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Dhenakanal Sadar block received a rainfall of 1641 mm
which is 14% more than the normal rainfall. The
Odapada block received a rainfall of 1518 mm which
was 20% more than the normal rainfall. In Dhenkanal
Sadar block, maximum rainfall of 148 mm was received
in the 31" week whereas in the Odapada block,
maximum rainfall of 132.5 mm was received in the 37"
week. The yield of paddy within the command of water
harvesting structures was 6.2 t/ha in comparison to 5.1
t/hainthe paddy fields outside the command area of the
pond.

Out of the ten water harvesting structures, three were of
the type of two-stage rainwater conservation
technology developed by DWM, Bhubaneswar. The net
income from different activities i.e. on-dyke
horticulture, pisciculture, poultry, duckery, vegetable
cultivation and agriculture for all the 10 water
harvesting structures sowed total income ranging from
Rs. 13,000.00 to Rs. 38,000.00. Paddy yield in different
dyke height treatments were observed and compared.
Paddy fields with dyke height of 15 c¢cm height had
maximum average yield of 5.45 t/ha in compared to 5.4
t/hain 20 cm weir heightand 5.15 t/hain case of 25 cm
weir height.

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. Another farmer group involving
six farmers in the Belpada village carried out sugarcane
and vegetable cultivation in 1 ha of land. Four 1-day
farmers training programs on ‘Rainwater management
for sustainable agriculture and rural livelihoods’ were

Integrated farming system model at site of Mr. Sribascha Biswal
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conducted in the newly adopted study villages. The
training sites were Mahdia and PasaSingh villages in
Odapada block and Kotapala and Khamara villages in
Dhenkanal Sadar block. In total 125 farmers were
trained out of which 51 were women farmers.

Success story

The water harvesting structure constructed in the
land of Mr. Sribascha Biswal helped him to shift from
paddy cultivation to pisciculture, vegetable
cultivation and on-dyke horticulture. Out of the 1
acre area, water harvesting structure was built on
almost one fourth of the land. With the technological
support from DWM and initiative of the farmer, the
farming unit has been developed as an integrated
farming system model. The embankment of the water
harvesting structure has been used for horticultural
plants like banana, papaya and drumstick plants. The
unit now also has poultry shed of 100 chicks capacity
which was constructed with the help of OUAT,
Bhubaneswar. Now this shed is being used for
duckery and the farmer himself has constructed a
bigger poultry shed of 1500 capacity. A mushroom
shed has also been constructed. Plate 2 shows some
of the integrated farming system components in the
land of Mr. Sribascha Biswal.

Apart from providing supplemental irrigation, the pond
is being used for pisciculture. The farmers harvested
160 kg fish in the current and year, and 120 kg last year.
Initially, the farmer was irrigating the vegetable and
horticultural crops by carrying buckets of water from
the pond. After that he constructed a storage tank made
out of well RCC rings to develop a gravity fed irrigation
system. The low lift hand pump supplied by DWM,
Bhubaneswar proved handy for pumping water from
the pond to the storage tank. Now, with the help of
government scheme, the farmer has constructed a
tubewell which is being used for irrigation and filling up
of the pond during summer season. Honeybee
production has been added as a component of the
farming system model. Before the technological
interventions, the farmer was getting only a gross
return of Rs. 10,000.00. Excluding the cost of cultivation
0fRs.5000.00, the farmer was getting a net return of Rs.
5000.00. But after the development of the farming
system model, the gross return of the farmer was Rs.
75,000.00 in the last year. Excluding the expenditure of
Rs. 37,000.00, the farmer got a net return of Rs.
38,000.00. Thus, there is an increase in netreturn to the
tune of Rs.33,000.00 per year due to the farming system
model.



Project Title : Effect of Dry Spell Occurrence on
Reduction in Paddy Yield and
Optimum Design of Rainwater
Harvesting Structures for its
Mitigation

Project Code : DWM/11/153

Funding Agency : Institute

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

An experiment was conducted in Directorate of Water
Management research farm, Mendhasal in kharif 2012
to quantify the effect of fertility level and
supplementary irrigation on paddy. The experiment
was carried out with a view to calibrate the FAO-
AquaCrop model to simulate different climatic
scenarios including dry spell occurrence in paddy. The
layout of the experiment was split plot in which
irrigation was the main plot treatment and fertilizer
was sub-plot treatment. The main plot treatments were,
(a) rainfed paddy (I,), (b) rainfed paddy with one
supplementary irrigation (I,), and (c) rainfed paddy
with two supplementary irrigation (I,). The sub-plot
treatments were, (a) fertilizer application at
recommended dose (80-40-40 kg N-P,05-K,0) (b)
fertilizer application at 80% of recommended dose, and
(c) fertilizer application at 60% recommended dose.
The experiment was conducted with Swarna Mahsuri
variety of paddy and transplanting was done on 28" July
2012. Supplementary irrigation of 5 cm depth each

ﬁv
é@’%
b A

were applied during occurrence of dry spell during the
experimental period. In the irrigation treatment (I,),
one irrigation was applied on 25" September 2012 and
in the irrigation treatment (I,), one irrigation each on
25" September and 20" October were applied and
coincided with panicle initiation and flowering stage of
the crop.

Table 6 shows the yield and yield attributes of rice as
influenced by fertilizer does and irrigation. The results
revealed that similar grain yields were recorded at 80%
of recommended dose as compared to full
recommended dose. However, grain yields decreased
significantly at 60% recommended dose. Two
supplementary irrigations increased grain yield over
the rainfed situation. Straw yield and biomass yield also
increased with each level irrigation and fertilization.
However, harvest index was not influenced by fertilizer
doseand irrigationlevel.

View of experimental plot during vegetative and
ripening stage

Table 6 Yield and yield attributes of rice as influenced by fertilizer dose and irrigation

Grain Yield (t/ha) Straw Yield (t/ha) HarvestIndex Dry biomass at
maturity t/ha

Fertdose
100% 4.55 7.14 0.388 10.04
80% 4.28 6.60 0.393 9.27
60% 3.90 6.16 0.388 8.56
CD (p=0.05) 0.29 0.24 NS 0.39
Irrigation
Rainfed 3.98 6.25 0.386 8.70
lirrigation (PI) 4.21 6.66 0.386 9.28
2irrigations (PI & flowering) 4.53 7.01 0,398 9.89
CD (p=0.05) 0.39 0.16 NS 0.27
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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: R. K. Mohanty, A. Mishra, A. Kumar,
D.K.PandaandD. U. Patil

Due to low economic output in grow-out aquaculture, it
is imperative to minimize the operational cost by
improving water use efficiency. Further, uncertainty in
monsoon rain, scarce and limited availability of
freshwater resource under changing climate scenario
has forced in rethinking wise-use of water in
aquaculture sector to increase water productivity.
Estimation of the water requirement of commercially
important fish and prawn species will ensure higher
water productivity and profitability. Therefore, water
budgeting is first step towards protocols for best water
management practice (BWMP) in commercially
important grow-outaquaculture. Therefore, an attempt
has been made by DWM since April, 2012 to estimate
the consumptive and total crop water requirement and
water productivity in commercially important carp
polyculture of Indian major carps (Freshwater fish), and
monoculture of Penaeus monodon (brackishwater
shrimp) under different levels of intensification. The
main objectives of this study are (1) To study 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
monoculture system, (2) To study the impact of varying
intensification levels on water quality, sediment load,
water productivity, growth and production
performance of Indian major carps and Pmonodon and
(3) To develop protocols for best water management
practices (BWMPs) for different levels of
intensification.

Study on estimating consumptive and total aquacultural
crop water requirement for grow-out operation of carp
polyculture and shrimp monoculture is undertaken in
earthen ponds (carp polyculture-3 treatments X 3
replications and shrimp monoculture- 3 treatments X 3
replications) in farmer’s field at Chandipur, Balasore,
Odisha. Stocking density was taken as treatment.
Stocking density of 6000, 8000, and 10000
fingerlings/ha have been maintained for composite
culture (30 : 30 : 40 :: Surface feeder : Column feeder :
Bottom feeder) while 150000,200000 and 250000 post
larvae/ha for Black tiger shrimp culture. Recommended
minimum water depth of 2.0 m for composite fish
culture and 1.2 m for monoculture of P.monodon was
maintained in each treatment. Required water depth
was maintained on weekly basis either adding or
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withdrawing water from the experimental ponds.
Management practices and inputs were kept same for
all treatments and replications. Periodic data collection
on amount of water replenishment/ exchange, seepage
& percolation loss, depth of water in the pond, rain fall,
evaporation, water quality parameters (pH, DO,
turbidity, TSS, TDS, total plankton count, total alkalinity,
nitrite, nitrate, temperature, H,S, NH,) growth
parameters (absolute growth, PDI, Kn, PI, PSI, SGR),
survivability(%), C-tray monitoring is continuing on
regular basis. Growth and production performance, feed
efficiency (FE), AFCR, biomass yield (t/ha), water
productivity (Rs/m’) etc. will be estimated at the end of
crop cycle.

Project Title : Performance Evaluation of Drip

Irrigated Mango under Deficit

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

Project Personnel: S. Mohanty, P. Panigrahi, M.
Raychaudhuri, M.S. Behera and A.
Kumar

The performance evaluation of drip irrigated mango
trees under deficitirrigation was continued at the DWM
research farm, Mendhasal, Bhubaneswar during the
period April under report. The treatments of the
experiment were as follows, (1) Full irrigation @ 100%
Etc, (2) RDI @ 80% Etc, (3) RDI @ 60% Etc, (4) RDI @
40% Etc, (5) Partial root zone drying (PRD) @ 80% Etc,
(6) PRD @ 60% Etc, and (7) PRD @ 40% Etc and (8)
rainfed control. Water was applied during April and
May except the periods when some rainfall occurred.
After the end of monsoon season, irrigation application
started from 11" December and continued thereafter.
The irrigation was withheld from January 15 to mid-
February to impose water stress on the trees, whichis a
pre-requisite for better flowering. The monthly
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Fig. 5 Mean monthly soil water variation at 0-90 cm
depth under various treatments
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Table 7 Incremental increase in vegetative growth parameters of mango trees under RDI and PRD treatments

Treatment January-June July-December
Plant Collar diameter Canopy volume Plant Collar Canopy
height (m) (mm) (m®) height diameter volume
(m) (mm) (m’)
100%ETc 0.37 15.9 10.2 0.51 22.4 10.8
80% RDI 0.31 12.0 8.49 0.46 22.0 9.40
60% RDI 0.29 11.7 8.07 0.40 18.5 9.02
40% RDI 0.23 10.1 6.33 0.40 14.6 7.51
80% PRD 0.26 11.5 8.01 0.48 17.9 9.08
60% PRD 0.26 11.2 7.83 0.39 17.2 8.66
40% PRD 0.22 9.7 4.98 0.38 12.4 6.95
Control 0.18 9.2 3.20 0.42 12.2 6.77
CDy s 0.02 NS 0.9 NS NS NS

NS: Not significant

irrigation applied under various treatments varied
from 10 mm to 100 mm, with maximum amount in May
and minimum in January. The hydraulic performance of
the drip system was studied from time to time and
found satisfactory with emitter flow rate variation (Qv)
of 7%, co-efficient of variation (CV) of 8% and
distribution uniformity (DU) 0f93%.

Soil water variation

The mean monthly soil water content (SWC) observed
at0-90 cm depth during November-June indicated that
the full irrigation (FI) should higher SWC compared to
other treatments (Fig.5). The improved SWC
consistently reduced from November to March and
April to June in all the treatments. However, the
magnitude of reduction was significantly higher under
rainfed treatments over other treatments. The SWC
increased during November, due to residual soil
moisture of the rainfall that took place during July to
October. The mean soil water fluctuation between two
consecutive measurements in FI was highest compared
to other treatments, reflecting the highest
evapotranspiration rate under FI.

Vegetative growth

The halfyearly (January-June and July-December) increases
of plant height, collar diameter and canopy volume was
maximum in fully-irrigated trees in both the periods (Table
7). Moreover, the growth parameters showed a decreasing
trend with decreasing irrigation regimes under both
RDI and PRD. The magnitudes of the increment were
higher during July-December due to adequate soil
moisture caused by rainfall in the former period.

Yield parameters

The yield parameters (fruit number, fruit weight and
fruit yield) were significantly affected by irrigation
(Table 8). The higher number of fruit was observed with
full irrigation, followed by irrigation at 80% RDI and
80% PRD. However, the maximum yield was recorded
with 80% PRD, followed by FI. The higher yield with 80%
PRD attributed to heavier fruits under this treatment
compared to other treatment. Overall, the yields under
FI, 80% RDI, 80% PRD and 60% PRD were statistically
at par. The maximum yield under irrigated treatment
was 212% higher than that with the rainfed trees.

Table 8 Yield parameters of mango trees under RDI and PRD treatments

Treatment Fruit
number
100% ETc 44
80% RDI 37
60% RDI 29
40% RDI 18
80% PRD 37
60% PRD 32
40% PRD 19
Control 16
CD, s 3.7

Fruit Fruit yield
weight(g) (kg tree™)
161.1 7.13
181.2 6.73
193.3 5.17
152.0 2.74
198.6 7.41
196.5 6.33
153.7 2.94
142.6 2.37
12.9 1.15
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: Conservation Agricultural Practices
in Rice Based Cropping System for
Increasing Water and Nutrient
Availability in a Rain-fed Agro-
ecosystem for Eastern India

Project Code : DWM/10/147

Funding Agency : Institute

ProjectPersonnel: H. Chakraborty, P.K. Panda, A.

Mishra and S.K. Rautaray

Project Title

The field experiment was conducted in research farm of
DWM, Bhubaneswar under split plot design with three
replications. The main plot treatments were four
conservation agricultural practices viz. No-till (NT),
Minimum tillage(MT), Conventional tillage with maize
sown in flat bed(CT,) and Conventional tillage with
maize sown in raised bed (CT,). The sub plot treatments
were three nutrient management practices, 100%
NPK(F,), 50%NPK+50% N through FYM(F,) and 50
%NPK+ 50 % N through green leaf manuring(GLM)- F,.
This practice was evaluated under rice-maize cropping
systems. Rice crop was applied with 60,35 and 35 Kg of
N, P,0,and K,O per hectare, respectively during Kharif.

During rabi, maize crop was applied NPK @ 120 Kg N, 60
KgP,0,and 40 KgK,O per hectare, respectively.

Among various tillage treatments, conventional tillage-
CT, recorded significantly higher rice yield(3.92t/ha)
over NT and MT and was found at par with CT, (Table 9).
Minimum tillage was significantly superior to no till
system for obtaining higher rice yield. Among various
nutrient sources, 100 % NPK produced significantly
higher grain yield (3.4 t/ha) over both F, and F,. Both
FYM and GLM with 50 % NPK produced similar rice
yield. Interaction effects of tillage and nutrients were
nonsignificant. Tillage treatments did influence maize
yield during rabi season. Conventional tillage with
maize sown in raised bed recorded significantly higher
yield (4.12 t/ha) compared to others. Similarly,
minimum tillage was found superior to no till system.
Among various nutrient sources, 100% NPK produced
significantly higher grainyield (4.16 t/ha) over F,and F,
Both F, and F, were found to be at par. The no till system
should significantly higher soil organic carbon content
(0.54%) over all other treatments and was highest
(0.60%)inF2.

Table 9 Rice and maize yield under conservational agriculture set up

Treatments Riceyield

Main plots(M) (t/ha)

NT-. No-till 2.10

MT- Minimum tillage 2.64

CT,.Conventional tillage with 3.50

maize sownin flatbed

CT,.Conventional tillage with 3.92

maize sown inraised bed

CD(5%) 0.50

Sub plots(S)

F,-100% NPK 3.4

F,-50%NPK+50% N through FYM 2.8

F,-50 %NPK+ 50 % N through 2.7

greenleaf manuring(GLM)

CD(5%) 0.38

Interaction(MXS) NS

Project Title : Development of Water and Energy
Efficient Integrated Farming System
Model for the Rainfed Farmers

Project Code : DWM/09/143

Funding Agency : Institute

ProjectPersonnel:S. K. Routray, A. Mishra, R.K.
Mohantyand M.S. Behera

Rice variety Surendra was grown during kharif 2011
under recommended dose of chemical fertilizers (CF)
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Maizeyield Organic
(t/ha) carbon (%)
2.80 0.54
3.24 0.51
3.64 0.48
4.12 0.47
0.36 0.05
4.16 0.46
3.60 0.60
3.40 0.59
0.40 0.12
NS NS

alone (80 N, 40 P,0, and 40 K,0/ha) or integrated
nutrient management (INM) involving sesbania green
manure. After harvest of kharifrice, each main plot was
divided into 6 sub-plots. Different crops viz., sweet corn
(S,), sunflower (S,), horsegram (S,), Babycorn (S,),
cabbage (S;), and tomato (S,) were gorwn in sub-plots
during rabi 2011-12 to evaluate 6 different rice based
cropping systems. Winter season crops were grown
under two main plot treatments viz.,, recommended
chemical fertilizers alone and integrated nutrient
treatments using vermicompost and chemical
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Table 10 Yield, Net Returns (Rs) and energy input (MJ/ha) of different crops under chemical fertilizers and INM

Crops Yield (t/ha) NetReturns (Rs) Energy output:inputratio
CF INM  Mean CF INM Mean CF INM Mean
Tomato 15.54 17.14 16.34 7337 13784 10561 1.18 1.44 1.31
Cabbage 2293  24.05 23.49 35707 38694 37201 2.10 2.66 2.38
Baby corn 5.14 5.67 5.41 38355 45551 41953 1.98 2.51 2.25
Sweet Corn 5.87 6.23 6.05 29962 33048 31505 2.51 3.20 2.86
Sunflower 1.15 1.36 1.26 3432 5799 4616 7.76 12.54 10.15
Horse-gram 0.86 1.19 1.02 930 5651 3291 6.68 12.50 9.59
CD(0.05) crops 0.42 2379 -

CF: Residual & Direct effect of Chemical fertilizers;

INM: Residual & Direct effect of Integrated nutrient management

fertilizers. Horse-gram received vermicompostat 1 t/ha
due to low rate of fertilizer recommendation, while the
remaining 5 crops having high fertilizer requirements
received @ 2 t/ha. Vermicompost contained 1.85% N,
1.83 % P,0, and 0.84% K,O. The yield of cabbage was
highest (23.49 t/ha) followed by tomato (16.34 t/ha),
sweet corn (6.05 t/ha), baby corn (5.41 t/ha). The two
seed crops (sunflower 1.26 t/ha and horse gram 1.02
t/ha) yielded low. The increase in yield under INM
compared to chemical fertilizers was high for seed crops
(18.9 to 38.9%) and was low for the remaining four
crops (4.9 to 10.3%). Energy input for tomato
cultivation under CF treatment was 18.54 GJ/ha and it
was 15.94 GJ /ha under INM with resource conservation
technology. Thus, the energy input was higher by 14%
under the CF treatment for tomato was highest (30%) in
horse gram. Total energy input was low for sunflower
(6.69 GJ/ha) and horse gram (4.05 G] /ha) mainly due to
use of less fertilizer and irrigation. Energy efficient
crops based on energy output:input ratio and net energy
were sunflower and horsegram. Low energy efficient
crops were tomato, baby corn, cabbage and sweet
corn(Table 10).

Netreturns were highest under baby corn Rs 41953 /ha,
followed by cabbage Rs 37201, sweet corn Rs 31505,
tomato Rs 10561, sunflower Rs 4616 and lowest with

horse gram Rs 3291. Net income under INM was always
higher than under the CF treatment. Composite
pisciculture was practised in fish pond (900 m’ area)
using surface feeders (catla), column feeder (rohu) and
bottom feeder (mrigal). Fish yield was 204 kg with gross
return of Rs16320 and net return of Rs 8078. The dyke
surrounding the pond was utilized for growing banana,
papaya and coconut. Net return of Rs1800 was
generated from 45 papaya plants, Rs 3475 from 60
banana plants and Rs2000 from 40 bottle gourd plants.
Apiary unityielded 4.8 kg honey/box with net return of
Rs 410. Poultry dropping directly falling on the pond
water were used as fish feed. A batch of 50 Vanraja birds
gave net return of Rs 4325. Khaki Campbell duck (50
birds) gave net return of Rs 3230. Paddy straw
mushroom was grown during May to September and
net returns per 10 ft’ size bed was Rs 49 in a cropping
cycle of 30 days. Oyster mushroom was grown during
Octoberto February per 4 ft' bed was Rs 27 ina cropping
cycle of45 days.

After the second cropping cycle residual soil organic
carbon and available N, P and K were analyzed under 6
different rice based cropping system. Organic carbon
and available N and P,0, were 0.58%, 235 kg/ha, and
29.3 kg/ha, respectively under INM and under CF
treatments they were 0.55%, 229 kg/ha, and 28.3 kg/ha
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Table 11 Energy input and outputin rice cultivation under CF vis-a-vis INM with sesbania green manure during kharif 2012

Items
Energy input Unit Equivalent
Energy (M])
Field preparation
Human h 1.96
Machinery kg 62.1
Fuel (Diesel+Lubri) L 56.31
Nursery h 1.96
Paddy Seed kg 14.70
Sesbania seed kg 14.70
Sesbania seeding h 1.96
Line Transplanting h 1.96
(Male)
Line Transplanting h 1.60
(Female)
Gap filling h 1.96
Fertilizer (N) kg 60.6
P,0; kg 111
K,0 kg 6.7
Weeding (2) h 1.96
Harvesting h 1.96
Threshing h 1.96
Total energy input
Energy output
Grainyield kg 14.70
Straw yield kg 12.50
Total energy output
Energy output:inputratio
Net Return (Rs/ha)

respectively. There was significant improvement in
organic carbon, available N and P,0; under integratec
nutrient treatments with rice-horse gram sequence.

Mid-duration rice variety Surendra was grown during
Kharif2012 as the third season crop. Main plot was with
or without Sesbania. The green manure crop was
harvested at 48 days stage with a fresh biomass yield of
9.1 t/ha. The equivalent dry weight was 1.71 t/ha and
supplied 38.47 kg N, 6.66 kg P,0, and 12.52 kg K,0/ha.
In addition to green manure, chemical fertilizers @
41.53 kg N, 33.34 kg P,0, and 27.48 kg K,0/ha were
provided through Urea, DAP and MOP to make the total
nutrient supply as 80 kg N, 40 kg P,O, and 40 kg K,0/ha.
For plots without Sesbania, full dose of nutrient (80 kg
N, 40 kg P,0, and 40 kg K,0/ha) was supplied only
through chemical fertilizers. The grain and straw yields
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Rice grown with CF Rice grown under Integrated
nutrient with sesbania green
manure and CF

Quantity/ha Energy Quantity/ha Energy

(M]/ha) (M]/ha)

10h 19.6 10h 19.6

1.93kg 119.8 1.93kg 119.8

32.5L 1830.1 32.5L 1830.1

36h 70.6 36h 70.6

40kg 588 40kg 588

- - 20 294.0

- - 12 23.5

72h 1411 72h 1411

288 460.8 288 460.8

12 23.5 12 23.5

80 4848.0 41.53 2516.7

40 444.0 33.34 370.1

40 268.0 27.48 184.1

318 623.3 288 564.5

216 423.4 216 423.4

144 282.2 144 282.2

10142 7912

4570 67169 4860 71442

5810 72625 5940 74250

139804 145692
13.8 18.4
24400 31755

under the INM involving sesbania were 4860 and 5940
kg/ha respectively. Grain and straw yields under the
chemical fertilizer treatment were 4570 and 5810
kg/ha, respectively. Total energy input was higher
(10.14 GJ/ha) when mid-season rice was grown with
chemical fertilizers as compared with the rice grown
using sesbania green manure and CF in an integrated
manner (7.91 GJ/ha). However, total energy output
from grain and straw was higher with the INM
treatment (145.69 GJ/ha) compared to the CF
treatment (139.8 GJ/ha). Higher energy output : input
ratio (18.4) and energy productivity (1.37 GJ] per ton
yield) under the INM as compared to the CF treatment
suggested higher energy efficiency under the former.
The net returns were also higher (Rs 31755/ha) under
the integrated nutrient treatment (Table 11).



Project Title : Extreme Climatic Effects on Major
Cropping Systems of Odisha

Project Code : DWM/12/154

Funding Agency : Institute

Project Personnel: D. K. Panda, K.G. Mandal, A. Mishra,
A. K. Thakur, S. Ghosh, R. C.
Srivastavaand A. Kumar

Given the large spatial and temporal variability of
monsoon rainfall in India, literature pertaining to the
extreme rainfall analysisislimited. The study of drought
indices, such as the maximum number of consecutive
dry days (CDD) and the aridity intensity index (All), is
important since they directly affect the predominant
monsoon dependent agriculture at its critical stages of
growth. By definition, the Aridity intensity index is the
average precipitation on dry days, which is the ratio
between the total rain on dry days and the number of
dry days. Here, a dry day is defined as rainfall < 10 mm.
As the ‘All’ uses below 10mm rainfall threshold to define
a dry day, decreases in ‘All’ indicates a moisture stress
scenario from agriculture prospective. Trends in CDD
and All, indicates the seasonal and subseasonal
differences between and within the two drought
indices. Thus increases in CDD reflect the rise in dry
spells, increases in All suggest the rise in moisture
availability. The most interesting feature to note is that
the droughtindices for the whole monsoon season have
not captured the contradictory subseasonal patterns
among the months June to September. This may be
because of the obvious reason that the rainfall
distribution is not uniform throughout the four months
(June-September) of the monsoon season, with the
average rainfall of 169 mm (standard deviation (SD) 28
mm) in June, 279 mm (SD 49 mm) in July, 249 mm (SD
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30 mm) in August, 158 mm (SD 33 mm) in September,
and 855 mm (SD 94 mm) in Monsoon season during
the 1971-2005. In particular, while the increasing dry
spell and moisture stress scenario in the active
monsoon months of July and August is not reflected in
the monsoon CDD, but captured to some extent in the
monsoon All index, the opposite tendency in the month
ofJune and Septemberis also confounded.

It is remarkable to note a distinct behavior of CDD
trends on a subseasonal scale. For the monsoon onset
month of June, the ‘CDD’ decreased comparatively in
northeastern parts of central India, representing the
foothill region of the Himalayas. The elevated heat
pump mechanism in the pre-monsoon and early June,
which brings warm and moist air from the adjacent
Ocean with increased rainfall over north India, could
possibly explain the observed decreases in the length of
the dry spell. The most remarkable feature of the
subseasonal results is the striking spatial gradient for
both the CDD and All indices in July and August (Fig. 6).
The observed dipolar distribution of trends in July and
August suggests that the central and northern parts of
India are vulnerable to drought, as evident from the
predominance of the increasing and trends in CDD
decreasing All. In contrast, the southern parts of the
country, except that of the southwest coastal tract, have
experienced a wetting tendency during the study
period. In the monsoon withdrawal month of
September, decline in the dry spells were observed in
the northcentral parts and increases in eastern India. It
is pointed out that the spatial distribution of the CDD
and All indices for the monsoon season did not show the
distinct spatial coherence as observed in the
subseasonal scale, and therefore underscores the
importance of the subseasonal analysis.

CDD (July) All (July)
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Fig. 6 The spatial distribution of CDD and All in the active monsoon months of July and August. The central and northern
parts of India are vulnerable to drought, as evident from the predominance of the increasing trends in CDD i.e. decreasing

All) during 1971-2005 period.
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Nationalinitiative for Climate resilient agriculture

Enhancing water productivity through integrated
system of rice intensification

Development of Decision Support System (DSS) for
irrigation water management in Hirakud Canal
Command area

Improving water productivity under canal irrigation
command through conservation of surface and ground
water using tanks and wells



: National Initiative for Climate
Resilient Agriculture

Funding Agency : NICRA, ICAR, New Delhi

Project Personnel: Gouranga Kar, M. Raychaudhuri,
P.S.B. Anand, D.K. Panda, S.K.
Srivastava, Ashwani Kumar, C.
Mayilswamy, P.K. Singh and H.D.
Rank

Project Title

The specific objectives of the project are studies of
climatic variability and assessing their impacts on
cropping system, water availability and ground water
recharge and development of suitable ground water
recharge structure and standardizing methodology of
multiple uses for enhancing water productivity through
integrated water resources management in various
ecosystems. The study was carried out at Kanas and
Satyabadi blocks of Puri district, Athgarh and
Nishchintakoili blocks of Cuttack district, Kendrapara
block of Kendrapara district and Ranpur block of
Nayagarh district and Dhenkanal block of Dhenkanal
district of Odisha. Development and validation of
suitable ground water recharge structures were carried
out in Coimbatore, Tamilnadu; Udaipur, Rajasthan and
Junagarh, Gujarat. Drought analysis based on departure
of one, two and three month’s actual rainfall (Table 12)and
Standardized Precipitation Index (SPI) (Table 13) was
carried out in the study districts of Odisha viz., Cuttack
(divided Cuttack and Kendrapara), Puri (divided Puri
and Nayagarh), and Dhenkanal district.

