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PREFACE

Soil is the most important environment factor that influences the crop nutrition, growth
and production. Despite significant contribution of soil science research in enhancing crop
productivity and quality, our soil resources continue to undergo increasing stresses due to
population pressure, loss of vegetative cover, soil degradation, pollution, climate change
and loss of biodiversity. So, the greatest challenges in future is to develop and implement
real-time soil and crop specific nutrient management technologies to adopt to the changing
production systems and also to monitor the environmental impact of the new agricultural
production technologies on the soil.

In the present report the significant research output of the institute has been presented
under twelve thematic areas involving basic, strategic and applied research of National
and International importance. The physical, chemical and biological processes of soils were
covered under fundamental research which is basic to agriculture. An attempt was made
to fine-tune and integrate modern technologies with traditional knowledge by striking a
judicious balance between organics and inorganics for higher and quality production. Major
thrust was given to the frontier areas of research i.e. Climate Change and Carbon
Sequestration, Nano-technology for enhancing nutrient use efficiency, Organic Farming,
Soil Biodiversity, Bio-fortification of grains with micronutrients and Soil Quality and Human
Health. Keeping in view the importance of farmers' participatory research, on-farm trials
on Broad Bed Furrow (BBF), Balanced Fertilization and Integrated Nutrient Management
and Front-line Demonstrations under AICRPs and ACIAR project are being taken up on
farmers' fields. Further, this report presents a glimse of all the important activities
undertaken by the institute during the reporting period. It is, thus, a great pleasure for me to
bring out the 'Annual Report 2008-09' of the Indian Institute of Soil Science.

I wish to express my sincere appreciation to the Heads of Divisions and Project
Coordinators who have constructively compiled the information for the respective research
programmes. | also extend my gratitude to the scientists and other staff members of the
Institute for their sincere and painstaking efforts in carrying out the research and other
activities of the Institute and for providing requisite material for compilation of this report.

| also take this opportunity to put on record my appreciation to Drs. K.B. Hebbar, K. Sammi
Reddy, A.K. Tripathi, J. Somasundaram and N.R. Panwar for their sincere effort in
compiling and editing the report. | also thank Ms. Kirti Singh Bais for the assistance
provided in typesetting the manuscript.

I am highly grateful to Dr. Mangala Rai, Secretary, DARE & Director General, ICAR and Dr.
A.K. Singh, Deputy Director General (NRM), ICAR, New Delhi for their encouragement and
guidance provided.

Bhopal Ar & "

August 30, 2009 (A. Subba Rao)
DIRECTOR
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TET AT Uik 3T Sera

H. Y. & BIRAEIG Ud AT {576l | Tl
fby T e & TEHEI F TG,
BIhIRE, UICIE, HIad Hled, ULy,
IR I =TI HT fageryor fdhar 13 |
AT 37l & Teiie 3R fSTet @& AT arel
eI §91¢ 7Y | fAf= urves dedl & forg
UIsc deg Ud VRS gRieror (fhfiT) a1
TART &R gY AT (A.9.) et & f@r —
NHNRTE IRl TR IR by 19 | TIe
— &1 SR BT WIRT $Rd gU oNAR &
Yl T HIEUT & 18 Ybiad by T
THAT B ONIETOT gRT AR Bl dAT Pl
QT TAT | F&T YRIET0T §IRT 9T 4Iveh <edl
& IAfdd qRITT A SR JAThiord Jal
TRIETOT A1 W SES) ARIT TS TS | &Il
Tl 7 I A § SdRS TART & forg
T |

TARRUAY, TeREE ¥ Ui HAse
STl Bl BlENTEe Ug A1 el @
SIIRITCH Bl [TAIR®GYT BT H Ugad
foar | o & e & R @ QR
R YASIANRNE. HF P ITOET P TS |
AT 3% FfEYUE YA H ARIDHI
feeiyor fobam 121 | UIve dcd Td TSl
qS. 99 b I FEAT BT [AvTyor
foar 1| 39 <9 @ 9= AdveH®
AEA-IAT UTE TS |

g fo7all delar (o), ITEHcld
(ToRTE), dbR (RTORTE), STl

1. HTHRIT ATIT

(BRamom), FE—FET (USTTE) R gRdATe
(@Te®) 3 UHid Y Y ETe, 937 3iR
gRll & WM & AAT H Bl S1ed
fafderar urg 1% | Ul &1 WM H Had
AT I B AT BT HTHT BT 8707
T I37 | 94 fohU Y o T ) forett #
MR BT Wre, ¥ Ay A & 9978 o1 <&
g MR B WE | ATSgIo & 3id
UTRIAT 21% AT ARG DT & AT 39 % UTS
TS STafh BRWBIRY DI T YT 17%
qAT AMEISRT D AT 20% AR YIS B
AT UTRIT 32% T ATEART & Tl
41% UTS TS | B IIY I g8 TS
HHIRE A AL, BRBRA Ud Grers]
B 3IRIT UTHAT B 20, 14, 3R 34%
qTS TS IR TR B W& DI oI H HH
AT TS TS |

IS WA g&Tel | G

TEFET AR A faftr gw
T BIgd UreIfhad—ATge dIR B
@ foTy Id BT (BRBRA DI HET
16 — 15.3%) @ T WART H &~ T |
aReng Sfier drefearre (Rrd e &
forg Sher urefere @1 e —30 fAeh
dieT | IHR + 30 fHell diee) @ avig |
g fy U A ardifed (BTsgiadl
TqTerge < 200 A4 HIeR ®l BISHR) UH!
H IIT® RATE U T | UROIMH G2
2 fob i amedrss & S+ urdifoea =
T @ JAHIUT DI 2000 YYIYH 3R HAT
& BT BT 500 UIGITH Tqeb YT el
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ST | ATCA (ETet) HoaR eI Sl
g & wrREa 05 driew sa (R
AT B wU H) Bl o ¥ 0.27 drdigH
st (Nie eSS @ 41 uicifoe @
S H ) & TANT F 9GHBT & e Bl gig A
TG S |

SERICT ScATaehdT ohl |dd FrIeToT

AR — g Bdel dgh YOIl H ITaR
Ure gyl b Sa’db Ud blel-Idh @Ial &
AT TN §RT el fdeld & ot
AT H GER AT | 98 IUAR [5TH Uiy
ddl @I 3MYfd dHad @&l gRT &I Ty
SH oTel {dera drd= & AT Faifed
UTE TS | T & 7.5 JH1. IO Fdg H of
faers P1EA BT ATAT 43.6 — 67.9 ULULTH.
uTs TS | SUY Ads (15—30 THL) # ST
fIerT Bree & AT Faifd & 209 A
27.1 NA.TH. Urg 75 9T A= SUERI
# gl AT # syl wu 9 gfg g
T @1 o1 # A= Jafad dwe
T U SUARI H Bred | AR
Abdd oI — ALUNSME, WTAE. 3R
ALUA3MMS. ¥ FR B3| 0—30 THI. HaT
TERTS IR IAd A1ALes. 1.00 I 1.32,
3T HTTARTE 1.00 ¥ 1.10 3R ATTHME
1.00 ¥ 1.46 UTS TS | AIITEI — g B
Tqh YUITell H ETa) U4 Sakapl & TINT A
Al — TRIed oiR wEHl — wived ¥
afRec= UTIT AT | Ha&T Bl FHl TeRIgdl
(0—7.5 T, 7.5—15 T, 3R 15—30 THY)
TR ATSHI-YINEH (0.053 H 0.25 fAH)

®I o H BIC HBI—WIRIC @ AT
qaiere o3 TS| Aaied wER o
gRads 89 SUIRI | grr T R
DI PED GG BT TAN A8 HHA
AT © ®I H, MR B WE & wY H
31eydT Q1 ®U # T 1T |

™l @& Wdi W) by T <edrels
IIRD RITUT & GRUTH T &9 H ST
2 f& Tewrirel gaT1 # 9TorT 3R 7adT 6l
Bl § BIBIRA & WA &F A3 Bl $49
Sl el Dl S IR IR fhsdl uWma &
M qb fHAT T AhAar ® e
SATEHT §8M & foTv AR & YT
B JAMATIGAT 2 | IAD! TR O TG &
TIRT §RT gl &1 ST Al 8 | Uorrd bl
STHC I ol UR Hahl—Iig, Hd b
YOIl 1 Yol IqTGadhdl YTl dHR & feTg
BRBRT Ud ST BT TN Saedsd & |
AR B YbIAIeT JaT H IIoRI—HdD]
Pl SATSHAT 91 G B FoIT qre gy
UG SIRAT BT YART Ud 3Tl Bl I
el H AEA—g & Scedhdl R
G & foTq T7eTeh BT TRANT JTaeah 2 |

PN fIwafdened @R d  deRrA
e g Yol WR by 7T Hers uRleror
P Q99 & Iffds & AT Ay &
gRomd genid € f& 100% GCRRM @
TIRT &1 AT | UICRRIA &I |13 & &l
AR H TN § Hde o Ul H gfg g8 |
A SR ifer # urefirm @ fawfad
AT & TN 3 SUST H gelas] e

o fafwg wu ¥ avere aRaad a1
IGIE A B3 | Wb IU=R H UICRiad &1
HH ® HRUT T8 IAXH YA H dE1d QT
ATl AT SUST BT RABIR 8l G DT |
qol gEfd  Sdredhdl UICRRE &
faf i wu ¥ ereafire yvfad g3 |

el @& Wifaeh STATaRuT ST Ta-e

YURSHRUT TR STepTeli TIeor gRomd
SO 2 b RN & 191 iR Iy
DI IS IR YURSHRT IUAR HT i
w4 F P YA AL U AT 3D
fITRIT 50% SIS & IR AT &
TART &1 G H 150% Td 100% ATSg IO
@I T AT & FIANT | A g
JRAMART BT IUST 37JY0f wY A g1
T2 | URSHRYT IUAR 3MR ARSI
AT & YANT & 3R A UREHRIT YR
H HaT B Wfel T YHTIAd G el
AISCIS ® AT & YANT H =R a1
IUAR H Fa&l B SR 5 WHI. FA B!
W[ T 3riYut WU & goTfad g | 3l
JhR IRFRAT UREHRT HI Tl A
fafr= qEiRspror STERl § REI e
SHftheeye™ & Yl wU ¥ 3ffdd urg
TS | A—feet 3R gwRETa feors &
3f=e ol 9 DI gaeld] AT T Hal
WA O & e S & & T o
AT H HHT R 9e | URAT
fafect @Ee | T 9% @ o
el BT WA udd 0-75 WAL Ud
756150 WAL QFT € TeRIgAT W HA

B3| 7.5—15.0 HHI. TERTS &I ol
0—7.5 |HI. TERTE UR I °Tcd AR T
BT ATHT & AT AR 3TN uTs TS |

| qURERYT AR H 0 UHh.as.UA.
—Te D JelT | 10 S UfT . UH.aTs.
TH—®eT & TN §RI &l S @l
31fdres AT T8 78 | 99 2008—09 & g H
MR BT WIS & A= S0 H TR & gRT
g I SUST Td IRIM™E &I AT W
YUl w9 § YATd g3 | I B HaT
TERTRAl (0—7.5 THI 3R 7.5—15 FHI) W
A—feelol IR IWARFTT feel SuaR #
ATSCIoE BT Iifd SUCEdT s TS |

IRSHRT ITAR & AR BB T
UICTel Bl IUST § Iec! &% <l S |

MR B Wie B qE B X H Ifg &
HII—ATT 9 ASEIM, HIRBGRA Ud
TSI & Ul # gfg <@ T8 | THal
¥ oy T ST B SR AT Bl
BAA H TR BHA dlel THAl H ]
BId(-eh BIa, FaT FeAoldd A
HIE AR HaT a9 A ur 1147 |
96 [ iR BHe el THA Bl
JoT 9§ ®H drel THAl H Yodbellg
BhRBCol Ud fSEgsIfvTel Trilgd &l

Afehadr 31fere u1s TS |

T TETAeh WIEATST ol Tad TderoT

<7 3T I[oTi aTell Harsil H wrdfeh gd
JBTETH WA H BRGRA & YA BT
SIS ERT BRGRA N HT oD
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e T 7T | Y&l & YR Bl el
H 9 T gU ABIE T BIEDIRY TN Bl
qAT H BIAfTDH BRBIRE YT HH I
T | A= gerei # Brdfe st
BT TH BRI BT T 39 HH H
el SR > g > A |
WA w0 | I(PEAD BIRHRA &
TR & ol | TR gNd |
U BRI N9 Hf T T (b), aifST
ol ReRT® (k) 3MR 3meel BRBRA AT
(TAURIR) FEM® HRORA TIRT H
AN FH TR TS| BRORI b Al
TG B AT B MR TR BB DI
AT AET H YA AT H 11.4%, A
313U UaTel 12.5%, HIRS WG 31.
50 , B WG 30.9%, TaR &I WG 38.4%,
AIEITH 47.1%, G 42.7 AR TG & AT
64.1 YR PEd Ud  IfPEAD

T R YTgT 73T |

HIUQE @ [Afem SR HER el @
fafed Srel | RR—Revae qa1 &
T TP by Y| HAT b YRS
OIETOT | A AT § Ydblel Hal Pl
Jo | AR el § wAARaEd 3
I8 I JaT & HURI Fas (0—15 JHL) A
PBIH(TD BT BT ATAT 31.0% oI ATaT
DI AT H 44.6%, Ud GAq HIAG DI
HTAT H 35.8%, BT HHI 3T 3 Sfaid fafaem
fSTel H HaT & BIaTdh BIa- Bl AT H
46.3%, g9 UICTT B1 AT H 47.6%, Td
G FATET BT AT H 19.9% BT HHI TS |

T i ferk M H FAR

SHIF @ HURI Fdg (0—15 |HL) H 54
SYART # MER P WIS BT YART fhar 127
STH BEA A O HaT gedolldd
I Hred (TH.UAATHL), T fae
DA (SUH.HL), TRIE SISSlarsolidd
FEegse (CUadl) @ qaifrd A
q18 T3 39D 918 50% ALHLAL + B
31T, 50% ATHLAL + TER BT WIS 3fR
100% T.H1GL H OTE 778 |

S IUARI H Tl Yol P BIe oI
qéipeic Bralvd bra-  (d1.31.gH—))
D AT AT BHEG BT DI 147 A
28.4%, UTg TS 3R IE TR Faxeb YANT
qTel WlIe ¥ Ha™ HH UTg TS | 3§
HaTAl H FHUl P Blad BT 71.6 A
85.3%, WM MRl THIRUfCE PrefTdh
P (< 0.053 THHY.) & U H 9T 747 |

| IUART H 0—15 HHI. TERG & T
& Rafes I W 99 Wive dArsw
ffleEra & vl ¥B — whiiew
(25—2000 ST H1.) BT FEAT Ja&T & Y
AR @ 55.5— 70.6%, & axT6R o SHSD 91
AZHI—THRICH (53—250 ATSHh! H1) ST
18 —37%, UTJ T3 | dTe] Xfed Hehl—udIe
BT 250—2000 ATShI HI. ATl Folrd H
AP qAT IAD 16 ATSHI—TYRICH H
T |

NTH GeAoldd ABAAT & HROT AR
P WIe & YA dicel SUIRI § UHh.SILU.