Modeling impact of elevated temperature and
carbondioxide onirrigated maize

Temperature, either too low or too high exerts a major
retarding effect on plants growth. The modeled results
on irrigated maize at Dhenkanal showed that rise in
temperature shortened the crop duration from planting
to physiological maturity, retarded growth and
decreased yield as compared to present at all locations.
Study revealed that 0.9 °C increase in temperature that
is expected in 2030 reduced crop duration from 5 to 6 %

i
vy
4 A
%

under both 370 ppm and 550 ppm CO, concentrations.
This reduction in crop duration was higher (6 to 10%)
with increase in temperature to 1.8 °C expected in 2060.
There were no interactive effects of temperature and
CO, on crop phenology.

The increase in temperature also had negative effects on
leaf area index (LAI) however these effects were lesser
under 550 ppm CO, concentrations as compared to 370
ppm. The reduction in LAl were 2 to 6 % and 6 to 15 % at
0.9 °C (in 2030) and 1.8 °C (in 2060) increase in
temperature, respectively at 370 ppm CO,
concentration. Increase in CO, however minimized the
negative impacts of high temperature. The reduction in
LAl was 0.6 to 3 % and 4 to 11 % at 0.9 °C and 1.8 °C
increase in current mean temperature, respectively
under 550 ppm CO, concentration.

Total dry matter (TDM) accumulation also reduced by
increase in current mean temperature. The reduction in
TDM were from 5to 8 % and 13to 18 % at0.9°Cand 1.8
°C rise in temperature, respectively at 370 ppm CO,
concentration, while the equivalent reductionin TDM at
550 ppm CO, concentration ranged from 2 to 4 % and 9
to 14 % at all three locations for 0.9 °C and 1.8 °C
increase in currentmean temperature.

Yield and yield components were negatively affected
with increase in temperature under both 370 ppm and
550 ppm CO, scenarios. According to model simulations
in 2030 with 0.9 °C increase in current temperature, the
yield of maize will fall up to 11% under 360 ppm CO2
concentration. However, increase in CO, concentration
from 370 to 550 ppm at this temperature scenario had
some promotive effect on maize productivity.

Satellite based remote sensing techniques for
water stress monitoring

Satellite data from MODIS TERRA satellite (Tile h25, v5,
h25,v6,h26,v5,h26,v6) were acquired (2000-2011) in
blue, red, middle infrared and near infrared regions and
Normalized Difference Vegetation Index [(NDVI = (IR-
R)/(IR+R)] were derived for drought assessment in

Table 12 Frequency of drought months between 1960-2011 based on departure of one, two and three month’s actual

rainfall
Districts June July August
M S M S M S
Cuttack 12 7 12 3 4 1
Puri 10 11 8 3 5 2
Dhenkanal 10 6 15 5 11 2

M= Moderately drought, S = Severe drought

September  Jul-Aug Aug-Sept Jul-Sept
M S M S M S M S
6 5 9 0 4 0 6 0
12 3 10 0 4 1 6 2
12 2 10 3 7 0 7 1
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Table 13 Quantification of meteorological droughts with SPI based on two and three months’ rainfall departure (Data base;
1960-2011). MD= Moderately dry, SD=Severely dry ED =Extremelydry

Districts Jul-Aug Aug-Sept Jul-Sept
MD SD ED MD SD ED MD SD ED

Dhenkanal 9 7 0 6 1 0

Cuttack 8 1 1 6 1 0 5 0 0

Puri 9 5 0 6 2 0
Odisha. Green and healthy vegetation reflects muchless ~ * = . - -
solar radiation in the visible compared to those in near- = |
infrared. Based on the above relationship, Normalized =" 3 |
Difference Vegetation Index (NDVI) was derived for a - ' |
drought year (2002) and compared with a normal .
(2011) year (Fig. 7). : I

TDM = 26.66 (NDVI) -8.7702, R*=0.78
LAI =8.549(NDVI) - 2.0908,R*=0.72
Yield = 9.45 (NDVI) - 2.9848,R*= 0.82

Basicsoil-water-plant-relationship study

To determine soil water retention using pedo-transfer
functions and assessing their utility in simulation
model, soil samples were collected at various depths (0-
0.15, 0.15-0.30, 0.30-0.45, 0.45-0.60, 0.60-0.90, 0.90-
1.20 m) from 3 locations viz. Satyabadi, Kanas,
Dhenkanal of Odisha, representing land ecologies of
moderate surface waterlogging (0.5-0.75 m), severe
surface waterlogging (>1.0 m) and non-waterlogged
upland soils, respectively. The mechanical composition
of the soils revealed that soils were clay in texture at all
depths at Kanas and Satyabadi whereas texture of the
Dhenkanal soils ranged from sandy clay loam to clay
loam. The bulk density was higher in soils of Kanas and
Satyabadi while this parameterislowin Dhenkanal. The
profile organic carbon stock was higher in waterlogged

soils of Kanas and Satyabadi (66.6 and 78.8 Mg.ha’,
respectively) than Dhenkanal site (59.26 Mg.ha™). Soil
moisture retention at field capacity (0.033 MPa) ranged
between 0.381 to 0.603 m’m* at Kanas, 0.335 to 0.503
m’m”® in Satyabadi and 0.319 to 0.446 m’m” in
Dhenkanal at different depths. At permanent wilting
point (1.5 MPa), the moisture contentvaried from 0.185
to 0.262, 0.172 to 0.246 and 0.108 to 0.139 m’m” at
Kanas, Satyabadi and Dhenkanal, respectively. Pedo-
transfer functions in the form of linear equations were
developed for estimating soil water retention at field
capacity and wilting point using basic soil properties.

The Pedo-transfer functions in terms of multiple linear
regressions were developed to predict moisture
estimation (m’m®) at field capacity (8fc) and wilting
point (Bwp).

L Bl 030025
2 B 025-0.40

0.40-0.55
B 055-0.70
B 0.70-085
0 0385-0.99

NDVI_SEP2011

I 030-0.25
B 0.25-0.40

0.40-0.55
8 055-0.70
I 0.70-085
I 035-099

Fig. 7 NDVI for drought year (2002) and normal year (2011)
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ofc = 0.418 - (0.0058*sand) + (0.0021*clay) +
(0.0258*PSOC)

Owp = 0.3989 - (0.0039*sand) - (0.00384*silt)

Bwp = 0.0238 + (0.0038*clay)

Cropping pattern and canal water availability in
selected commands and development of water
resources to bridge the mismatch between
canal water demand and supply and multiple
use of water

Assessed water demand and supply at
distributaries/minor/sub-minor levels in different
reaches in different agro-ecological situations
(Pattamundai canal command, Kendrapara, Sukal
minor, Puri, Odisha, Darpanarayanpur Minor Irrigattion
project, Nayagarh, Odisha, Lower Bhabani Project,
Tamilnadu). It was observed that water supply was not
adequate during crop seasons to irrigate crops in all
these study areas. The average relative water supply
(ratio of water supply and water demand over a period
of time) was observed to be 0.55-0.65 in winter at the
head reach and 0.35- 0.50 in winter at the tail reach of
watercourses. This clearly indicated the insufficiency of
the available canal water supply to meet the demands.
Erratic rainfall due to climatic variability and climate
change aggravate the problem. Cropping system and
plans have been suggested for existing supply situation
and water harvesting structures were created to
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supplement canal water with rainwater.

It is also well recognized that sufficient water
availability and flexible water delivery are key
requirements that will allow farmers to adopt new
technologies for improving water use efficiency. To
supplements the canal water supply to irrigate crops,
rainwater harvesting system was designed and
implemented in the above 3 canal commands/minors
and a total volume of 12842 m® (3 ponds), 50,323 m’ (9
ponds) and 28,652 m’ (6 ponds) was created at
Nayagarh, Puri and Kendrapara, respectively based on
the available runoff at 67% probability. 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 Rs. 1.1-1.42/m’ through sole rice to Rs.
6.0-7.5/m’ through pond based farming. Due to assured
available water in the first year of study cropping
intensity of command area of the ponds was 200-240%
and gross return was varied from Rs. 47,700/- to
Rs.64,300/- from the pond based farming area
(Table 14). Basic soil-water-plant relationship was
developed for different land ecologies of the
commands/minors to study the soil water retention as
influenced by texture and structure and water balance
of the pond was worked out. Improved irrigations
systems like furrow and drip are also being
implemented to enhance water use efficiency and water
productivity.

Table 14 Income of farmers after creating fourth tier of water resources in canal command of Kendrapara district

Pond area Area of Total Gross income
field crop farming from field
cultivable area (area crops
land of pond + (inRs.)

area of
cultivable
land)

Pond 1 3575m° 5465 m®  K=14526

(1890 m?) R=29000

Pond 2 2895m’ 4935 m’ K=12000

(2040 m?) R= 24000

Pond 3 3050 m’ 5050 m’ K= 15000

(2000m?) R= 24400

Pond 4 3000 m’ 4680 m* K= 13500

(1680m?) R= 25465

Pond 5 3472 m’ 4872 m’ K=19000

(1400m?) R=31382

Pond 6 4650 m’ 8150 m’ R=34550

(3500m?)

K= Kharif, R = Rabi

Gross Gross Gross Total Net
income income  total operational income
on dyke from Fish income expenditure (inRs.)
horticulture (in Rs.) (inRs.)

(inRs.)

10200 45000 99726 43600 56126
11000 42000 89000 41300 47700
12000 55000 106400 42100 64300
11200 38000 87665 39200 48465
13300 46000 109682 49800 59882
12455 52000 99005 48325 50680
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Creation of ground water resources with improved
irrigation systemin alluvial zone for mitigating dry
spells (Dhenkanal, Orissa) and development and
evaluation of groundwater recharge structures
(at Coimbatore, Udaipur, Junagarh).

To augment irrigation sources in alluvial zone of
Dhenkanal and Cuttack districts, Odisha, fifteen dug
wells were constructed as per the design below (Fig. 8).
Pumping test was done to estimate the recharge rate for
different crated dugwells which varied from 7.48 to
14.35 mr/hr. As per the discharge rate, cropping pattern
and command area (0.70-1.1 ha) of each dug well were
established. After creating ground water resources with
improved irrigation system, 240% cropping intensity
and net income of Rs. 39,000 to Rs.44,450/ha was
achieved in different dug wells.

Recharge shaft developed at Coimbatore
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Fig. 8 Design of constructed dug wells at Dhenkanal district, Odisha.

Location specific groundwater recharge techniques like
recharge shaft with percolation pond at Coimbatore,
low cost dry masonry structure at Udaipur, percolation
pond at Junagarh, centre were developed. These
location specific technologies were tested for
performance in terms of recharge rate and area of
influence.
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Cross-section of dry stone masonry type rainwater harvesting
and recharge structure, developed at Udaipur



Project Title :Enhancing Water Productivity
through Integrated System of Rice
Intensification

Project Code : DWM/12/156

Funding Agency : Institute

ProjectPersonnel: A.K. Thakur, R.K. Mohanty, S.
Raychaudhuri, O.P.Verma

A field experiment was conducted during the 2012
kharifseason at the DWM Research Farm to evaluate the
effect of rice cultivation systems on growth, physiology
and grain yield. The systems of rice cultivation were SRI
method and conventional transplanting method (TP)
with two different nutrient managements (organic and
integrated nutrient management (INM)). Experimental
treatments were as follows: SRI-Organic; b. SRI-INM; c.
TP-Organic; d. TP-INM

Growth, Light transmission by canopy and
photosynthesis rate

During the maximum tillering stage, the SRI crop were
greener than the TP crop. This was also evident from the
higher SPAD value. Organically grown rice under both
the cultivation systems had higher SPAD value than
chemically fertilized crop (Fig. 9). The light
transmission ratio (LTR) by canopy during tillering
stage showed that SRI crop transmitted lesser light
compared to TP crop. Hence, canopy of SRI crop
intercepted more solar radiation than did the TP canopy
(Fig. 10). Highestleaf photosynthetic rate was observed
in SRI-organic plots, followed by SRI-INM, TP-organic
and leastin TP-INM (Fig. 11). These results indicate that

50.0
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0.0 T T T

SRI-Organic  SRI-INM TP-INM

SPAD Value

TP-Organic

Cultivation systems

Fig. 9 Effect of rice cultivation systems on SPAD value
during tillering stage. Vertical bar represents standard
error of the mean (SRI: System of rice intensification; TP:
Transplantedrice; INM: Integrated nutrient management)
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Fig. 10 Effect of rice cultivation systems on light transmission
ratio (LTR) by canopy during tillering stage. Vertical bar
represents standard error of the mean (SRI: System of rice
intensification; TP: Transplanted rice; INM: Integrated
nutrient management)
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Fig. 11 Effect of rice cultivation systems on photosynthetic
rate during tillering stage. Vertical bar represents standard
error of the mean (SRI: System of rice intensification; TP:
Transplanted rice; INM: Integrated nutrient management)

rice crop grown under SRI had significantimprovement
in physiology of crop than crops grown with
conventional method. These improvement in plant
functions significantly increased in grain production.

Root growth

Roots collected from similar soil volumes under both
methods showed that with SRI practices, hills had a
significantly larger amount of roots as indicated by
increased root dry weight per hill at the flowering stage
(Table 15), even though SRI had only one plant hill:
whereas TP had three plants hill. In spite of lower plant
density in SR, root dry weights per unit area were also
higher compared to TP. INM plots had greater root dry
weight than organically grown crops under both
cultivation systems.
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Table 15 Effect of rice cultivation systems on
root dry weight after harvest of crop

Cultivation Root dry Root dry
system weight (g/hill) weight (t/ha)
SRI-Organic 9.97 2.49
SRI-INM 11.87 2.97
TP-Organic 4.45 2.22
TP-INM 5.09 2.55

LSD ;s 0.78 0.14

Grain yield and yield-contributing
characteristics

SRI plants were taller compared to TP plants (Table 16).
Organically-grown plants were shorter than the plants
grown with INM in both the methods. SRI hills had
nearly double the number oftillers and panicles than TP
hills. The number of tillers per unit area was greater
under TP method compared to SRI method mainly due
tothe greater number of hills per unitarea under TP and
also it was more with INM than organic treatments.
However, the number of panicles per unit area was
significantly higherin SRI plots than TP. Therefore in SRI
method the effective tillers were significantly more than
conventional method.

The average panicle length in SRI (21.0 cm) was
significantly higher than panicles in TP (16 cm). The
longer SRI panicles carried nearly 28% more number of
grains compared to panicles in TP (Table 17). Highest
grain yield was obtained in SRI with INM. As compared
to TP-INM grain yield under SRI-INM was 48% higher,
while, in SRI-Organic 24% higher. The grain yield
increased under SRI was mainly due to significant
improvement in number of spikelet/panicle, grain
filling % and 1000-grain weight with significant
increase in harvestindex in SRl method compared to TP.
Therefore, through SRI management grain yields could
be increased significantly. Comprehensively there was
significantly better root development and a more
efficient physiological functioning due to changes in the
plants’ morphological structure due to modified crop
management under SRI. Organically fertilized crops
showed initially better growth in terms of SPD value
observations, light interception by canopy and
photosynthesis rate compared to chemically fertilized
plots. However, during the later stages of crop growth
there might be limitations in nutrient supply in organic
SRI and TP plots leading to inferior grain production
than INM plots.

Table 16 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 /hill /m’* /m’ tillering (%)
SRI-Organic 84.4 16.4 14.8 409.0 370.0 90.46
SRI-INM 92.1 18.9 16.4 471.6 411.2 87.20
TP-Organic 78.7 8.8 7.0 441.0 348.7 79.07
TP-INM 87.5 9.9 7.7 493.1 384.5 77.97
LSD ;s 1.9 0.8 0.7 21.1 17.8 3.14

Table 17 Effect of rice cultivation systems on grain yield, yield contributing characters, straw weight and harvest index

Cultivati Ave.panicle  Spikelet Filled
onsystem  length (cm) number  spikelet (%)
/panicle

SRI-Organic 20.1 114 81.8
SRI-INM 21.8 126 80.3
TP-Organic 16.1 96 74.8
TP-INM 15.9 91 76.5
LSD ;s 0.6 7 2.1
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1000-grain Straw dry Grainyield  Harvest

weight(g)  weight(t/ha) (t/ha) Index
24.3 4.58 4.84 0.51
24.4 6.53 6.14 0.48
23.1 4.99 3.88 0.44
23.3 5.68 4.14 0.42
0.3 0.21 0.19 0.04



: Development of Decision Support
System (DSS) for irrigation water
management in Hirakud Canal

Project Title

Command area

Funding Agency :ISRO, NRSA, Hyderabad

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

A multi layered geo-spatial data base comprising of
irrigation network, command area jurisdiction and soil
map, historic cropping pattern; in-season satellite data;
field experimental data like depth of water application,
evaporation, transpiration, percolation, conveyance
efficiency, field application efficiency are being
collected in Hirakud canal command area of Odisha for
computation of crop / irrigation water requirements
and crop / irrigation water use efficiency. These data
shall be input to develop a Decision Support System
(DSS) for real time adoptive irrigation water
managementinthe canal command area

Study area

The study area is located in the canal command area of
Bargarh distributary, which comes under Hirakud canal
command area. It falls under the agro-climatic zone of
Western Central Table Land of Odisha. The climate is hot
and moist sub-humid with light to medium texture soils.
Detail features of the Bargarh Distributary and its
minors and sub minors are shown in Fig. 12 and
Table 18. Paddy is the dominant crop cultivated
both in Kharifand Rabiseasons.

Formulation of methodology for assessment of
the canal performance

Optimal cropping pattern for Malipali minor of Bargarh
distributary in Hirakud canal command is envisaged

Hirakud canal command area Bargarh distributary

Fig. 12 Study area in Hirakud canal command area

i

vy
4 A
%

through assessment of its performance and
identification of the gaps in demand and supply of
irrigation water. Data on number of outlets, discharge at
the head end and at each outlet, command area of each
outlet, cropping pattern acreage for each outlet and
crop water requirement in the outlets are proposed to
be documented through secondary data and field
observed data.

Analysis of existing water resources scenario

The total water requirement and computation of
supply-demand gap for Malipali minor shall be analysed
based on

WR,, =K ET. - ER

C(i.j) J J
VWR, =Y A, WR,,
i=1

Where, WRi,j = water requirement of crop i for week j
(depth unit); KC(i,j) = Crop coefficient of crop i for week
j; ETj = Evapotranspiration during week j; ERj =
Effective rainfall during week j; Ai = Area under crop I;
VWRj = Volumetric water requirement for week j; n =
Number of crops in the command area and m = Crop
duration in number of weeks.

In-season crop information using multi-date AWIFS
data for deriving paddy transplantation and its progress
revealed increasing trend in paddy coverage area from
65 % during 1992 to 91 % during 2012 in the command
area. However, non paddy area coverage remained
within 6-7.8% (Fig. 13).

Field scale water balance study in paddy field revealed
field evaporation, transpiration and deep percolation
rates within the range of 1.3-2.3, 3.7-4.8 and 1.0-2.0
mm/day, respectively (Fig. 14).

Averageloss of flowin thelined and unlined canal using
pigmy type current meter was observed to be 4.16X10°
and 2.27 X 10" m’ per sec per m* wetted perimeter,
respectively (Table 19).
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Fig. 13 Temporal crop coverage
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Table 18 Detail features of the Bargarh Distributary its minors and sub minors

Particulars Bargarh Distributary Minors and Sub minors
CCA (ha) 12165 331.8-4010
Discharge (m’/s) 9.4 0.22-1.67
Length (km) 29.7 0.2-44
Authorized Outlets (Nos.) 169 5-44
No.ofminors (Nos.) 10 -

No. of sub minors (Nos.) 5 -
Outletdischarge (m’/s) 0.001-0.213

Table 19 Loss of flow measurement in the canals

Types of Sectional Q..
canal section length, m m’/sec
Lined canal 87.5 5.27
Unlined canal 102 0.85

The crop growth parameters of rabi rice such as plant
height and number of tillers / m’ and the yield
components like number of panicles/m’, number of
grains / plant and test weight and grain and straw yield
of rice were found to be superior in head region
followed by mid region and tail region of Bargarh

Experimental set up in farmers' field

: Improving water productivity under
canal irrigation command through
conservation of surface and ground
water using tanks and wells

Funding Agency :INCID, MOWR, New Delhi

ProjectPersonnel: K.G. Mandal, S. Ghosh, R.K.

Mohanty, M. Raychaudhuri and

Ashwani Kumar

ProjectTitle

The study is being carried out in Kuanria Medium
Irrigation Project (KIP) at Daspalla (20°21’ N, 84°51" E
elevation of 122 msl) of Nayagarh district of Odisha
under Agro-Eco Sub-Region 12.2 (AESR 12.2) and Agro-
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Qout' QS = Qin- Qout'

m’/sec m’/sec per m’ wetted perimeter
5.24 4.16X10°
0.76 2.27X10"

distributary. The highest grain yield (6.63 t/ha) was
recorded in head region whichis 12 % and 23 % higher
than that of mid (5.92 t/ha) and tail (5.39 t/ha) regions.
The rice grain yield in head region was 5.87 t/ha, 5.48
t/hainmidregionand 5.15 t/hain tail region.
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Fig. 14 Field water budget study through drum experiment

Climatic Zone 7 (ACZ 7). The geographical area of
Daspallablockis 571.57 km”.

The canal systems

KIP is a medium irrigation project. Intercepting river
‘Kuanria’, a right tributary of river Mahanadi and a
nallah named ‘Khalakhala’ by an earth dam form the
reservoir of KIP. The catchment area of the reservoir is
124 sq km and irrigates 3780 ha of land benefiting
about 37,000 people living in 67 villages under the
command area. The top bank level of the dam (TBL)
with 5.0 m top width is 138.0 m, flood reservoir level
(FRL) of the reservoir is 135.7 m and the dead storage
level is 130.3 m. The project has two number of head



regulators such as right and left distributaries (RD and
LD). The RD and LD runs for a length of about 18.2 and
16.5 km having design discharges of 2.00 and 1.98 m’s”,
respectively. The gross storage capacity of the reservoir
is 2200 ha m with a live storage of 1750 ha m. The gross
command area (GCA) is 4800 ha and cultivable
command area (CCA) is 3780 ha. The CCA of RD is
1868.13 ha and that of LD is 1911.87 ha. There are total
of 32 sub-minors and 5 minors distributed over the
entire command area. Among these, 16 sub-minors
each are distributed in left and right distributaries, 3
minors in RD and 2 in LD. Discharge rate for all minors
and sub-minors of RD and LD were measured. The
water released data through RD and LD of Kuanria dam
was also collected.

Studies on soil and hydraulic properties of the
command

The soil properties in the head-reaches of right
distributaries falls under the WUA 6. The texture 0-30
cm soil layer was sandy clay loam while in other layers it
was sandy clay in the head reach of the Kuanria
command area. There was little variation of bulk
density among different soil layers. EC values were
quiteless (i.e.0.01 to 0.06 dSm™). Soil was slightly acidic
to alkaline in nature. Soil organic carbon (SOC) content
gradually decreased from top to bottom soil layers.
Saturated hydraulic conductivity was highest for 0-15
cm soil layer and lowest for 90-120 cm depth of soil. In
the mid-reaches, texture in the 0-15 cm soil layer was
sandy clay loam; 15-45 cm soil layer clay loam while in
other layers it was clay. Bulk density of the soil varied
between 1.48 to 1.53 Mg m” where as EC varied from
0.23 to 0.62 dS m™ in all the soil layers. In general, soil
was slightly alkaline in nature and soil organic carbon
content varied between 0.27 and 0.67%. Saturated
hydraulic conductivity varied from 0.011 to 0.026 cm hr’
! for all the soil layers. The soils of tail end command
were analysed for determination of their physical and
chemical properties. Texture for all the soil layers was
clay loam for the site at WUA 5 i.e., at the tail end of the
left distributaries, where water availability through
canal is relatively less than the mid or head reaches.
There was a definite trend that sand content was
greaterin every soil layer than silt and clay contents, but
there was slight difference in different layers of the soil
profile. It is revealed that, soil was moderately alkaline
in nature. The soil organic carbon content decreased as
soil depth increased. Bulk density of soil varied between
1.41 to 1.47 Mg m” and EC varied between 0.01-0.11 dS
m". Saturated hydraulic conductivity was highest in 0-
15 cm soil layer and decreased towards lower depth of
soil. Saturated hydraulic conductivity of tail reach soils
of left distributaries were lower in comparison to that of
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right distributaries. As the soil properties were
different at head, mid and tail reach areas of left and
right distributaries under Kuanria command area,
different management of irrigation is required for
optimal use of canal, rainfall and ground water.

Canal water supply and its schedule

Month-wise average water supply (Table 20) showed
that the amount of water released was highest in
October (i.e. 354.3 and 314.2 ham for LD and RD,
respectively). During July to October major amount of
water was released from the Kuanria dam sufficient to
irrigate 3780 ha of cultivable command area. Amount of
released water was 1967.5 ha m during monsoon (Jul-
Oct) and 703.1 ha m during dry period (Nov-Jun). The
released water was much less during lean period in
comparison to the same during monsoon.

Table 20 Month wise average water supply from left and
right distributaries of Kuanria dam for 15 years

Month Watersupply  Watersupply Total
throughleft  throughright supply
distributaries distributaries (ha.m)
(ha.m) (ha.m)
January 56.3 49.6 105.9
February 53.3 48.9 102.2
March 79.5 69.5 148.9
April 84.9 71.3 156.2
May 27.1 33.1 60.2
June 0.0 0.5 0.5
July 150.1 131.6 281.7
August 277.6 218.1 495.7
September 262.0 259.6 521.6
October 354.3 314.2 668.5
November 62.0 55.0 1171
December 6.8 5.8 12.6

There are 192 and 112 number of authorized and
unauthorized outlets in left and right distributaries,
minors and subminors of Kuanria Irrigation project.
Unauthorized outlets in left distributaries were more
than right distributaries. Due to presence of large
number of unauthorized outlets, tail end farmers did
notgetadequate and timely supply of water. There was a
demand-supply gap during every month (Table 21).

Cropping patterninthe command area

The cropping system is predominantly rice-based. Rice
is being grown during rainy season and green gram is
mostly grown during post-monsoon season. Arhar is
also grown in the upland areas. Among vegetables,
brinjal is leading. Rice, brinjal and green gram occupy
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Table 21 Month-wise irrigation water demand, canal water supply through distributaries, minors and subminors and demand-supply gap

Months Demand (ham) Supply (ham) Gap (Demand-supply)

RD LD Total RD LD Total RD LD Total
Jul 503.5 466.7 970.2 145.0 127.3 272.4 358.4 339.4 697.8
Aug 135.2 129.8 265.0 274.1 218.5 492.6 -138.9 -88.7 -227.5
Sep 332.4 280.8 613.2 257.0 252.0 509.0 75.4 28.8 104.2
Oct 235.4 239.2 474.6 352.8 310.5 663.4 -117.4  -71.3 -188.8
Nov 56.8 71.5 128.2 60.1 53.2 113.3 -3.3 18.3 15.0
Dec 109.5 132.9 242.5 6.4 5.4 11.8 103.1 127.5 230.7
Jan 83.1 104.9 187.9 55.5 49.7 105.1 27.6 55.2 82.8
Feb 91.6 123.8 215.4 529 50.4 103.3 38.7 73.4 112.1
Mar 34.3 54.9 89.2 81.8 70.4 152.3 -47.5 -15.5 -63.1
Apr 11.8 18.4 30.2 82.9 69.7 152.6 -71.1 -51.3 -122.4
May 10.6 13.4 24.0 27.7 34.7 62.4 -17.1 -21.4 -38.4
Jun 2.5 3.2 5.6 0.0 0.4 0.4 2.5 2.7 5.2

about 90.4, 8.8 and 10.6% of the total command area,
respectively. Sugarcane is a major cash crop in the
region.

Development of rain/ runoff water storage
structure & multiple use of water for fish culture,
on-dyke cultivation of crops and irrigation

As runoff amount was more than 10% of the seasonal
rainfall, therefore practical harvesting of runoff was
possible. Rain/ runoff water storage tanks were
constructed for conservation of rainfall and runoff
water to ensure water availability and dependability to
the farmers. In order to conserve the rainfall, seepage
and excess canal water ponds are constructed within
the Kuanria irrigation command area under beneficiary
farmers (Table 22).

Fish cultures with 'rohu’, 'catla’ and 'mrigal’ was made
in the constructed ponds. Farmers irrigated the
surrounding fields by utilising the stored water within
the ponds. The harvested water in the water storage

structures during monsoon season was used as
multisource water for irrigation, domestic use, fish
rearing and duckery, growing on-dyke papaya, banana,
arhar etc and thus served as an integrated faming
system for improving overall water productivity in the
command.

|-
Rain/ runoff water storage structures developed
in the tail end of KIP

Table 22 The list of beneficiary farmers and the capacity of rain/ runoff water storage tanks developed in different minor/

sub-minorsunder the Kuanriacommand area

SI.No. Name of farmer Distributary
(Leftorright)

1. Mrs. Jyostnamai Nanda LD

2. Mr. Banamali Mishra LD

3. Mr. Balakrusna Pradhan LD

4. Mrs. Itishree Mishra RD

5. Mr. Sudarsan Das RD

6. Mr. Banbihari Muduli RD

7. Mr. Hadia Nayak RD

8. Mr. Bhagirathi Nayak RD
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Name of minor/ Name of Pond
sub-minor (S/M) WUA capacity (m?)
MangalpurS/M 2 1630
KhairapankalsahiS/M 4 1630
Madhyakhand S/M 5 1630
OdasarS/M 6 1630
KhamarasahiS/M 8 1630
Madhyakhand S/M 9 1630
LunisaraS/M 10 1630
Soroda S/M-II 10 1630



Groundwater recharge guidelines for agro-ecological
region no. 8. with hard rock geology

Groundwater modeling to determine the safe yield of
coastal aquifer

Impact of wastewater use on soil properties and its
prospect of utilization in crop production

Suitability of the available poor quality water resources
for agricultural uses under different agro-climatic
region

Georeferenced soil information system for land use
planning and monitoring soil and land quality for
agriculture

Groundwater extraction mechanisms and pump
irrigation marketsin Mahanadi basin

Groundwater development and energy use dynamics
forirrigationin Odisha



Project Title : Groundwater Recharge Guidelines
for Agro-Ecological Region No. 8.
with Hard Rock Geology

Project Code : DWM/11/150

Funding Agency : Institute

Project Personnel: M.J. Kaledhonkar, R. R. Sethi, R.C.
Srivastava and A. Kumar

Delineation of Suitable Areas for Groundwater
Rechargein Karnataka

During the reporting period, suitable areas for
groundwater recharge in Karnataka were delineated.
Geo-referenced maps of three different themes such as
soil drainage, land capability and geology were
considered in spatial analysis to delineate areas suitable
for recharge in the state. During the analysis,
appropriate weightage was given to each theme on the
basis of its overall importance in recharge process. The
infiltration process and aquifer storage capacity were
given equal importance. The soil drainage and land
capability themes were assigned 25 percent weightage
each, thus total of 50 percent weightage while geology
responsible for aquifer storage was assigned 50 percent
weightage. Spatial variations were found in these three
themes which were considered by dividing the themes
into different categories and assigning appropriate
scores. The highest score of 10 was assigned to a theme,
if its properties were the most suitable for recharge and
vice versa. For delineation of suitable area for recharge,
the weighed sum was determined using the following
formula.

WeightedSum1=[(50* GeoSc)+(25*SdSc)+(25*LcSc)]
Where:

WeightedSum1= Weighted sum indicating level of
suitability of area for recharge

GeoSc = Scorebased on geological category
SdSc = Scorebased onsoil drainage category
LcSc = Scorebased onland capability category

The maximum possible score under ideal condition can
be 1000 and can vary as per spatial variations of
different themes. The output of spatial analysis is given
in Fig. 15. The areas having higher scores are suitable
for groundwater recharge.

Prioritization of Suitable Areas for
Groundwater Recharge for Karnataka

One more theme “depth to water table” was added to
above mentioned three themes. All four themes were
used in spatial analysis, by assigning appropriate
overall weightage (50, 25, 12.50 and 12.50 percent,
respectively, to depth to water table, geology, soil
drainage and land capability) on the basis of their
overallimportance in recharge process and appropriate
scores (0 to 10) on the basis of spatial variability within
the themes in prioritization of recharge areas. The
maximum possible score under ideal condition can be
1000 in this analysis and can vary as per spatial
variations of different themes within the state. On the
basis of the scores obtained, the state was divided into
four categories viz. Areas with Recharge Priority (ARP)
1 (with highest score), ARP 2, 3 and 4 (with lowest
score). The ARP 1 was considered the most suitable for
recharge planning while ARP 2, 3 and 4 were not
importantasthere wasnourgency of recharge (Fig. 16).

A realistic assessment and quantification of the source
water is very much essential in recharge planning.
During monsoon period, runoff from rain events is
important source for recharging water. Amount of

ovei Gam e v e
Delineation of Suitable Areas for
Recharge in Karnataka =

Prioritization of Suitable Areas for
Recharge in Karnataka +

Priority Rainfall of Karnataka +

'l
=

&

Fig. 15 Delineation of suitable areas
for recharge in Karnataka
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Fig. 16 Prioritization of Suitable areas for
recharge in Karnataka

Fig. 17 An intersection of Areas with recharge
priority 1 and 2 with rainfall zones for Karnataka
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Table 23 Comparison of number of recharge structures in Prioritized areas in state of Tamil Nadu

Year GW development Percolation tanks
in Karnataka (%) required in prioritized
areas for 70% runoff
with 3 fillings/ year
1998 62.55 8612 No.
2009 85.00 12021 No.

runoff water varies with annual rainfall amount, soil
type and land use. An appropriate value of runoff
coefficient is to be based on topography and land use
(i.e. land capability) and soil texture. It helps in
estimation amount of runoff available from annual
rainfall for recharge purpose. The state of Karnataka
was divided into three zones on basis of rainfall amount.
Areas with rainfall amount of 400-500 mm, 500-1000
mm and 1000-1250 mm, were considered under Low,
Medium and High rainfall zones respectively. An
intersection of ARP 1, 2, 3 and 4 and rainfall zones are
showninFig.17.

Estimation of number of structures in
prioritized areas of Tamil Nadu and Karnataka

Appropriate selection of runoff coefficient based on
topography, land use and rainfall amount gives
reasonable estimate of amount of water available for
recharging. Considering different rainfall zones and
runoff coefficients, amounts of excess runoff water
available for recharge in prioritized areas of Tamil Nadu
and Karnataka were also estimated. In case of Tamil
Nadu, 70% runoff was allotted for percolation ponds
and 30% runoff was allotted for check dam. In view of
bi-modal rainfall in the state of Tamil Nadu, number of
fillings of each percolation pond per year was assumed
as 3 while for each check dam per year fillings were

Check damsrequired Remark

in Prioritized areas for

30% runoff

with5 fillings / year

18170 No. Estimated by CGWB
30912 No. Estimated by DWM

based on thisresearch

taken as 5. Considering capacity of percolation tank as
0.1 mem (100 TCM) and of check dam as 0.01 mcm (10
TCM), number of recharge structures (percolation
ponds and check dam), required prioritized areas were
estimated (Table 23). The results (DWM Estimated)
based on 2009 groundwater development (85%)
appeared to be in agreement with CGWB estimate of
number of percolation pond and check dam based on
1998 groundwater development of 62.55%.

In case of Karnataka, 50% runoff was allotted for
percolation ponds and 2 fillings of each percolation
pond per year were assumed. In case of check dam, 25%
runoff was allotted and 3 fillings of each check dam per
year were assumed. The capacity of percolation tank
was taken as 0.01 mcm (10 TCM) while of check dam
was taken as 0.1 mcm (100 TCM). The rainfall in
Karnataka is not bio-modal, hence number of fillings of
structures in case of Karnataka are less compared to
Tamil Nadu. Numbers of recharge structures
(percolation ponds and check dam) necessary in
prioritized areas were estimated for Karnataka and
results are given in Table 24. The results (DWM
Estimate) based on 2009 groundwater development of
70%; appear to be in agreement with CGWB estimate of
number of percolation tank and check dam based on
1998 groundwater development of 33.06 percent.

Table 24 Comparison of number of recharge structures in Prioritized areas (Priority 1) in state of Karnataka

Year GW development Percolation tanks
in Karnataka (%) required in prioritized
areas for 50% runoff
with 2 fillings/ year
1998 33.06 5200 No.
2009 70.00 28466 No.

Percolation tanks Remark

required in prioritized

areas for 30% runoff

with 3 fillings/ year

17182 No. Estimated by CGWB
94885 No. Estimated by DWM

based on thisresearch

DWM ANNUAL REPORT 2012-13



Project Title :Groundwater Modeling to
Determine the Safe Yield of Coastal
Aquifer

Project Code : DWM/10/146

Funding Agency : Institute

Project Personnel: R.R. Sethi, M.J. Kaledhonkarand M.
Das

Coastal areas are sensitive to saline water ingression in
case of excessive rate of pumping. Hence groundwater
pumping from shallow aquifer needs to be monitored in
terms of pumping depth, pump size and pump density
along the coast line. Though coastal areas of Odisha are
not fully affected by salinity as a result of sea water
intrusion, still there is need to identify the safe pumping
limits in these zones to meet the increasing demand of
water due to growing population and agricultural
activities. Field studies were carried out to characterize
the groundwater table depth fluctuation, change in
water quality, aquifer properties for 70 coastal blocks of
Odisha. Monthly water budget and groundwater
scenarios for these areas have been studied and then on
the basis of an analytical approach; optimal
groundwater pumping guidelines for these zones were
developed.

Water budget and groundwater scenarios for
coastal districts

Water budget calculations for 70 coastal blocks from 7
districts i.e Balasore, Bhadrak, Kendrapara, Cuttack,
Jajpur, Puri, Jagatsinghpur of Odisha were done by
analyzing the monthly rainfall and Potential
Evapotranspiration (PET) to know probable use of
groundwater for irrigation. Among these coastal
districts, Balasore receives highest rainfall of 1887 mm
against estimated Potential Evapotranspiration of 1531
mm annually. But maximum rainfall of 1646 mm (87%)
is received during monsoon period when evaporative
demand is only 479 mm. Rest other months; the district
receives 241 mm of rainfall against demand of 1051
mm. In Bhadrak, maximum rainfall of 1182 mm (87%)
is received during monsoon period against evaporative
demand of 498 mm where as district receives 175 mm
of rainfall against demand of 1124 mm during non-
monsoon season. Jagatsinghpur receives rainfall of
1538 mm (86%) during monsoon period against
evaporative demand of 504 mm whereas, non monsoon
rainfall is only 225 mm against demand of 1133 mm.
Jajpur district receives maximum rainfall of 1431 mm
(88%) against evaporative demand of 504 mm where as
non monsoon rainfall is only 184 mm against demand of
1161 mm. Kendrapara district receives maximum
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rainfall of 1335 mm (84%) during monsoon period
when evaporative demand is 499 mm only. Rest other
months the district receives 240 mm of rainfall against
demand of 1121 mm. Puri district receives maximum
rainfall of 1356 mm (87%) during monsoon period
when evaporative demand is 504 mm only. Rest other
months the district receives 208 mm of rainfall against
demand of 1116 mm. Cuttack district receives
maximum rainfall of 1638 mm (87%) during monsoon
period when evaporative demand is 511 mm only. Rest
other months the district receives 236 mm of rainfall
against demand of 1171 mm. In all these coastal
districts groundwater is being used during non
monsoon period i.e. from November to May apart from
canal irrigation systems. The probable use of
groundwater was further confirmed by understanding
block-wise groundwater development. The status of
groundwater resources showed that availability of
groundwater is also highest in Balasore (75,965 ha.m)
followed by Cuttack (67,458 ha.m) and Puri (67,458
ha.m). As per assessment of groundwater resources by
Central Ground Water Board (CGWB) and Directorate of
Groundwater Survey and Investigation, Bhubaneswar,
highest groundwater development is reported in
Baliapal (69.96%) followed by Bhogarai (68.39%) of
Balasore district, Garadpur (67.96%) block in
Kendrapara district. Out of 70 blocks, groundwater
development is more than 60% in 9 coastal blocks and
requires attention. On comparing the groundwater
quality, in Kendrapara districts, out of 9 blocks, 4 blocks
are fully affected by salinity whereas more than 50%
area is under brackish/saline water. Similarly in
Jagatsinghpur districts Ersama block located along the
coastline is fully affected by salinity. Thematic mapping
of groundwater quality i.e. pH, Electrical conductivity,
Sodium, Chloride, Magnesium, Potassium has been
prepared to know its spatial distribution along the coast
line of Odisha. In this study, 19 blocks of Puri,
Jagatsinghpur, Kendrapara, Bhadrak, Balasore districts
have been considered which are located within 0-15 km
away from the coast line. Groundwater development
varied within 14.43 to 69.96% in these blocks of Odisha
as shown in Fig. 18. There is a positive co-relation
between groundwater development and salinity
ingression in the coastal areas; hence groundwater use
inthese areas needs tobe monitored and regulated.

Analytical approach to determine the safe
pumping options

Ghyben-Herzberg analytical approach was used to
determine the saline fresh water interface. Accordingly,
seawater thickness in the aquifer depends on fresh-
water thickness. The increase in saltwater thickness is
generally amplified by as many as 33 times of fresh



water thickness, depending on the specific weight of the
freshwater and the seawater. The distribution of
freshwater head along interface is a function of saline
water depth and the difference in their respective
densities. The depth to the fresh and saltwater interface
in a coastal aquifer under steady-state conditions is
approximately 33 times the height of the freshwater
head above sea level. In a coastal aquifer, freshwater
recharge mainly occurs from lateral inflow and forms a
lens that floats on top of a base of higher density
seawater. Changes in recharge and/or pumping
scenario may disturb the hydrostatic equilibrium that it
results in the movement of the location of the interface
and may also create a transition zone. Development of
interface of seawater and freshwater, determination of
hydraulic gradient and estimation flow to sea, pumping
depth and pumping density have been estimated based
on this methodology.

Topographical information of coastal areas of Odisha
has been prepared by using Aster Global Digital
Elevation Model (ASTER GDEM). DEM and slope map
for the coastal tract of Odisha are shown in Fig 19 and 20
respectively. Distribution of elevation data showed that
more than 42% of the areas are within 8-11 m above
mean sea level. Average depth to water table during pre
and post monsoon season for each coastal block has
been calculated and then water table elevation map for
study area has been prepared. The same was used to
determine the hydraulic gradient for each area. Ghyben-
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Herzberg approach was used for 1 km width strip along
groundwater flow direction, stretched from 0-15 km
away from the coast line for all the coastal blocks of
Odisha. The hydraulic conductivity value was assumed
as 20-50m/day for all these blocks on the basis earlier
studies of CGWB. The pumping volume and safe
pumping depth for Gop, Astaranga and Kakatpur of Puri
district; Kujanga, Erasama and Balikuda of
Jagatsinghpur district; Ali, Pattamundai, Rajkanika,
Rajnagar blocks of Kendrapara; Bhogari, Balasore,
Remuna in Balasore and Basudevpur in Bhadrak
districts have been estimated based on the analytical
approach. Average pumping volume as safe pumping
limit, optimal pumping depths from 5 strips of
Pattamunadai, Balikuda and Kakatppur are given in
Table 25, Table 26 and Table 27 for illustration.
Pumping depth in these blocks varied within 7.9 to
11.93 m, 5.81 to 10.76 m and 2 to 6.7 m, respectively.
Based on the aquifer properties, it was calculated that
small pumps within 1-3 hp should be used for pumping
groundwater in these areas. On an average 3-4 number
of pumps per square kilometer area could be operated
for maximum of 6-7 hours to check the upconing of
saline water intrusion. These results are based on
analytical modeling for shallow aquifer with limited
field observations. However, multi layer unconfined and
confined aquifer system, requires detailed data and
complex numerical modeling to estimate safe pumping
rate and optimal pumping depth.

| P -
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Fig. 18 Groundwater development in
costal tract of Odisha

Fig. 19 Digital Elevation Model for
coastal tract of Odisha

Fig. 20 Slope map of coastal
tract of Odisha
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Table 25 Estimation of safe pumping options for Pattamundai block of Kendrapara district

Strip Depthto Water table Area of the Gradient Quo Qurorage Q Quumpng ~ Pumping

No. watertable elevation(m) strip (m®) (m’/day) (m’/day) (m’/day) (m’/day) depth(m)
depth (m)

1 1.48 6.53 66550  6.9x10° 91.84 798.60 890.44 445.22 7.90

2 1.74 7.23 73750 0.0001 21093  354.00 564.92 282.46 8.73

3 2.33 7.60 77500 0.00023 356.50 651.00 1007.5 503.75 9.42

4 2.39 8.54 84350 0.000293 494.29 1113.4 1607.7 803.86 10.36

5 2.00 9.97 99500 0.0002 420.11  2268.6 2688.7 1344.4 11.73

Avg. 1.99 7.97 80330 0.00019 314.73 1037.1 13519 675.93 9.63

Max 2.39 9.97 99500 0.0003 49429  2268.6 2688.7 1344.4 11.73

Min 1.48 6.53 66550  6.9x10° 91.84 354.00 564.92 282.46 7.90

S.D 0.39 1.33 162.44  740.78 837.17 418.58 1.48

C.V 19.49 16.68 51.61 71.43 61.93 61.93 15.41

Table 26 Estimation of safe pumping options for Balikuda block of Jagatsinghpur district

Strip Depthto Water table Area of the Gradient Quow Quorage Q.uu Quumpg  Pumping

No. watertable elevation(m) strip (m?) (m’/day) (m’/day) (m’/day) (m’/day) depth(m)
depth (m)

1 3.09 6.95 62100 8x10° 74.52 10557 10631.5 5315.76 8.66

2 2.14 5.90 53100 0.00022 175.23 2548.80 2724.03 1362.02 7.07

3 3.11 4.44 41085 0.000125 77.03 6803.68 6880.71 3440.36 5.81

4 2.34 8.71 76725 9.3x10°  107.03 5616.27 5723.30 2861.65 10.76

5 5.25 6.79 59400 0.0001 99.00 27157.7 27256.7 13628.3 8.85

Avg. 3.19 6.56 58482  0.00013 106.56 10536.7 10643.2 5321.62 8.23

Max 5.25 8.71 76725 0.00022 175.23 27157.7 27256.7 13628.3 10.76

Min 2.14 4.44 41085 8x10° 74.52 254880 2724.03 1362.02 5.81

S.D 1.23 1.56 40.84 9723.81 9709.31 4854.66 1.88

CV 38.74 23.81 38.32 92.29 91.23 91.23 22.86

Table 27 Estimation of safe pumping options for Kakatpur block of Puri district

Strip Depthto Water table Area of the Gradient Quow Qutorage Quu Quumpgy  Pumping

No. watertable elevation(m) strip (m®) (m’/day) (m’/day) (m’/day) (m’/day) depth(m)
depth (m)

1 2.37 0.64 5950 9.9x10° 14.73 736.72 751.44 375.72 2.02

2 1.98 2.02 22500 7x10° 39.37 2913.55 295292 1476.46 2.97

3 1.80 3.17 35150 9.7x10° 85.24  4079.96 4165.20 2082.60 4.08

4 1.20 4.82 48850 6.1x10° 7450 5579.56 5654.05 2827.03 5.05

5 1.11 5.90 58900 0.0001 153.79 2962.13 311593 1557.96 6.63

Avg. 1.69 3.31 34270 8.6x10° 73.53  3254.38 332791 1663.95 4.15

Max 2.37 5.90 58900 0.0001 153.79 5579.56 5654.05 2827.03 6.63

Min 1.11 0.64 5950 6.1x10° 14.73 736.72 751.44 375.72 2.02

S.D 2.37 0.64 14.73 736.72 751.44 375.72 2.02

CV 1.98 2.02 39.37 2913.55 2952.92 1476.46 2.97
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Project Title : Impact of Wastewater Use on Soil
Properties and Its Prospect of
Utilizationin Crop Production

Project Code : DWM/11/152

Funding Agency : Institute

Project Personnel: M. Das, O.P.Vermaand A. K. Nayak

Impact of United breweries (UB) wastewaters
onvarious soil types

Data pertaining to important soil characteristics given
in Table 28 reflect that the soils were acidic to neutral in
reaction, low in available N, P, and organic carbon but
high in Fe and Mn content.

The soils were packed at the rate of their corresponding
bulk density in cylinder (25 cm length and 11.4 cm
diameter) up to 17 cm length (volume 1765.77 cm®) and
leaching process was started with slightly alkaline Na
and bicarbonate rich UB effluent water at constant head
method for all the three soils. The process was
continued till to get constant pH value of the leachate for
each soil type. Leachate collected both from untreated
and treated effluent of UB, from different soil types at
equilibrium (Table 29) revealed that the pH was in the
range of 8.04 to 8.5 with maximum Na and bicarbonate
concentration was registered against alluvial soil
followed by red and yellow and red and lateritic soil
type. It was also found that K, Ca, Mg, P and N at different
proportions varied with nature of soil and effluent type.
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In terms of increasing pH, Na and bicarbonate
concentration in leachate the untreated effluent water
of UB was found relatively less suitable over treated
effluent water for all soil types.

Post leached soils also showed a rise in pH at the range
of 22 to 57% over its respective initial pH at equilibrium
(Fig. 21). High pH (8.96 and 8.89) under treated and
untreated UB - effluent water was obtained against
alluvial among three soil types. A built - up of available
Ninatune of 2.5 to 6.7 times, available P (2 to 16 times),
organic carbon (1.3 to 1.7 times) and K, Ca, Mg and
micronutrients at different proportions in soils were
alsorecorded. In terms of producing impact on relevant
soil parameters the impact of untreated and treated UB
effluent was at par while influencing soil pH and allied
parameters treated UB effluent water can be suitably
used as supplementary irrigation for crops.

Influence soil type on leachate quality under
Distillery effluent application at varied
concentration

Leaching with distillery effluent of Sakthi Sugars Ltd,
(E) at different concentrations prepared by mixing with
different proportions of water (W) @ 20 E: 80W, 40 E:
60W and 60 E: 40W by following constant head method,
showed a gradual increase of salinity of leachate
collected over time. The increase was however not
consistent with amount of effluent used and soil types.
After the equilibrium reached with effluent
concentration treatments the soil column was started to
leach with water (W) and the leachate was collected till
itreached a constantsalinity (EC) value. Data pertaining

Table 28 Important physico-chemical parameters of different soil types

Parameter Red and Lateritic soil Alluvial soil Red and yellow soil
Bulk Density (gm/cm?) 1.6 1.5 1.15
Saturated Hydraulic Conductivity 0.125 0.177 0.442
(cm/min)

pH (1:2.5) 6.45 7.3 5.42
Organic carbon (%) 0.252 0.307 0.196
Available nitrogen (%) 0.022 0.051 0.012
Available P (mg/kg) 6.45 9.65 11.43
CEC (meq/100g) 21.44 29.71 32.41
Na ( meq/100gm) 4.19 5.15 13.12
K (meq/100gm) 6.5 4.18 1.7
Ca (meq/100gm) 3.02 2.41 2.241
Mg (meq/100gm) 5.43 1.81 2.068
Zn (mg/Kg) 2.244 4.794 3.494
Cu (mg/Kg) 4.35 1.25 1.56
Fe (mg/Kg) 14.004 58.504 25.584
Mn (mg/Kg) 86.298 53.848 178.156
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Table 29 Important properties of leachate at equilibrium with UB effluent water in different soils

Parameters of the Red and lateritic soil
UB effluent water Untreated Treated
atequilibrium

pH 8.45 8.21
ECdS/m 1.3 1.5
Nameq/L 8.55 8.39
Kmeq/L 0.43 0.63
Ca meq/L 0.34 0.34
Mgmeq/L 1.38 2.75
Femg/L 2 2
Clmeq/L 10.23 10.26
Sulfate meq/L 0.74 0.62
Bicarbonate meq/1 10.23 10.26
Nitrate meq/L 0.03 0.062
Pmg/L 0 0
Total dissolved solids gm/L 0.8 0.8
Organic Carbongm/L 0 0
Colourx 10* HU - 0.156

to salinity of input solution and leachate solutions in
Table 30 reveal that the salinity of leachate at
equilibrium was significantly differed with the EC of
input solutions and across the soil types. Leachate
collected from red and lateritic soil was relatively less
saline at 40E: 60W and 60E: 40W over the leachate
collected from other two soil types. Leachate collected
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lateritic soil Yellow soil
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Alluvial soil
Untreated Treated

Red and yellow soil
Untreated Treated

8.51 8.04 8.65 8.5
1.8 1.8 1.5 1.2
12.71 13.04 12.2 10.37
0.26 0.31 0.05 0.05
0.34 0.34 0.17 0
241 2.78 2.06 1.72
1.6 1.6 2 2
17.6 11.73 8.8 5.86
0.21 0.21 0.31 0.31
17.6 11.73 8.80 5.86
0.06 0.03 0.062 0.062
0.065 0.004 0.017 0.002
0.4 0.4 0.8 0.8
0.2 0.14 0 0
0.249 0.242 - -

with water from red and lateritic soil also registered a
low EC value ranged from 1.0 to 2.3 dSm™ compared to
alluvial, and red and yellow soil types. The pattern of
salinity development and reduction in leachate showed
a distinct variation with soil types. Irrespective of
effluent concentrations, the release of salt was relatively
stagnant over red and lateritic, and red and yellow soil
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Fig. 21 Soil leachate characteristic with UB wastewater

types. No persistent salinity build up was observed even
at higher concentration of distillery effluent 60E:40W
application exceptin alluvial soil, thus the effluent up to

60 E: 40W could be suitably used for irrigating red and
lateritic,and red and yellow soil types.

Table 30 Salinity (EC dS/m) of leaching solutions and at equilibrium in different soil types

Type of Initial EC Red and lateritic soil

leaching +0.2dS/m Atequilibrium

solutions Effluent Water

20E:80W 5.6 4.8 1.0

40E:60W 9.4 6.8 2.0

60E:40W 12.3 8.0 2.3

Project Title : Suitability of the Available Poor
Quality Water Resources for
Agricultural Uses under Different
Agroclimatic Region

Project Code : WTCER/08/135

Funding Agency : Institute

Project Personnel: M Raychaudhuri, S. Raychaudhuri,
S.K.Jenaand A. Kumar

The seasonal variation in the chemical characteristics of
surface water (Daya River) and groundwater along Daya
River was studied.

Seasonal variation in surface and ground water
quality characteristics

Alluvial soil Red and yellow soil
Atequilibrium Atequilibrium
Effluent Water Effluent Water
4.3 0.1 4.5 0.8
7.0 1.1 6.6 1.1
8.5 4.5 9.8 1.5

The seasonal variation in the chemical characteristics of
surface water (Daya River) and groundwater along Daya
River was studied. Various chemical characteristics viz.,
pH, EC, TDS, cations viz., Na’, K, Ca™, Mg™, NH,-N, anions
viz. NO,-N, PO,-P, SO,, CO,, HCO,, C], alkalinity, hardness
were assessed for a period of 12 months from January to
December 2012 at 20 sites of River Daya where lift
points are there for irrigation. Temporal variation was
observed in river and ground water from upstream to
downstream. The pH of river and groundwater water
showed significant variation month wise (Fig 22
and 23). The pre-monsoon and post monsoon pH
varied widely in river water than in groundwater. This
is mainly because of the anthropogenic effect
throughout the year. The results depict that the mean
minimum pH was recorded in the month of August for
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Fig. 22 Seasonal variation in pH of River water
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Fig. 24 Variation in NH4-N and NO3-N in River wate
over the months in a year 2012

both water and the mean maximum pH was recorded in
the month of February for both the water. The NH,-N
and NO,-N content in both the water varied over the
months (Fig. 24). The Ca and Mg content in both water
varied widely over the months (Fig. 25). It has been
observed that Mg hardness increases during the pre
monsoon season in both type of water. The N content
was found higher in both the water during pre-monsoon
season and lower in the pre-monsoon season.

Removal of Iron using Coconut Shell Charcoal
(CSQ)

Ground water is an important source of agriculture in
irrigated commands to adapt the climatic aberrations in
kharif season and to meet the life saving irrigation in
rabi and summer crops. Itis also an important source of
drinking water in both urban and rural India. Iron
contamination is a common problem especially in rural
ground water in India and is dominant in the states of
Tamilnadu, Karnataka, Odisha, and Maharashtra. In
Odisha iron contamination is reported in Angul,
Nayagarh, Jagatsinghpur, Jajpur, Kendrapada, Puri,
Khurda districts. The ground water quality assessed
along 20 km stretch of Daya River contained Fe beyond
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Fig. 25 Variation in Ca and Mg content in River water
and ground water over the months in a year 2012

the permissible limit of 0.3 ppm (BIS 1991) ranging
from0.321to 7.01 ppm with amean of 2.65 ppm.