(7.9 WIZHT T FARE / IT. / ©el)
Aaifers grm AT | 60 o & fdeE @
q1€ I8 <@ 797 fh 391 SUaRl # dree
TS RIS S BT ST 40 3T BT I7afe
dP Haled B3| M BIgSIcliibd
Roim 4 o ga1 d dE-ers
AMMIATES I BT IO 100% ST,
Al aTel SUIR ¥ |AISd g3l §9d 1]
QUi STel v 3faReT H iR \Faw $H
35°C ATUA UR 50%, Se Ud.dl. dTel
SUIR ¥ B3| 100%, STl Td
100%, TR &I TS dTel STAR H HIa
TS JNMAATSS BT SAuiA (192 FT. Hrd=
STS JATFATSE / 10091.) AITEH AT IHD
91 ALHLUL + Bl 79Ny, 100%, AL,
1. 3R 50%, ALHIAL + TER & @re H
9T | I8 99 9ol e H1ee ok IRie
gISSIcSolfdal dIad &I offdd AT H
ApTT @1 aols I g Sl & arfd®
AT H 3o ged Siidl & ol olg
Soll & Th T & BU § B o |

qew Sfoeh fafaear 3iw Sa 6@

T (RY) 9 Ud 1afdd G&T BRBIRY
fIead, MBMETY. 3R ASSUBR
ITed HR Tl ST ARG, Sl
P fSUSTBRT ABICHRT BT AH+T H THIET
off, T BT Tg=1 o 17 |

INH H YT H UPh ST UT 8. Bl X I
S1g IdRP FHIG HHIRE BT 50% LB B
T YANT 9§ UM Pl Sfhdd Su

3.9 T /8. UTd 83 U4 50% L.WI. S
@ g9 g8 |

fIER # a9 & BAd § Gerlg AEMRT
JRgfeTe Uoe forad & gorer—
S, g AThRGT (WT 3faey +
RISHMR UoTa) IR T e
ueref SMEIRT ARGl & YA
ERT O ¥ o9 50%, UlNd dcd bl
HRUTE D1 ST el 2 |

T, RESHMAN™ IR IFSETH &
forg a1rer uqer HfY fawafdenery, gexrars
SRT YN BT AHT Ud ARG dIol b
HUSRUT BT HDHIHROT T 7 |

A U B SO &3 § et & Wl
WR Rl Ffeu Yoo B yase fhar
AT | AR, AR, BIal, Hedl 3R
TSR @1 SUST H HH: 17, 25, 40, 20 AR

18% @1 gfg 4T 7S |

T AR gHIeied Bl (SUT Mh
JNfelNETH &1 eds fhar | I8
SR[AT 3Yd ot # R A2 d& Sifad
3Rl (10—10° HIf¥raT / fAefl) # <@
ST AT B |

ATETe, TolRI 3R 0.5% S¥¢ UdIgae
A TP T HIfSAT DI 99771 AT AT 78 5.
TA.Y, {5 31T e SR AT B
T W G LT, DI AfD AW i
B ST FHAT B |
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ARG IESEear o fafdear &
A SAfCHNI® el qrlfcd (JM8.U.
IR.) Ued gRT fbar ar| elifeaid
e, SR, demeRe, AraE—
afd Td  dielffRa-d @ forg
AT IR o8 g | Sl
oiar & & v faftre gl # srafds
fafderdr vd Fere R urg 78 |

gt et w1 gar

BRA T8 ATT & ATIR AR JaTAT
D TS U4 hefIHd B FHoifea AfeT
AT B 170 BT o ufd 2. T4 08
3. D uf 2. & o &F T3 |
S TUMET fhY T AM & AR, B
H oS Ud psfud @ fdman A
PHHST: 170 fHuT. o Ul 8. vd bt
0.8 fHUT. Ul B. SMHford &1 TS | STHT
3T Ig & fb 100 ATA & YA: =hHol
YT #1000 S U 2. &1 &% oI H
TRIY 34 JARIE HHRE Bl HHeifcd
TN AR SR 2 |

IEN BN IR HHRE & gRI oS
TGHUT faRIyehR STy AT H UART & §IRT
ToTTed o — fSEIsSIvGY, TebarsH
BRI, TRTS BRWeS & Afdhad |
3JYUl HU A HHT 3MTg | ARG el —
DI J W B YT (A=A aTell iy
el H ged Sifde |fbgdr W) I8
fAuRIe UHTer 31fSreh UTT 1T |

GoqR Tl 9R (A.0.) & S &
@1 T T U /AT T o @ forg
RNre-Rev={e wdevr  fhar a7 |
IRMEN IR Ryetifear wifg (S fo
IS &3 & AoTald ©) d B3l AR
TYq 91 & Ul H e FAquiigar uTs Ty
SHH T 82% U & AAT H g
FANE FRT HAM DI GG T |
SAfeTy 39 U & WA ) SIRNAT Bl
ARW] Bl § YN & o &1 BT Sl
2| O Jamil ¥ ygfd SHIFT STt @
TN fham T S IfFH 3R HTISl
1 FTd JIAT U TS |

AR THAR ATATARYT H Ui Ud AT
AT =T ufsharsti &1 aog & 9 Sirar
2 | FARSTeDHAl I H TAY BY 3N
U] @ golagls 3R seldglage dd &
TINT §RT AT JHTIRTel] SUAR (eH
Sig IR Th-lldh, HH ANTd dTell
N BT RIS BlblIC &P,
afdres fehamelial enqd S Yy,
cirgl, dfdT, ST 3Mfe & §RT ARG &l
dofeas) §RT §9 YUYl dfel &N &
JUATE DI WML BRD UGUUT Dl B
&S Th HH fhdT ST AebaT 2 |

Ht gt 9 fafi= smfyre uered & T
TRRUT TS SUTE YT

YR a7 I WReA & Yars uRieror
H gdad] g @ B9 ¥ dlfed Al STl
RIaTE B IR 918 B GRIEH B B
® gl DRDI T4 IHD ST H HfYol

wY ¥ gig g8 | g AEIA & dol B
AT IR SHGT DIs 91T T8l gl | d1fed
Tl STl §RT Arddieid Rers &) 4
Al & Wal W™ G ST, drar siiR
HEIST @1 A | glg g3 olfdd S+
ST TR ST Y g | Had ol 3R
ST @) AT H g 8 |

STEeTYR 3R SR W U3 Tl # T,
qiugd. (Mumrd < Afhg gam)
Afehdr Ud TE.ELULYL. Bl ATAT TER R
g & YANT RT & drel UGyl &l
TOMT & g Tep dieqor fobarm 1T | =i
e} ¥, 3R § U, SR g
1. &) \atfires A= urg S |

YRATT FaT I AR & Yars uRieror
@S Sl gRT edrele Riwrs) ¥
fRergel <1 Afthd yqmd oial gd arfzd
Aol o &l 21 g1 Rifad Si= # dmg
Y | offde, Yot gRT Rifea SE &
JoT T ¥ aIEd Ao ot g1 RAfra S
A LTI, B HIET SAfdD TS T | ol
g1 Rifad ST9 &) emver arfed Aet 5T
g1 Rifod 59 # e e.u9. 3iR g2,
YL.qY. @ 31fere AT TS TTE |

HEeh @t

PEMG Wl DI IAGA  &HAT U4
JFeIRRA &I IRFRFTA Tl | eIl Ud
&1 VA BT Hedldhd B & [olY B
Il AR, Hlcd, dAers, dRd,

SARIES 3R TifSeR & HEfs Wl &
UerSl BT AAEToT fehar 1T | 9l AT Semaii
H refe Wl § IATGH BH URIT AT
3R ITEH # U8 HHI 1.3 | 25.0 Ufaerd
TS g | BB SR O THATG H Blof
3R 31 UG &xed | AIRITA B Scaradhdl
PIATDH WAl H 37D UTg g | S GLT3I
DI BISHR STal TR A 0! SUST DI
ATIHRI G U HR ET &, Brddh il
#H anffed ot |l FH © | I B: 5T T8l
R Fagur fhar T 98 iR URERETA
Wl B I H BrED Tl H Hal
AT BRBI H AHIGA gfg o]

g |

Terarg URadd o Uid wHe IR

THAl U BIgSIUI-ad H Sofdry & B/o
R ST AR H HeA faee, W #
TN UG U & Wd H ufeadl B
el B ST @ eI & folT 7ed WIRA
DI Blell Farall IR IR T Uil T g1y
FI®I, Sia IR T4 9Ieg gy
SRl < T | ARSI B USI o,
T, 9305 H WRME FHCA NeleH B
gog ¥ fafeew g3 oy I8 Siearyg
ARTEE BT Uolfd LU, —335 37T
THT et ! 998 H BIhl FH
TP I DI G PR TS | g, DI AlRY]
Ut S o oTeil Ua Uiyes dcal @ qiierd
SNYOT g H e A il Bl ol
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SIS 98 € BH AT H U Y| W
Urel @7 oI | HUTH & AT 8¢ Ul H
HH HAT H U, oiel, HES SR
R T T |

foramt & @t W ATHA T A9 Gedich

fafeer et @ 18 vifg § 39 vee™
TRIETVT & 3INA 3ffhs T2 & fob Fode
9 T AT UIYeh dcd vl H FATLT
D1 AT H STt Wd § gEfad ulvdh
e Y= & A1 LEU%. & FAAY A
AT B Iust H 92% B I TS |
fohare fafey @1 Tor=m & 1 ger= H fora
G & AT H LAY, o, &1 B A H
FIHAT IS dd Yded T Adfera
ARG TANT | HHI: 18 3R 249 31frdH
IO U E8 |

AR H LU, iR TS TA.UH. TeIr
g ¥ 3MTE.UA.GH. YA A U e &l
%, 68121 DI I UG T4 : ST 3TUT
3:1 IR I STt YA | ArRTeda—
e BAd @b YUTTell Bl T IIc Tl
S | 39 IR & URUME W ®U A
ST & fob fhATT @RIB H STerA= qar H
NN TP, T AMS.TA.TH. & A1 ArATEH
AT I H S YANA. D A1 g I
AHA 3 |
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Soil Fertility Evaluation and Database

Soil samples collected from Hoshangabad and
Guna districts were analyzed for N, P, K, OC, pH
and EC. District and tehsil boundary maps of
Guna were prepared. Using point values, geo-
referenced fertility maps of Guna district were
prepared for different nutrients through spatial
analysis (kriging). Post-survey sample analysis of
the two consecutive years has been used to
validate the maps using paired t-test. There was a
good agreement between estimated soil test
values and those determined by actual sampling.
Prepared fertility maps of Hoshangabad district
have been validated through post-survey soil
sample analysis. Interlinking of the
recommendations with soil test values has been
done for both the districts for using the

information for precise fertilizer application.

Satellite data (soft copy) obtained from NRSA,
Hyderabad was used to  georeference the
toposheets of Hoshangabad and Guna districts.
The NDVI values were extracted grid wise from a
part of the scene. Statistical analysis was carried
out in the union of nutrient polygons. The
relationships between nutrients and NDVI values,
following different forms of NDVIs, have been
analysed. The results indicated satisfactory
relationships between nutrients and ND VI values.

The manure, straw, and feed samples (230 nos.)
collected from six districts viz., Baroda (Gujarat),
Ahmedabad (Gujarat), Bikaner (Rajasthan),
Ambala (Haryana), Ludhiana (Punjab), and
Dharwad (Karnataka) showed wide variation in
the composition of cattle feed ranging from only
wheat straw to rich mixtures. The FYM was
predominantly prepared by heap method in almost

2. EXECUTIVE SUMMARY

all the districts surveyed. The mean N recovery
from FYM was 39% with a median of 21%. For P
and K, the corresponding values were 20 & 17%,
and 41 & 32%, respectively. The compost
prepared primarily from plant trashes had the
mean recovery values of N, P, and K of 20, 14, and
34%, respectively, relatively lower values than FYM.

Improving Input Use Efficiency

Rock phosphate samples (P content ranged from
1.6 % to 15.3%) were used to prepare ultra fine
particle-size by grinding and sedimentation
methods. The procured nano particles were highly
unstable in water (except Hydroxy apatite
<200nm) because of their zeta potential (range of
zeta potential for stable suspension is -30 mv to
+30 mv zeta potential). Results revealed that zinc
oxide nano particle did not affect germination of
gram seed upto 2000 ppm and that of mustard seed
upto 500 ppm. Solution culture study showed that
0.27 ppm Zn (as nano zinc oxide particle)
enhanced the growth of maize plant in comparison
to conventional 0.5 ppm Zn (as ZnSO,).

Monitoring Long-term Productivity

Conjunctive application of inorganic fertilizers
and organic manures to soybean-wheat cropping
system for five years improved the water-soluble
carbon (WSC) content and the highest WSC was
recorded in the treatment receiving only organic
manure as source of nutrients for soybean and
wheat. Water-soluble carbon content ranged
between 43.6 and 67.9 mgkg" in 7.5 cm soil layer.
Sub-surface (15-30 cm) layer contained the
lowest amount of WSC where it ranged between
20.9 and 27.1 mg kg with significant increase in
WSC among various treatments. Various IPNS
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interventions improved carbon related indices
such as CPI, CLI and CMI in comparison to
control. The mean CPI, CLI and CMI for 0-30 cm
soil depth varied from 1.00 to 1.32, 1.00 to 1.10
and 1.00 to 1.46 respectively. Changes due to
manures and fertilizer addition to soybean wheat
cropping systems were noticed both on macro-
aggregates and micro-aggregates. At all the three
soil depths (0-7.5 cm, 7.5-15 cm & 15-30 cm),
small macro-aggregates (0.25-2 mm) constituted
maximum proportion followed by micro-
aggregates (0.053 to 0.25 mm). The highest
change in aggregation was recorded under the
treatments involving only manure addition in
either the form of residues, FYM or both.

In fertilizer experiments conducted on farmers'
fields, clearly indicated that in Alfisols P dose can
be reduced to half safely without any reduction in
finger millet and maize yields but to enhance the
productivity, K application is needed in more
quantity and part of that could be supplemented
through FYM. Application of P and Zn is essential
to harness the potential productivity of crops
under maize-wheat system in Inceptisols of
Punjab. To sustain the productivity of finger millet
- maize system in Alfisols of Bangalore, soybean-
wheat in Vertisols of Akola application of K, Zn
and S are essential, respectively.

The pooled analysis of two years data of a field
experiment conducted on potassium management
strategy (GKVK Bangalore) indicated that
application of K in two splits and soil inversion
resulted in increased yield of crop compared to
100% K application. Split application of K has
enhanced yield of finger millet and cowpea due to
favourable changes in exchangeable form of K.
However, soil inversion could not sustain the yield

even for two years of cultivation due to dearth of
potassium in this treatment. Total system
productivity was highly influenced by only
exchangeable form of K.

Managing Soil Physical Environment

Long-term tillage experiment, revealed that seed
and biomass yields of soybean did not differ
significantly among the tillage treatments. In
contrast, seed and biomass yields were
significantly higher in 150% and 100%
recommended dose of nitrogen than the 50% of N.
Imposition of tillage treatments and variations in
nitrogen levels significantly influenced the bulk
density of tillage treatments, and variations in
nitrogen levels significantly influenced the bulk
density of the top 5 cm soil. Similarly, the steady
state infiltration rates of plots under various tillage
treatments were significantly higher except under
conventional tillage. Data on changing soil
moisture content vs bulk density of soils under no
tillage and conventional tillage system revealed
that with decrease in moisture content from near
saturation to below permanent wilting point, the
bulk density of the Vertisol decreased at both 0-7.5
and 7.5-15 cm depths. The BD and moisture
content relationship was greater at 0-7.5 cm depth
than thatat 7.5-15 cm depth.