Several methods to remove iron are oxidation by
aeration, oxidation with chlorine and ozone, oxidation
with hydrogen peroxide, biological iron removal, ion
exchange (zeolite softening), stabilization or
sequestering process(with poly phosphate &
silicates),lime softening /lime stone bed filtration,
manganese green sand process, in-situ oxidation, and
membrane process. Moreover these technologies are
sophisticated and only successful on commercial basis.
Therefore, an attempt has been made to use coconut
shell to remove iron in an economical and eco-friendly
way. Coconut shell charcoal (CSC) was produced by
biochar method, then ground and sieved through 60
meshes. Batch test was conducted at different
concentrations of Fe in water with varying doses of CSC
to determine the adsorption isotherm, adsorptive
capacity and its usage based on Frendlich adsorption
isotherm. Fe in the solution was estimated directly
using AAS. CSC used to remove excess iron from water
for potable and irrigation were found effective and
dependable. The relationship between the amount of
Carbon Source (CS) required to remove iron from any
known Fe source to the desired level hold good which is



depicted from the high R? and the following equations
(Table 31) were derived to determine the amount of
carbon source required to remove excess iron from any
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CSC(g/1) required toremove iron from the groundwater
assessed from the villages along Daya River are
presentedin Table 32.

known concentration of iron impurity. The amount of

Table 31 Relationship to determine the CS amount to remove Fe from excess to desired level

Source Within the permissible 0.3mg/1 1.0mg/1 5.0mg/1
limit< 0.3 mg/1
CSC y=29x+1.8 y=2.84x+1.5 y=2.74x+0.74 y=1.75x+4.5
(R*=0.981) (R*=0.984) (R*=0.981) (R*=0.999)

Where y stands for CS in g/l and x the concentration in mg/I of Fe in water to be treated

Table 32 Amount of CSC (g/l) required to maintain the Fe concentration (mg/l) in the desired level of 0.3mg/I (BIS
potable), 1.0 mg/l (WHO potable) and 5.0 mg/I (BIS irrigation)

Village Sites Fe (mg/]) present Desired concentration of Fe
0.3mg/1 1.0 mg/1 5.0mg/1

GW GW GW GW
Lingipur WS 5.43 15.6 16.92 14.00
Lingipur 6.26 17.9 19.29 15.46
Sardaipur 0.321 1.62 2.41 -
Nuagaon 0.346 1.69 2.48 -
Nathpur 2.38 7.27 8.27 -
Dihapur 0.842 3.05 3.89 -
Bikipur 1.33 4.39 5.28 -
Jaypur 7.01 19.95 21.41 16.77
Jaypur Patna 2.41 7.34 8.34 -
Itipur 3.32 9.83 10.92 -
Palashpur Sashan 3.47 10.24 11.35 -
Tikarpara 5.09 14.69 15.96 13.41
Gangeshwarpur Sashan 0.824 2.99 3.84 -
Kalyanpur Sashan 0.579 2.33 3.15 -
Suabarri 1.12 3.82 4.69 -
Arjungadh 0.433 1.93 2.73 -
Poparanga 0.702 2.66 3.49 -
Raghunathpur 1.77 5.59 6.54 7.60
Vindhyagarh 1.21 4.05 4.93 -
Dakshin Nayagarh 1.22 4.07 4.95 -
Project Title : Georeferenced Soil Information (BSR) Region and it constituted a total of 345 soil

System for Land Use Planning and samples from 67 soil profiles.

Monitoring Soil and Land Quality for
Agriculture
: NAIP, ICAR, New Delhi

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

IGP: The Field capacity (FC) and permanent wilting
point (PWP) of IGP soils (162 nos) showed significant
negative correlation with sand and positive correlation
with slit and clay content. Saturated hydraulic
conductivity showed significant positive correlation
with sand and significant negative correlation with silt
and clay content. It also showed significant negative
correlation with FC, PWP and AWC. The soil moisture

Funding Agency

Under the project the physical and hydraulic properties
were assessed for the georeferenced sampling sites of
both Indo-Gangetic Plain (IGP) and Black Soil Region

characteristics revealed that Ks maintained significant
negative correlation with available moisture content at
different pressure heads. Pedotransfer functions (PTFs)
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were developed to estimate Ks from particle size
distribution and moisture characteristics of the IGP
soils through multiple regression models. The particle
size distribution viz., clay, silt, organic carbon and BD
significantly contribute towards Ks and the expression
holds good for estimation of Ks. Pedotransfer function
of IGP soilsis given below:

Ks=8.205-0.066Silt (%) -0.038 Clay (%) +1.11 0C (%)
-2.995BD (g/cc)

To refine the multiple regression model, IGP soils were
classified as arid, semiarid, sub humid and humid areas
according to their bio-climates and the following PTFs
were developed:

Arid: Ks =-1.96 + 0.069 Silt (%) + 0.021 Sand (%)+
2.27 0C (%)

Semi Arid: Ks = - 0.195 + 0.193 OC (%) + 0.007 FC (%)
-0.00631 PWP (%)

Humid: Ks = 2.363 - 0.01991 Silt (%) - 0.0123 Clay
(%) - 0.02 FC (%)

SubHumid: Ks = 7.83 - 0.174 Silt (%) + 1.26 0C (%) -
0.084 FC (%)

BSR: The FC and PWP of BSR soils (236 nos) showed
significant negative correlation with sand and
significant positive correlation with clay and silt
content. AWC also showed a significant positive
correlation with silt and clay and negative correlation
with sand content. Ks showed significant positive
correlation with sand content and negative correlation
with silt and clay content, FC, PWP and variable
moisture content characteristics at different pressure
heads. It also showed negative correlation with bulk
density of the soil. Pedotransfer relations were
developed for Ks with particle size distribution and
moisture characteristics of the BSR soils through
multiple regression models. It has been observed that
unlike IGP soils the contribution of FC, PWP and AWC
towards Ks is significant in these soils along with clay,
silt, organic carbon and BD. Pedotransfer relations of
BSRsoil horizons are given below:

Ks = 2.981 - 0.025 Silt (%)- 0.028 Clay(%) -0.022 BD
(8/cc)

PTFs for BSR Soils under different Bioclomates are as
follows:

Arid: Ks=4.090-0.048 Silt (%) - 0.047 Clay (%)

Semi Arid: Ks= 1.623 - 0.015 Silt (%) - 0.04 clay (%) +
0.113 OC (%) - 0.253 BD (g/cc) + 0.017 FC(%) - 0.021
PWP(%)

SubHumid: Ks = 1.798 - 0.024 Silt (%) - 0.023 Clay (%) +
0.058 0C(%) +0.186BD (gm/cc)
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SubHumid Moist: Ks = 0.706 +0.006 Silt (%) - 0.002 Clay
(%) +0.1001 OC (%) - 0.178 BD (gm/cc) -0.003FC (%)-
0.006PWP (%)

It was observed that under arid, semiarid, and
subhumid condition silt, and clay contribute
significantly to Ks but under humid moist condition FC
and PWP also contribute significantly.

:Groundwater Extraction
Mechanisms and Pump Irrigation
Markets in Mahanadi Basin

: WTCER/07/129

: Institute

Project Title

Project Code
Funding Agency

Project Personnel: M.K. Sinha, K.G. Mandal, and S.
Mohanty

Sample based study was conducted to assess the,
economics and impacts of irrigation markets on farm
economy. Multi-stage purposive sampling method was
used to select the sample village and the ultimate
farmers. A cluster of three villages from Salepur and
Sadar Block of Cuttack district were identified as
sample village. Primary data were collected by personal
interview methods by interacting sample household. A
sum total of 116 samples were analyzed for the study,
where 55 were the bore well owners and 61 farmers
were not the owner. Further, samples were classified
based on size of holding as marginal, small, semi
medium and medium farmer. There were no large
farmers found among the sample villages. Different
water user groups as self users, self user + seller, self
users +buyers and buyers were also identified across
thevillages.

The sample household reveals that small and marginal
farmers were found to dominate the agrarian structure
in this region. The structure of market was found to be
informal, based on informal contract enforcement.
Average operated farm size was 1.45 ha and 88 percent
was under irrigation in sample villages. Buyers were
the dominant participant (53%) in the water market
and 93.47% of marginal farmers and 31.11% of small
farmers were found to be water buyers. The availability
of groundwater market provided these resource-poor
farmers an easy access to irrigation water. Most of the
semi-medium and medium farmers (69.56%) belong to
self-users + sellers category followed by small farmers
(48.89%). It explicitly illustrates that the number of
water buyers decreased as the size of farm increased,
while the number of sellers increased with the size of
the farm. Thus, sizes of farm holding were important
determinants to classify them as buyers and sellers.
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Table 33 Cost of water extraction and return from water selling (Rs./hr)

Component System A
(2HP)
Cost of water extraction
A.Fixed cost* 12.69
B.Operating cost** 30.00
C.Total cost 42.69
Average selling Price 50.00
Net Income
A. Over operating cost 20.00
B. Over total cost 7.31

System B System C Overall
(3.5 HP) (5 HP) Average
13.44 13.11 13.08
50.00 70.00 50.00
63.44 83.11 63.08
75.00 100.00 75.00
25.00 30.00 25.00
11.56 16.89 11.92

Figures within the parentheses are the percentage of the total cost; *included depreciation and interest on fixed investment of pump sets,

installation and conveyance; **maintenance and fuel costincluded

Buyers were the resource poor farmers in majority. In
the sample villages, only 31.83% of the groundwater
extracted goes to buyer’s field. And among beneficiary,
34% are the marginal farmer, 37% are the small farmer
and 25% are the semi-medium farmer.

The cost of irrigation water was estimated after
considering the fixed costs of tube well installation as
well as variable costs in running the tube well. As the
majority of sample farmer availed subsidy on the pump
set, therefore, cost was imputed on subsidized pump
set. Onan average, per hour cost of irrigation water was
estimated to be Rs 63.08, with Rs 13.08 as fixed
expenses and Rs 50.00 as variable expenses (Table 33).
The per hour irrigation costs varying from Rs. 42.69 to
Rs.83.11 based upon the engine capacity of different
farm-size holders. It was further observed that the per
hour fixed irrigation cost were within the range of Rs.
12.69 to Rs. 13.11. On an average, per hour variable
irrigation cost worked out to be Rs 30-70 mainly as the
fuel charges.

The amortized average total cost of water extraction
was worked out to be Rs 63.08 per hour in the region.
The per hour average selling price was found to be Rs
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Fig. 26 Variation of cost of pumped groundwater with
pumping hour per year

75.00, which were substantially higher than the
corresponding operational cost as well as the total cost
of water extraction. This implied that groundwater
markets were exploitative in nature for the buyers of
water. Most of the buyers were farmers with small
landholdings and they had limited livelihood options.
Therefore, they had to participate in water trading on
the existing terms and conditions for their assured
employment opportunities and food security. Sellers of
water earned a net profit of Rs 11.92 per hour over the
total cost and Rs 25.00 per hour over the total
operational cost of water extraction, making selling of
water was a remunerative business economically for
the sellers of water. Further, the unit cost of pumped
groundwater decreases with the number of hour of
running. The average cost of pumped groundwater
decreases from Rs. 2.75/m’ at 200 hrs running to Rs.
2.06/m’ for 600 hrs running. This is due to the fact that
with increasing hour of running, the fixed cost per unit
of pumped water reduces. The cost of pumped
groundwater in different systems with number of hour
of running has been shown in graphical formin Fig. 26.

Cropping intensities across different categories of
farmers reveals that cropping intensity among the
smaller farmers is better than the large groups of
farmers. Marginal farmer recorded better cropping
intensity (169%) compared to small and medium
farmers. Though this can be attributed to small size
holding (average 0.57 ha), where they use all
managerial skill for their livelihood. Even small acreage
improves, it will reflect in form of intensities. The
cropping intensity across different water user groups,
the buyers groups performed better with 176 %
compared to 133% and 143% of selfuser and sellers.

The study also reveals that seller gets a significant
amount as rent of the pump irrigation apart from the
fuel cost. The margin of renting amount of pump varies
from Rs. 20.00 to Rs. 25.00 for 2 hp pump, Rs. 25.00 to
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Rs.30.00 for 3.5 hp pump, and Rs. 30.00 to Rs. 35.00 for
5hp pump. Aminimum hour of running or renting of the
pump per year is required to get back the annual fixed
cost of the system. The survey of the farmers indicates
that the average working hours of the pump per year
varies from 211 to 349 hrs., which is more than the
minimum running hours of the pump. Therefore,
groundwater marketing is profitable in the existing field
scenario of the study area.

Project Title : Groundwater Development and
Energy Use Dynamics for Irrigation
in Odisha

Project Code : DWM/11/149

Funding Agency : Institute

Project Personnel: S.K. Srivastava, R.R. Sethi, A. Kumar
and A.K. Nayak

Spatial variations and trend in groundwater
table depth

To study the spatial variations in groundwater table
depth, administrative districts of Odisha were classified
into three distinct clusters using k-means cluster
analysis on the basis of groundwater development,
discharge, draw-down, water table fluctuation and
electrified villages (Fig. 27).

The average water table depth in Odisha during pre-
monsoon season is 6 meter below ground level (bgl)
and varies from -1.11 meter to 28.14 meter in 2009
(Table 34). However, the average groundwater table
depth in post-monsoon season increases upto 3.39
meter and varies from -0.73 to 23.87 meter. Among the
clusters, water table depth in cluster2 (coastal/alluvial
belt) is comparatively higher than cluster1 and cluster3
in both the seasons. Further, results of the time series
regression analysis, to capture the trend in
groundwater table depth, showed that average water

Fig. 27 Classification of districts using k-mean cluster analysis
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table in clusterl witnessed a declining trend in pre as
well as post monsoon seasons during 1997 to 2009. The
estimated coefficients indicated that average water
table in the cluster1 declined atthe rate of 8 cmand 5 cm
per annum in pre and post monsoon season,
respectively during the period under consideration.
Contrary to it, average water table in cluster2
(coastal/alluvial areas) witnessed an increasing trend
atthe rate of 9 cm and 6 cm per annum during the same
period. In cluster3, trend in water table was not found to
be statistically significant. Itisto be noted that average
water table depth at cluster level give macro level
scenario. Therefore, trend in water table was further
examined at disaggregated (block level) in both pre-
monsoon period. The results showed that in 140 blocks
(45% of the total blocks), there was no significant
change in water level in pre-monsoon season during
1997 to 2009 (Fig. 28). In 92 (30% of the total blocks),
water table was found to be increased. This indicated
the scope for accelerating groundwater utilization in
the blocks with no change/increase (232 blocks) in
water table during the period under consideration. On
the other hand, in 77 blocks (25% of total blocks), water
table witnessed declining trend in pre-monsoon season
during 1997-2009. This necessitates implementation of
groundwater recharge activities in these 77 blocks to
ensure sustainable development of groundwater in the
state.

Cluster-wise diagnosis of IPC revealed the creation of
irrigation potential is largely affected by the type of
groundwater structures. With only 13 % of the total
geographical area, 19 % of agricultural land, 24 % of
groundwater resources and 16 % of groundwater
structures of the state, cluster2 constituted about 52 %
(2.88 thousand ha) ofthe total IPC of Odishain 2006-07.
This is primarily because of dominance of shallow and
deep tubewells in this region which has largerirrigation
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Fig. 28 Block-wise trend in water table in pre-monsoon
season during 1997-2009 Inter-cluster variations in
groundwater irrigation potential created (IPC) and its
utilization (IPU)
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Table 34 Cluster-wise trend in water table and aquifer properties in Odisha

Particulars Clusterl Cluster2 Cluster3 Odisha
Waterlevel (meter) in 2009”
Pre-monsoon 6.13(-1.11t028.14) 5.03(-0.50 6.39(-0.95 6.02(-1.11
t015.25) t018.92) t028.14)
Post-monsoon  3.63(0.02to0 23.87) 2.73(-0.45 3.57(-0.73 3.39(-0.73
to11.15) to 15.55) t023.87)
Trend (decline/increase/no) during 1997-2009°
Pre-monsoon -0.089** 0.095%** 0.007 0.009
(0.034) (0.020) (0.020) (0.018)
Post monsoon -0.057* 0.068*** 0.009 0.009
(0.033) (0.019) (0.026) (0.023)

#Figures within parentheses are minimum and maximum value of water table
$ figures within parentheses are standard error of the estimated regression parameter (time)
*** significant at 1% level of significance, ** significant at 5% level of significance, * significant at 10% level of

significance

command area as compared to dugwells. Cluster1 and
cluster3 constituted about 4 % and 44 % of the total IPC
of Odisha in 2006-07, respectively. In these clusters,
dugwells were the predominating structures which
constituted about 75 % of the total IPC in the respective
cluster. Although cluster2 constituted highest share in
total IPC of the state, it exhibited least (30.44%)
utilization of already created potential as compared to
other clusters in 2006-07. In clusterl and cluster3,
utilization of IPC was 45 % and 41 % in 2006-07,
respectively with the declining trend over the years. The
poor utilization of the already created irrigation
potential leads to loss of financial resources in one hand
and loss of opportunity to improve agricultural
productivity and income through advantages of assured
irrigation on the other. Non-functioning of the wells was
the predominant reason for poor utilization of created
potential. These non-functional wells can be targeted
and repaired to improve irrigation infrastructure in the
state which would involve much less investment than
creating new infrastructure.

Inter-cluster variation in energy use for
irrigation

The total energy consumption for groundwater
irrigation (Mjoule/annum) was estimated as 7.37 x 10°
M Joule/annum in Odisha, 55 % (4.08 x 10° M
Joule/annum) of which was consumed in cluster2. The
largest share of cluster2 in total energy consumption
was due to dominance of energy intensive shallow wells
(64 % of the total groundwater structures) constituting
about 90 % of the total energy consumption in the
region. Clusterl and cluster3 consumed 4 % and 41 %
of the total energy consumed, respectively with

dugwells (man/animal) predominating contributor
among the groundwater structures. The inter-cluster
variation in composition of groundwater structures
also influenced sources of energy used for groundwater
extraction. In clusterl and cluster3, ‘man/animal’
power was major source of energy (constituting 69%
and 49%, respectively) as 88 % and 77 % of the total
groundwater structures used this energy, respectively.
On the other hand, in cluster2, ‘diesel’ was the major
energy source (constituted 56% of the total energy
consumed in the region) as 48 % of total functional
groundwater structures and particularly 59 % of the
predominant shallow wells were operated using ‘diesel’
energy. The ‘diesel’ energy was followed by the
‘electricity’ (constituted 42% of total energy consumed
in the region) in-spite of technological superiority and
cheap operational and maintenance of electric pumps
over diesel pumps. The farmers are forced to use diesel
operated pumps due to poor power infrastructure and
unreliable electricity supply forirrigation purpose.

In Odisha, only 1.3% of the total electricity consumption
was consumed for irrigation /agriculture purpose
compared to national average of 20.97 % in 2008-09.
Moreover, electricity consumption in agriculture sector
showed a declining trend both in terms of absolute units
(from 305 million units to 155 million units) as well as
its share in total electricity consumption (5.6 % to
1.3%) between 1992-93 and 2008-09. Further,
estimated electricity consumption for groundwater
pumping constituted 57 % (74 million units or kilowatt
hours) of the total power consumption in agricultural
and allied sectors (130 million units or kilowatt hours)
inthe state for the base year 2006-07.
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Economics of groundwater irrigation in Odisha

The estimated cost of groundwater extraction (Rs/m’)
was significantly higher in cluster1 and cluster3 (hard
rock areas) as compared to cluster2 (alluvial/coastal
belt) due to comparatively higher digging cost, higher
head and less discharge in these areas. Further, the
groundwater extraction cost (Rs/m®) was significantly
higherin diesel operated pumps as compared to electric
operated pumps. Significantly higher cost of
groundwater extraction in diesel operated pumps (than
electric pump) was due to higher share of diesel in total
irrigation cost than electricity. Therefore, the impact of
a unit increase in energy cost, a common phenomenon
now days, on total irrigation cost will be much less in
electric operated wells than diesel pumps. Presently, for
irrigation/agriculture sector, being a special category
both from political and social ground, the Government
is providing diesel (Rs. 10.97 subsidy on February,
2012) as well as electricity (298.87 paise per unit
subsidy in 2011-12) at subsidized rate. The increase in
electricity tariff will not only reduce the subsidy burden
on Government exchequer but also bring about
efficiency in use of groundwater resources due to
positive marginal cost of the pumping. The estimated
groundwater extraction cost the estimated cost of
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groundwater extraction with the increased electricity
tariffrate (327 paise per unit for assessmentyear 2011-
12) was lesser (30% to 135% in clusterl, 117% to
207% in cluster2 and 30% to 149% in cluster3
depending upon type of wells) than subsidized diesel
operated wells. Hence, the farmers with the diesel pump
will naturally be shifting to electric pumps provided
assured and quality electricity supply is guaranteed.
Additionally, if conducive product disposal
infrastructure (marketing, processing, cold storage, etc)
is provided, the assured irrigation will also motivate the
farmers to diversify towards high value crops such as
vegetables, floriculture, etc which will accelerate the
overall agricultural growth in the state. It is worth
noting that above mentioned benefits of electricity
based irrigation rest on the provision of assured and
quality power supply and development of favourable
marketing infrastructure in the state. The part of the
investment in developing power and marketing
infrastructure can be made through the increase in
power tariff and the removal of estimated annual
subsidy per well. Therefore, in the Odisha state, whichis
pioneer in electricity reforms in the country, there is
ample opportunity to harness the potential of
groundwater resources through suitable energy
regulations for accelerated agricultural growth.



WATERLOGGED AREA
Management

® Assessment of waterlogging and land use system in
different coastal districts of Odisha using remote
sensing and GIS.

e Crop management interventions and contingency crop
planning for post flood managementin Odisha

® Assessment and development of water resources for
diversified agriculture in waterlogged high rainfall area

® Growth and production physiology of cat tail (Typha)
under waterlogged condition

® Characterization and Utilization of Sewage Water of
Urban/Peri-Urban areas for Agricultural purposes



Project Title : Assessment of Waterlogging and
Land Use System in Different
Coastal Districts of Odisha using
Remote Sensing and GIS

Project Code : DWM/10/148

Funding Agency : Institute

Project Personnel: A.K. Nayakand G. Kar

The study was conducted to assess the waterlogged
area and crop loss in costal blocks of Odisha using GIS
and remote sensing. The IRS LISS-III Satellite data and
Land use map, geomorphology map (IRS 1C/1D, 2002-
03) were collected from Orissa Remote Sensing
Application Centre, Bhubaneswar to use in the study.
The waterlogged areas obtained by different methods
(PCA and R31) for different coastal Blocks of
Jagatsinghpur. The waterlogged areas were divided into
i) severely waterlogged area and ii) slightly waterlogged

eeeeee

Fig. 29 Map showing severe and slight waterlogged areas,
drainages and different soil series (1-7) of the study area
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Fig. 30 Map showing new drainage system and suggested
pond area in the villages of the study area
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area on the basis of density slicing of blue tones of the
rectified image. The waterlogged areas with slight and
sever conditions were indicated in the figure. When the
classified image was superimposed with hydro-
geomorphological maps and groundwater table map, it
was observed that the areas of deltaic plain and flood
plains were mostly supporting waterlogged condition.
The principal cultivated crop in the study area is rice.
Using MXL classification and NDVI map, the crop areas
were calculated. The MXL classification method
assumed that statistics for each land use was normally
distributed and thus groups pixels into a specific class
that had maximum probability. There was an increase of
741 hainrice crop areain Marsaghai and approximately
1400 haand 2000 ha decrease in rice crop area found in
Ersama and Kujang blocks in 2010 as compared to 2002
data. The soil series and drainage maps were generated
using the rectified image and ground truthing. Thematic
map was prepared for the new drainage system and
suggested pond areas in the villages of the study area
depending on the waterlogged condition which are
showninthe Fig. 29 and 30.

Project Title : Crop Management Interventions
and Contingency Crop Planning for

Post- flood Managementin Odisha
: DWM/09/142

: Institute

Project Code
Funding Agency

Project Personnel: P.S.Brahmanand, S.Roy Chowdhury,
andS. Ghosh

A study was undertaken to identify the soil and crop
related problems of flood prone areas, develop
contingent crop planning and crop management
interventions for post flood management in Odisha.
Some of the soil related problems of the flood affected
regions of Odisha include excess sand deposition in the
fields resulting in unfavorable soil physical condition,
flat coastal belts with poor drainage, high degree of
siltation of the rivers, soil erosion, breaching of the
embankments and spilling of floodwaters over them
which in turn cause severe floods in the river basin and
delta. Moreover, unsuitable soil reaction in coastal areas
due to inundation of sea water, the retention of water in
the fields for longer period in some patches makes it
difficult for the farmers to implement the alternate crop
plans. Most Seriously Affected areas (MSA) in terms of
flood frequency and incidence were also identified.
Mahakalapada, Garadpur, Ali, Kendrapada,
Pattamundai, Rajkanika and Rajnagar blocks were
categorized as seriously affected areas due to flood
incidence in Kendrapara district. In Mahakalapada



block, Buinpur, Atal and Kalaspur were identified as
most seriously affected areas due to flood incidence.
Similarly, in Garadpur block, Garadpur, Patakura,
Madhusashan and Talakusima come under most
seriously flood affected areas. Flash flood tolerant rice
varieties such as Swarna Sub-1 during Kharif season
and cultivation of drought tolerant crops like sweet
potato and sunflower under zero tillage in rabi season
have been identified as most effective crop management
interventions for post flood managementin Kendrapara
district. After implementation of contingency crop plan
for two years, the socio-economic status of the farmers
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was found to be improved significantly compared to pre
project scenario. The results of the on-farm field trial
conducted in Raisar village, Garadpur block of
Kendrapara district to assess the relative performance
of SML-668 variety of green gram and local variety
under post flood situation revealed that the number of
pods per plant was found to be 13.8 in SML-668 variety
compared to 10.5 in local variety. Block wise contingency
plans were prepared for 11 blocks of Puri (Table 35), 16
blocks of Cuttack (Table 36), 8 blocks of Jagatsinghpur
(Table 37), 11 blocks of Balasore (Table 38) and 5 blocks
of Bhadrak (Table 39) districts of Odisha.

Table 35 Contingency crop planning for 11 blocks of Puri district during post flood period

Sunflower, bittergourd and sweet potato with zero tillage in post flood situation

Deep waterlogging tolerantrice varieties like Hanseswari and Varshadhan.

SLNo. Name oftheblock Contingent measures

1 Purisadar Saltand waterlogging tolerantrice varieties like Lunishree.

2 Pipli Growing shortduration rice varieties

3 Delanga Medium waterlogging tolerantrice varieties like Durga.

4 Kanas Zero tillage with sweet potato, sunflower.

Nimapada

6 Kakatpur Flash flood tolerantrice variety Swarna sub1.
Saltand waterlogging tolerantrice varieties like Lunishree.
Zero tillage with maize in case of complete crop loss.

7 Astaranga Saltand waterlogging tolerantrice varieties like Lunishree.
Over agedrice seedlings of 60 days age.

8 Brahmagiri Overagedrice seedlings of 60 days age.
Saltand waterlogging tolerantrice varieties like Lunishree.

9 Krushnaprasad Flash flood tolerantrice variety Swarnasub1.

10. Satyabadi
11. Gop

Deep waterlogging tolerantrice varieties like Hanseswariand Varshadhan.

Flash flood tolerantrice variety Swarna sub1.

Zerotillage with maize in case of complete crop loss.

Table 36 Contingency crop planning for 16 blocks of Cuttack district during post flood period

Sunflower, bittergourd and sweet potato with zero tillage in post flood situation

Sunflower, bittergourd and sweet potato with zero tillage in post flood situation

Sunflower, bittergourd and sweet potato with zero tillage in post flood situation

SLNo. Name oftheblock Contingentmeasures
1 Salepur Flash flood tolerantrice variety Swarnasub1.
Medium waterlogging tolerantrice varieties like Durga.
2 Bankisadar Zero tillage with sweet potato, sunflower.
Growing shortduration rice varieties
3 Athagarh sadar Flash flood tolerantrice variety Swarna sub1.
Medium waterlogging tolerantrice varieties like Durga.
4 Tigiria Medium waterlogging tolerantrice varieties like Durga.
Zero tillage with sweet potato, sunflower.
5 Narasinghpur Growing shortdurationrice varieties
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10.
11.
12.

13.
14.
15.

16.

S1.No.

Gobindpur
Baramba
Kantapada

Niali

Mahanga
Cuttack sadar
Tangi

Dampada
Krisnanagar

Baranga

Choudwar

Flash flood tolerantrice variety Swarna sub1.
Zero tillage with maize in case of complete crop loss.

Over agedrice seedlings of 60 days age.
Flash flood tolerantrice variety Swarna sub1.

Overagedrice seedlings of 60 days age.
Saltand waterlogging tolerantrice varieties like Lunishree.

Flash flood tolerantrice variety Swarna sub1.
Medium waterlogging tolerantrice varieties like Durga.
Sunflower, bittergourd and sweet potato with zero tillage in post flood situation

Deep waterlogging tolerantrice varieties like Hanseswari and Varshadhan.
Flash flood tolerantrice variety Swarna sub1.

Flash flood tolerantrice variety Swarna sub1.
Zero tillage with maize in case of complete crop loss.

Growing shortdurationrice varieties
Flash flood tolerantrice variety Swarna sub1.

Saltand waterlogging tolerantrice varieties like Lunishree.
Growing shortdurationrice varieties

Flash flood tolerantrice variety Swarna sub1.

Medium waterlogging tolerantrice varieties like Durga.
Sunflower,bittergourd and sweet potato with zero tillage in post flood situation

Table 37 Contingency crop planning for 8 blocks of Jagatsinghpur district during post flood period

Name ofthe block

Biridi

Raghunathpur

Kujang

Tirtol

Ersama

Balikuda

Nuagoan

Contingentmeasures

Overagedrice seedlings of 60 days age.

Flash flood tolerantrice variety Swarnasub1.

Medium waterlogging tolerantrice varieties like Durga.

Sunflower, bittergourd and sweet potato with zero tillage in post flood situation

Zero tillage with sweet potato, sunflower.
Growing shortdurationrice varieties

Flash flood tolerantrice variety Swarna sub1.
Medium waterlogging tolerantrice varieties like Durga.
Sunflower, bittergourd and sweet potato with zero tillage in post flood situation

Medium waterlogging tolerantrice varieties like Durga.

Sunflower, bittergourd and sweet potato with zero tillage in post flood situation
Overagedrice seedlings of 60 days age.

Saltand waterlogging tolerantrice varieties like Lunishree.

Zero tillage with sweet potato, sunflower.

Growing alternate crops like water chestnut and integrate with aquaculture.
Growing shortduration rice varieties.
Saltand waterlogging tolerantrice varieties like Lunishree.

Flash flood tolerantrice variety Swarnasub1.
Zero tillage with maize in case of complete crop loss.

Over agedrice seedlings of 60 days age.
Flash flood tolerantrice variety Swarna sub1.
Zero tillage with sweet potato, sunflower.
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Overagedrice seedlings of 60 days age.
Growing alternate crops like water chestnut and integrate with aquaculture.
Saltand waterlogging tolerantrice varieties like Lunishree.

Table 38 Contingency crop planning for 11 blocks of Balasore district during post flood period

Name of the block

Bhogarai
Simulia

Balasore sadar

Khaira

Soro

Bahanaga
Remuna
Baliapal
Jaleswar

Nilgiri

Nilgiri sadar

Contingentmeasures

Flash flood tolerantrice variety Swarna sub1.
Growing short durationrice varieties

Zero tillage with sweet potato, sunflower.
Overagedrice seedlings of 60 days age.

Flash flood tolerantrice variety Swarna sub1.
Medium waterlogging tolerantrice varieties like Durga.
Sunflower, bittergourd and sweet potato with zero tillage in post flood situation

Medium waterlogging tolerantrice varieties like Durga.
Sunflower, bittergourd and sweet potato with zero tillage in post flood situation
Zerotillage with sweet potato, sunflower.

Growing alternate crops like water chestnut and integrate with aquaculture.
Over agedrice seedlings of 60 days age.
Deep waterlogging tolerantrice varieties like Hanseswari and Varshadhan.

Flash flood tolerantrice variety Swarnasub1.
Zero tillage with maize in case of complete crop loss.

Over agedrice seedlings of 60 days age.
Flash flood tolerantrice variety Swarna sub1.

Overaged rice seedlings of 60 days age.
Saltand waterlogging tolerantrice varieties like Lunishree.

Growing alternate crops like water chestnut and integrate with aquaculture
Flash flood tolerantrice variety Swarna sub1.

Zero tillage with maize in case of complete crop loss.
Deep waterlogging tolerantrice varieties like Hanseswari and Varshadhan.
Flash flood tolerantrice variety Swarna sub1.

Flash flood tolerantrice variety Swarnasub1.
Deep waterlogging tolerantrice varieties like Hanseswari and Varshadhan.

Table 39 Contingency crop planning for 5 blocks of Bhadrak district during post flood period

Name ofthe block
Bhadrak sadar

Basudevpur

Chandabali

Tihidi

Bhandaripokhari

Contingent measures

Over agedrice seedlings of 60 days age.
Flash flood tolerantrice variety Swarna sub1.

Medium waterlogging tolerantrice varieties like Durga.

Sunflower, bittergourd and sweet potato with zero tillage in post flood situation
Zero tillage with sweet potato, sunflower.

Growing shortdurationrice varieties

Saltand waterlogging tolerantrice varieties like Lunishree.
Flash flood tolerantrice variety Swarna sub1.
Over agedrice seedlings of 60 days age.

Deep waterlogging tolerantrice varieties like Hanseswari and Varshadhan.
Zero tillage with sweet potato, sunflower.

Flash flood tolerantrice variety Swarnasub1.
Growing shortduration rice varieties
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Project Title : Assessment and Development of
Water Resources for Diversified
Agriculture in Waterlogged High
Rainfall Area

Project Code : DWM/09/140

Funding Agency : Institute

Project Personnel: R.K.Pandaand G. Kar

During the year under report, the impacts of link drains
and renovated ponds in terms of the hydrology and crop
diversification were studied in the waterlogged area of
Pattamundai (Kendrapara), Odisha. The observed flow
rate in the link drain and minor were computed with the
range of 0.2-0.45 and 0.9-1.63 m3/sec, respectively
during the monsoon period (29th - 46th weeks) (Fig. 31).
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Fig. 31 Observed flow rate (cumec) during 29" - 46" weeks

Determination of drainage coefficient for
design of link drains

Daily runoff events were estimated using USDA SCS CN
procedure for the period 1990 -2012. The results
revealed that there are more than 19 nos. of peak runoff
events having more than 100 mm depth occurring in a
day in the study area, which require to be either
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Fig. 32 Rainfall versus computed surface runoff
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removed through the link drainage system or storing in
the harvesting structures for crop diversification (Fig. 32).

Based on Gringorten’s plotting position approach, the
depth-duration-frequency relationship was developed
and the drainage coefficient was computed. The
drainage coefficient for the study area was computed as
162 mm/day for 5-years return period (Fig. 33).
However, the results documented in the compendium
“Mahanadi Delta Development Plan”, in which a design
discharge of 1.4 cumecs/km (= 121.00 mm/day) was
recommended for Mahanadi Deltaarea of Odisha.

1 2 3 4 5 6 7 8 9 10
Duration, days

Fig. 33 Derived Depth-duration-frequency relationship

Assessment of area under renovated ponds and
impact on the crop diversification

After determining the optimal cropping pattern, the
areas under the renovated ponds were assessed
through a questionnaire survey. The village-wise area
and number of renovated ponds constructed including
self and Govt. financed is presented in Table 40. It is
observed that total 39 nos. of ponds having size ranging
between 1200-6000 m* (30 m x 40 m - 80 m x 75 m)
covering 6.2 % area of the command area of 300 hawere
either renovated or newly constructed along side of the
link drain through self finance or MGNREGA scheme
Govt. of Odishain surrounding 6 villages.

Table 40 Area under renovated ponds

SL.No. Name of Areaunder
thevillage renovated ponds (ha)

1 Baipada 3.84(10)

2 Osangara 2.16(5)

3 Jigaran 4.14(7)

4 Amber 3.24(9)

5 Kakharuni 2.52(3)

6 Naladhalia 2.7 (5)
Total 18.6(39)

The values shown in the parentheses are the total no.
of renovated ponds



Week-wise temporal water availability in one of the
representative renovated pond was measured during
the year 2012. The results revealed that the depth of
water fluctuated between 0.5 m (in 23" week) to 3.2 m
(in the 31" week) (Fig. 34) indicating adequate water
availability for growing various crops during Rabi
season. An attempt was made through questionnaire
survey to study the impact of availability of water and its
influence on newly taken up crops in the command area.
Total 39 respondents from 6 villages reported with
promising crop yields during Rabi season.
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Fig. 34 Rainfall versus pond water level

Diversified crops during Rabi season
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Project Title : Growth and Production Physiology

of Cat Tail (Typha) under
Waterlogged Condition

Project Code : DWM/09/139

Funding Agency : Institute

Project Personnel: S. Roy Chowdhury, P.S.Brahmanand
and Ashwani Kumar

The objective of the study was to identify doses of N-
fertilizers and proper time of application for better
productivity of cat tail under waterlogged condition.
The soil in the experimental field has been inceptisol
derived from alluvial deposit of Rupnarayan river in
Kolaghat in East Medinipur district. The crop was
planted in split-plot design with fourlevels of Ni.e. 0, 30,
60and 90 kg N ha™ in main plotand fertilizer application
at three different stages of crop i.e. basal, 3 Month after
planting (MAP) and 6MAP as subplot. The pH of the soil
in the experimental field was also acidic between 4.2 -
4.6 and the soil organic carbon ranged between 1.8 to
2.9%.The pH of the water ranged between 6.1 to 6.8 and
the electrical conductivity of water was between 0.01 to
0.02dS.m™.

The measurement of tallest leaf was taken as plant
height. The plant height increased through N fertiliser
application and the increase was significant when N
fertiliser was applied as basal dosage and effect was
significantat 60 and 90kg/halevel of N application.

With increased water level, under partial submergence
the leaf chlorophyll content showed a decline. However
the reduction in chlorophyll content was minimum at
higher N level i.e. at 90kg/ha N level where the plants
maintained better chlorophyll level compared to other
treatments. Similarly even though nitrate reductase
activity decreased under partial submergence, at higher
N level, i.e. 90kg/ha cat tail maintained higher NR
activity suggesting effective N uptake and metabolism
even during excess water situation. The NR activity was
consistently higher at 90 kg/ha N level compared to
other N level in post submergence period in November
when other treatments showed a decline during said
period. The nitrogen use efficiency enhanced from 73.7
kg dry leaf yield per kg N applied at 30 kg N/ha to 95.2
and 163.3 kg dry leafyield per kg N applied at 60 kg and
90 kg N/ha respectively. The net photosynthesis rate
(Pn) at basally applied N level was significantly higher
than treatments without N. Both the fertiliser level and
stage of application had significant effect on net
photosynthesis rate. However the interaction between
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stage and N level was not significant. The increased N
fertiliser level consistently showed more number of
leaves per unit area both at pre- and post-monsoon
period. The leaf number at final harvest stage (18 MAP)
was highest (126.67 leaves /m’) in N 90 kg/ha
treatment (Fig. 35). Eventhough specific leaf weight
(SLW, mg/cm™) improved at higher N level, other leaf
quality parameters like tenacity and extension did not
change significantly with increased N application.
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Fig. 35 Number of leaves per m” at harvest.

11,12,13 and 14 are applied N level @ 0, 30, 60 and 90kg/ha respectively.

The F1, F2 and F3 are stages of application i.e. F1= basal, F2 = 3 months
after planting and F3 = 6 months after planting (MAP). The symbols are as
infigure. Vertical baris Isd for Nat p=0.05%.

Crop-weed interaction

The population of grassy weeds like Echinocloa colona
and Panicum repenshas and broadleaf weeds like
Marselia quadrifolia and Monochoria vaginalis
witnessed a significant decline with the advancement of
the time period due to higher weed suppressing ability
of Typha sp. from second year onwards. This has
resulted in lower dry weed biomass in Typha field
during second year. However, the reduction in
population of sledges like Cyperus difformis was fund to
berelativelyless.

The dry weed biomass was found to be significantly
higher under fertilizer treatments compared to that of
control treatment as in the first year. It was recorded
highest when N was supplied @ 90 kg/ha (13.4 g/m?)
followed by N @ 60 kg/ha (12.7 g/m”) and 30 kg N/ha
(11.7 g/m®). The highest weed biomass was observed
when N was applied at 60DAP compared to 30 DAP and
basal doses. This further confirms the weed smothering
nature of Typha sp. under basal treatment compared to
N application at 30 DAP and 60 DAP and was mainly due
to better growth of main crop.
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: Characterization and Utilization of
Sewage Water of Urban/Peri-Urban
Areasfor Agricultural Purposes

: DWM/09/137

: Institute

ProjectTitle

Project Code
Funding Agency

Project Personnel: S. Raychaudhuri, M. Raychaudhuri
and S.K. Rautaray

Increasing urbanization is leading to more and more
demand for domestic and industrial water usage and it
may increase to 29.2 BCM by 2025. Therefore, the
allocation of fresh water is likely to be diverted more
towards urban areas and higher value products. The
fresh water availability for irrigation in India is
expected to reduce by 162.3 BCM by 2025. Higher water
supply would surely add to the level of wastewater
generated at present level of 38.3 billion litres per day
(bld) against the installed sewage treatment capacity of
just 11.8 bld resulting in discharge of untreated
wastewater to the environment. It is projected that by
2050, about 48.2 BCM (132 billion litres per day) of
wastewaters (with a potential to meet 4.5% of the total
irrigation water demand) would be generated. Huge
cost of centralized treatment for all the wastewater
generated in India is an infeasible proposition and
unlikely to happen in near future while it is a valuable
resource having fertilizer values. It has associated risks
also. Reuse options for urban wastewater needs to be
explored while irrigation is the end use. That is why the
project was envisaged to with the objectives,
characterization of sewage water with it's spatio-
temporal variation and effect of sewage water on soil
properties, plants yield and quality with sewage water
of Bhubaneswar city

Analyses of sewage samples for physico-
chemical, microbiological properties

The collected samples were analysed for physical
parameters viz. turbidity, total dissolved solids (TDS),
suspended solids (SS), total solids (TS), chemical
parameters viz. pH, EC, alkalinity, ionic concentrations
(nitrate, ammonium, phosphates, Cl, Na, K, Ca, Mg etc
including trace/heavy metals) and biological
parameters related to it's quality from the point
irrigation purposes mainly and other possible uses. The
mean EC, suspended solids, dissolved solids and total
solids were found lower in rainy than that in summer
and winter seasons. However, in general, the pH
(acceptable range 6.5 - 8.4), EC (0.25 - 0.75 in Class II),
dissolved solids (<1000 mg/l) and alkalinity (<250



mg/1) of all the water samples are within acceptable
limit for irrigation. The nitrate level was below the
accepted limit (45 ppm, BIS 1991) having mean of 18
ppm in summer, while chloride concentration in some
summer samples calls for restriction in use. The mean
concentrations of cations of all the drains are below
critical limits, contributing to the fertilizer value of
wastewater. Trace element concentrations in all the
samples are in safe limits where Cd concentrations in
some samples are higher than safe range even for short
term use in irrigation. Organic pollutant load (BODr)
was found maximum in Niladri vihar followed by Nicco
Park and Science Park while Sanik School had lowest
BOD: in summer. Among all the drains Nicco Park and
Lingaraj drains seem to be the most polluted while at
Sainik School and Kedargouri, pollute was least.

Spatio-temporal variations in sewage water
characteristics

The quantity and characteristics of domestic discharges
is dependent on various domestic activities and other
routine courses. Samples were collected from the major
drains in Bhubaneswar city at same location at different
point of time in a day in summer viz. Morning, Day and
Afternoon. The trend in changes of drain waters
characteristics viz. pH, EC, TDS, BOD and Mn at different
time of a day are shown in Fig. 36. The BOD, was
maximum in day times in all the drains and dropped in
the afternoon (after 2 PM). In a particular day, the
quality of the drain water changed from morning to
afternoon. The quality deteriorated significantly from
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morning to day and in the afternoon the quality tends to
improve.

Significant changes in the parameters between rainy
and non rainy seasons were observed for most of the
parameters. The quality parameter values in rainy
seasons were lower than non rainy seasons, probably
due to dilution during the rainy period. However,
sodium and chloride varied significantly among all the
seasons. No significant changes in concentration of [ron
and Cd between rainy and nonrainy seasons were
observed. Significant changes in water quality
parameters were observed in the same drain with
distance. The trend in BOD; of the same drain in summer
changed with distance. Discharges of organic pollutant
were comparatively much higher between Joydev Vihar
and Science Park than that before Joydev Vihar Chhowk
and between Science Park and Vani Vihar in the morning.
Whereas, the BOD values increased considerably at the
day time (after 10 AM) from Joydev Vihar to Vani Vihar
indicating on-going discharges along the drain at that
period of time and that continued till the afternoon (after
2 PM) as suggested by the BOD values. The spatio-
temporal changes in the drain water quality parameters
suggest the scope of differential on site treatment of
urban wastewater instead of treatment of all the
generated wastewater. As the quality of wastewater
place to place, there is need for segregation of
differential water quality to reduce treatment costs. As
the quality of the drain water changes at different times
in a day and seasons as well, the operational cost of
treatment processes can be reduced.
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Fig. 36 Variations in mean drain water quality parameters in different point of times in a day
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Studies on effect of sewage water on soil’s
propertiesin vertical soil column

Soil Column Study

In soil column study, the conductivity of leachates
progressively increased with depths. The increase in
exchangeable Kand decrease in Na in leachates indicate
retention of K and leaching of Na. Increase in
conductivity in leachates with higher depths is evinced
due to dissolution of salts. The concentration of NO, in
leachates decreased while the NH, increased. The
general trend was that the cations were leached more
than the anions viz. nitrate and phosphates are retained
in soil columns except chloride because chloride is not
adsorbed or held back by soil. Addition of wastewater
increased the organic carbon levels at all the depths.
The soils also showed higher respirometric C in soils at
all depths. Higher respirations are indicative of higher
microbial activity. The soil microbial biomass carbon
(soil MBC), agood indicator of microbial population was
also found maximum at surface layer probably addition
of more microbe from wastewater or availability of
nutrients rendered multiplication of microbes thus
higher population and higher MBC. Therefore, higher
respirometric activity could be due to higher microbial
biomass at surface layers rather than only organic
matters. The drop in MBC values at lower depths could
be the result of retention of microbes in the upper layers
when soil column acted as filter. The Fe concentration
increased at all depths having maximum value at
surface soil and then progressively decreased while Cu
was found maximum at 15 - 30 cm layer, but higher than
initial value at all depths. Mn, Cr, Pb also similar trend as
found in Fe. But Cd concentration was much higher than
the original Cd level in soil and maximum at surface. Fe,
Mn, Cr and Pb concentration increased by 13,94, 72 and
21percent respectively in surface soils. Significant

correlation between Organic carbon (OC) and Cd could
be an indication of Cd containing organic pollutants in
wastewater, however, OC bears no other significant
correlation with other metals. The respirometric
carbon had significant correlations with most of the
metals except Cu and Cd. Significant relations with Fe,
Zn, Mn and Cr with respirometric C may have reason as
these metals are required in living cells. Thus, quantity
of added metals might have contribution in higher
respiration.

Field studies on effect of sewage water on soil
properties

Physical properties of soil

Texturally the Gangua irrigated (GI) soils (clayee to
sandy clay) were heavier than those with other
irrigation (OS) sources (sandy clay loam). The mean
values of moisture holding capacity and volume
expansibility were 10 and 33 percent higher in Gangua
irrigated soils. In spite of higher silt and clay in Gangua
irrigated fields, the lower density could be attributed to
the higher pore space. Possibly, higher clay provides
greater surface area for reactivity and opportunities for
formation of clay organic complexes, retaining more
organic particles. That provides better opportunities
for microbial interaction, thus, higher soil respiration.
Higher respiration leads to more carbon dioxide
generation or gaseous exchanges, making the soils
porous. No indication of deterioration in soil physical
properties with long term wastewater irrigation.

Chemical properties of soil

The Gangua water irrigated soils had lower mean soil
pH, Bray’s extractable P and higher electrical
conductivity, organic carbon, available nitrogen,
exchangeable potassium indicative of improved fertility

Microbial Biomass Carbon G
angua
300 Ground Water
250 | m Daya
200
150
100 -
50 I
o 4
Gangua Ground Daya
Water

Dehydrogenase Activity Gangua
m Daya
» Ground Water
70.00
60.00 -
50.00 -
Gangua Daya Ground
Water

Fig. 37 Effect of different irrigation sources on soil microbial properties
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status of Gangua irrigated soils. The higher OC, N, K
could be attributed to the addition of organic and
inorganic waste discharged into the drains in
Bhubaneswar city from domestic and industrial
activities. The exchangeable calcium and magnesium
were higher in Gangua irrigated soils and so also
sodium. However, the sodium concentration was not so
alarming, because, higher calcium and magnesium
concentrations counteract the sodium toxicity.
However, higher magnesium concentration in
comparison to that of calcium may aggravate sodium
toxicity. While higher Ca/Mg ratio (>1) suppress the
sodium toxicity. Even though the exchangeable sodium
concentration in soils was higher in Gangua irrigated
soils due to sodium rich wastewaters than other soils,
their level was not high enough to invite any special
attention. Probably, the sodium ions were not retained
by soils or easily washed down the surface soils through
rain water. Column study as discussed in previous
section that, even though the higher concentration of Na
in wastewaters, while inundated, it was not retained by
soil.

The microbial properties

The Gl soils had higher mean MBC (235 ug g dried soil),
respirometric CO, - C (196 pg g soil). The GI soil had
values of respirometric CO, - C ranging from100 to 345
but in the OS irrigated soil, it varied between 100 and
328. The water soluble organic carbon (WSC) and
potassium sulphate extractable carbon (PSC) were also
higher in the GI soil. The OC had significant correlations
with other microbial parameters except water soluble C
(GI) in both the OS and GI soils. As organic matter is the
food source of microorganisms, higher organic matteris
congenial for microbial growth and their activities.
However, higher significant coefficients for GI soils
between OC and other parameters could be an
indication of organic pollutants in Gangua water from
domestic or industrial discharges did not have negative
impact on soils microbial activity. The respirometric C
had a significant correlation with OC in GI soil where no
such correlation was obtained in OSirrigated soil.

Effect of different irrigation sources on soil
properties

Experiment was conducted on impact of long term
irrigation sources viz. river water (DI), ground water
and wastewater (Gangua water) on soil. The soil
microbial biomass carbon increased significantly in
Ganguairrigated soils (GI) over Daya river irrigated (DI)
soils and insignificantly over ground water irrigated
(GRWI) soils. GRWI soils also had higher SMBC (soil

i
vy
4 A

D.W.

microbial biomass carbon) over DI soils (Fig. 37). The
mean dehydrogenase activity was found highest in GI
soils among the three irrigation. However, no significant
change was observed in dehydrogenase activity with
different sources of irrigation

Heavy metal enrichment

Enrichment factor has been calculated to determine the
degree of soil pollution rather heavy metal
accumulation in soil contaminated (wastewater
irrigated viz. Gangua) with respect to soil to soil at the
uncontaminated sites i.e OS irrigated. EF =
Concentration of metals in GI soils/ Concentration of
metals in OS irrigated soils. All the metal concentrations
in Gangua irrigated soils were higher in compared to 0OS
irrigated soils. The enrichment factors were in the
order, Fe > Zn > Mn = Cd > Cr > Cu. The higher
enrichment value indicates higher retention of metals
in soils from irrigating water thereby higher rate of
accumulation

Studies on effect of sewage water on plant yield
and quality

The mean grain yield (7%), straw yields (9.3%) and
number of panicles per square meter in wastewater
irrigated plots were significantly higher than river
water irrigated plots significant differences among
varieties were also observed with grain and straw yield,
number of panicle under both the type of irrigations.
Lalat showed maximum significant grain and straw
yields under both the irrigation sources followed by
Naveen, Parijat and Khandagiri. Among the varieties,
Naveen showed 12 % and 15% increase in grain and
straw yield over river water irrigated plots, followed by
Khandagiri (10 and 15% respectively for grain and
straw) while Lalat showed minimum. The wastewater
irrigated soils had significantly lower mean grain-straw
ratio (0.93), indicative of comparatively higher
vegetative growth in wastewater irrigated soils.
Probably higher level of major nutrients in wastewater
irrigated soils encouraged vegetative growth in
comparison to river water irrigated soil. Among the
varieties the grain straw ratio varied significantly.
Therefore irrigation with wastewater has a positive
impacton the productivity of paddy.

The vegetables (edible part) analysed for heavy metals
include viz. malabar climbing (poi), amaranthus red (lal
saga), amaranthus green (sabuja saga) and three types
of vegetables which are eaten cooked viz ladies finger,
ridge gourd and bitter gourd and two types of
vegetables/fruits often eaten raw viz tomato and
watermelon. All the Gangua irrigated vegetables had
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higher concentrations of heavy/trace metals in their
edible parts in comparison to the samples grown with
other irrigation sources. The mean transfer factors of all
vegetables on other source irrigated soils were higher
than thatin Gangua (wastewater) irrigated soils.

In general Fe concentrations were highest in tomato
among all the metals in the vegetable samples followed
by watermelon and amaranthus green. The Cd
concentrations exceeded the permissible standards
(0.2 mg/kg) of FAO for most of the vegetables in both the
type of irrigation. Cr and Cu concentrations were within
permissible limits in all vegetable samples while Zn
exceeded in most of the samples. Among vegetables,
ridge gourd had the lowest mean transfer factor in both
the OS and GI soils followed by ladies finger and bitter
gourd. The mean transfer factor of all vegetables in OS
irrigated soils was higher (11.1) than that in GI soils.
Transfer Factors has been identified as an effective
screening tool for segregation of safe and unsafe crops
which can be grown with urban wastewater as
supplementary source of irrigation. Accumulation of
heavy metals were lower in fruit parts than leaf and
stemsin general.
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Conjunctive use of fresh water and wastewater

Four vegetables viz., okra, bitter gourd, ridge gourd and
cucumber were grown with three irrigation water
treatments viz.,, Daya water irrigated (T1), Gangua
water irrigated (T2), and Daya and Gangua (T3) water
alternately irrigated during the dry seasons of 2010-12
in 7 farmers’ field. There was an increasing trend for the
yield and yield attributes of test crops irrigated with
Gangua water as compared with those irrigated with
Daya water. The yield advantage ranged from 9% (13.1
t/ha) for bitter gourd to 15% (9.2 t/ha) with cucumber.
When the crops were irrigated with Daya and Gangua
water (1:1), yield advantage was also noted which
ranged from 3% with okra to 11% with ridge gourd. The
total heavy metal concentrations in soils viz. Fe, Cu, Zn,
Mn, Cr, Cd were in the order T2 > T3 > T1 but within
permissible in all the treatments. Conjunctive use of
wastewater with river water other source may save up
to 50% of fresh water. The heavy metal concentrations
remained within permissible limits in edible parts of
vegetables grown with conjunctive irrigation.
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Transfer of irrigation management responsibilities
from government agencies to farmers/ water user
associations (WUA) is now an important policy being
implemented through Participatory Irrigation
Management (PIM) programmes with a view to provide
equitable, timely and assured irrigation. It has resulted
variable impact over space and time across different
irrigation systems. In this context, PIM under minor
(lift) irrigation system was assessed during the year
under report. Minor (lift) irrigation systems at 42
Mouza area of Cuttack district in Odisha (20°23’'N and
85°27’E) was selected for study. A total of 15 minor
irrigation systems were characterized. It revealed most
of the systems are having 10HP electric pumping unit

with average seven outlets and mean command area of
14 ha. Average number of members in the water user
association was 10 without any women member in
most of the cases and usually held meeting twice in a
year. On an average Rs.25000/- was collected as water
tax to meet the operation and maintenance expenditure
of the irrigation system and account balance was about
Rs. 5500/-. Paddy was predominant crop in kharif and
vegetables, pulses and oilseeds were grown in during
rabi season. In some of the system’s command
sugarcane and maize were also grown. Farmers-
members having land in command areas under
jurisdiction of different Pani Panchayats/ WUAs were
selected following stratified random sampling method.
Questionnaire survey was carried out covering 150
sampled member-farmers representing 15 WUAs for
their perceptions on participation in WUA's activities,
irrigation servicesand WUA's performance.

Extent of farmers’ participation

Framers’ participation in different activities
undertaken by Pani Panchayats (leadership seeking
participation, members awareness on WUA activities,
attending meetings, voluntary physical / labour and

Table 41 Farmers-members’ participation in different activities undertaken by Pani Panchayats under minor (lift)

irrigation systems at42 Mouza in Cuttack district.

Extent of farmers’ participation

Name of Leadership = Members Attending
Pani Panchayats  seeking awareness  meetings
(PP) participation on WUA

activities
Digabarini PP 4.70(0.48) 3.90(0.32) 3.60(0.97)
Balunkeswar PP 4.30(0.67) 4.20(0.63) 3.70(1.06)
Jagannath PP 4.80(0.42) 4.80(0.42) 4.60(0.52)
Maa Tarini PP 4.90(0.32) 4.20(0.42) 4.30(0.95)
Maa Durga PP 4.40(0.52) 4.20(0.63) 3.90(0.74)
Kadameswar PP 4.20(0.63) 4.10(0.74) 4.20(0.42)
Gopinath PP 4.60(0.70) 4.30(0.67) 3.70(0.82)
Gopaljee PP 4.50(0.53) 4.10(0.57)  3.90(0.74)
Maa Jaguli PP 4.56(0.73) 4.11(0.78) 4.22(0.83)
Sapneswar PP 4.50(0.53) 4.20(0.42) 3.90(0.74)
Jhadakhandi PP 4.30(0.82) 3.80(0.63) 3.80(0.79)
Maa Gayatri PP 4.70(0.48) 4.20(0.42) 4.40(0.70)
Maa Basudev PP 4.09(0.83) 4.09(0.70)  4.09(0.70)
Mahalaxmi PP 4.60(0.52) 4.10(0.57) 4.00(0.47)
Lakshmi 4.60(0.52) 4.50(0.71) 4.20(0.42)
Narayan PP
Average 4.52(0.22) 4.19 (0.23) 4.03(0.29)

Voluntary Voluntary Social Overall
physical / financial auditing participation
labour contributions

contributions

3.20(0.79) 3.60(1.26) 3.60(1.43) 3.77(0.53)
3.50(0.85) 3.50(1.08) 4.10(1.20)  3.88(0.79)
3.90(0.57)  3.90(0.57) 4.40 (0.84)  4.40(0.29)
3.90(0.74) 4.10(0.88) 3.90(0.57) 4.22(0.11)
3.30(0.48) 3.40(0.52) 4.20(0.92) 3.90(0.39)
3.90(0.74) 3.60(0.70) 3.70(1.06)  3.95(0.26)
3.70(0.48) 3.90(0.99) 3.20(1.03)  3.90(0.43)
3.89(0.93) 3.90(0.74) 3.90(0.99) 4.03(0.54)
3.67(0.71) 3.56(1.24) 3.22(1.09) 3.89(0.77)
3.67(0.87) 4.00(0.94) 4.40(0.84)  4.12(0.51)
3.60(0.97) 3.20(1.32) 3.90(1.45)  3.77(0.70)
3.90(0.74) 4.00(0.67) 4.50(0.85) 4.28(0.42)
3.91(0.83) 4.36(0.81) 3.82(0.75) 4.06(0.21)
3.70(0.82) 4.00(1.05) 3.60(0.70)  4.00(0.45)
3.60(0.52) 3.50(0.71) 3.80(0.92)  4.03(0.49)
3.69 (0.23) 3.77 (0.31) 3.88(0.39) 4.01(0.18)

Minimum and maximum mean perception score is 1 and 5, respectively; figures in parenthesis indicate standard

deviation values
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financial contributions, social auditing) was studied
with the help of a Farmers’ participation index (FPI):

FPI = (Mean participation score / Maximum
participation score) X 100

where, mean participation score =S Pi/N and Pi=S PPj,

PPj = Total score of farmers’ participation,i=1,2, ......... .
N and j = 1,2, ......... , K, N and K = total number of
respondents and total number of activities, respectively.