Across tillage, 10 t ha’ FYM-C recorded higher
soil moisture content than 0 FYM-C. Different
levels of FYM had significant effect on grain and
biomass yields of wheat during 2008-09. Soils
analysis revealed greater availability of N under
no-tillage than conventional tillage at both soil
depths (0-5 and 5-15 cm). The reverse trend was
observed in available P and K at both soil depths
with respect to tillage. Available N, P and K were
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found to increase significantly with increase in
levels of FYM. In pot-culture with soybean crop,
it was found that SOC, SMBC and basal
respiration were higher without crop compared to
with crop. In contrast, alkaline phosphatase and
dehydrogenase activities were relatively greater
in cropped than non-cropped pots.

Monitoring Soil Chemical Properties

A comparison was made between additions of P in
organic and inorganic forms on P sorption in three
contrasting soils. Irrespective of soil type,
organic-P sorption was lower than inorganic-P
sorption. The sorption of either inorganic or
organic P in soils followed the order: Oxisol >
Vertisol > Mollisol. In general, the P sorption
maxima (b), bonding energy constant (k) and
standard P requirement (SPR) derived from
Langmuir isotherms were relatively lower for
organic-P addition compared to inorganic-P.
Averaged over all fractions, the organic and
inorganic P accounted for 11.4, 12.5, 31.5, 30.9,
38.4, 47.1, 42.7 and 64.1 per cent of total P in
vermicompost, municipal solid waste, poultry
manure, green manure, farmyard manure (FYM),
cow dung manure, subabool and wheat residue,

respectively.

Geo-referenced soil samples were collected from
the identified sites in Vidisha and Sehore districts
of Madhya Pradesh. The preliminary soil analysis
indicated that due to cultivation of crops, the soil
organic C (SOC), available Fe and Mn from the
surface (0-15 cm) soil layer were decreased by
31.03, 44.6 and 35.8%, respectively in Sehore
district; while the SOC, available K and available
Fe were decreased by 46.3, 47.6 and 19.9%
respectively in Vidisha district as compared to

pristine soil.

EXECUTIVE SUMMARY

Improving Soil Biological Condition

The higher concentrations of C pools such as soil
microbial biomass carbon (SMBC), water-soluble
carbon (WSC) and acid hydrolysable
carbohydrates (AHC) were observed in FYM
treated plots followed by 50% NPK+CR,
50%NPK+FYM and 100%NPK in surface layer
(0-15cm).

The slow pool of carbon i.e., particulate organic
carbon (POM-C) varied from 14.7 to 28.4 % of
TOC in these treatments and it was the lowest in
unfertilized control. Therefore, 71.6 - 85.3 % of
TOC was present in the form of mineral associated
organic matter (<0.053 mm) in these soils.

In all the treatments, rewetted sand free mass
aggregate size distributions at 0-15 cm depths
were dominated by small macro aggregates (25-
2000 um) accounting for 55.5-70.6% of dry soil
weight followed by micro aggregates (53- 250
um), accounting for 18- 37%). The sand free
macro-aggregate carbon was greater in 250-2000
um size classes followed by micro-aggregates.

The maximum FDA was (7.9 ug Fluorescein
/g/h) observed in the FYM treated plots due to
greater biological activities. After 60 days of
incubation, it was observed that the CO, evolution
increased maximum up to 40 days in these
treatments. Among the three hydrological
regimes, the higher amount of CO, evolution
observed in 100 %WHC followed by submerged
condition and the least in 50 % WHC at 35°C in
Vertisol. Further, the CO, evolution was
maximum (192 mg CO,/100) by the application of
100 % FYM at 100 % WHC followed by NPK
+CR, 100% NPK and 50% NPK+ FYM possibly

11
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due to the greater release of water-soluble carbon
and acid hydrolysable carbohydrates, which acted
as source of bio-energy for higher amount of
€X0genous micro organismes.

Microbial Diversity and Biofertilizers

A highly efficient P-solubilizing, TAA and
siderophore producing Bacillus circulans
effective in inhibiting Dematophora necatrix
identified from Chamba, H.P.

Biofertilizer enriched compost at 1 t ha' along
with 50 % NP gave the highest rice yield of 3.9
tons/ha, saving 50% NP in Assam.

A microbial based bionutrient package consisting
of Azospirillum, enriched mycostraw (spent
residue + Pseudomonas sp.) and tobacco waste
based Cyanobacteria could substitute nearly 50%
of'the nutrients for rice crop in Bihar.

Liquid inoculant production protocols developed
for Bacillus, Pseudomonas and Rhizobium.
Dosage for application and storage conditions of
coated seeds standardized. (ANGRAU)

In tribal areas of M.P., bionutrient package
demonstrated on farmer's fields. Yield increment
of 17, 25, 40, 20 and 18% in soybean, maize,
kodo, kutki and niger were recorded respectively.

The degree of oligotrophy of 10 bacterial isolates
was studied- can be maintained in viable state upto
4 months (105-106 cells/ml) in double distilled

water.

A new media formulated with mannitol, glycerol
and 0.5% yeast extract gave more sensitive

detection of HCN as compared to YEMA, King's
or Nutrient agar medium.

Diversity of soybean rhizobia was assessed by
intrinsic antibiotic resistance (IAR) pattern.
Largely resistant to Nalidixic acid, Trimethoprim,
Vancomycin, Novobiocin and Polymyxin-B.
Dendrogram showed lot of diversity and
clustering into 6 distinct groups.

Amelioration of Contaminated Soils

Based on green house studies, Cumulative
Loading Limits of lead and cadmium for Indian
soil were calculated as 170 kg Pha™ and 0.8 kg Cd
ha” respectively. On the basis of these computed
values, maximum permissible Pb and Cd
concentrations in the compost were computed as
170 mg Pb kg and 0.8 mg Cd kg, respectively,
assuming cumulative allowable MSW compost
application rate in crop land as 1000 Mg/ha during
the 100 years of recycling programme.

Lead contamination through municipal solid
waste composts, particularly at higher level
caused significant reduction in the activity of soil
enzymes, viz., dehydrogenase, alkaline
phosphatase, acid phosphatase. Such adverse
effect on microbiological activity was more
pronounced in light textured acid soil compared to
heavy textured alkaline swell-shrink soil.

A geo-referenced survey was undertaken from
Pithampur, Dhar (Madhya Pradesh) industrial
area for soil and water/effluents sampling. The
water of wells and tube wells in Cheerkhani and
Silotia villages near to the industrial area is
categorized as high salinity and sodium hazard
and about 82 % of the samples have potential for
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severe Cl” hazard permitting their use as
irrigation in tolerant crops. The soil receiving
polluted ground water is also high in

chromium and manganese.

e  Mercury occurs as a result of both natural and
anthropogenic sources in our environment.
The pollution can be substantially reduced
either by the use of some other metal
electrodes and electrolytic cell in the chlor-
alkali plants or by the effective treatment
(Micro-organism based technology; Use of
low cost Resins - grafted coconut husk;
Precipitation of mercury by a more reactive
metal, such as Al, Fe, Cu, Zn etc.) of the
effluents from these polluting industries.

Recycling and Rational Usage of Different
Waste in Agricultural Soils

e In a field experiment at [ISS Farm, sewage
irrigation to previous crop of wheat had
significant effect on growth parameters as
well as seed yield of subsequent crop of
soybean. However, it did not have any effect
on seed-oil content. Long-term sewage
irrigation increased the available Zn, Cu and
Mn contents in soils of farmers' fields, but
only Fe and Mn contents increased in grain of
the wheat growing thereon.

e A survey was conducted to have an estimate
of detergent pollution from four cities of
Madhya Pradhesh viz. Bhopal, Gwaliar,
Jabalpur and Indore, based on MBAS
(methylene blue active substances) activity
and STPP content in the samples collected.
Among the four cities, Indore recorded the
highest content of LAS and STPP.

EXECUTIVE SUMMARY

In a field experiment at IISS Farm (long term
sewage irrigation), methylene blue active
substances were present both in the ground water
and sewage water irrigated soils. However,
content of MBAS in sewage-irrigated soils were
higher than groundwater irrigated soils. Sewage
water irrigated soils have more LAS and STPP
than ground water irrigated soils.

Organic Farming

A survey of organic farms was conducted in five
states viz. Maharashtra, Karnataka, Tamil Nadu,
Kerala, Uttarakhand and Pondicherry to compare
the production potential and economics of organic
farming and to evaluate the soil quality in
comparison to the conventional farming. The
productivity of crops under organic farming is less
in most cases and the reduction in yield varies
from 1.3 to 25.0 %. In few cases (Cashew, Mango
in Tamil Nadu and Coconut in Kerala), the
productivity is higher under organic farming. The
economic benefit of organic farming is also less in
organic farming except in cases where the farmers
are getting premium price for their produce. In
general, there is an improvement in the soil
quality parameters in organic farms compared to
conventional farms in all the 5 states surveyed.

Crop Adoptability to Climate Change

The physiological, biochemical and nutritive
responses of plants grown in black soils of central
India were studied to some of the changes in
climate such as sudden wilt in soybean,
senescence of wheat and leaf reddening of cotton
in field, pot culture and hydroponics. Poor
stomatal regulation in soybean variety JS 9305 led
to wilting and made it vulnerable to climate

13
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change while JS 335 withstood the prolonged dry
spell due to better stomatal regulation. The
senescence sensitive varieties of wheat had fewer
root hairs compared to tolerant varieties which
restricted the water and nutrient uptake and led to
early senescence in wheat. In cotton reddened
plants found to contain less amount of K, Fe, Mn
and Mg compared to green plants.

On-farm Research and Impact Assessment

e The mean data of 3 demonstration trials
conducted at Rangai village, Vidisha district
showed increase of 92% in soybean seed yield
with integration of BBF with INM on waterlogged
fields over that of integration of flat land with
INM. On plots those had BBF in kharif season,
INM and Balanced fertilization produced 18%
and 24% higher rabi wheat yield, respectively
over the farmers' practice. If soybean-wheat
system grown on water-logged fields considered
as a unit, a farmer can get a net income of
Rs.68121/- and B:C ratio of 3:1 with the adoption
of BBF and INM in soybean and INM in wheat.
These results clearly brought out the fact that
farmers can cultivate soybean in waterlogged
fields with BBF and INM in kharif and wheat with
INM in rabi.

e  Socio-economic study being carried out in Bihar,

Madhya Pradesh and Orissa- the 3 poorest states

in India indicated that growth in total value of
output from agriculture during last decade has
been abysmally low. In Bihar, agriculture has
shown significant resilience with 4.79 per cent
growth. In all 3 states, major contributor in this
growth had been fruits and vegetable crops. Two
periods (1970-89 and 1990-2005) growth analysis
of major crops showed that not only area under all
the major crops has declined during Period II, but
the yield growth too has decelerated, barring few
exceptions. In Orissa, growth in yield for all crops
after 1990s was found to be negative. This means,
agriculture in the state is in real crisis, where about
75% of rural population depends on it. In these
states, percentage of GCA irrigated is still as low
as less than 30%, except in Bihar (about 60%).
But, the farmers mainly depend on diesel engine
for groundwater irrigation and therefore, most of
the small and marginal farmers apply only life
saving irrigation to the crop. Furthermore,
consumption of chemical fertilizers in these states
is very low (35-45kg ha™). Similarly, poor credit
disbursement for agriculture (Rs. 1800-2500 ha™)
in these poor states further depressed agricultural
growth. Public expenditure by the state
governments in agriculture during 1990-2004
shows an increasing trend, although, most of these
expenditures were incurred on revenue account,
which means only 10-15 per cent of total
expenditures were meant for creation of assets.
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India is endowed with a rich diversity of soil and water
resources having different prospects for supporting
wide range of flora and fauna. The overall sustaining
growth of our country's economy is heavily dependent
on good health of its soil, the productivity of which is
the resultant effect of its intrinsic characteristics,
coupled with interactions of external inputs like water,
plant nutrients, climate, energy, tillage and other
factors. Over-exploitation of soil resources as a result
of burgeoning population, industrialization /
urbanization with the quest for short-term gains to
meet the growing demands without long term
perspectives have, however, resulted in soil
degradation at an alarming rates. Therefore, to tackle
the basic problems pertaining to scientific
management of nutrient, water and energy in crop
production, the ICAR established Indian Institute of
Soil Science (IISS) in 1988 at Bhopal as a nodal center
to provide scientific basis for enhancing and sustaining
productivity of our soil resources through basic and
strategic research.

Since its inception, the Institute completed over two
decades of its existence after crossing a number of
hurdles and has grown up in its stature in terms of
scientific manpower and R & D infrastructure. The
Institute activity has been strengthened further by the
scientific and managerial activities of All India
Coordinated Research Projects. These four institute
based AICRPs act as a part of the “Network-support-
programmes” of the IISS with these centres located in
State Agricultural Universities, providing access to the
diverse soils, agro-ecosystems across the agro-
ecological zones of the country for effective
implementation of the programmes of the Institute on
regional basis. During the year under report, the
Institute has made notable scientific contribution in the
areas of integrated plant nutrient supply system
(IPNS), organic farming, efficient utilization of
applied nutrients, nutrient transformation processes
and dynamics in soil-plant systems, environmental
impact due to utilization of solid wastes, waste water,
bioremediation etc. The salient research findings are
briefly highlighted in the report.

3.1

3.2

3. INTRODUCTION

Mandate

The mandate of the Institute is “to Provide

Scientific Basis for Enhancing and Sustaining

Productivity of Soil Resources with Minimal

Environmental Degradation”, with the

following objectives:

a)

b)

d)

To carry out basic and strategic research
on soils especially physical, chemical and
biological processes related to
management of nutrients, water and
energy.

To develop advanced technologies for
sustainable systems of input management
in soils that is most efficient and least
environmental polluting.

To develop expertise and back-stop other
organizations engaged in research on
agriculture, forestry, fishery and various
environmental concerns.

To exchange information with scientists
engaged in similar pursuits through
group discussions, symposia,
conferences and publications.

To collaborate with State Agricultural
Universities, National, International and
other Research Organizations in the
fulfillment of the above objectives, and

To develop database repository of
information on soils in relation to quality
and productivity.

Priorities and Thrust Areas

The priorities of the institute are to broaden the
soil science research by encouraging
multidisciplinary research for efficient

utilization of already created infrastructure

and, therefore, carry out research work

rigorously in the following areas:
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e Improve crop response to nutrient and
their use efficiency in dominant soil
groups of India.

e Develop efficient integrated plant
nutrient supply and management systems
for sustainable agriculture in different
agro-ecological regions.

e Identifying and quantifying basic soil and
crop factors and processes responsible
for gains and losses, storage, release and
movement of nutrients in dominant soil
groups of India.

e Determining the quality of organic
carbon pools, capacity for sequestering
carbon and its quantification in soils.

e  Defining, identifying, and quantifying
soil health parameters.

e Quantifying nutrient-water-tillage
interaction and root growth dynamics in
the soil environment for the sustainability
of important agricultural systems.

e Developing and validating models
describing the fate of applied nutrients
and water for efficient nutrient and water
management for sustainable agriculture.

e Quantifying the role of soil microbial
biomass, VAM, root exudates, legumes in
N, P, S, Zn and Fe solubilization and/or
mineralization to enhance their use-
efficiency in soils with diverse
properties.

e Developing technology for efficient
recycling of urban solid wastes and agro-
industrial effluents.

e Developing methods for the quality
assessment of manures and establishing
quality standards.
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e  Studying ecological impacts of nutrient
input and waste management practices on
soil health.

e  Quantifying processes responsible for
retention, release and bioavailability of
heavy metals and their upper threshold
values in soils.

e  Fine-tuning, the technologies on farmers'
fields.

e  Carrying out diagnostic surveys and

e  Strengthening weak research database on
soil and nutrient management provide a
sound base for further carrying out basic
and strategic research.