Extent of farmers’ participation in different activities
revealed that overall participation of the member was
quite good with mean score >4. However, voluntary
physical and financial contributions were relatively low
(Table 41). FPI values ranged from 75 to 88% indicating
the effectiveness of PIM in selected minor (lift)
irrigation systems. The overall participation of the
members was quite high in case of all Pani Panchayats
which may be due to smaller size of group and major
responsibilities in different activities were often taken
by all the member-farmers.

Irrigation performance

The irrigation performance was assessed from farmers’
perspectives on the parameters viz. tractability,
convenience, predictability and equity. Tractability was
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measured on the basis of farmers’ perceptions on
quantity of water supply, point of water delivery and
stream size. Convenience was determined through
timeliness of irrigation, duration of water supply, and
frequency of getting water. Predictability was assessed
on the basis of farmer’s degree of confidence with
respect to water supply service, or how much
information is available to farmers about the water
delivery schedule. Equity was studied with respect to
the equal benefits derived by the member-farmers from
irrigation service. The above-mentioned variables were
studied through farmers’ responses on each on a 5-
point continuum scale (1- very poor to 5 - excellent) and
mean perception score was derived. Perception of
farmers on overall irrigation service was also studied on
similar scale.

All the four factors viz. tractability, convenience,
predictability and equity were relatively higher in kharif
season than in rabi season (Table 42). Out of these four
factors, tractability and convenience were perceived
higher in majority of the Pani Panchayats during both
kharif and rabi season as compared to predictability or
equity. Equity was perceived comparatively low (3.30)
during rabi seasons in most of the Pani Panchayats. The
overall irrigation performance was quite good during
boththe seasons.

Table 42 Farmers perceptionson lift irrigation systems' performance under minor (lift) irrigation systems at 42 Mouzain

Cuttack district

Name of Pani

Parameters of irrigation performance

Panchayats (PP) Tractability Convenience Equity Predictability
Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi
Digabarini PP 4,53 (0.22) 3.58(0.29) 4.50(0.26) 3.73(0.32) 4.30(0.67) 3.50(0.53) 3.80(0.32) 3.43(0.50)
Balunkeswar PP 4.35 (0.87) 3.33 (0.54) 4.35(0.78) 3.55(0.45) 4.00(1.15) 3.11(0.93) 4.13(0.71) 3.40(0.56)
Jagannath PP 4.68 (0.33) 3.70(0.37) 4.70(0.20) 3.70(0.28) 4.50(0.71) 3.20(0.42) 4.20(0.48) 3.53(0.42)
Maa Tarini PP 4.53 (0.25) 3.78(0.43) 4.63(0.18) 3.90(0.32) 4.30(0.67) 3.50(0.53) 4.13(0.39) 3.77 (0.27)
Maa Durga PP 4.75(0.31) 3.53(0.25) 4.68(0.21) 3.53(0.22) 4.70(0.48) 3.30(0.48) 4.50(0.28) 3.23(0.27)
Kadameswar PP 4.23 (0.28) 3.98 (0.34) 4.28(0.34) 3.83(0.29) 3.80(0.63) 3.40(0.52) 3.70(0.25) 3.53(0.32)
Gopinath PP 4.08 (0.44) 3.83(0.51) 4.18(0.44) 3.73(0.38) 4.30(0.82) 3.60(0.52) 3.73(0.41) 3.60 (0.34)
Gopaljee PP 4.35(0.32) 3.68(0.37) 4.30(0.42) 3.73(0.25) 4.10(0.57) 3.20(0.42) 4.23(0.59) 3.50(0.48)
Maa Jaguli PP 4.28(0.71) 3.36(0.47) 4.14(1.00) 3.28(0.40) 4.00(1.32) 3.00(0.50) 4.07(0.89) 3.33(0.47)
Sapneswar PP 4.55(0.45) 3.53(0.43) 4.68(0.31) 3.55(0.47) 4.60(0.52) 3.30(0.67) 4.10(0.85) 3.47 (0.61)
Jhadakhandi PP 3.98 (0.51) 3.88(0.38) 4.23(0.51) 3.75(0.24) 3.90(0.74) 3.70(0.95) 4.00(0.31) 3.60 (0.41)
Maa Gayatri PP 4.45 (0.44) 3.63 (0.27) 4.67 (0.31) 3.69(0.27) 4.70(0.48) 3.10(0.32) 4.37(0.29) 3.23(0.32)
Maa Basudev PP 4.27 (0.44) 3.91(0.41) 4.39(0.39) 3.59(0.36) 4.27(0.79) 3.36(0.81) 4.18(0.50) 3.52(0.40)
Mahalaxmi PP 4.28 (0.34) 3.40(0.29) 4.45(0.51) 3.58(0.35) 4.90(0.32) 3.10(0.32) 4.10(0.22) 3.27(0.38)
Lakhmi 4.78 (0.22) 3.48(0.40) 4.55(0.35) 3.35(0.49) 4.10(0.99) 3.10(0.88) 4.04 (0.42) 3.08(0.46)
Narayan PP
Average 4.41(0.23) 3.64(0.21) 4.45(0.20) 3.63(0.17) 4.30(0.33) 3.30(0.21) 4.09(0.22) 3.43(0.18)

Minimum and maximum mean perception score is 1 and 5, respectively; figures in parenthesis indicate standard

deviation values
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Agricultural performance

Paddy was the major crop in the command area under
jurisdiction of all the selected 15 Pani Panchayats
covering about 164 ha out of 197 cultivated area during
kharif season. Sugarcane was grown in about 20 ha area.
Agricultural performance in rabi season was also better
as farmers could cultivate in about 171 ha growing
paddy (47 ha), sugarcane (45 ha), pulses (38 ha) and
vegetables (36 ha). Oilseeds were not preferred except
groundnut which was grown only in about 1 ha area
under the jurisdiction of Jagannath PP. The cultivation
during rabi season was possible due to availability of
timely and reliable irrigation (Fig. 38). More area can be
brought under cultivation by reducing paddy area and
growing more remunerative oilseed crops like
groundnut, sunflower, etc during rabi season.
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Fig. 38 Irrigated area under minor (lift) irrigation systems
at 42 Mouza in Cuttack district

Performance of Pani Panchayats

Performance of Pani Panchayats was assessed from the
farmers’ perspectives taking farmers’ responses on a
total of 20 parameters related to issues like

O Water management
@ Overall Performance

@ Operation and Management
B Organizational linkage

@ Level of participation
O Financial management

Performance Score

Fig. 39 Performance of Pani Panchayats as perceived by
member-farmers under minor (lift) irrigation systems at
42 Mouza in Cuttack district
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participation, operation and management, water
management, financial management and
organizational linkage. Pani Panchayats’ performance
was perceived favourably with mean performance score
>4.0 (Fig. 39). More than 60% of farmers are irrigating
even during night time. Out of the five issues considered
water management was perceived to be best performed
by the Pani Panchayats, which showed effectiveness of
PIM in the selected minor (lift) irrigation systems.
However, financial sustainability needs to be
strengthened as WUAs’ mean accountbalance was quite
low (aboutRs.5500/-)

: Tracking Change in Rural Poverty in
household and Village Economies in
South Asia

: Billand Mehinda Gates Foundation

Project Title

Funding Agency
Project Personnel: M.K. Sinha, P. Nanda, A. Kumar

The study aims to understand the dynamic process for
reducing poverty by tracking the household and village
economies from Odisha villages. Regular high frequecy
data were collected on monthly basis to enhance
availability of reliable household, individual, field
specific, plot level data on agriculture, labour,
expenditure, incomes and consumption several times
throughout the year. This was to address the dynamics
of economic, social and institutional development.
Meso level data on the agriculture and poverty related
variables were also collected. Data base is also being
prepared in a user-friendly format of CSPro. This
software package can be accessed in user friendly
formatby individuals, researcher and planners.

Data from Sogar village of Dhenkanal showed that the
maximum numbers of were in age group of 31 to 60
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years followed by the age group 17 to 30 years(Fig. 40 ).
By combining these two groups, a large percent of
population are in the earning age group. Out of this, a
sizable population has little land or no land. The wide
spread disparity in land distribution in the village
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Fig. 40 Age wise demographic distribution in the village

contributes to their poor economic status and non
availability of agricultural livelihood options for them.

Further, due to limited irrigation facility, agriculture is
unable to serve the need of the farm households. About
48% of total working population arranged their
livelihood from different type of non-farm activities
(Fig.41). Atotal of 64.19 % oflandless and 41.86 % of
small farmers earn their livelihood by performing non-
farm works as they have too small holding land to
cultivate. The same is also true for large farmers as their
lands have poor irrigation facility. In case of medium
farmers, the livelihoods depend on agriculture and non-
farm works which is 34.09%. Agriculture comes second
while providing livelihoods which is about 27.85 %, out
of which 20.96 % are cultivators and 6.89 % are
agricultural workers.

Other
13%

Government Job
11% TOTAL WORKING

POPULATION

Cultivator
21%

Agricultural worker
7%

Fig. 41 Occupational Diversification
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:Strengthening Statistical
Computing for National Agricultural
Research System

: NAIP, ICAR, New Delhi

Project Personnel: D.K. Panda and G. Kar

Project Title

Funding Agency

The DWM Statistical Computational Hub was assigned
to conduct one Software Installation Workshop, two 6-
days training programs and two 3-days sensitization
programs for the scientists of 28 ICAR institutes and
SAUs of eastern India. On 22 June 2012, the Software
Installation-cum-training program was organized at
DWM and the installation of the SAS software version
9.3 was imparted to 20 nodal officers under the DWM
Statistical Computing Hub. During 27-29 June, 2012, the
first 3-days sensitization program was conducted at
ICAR Research Complex for Easter Region(ICAR RCER),
Patna with the participation of 25 researchers. The next
sensitization program was organized at Indira Gandhi
Krishi Vishwa Vidyalaya (IGKVV), Raipur during 19-21
October with the participation of 22 persons. The first
6-days training on “Data Analysis for Water
Management Research using SAS” was organized at
DWM, Bhubaneswar during 18-23" February 2013.
Scientists of AICRP (Water Management) and DWM
participated this specialized training. The second 6-
days training on “Data Analysis using SAS” was
organized during 25" February to 2™ March 2013 at
National Institute of Research on Jute and Allied Fibre
Technology (NIRJAFT), Kolkata. A total of 18 scientists
and 9 research scholars were trained.

A dedicated website http://www.dwm.res.in/naip-
nars/ was developed absolutely devoted for providing
information on advanced statistical tools and
techniques using the software SAS for scientists of NARS
organizations of Eastern India. All the activities under
the NAIP Project “Strengthening Statistical Computing
for National Agricultural Research System” have been
uploaded. The training manual on “DATA ANALYSIS
USING SAS”, with 122 pages hasalso been uploaded.
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Project Title :Farmers Participatory Action
Research Programme (FPARP

Phase-ll)
: MOWR, New Delhi

Project Personnel: G. Kar, R. K. Panda, S. Raychaudhuri,
O.P.VermaandA. Kumar

Funding Agency

During the period under report, efficient water
harvesting through control of seepage and conveyance
losses, on-farm efficient irrigation water application for
increasing water use efficiency were carried out. Two
ponds of size (Diamension: 50 m x 26 m and 25 m x 22
m) were lined at Balasore project sites by the help of
LDPE sheet having 250 p size for efficient water
harvesting and control of seepage losses. The stored
water from ponds is used for supplemental irrigation to
crops. In order to provide proper conveyance of
irrigation water in the crop fields, PVC pipes were laid
outin eleven beneficiary farmers’ fields at Balasore and
Mayurbhanj project sites. The performance of the
developed system have been evaluated by growing
mustard (Toria) crop in village Routrapur, Balasore
duringrabi, 2012.

The mustard (Toria) variety M-27 crop was sown in 3
acre area with scientific agronomic management
practices. The field experiment was conducted to assess
the effect of different planting dates on yield and water
use efficiency of Toria crop. The treatments were three
planting dates viz., 22 November, 8 December, 22
December and farmers’ practices (22 December), with
30x10 cm spacing. The recommended dose of fertilizers
were used as 60-30-30 kg/ ha N, P, O, ans K,0,
respectively. The crop was irrigated in ridge & furrow
method of irrigation by 20 m X 3 m size basins. The
harvested water stored in the LDPE sheet lined pond
was conveyed through underlined PVC pipe line
network. Total three irrigations were applied using RBC

flume with scheduling of each irrigation at 8.5 cm depth
of water with irrigation water depth of 12 cm in case of
the farmers’ practices. The crop was sprayed with
pendimethalin @ 5mlin 1 litre of water for the control of
weeds. The confider insecticide application was done
for the control ofinsectand pests.

The toriayield response to sowing date was in favour of
early sowing (22 November) rather than late sowing
(22 December). The maximum seed yield of 7.21 q/ha
was achieved with water use efficiency of 2.83 kg/ha-
mm. Late sowing by 30 days resulted in reduction in
seed yield and water use efficiency by 44.5 % and 61 %,
respectively (Table 43).

Table 43 Effect of planting dates on yield & water use efficiency of Toria

Sowing dates Seedyield (q/ha)
S, (22 November 2012) 7.21

S, (8 December 2012) 6.40

S, (22 December2012) 4.25
Farmers’ practices 4.0

(22 December2012)
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Water use (mm) WUE (kg/ha-mm)
255 2.83
255 2.51
255 1.67
360 1.11
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Events / Trainings Organized for Women Empowerment

Four one-day farmers training programs on ‘Rainwater
management for sustainable agriculture and rural
livelihoods’ were conducted at Mahadia, Dhenkanal on
16.2.2013, at Pasa Singh, Dhenkanal on 17.2.2013, at
Kotapala, Dhenkanal on 2.3.2013 and at Khamarsa,
Dhenkanal on 3.3.2013 in which a total of 51 women
farmers outof 127 total farmers were trained.

An exposure-cum-discussion visit was organized for
two female students from Global Engineering of Purdue
University, USA to discuss and know about various
problems of water quality for crop irrigation at the
Institute from 16 - 21 May 2012 in the Institute.

—r.HI;. I.

——

Organized summer training programme of one month
duration from 1-30 June 2012, for ten no. of B Tech
students including two girl students.

Women students were guided for partial fulfillment of
the degree of Master of Technology Sambalpur
University and Utkal University.

Twenty one post graduate standards students including
girl students from Dept. of Forestry, OUAT, were
exposed to salient outputs and achievements of our
Institute as a part of their study tour on Feb. 27,2013 in
the Institute.
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All India Coordinated Research Projects

AICRP on Water Management

e Twenty five centres were operating under the All
India Coordinated Research Project on Water
Management. Salient theme wise research
achievements of the AICRP centres during 2012-13
are given below.

AtBhavanisagar, drip irrigation at 80 liters/tree/day
along with 100 percent recommended nitrogen and
potassium through fertigation at monthly intervals +
100 per cent phosphorus and 100 per cent of micro
nutrient once in 3 months gave significantly higher
coconuts of 134 nuts/ tree. In sugarcane subsurface
drip irrigation at 100 per cent PE and fertigation of
75 per cent recommended dose with liquid bio-
fertilizersrecorded significantly higher cane yield.

At Navasari, adoption of drip irrigation and
fertigation of (N and K in 8 equal splits at weekly
interval) + mulching with black plastic or
black/silver mulch) could enhance fruit yield of
water melon (summer) by 47% and save water up to
34%.Planting of sugarcane by pit method (soil with
hard pan by keeping spacing of 1.75 m x 1.75 m
between two pits) under drip irrigation recorded
significantly higher cane yield (151 t/ha) as
compared to paired row planted control (128 t/ha).
Scheduling of irrigation at 0.8 PEF and mulching
with black plastic in pigeon pea (rabi) increased
seed yield (1730 kg/ha) by 62 % and saved 15 % of
irrigation water as compared to control. In drip
irrigated banana, adoption of fertigation twice in a
week @ 80% of recommended dose increased fruit
yield by 43 % over surface irrigation control.

At Parbhani, use of online drip with application of
paclobutrazole (hormone) at 2 ml/m plant spread
improved yields in mango varieties of Malika,
Neelam, Totapuri and Fasali. Inline ring drip layout
system with 75% recommended dose of fertilizers
(600:300:300 g/plant NPK) in 12 to 16 splits for
sweet orange; inline drip scheduled at 40% of pan
evaporation and 75% recommended dose (75:
38:38 kg/ha NPK) for okra; subsurface inline drip
irrigation with water of 60% pan evaporation and
50% RDF (60:30:30 kg/ha NPK) through fertigation
was found beneficial are recommended. Inline drip
irrigation with laterals spaced at 120 cm and water
at 0.75 ETc for paired row planting (45x15) +75 cm
for sorghum whereas raised bed placed at 150 cm
apart with planting on bed at 45x15 cm for rabi
sorghum is recommended. Similarly the inline drip
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irrigation system for Bt. cotton can be economically
used for next crop rotation of pigeon pea at spacing
of pigeon pea +soybean (2:3) at90x60-180 cm.

At Palampur, cauliflower-capsicum cropping
sequence fertigated with recommended NPK
fertilizers (on soil test basis) and irrigated at 3 day
interval with water depth of 1.2 times CPE was
beneficial. Broccoli crop gave better yield with 50 %
of recommended NPK (on soil test basis) in 8 splits
and irrigated at 3 day interval through gravity fed
drip system with water depth of 1.0 times CPE. In
pea Micro-sprinkler irrigated dosage with 0.8 CPE
was best. However, irrigation with 0.6 CPE and
fertigation with 50 per cent of recommended NK
saved irrigation water and fertilizers.Green pea
sown after 10 Mg ha” FYM incorporation should be
mulched after emergence with rice straw @ 10 Mg
ha" and irrigated at IW/CPE ratio of 0.6.The Okra-
broccoli cropping sequence should be fertilized with
recommended NPK complemented with
vermicompost @ 2.5Mgha™ and irrigated with 3 cm
water depth at 0.3 bar suction

At Dapoli of Konkan region, the water harvesting
structure named as “Konkan Vijay Bandhara” were
constructed through peoples participation in all the
villages. The total volume of water stored in all
Bandharas was 3762.50 m3 at the end of monsoon
season. The retention period of water in the
Bandhara ranged from 45 to 60 days depending
upon the storage, volume and percolation. The
peoples were promoted to take second crop on
stored water, in all about 35 acres of land in rabi
season was irrigated to grow short period leafy and
fruity vegetables in Sadave village. The pooled
analysis of sapota fruit yield for consecutive 6 years
indicated that application of water at 100%PE
through applicator was consistently superior for 6
years and significantly highest (27.76 q/ha) as
compared to other imposed treatments. The second
highest yield was fetched in the control (I5)
treatment (24.90 q/ha), which was significant over
other irrigation levels of application through
applicator. Itis recommended that, in lateritic soil of
Konkan region, the sweet corn crop Variety- Sugar
75 should be grown under inline drip irrigation
system and irrigation should be scheduled on
alternate day at 7.4 to 19.0 lit/plant from January to
April (total water 46.3 ha-cm) with 80% of
recommended dose RDF (160:48:48 kg/ha, N:P:K)
through WSF to get maximum production and
benefit.



e At Jammu, Zero tilled wheat crop produced 2.13

g/ha more yield than conventionally grown wheat
with 15.48 kg/ ha-mm WUE. Under light textured
soils, the technique of zero-tillage for wheat
establishment with IW/CPE ratio of 1.0 having (3)
number of irrigations each of 40 mm depth resulted
in highest yield of 4.85 t/ha .Scheduling irrigations
at 3 days after disappearance of ponded water, for
areas having light textured soils of canal command
areas, increased yield of basmati rice (cv. Basmati-
370) up to 3.12 t/ha. Integrated fertilization of
(50% N + 50% green manure) would be the best
option for further promoting the rice yield by up to
3.19 t /ha, besides maintenance of soil health. Laser
leveled plots in both rice and wheat crops proved to
be more water productive as compared to
traditionally leveled plots. Water use efficiency in
wheatwas 8.07 kg/ha-mm with laser leveled plots
showing 23.39% increase over traditionally leveled
plot whereas in rice, laser leveled plots recorded
1.85 kg/ha-mm of WUE registering 25.85 %
increase over traditionally levelled plot. Direct
seeded wet sowing produced higher yield of 44.14
g/habeing at par with direct seeded dry sowing and
conventionally sown rice 39.65 q/ha and 37.70
g/ha) but superior to SRI method of cultivation
(37.70 q/ha) with WUE 2.05 kg/ha-mm.
Application of water on every 4" day i.e. 3DADPW
produced highest yield of 43.3 q/ha being superior
to5and 7 DADPW with WUE of 1.75 kg/ha-mm.

At Madurai, demonstration of water saving
technologies viz., Drum seeding and SRI resulted in
enhanced water saving and water productivity of
17.1%and 85.6 Rs.ha-1 mm-1and 21.3 % and 95.1
Rs. ha-1 mm-1 respectively. Similarly the machine
transplanting and irrigation to 5 cm one day after
disappearance of ponded water accounted water
saving of 19.6 %. Application of 100 per cent RDF
(P&K-50% as basal + balance as WSF + LBF + Humic
acid+ N through system) (T5) at six days interval is
an ideal practice to achieve higher yield in the maize
based cropping system as compared to traditional
method of applying fertilizers with surface
irrigation. Drip fertigation of 125 % of
recommended P and K - 50 % P and K as basal and
balance nutrients through WSF + soil application of
sulphur @ 30 kg/ha to third ratoon sugarcane under
sub surface drip irrigation system recorded the
highest individual cane weight (1.69 kg), cane yield
(178 t/ha) and net income (Rs.3,00,726
/ha).Subsurface drip fertigation system in maize-
cotton-maize cropping system brought out the fact
that 120 cm lateral spacing was found to be ideal for
maize-cotton-maize cropping system as it recorded
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the higher water use efficiency and water
productivity with the maximum net return in terms
of cotton equivalent (8085 kg/ha), net return
(Rs.2,31,492 ) and B:C ratio (4.06). Among different
irrigation methods tested in groundnut, Micro-
sprinkler methods of irrigation registered the
highest pod yield of groundnut (3200 kg / ha)
followed by sub-surface drip irrigation method.
Method of fertilizer application to groundnut
revealed that 50 per cent P and K as basal by straight
fertilizer and the balance PK and full N as water
soluble fertilizer was statistically superior to the
rest of the methods of fertilizer application in
registering the pod yield and water use efficiency.
Subsurface drip fertigation with 100 per cent RDF as
WSF (WSF - Urea, 13: 40: 13, KNO3) + LBF had
positive impact on the growth and yield attributes of
ratoon banana and resulted in higher bunch yield
(37.29 t/ha), water use efficiency (22.35
kg/ha/mm) and water productivity (268.16 kg/ha).

At Pusa, under OFWM activities in Barkagaon sub-
distributary of Gandak Command, it was found that
improved water management practices for rice
under SRI consisting of 3 days drying after
disappearance of 3 cm of ponded water in rice
performed better mean yield being 59.95 q/ha as
compared to control in which mean yield was 42.79
g/ha. The WUE was also higher in the SRI (199.83
kg/ha-cm) as compared to 101.88 kg/ha-cm in the
control. In case of wheat, grown after harvest of rice
in Barkagaon sub-distributary of Gandak Command,
higher yield (39.58 q/ha) and WUE (219.89 kg/ha-
cm) were recorded with improved water
management practices. With farmer’s practice the
yield and WUE were found to be 34.69 q/ha and
144.54 kg/ha-cm respectively. Brown manuring
along with 100 % RDF and at 3 days after
disappearance of ponded water proved as the best
treatment combination for rice crop while
application of vermi compost @ 3 t/ha or Brown
manuring along with recommended dose of
inorganic fertilizer and irrigation at 1.0 IW/CPE
ratio was found to most suitable for wheat crop.
Rice-Maize+Potato-Dhaincha or Rice-Maize+Pea
cropping sequence should be adopted with
irrigation level of 1.0 IW/CPE in dry season crops for
sandy loam soil. Three irrigations at 20, 30 and 80
days after sowing either in zero tillage or
conventional tillage method of wheat sowing was
found mostsuitable.

At Chiplima, under Hirakud command,
transplanting of rice (cv: Khandagiri) on 15th
January with application of irrigation at 1 day after
disappearance of ponded water produced highest
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grain yield with lowest water use efficiency. Under
rice-rice cropping system in Hirakud command the
field should be prepared with tractor operated
mould board plough followed by rotavator with cage
wheel. After puddling, urea should be applied @10
kg ha-1 with standing water of 10 cm for easy and
efficient decomposition of stubble. Rice (cv: APO)
with nitrogen @ 80 kg ha-1 along with application of
irrigation water at 5 days interval produced highest
grain yield. Whereas water use efficiency, was
highest when irrigation was applied at 9 days
interval.

e Atfaizabad, application of 7cm water through check
basin (10x10m) at 1-3 days after disappearance of
ponded water gave higher paddy yield with 35-46%
water saving over farmers practice. Under limited
water availability at the tail end of the distributary
maximum pigeonpea equivalent yield of 17.29 q/ha
was recorded with maximum net return of Rs.
37870/- when it was grown on raised bed in paired
row inter cropping with rice on farmers field.
Integrated farming system including pisi culture and
duckery under multiple use of water was found most
remunerative with highestnetreturn of Rs.83038/-
per hectare per year and benefit cost ratio of 2.56
against conventional rice-wheat cropping system.
Application of 6cm water through check basin
(50m2) at critical stages produced 35.14% higher
wheat yield with 50.29% WEE over farmers
practice. Drip irrigation system with 80% wetted
surface and 100% N recorded the highest Aonla
yield of 45.8 kg/plant with 33% water saving in
comparison to surface irrigation in which it was 25.8
kg/plant.

e At Shilling under North east Hilly region, residue
management and conservation tillage in Rice-based
system revealed significantly higher grain yield of
rice under Zero Tillage for all crops with residue
retention (5800 kg/ha) followed by the treatment
where reduced tillage (5000 kg/ha) was practice
along with residue incorporation. Under terrace
land situation, zero tillage was equally good with
conventional tillage in respect of yield of maize and
succeeding toria. Further, maize along with
groundnut intercropping system with or without
residue incorporation was found suitable with
significantly higher Maize equivalent yield. At
Shillong, in Maize-Mustard cropping system, zero
tillage was equally good with conventional tillage.
The grain yield of maize and seed yield of mustard
was significantly higher under the treatment that
received Maize stalk cover + Poultry Manure +
Ambrossia @ 5t/ha. Maize intercropped with Ash
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gourd was found as the best system for the terrace
condition of mid altitude of Meghalaya in regards to
soil moisture conservation and yield of Maize.

AICRP on Groundwater Utilization

Nine centres were operating under the All India
coordinated Research Project on Groundwater
Utilization for conducting research and extension
activities in the field of regional groundwater
assessment and modeling; conjunctive use of surface
and groundwater in canal command areas; artificial
groundwater recharge; groundwater pollution and
transfer of technologies. Salient theme wise research
achievements of the AICRP centres during 2012-13 are
given below.

Regional groundwater assessment and
modeling

Regional Climate Model data on weather conditions for
Ludhiana were evaluated for biases and corrected
through different functions. Climatic projections for
21st century showed that there would be increase in
mean annual temperature and rainfall. The same data
were used for groundwater modeling.

Different thematic maps and satellite image of IRS P6,
LISSIII for Narsinghpur district of Upper Narmada
Basin were used in GIS based spatial analysis to
demarcate groundwater potential zone in the district.

In Coimbatore district of Tamil Nadu, which islocated in
PAP basin, out of 9 blocks, 6 blocks are over-exploited, 2
blocks are critical and one block is semi-critical.