Organization Set-Up

Divisions

(i) Soil Physics

(i) Soil Chemistry & Fertility

(ii1) Soil Biology

(iv) Environmental Soil Science

Section

Statistics and Computer Application

Technical Units

(i) ARISCell

(i) Technical Cell

(i) Library, Information and Documentation
Unit

All India Co-ordinated Research Projects

(AICRPs)

(i) Long-Term Fertilizer Experiments
(LTFE)

(i) Soil Test Crop Response Correlation
(STCR)

(iii) Micro and Secondary Nutrients and
Pollutant Elements in Soils and Plants
(Micronutrients)

(iv) All India Network Project on
Biofertilizers (BF)
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Research Advisory
Committee

IRC

Institute Research
Council

IMC

Institute Management
Committee

RCMC

Research Co-ordination
& Management

Administration
& Finance

Committee

:

DIVISIONS SECTION

TECHNICAL
UNITS

AICRPs/
Network

LTFE
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MICRONUTRIENTS
BIOFERTILIZERS

Organizational Structure of Indian Institute of Soil Science, Bhopal.
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4.1 Soil Fertility Evaluation and Database

4.1.1 Development of suitable methodology for
soil fertility mapping using GIS and GPS
tools for precise fertilizer reccommendations
based on spatial variability

Validation of the prepared maps through post soil
sample analysis

Soil samples were collected from all the blocks of
Hoshangabad district. The collected soil samples were

4. RESEARCH ACHIEVEMENTS

analysed and compared with previous year data.
Similarly, two sets of estimated data were generated
through prepared maps. These samples were analyzed
in the laboratory and the results are given in the Table
4.1.1. Soil data were tested using paired t-test (X, y,)
which showed that in the subsequent year there was no
change in the nutrients except soil pH. For other values,
there was no significant difference. Therefore, it was
inferred that the soil parameters for Hoshangabad
district did not change significantly for at least two
consecutive years except for pH.

Table4.1.1. Comparison of actual nutrients analyzed and their values through prepared maps (response

surface)
N (kgha') P(kgha') K (kgha') OC (%) EC@Sm') pH
Mean (Analysed) 222.02 16.88 388.13 0.62 0.176 7.53
Mean (estimated) 218.38 16.64 390.95 0.61 0.174 7.62
df 85 85 85 85 85 85
t Stat -1.484 -1.458 0.80 -1.23 -0.98 4.12
t (Critical two-tail) for P<0.05 1.988 1.988 1.988 1.988 1.988 1.988

Interlinking of the recommendations with soil test
values

The prepared maps were georeferenced. One of the
utilities of map is that in case a farmer is able to obtain
the location (Latitude, Longitude) of his field, he can
easily get the available nutrients status of the soil from
the prepared maps.

Alv|®| 4|p| u e E s

Fig.4.1.1. Estimation of different parameters using longitudes
and latitudes

If we type Latitude and Longitude values in the
Fig.4.1.1 (at the place specified for it) and press enter
key then the curser on the screen will automatically
move at the specified location and the estimated values
of all the nutrients will be displayed on the screen as
(FILE PIXEL). These values will be used further for
the recommendation of fertilizer doses for the targeted
yield.

To open the maps in the internet, type
http://localhost/NPK Spatial/default.htm) the main
page shown below (Fig. 4.1.2) will be displayed:

To view the photos as in Fig.4.1.3 click photo gallery or
else can go to project details as shown in Fig. 4.1.4. All
the maps will be displayed on the screen as shown in
Fig.4.1.5.
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Homa Photo Gallary About
Aim of site...

The most common practice for prescribing dynamic and site specific fertilizer recommendation for farmers* field one need the =oil test values Durin
the project we have develope ated raster surface of v I proparties namely Nitmgen, Phasphons, Potassium, EC, OC and pH
Using these estimated respor ces you can estimate sof ues and other soil properties of your fields

The anly required paramete you is latitude and longitude of your field
Features
« The system ncludes recommendations for most praminent crops in M P,

« Recommendation available in commonly available fertilizers

Indian Institute of Soil Science

Please enter latitude and longitude of Guna or Hoshangabad District
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Fig. 4.1.2. First screen on running the application with an Internet browser
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Fig. 4.1.3. Screen displaying photos taken during survey
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3 About Us - Microsoft Internet Explorer
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About Project

This project was stared for Development of suitable methodology for sail fertiity mapping using GIS and GPS tools for precise fertiizer
recommendations based an spatial variability. The project was started wilh following objectives:

o Preparation of soil fertlity maps for two selected districts at the scale 1:50000 using selected sample and Kiigging method

« “alidation of the prapared maps through post soil samples analysis
o Interlinking of the recommendations with soil test values

Funding Agency

ICAR, Mew Delhi has funded this project. In total Rs.15,49,210 has been provided for this study

Achievements Team...
o Digital Sail fertility maps of Hoshangabad & Guna districts have been prepared at 1:50000 scale. (Click for Maps Dr. KN Singh
« Soil fertility maps have been interlinked with each pointsffields for getting recommendations (doses of different nutrients) for targeted yield Dr. A K Tripathi
« Post soil sample analysis indicates comespondence between estimated values and values obtained by the system Sh N.5. Raju
« These maps are useful to the planner and administrators for allocating fettilizer area wise Dr. Abhishek Rathore
o These maps are useful to the extension workers for recommending fertilizers to the farmers gvh ﬁ/‘é:l;h:mﬁan

Mrs. Sonali Saxena
Sh. Shailendra Sonekar
Sh. Salman kKhan
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Fig. 4.1.4. Screen displaying project summary
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Fig. 4.1.5. Screen displaying prepared soil fertility maps
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The main page contains the names of the district and
Longitude (Lon) and Latitude (Lat). Here, users have
option to input the Lat & Lon of his field to get the
recommendation. In case if Lat and Long values are not

A ::Online Spatial Fertilizer Recommendation System:: - Microsoft Internet Explorer

File Edit Wew Favores Tools Help
x| (2] €0 O seach Fpravies €8

/€] hetp:flocalhost [NPKSpatisl/default hitm

RESEARCH ACHIEVEMENTS

available, village names can be typed and still can get
the recommendation.

After selecting the village the following page will be
displayedin Fig.4.1.6.

e - RSN S

Home Photo Gallery About
Aim of site...

The only required parameter from you is latitude and longitude of your fisld
Features

o The system includes recommendations for most prominent crops in M.P.,

s Recommendation available in commonly available fertilizers

Please enter latitude and longitude of Guna or Hoshangabad District

The most cammon practice for prescribing dynamic and site specific fertilizer recommendation for famers' field one need the soil test values. During
the project we have developed an estimated raster surface of various soil properties namely Nitrogen, Phosphorus, Potassium, EC, OC and pH.
Using these estimated response surfaces you can estimate soil test values and other soil properties of your fields

Indian Institute of Soil Science

A Premier institute in the area of soil science, located 2
the heart of country at Bhopal, Madhya Pradesh,

Louuudelvaiues e
Degree 76 Degree 25
Minutes 49 Minutes &

Seconds 48 Seconds 22

Villages

Get Latitude\Longitute Values

Hoshangabad v

[ACHNAGAON ~
AGRA KALAN

Get Soil Properties

Copyright @ indian Instituts of Sodl Sei

Enoto Gallen | About | Ajsbgacn

AGRA KHURD.
AHARKHERA,

ke
Aivvara
ALPA
amadesh
Amakatara
AMARA
mdeisi

5] Done

7 start ) Merosoft Powerpoit .

J Local intranet

\ 0 (3 1033am

Fig. 4.1.6. Screen displaying list of villages starting with the letter "A"

The system will automatically take the Latitude &
Longitude of the village as shown in Fig. 4.1.6. Now
the farmer has to select the crop to be sown and fix the
target (yield g ha") from the given range. This range has
been obtained such that these targets can be achieved.
The target range is fixed based on the experimentation
conducted at IISS, Research Farm. The target outside
this range will not be realistic since they are outside the
range of targets achieved during the experimentations.
A case study involving a farmer who is interested in
wheat and is fixing target as 50 q ha” is shown in Fig.
4.1.7.

The display shows that for the target of 50 q ha” yield
of wheat the farmer has to apply 100 kg N, 91 kg P,O,

and 54 kg of K,O. Dose will be 219 kg Urea, 569 kg

SSPand 93 kg MOP. The computation is done for these
fertilizers (Urea, SSP and MOP) because they are
generally the common fertilizers in India and also they
were used in the experimentation. However, if the user
wants to apply other fertilizer such as DAP, or some
other fertilizer, he can use that by calculating its dose
taking into consideration the nutrient required by the
soil (obtained from the software) and the nutrients
available in the fertilizer. The complete system has
been provided in an executable CD.

Soil fertility maps with complete information for both
the districts including village name have been prepared
and submitted along with the complete system to the
Council as well to the State Agriculture Department for
its dissemination/use. For example, two maps are
presented here in Fig.4.1.9and 4.1.10.
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A ::Online Spatial Fertili e
Fie Ede Vew Favortes Took Hep a

Qui- @ W @G Pown drroone @ -5 8 IEAHE S
ki< | ] hieps:flocalhost NPKSpatial/ShowstatusAndCrops. ssp. v B s
9 e patia = er Reco endatio e

Home Phato Gallery About

Fertility status for Hoshangabad District

The following table gives detail regarding various soil parameters for the given Longitude and Latitude

77° 31 31 22° 37 42
Nigha)  Ploha)  Kegha)  EC0C  PH
265 19 450 30434 072 7.76

il Sci
Crops Ayailable o095 S0P Indian Institute of Soil Science
Target= e | lha A Premier institute in the area of soil science, located at
s the heart of country at Bhopal, Madhya Pradech.
Get Recor
S
Home
Hom | Ehoto Gallen | About|
Copyilaht® Induan nsttute f Soil Sisncs. lndian Counilof Aqteutuia Reseatch, Al Rights Reservad.

& %) Local intranet.

SC [ 02am

Fig. 4.1.7. Screen displaying selected crop and the targeted yield

The user can obtain the recommendation as shown in Fig. 4.1.8.

3 ;:0nline Spatial Fertili

Fle Edt View Favorkes Took Help &

- & R 7]
OO HRAG Pow e @ 3% 68 UEGH S
Addess | ] hitp:fflocalhostNPKSpatial/CFertiizerDose asp v Bl s ?
-
O B patia E e Todo endatio e
Home Photo Gallery About
Recommended Doses for Target = 50 g/ha of Wheat Crop.
Recommendations in N, P,0; and K,0
100.75 9113 545
Recommendations in commonly available fertilizers
219 569 3
Indian Institute of Soil Science
Home
A Premier institute in the area of soil science, located at
the heart of country at Bhopal, Madhya Pradech.
Home | Photo Gallerny | About |
Copyiaht ® indian Institute of Soil Science, Indian Counal of Agrieuitural Reseaich. All Righis Reserved.

4] Done. %) Local intranet.

Fig. 4.1.8. Screen displaying the recommendation

RESEARCH ACHIEVEMENTS

NARSIMHAPUR

CHHINDWARA

Nitrogen (kg/ha)
I < 150 (Very Low)
1:146,957
WL . [ 150 - 250 (Low)
HE BN SORSRNINRNNINING = -
e 250 - 400 (Medium)

Fig. 4.1.9. Available N (kg ha") status in the soils of Hoshangabad district

VIDISHA
1142827 Nitrogen (kg/ha)

° 5 10 I 150 - 250 (Low)
Kilometors BHOPAL. 7 250 - 400 (Medium)

Fig. 4.1.10. Available N (kg ha") status in the soils of Guna district
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4.1.2 Development of methodology using RS,
GPS & GIS for delineating area of a district
in different fertility zones for precise
fertilizer recommendations based on
available soil nutrients

Preparation of NDVIImages and Unions

Satellite data (soft copy) for selected areas of Guna
district was purchased from NRSA, Hyderabad. The
cloud free data was processed for the months of
December 2005 and January and March 2006. Fig.
4.1.11 and 4.1.12 showed the uncorrected and

corrected area of Guna district under the scene of
December 05. The NDVIimage of December is given
in Fig. 4.1.18. The NDVI values vary from -0.55 to
0.67. Figs. 4.1.13 & 4.1.15 showed the uncorrected
area under the scenes of part of Guna district for the
months January and March 2006 and corresponding
corrected images are given in Fig. 4.1.14 and 4.1.16
respectively. Similarly Figs. 4.1.19 and 4.1.21 showed
the area of Guna district obtained from the corrected
scene for the months January and March 2006 and
corresponding NDVI images are given in Figs. 4.1.20
and 4.1.22.

UNRECTIFIED LISS 3 IMAGE 02 DEC 2006

Fig. 4.1.11. Uncorrected LISS III image on 02-12-2006

RECTIFIED LISS 3 IMAGE 02 DEC 2006

Fig. 4.1.12. Corrected LISS III image on 02-12-2006

UNRECTIFIED LISS 3 IMAGE 19 JAN 2007

Fig. 4.1.13. Uncorrected LISS III image on 19-01-2007

RECTIFIED LISS 3 IMAGE 19 JAN 2007

Fig. 4.1.14. Corrected LISS III image on 19-01-2007
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UNRECTIFIED LISS 3 IMAGE 08 MAR 2007

Fig. 4.1.15. Uncorrected LISS III image on 08-03-2007

RECTIFIED LISS 3 IMAGE 08 MAR 2007

Fig. 4.1.16. Corrected LISS III image on 08-03-2007

LISS -3 IMAGE OF 02 DEC 2006

Fig.4.1.17. Part of Guna district obtained from the corrected
scene on 02-12-2006.

LISS -3 IMAGE OF 02 DEC 2006 SHOWING NDVI CLASSIFICATION OF
GUNA DISTRICT

Legend
NDVI 02 DEC 06
Value

High : 0.67

Low :-0.55

Fig. 4.1.18. NDVI image of part of Guna district on 02-12-2006.

LISS -3 IMAGE OF 19 JAN 2007

LISS -3 IMAGE OF 19 JAN 2007 SHOWING NDVI CLASSIFICATION OF
GUNA DISTRICT

C

Legend
NDVI 19 JAN 07
value

High : 0.69

Low : -0.48

Fig.4.1.19. Part of Guna district obtained from the corrected
scene on 19-1-2007.

Fig. 4.1.20. NDVI image of part of Guna district on 19-1-2007
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LISS -3 IMAGE OF 08 MAR 2007

Fig.4.1.21. Part of Guna district obtained from the corrected
scene on 08-3-2006.

It is clear from Fig. 4.1.19 that the agricultural
vegetation was at its full swing in the month of January.

LISS -3 IMAGE OF 08 MAR 2007 SHOWING NDVI CLASSIFICATION OF
GUNA DISTRICT

Legend
NDVI 08 MAR 07
Value

High : 0.67

Low:-0.51

Fig. 4.1.22. NDVI image of part of Guna district on 08-3-2006.

To carry out statistical analysis the union was
performed as below (Fig. 4.1.23):

UNION OF ALL LAYERS

Fig. 4.1.23. Guna district along with union of vector layers of NDVI and different nutrients (N, P& K)

30

While performing unions we obtained frequency data
for each nutrient polygon. This frequency will be used
to fit weighted polynomials (least square estimation) to
improve the relationship. The k" degree polynomial
with their usual meaning can be expressed as:

Y = a+B X+ B, X+ ---mmmm- + B.X

Weighted least square estimates can be obtained by

RESEARCH ACHIEVEMENTS

minimizing error sum of squares as follows:
Zeizzzwi [a+le+ B2X2+ """" + Bka )2

Where w, 's are weight (frequency) for ith polygon
(nutrient value).