In Wakal river basin in Rajasthan, about 48.83 per cent
of the basin falls under poor groundwater potential
zone and requires immediate attention to ensure
sustainable groundwater managementin the basin. The
southern part of the basin, with 9.2 per cent (i.e. 174.39
kmz) of the total basin area, is suitable for artificial
recharge.

Assessment of ground water resources of the southern
districts viz. Patna, Gaya, Nalanda, Nawada, Bhojpur,
Buxar and Aurangabad of the Bihar State was carried
out. On basis of stage of groundwater development, the
districts are under safe category.

Aquifer mapping of Uben river basin, Gujarat was done
by vertical electrical sounding resistivity technique.
Lime stone was found in unconfined aquifer near Girnar
hilll whereas sand stone was found away from Girnar. In
both the places, sand stone formations were covered by
basalticrockin confined aquifers.



Conjunctive use of surface and groundwater

Analysis of groundwater quality parameters in the
command area of Mahadev distributary of Uttarakhand
showed that groundwater of 27.17, 51.60, 11.22 and
5.67 percent of command area was found under
excellent, good, doubtful and unsuitable category for
irrigation purpose, respectively.

Total profit in the Dhimri canal command in
Uttarakhand could be increased to Rs.270.79 lakhs
compared to Rs.100.6916 lakhs under the existing
cropping pattern by adopting optimal crop plan
including Wheat, Rice, Sugarcane and Oil Seed crops
and using fifty percent ground water recharge and
surface water.

Under Conjunctive use planning of surface and
groundwater in Mula Irrigation Project, Rahuri centre
collected primary data related to reservoir storage and
operation, climate, canal network and operation,
command details, cropping pattern and amounts of
canal and groundwater use necessary for optimal
conjunctive use model.

Water user associations in command areas of three
basins namely; Narmada, Betwa and Tones were
surveyed to understand adoption of agricultural
technologies and status of water productivity. It was
found that water scarcity was responsible for better
water management and higher water productivity
values were observed in Betwa and Tones basin
compared to Narmada Basin.

Performance of Pollachi main canal irrigation system
(Zone-A and Zone B of 4(L) distributary of the main
canal) in Tamil Nadu was evaluated in terms of
Adequacy Index (P1,), Dependability Index (PI,), Equity
Index (PI;) and overall efficiency (PI,;). The efficiency of
the system over the years irrespective of their turn/
zone was rated as ‘poor’ (0.21-0.62), as the canal system
was unable to meet water requirements of crops in
command.

The agricultural productivity indicator i.e. water use
efficiency was worked out for crops grown in command
area of Zone-A and Zone B of 4(L) distributary of
Pollachi main canal from year 2000 to 2010. Further
linear programming technique was used to formulate
the conjunctive use optimization model to arrive at the
optimal allocation of surface and groundwater and to
maximize the benefits within the framework of given
constraints and designed cropping pattern.

Strategy for conjunctive water use of harvested water in
check dam and groundwater was developed by
Junagadh centre for growing wheat crop. It is
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recommended that state Govt. may allow use of
harvested forirrigation instead of storing it for recharge
only.

Artificial groundwater recharge

An artificial neural network (ANN) model was
developed and validated with recorded ground water
level in an observation well in command of Pimpalgaon
Ujjaini Percolation Tank-1. The model gave satisfactory
results.

On basis of survey of Haveli system in three villages of
Jabalpur region; Sahsan Dhaneta and Ghunsor of
Shahpura block, it was found that initial investments in
Haveli fields were lower and economic returns from
produce were higher.

Natural recharge in study area of 7400 sq. km, located in
Walyar sub basin in Tamil Nadu, was estimated by
empirical approaches as 11 to 15 percent with an
average of 14 percent. This estimate was within range of
10 to 15 percent, given by Groundwater Estimation
Committee (GEC) for hard rock areas. Water balance
study of rainwater harvesting structures was carried
out to estimate contribution of structures to recharge
process.

The average recharge rate as result of low cost
rainwater harvesting structure was estimated in micro-
watershed in Rajasthan as 10.34, 7.63 and 7.55 cm/day
for year 2010, 2011 and 2012, respectively, whereas
corresponding net recharge volume was 7873.20,
6131.06and 3918.44 m".

Groundwater pollution

On the basis of groundwater sampling in vicinity of
Budha Nala waste water drain near Ludhiana city, it
was observed that average concentrations of arsenic,
magnesium, manganese, lead, boron and calcium in the
samples were higher than maximum permissible limit
0f0.01, 30.0,0.1,0.01, 0.5 and 75.0 mg 1'1, respectively,
during the post-monsoon season.

Groundwater in districts of Bhatinda, Faridkot and
Muktsar of south west Punjab was assessed for
suitability of irrigation on basis of different quality
parameters. Majority of the groundwater samples (37
percent) in the Bhatinda district were under marginal
saline to highly saline (category 2) and could be used
after mixing with canal water. The 24 percent of the
samples were suitable (category 1) and 39 percent were
unsuitable for irrigation (category 4) during pre-
monsoon season. Similar types of categories were also
observed in Faridkot and Muktsar districts.
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The study to investigate effects on physico-chemical
characteristics of ground water and surface water as
result of disposal of effluent into streams in vicinity of
Bajpur industrial area of Uttarakhand revealed
deterioration in quality parameters of surface and
groundwater resources.

Groundwater wells in vicinity of lagoons of untreated
effluents from sugar factory and distillery and paper
mill in Rahuri area were grouped as low, medium and
high polluted depending on distance from lagoon.
Effects of such polluted ground waters on yields of
wheat crop and soil properties are being studied.

In Parambikulam Aliyar Basin of Tamil Nadu,
magnesium dominated among cations followed by
sodium, calcium and potassium. All the samples were
with SAR < 10 and came under low sodium category.
AlsoRSC <5, all samples were under safe category. Maps
showing spatial distribution of EC and CI
concentrations in basin were prepared

Groundwater of Rajsamand district in Rajasthan was
found as Na-Mg-Ca and CI-HCO,-SO, type. The majority
of groundwater samples were in high to very high
salinity class.

Characterization of wastewater in districts of Haroti
region covering districts of Bundi, Kota, Baran and
Jhalawar of Rajasthan was initiated through survey,
primary data collection and analysis.

In case of okra crop experiment by Pusa centre, yield
attributing characters viz. plant height, flowering time,
fruit yield, dry matter yield were found maximum with
alternate irrigation with fresh and sewage water in
comparison to other irrigation treatments. Also uptake
of micronutrients (Zn, Fe and Mn) was highest. Porosity
of the soil was improved while hydraulic conductivity
and bulk density values of soil decreased.

The quality parameters of groundwater in vicinity of sea
coast were assessed by Junagadh centre. Mostly
samples belonged to very high (C5) to medium (C2)
classes. None of samples were of safe category (C1).
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Effect of monsoon was not observed on ground water
quality due to scanty rainfall.

A suitability of groundwater for drip irrigation in
Amareli and Bhavnagar district of Saurashtra region
was assessed. It was found that total permanent
hardness of groundwater samples varied from 8.4 to
123.5 ppm at Amareli and from 9.2 to 129.2 ppm at
Bhavanagar. It was less than 150 ppm i.e. safe limit for
drip irrigation. The average of SAR and SSP were within
critical limits of 10 and 60%, respectively. Very meager
amounts of Fe, Mn and Cu were observed in ground
water.

Transfer of technology

Scientists of different centres organized farmers’
training, trainers’ trainings, delivered TV and Radio
talks, participated in Krishi-Mahostav and conducted
demonstrations on groundwater recharge, water
management and agricultural pumps. Six meetings for
319 farmers in districts of Uttarakhand and 2 trainings
for 52 Trainers’ were organized by Pantnagar centre. A
State Level workshop was organized by Jabalpur centre
for members of WUA and state officials on 29-30"
August, 2012 on topic “Kamand Kshetron Mein Jal
Utpadakta S ansthaon Ki Bhoomika”. Around 216
participants attended the workshop. Training on
“Water management” to the tribal farmers from 8 to 10"
Jan. 2013 was held at Kokkal village of Nilgiri district by
Coimbatore centre. Scientists also participated in
seminars, conferences, symposia and workshops. The
centres published extension articles, technical bulletins
and research papers. A QRT meeting for centres of
AICRP on Water Management and AICRP on
Groundwater Utilization in Eastern Region was
organized on 10" August 2012 at DWM, Bhubaneswar,
for Southern centres was organized during 3-5" Sept.
2012 at AICRP on Groundwater Utilization, WTC, TNAU,
Coimbatore and for northern centres at PAU, Ludhiana
centre from 23 - 25" September 2012. Er. Chetan Singla
received a fellowship of under prestigious The
Netherlands Fellowship Programme (NFP) for
attending a short course on Groundwater Resources
and Treatmentat Delft.
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Awards / Honours / Recognitions

e Dr. PS. Brahmanand, Senior Scientist, Dr. S. Ghosh,
Senior Scientist, Dr. A. Kumar, Director and Mr. B.S.
Parswal, T-6 were awarded with Indira Gandhi
Rajbhasha Puraskar (First Prize) for the Year 2010-11
by Honorable President of India Shri Pranabh
Mukherjee on 14th September 2012 for their
contribution of best Original Book in Hindi **
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® Recognition Award of ‘National Academy of
Agricultural Sciences (NAAS) in the field of soil, water
and environmental science for the biennium 2011-12
was awarded to Dr. Gouranga Kar, Principal Scientist
of this institute for his outstanding contribution on
soil and water management. He developed agro-
climatic and land specific technologies to mitigate
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drought / dry spells and to produce stable and higher
yields and income from rainfed lands. He
implemented sustainable cropping system, land use
and water resources plan on large rainfed areas in
farmer’s field using remote sensing and GIS. The
award was given by his Excellency, Governor of
Odisha, Shri M.C.Bhandari on the occasion of XIth
Agricultural Science Congress, held at OUAT,
Bhubaneswar during 7th to 9th February, 2013.

e Dr. S. Ghosh, Senior Scientist and Dr. D.K. Panda,

Senior Scientist received Lal Bahadur Shastri
Outstanding Young Scientist Award 2011 of Indian
Council of Agricultural Research (ICAR) in the
category of Social Science and Natural Resource
Management, respectively conferred by Hon’ble
Union Minister of Agriculture and Food Processing

Industries Sh. Sharad Pawar and Hon’ble Minister of
State for Agriculture and Food Processing Industries
Sh. Harish Rawat at National Agricultural Science
Complex, ICAR, New Delhi on 16th July 2012 in
presence of Dr. S. Ayyappan, Secretary, DARE and
Director General, ICAR.

e Dr. Atmaram Mishra, Principal Scientist was awarded

with Fellow of the Indian Society of Agricultural
Engineers, New Delhi. The award was formally
conferred during the 47th ISAE Annual Convention



during 28-30 January, 2013 at Acharya N.G.Ranga
Agricultural University, Hyderabad.

e Dr. Atmaram Mishra, Principal Scientist was awarded
with Fellow of the Indian Association of Soil and
Water Conservationists, Dehradun. The Award was
formally conferred during the regional conference of
IASWC on Farmers first for conserving soil and water
resources in southern region during 14-16th March

2013 atKarnataka Veterinary Council, Bangalore.

e Dr. Gouranga Kar, Principal Scientist has received the
prestigious Fellowship of Indian Association of Soil
and Water Conservationists, Dehradun. He chalked
out contingency crop planning for drought mitigation
and implemented for different southwest monsoon
situations through alternative crop and water
managementand farmers were benefited by adopting
this technology. Software’s were developed for
determining climate risks, reference evaporation and
crop water balance study in watershed. The award

was given at the Annual conference on “Livelihood
and environmental security through resource
conservation in eastern region of India (5-7th April,
2012),held at OUAT, Bhubaneswar.

e Dr. Gouranga Kar, Principal Scientist has received the
prestigious Fellowship of Association of Agro-
meteorologists of India for his outstanding
contribution in the field of Agro-metrological science.
The award was given by Dr. L.S. Rathore, Hon'ble
Director General, Indian Meteorological Department,
New Delhi at the National Symposium on “Climate
Change and Indian Agriculture : Slicing down the
uncertainties (22-23 January, 2013) at CRIDA,
Hyderabad.

e Dr. A. K. Thakur, Senior Scientist has been awarded Fellow
of Indian Society for Plant Physiology (FISPP)-2012

® DWM Proficiency Award for the year 2010 was given
by Director, Dr. Ashwani Kumar to different categories
of staff (Scientific, Administrative, Technical and
Supporting) on the foundation day of the Institute
(12th May) for their good work. The recipients of the
award in different categories were as follows:

Scientific Category
1. Dr. K.G. Mandal

2. Dr. S. Mohanty

3. Dr.D.K.Panda

4. Dr. AK.Thakur
Technical Category
1. Mr. S.K.Dash
Supporting Category
1. Mr SanatanDas

e Dr. Madhumita Das, Dr. O.P.Verma, Dr. D.P. Sinhababu
and Er. Ranu Rani Sethi received second best poster
award on our paper entitled as ‘Improving livelihood
security through paddy cum brackish water shrimp
farming in coastal Odisha’ presented under Theme Il
on Sustainable production through resource
management and conservation agriculture in Golden
Jubilee International Symposium on ”Sustainable
Rice production and Livelihood Security: Challenges
and Opportunities”, at Cuttack (Odisha), India, during
March 2-4,2013.
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e Dr. A. K. Thakur, Senior Scientist has been awarded
Best Poster Presentation Award-2012 for the
presentation of research paper entitled ‘Enhancing
productivity and climate resilient crops through
system ofrice intensification (SRI)’ at National Seminar
of Plant Physiology by ANGRAU, Hyderabad during 12-
14 December; 2012 held at ANGRAU, Hyderabad.

e Dr. S. Mohanty, DrM.K. Jha and Dr. A. Kumar received
‘Banabihari Mohanty Memorial Award’ from ‘The
Institution of Engineers, Orissa Chapter’ for the
research paper ‘Simulation-Optimisation Modelling
for Optimal Management of Groundwater in a Well
Command of Eastern India’

e Dr. S. Roy Chowdhury, Principal Scientist served as
referee for international Journal “Photosynthetica”,
Academy of Sciences of the Czech Republic during
2012-13.

e Dr. S. Roy Chowdhury, Principal Scientist has been
nominated as Editor for Indian Journal of Plant
Physiology, of Indian Society for Plant Physiology,
New Delhifor threeyear from2012-2014.

e Dr. Madhumita Das, Principal Scientist was appointed
as external examiner for evaluation of a Ph D thesis on
“Land and water productivity of sundarbans as
influenced by micro climate’ of Bidhan Chandra Krishi
Viswavidylaya.

e Dr. M.]. Kaledhonkar, Principal Scientist acted as co-
chairman of the technical session-3 on Theme IV on
Water and Environment during International
Groundwater Conference (18-21 Dec.2012)

e Dr. M.J. Kaledhonkar, Principal Scientist has been
nominated as member of Editorial Board of Journal of
Soil Salinity & Water Quality of Indian Society of Soil
Salinity & Water Quality, CSSRI, Karnal.

e Dr. M.]. Kaledhonkar, Principal Scientist is selected as
Executive Committee Member (National) of
Association of Global Groundwater Scientists and
Member of Editorial Committee Journal of
Groundwater Research

® Dr. Gouranga Kar, Principal Scientisthas been elected as
Secretary, Indian Meteorological Society
(Bhubaneswar chapter) in the Executive Council of the
Chapter (H.Q.: New Delhi) for the biennium 2012-14.

e Dr. Gouranga Kar, Principal Scientist has been elected
as Vice President, Association of Agro-meteorologists
of India in the Executive Council of the Association
(H.Q.: Anand, Gujarat) for the biennium 2013-14.

@ Dr. Gouranga Kar, Principal Scientist, acted as a chairman
of a session "Management of natural resources for
sustainable agricultural production” in IInd ] and K
Agricultural Science Congress held at Jammu from
(Jammu & Kashmir) 15-17 December, 2012.

e Dr. K.G. Mandal, Senior Scientist has become Elected
Member of the Sectional Committee of the Section of
Agriculture and Forestry Sciences for the year 2013-
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14 (101th Session of the Indian Science Congress) of
the ISCA, Kolkata.

e Dr. K.G. Mandal, Senior Scientist has been selected as
Editorial Board Member of the International Journal
of Agronomy, Hindawi Publishing Corporation, USA.

e Dr. K.G. Mandal, Senior Scientist has been selected as
Editorial Board Member of the Journal of Water
Resources and Ocean Science, Science Publishing
Group, USA.

e Dr. Gouranga Kar, Principal Scientist acted as a co-
chairman of a session "Modern tools and techniques,
Simulation modelling" in the Natural symposium on
"climate change and Indian Agriculture : Slicing down
the uncertainties, 22-23rd January, 2013 at CRIDA,
Hyderabad.

Visit Abroad on Deputation

e Dr. A. Kumar, Director, DWM, Bhubaneswar, Dr. S.K.
Jena, Principal Scientist, Visited Bulgaria under Indo-
Bulgarian inter government programme of
cooperation in science and technology project entitled”
Decision support system for assessing impact of low
quality water used in irrigated agriculture on food
production” during 11th to 28th June, 2012.

® Dr Ashwani Kumar and Er. Ranu Rani Sethi attended a
3 week Capacity building program on “Improving the
capacity of Indian State level water authorities on
systemic and adaptive governance to climate change”
at University of Melbourne, Victoria, Australia under
Aus-Aid Asian Public Sector Linkages Program during
15th October to 3rd November 2012.

Dr. A. Kumar, Director, DWM, Bhubaneswar, Dr. S.K.
Rautaray, Principal Scientist, Dr. M. Raychaudhuri,
Senior Scientist and Dr. S. Raychaudhuri, Senior
Scientist visited CEBAC-CSIC, Murcia, Spain and
Wageningen University, The Netherlands during 27th
February to 7th March, 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 guidelines (REOPTIMA)”
sponsored by DST, Government of India.
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QRT/ RAC/ IRC/ IMC Meetings

QUINQUINNIALREVIEW TEAM (QRT) MEETING

The first meeting of 4" QRT meeting of Directorate of
Water Management (DWM), Bhubaneswar was held
during 3" - 4" July, 2012 at Krishi Anusandhan
Bhawan-II, Pusa, New Delhi under the Chairmanship
of Dr G.B. Singh, former Deputy Director General
(NRM), ICAR. The meeting was attended by Dr. G.B.
Singh, Chairman, QRT, Prof. Jaswant Singh, Member,
Prof. S. Raman, Member, Dr. K. Palanisami, Member,
QRT, Dr. A. K. Singh, DDG (NRM), ICAR, Dr. J.C.
Dagar, ADG (soil & water), ICAR, Dr Ashwani
Kumar, Director, DWM, Dr. Gouranga Kar, Member
Secretary, QRT. In his remark Dr. G.B Singh,
Chairman highlighted the some of the water
management issues of the country like problems in
equity, distribution and efficiency of canal irrigated
system, declined performance of tank irrigation
system and ground water development prospects
and potentials in different parts of the country. The
second meeting of 4" QRT meeting of Directorate of
Water Management (DWM), Bhubaneswar was held
during 7" -11" September, 2012 at the head quarter of
Directorate of Water Management, Bhubaneswar.
The meeting was started with the field visit to Rubber
dam site of the DWM on 7" September, 2012. The third
meeting of the QRT was held during 3-5 September
2012 at Water Technology Centre, Coimbatore where
progress of last five years (April 2007-March 2012) of 4
centres of AICRP on WM (Belvatgi, Bhavanisagar,
Chalakudi, Madurai) and one centre under AICRP on
Ground water utilization (Coimbatore) was
reviewed. The fourth meeting of was held during 20-
21 September, 2012 at CSK HPKYV, Palampur. Fifth
QRT meeting was held from 23" - 25" September,
2012 in the Department of Soil and Water
Engineering. Punjab Agricultural University,
Ludhiana. In the meeting progress of work of 6
AICRP on Water Management centres and 4 AICRP
centres on Groundwater Utilization from Northern
India was reviewed. Sixth meeting of the QRT was
held at Navsari Agricultural University, Gujarat
during 10-12 October 2012. Finally last meeting of the
4" QRT was held at DWM head quarter, Bhubaneswar
where draft report was prepared and the team also
interacted with IMC for appraisal of major
recommendations. Dr. Gouranga Kar, Principal

Scientist and Member Secretary organized all the
meetings and stakeholders’ discussion at different
institutes.

g v

RESEARCH ADVISORY COMMITTEE (RAC)
MEETING

The first meeting of sixth Research Advisory Committee
of Directorate of Water Management was organized on
11 and 12th February 2013 at DWM Bhubaneswar
under chairmanship of Dr. S.R. Singh, former Vice
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Chancellor, RAU, PUSA and Project Director, DWMR,
Patna, 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. B. Mohan Kumar,
ADG (AG&AF), ICAR, New Delhi, Dr.S.D. Sharma, Ex-
Dean (Agric. Engg.) OUAT, Bhubaneswar, Er. A.S. Goel,
Superintendent Engineer Hydrological Observation
Circle, CWC, Bhubaneswar, and Dr. Ashwani Kumar,
Director, DWM, Bhubaneswar along with the scientists
of Directorate of Water Management, Bhubaneswar.
The Chairman and other RAC members in their opening
remark outlined guiding principles of water
management which was emphasized even in ancient
Indian literatures. At the beginning of the meeting,
Director presented the progress and achievements of
the institute during 2011-12 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
scientists for the achievements of DWM and AICRP on
WM as well as AICRP on GWU projects during the period
underreport.

INSTITUTE RESEARCH COUNCIL (IRC) MEETINGS

During the year 2012-13, Institute Research Council
(IRC) meetings were organized on 27" - 28" December
2012 and 23" March 2013, respectively. The results of
the on-going research projects were presented in the
meeting and new research project proposals were
discussed. The meeting was organized and coordinated
by Dr. Atmaram Mishra, Principal Scientist and Member
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Secretary, IRC and chaired by Dr. Ashwani Kumar,
Director, DWM, Bhubaneswar. All the scientists of the
Institute participated in the meeting. During 2012-13,9
projects were completed. Besides 11 ongoing projects,
another 5 new projects were approved.

INSTITUTE MANAGEMENT COMMITTEE
MEETING

During the year 2012-13, Institute Management
Committee (IMC) meeting was held on 14th December
2012 at DWM Bhubaneswar under the chairmanship of
Dr. Ashwani Kumar, Director, DWM, Bhubaneswar. Dr.
P.K. Mishra, Director, Central Soil and Water
Conservation Research and Training Institute,
Dehradun, Dr. K.N. Tiwari, Professor, Department of
Agricultural Engineering, Indian Institute of
Technology, Kharagpur, Dr. R.C. Srivastava, Pr. Scientist,
DWM, Bhubaneswar, Dr. A. Mishra, Pr. Scientist, DWM,
Bhubaneswar, Sh. S.R. Khuntia, Chief Finance and
Accounts Officer, CRRI, Cuttack and Sh. S.K. Mathur,
Administrative Officer and Member Secretary, DWM,
Bhubaneswar were present in the IMC meeting. The
proceeding of last IMC was reviewed. Presentations
were made on research activities and financial position
followed by discussion. IMC was apprised of details of
DPC/selection committees and equipments purchased.
Purchase of new equipments was also discussed. The
construction works done during 2010-11 and 2011-12
was also discussed in the meeting. Consultancy services
provided by DWM were also appraised to the IMC
members.
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List of Completed / Ongoing / New In-House Projects

A. LIST OF IN-HOUSE RESEARCH PROJECTS COMPLETED DURING 2012-13

SL Project Code Project Title
No.

1. WTCER/07/129 Economic perspectives of ground water extraction
mechanism (GSMs) and irrigation markets in
Mahanadibasin

2. WTCER/08/131 Improving the land use in rainfed medium and upland
using CAM plants

3. WTCER/08/132 Enhancing water productivity through integrated
system ofrice intensification

4. WTCER/08/135 Suitability of the available poor quality water resources
for agricultural use under different agro climatic region

5. DWM/09/137 Characterization and Utilization of Sewage Water of
Urban/ Peri-Urban areas for Agricultural Purposes

6. DWM/09/139 Growth and production physiology of cat tail (Typha sp.)
under waterlogged condition

7. DWM/09/141 Enhancing water use efficiency in selected vegetable
crops by improving soils through vermin-compostand
mulches application

8. DWM/09/142 Crop managementinterventions and contingency crop

planning for post flood managementin Orissa

9. DWM/11/149 Ground water developmentand energy use dynamics
forirrigationin Orissa

B. LIST OF IN-HOUSE ONGOING RESEARCH PROJECTS DURING 2012-13

SL Project Code ProjectTitle

No.

1. DWM/09/138 Micro-catchment water harvesting in the rainfed ecosystem
ofhumid region

2. DWM/09/140 Assessmentand development of water resources for

diversified agriculture in waterlogged high rainfall area

3. DWM/09/143 Development of water and energy efficient integrated
farming system model for the rainfed farmers

4. DWM/10/145 Sustainability of water Users associations (WAUs) and
effect of participatoryirrigation management (PIM) on
agriculture and system performance

5. DWM/10/146 Ground water modeling to determine the safe yield of
coastal aquifer
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PIName

Dr.M.K. Sinha

Dr.O.P.Verma

Dr. A.K. Thakur

Dr. M. Raychaudhuri

Dr. S. Raychaudhuri

Dr. S. Roy Chowdhury

Dr. Rajbir Singh

Dr.P.S.B.Anand

Dr.S. K. Srivastava

PI Name

Dr. A. Mishra

Dr.R.K.Panda

Dr.S.K. Rautaray

Dr.S.Ghosh

Mrs. R.R. Sethi



10.

11.

12.

13.

14.

Project Code

DWM/10/147

DWM/10/148

DWM/11/150

DWM/11/151

DWM/11/152

DWM/12/153

DWM/12/154

DWM/12/155

DWM/12/156

ProjectTitle

Conservation agriculture practices in maize based cropping
system with special emphasis on nutrientand water
availability for the rainfed sub-humid agro-ecosystem

Assessmentof waterlogging and land use systemin
different coastal district of Orissa using remote sensing
and GIS

Ground water recharge guidelines for agro-ecological
Region No. 8 with hard rock geology

Performance evaluation of drip irrigated mango
(Mangifera indica L.) under deficitirrigation

Impact of wastewater effluents on soil productivity
constituents and its prospectof utilization in farming

Effect of dry spell occurrence on reduction in paddy yield
and optimum design of rain water harvesting structure for
its mitigation

Extreme climatic effects on major cropping systems
of Orissa

Water budgeting in high-value shrimp monoculture and
carp poly culture under varying intensification levels

Enhancing water productivity through integrated
system of rice intensification

PI Name

Dr. H. Chakraborty/
Dr. PK.Panda

Dr. Ashok K. Nayak

Dr. M.].Kaledhonkar

Dr.Deepa Samant

Dr. M. Das

Dr.S.Mohanty

Dr.D.K.Panda

Dr. R.K. Mohanty

Dr. A.K. Thakur

C. LIST OF IN-HOUSE NEW RESEARCH PROJECTS UNDERTAKEN DURING 2012-13

SIL.
No.

1.

Project Code

Development of run-offrecycling model for production and profit
enhancement through alternate land and crop management practices

Evaluating deficitirrigation under drip system for rice based cropping
sequence in canal command area

Identification of suitable crops for waste waterirrigation

Development of agricultural water management portal

Design and development of small filters for reducing undesirable substances
in poor quality water at farmers level for safe irrigation in peri urban areas.
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PI Name

Dr.P.K.Panda

Dr. P. Panigrahi

Dr. S.Raychaudhuri
Dr. Ashok K. Nayak

Dr. M. Raychaudhuri



Participants

Dr.D.K. Panda

Dr. A. Mishra
Dr.S.K.Rautaray
Dr. G.Kar

Dr. S.Mohanty
Dr.PK.Panda

Er Ranu Rani Sethi
Dr.S.K. Srivastava

Dr. A.Mishra

Dr.K.G. Mandal

DrS. Raychaudhuri

All Scientists of DWM

All Scientists of DWM

All Scientists of DWM

Dr. A.Mishra

Dr. S.Roy Chowdhury
Dr.R.K.Panda

Dr. S.K.Rautaray
Dr.K.G. Mandal

Dr.S. Mohanty
Dr.S.Ghosh

Dr. S.K Srivastava

Dr. A.Mishra

Dr. S.K.Rautaray
Dr. A.K. Thakur

Dr.D.K.Panda

Human Resource Development

Name of the Seminar / Conference /
Workshop

International conference on
“Cryosphere and Climate Change”
organized by the Snow and Avalanches
Study Establishment (SASE).

Conference on Livelihood and
Environment Security through
resource conservation in Eastern
region of India (LESRC2012)

Management Development
Programme of Leadership
Development-a pre RMP programme

Annual International Event, “India
Water Week 2012- Water, Energy and
Food Security: Call for Solutions” at
New Delhi.