In this report only simple correlation is being
presented. The results indicate satisfactory
relationship between nutrients and ND VI values.

Table4.1.2. Correlation Coefficient (r) between available Nitrogen and NDVI values for different periods

12 Dec 05 29 Jan 06 22 Feb 06 18 Mar 06
Min of Min of NDVI -0.283 -0.152 -0.070 -0.190
Max of Max of NDVI 0.410 0.533 0.606" 0.430
Average of Average of NDVI 0.495 0.088 -0.047 -0.256

Table 4.1.3. Correlation Coefficient (r) between available Phosphorus and NDVI values for different periods

12 Dec 05 29 Jan 06 22 Feb 06 18 Mar 06
Min of Min of NDVI 0.674 0.643 0.656 0.640
Max of Max of NDVI -0.535 -0.166 -0.009 -0.625
Average of Average of NDVI -0.845 0.869 0.967" 0.711

Table 4.1.4. Correlation Coefficient (r) between available Potassium and NDVI values for different periods

12 Dec 05 29 Jan 06 22 Feb 06 18 Mar 06
Min of Min of NDVI 0.017 0.023 -0.008 -0.083
Max of Max of NDVI -0.288 0.062 0.235 0.119
Average of Average of NDVI -0.610" 0.194 0.402" 0.347

** P<0.01

Table 4.1.2 clearly showed that there was a greater
agreement between available nitrogen and Max of Max
of NDVI values and it can be best estimated in the
month of December and February. Similarly Table
4.1.3 showed that available phosphorus can be
estimated using Average of Average of NDVI values in
the month of February. Table 4.1.4 shows that
Potassium can be estimated using Average of Average
of NDVI for the month of December. These relations
will further improve with higher order polynomials
which will be presented in the final report.

4.1.3 Soil fertility mapping and reassessment of
micronutrients in Indian soils

Soil fertility mapping using GIS is being carried out
involving geo-referenced soil sampling for various
states. The data revealed that zinc deficiency has
declined in the states of Punjab, Haryana and Uttar
Pradesh while it is increasing in Bihar, Maharashtra,
Karnataka and Tamil Nadu. Zinc deficiency status
showed little change in Andhra Pradesh, Orissa and
other states.
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Geo-referenced mapping for Punjab indicated that
76% of the soil samples are high in available zinc and
24 % are deficient in it. Most of the soils are well
supplied with available copper. Deficiency of
manganese is increasing in wheat and other winter
crops. Durum wheat is more affected than aestivum
wheat varieties. GIS aided mapping (1:2,50,000)
indicated that 10 % of the total geographical area of
Punjab is suffering from zinc deficiency. There are 78
polygons in this deficient class (Fig. 4.1.24 and Table
4.1.5). High zinc status covers 14 % (7050.68 km’) of
total area of Punjab. There are 44 polygons in this class.
The areas under this highest range are parts of
Hoshiarpur of Siwalik hills and undulating plain eco-
subregion.
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Fig. 4.1.24. DTPA extractable zinc in Punjab Soils

Table 4.1.5 Mapping parameters of GIS aided DTPA Zn map of Punjab

Class DTPA-Zn No. of Sum of area Mean SD Area of Punjab Per cent area
(mg kg") polygons  of polygon state in km’ of Punjab

1 0.07-0.60 78 0.47 0.40 0.14 5036.20 10.0

2 0.61-0.90 93 1.08 0.76 0.07 10576.02 21.0

3 0.91-1.20 143 1.02 1.02 0.08 11583.26 23.0

4 1.21-1.50 124 1.21 1.34 0.09 13597.74 27.0

5 1.51-1.80 37 0.23 1.62 0.01 2518.10 5.0

6 1.81-3.06 44 0.51 2.27 0.40 7050.68 14.0
Total 519 4.53 50362.00 100

A study was also undertaken in Coimbatore district
which comprises of nine talukas viz., Avinashi,
Coimbatore North, Coimbatore South, Mettupalayam,
Palladam, Pollachi, Tiruppur, Udumalpet and Valparai
with 18 blocks, in order to asses the micronutrient
status of soil at block level. Coimbatore district lies
between 10°58' to 11°01'N latitude and 76°58' to 77 °
06' E longitudes at an altitude of 426.7 m above mean
sea level. This district falls under western agro climatic
zone of Tamil Nadu. The average rainfall of this district
is 653.7 mm out of which 57 % is received during north

east monsoon. The soils of the study area classified as
ustic moisture regime and iso-hypothermic
temperature regime. A total of 1885 georeferenced
surface soil samples (0-15 cm) from eighteen blocks
representing different soil units as per the available soil
map (1 : 50,000 scale) were collected randomly
village-wise by adopting standard procedure. The
collected soil samples were shade-dried, processed and
analyzed for DTPA extractable micronutrients such as
Zn, Fe, Cu and Mn. The analyzed soil samples were
grouped as deficient or sufficient based on the critical
limits fixed for soils.
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Analysis of soil samples revealed 94.7 per cent Zn
deficiency in Sulthanpet and the lowest deficiency of
4.60 per cent was noted in Valparai block. The highest
Fe, Mn and Cu deficiency was recorded in Udumalpet
block (70.5 %), Sulthanpet (80.3 %) and Madukarai
block (83.6 %), respectively. The lowest deficiency of
Fe, Cu and Zn in Valparai (1.50, 1.50 and 4.0 %) and
Mn in Madukarai (1.70 %) was observed. Comparing
the various micronutrients, Zn was predominantly
deficient in most of the blocks followed by Cu, Fe and
Mn. As a whole, 68.5 % Zn, 56.6% Cu, 40.4% Fe and
15.3% Mn deficiency was observed in the district.
Fertility rating of the soils of Coimbatore district was
worked out using the nutrient index values. The Zn
status was low to very low in most of the blocks, while
Fe was found low to very high. Generally Mn status
was high to very high in most of the blocks and the Cu
status was very low to marginal. Thematic maps
prepared for available micronutrient status in the soils
of Coimbatore district are depicted in Figs. 4.1.25 to
4.1.28.
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Fig. 4.1.25. Available Zinc status in Coimbatore district
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Fig. 4.1.27. Available Iron status in Coimbatore district
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Fig. 4.1.28. Available Manganese status in Coimbatore district

4.1.4 Developing region-specific databases on
nutrient resources in agriculture and user
friendly intelligent data retrieving system
for rational and efficient nutrient
management

The nutrient requirements of important crops were
computed and the data was up-scaled at district level to
compute the nutrient uptake. The nutrient uptake was
computed for rice, wheat and maize. Fertilizer nutrient
production, imports, consumption data has been
entered in excel sheet form.

Six districts viz.,, Baroda (Gujarat), Ahmedabad
(Gujarat), Bikaner (Rajasthan), Ambala (Haryana),
Ludhiana (Punjab), and Dharwad (Karnataka) were
surveyed. Two hundred and thirty farmers' were
surveyed and the data on manure, cattle feed and straw
samples were collected. The manure samples were
analyzed for N, P and K content. There was wide
variation in the composition of cattle feed ranging from
only wheat straw to rich mixtures. Farm yard manure
(FYM) was mostly prepared by heap method in almost
all the districts surveyed. Crossbred animals were more
in Haryana and Punjab than in other states surveyed.
Huge piles of dung cakes were seen in Ambala and
Ludhiana districts. Mostly the dung is going in the
making of dung cakes. Mammoth animal sheds were
observed in Rajasthan having as many as 2000 animals.
Wide variation in the N, P and K content was observed
across the locations and among the different manure
and feed materials.

Table4.1.6. Nutrient recovery coefficient (%) for different manure types (Data pooled across the crops and

soils)

Manure Recovery (%)

N P K
Compost
Median 16 11 30
Mean 20 14 34
FYM
Median 21 17 32
Mean 39 20 41
Mustard oil cake
Median 35 32 154
Mean 35 27 156
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Manure nutrient recovery coefficients

Manure nutrient recovery coefficients were computed
for different manure types for different crops (Table
4.1.6). In case of rice the recovery of nitrogen from
different types of manures ranged from 6-86% with a
mean and median 31% and 23%, respectively. For P,
the range was 6-65% with mean and median 24 and
17%, respectively. For potassium the range was 9-
154%, with mean and median 49 and 32%,
respectively. The values above 100 indicated the
enhanced availability of soil and fertilizer nutrients in
the presence of manures. The mean and median values
indicated the recovery of N, P and K in case of wheat
were 28 & 21, 11 & 10, and 17 & 36%, respectively.
The nutrient recovery coefficients for maize, bajra,
barley, ragi, groundnut, onion, soybean, tapioca, sweet
potato, cauliflower, tomato, guar, and cabbage have
also been compiled and fed to database.

RESEARCH ACHIEVEMENTS

The nutrient recovery coefficients were also arranged
according to type of manure. The mean N recovery
from FYM was 39% with a median of 21%. For P and
K, the corresponding values were 20 & 17%, and 41 &
32%, respectively (Table 4.1.6). This shows the
recovery of K from FYM is the highest followed by N
and P. The compost prepared primarily from plant
trashes had the mean recovery values of N, P and K at
20, 14, and 34%, respectively, relatively lower values
than FYM. The recovery coefficients from other
manures like bio gas slurry, poultry manure,
Azospirillum, oilcakes, press-mud have also been
compiled and fed into the database.

4.1.5 Transformation and phyto-availability of zinc
and boron in selected bench mark acid soils
amended with lime and farmyard manure

Status of extractable zinc in selected bench mark
acid soils of India

Table 4.1.7. Extractable zinc (mg kg") in selected bench mark acid soils

Parameters Minimum Maximum Mean SD
Hariharapur soil series

DTPA-Zn 0.04 1.26 0.52 0.24
0.1 N HCI-Zn 0.40 3.76 1.75 0.59
Mehlich 1-Zn 0.28 3.36 1.39 0.54
Mehlich 3-Zn 0.56 3.04 1.41 0.52
Debatoli soil series

DTPA-Zn 0.08 5.20 0.60 0.86
0.1 N HCI-Zn 0.28 14.88 1.45 2.28
Mehlich 1-Zn 0.48 14.68 1.91 2.35
Mehlich 3-Zn 0.8 12.4 2.17 1.88
Rajpora soil series

DTPA-Zn 0.28 9.12 1.72 1.29
0.1 N HCI-Zn 0.68 8.36 2.75 1.53
Mehlich 1-Zn 0.48 8.08 2.62 1.58
Mehlich 3-Zn 0.88 8.08 3.15 1.38
Neeleswaram soil series

DTPA-Zn 0.14 10.82 1.49 1.46
0.1 N HCI-Zn 0.80 14.24 3.54 2.70
Mehlich 1-Zn 0.48 11.64 2.58 1.85
Mehlich 3-Zn 0.16 6.24 1.84 1.19
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In order to assess the suitability of different soil
extractants for estimating the status of available zinc in
acid soils of India, four hundred surface (0-15 cm) soil
samples representing four soil series namely
Hariharapur (Bhubaneswar, Orissa), Debatoli (Ranchi,
Jharkhand), Rajpora (Palampur, Himachal Pradesh)
and Neeleswaram (Kasaragod, Kerala) were collected
and analyzed for pH, EC, organic carbon content and
DTPA, Mehlich 1, Mehlich 3 and 0.1 N HCl extractable
zinc. The pH values of soil samples varied from 3.90 to
6.45, 4.11 to 5.89, 4.48 to 5.94 and 4.16 to 6.28 for
Hariharapur, Debatoli, Rajpora and Neeleswaram soil
series, respectively, whereas EC values ranged from
0.03t00.16.,0.03t00.19,0.02t0 0.19 and 0.01 to 0.40
dSm’”, respectively. The organic carbon content of four
soils varied from 0.12 to 1.07% (for Hariharapur
series), 0.11 to 0.85% (for Debatoli series), 0.52 to
2.79% (for Rajpora series) and from 0.39 to 3.46 % (for
Neeleswaram series).

The values of extractable zinc in soils of all the four
series are given in Table 4.1.7. Among the different
extractants, DTPA extracted the lowest quantity of zinc
in all the four soil series whereas 0.1 N HCI extractant

extracted the highest amount of zinc in Hariharapur
and Neeleswaram soil series and Mehlich 3 extractant
extracted the highest amount of zinc in Debatoli and
Rajpora soil series. In general, the contribution of soil
pH towards DTPA extractable zinc is insignificant (R’
= 0.05) whereas soil organic carbon contributed
significantly (R’ = 0.21*). The extracted zinc by
different extractants in all the four soils is well
correlated with one another.

4.2 Improving Input Use Efficiency

4.2.1 Development of Potassium Management
Strategies for Alfisol in View of Lessons
Learnt from Long-Term Fertilizer
Experiments

Grain yield, total system productivity (TSP) and
potassium harvestindex

The pooled grain yield data of 2 years on finger millet
indicated that the treatment 100% NP + 200% K
recorded maximum yield (44.93 q ha) over 100% NP
+ 100% K (Split application) and 100% NP + soil
inversion (Table 4.2.1). However, in cowpea 100% NP

Table4.2.1. Pooled mean grain yield (2 years) of finger millet and cowpea and total system

productivity (TSP)
Treatments Finger millet Cowpea TSP
(q ha™) (q ha") (q ha")
Control 19.09 7.85 28.8
100% NP 31.80 9.71 43.9
100% NP + Lime @ 1 t ha" 33.40 10.51 46.5
100% NP (adjusted) + FYM @ 10 t ha'' 24.03 9.68 36.8
100% NP + 100% K + Lime @ 1 t ha' 40.28 11.08 54.1
100% NP + 100% K 38.91 11.23 52.9
100% NP + 200% K 4493 11.55 59.4
100% NP + 2 Splits of 100% K* 43.54 11.78 583
100% NP + Soil inversion (0-30 cm depth) 42.79 10.67 56.1
Farmers' practice 30.37 9.88 42.7
LSD (0.05) 2.69 0.78 34
*50% K at basal & 50% K at 30 DAS
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+100% K (Split application of K) registered maximum
yield (11.78 q ha") but was at par with 100% NP +
200% K, 100% NP+ 100% K and 100% NP+ 100% K
+lime @ 1 tha'. However, 100% NP + soil inversion
could not perform well in cowpea and recorded
significantly lower yield (10.67 q ha") compared to
100% NP+ 100% K (split application of K) with 11.78
gha”.
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0100% NP + 200% K

E100% NP + 2 Splits of 100% K (50% K at basal & 50% K at 30 DAS)
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Fig. 4.2.1. Influence of soil inversion treatment vis-a-vis K-
management strategies on total system productivity
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Potassium harvest index denotes the amount of K taken
by grains with respect to total biomass. The K-
management strategies did not show any significant
impact on this parameter (Table 4.2.2). This was
probably due to proportionate change in the K-uptake
by grain and straw in both finger millet and cowpea in
respective treatments.

Relationship of SYL, Yield, TSP with soil parameters

The regression equation was fitted between sustainable
yield index (SYI) (finger millet and cowpea) and
different soil parameters namely soil pH, EC, OC,
available N, P and K. The significant regression
equations are depicted in Fig. 4.2.2. The results from
experiment on potassium management strategies
indicated that amongst these parameters only pH and
available K contributed significantly to the SYI of both
the crops. The contribution of pH to SYI was 28% in
cowpea and 10% in finger millet. Similarly the extent
of contribution of available K was 33% in cowpea and
35% in finger millet. Thus results indicated that
potassium is the most important as far as yield and
sustainable yield index is concerned.

Table4.2.2. Impact of potassium management strategies on potassium harvest index under finger millet -

cowpea system at Bangalore

Treatments Finger millet Cowpea
Control 0.39 0.44
100% NP 0.40 0.47
100% NP + Lime @ 1 t ha' 0.40 0.48
100% NP (adjusted) + FYM @ 10 t ha" 0.40 0.45
100% NP + 100% K + Lime @ 1 tha’ 0.40 0.43
100% NP + 100% K 0.41 0.50
100% NP + 200% K 0.41 0.45
100% NP + 2 Splits of 100% K* 0.40 0.43
100% NP + Soil inversion (0-30 cm depth) 0.40 0.46
Farmers' practice 0.40 0.46
LSD (0.05) NS NS

*50% K at basal and 50% K at 30 DAS
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Fig. 4.2.2. Regression of SYI with pH and available K under finger millet cowpea cropping system

Regression analysis data revealed that relationship of
yield/ total system productivity is significant with only
exchangeable form of K. The relationship indicated

nearly 60% contribution of exchangeable K
(Table4.2.3).

Table 4.2.3. Regression equation and r’ value with finger millet and cowpea

Crop/Particulars Equation R’value
Finger millet Y =1.62exchK-20.14 0.57*
Cowpea Y =023exchK+2.78 0.60*
TSP (Total system productivity) TSP=1.91 exch K - 16.77 0.61*

*significant at 5% level

4.2.2. Nano-Technology for Enhanced Utilization
of Native Phosphorus by Plants and Higher
Moisture Retention in Arid Soils

A NAIP sub-project on nano-technology has been
initiated at the institute as a cooperating centre and the
institute has made a modest beginning in the pursuit of
developing a nano-rock phosphate and evaluating its
effect on soil and crop. Rock phosphate (RP) samples
have been collected from Sagar (6 samples),
Meghnagar (6 samples) and Udaipur (19 samples) for
their characterization with regard to total P, water
soluble P, citrate soluble P and heavy metal content
apart from some basic physico-chemical parameters.
The Sagar rock phosphate total P content varied from
5.58 to 14.52 %, pH from 6.46 to 6.81 and EC from
0.053 t0 0.071 dS m". The Meghnagar rock phosphate
total P content varied from 4.46 to 13.12 %, pH from
8.26 to 8.31 and EC from 0.153 to 0.325 dS m™ and in
the Udaipur rock phosphate total P content varied from
10.38 to 20.12 %, pH from 6.80 to 7.86 and EC from
0.187 to 0.631 dS m'. The heavy metals namely,

selenium (0-114 ppm), arsenic (Tr—52 ppm) and
chromium (0-13 ppm) were also present in rock
phosphate samples. Characterization of rock
phosphate samples would help in grading the samples
so as to find their suitability in fertilizer use.
Enrichment of rock phosphate and consequent
downsizing will be further attempted by physico-
chemical and mechanical methods through
outsourcing.

Meanwhile, commercially available nano particles of
ZnO, CuO, Iron oxide, Zn, Cu, and Fe hydroxyl apatite
and calcium phosphate were used to understand their
physico-chemical behaviour in aqueous system and to
test their integrity and stability in various matrices
including soil, water and plant systems. Size
distribution and zeta potential of the nano particles
(Table 4.2.4 and 4.2.5) were estimated by dynamic
light scattering techniques. The size distribution
carried out under aquous medium clearly indicated that
all the particles had dimensions more than claimed by
the concerned supplying firm. This was attributed to
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the fact that the negative charged surface of the
particles had strong affinity towards water and the
hydrated radii of the particles were much higher than
their unhydrated counterparts. The procured nano
particles are highly unstable in water (except hydroxyl
apatite <200 nm) because of their low zeta potential in
aqueous medium (range of zeta potential for stable
suspension is —30 mv to +30 mv) and has a strong
tendency to agglomerate and settle down. Results

Table 4.2.4. Size of nanoparticles in aqueous system
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revealed that zinc oxide nano-particle had no toxic
effect (2000 ppm) on gram seed germination, whereas,
it prevented the germination of mustard seed at the
level greater than 500 ppm. Solution culture study
showed that nano zinc oxide particles could enhance
and maintain the growth of maize plant vis-a-vis
conventional Zn fertilizer (as ZnSQO,), indicating that
plant root might have got the unique mechanism of
assimilating nano-Zn and using for its growth and
development.

SI. Name of the nano particles Distribution in different fraction (nm)
No. 10% 40% 40%
1 Zinc oxide (<100nm) <109.10 109.10 - 188.00 188.00 - 325.40
2 Cu- oxide (<50nm) <126.70 126.70- 185.90 185.90- 275.80
3 TIron oxide <100nm) <97.80 97.80- 176.20 176.20- 310.10
4 H- apatite (<200nm) 75.40 75.40- 145.60 145.60- 283.50
5  Cu, Fe, Zn oxide (<100nm) 116.90 116.90 - 195.20 195.20- 360.80
6  TCP (<200nm) 92.30 92.30- 232.20 232.20- 616.10
Table 4.2.5. Zeta potential of different nanoparticles

SL. No. Name of the Nano Particle Zeta Potential (mv)

1 Zinc oxide (<100nm) -26.99

2 Copper oxide (<50nm) -1.91

3 Iron oxide (<50 nm) -3.36

4 Hydroxy apatite (<200nm) -46.74

5 Copper iron zinc (<100 nm) -2.52

6 Calcium phosphate (<100nm) -20.49

Fig. 4.2.3. Effect of nano fertilizers on germination of (A) Gram and (B) Mustard

Fig.4.2.4. Effect of nano fertilizers on
plant growth
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4.2.3 Boom Flower (Nitrobenzene 20% EW)- its
influence on growth, physiology and

mutrient uptake of tomato plant

The effect of boom flower on nutrient uptake pattern
was studied in hydroponically grown tomato plants
(Fig. 4.2.5). Plants were sprayed with nitro benzene
(NB) at regular time intervals and the plant growth,
physiological and biochemical changes, rate of water
and nutrient uptake with and without chemicals were
recorded. The nitrogen use efficiency with boom
flower was estimated in field grown maize. As with the
growth, Boom Flower (Nitrobenzene 20% EW) 2mI L™
had significantly increased the uptake of major
nutrients viz. N, P and K in tomato. However, the
nutrient content did not change in different plant parts.
In hydroponically grown tomato plants it was seen that
the rate of NO, and water uptake was greater in NB
treated plants. The nitrate reductase activity of leaves
increased immediately with NB application. The
carbohydrate content did not change; however, leaf
protein and amino acid contents were higher in NB
treated plants. NB treatment did not have a significant
effect on the nitrogen use efficiency of the field grown

maize.

4.3  Monitoring Long Term Productivity

4.3.1 Long Term Fertilizer Experiments to study
changes in soil quality, crop productivity

and sustainability (AICRP on LTFE)

Demonstration of LTFE technology through
satellite experiments

To evaluate technologies generated from LTFE and to
develop strategies for enhancing the productivity of the
region by intervening the management practices, few
centers (Bangalore, Ludhiana and Akola) conducted
satellite experiments on farmer's field. The purpose of
conducting the demonstration experiments was to
educate the farmers about judicious and balance use of
nutrients. Survey conducted by the centers revealed
that majority of the farmers are using N alone and some
of the farmers are using N and P through external
source of nutrients. Due to continuous use of
phosphatic fertilizer there has been built up in soil P as
observed in LTFE plots. To exploit the higher built up P

in soil, experiments were conducted.
Bangalore

The results of the experiment conducted with maize at
Verammanahally village revealed that reduction of P
doses to half did not have adverse effect on yield,
whereas increase in K dose to double resulted in
increased yield of maize from 37.9 q ha” (100% NPK)
to 48.6 q ha' (Table 4.3.1). Incorporation of lime
increased the productivity of maize but could not show
any improvement in productivity of finger millet.
Increase in maize yield with lime application was due
to increase in availability of K as a result of increased
soil pH. However, incorporation of 5 t ha' FYM
resulted in increased maize yield as well as finger
millet significantly. This suggested that phosphorus
dose can be reduced safely and the diversion of the
money saved equivalent to half dose of P to the K and
lime would fetch more benefit to farmers.
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Table4.3.1. Evaluation of alternate nutrient management strategies of fertilizer use to sustain productivity

of maize and finger millet

Treatments Maize Finger millet
Grain yield FRR (yield kg Grain yield FRR (yield kg’
(q ha™) fertilizer) (q ha™) fertilizer)

Control (NPK) 37.92 6.84 34.00 6.13
N%PK 37.44 9.86 34.60 9.74

N % P 2K 48.61 7.54 35.00 8.22

N % P K + lime 48.61 6.23 36.00 11.18

N "% PK+5tFYM 51.33 10.67 39.80 10.14

FRR= Fertilizer response ratio

To evaluate the nutrient response ratio (NRR) in most
sustainable nutrient management options of LTFE and
to compare with the farmer's practice field experiments
were conducted on farmer's field in Kolar, Tumkur and
Madenahalli districts of Karnataka. The results
obtained (Table 4.3.2) revealed that though the
maximum yields of maize (45.2 q ha") was recorded
with the application of 150% NPK but the response
ratio was least. The highest nutrient response ratio

(kg grain kg nutrient) was obtained on application of
100% NPK+ 15 t FYM in both the crops. The yield of
maize and response ratio of nutrients under farmers'
practice is comparable with intervention but both yield
and nutrient ratio were low in case of finger millet. The
maximum yield in 150% NPK further supports the
findings that to sustain the productivity at higher level
K should be added in larger quantity.

Table 4.3.2. Evaluation of efficiency of most sustainable fertilizer use practices

Treatments Maize Finger millet
Grain yield FRR (yield kg" Grain yield FRR (yield kg
(q ha™) fertilizer) (q ha™) fertilizer)

150% NPK 45.20 14.08 37.00 15.04
100% NPK+FYM@5t ha' 42.10 19.67 27.50 16.77
Package of practice 37.72 17.46 25.50 15.55
Farmers' practice 40.83 18.77 22.00 8.76
Control (100% NPK) 37.92 17.72 26.00 15.85

Package of practice = 100% NPK+ 10t FYM, Farmers' practice =64 kg N+46 kg PFYM (15-20 tha™); FRR=Fertilizer response ratio

Thus results at farmers' field clearly indicated that the P
dose can be reduced to half safely without any
reduction in yield. But to enhance the productivity, K is
needed in more quantity and part of that could be
supplemented through FYM. To harness greater
nutrient utilization efficiency integrated use of
chemical fertilizer with FYM is a better option (Fig.
4.3.1).

Ludhiana

To assess the soil fertility status of farmers fields of
nearby districts and also to compare and simulate with
the management options of LTFE, soil samples from
Ludhiana, Bathinda and Gurdaspur districts of Punjab
were collected and analysed for their fertility status.
Field experiments were conducted with 6 treatments as
per the details given in Table 4.3.3 with maize-wheat
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Fig. 4.3.1. Impact of potassium deficiency on growth and cob quality of hybrid maize at Bangalore

system in three villages. The results obtained indicated
that reduction in P dose to half resulted decline in yield
significantly at some of the sites compared to 100% P.
However, application of Zn resulted in increased yield
of both maize and wheat at all the sites. Critical
evaluation of data further indicated that conjunctive
use of chemical fertilizer and FYM resulted in highest
productivity at all the sites. The yield obtained was at
par with the yields obtained with application of nutrient
on soil test basis; nutrient application was in similar

quantity. Decline in yield (may not be statistically
significant) of maize and wheat on reduction in dose of
P indicated that still the P built up was not sufficient
enough to curtail the P dose at farmers field.

Thus, results clearly indicated that application of P and
Zn is essential to harness the potential productivity of
crops. But to sustain the productivity at higher level
conjunctive use of chemical fertilizer and FYM is the
only option. This supports the strategies developed out
of LTFE results.

Table4.3.3. Effect of organic and inorganic fertilizer on grain yield (q ha™) in maize-wheat cropping system

in different zones
Treatment Jhaloa Ramgarh Rajewal
Maize Wheat Maize Wheat Maize Wheat

100%N 50%PK 36.5 47.0 38.3 40.7 36.7 44.2
100%NPK 50%Zn 40.6 52.8 44.7 453 46.3 473
100%NPK 40.0 55.0 44.0 45.5 43.6 49.5
100%NPK+FYM 453 59.7 50.0 51.9 533 54.1
Farmers' practice 37.2 50.5 41.3 41.1 41.0 44.1
Soil Test basis 41.2 53.0 443 46.9 45.7 48.0
CD 5% 3.9 4.2 4.7 4.5 4.2 4.4

Farmers' practice = 150 kg N + 45 kg P,O,+ 0 kg K,O to Maize and 150 kg N + 60 kg P,O,+ 0 kg K,O to Wheat

Akola

To evaluate the strategies developed out of the results
of LTFE, field experiments were conducted at 6
farmers' fields in 5 villages using soybean-wheat as test
cropping system. The results recorded revealed that Zn
and S are essential to harness the potential yield in
addition to N, P and K. Application of Zn + S over and
above NPK resulted in increased soybean yield from
11.17q ha" to 14.12 q ha" and wheat yield from 27.6 q
ha' to 33.1 q ha' (Table 4.3.4). The result further
revealed that the conjunctive use of NPK+FYM
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resulted in highest productivity of both soybean and
wheat. The decline in yield under farmer's practices
was due to imbalanced use of nutrients and P
application in less quantity in both soybean and wheat.

From the field experiments it was concluded that to
sustain the productivity of soybean-wheat system Zn
and S are essential in Akola region of Maharashtra. But
to sustain the productivity at higher level and sustain
over a long period of time integrated use of fertilizer
and FYM is essential.