17th Annual convention and
Symposium ‘Applications of Clay
Science : Agriculture, Environmentand
Industry’

‘Agri-Business Camp for Zonal
Technology Management- Business
Planning and Development’ at DWM,
Bhubaneswar

Brain Storming Session on “Water
Policy- Issues and Strategies for
Future” on 25th Foundation Day
Celebration (Silver Jubilee), DWM,
Bhubaneswar

Lecture through Video Conferencing
on XII Plan Programmes, delivered by
Dr.S. Ayyappan, Secretary, DARE& DG, ICAR

Global Conference on “Horticulture for
Food, Nutrition and Livelihood
Options” at OUAT, Bhubaneswar,
Odisha

Review meeting of Vigilance Officers
with ChiefVigilance Officer of ICAR
&Director DARE at ICAR-RCER, Patna

Consultative Meeting on Research
Issuesin SRI

Workshop on “NAIP Project
Evaluation”

Organized by

Snow and Avalanche Study
Establishment, Manali

Indian Association of Soil
and Water Conservation,
Dehradun & OUAT,
Bhubaneswar

National Academy of
Agricultural Research
Management, Hyderabad

Ministry of Water
Resources, Govt. of India

Clay Mineral Society of
India, New Delhi and NBSS
& LUP, Kolkata

ZTM-BPD Unit, NIRJAFT,
Kolkata & Agri-Business
Incubation (ABI)

Programme, ICRISAT, Hyderabad

DWM, Bhubaneswar

DWM, Bhubaneswar

ASM Foundation, New
Delhiand OUAT,
Bhubaneswar

ICAR Vigilance Cell

Livolink Foundation at
Hotel Suryansh, Bhubaneswar

IASRI,
New Delhi
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Date of events

2-4 April, 2012

5-7 April, 2012

9-20 April,
2012

10-14 April,
2012

27 -28 April,
2012

2May, 2012

12 May, 2012

19 May, 2012

28-31 May,
2012

4]June, 2012

16-17 June,
2012

25]June, 2012



Dr.P.S. Brahmanand
All Scientists of DWM

Dr.M.K. Sinha

All Scientists of DWM

Dr. K.G.Mandal
Dr.S. Ghosh

Dr. Ashwani Kumar
Dr.R.C. Srivastava
Dr. A. Mishra

Dr.M Das

Dr.S. Roy Chowdhury
Dr.R.K.Panda

Dr. S.K. Rautaray
Dr.R.K. Mohanty
Dr. S. Mohanty
Dr.S. Ghosh

Dr. A.K. Nayak

Dr. P. Panigrahi

Dr. S.K Srivastava

Dr.A.Mishra
Dr.K.G.Mandal
Dr.M. Raychaudhuri
DrS. Raychaudhuri

Dr. Ashwani Kumar
Dr. M. Das

Dr. M. Raychaudhuri
Dr.S.Raychaudhuri
Dr. A.K. Thakur
Er.Ranu Rani Sethi
Dr.S.Ghosh

Dr. Ashok K. Nayak
Dr.S.K. Srivastava

Dr.R.C.Srivastava
Dr.S.K. Srivastava

Dr. A.Mishra
Dr.S.K.]Jena

Dr.S.Raychaudhuri

NAIP Cost Committee Meeting

Policy Dialogue on “Priorities and
possibilities of investment for
accelerating agricultural growth and
reducing poverty in Odisha” at Hotel
Suryansh, Bhubaneswar

Training on ‘Field Survey, Electronic
Compilation and Analysis of Data

International Inception Workshop
under New Indigo on “Reuse options
for marginal quality water in urban
and peri-urbanagriculture and allied
services in the gambit of WHO
guidelines” at DWM, Bhubaneswar

Golden Jubilee National Seminar on
‘Advancesin agricultural research
towards food security and
environmental sustenance’

Meeting on Water Platform

34" Annual Convention of the
Bhubaneswar Chapter of Indian
Society of Soil Science (ISSS),at DWM,
Bhubaneswar

International Workshop on
Understanding water-energy-GHG
nexus for future water and food
security

30" Skoch Summit - reforms 2.0

13" CIC meeting of NAIP C-4 project

on “Design and development of Rubber

dams for watershed”

Meeting on Biological Soil Health
assessment
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NAIP, ICAR, New Delhi

DWM, Bhubaneswar &
NCAP, New Delhi

National Centre for
Agricultural Economics

and policy Research, New Delhi

DST, Govt. of India &
DWM, Bhubaneswar

Institute of Agriculture,
Visva-Bharati, Sriniketan,
West Bengal

DWM, Bhubaneswar

DWM, Bhubaneswar &
ISSS, Bhubaneswar
Chapter

Indian Society of Water
Managementand The
University of Melbourne,
Australia, at NASC
complex, New Delhi

Skoch Summit, New Delhi

DWM, Bhubaneswar

NCOF, Ghaziabad
organized by Ministry of
Agriculture, New Delhi

12 June 2012
6]July, 2012

21-28]uly, 2012

29 Augustto 1
September; 2012

01-03
September,
2012

9-10 September,
2012

18 September,
2012

27-28
September,
2012

18-19
September,
2012

6 October,
2012

9 October,
2012



Dr. P. Panigrahi
Dr.A.Mishra

Dr. S. Roy Chowdhury

Dr. Ashok K. Nayak

Dr.M.K. Sinha

All Scientists of DWM

Dr.K.G.Mandal
Dr. S.K. Rautaray
Dr. P. Panigrahi

Dr. S. Ghosh

Dr. M.K. Sinha

Dr. A.K. Thakur

Dr. M.J. Kaledhonkar
Er. Ranu Rani Sethi
Dr.D.K.Panda

Dr. Ashok K. Nayak
Dr. S.K. Srivastava

Dr. G. Kar
Dr. M.K. Sinha
Dr. K. G. Mandal

Dr. M.K. Sinha

Dr. G. Kar

National Conference on Science for
shaping the future of India

Meeting of Project Coordinatorsand
CRP Principal Investigators

State level workshop on Climate
changeriskreduction through
integrated water management :special
focus on floods and waterlogging

National Seminar on Mountain
Fisheries: Challenges and
Opportunities for Livelihood Security

3rd annual review meeting on panel
dataand leaning repositories for rural
transformation in village and
household economies in South Asia

Video Conferencing, Public Lecture on
Indian Agriculture: Feeding Crores
Forever at DWM, Bhubaneswar

Third International Agronomy
Congress on “Agricultural
Diversification, Climate Change
Management and Livelihoods”, at IAR]I,
New Delhi

National Workshop on Recent trends
on impact assessment and best
practices

Schedule hormonaistion workshop

National Seminar of Plant Physiology

Fifth International Groundwater
Conference (IGWC, 2012)

100th Indian Science Congress

Brain storming workshop on “Rural
Labour Markets and Agriculture”
followed by a Policy Dialogue

National Symposium on climate
change and Indian agriculture :
Slicing down the uncertainties

Utkal University,
Bhubaneswar

NBPGR, New Delhi

AusAid-UNDP, New Delhi
atPuri, Odisha

Directorate of Coldwater
Fisheries Research, Bhimtal,
Nainital, Uttarakhand

International Crop
Research Institute for
Semi Arid Tropics
(ICRISAT), Hyderabad

INSA, New Delhi

Indian Soc. Of Agronomy
in collaboration with ICAR,
IARI and NAAS

CIFA, Bhubaneswar

International Crop
Research Institute for
Semi Arid Tropics
(ICRISAT), Patancheru,
Hyderabad

ANGRAU, Hyderabad and
Indian Society of Plant
Physiology, New Delhi

Maulana Azad college of
Arts, Science and
Commerce, Aurangabad
and Association of
Geologists and Hydro-
geologists (GEOFORUM)

Maharashtra, at Aurangabaad

The Indian Science
Congress Association
(ISCA) & the University
of Calcutta, Kolkata

International Crop Research

Institute for Semi Arid Tropics

(ICRISAT), Patancheru,
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18-19 October;
2012

5-6 November,
2012

5-6 November,
2012

5-6 November,
2012

7-8 November,
2012

19 November,
2012

26-30
November,
2012

12-13
December,
2012

12-14

December,
2012

12-14
December,
2012

18-21
December,
2012

3 - 7 January,
2013

17 - 18 January
2013

Hyderabad and Centre for Economic

and Social Studies, Hyderabad.

CRIDA,
Hyderabad

22-23

January, 2013
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Dr. A. Mishra

Dr. S.K. Jena

Dr. K.G. Mandal

Dr. M. Raychaudhuri

Dr. Ashwani Kumar
Dr. A. Mishra

Dr. S. Mohanty

Dr. P. Panigrahi

Dr. G. Kar

Dr. P. Nanda

Dr. RK. Panda

Dr. S.K. Rautaray

Dr. M. Raychaudhuri
Dr. S. Raychaudhuri
Dr. M.K. Sinha

Dr. S. Mohanty

Dr. P. K. Panda

Dr. Ashok K. Nayak
Dr. P. Panigrahi

Dr. Ashwani Kumar
Dr. S.K. Jena

Dr. Ashwani Kumar
Dr. S.K. Rautray

Dr. M. Raychaudhuri
Dr S.Raychaudhuri

Dr. Madhumita Das
Dr. K.G. Mandal
Dr.P.K.Panda

Dr. Ashwani Kumar
Dr. S.K. Rautaray

Dr. M. Raychaudhuri
Dr. S. Raychaudhuri

Dr. R.C. Srivastava
Dr. M.Das
Er. Ranu Rani Sethi

Dr. S.K. Jena

Review Meeting of 12th
Implementation Support Mission

of the World Bank for NAIP Projects at
DWM, Bhubaneswar

47th Annual Convention of ISAE and
International Symposium on Bio
energy-Challenges and Opportunities

XI" Agricultural Science Congress

Data analysis for Water Management
using SAS

NAIP-IFPRI brain storming workshop
on “ Methodology to assess impact of
capacity building under NAIP”

Meeting with the President and
officials of Hydrographic
Confederation of Segura (CHS),
Murcia, Spain

ARRW Golden Jubilee International
Symposium on “Sustainable rice
production and livelihood security:
challenges & opportunities” at CRRI,
Cuttack, Odisha

Workshop under REOPTIMA.

Workshop on Groundwater Security
and Sustainability in Odisha-Vision
2025

NAIP C-4 Annual review meeting
and workshop
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DWM Bhubaneswar &
PIU-NAIP, KAB-II,
New Delhi

DRR, Hyderabad

NAAS, New Delhi and
OUAT,
Bhubaneswar

NAIP Consortium
“Strengthening Statistical
Computing for NARS” at
DWM Bhubaneswar

NAIP, ICAR, New Delhi

CEBAS - CSIC, Murcia,
Spain

The ARRWin
collaboration with ICAR,
CRRI, IRRI & NAAS

Dutch Project Partners of
REOPTIMA at Wageningen
University, The
Netherlands

Central Groundwater
Board and Central
Groundwater Authority,
South Eastern Region,
Bhubaneswar, Odisha

NAIP, ICAR, New Delhi

23-24 January,
2013

28-30 January,
2013

7-9 February,
2013

18-23 February,
2013

21-02-2013

1 March, 2013

02-05 March,
2013

4 March, 2013

20 March, 2013

25-26 March
2013
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List of Sponsored / Collaborative / Consultancy Projects

Title Budget Duration P.I./CCPI
(Rs.

inlakh)
Design and development of 81.47 2008-2014 Dr.S.K.Jena
rubber dams for watersheds
Sustainable Rural Livelihood 29.09  April2008 Dr. S. Mohanty
and Food Security to Rainfed toDecember
Farmers of Orissa 2013
Strengthening statistical 57.30  April2009- Dr.D.K. Panda
computing for NARS March 2014

Georeferenced soilinformationsystemfor ~ 35.16 ~ April2009- Dr. M. Raychaudhuri
land use planning and monitoring soil March 2013
and land quality for agriculture

Farmers’ Participatory Action Research 48.3 December DrG.Kar
Programme (2nd Phase) 2010-2012

Improving water productivity undercanal  45.49 2010-2013 Dr. K.G. Mandal
irrigation command through conservation

and recycling of runoff, seepage, rainwater

and groundwater using tanks and wells

Decision Support System for Assessing 27.10 March2010- Dr.AshwaniKumar
Impactof Low Quality Water Used in Dec.2013

Irrigated Agriculture on

Food Production

Tracking Change in Rural Povertyin 30.00 April2010 Dr. M.K. Sinha
Household and Village Economies in South Asia toMarch 2014

National Initiative for Climate 600 2011-2017 Dr.G.Kar
Resilient Agriculture

Development of Decision Support System 11.70 January 2012 Dr.R.K.Panda
(DSS) forirrigation water management to December

in Hirakud Canal Command area 2015

Reuse options for marginal quality water 19.78 2012-2014  Dr.Ashwani Kumar
inurbanand peri-urban agriculture and

allied services in the gambit

of WHO guidelines

Improving the capacity of Indian Statelevel ~ Aus$ 2012-2014  Dr.AshwaniKumar
water authorities on systemicand 499490
adaptive governance to climate change

Decision Support System for 5690 June2012- Dr. M.J.
Enhancing Water Productivity May 2016 Kaledhonkar
of Irrigated Rice-Wheat

Cropping System

Impactof climate variability and 30.00 Nowv.2012- Dr.D.K.Panda
anthropogenicfactoron Oct.2015

groundwater resources of India

Appropriating the use of Sakthi 2.00 24 months Dr. M. Das
Sugars Limited - distillery effluentin
different cropping practices

Sponsored by

NAIP,ICAR, New Delhi

NAIP,ICAR, New Delhi

NAIP, ICAR, New Delhi

NAIP, ICAR, New Delhi

Ministry of Water Resources,
GOI, New Delhi

Ministry of Water Resources,
GOI, New Delhi

DST, GOl under
Indo-Bulgarian Inter-
Governmental Programme
of Cooperation in
Science and Technology

Billand Melinda
Gates Foundations(USA)

ICAR, New Delhi

ISRO, NRSA, Hyderabad

DST, GOl under New Indigo

Australia Centre of
International Agricultural
Research (Aus-Aid Project)

National Fund for Basic,
Strategic & Frontier
Application Researchin
Agriculture” ICAR, New Delhi

ICAR-Challenge project

Sakthi Sugars Limited
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Events Organized

Brain Storming Session on ‘Water Policy —Issues
& strategies for Future’

A brain storming session on ‘Water Policy - issues &
strategies for future’ was organized on 12" May 2012 at
the XXV Foundation Day of the Institute. Dr. A.K. Singh,
DDG (NRM), ICAR, New Delhi was the Chief Guest. Dr. I.
C. Mahapatra, Ex-VC of BAU, Ranchi and OUAT,
Bhubaneswar, Dr. K. Pradhan, Ex-VC, OUAT,
Bhubaneswar, Engineer in Chief, Department of Water
Resources, Government of Odisha, Director
(Horticulture), Government of Odisha, Director, WALMI,
Cuttack, Odisha were the other dignitaries on this
occasion. The Heads, In-Charge of local ICAR Institutes
were also present. Dr. Ashwani Kumar, Director
presented an overview of 25 years’ achievements
during the event. Farmers from various districts were
also participated and expressed their concerns on the
issues.

DWM Progressive Farmer’s Honour

Farmer’s initiative to adopt improved water
management practices and enhancing farm income was
appreciated by giving ‘DWM Progressive Farmer’s
Honour’ for 2012 to ten farmers of six districts viz.
Khordha, Jagatsinghpur, Nayagarh, Dhenkanal,
Kendrapara and Puri of Odisha on 12 May 2012. Dr. M.
Das, Program Leader, OFTD coordinated this event.

Agri-Business Camp

An Agri-Business Camp was organized at the Institute,
in which ITMU [/Cs of ICAR institutions of Eastern
Region along with the prospective entrepreneurs
participated on 2 May, 2012. Dr. R. K. Panda organized
this event.
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International Inception Workshop under
REOPTIMA

International Inception Workshop under the project
“Reuse options for marginal quality water in urban and
peri-urban agriculture and allied services” (REOPTIMA)
was held at this Institute during 29" August to 1*
September, 2012 (extended to 2™ September, 2012).
The other project partners from Wageningen
University, The Netherlands, CEBAS-CSIS, Murcia, Spain
and NIOH, ICMR, Ahmedabad alongwith eminent
experts from IWMI, WTC, TNAU, Universities, Research
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Organisations and representative from line
departments discussed and deliberated on various
issues on wastewater management and applications to
prepare a roadmap for activities under the project. The
project team at DWM comprising of Dr. Ashwani Kumar,
Dr. S. Raychaudhuri, Dr.(Mrs) Mausumi Raychaudhuri
and Dr. Sachin Rautaray organised the workshop.

Stakeholders Meeting on Wastewater
Management

A stakeholder meeting was organized with the waste
water managers, policy makers and technical experts
from Government Departments, DWM Scientists and
experts from Spain and Netherlands during the
‘International Inception Workshop under New Indigo’
The theme of the meeting was ‘Wastewater
management including applications’ Representatives
from Water Resource Department, Central Water
Commission, Directorate of Research for Women in
Agriculture, State Pollution Control Board, State
Agriculture/Horticultural Directorate, Central Rice
Research Institute, Cuttack. 38 experts participated in
the meeting.

Another meeting was organized for consultation with
scientific community. Experts from IWMI, Hyderabad,
experts from Spain and Netherlands, National Institute
of Occupational Health, Ahmedabad, Water Technology
Centre TNAU, Coimbatore, Orissa University of
Agriculture and Technology, Kalinga Institute Industrial
Technology, Utkal University and other organization
along with scientists from Directorate of Water
Management, Bhubaneswar city, Odisha interacted
during the meeting on the theme ‘Wastewater
management including applications’ 38 experts
participated in the meeting.

Exposure/Field Visit of European Scientists

Exposure/Field visit of a group of European Scientists
from The Netherlands and Spain and Indian Scientists
from Ahmedabad, Hyderabad, Tamil Nadu was
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organised to Wastewater Treatment Plants in
Bhubaneswar and Cuttack and farmers field at
Joypurpatna on 28" August to 2™ September, 2013. The
visiting scientists interacted with the farmers, visited
Bhubaneswar sewage fed Gangua canal and farmers’
participatory experimental fields of Directorate of
Water Management.

Exposure/Field Visit of Bulgarian Scientists

Exposure/Field visit of a group of Bulgarian Scientists
from University of Sofia, Bulgaria was oragnised to
AICRP GWU Centre at MPUAT, Udaipur, Rajasthan to
visit the experimental sites and to interact with the
researchers and farmers using low quality water for
irrigation under arid condition.

Meeting on Consortia Research Platform on
Water

A two days meeting on Consortia Research Platform on
Water was organized at DWM Bhubaneswar during 9th-
10th September 2012 under the Chairmanship of Dr.
Ashwani Kumar, Director DWM. Six experts namely, Dr.
AK.Sikka, the then Technical expert of NRAA, New
Delhi; Dr. S.R.Singh, Former VC of RAU, Pusa; Dr
H.S.Chauhan, Former Dean, College of Agricultural
Engineering, Pantnagar Agricultural University; Dr.
N.Sarangi, Former Director, CIFA, Bhubaneswar; Dr. PX.
Mahapatra, Former Dean, College of Agriculture, OUAT,

DWM ANNUAL REPORT 2012-13



Mgl

v
1 ¥

sealk

Bhubaneswar; and Dr. ].M.L. Gulati, Dean, College of
Agriculture, OUAT, Bhubaneswar deliberated in this
meeting on various researchable issues which needs to
be addressed under different themes. Dr. Atmaram
Mishra, Principal Scientist of DWM coordinated the
meeting.

34" Annual Convention of the Bhubaneswar
Chapter of ISSS

34" Annual Convention of the Bhubaneswar Chapter of
Indian Society of Soil Science (ISSS) was organised at
DWM, Bhubaneswar on 18 September, 2012.

International Workshop on Adaptive
Governance

An International workshop on “Improving the capacity
of Indian State level water authorities on systemic and
adaptive governance to climate change” during 5-7"
February 2013 at Hotel SURYANSH, Chandrasekharpur,
Bhubaneswar, Odisha was organized by Indian Society
of Water Management (Odisha chapter) in
collaboration with University of Melbourne, Australia
sponsored by Aus Aid project. Delegates from different
department of Water Resources, Govt of Odisha and
Rajasthan, OUAT, DWM and University of Melbourne
participated.

Seminar cum Monthly Meet

To maintain high level of research standards,
interpersonal interactions among scientists was a
priority for DWM where scientists of other
research/academic organizations were also invited.
Total 14 number of Seminars and Monthly Meetings
were organized during April 2012 to February 2013.
During the seminars 9 external eminent experts
including three scientists from European countries,
former VCs, 14 lectures from Scientists in DWM, and 9
students from different Universities delivered
presentation/lectures on various prioritized research
issues, exposures and research achievements . One
more will be organized in March 2013.
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Training Programmes on Watershed
Development

® A 5-day long training programme on ‘Land and
water management for sustainable watershed
development’ was organized at DWM, Bhubaneswar
from 15th -19th May, 2012, sponsored by Odisha
Watershed Development Mission, Govt. of Odisha,
Bhubaneswar. Twenty five engineers/officers
participated in that training programme. Different
aspects of watershed management for increased
productivity were discussed in that training. Dr.
Gouranga Kar, Principal Scientist and Dr. P.S.B.
Anand, were the Course Coordinators for that
training programme.

® A Six days long training programme was organized
on ‘Water Use Management under IWMP' at
Bhubaneswar from 18" - 22" December, 2012
sponsored by National Rainfed Area Authority,
Planning Commission, Govt. of India. Twenty six
engineers/officers from 12 states participated in
that training programme. Different aspects of
irrigation management for increased productivity
and prevention of waterlogging were discussed in
that training. Dr. A.K. Sikka, Technical Expert,
Watershed, National Rainfed Area Authority,
Planning Commission, Govt. of India and presently
Deputy Director General (NRM), ICAR, New Delhi
was the Chief Guestin the valedictory programme of




the training. Dr. Gouranga Kar, Principal Scientist
and Dr. PS.B. Anand, Senior Scientist were the
Course Coordinators for the training programme.

Farmers Training Programmes Organised

Four one-day farmers training programmes on
‘Rainwater management for sustainable agriculture
and rural livelihoods’ were conducted at Mahadia,
Dhenkanal on 16.2.2013, at Pasa Singh, Dhenkanal
on 17.2.2013, at Kotapala, Dhenkanal on 2.3.2013
and at Khamara, Dhenkanal on 3.3.2013 in which a
total of 127 farmers including 51 women farmers
were trained. Dr. S. Mohanty organized this
programme.

One day farmers’ training programme - cum
Researcher-Farmer Interface Meeting on
Waterlogged Area Management was organized at
Kuapada, Baleswar District, Odisha on 16th March
2013 inwhich 61 farmers from the area participated
in the training programme. Dr. S. Roy Chowdhury, Dr.
S. Ghosh, Dr. PS.B. Anand, Dr. R.K. Mohanty and Dr.
AK.Nayak organized this programme.

Training of Students

A M. Tech student from NIT, Warangal, Andhra Pradesh
was trained to for a period of 21 May to 30 June 2012 on
wastewater managementin this Institute.

Summer training was imparted to B. Tech student
from1-30]June 2012 on water management.

44 B. Tech students from Sikkim were exposed to
various achievements of DWM as a part of their
study touron Dec.22,2012.

Exhibition Organised

Exhibition of Institute’s significant accomplishments
was made in the WATER EXPO 2012 at Pragati
Maidan, New Delhi, organized by the Ministry of
Water Resources during an Annual International
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Event i.e.,, INDIA WATER WEEK- Water, Energy
and Food Security: Call for Solutions 10-14 April
2012.

Exhibited DWM accomplishments on the occasion of
foundation day celebration of CRRI on 23 April
2012.

Exhibited DWM'’s achievements in the XI
Agricultural Science Congress held from 7 - 9
February 2013 at OUAT Bhubaneswar

Exhibited DWM'’s achievements in the state level
agricultural fair held from 19 - 22 March 2013 at
Janta Maidan, Bhubaneswar
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Weather

Meteorology data 2012-13

The daily rainfall and USDA open pan evaporation data
recorded at DWM Central Research Farm, Deras,
Khordha were collected and analyzed. The total
monthly rainfall and mean monthly evaporation data
are presented in figure. The total of rainfall occurred
was 1503mm during 2012-13 and August month was
found wettest with the highest rainfall of 498.5mm. The
monthly average pan evaporation data varied from 2.63
mm in January to 5.98 mm in the month of June.
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Promotion / Transfer / Retirement

Dr S.K. Rautaray Dr. M.]. Kaledhonkar, Dr. S.K. Jena
and Dr. R.K. Mohanty were promoted to Principal
Scientist under CAS with effect from 01.01.2009,
21.01.2009,20.2.2010,and 20.1.2012 respectively

Dr. PS. Brahmanand was redesignated as Senior
Scientist with pay band Rs.37,400-67,000/- and
RGP of Rs.9000/- with effect from 19.12.2011.

Dr. S. Ghosh, Dr. D. K. Panda, and Dr. H. Chakroborty
was promoted from RGP Rs. 7000 to Rs. 8000 and re-
designated as Senior Scientist with effect from
10.07.2009, 24.10.2009 and 31.07.2011
respectively.

Dr. A.K.Nayak was promoted from RGP Rs. 7000 to
Rs. 8000 w.e.f 27.12.2010 and re-designated as
Senior Scientist with effectfrom 01.04.2011.
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Er. R.R. Sethi was promoted from RGP Rs. 7000 to Rs.
8000 with effectfrom 07.10.2009.

Smt. Sunanda Naik was promoted to T (7-8) w.e.f.
18.07.2011.

Dr. P. K. Panda, Senior Scientist (Agronomy) was
transferred from CSWCR&TI Research Centre, Agra
to Directorate of Water Management, Bhubaneswar
on 16thJuly,2012.

Dr. Deepa Samant, Scientist was transferred to CHES,
Bhubaneswaron14.5.2012.

Shri B.S. Parswal, T-6 (Technical Officer-Hindi) was
transferred to Krishi Bhavan, ICAR, New Delhi on
03.12.2012.

Dr. S.K. Srivastava, Scientist was transferred to NCAP,
New Delhion21.01.2013.



Principal Scientist

Dr. R.C. Srivastava
Dr. Atmaram Mishra
Dr. M. Das

Dr. S. Roy Chowdhury
Dr. P. Nanda

Dr. R.K. Panda

Dr. S.K. Rautaray

Dr. M.J. Kaledhonkar
Dr. G. Kar

Dr. S.K. Jena

Dr. R.K. Mohanty

Senior Scientist

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

Dr. M. K. Sinha

Dr. K.G. Mandal

Dr. PK. Panda

Dr. A.K. Thakur

Dr. PS. Brahmanand
Dr. S. Ghosh

Dr. D.K. Panda

Dr. A.K. Nayak

Dr. H. Chakraborty*

Scientist (SS)

Er. Ranu Rani Sethi
Dr. P. Panigrahi

Dr. O.P. Verma

Scientist

Dr. Deepa Samant”
Dr. S.K. Srivastava®

a- Transferred; b- Lien; c-Passed away

Personnel

Director
Dr. Ashwani Kumar

Technical (T-9)

Dr. M.S. Behera
Er. D.U. Patil

Technical (T-7-8)
Mrs. Sunanda Naik
Technical (T-6)
Mr. B.S. Parswal®
Technical (T-5)

Dr. VK. Tripathi’
Mr. Chhote Lal

Technical (T-4)
Mr. R.C. Jena

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

Mr. B.K. Acharya
Technical (T-3)
Mr. S. Lenka

Mr. A.K. Binakar
Mr. P. Barda

Mr. L. Singh Tiyu
Technical (T-1)

Mr. A. Parida
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Administrative Officer

Mr. S.K. Mathur

Finance & Accounts Officer

Mr. S.K. Das

Assistant Administrative Officer
Mr.R.C. Behera

Private Secretary

Mrs. M. Padhi

Personal Assistant
Mr. Trilochan Raut

Assistant

Mr. A. Mallik
Mr. ]. Nayak
Mr. B.P.Sahoo

Upper Division Clerk

Mr. R.K. Dalai
Mr. A.K. Pradhan

Lower Division Clerk

Mr. N.K. Mallick
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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Head of A/c.

Establishment Charges

O0.TA

Pension & Retirement Benefits
TA.

Research & Operational Exp.
Administrative Expenses
Miscellaneous Expenses
H.R.D.

Equipment

Works

Library Books & Journals
Total

AICRP on Water Management
AICRP on GWU

AICRP WM-PC Unit

Head of A/c.

Establishment Charges

TA.

Research & Operational Exp.
Total
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Finance

Non-Plan
Budget Expenditure
2012-13 2012-13
480.00 468.30
0.05 0.05
23.00 21.86
2.70 2.70
7.20 7.20
18.90 18.90
2.15 2.15
534.00 521.16

Sanctioned (Non-Plan)
(2012-13)
32.00
0.40
0.60
33.00

Plan
Budget Expenditure
2012-13 2012-13
8.00 8.00
20.00 20.00
49.00 49.00
1.00 1.00
2.00 2.00
15.25 15.23
49.00 49.00
5.75 5.77
150.00 150.00
1470.00 1470.00
365.00 365.00

Actual Expenditure (Non-Plan)
(2012-13)
32.00
0.40
0.60
33.00
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Website: hitp//www.dwm.res.in
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