Table4.3.4. Yield of soybean and wheat at Akola as influenced by various treatment (Av. 6 experiments)

Treatment Grain(qha™)
Soybean Wheat

RDNP 11.17 27.69
RDNPK +Zn 12.19 29.66
RDNPK +S+Zn 14.12 33.15
RDNPK+10tFYMha'+Zn 16.79 37.61
Farmers' practice 9.35 24.49
CDat5% 0.67 2.06

RD for soybean N-30, P-75, K-0, Wheat N-120, P-60, K-60, Zn2.5 kg ha", S-40

Farmers' practice: Soybean N =25 kg, P=50 kg, Wheat- 100 kg N

4.3.2 Long-term effects of fertilizer and manure
application on carbon pools dynamics in a
Vertisol under soybean-wheat system

Total soil organic carbon and water soluble carbon

Application of manures and fertilizers for five year in
soybean-wheat system in a Vertisol improved various
carbon related parameters. The total organic carbon
content increased in the surface soil (0-7.5 cm) layer
between 0.78 to 1.16%. Application of 8 t FYM ha™ to
soybean and 16 t FYM ha' to wheat without any
inorganic fertilizers has resulted in highest total
organic carbon content in all the three layers viz. 0-7.5,
7.5-15 and 15-30 cm, followed by 50% NPK annually
along with 20 t FYM ha™ once in four years to soybean
and 100% NPK to wheat. The treatments Ty, T,, T, T,,,
T, and T, significantly increased the total organic
carbon content over the GRD and STCR doses of
fertilizer application to soybean and wheat. In 7.5-

15.0 cm soil layer the organic carbon content ranged
between 0.72 and 0.93% with almost a similar trend to
that of surface soil, however, significantly higher total
organic carbon content was recorded under
application of 24 t of FYM ha (T,)) every year to
soybean-wheat system. Minimum content of total
organic carbon was in 15-30 cm soil layer, which
ranged between 0.48 and 0.59% among all the
treatments. Water soluble carbon content ranged
between 43.6 to 67.9 mg kg with the highest being
under T,, (fully organic) treatment in top 7.5 cm soil
layer (Table 4.3.5). Various integrated nutrient
management treatments improved the water soluble
(WSC) carbon content and the highest WSC was again
recorded in T,. The magnitude of WSC decreased in
7.5 15.0 cm soil depth, which ranged from 24.3 to 46.5
mg kg'. However, the sub-surface (15-30 cm) layer
contained the lowest amount of WSC where it ranged
between 20.9 and 27.1 mg kg™ with significant increase
in WSC among various treatments.
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Table4.3.5. Effectof different IPNS modules on water-soluble carbon (mgkg™)

No. Treatments to cropping sequence Soil depth (cm)
Soybean Wheat 0-7.5 7.5-15 15-30
T, No Fertilizer/ Manure No Fertilizer/ Manure 43.6 243 20.9
T, GRD (20-60-20) 100- 50- 30 49.0 25.6 21.5
T, STCR (25-30-20) for 70-30-30 for 46.5 28.5 22.0
1.6 t Soybean 3 t Wheat
T, 50% of T, 100% of T, 46.9 30.7 21.0
T, 50% of T,+5 t FYM 100% of T, 53.9 38.2 233
T, 50% of T,+1 t PM 100% of T, 44.0 33.8 21.9
T, 50% of T, + 5t UC 100% of T, 49.9 33.4 25.4
T, 50% of T, + WR 100% of T, + Gly# 55.2 36.6 20.5
T, WR +1tPM 100% of T, 49.0 353 22.3
T, WR +5tFYM 100% of T, 56.9 45.5 25.9
T, 8tFYM 16 t FYM
(Every season) (Every season) 67.9 46.5 27.1
T, 50% of T,+ 20 t FYM' 100% of T, 59.9 44.8 24.9
CD (5%) 9.97 8.30 3.21
* FYM applied once in four years, # Gly-Glyricidia
Carbon pool index (CPI), carbon lability index 50 e R—— 0100
(CLI) and carbon management index (CMI) 1?2 1 E=CMI . Lability : gggg

Loss of carbon from a small pool size is of great
concern than loss of same quantity of carbon from large
pool of carbon. CPI takes into account this aspect.
Similarly, loss of labile carbon is of great concern than
loss of non-labile carbon, thus CLI plays an important
role in assessment of various interventions. CMI is a
product of carbon pool index and carbon lability index.
Higher values of CMI indicate an improvement in
quality of soil organic carbon stocks and eventually
resulting in higher soil quality and sustainability of the
system. Also, CMI help in evaluating the management
practices with respect to their impacts on soil organic
carbon and soil quality. Various IPNS interventions
improved carbon related indices in comparison to
control and the values with respect to CPI, CLI and
CMl ranged between 1.00to 1.59,1.00 to 1.30 and 1.00
to 1.49 in 0-7.5, 7.5 to 15 and 15-30 cm layer,
respectively. The mean CPI, CLI and CMI for 0-30 cm
soil depth varied from 1.00 to 1.325, 1.00 to 1.10 and
1.00to 1.46 respectively (Fig.4.3.1).
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120 | =
1.00 [ 0060
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CPI, CMICLI

aggregates and a decrease in micro-aggregate
proportion under IPNS interventions. Changes due to
manures and fertilizer addition to soybean-wheat
cropping system were noticed both on macro-
aggregates and micro-aggregates as compared to
control plot. In all the three depths, small macro-
aggregates (0.25-2 mm) constituted maximum
proportion followed by micro-aggregates (0.053 —
0.25 mm). Highest change in aggregation was recorded
under treatments involving only manure addition in the
form ofresidues, FYM or both (Fig. 4.3.2).

0-7.5cm
80
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60 | mT5 @T6 mMT7 DTS

50 HT9 mTI0 OT11 @mTI2

40

Percent
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Aggregate size (mm )

T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12

Fig.4.3.1. CLI, CPI and CMI for 0-30 cm soil depth under
different IPNS interventions

Distribution of soil aggregates

Aggregate analysis study revealed that there were
almost similar proportions of aggregates of the large
macro-aggregates (>2 mm) and silt size fraction in
the top 15 c¢m soil depth. In 15-30 cm soil depth the
large macro-aggregates further declined. Also, in all
the three depths maximum proportion was of small
macro-aggregates (0.25-2 mm) followed by micro-
aggregates (0.053 — 0.25 mm). With increase in
depth there was an increase in the small size macro-
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Fig. 4.3.2 Effect of INM interventions on soil aggregation
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4.3.3 Effect of continuous use of organic manures
and inorganic fertilizers on transformation

of different fractions of Zinc in a Vertisol

The status of different fractions of Zn as influenced by
continuous application of inorganic fertilizers alone,
manures and fertilizers, manures alone in a Vertisol
after five years of soybean-wheat cropping has been
investigated. Surface (0-15 cm) soil samples collected
after 5 years have been analyzed for Zn fractions viz.
soil solution and exchangeable Zn (CA-Zn), Zn bound
by inorganic sites (AAC-Zn), Zn bound by organic
sites (PYRO-Zn), Zn occluded by free oxides (AMOX-
Zn), Residual Zn (RES-Zn) using sequential extraction
method of McLaren and Crawford (1973). The total
zinc content in the soil varied from 97 mg kg in soils
received STCR based dose of NPK to 145 mg kg™ in
plots which received farmyard manure alone @
24 tha'year" (Table 4.3.6). Among the zinc fractions,
residual Zn constituted the major fraction of total zinc
in Vertisol followed by AMOX-Zn, PYRO-Zn, AAC-
Zn and CA-Zn. The 5-year continuous integrated use
of NPK with FYM or poultry manure (PM) or urban
compost (UC) and FYM alone significantly influenced
only the PYRO-Zn, and AMOX-Zn fractions. The
highest status of AMOX-Zn was observed in treatment
that received FYM alone @ 8 t ha™ to soybean and 16 t
ha' to wheat every year. This treatment also
maintained the highest total Zn.
treatments, integrated use of NPK with FYM and NPK
with urban compost maintained higher status of
AMOX-Zn and PYRO-Zn in the soil. The influence of
different INM modules on the status of other Zn
fractions (CA-Zn and AAC-Zn) was very little. The

residual Zn in soil was not affected by different

Among other

treatments even after 5 years.
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Table 4.3.6. Effect of different INM modules on the status of different fractions of zinc in soil five years
after cropping
No. Treatments to cropping sequence Content of Zn fraction (mg kg") Total Zn
(mg kg")
Soybean Wheat CA- AAC- PVRO- AMOX- RES Total
Zn Zn Zn Zn Zn Zn
T, No Fertilizer/ Manure No Fertilizer/ 022 211 23 9.45 90.92 105
Manure

T, GRD (20-60-20) 100- 50- 30 039 1.85 1.88 7.23 87.65 99

T, STCR (25-30-20) for 70-30-30 for
1.6 t Soybean 3 t Wheat 0.34 190 146 4.80 88.50 97

T, 50% of T, 100% of T, 030 265 1.84 7.97 89.23 102

T, 50% of T,+5 t FYM 100% of T, 036 2.16 4.64 19.61 93.23 120

T, 50% of T,+1 t PM 100% of T, 030 1.12 424 17.24 89.09 112

T, 50% of T, + 5t UC 100% of T, 033 1.56 7.89 27.42 92.80 130

T, 50% of T, + WR 100% of T,+Gly 0.21 1.16 2.34 10.39 91.90 106

T, WR +1tPM 100% of T, 029 1.51 5.14 15.65 93.41 116

T, WR+5tFYM 100% of T, 0.27 234 547 24.62 90.30 123

T, 8tFYM (Every season)  0.29 2.18 7.34 43.11 92.07 145
(Every season) 16 t FYM

T, 50%ofT,+20tFYM* 100% of T, 041 190 5.10 16.51 91.08 115
LSD (P=0.05) 0.055 0.53 0.61 1.29 5.8 6.1

* FYM applied once in four years

4.4. Managing Soil Physical Environment

4.4.1 Tillage and Residue Management for
Sustainable Crop Yield and Improved Soil

Health

The performance of different tillage systems and
nitrogen rates on soil quality and crop productivity in
Vertisols has been assessed through a long-term tillage
experiment being conducted at Bhopal since 1999. In
the rainy season soybean as a rainfed crop was grown
with four tillage treatments namely, mould board
plough (MB), conventional tillage (CT), reduced
tillage (RT) and no tillage (NT) as main plot and three
nitrogen levels (50%, 100% and 150%) as subplots.
Results showed that the seed and biomass yield of
soybean did not differ significantly among the tillage
treatments. However, the seed and biomass yield of

soybean recorded at 150% and 100% recommended
dose of nitrogen was significantly higher than that
recorded at 50% recommended dose of N treatment.
The average seed yield among the various treatments
varied between 880 to 1420 kg ha'. Addition of
biomass to the plots in the form of leaf litter and crop
residues addition was recorded after soybean harvest.
On an average 680 kg ha' residue were added to the soil
surface. However, treatment effect on residue addition
was not significant (Table 4.4.1).

Soil moisture storage: The total rainfall received
during the rainy season was 754 mm which is 25%
lower than the long-term average rainfall (Fig. 4.4.1).
The moisture storage in the soil profile (0-90 cm) was
monitored during the cropping season. During the
initial stages moisture storage mainly fluctuated due to
rainfall and treatment affect was not conspicuous.
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Table 4.4.1. Grain and biomass yield of soybean as influenced by tillage treatment and nitrogen levels in 2008

Treatment Seed (kg ha™) Biomass (kgha™) Residue (kgha™)
NT-Soybean 1232 4242 713
RT-Soybean 1068 4112 644
MB-Soybean 1181 4283 568
CT-Soybean 1203 4252 686
LSD (P=0.05) NS NS NS
NT- wheat 1177 4277 654
RoT- wheat 1165 4167 653
LSD (P=0.05) NS NS NS
N50% 1041 4011 627
N100% 1196 4266 688
N150% 1275 4390 645
LSD (P=0.05) 117 297 NS

But at 65 DAS during a relatively dry period moisture
retention in NT-NT and RT-RoT treatment was higher
than CT-CT and MB-RoT treatment. Moisture
retention in all the depths was lower in MB-RoT
treatment (Fig.4.4.2).
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Fig. 4.4.1. Rainfall distribution during the rainy season of 2008

Effect of tillage and nitrogen levels on soil properties:
Imposition of tillage treatments and wvariations in
nitrogen levels significantly influenced the bulk
density of the top 5 cm soil recorded during the pod
filling stage of soybean. The BD was minimal in RT-RoT
(1.20 Mg m”) and MB-RoT (1.21 Mg m®) treatments
while it was the highest in CT-CT treatment (1.29
Mg m™). Among the nitrogen levels BD was maximal
at 50% N level and it was significantly higher than the
BDrecorded at 100% and 150% N level (Table 4.4.2).
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Fig. 4.4.2. Moisture content of the soil profile after 65 DAS
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Table 4.4.2. Tillage and nitrogen level effect on BD (Mg m™) of 0-5 cm soil

Nitrogen levels
Tillage N Nioow Nisow Average
CT-CT 1.32 1.28 1.27 1.29
MB-RoT 1.31 1.17 1.15 1.21
RT-RoT 1.22 1.21 1.16 1.20
NT-NT 1.26 1.21 1.25 1.24
Average 1.28 1.21 1.21

LSD (P=0.05): Till: 0.06; N: 0.06 & TXN: NS

Effect of tillage treatments and nitrogen levels on
infiltration rate of the soil was studied after harvest of
soybean during the fallow period. The steady state
infiltration rates of plots under no tillage (NT-NT),
mouldboard tillage (MB-RoT) and reduced tillage (RT-

RoT) treatments were significantly higher than that of
conventional tillage (CT-RoT) treatment (Table 4.4.3).
Among the nitrogen levels, N,,, and N, level
recorded significantly higher infiltration than N,
level.

Table 4.4.3. Tillage and Nitrogen level effect on infiltrability (cm hr™)

Nitrogen levels
Tillage Wl N — Nisow Average
CT-CT 3.02 2.84 1.08 2.31
MB-RoT 2.96 7.53 8.61 6.37
RT-RoT 2.85 8.88 6.24 5.99
NT-NT 3.04 10.91 11.05 8.33
Average 2.97 7.54 6.74

LSD (5%): Tillage: 3.75; Nitrogen: 2.09 and T X N: 4.18

Tillage and moisture content effect on soil bulk
density: A study was conducted to evaluate the effect of
changing soil moisture content on bulk density of soil
under no tillage and conventional tillage system. The
data clearly showed that with decrease in moisture
content from near saturation to below permanent
wilting point the bulk density of the Vertisol decreased
at both 0-7.5 and 7.5-15 cm depths. The BD and
moisture content relationship (as expressed through
coefficient of determination) was stronger at 0-7.5 cm
depth than that at 7.5-15 cm depth. The trend in the
increase of BD with depletion of moisture content was
similar in CT-CT and NT-NT treatments.

4.4.2. Tillage and Manure Interactive Effect on
Soil Aggregate Dynamics, Soil Organic
Carbon Accumulation and Bypass flow in
Vertisol

With respect to soil moisture content, no tillage showed
significantly higher moisture content at 30 and 90
DAS however at other sampling dates it was found to
be at par with conventional tillage. Across tillage, T7
(10 t ha” FYM-C) was found to have higher moisture
content than T1 (0 FYM-C) at 0-5, 5-15 and 15-30 cm
soil depth. At the same time 90, 120 DAS and after
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harvest T1 was found to have more soil moisture than
T7 at 15-30 cm soil depth. Tillage, manure and their
interaction were found to be significant on root weight
and root volume at 0-15 cm soil depth. However, tillage
did not have significant effect on root weight and
volume at 15-30 cm soil depth. Root weight and
volume were found to be significantly greater in
treatment receiving the highest level of FYM and the
minimum in control. Different levels of FYM had
significant effect on grain and biomass yield of wheat
2008-09. Grain yield ranged from 3.4 to 4.0 Mg ha.
The effect of FYM-C levels 2 (T4) and 2.5 (T5) tha” on
grain yield was the highest and also found to be at par.
Biomass yield ranged from 6.0 (T1) to 7.3 (T7) Mgha'.
After harvest of wheat, No tillage resulted in higher
available N than conventional tillage at both soil depths
(0-5 and 5-15 cm). Reverse trend was observed in
available P and K at both soil depths with respect to
tillage. Available N, P and K were found to increase
significantly with increase in levels of FYM. TOC per
cent was found to vary from 0.89 (T1) to 1.48 (T7)%
after wheat harvest. However levels of FYM, tillage
and manure interaction had significant effect on TOC at
0-5and 5-15 cm soil depth.

In 90 day old pot grown soybean it was found that SOC,
SMBC and basal respiration were higher without crop
as compared to with crop pots at 0-5 and 5-15 cm soil
depth. However, alkaline phosphatase and
dehydrogenase activity were relatively greater in
cropped than non-cropped pots. In contrast to that in
field experiment, tillage didn't have any significant
effect on biological activities. Whereas, biological
activities increased significantly with increased levels
of FYM. Fluorescein diacetate was found to have
highest correlation of 0.45 and 0.52 with water soluble
carbon and acid hydrolysable carbohydrate,
respectively.

RESEARCH ACHIEVEMENTS

4.5. Monitoring Soil Chemical Parameters

4.5.1 Investigations on Phosphorus Fractions in
Diverse Organic Manures and Their
Effects on Phosphorus Speciation and
Availability in Contrasting Soils

This study was initiated with the objective: a) to
survey, collect and characterize different manures, b)
to assess the effect of manure P composition on soil P
speciation, and c) to understand the relative sorption
behavior of organic and inorganic phosphate in
contrasting soils.

Sorption behavior of inorganic and organic
phosphorus

Sorption behavior of inorganic and organic
phosphorus in three contrasting soils viz., Vertisol
(Bhopal), Oxisol (Dapoli) and Mollisol (Pantnagar)
was studied. The soils were subjected separately to
inorganic P (KH,PO,) and organic P (C,H,,O,,P,) at a
series of concentrations (2.5 to 60 mg P L") and
equilibrated at a temperature of 27 °C for 6 days with
intermittent shaking. The P sorbed by each soil was
calculated as the difference between the amount of P
present in the solution initially and that remaining after
equilibration.
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Fig.4.5.1. Inorganic and organic P sorption isotherms for
Oxisol, Vertisol and Mollisol
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Organic-P sorption was lower than inorganic-P
sorption in all the three soils. The sorption of either
inorganic or organic P in different soils followed the
order: Oxisol > Vertisol > Mollisol (Fig. 4.5.1). The
inorganic and organic P sorption data for all three soils
conformed to the linear form of the classical Langmuir
equation (Fig. 4.5.2). The goodness of fit was highly
significant with the coefficient of determination (R’
values) being in the range of 0.954" to 0.986". In
general, the P sorption maxima (b), bonding energy
constant (k) and standard P requirement (SPR) derived
from Langmuir isotherms were relatively lower for
organic-P compared to inorganic-P. The lower sorption
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Fig.4.5.2. Langmuir isotherms for inorganic and organic P
sorption in contrasting soils

of organic-P vis-a-vis inorganic-P in different soils was
primarily through a decrease in either sorption maxima
(b) as in Mollisol, bonding energy constant (k) as in
Oxisol or both b and k as in Vertisol.

Sequential extraction of P from manures and
manured soils

The total-P as well as relative proportions of H,O-P,
NaHCO,-P, NaOH-P, HCI-P and Residual P varied
widely across the organic manures. Averaged over all
fractions, the organic P accounted for 11.4, 12.5, 31.5,
30.9,38.4,47.1,42.7 and 64.1 per cent of total Pin VC,
MSW, PM, GM, FYM, CDM, Subabool and WR,
respectively (Fig. 4.5.3). A laboratory incubation study
was carried out using all the three contrasting soils to
assess the effect of P forms in organic manures on P
availability and soil P speciation. All the organic
manures/materials, with the exception of subabool and
WR with wide C:P ratio, showed an improvement of
available (soil test-P) P in all soil types (Fig. 4.5.4).
However, the magnitude of increment in the soil test-P
varied between organic materials and soil types. The
recovery of P added through organics was generally
high in high P fixing soil (Oxisol) and least in Mollisol
with less P fixing ability at 30 days after incubation.
The recovery of added P was strikingly high (40.49%)
in all soils. Generally, decomposed manures (VC,
MSW, PM, GM, FYM and CDM) were found more
effective than un-decomposed subabool and WR.
FYM proved more effective than all other organics and
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Fig.4.5.3. Inorganic and organic P proportions in different
manures
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was 1.2,2.2 and 1.1 times as effective as inorganic P in
Vertisol, Oxisol and Mollisol, respectively with respect
to P availability. Potential of organics in improving P
availability in different soils followed the order Oxisol
> Vertisol >Mollisol.
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Fig. 4.5.4.Effect of organics on available P during incubation

4.5.2 Assessment of Quality and Resilience of
Soils under Diverse Agro-ecosystems

The NAIP sub-project entitled “Assessment of quality
and resilience of soils under diverse agro-ecosystem”
started in a network mode with IISS, Bhopal as the lead
centre and BCKYV, Kalyani, PAU Ludhiana, CRIDA,
Hyderabad and NBSS & LUP, Nagpur as the
cooperating centers. As per the work schedule, all the
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centres procured maps of the two districts and
identified the soil sampling norms. All the identified
sites were geo-referenced using GPS. Soil sampling
was completed before start of winter season crops in all
the centres. The target districts for soil sampling were
Vidisha & Sehore (under AESR 10.1), Rupnagar &
Ludhiana (under AESR 4.1), Warangal & Nalgonda
(under AESR 7.2) and Hoogly & Bankura (under
AESR 15.1).

The preliminary soil analysis results indicated that due
to continuous cultivation of crops, the soil organic C
(SOC), available Fe and Mn from the surface (0-15 cm)
soil layer were decreased by 31.0, 44.6 and 35.8%,
respectively in Sehore district; while the SOC,
available K and available Fe were decreased by 46.3,
47.6 and 19.9% respectively in Vidisha district (Table
4.5.1) as compared to pristine soil.

The pH was slightly higher in Rupnagar district
compared to Ludhiana district. Soils in both the
districts of Rupnagar and Ludhiana tested low to high
in organic carbon with mean SOC content falling in the
medium category. Mean SOC content was slightly
higher in Ludhiana district (4.9 g kg") as compared to
Rupnagar district (4.4 g kg"). Olsen extractable P in
soil samples from both the districts ranged from low to
high or very high. However, the average P status in both
the districts was in high category and varied between
42and45kgPha’ (Table 4.5.2).

The district maps of Nalgonda and Warangal were
digitized in ARC-GIS environment and were projected
as WGS-84, as GPS works in WGS-84 coordinate
system. Around 53 out of 139 samples from Nalgonda
district had BD more than 1.6 Mg m” and in case of
Warangal, 38 out of 149 samples had BD more than
1.6. Bulk density of Nalgonda soils (Table 4.5.3) was
relatively higher than those of Warangal. Available
nitrogen was low (<280 kg ha') in entire area of
Warangal district whereas in Nalgonda district 16 out
of 160 samples were in medium range of available N
(281-560 kg ha™); and remaining samples were low in
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Table 4.5.1. Soil analytical data of Sehore and Vidisha districts of Madhya Pradesh

1934) of rice-sesame-potato (R-P-S) cropping system
varied from 3.28 to 5.39 g kg " soil with average value
of 4.33 g kg soil, whereas, in Bulanpur soil series of
Bankura district, values of soil organic carbon (SOC)
of C,,, of rice-sesame-potato(R-P-S) cropping system
varied from 5.03 to 9.65 g kg soil with average value
of 7.34 g kg soil. In Baligori soil series of Hooghly
district, values of microbial biomass carbon (MBC) of
rice-sesame-potato (R-P-S) cropping system varied
from 335.53 to 1083.61 pg g soil with average value
0f 709.57 ug g soil. In Kataban soil series of Hooghly
district, values of microbial biomass carbon (MBC) of
rice-sesame-potato (R-S-P) cropping system varied
from 306.47 to 643.58 ug g soil with average value of
474.97 ug g soil.

RESEARCH ACHIEVEMENTS

4.5.3 Biofortification of wheat grains with zinc
and iron

To prove the fact that the foliar applied Zn and Fe is
better option for enrichment of wheat grains, a field
experiment was conduced in Ludhiana for two
consecutive years (2006-07 to 2007-08) with foliar
sprays of Zn (0.5%) and Fe (0.5%). The soil ofthe field
was loamy sand (Zypic Ustochrept) having pH 7.8, EC
0.12 dS m", organic carbon 0.34 %, available nitrogen
252 kg ha', available phosphorus 15.8 kg ha' and
available potassium 184 kg ha'. The DTPA-extractable
Zn and Fe levels at the time of sowing of wheat were
0.72 and 4.80 pg g, respectively. Five wheat varieties
viz. PDW 274, PDW 291, PBW 343, PBW 502 and
PBW 550 were selected for experimental study. These

Table 4.5.3. Mean, minimum, maximum and coefficient of variance (CV %) of some soil parameters
collected in Nalgonda and Warangal districts of Andhra Pradesh

District Land use pH EC oC Available content (ppm)
(ASm") (%) N P K Fe Mn
Sehore Pristine Min. 7.03 0.59 0.08 715 0.10 3.88 1.08  4.34
Max. 8.32 1.99 146  620.0 234 3742 536 34.74
Mean 7.69 1.32 0.87 2725 0.49 1583 288 16.15
Std. Dev.  0.35 0.39 0.33  135.7 0.47 8.73 1.05 10.53
Cultivated ~ Min. 6.65 0.50 0.05 875 0.10 0.72 1.04  2.02
Max. 8.38 2.89 1.26  845.0 1.66 2580 630 37.28
Mean 7.75 1.35 0.60 2754 0.43 8.76 2.18  10.36
Std. Dev.  0.37 0.39 0.19 1739 026 542 092 723
Vidisha  Pristine Min. 6.79 0.74 0.27 110.5 0.06 5.46 092 338
Max. 8.35 2.95 263 987.0 0.82 2024 384 16.04
Mean 7.88 1.22 0.82 3323 027 9.05 1.54 599
Std. Dev.  0.41 0.58 0.72  960.0 0.18 3.76 0.71  3.14
Cultivated ~ Min. 6.08 0.36 0.03 975 010 2.28 0.60 1.66
Max. 8.30 5.70 1.71 4532 0.68 2552 3.62 30.58
Mean 7.90 1.28 044 2956 0.25 7.25 1.24 694
Std. Dev.  0.40 0.57 0.19 196.6 0.11 3.19 045  3.87
Table4.5.2. Range, mean and standard deviation of some chemical properties in Ludhiana and Rupnagar
districts of Punjab
Soil properties Minimum Maximum Mean S.D
Ludhiana
pH 6.87 8.39 7.78 0.285
EC (dSm™) 0.07 0.60 0.21 0.083
Organic carbon (g kg") 2.1 11.1 4.9 2.2
Olsen P (kg ha™) 10.3 96.5 45.0 19.54
Rupnagar
pH 7.17 8.59 8.14 0.22
EC (dSm") 0.12 0.44 0.23 0.07
Organic carbon (g kg") 1.0 8.7 4.4 1.8
Olsen P (kg ha™) 7.0 99.6 42.4 16.33

available N. Out of 160 samples analyzed, 12%
samples were low (<10 kg ha"), 56% samples were
medium (11-25 kg ha™) and 32% samples were high in
available P in the soil collected from Nalgonda district,

whereas in Warangal 19% low, 53% medium and 28%
were high in available P.

In Kataban soil series of Bankura district, values of soil
organic carbon (SOC) of C,,, (Walklay and Black,

Parameters Mean Minimum Maximum Coefficient of
Variance (CV %)
Nalgonda
Bulk Density (Mg m®) 1.55 1.17 1.87 9.41
Moisture @ 0.3 Bar (w/w%) 14.4 2.30 37.03 52.04
Moisture @ 15 Bar (w/w%) 7.2 0.81 22.6 68.1
AWC (mm m") 110.45 20.87 282.62 49.86
pH 7.93 5.39 9.32 9.17
EC (dSm™) 0.21 0.03 0.87 80.7
Available N (kg ha") 177.85 86.55 469.15 37.39
Available P (kg ha™) 19.37 3.36 77.73 67.62
Available K (kg ha™) 267.14 75.94 630 43.61
Warangal
Bulk density (Mgm®) 1.5 1.15 1.79 8.77
Moisture @ 0.3 Bar (w/w%) 15.18 3.51 38.36 49.17
Moisture @ 15 Bar (w/w%) 7.94 1.77 19.93 54.2
AWC (mm m") 107.28 24 378.22 56.22
pH 7.52 5.48 8.92 10.12
EC (dSm™) 0.19 0.03 0.84 62.3
Available N (kg ha™) 149.24 82.79 270.95 21.94
Available P (kg ha™) 21.8 0.45 105.95 78.57
Available K (kg ha™) 237.14 62.05 655.76 47.08
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include both durum and aestivum varieties. Four foliar
sprays were applied as Zn (0.5%) and Fe (0.5%) during
growth period of different wheat varieties. The 1™ and
2" spray of Zn and Fe was made at maximum tillering
and flower initiation stages. Whereas, 3" and 4" spray
was made at milk and dough stages. The concentration
of Zn and Fe in wheat grain ranged from 30.4 - 43.3 ug
g and 36.6- 50.3 pg g with foliar applications of Zn
and Fe, respectively. The data further revealed that
application of Zn raised the maximum concentration of
Znto43.3pgg (PDW291)and42.8 ugg' (PBW 502),
which were 38.8 and 37.7 % higher over control,
respectively. Also the application of Fe raised the
maximum concentration of Fe to 50.9 ug g” (PBW 343)
and 47.9 ug g' (PBW 502), which was 24.8 % and
23.1 % more, respectively over control.

4.6 Improving Soil Biological Condition

4.6.1 Studies on the effect of organic sources on
yield and quality of pomegranate

The effect of various nutrient sources on yield and
quality of pomegranate under organic farming was
assessed. The maximum fruit yield was recorded in
INM (7.79 kg plant") treatment followed by organics
(7.11 to 7.30 kg plant™) and inorganic alone (6.89 kg
plant™), while the least was in control (4.72 kg plant™).

Number of fruits per plant and average fruit weight (g)
was higher in all the nutrient treatments compared to
control. Although, the highest fruit number was
recorded in RDF treatment, but the highest average
fruit weight was recorded (185.57 g) in cattle dung
manure (CDM) treatment followed by INM (185.56 g).
The fruit quality parameters such as sugars, total
soluble salts (TSS) and ascorbic acid content increased
significantly with the application of INM, organic and
inorganic alone, whereas, juice acidity, carotenoids and
tannin content did not vary significantly due to
application of various nutrient sources (Table 4.6 1 &
4.6.2). Juice recovery percentage was the highest in
CDM (59.8%) followed by INM (58.3%),
vermicompost (55.8%) and phosphocompost (55.4%)
and was the lowest in control (41.0%). Maximum TSS
was recorded in cattle dung manure (CDM) treatment.
The fruit juice acidity recorded in the range of 0.28-
0.35% in winter season pomegranate fruit and the
minimum juice acidity was recorded in all the nutrient
treatments. The decrease in acidity percentage of fruit
juice might be due to the application of organic,
inorganic and integrated nutrient sources. Higher
accumulation of ascorbic acid was recorded in INM
(19.3 mg 100g™") treatment followed by organics and
inorganic treatments and was the lowest in control
(16.2 mg 100g ). Supply of all the essential nutrients
through organic and INM treatments probably
contributed to a better pomegranate fruit quality.

Table 4.6.1. Effect of different nutrient sources on yield and quality of pomegranate

Treatments Total No Average Fruit TSS Sugar Vitamin C
of fruits fruit wt  yield (%) (%) (mg 100g™)
(plant’) () (g plant’)
Control 31 150.57 4.72 11.2 0.35 16.2
Vermicompost 40 177.87 7.11 12.7 0.29 18.3
Phosphocompost 40 184.10 7.30 12.6 0.29 18.5
Cattle dung manure (CDM) 39 185.57 7.17 13.0 0.28 18.9
RDF (400:250:200 g NPK plant') 44 155.43 6.89 11.7 0.32 18.0
50% RDF+ 50% CDM 42 185.56 7.79 12.9 0.29 19.3
CD (P=0.05) 23 6.7 1.6 0.1 NS 0.5
54

Among the mineral elements such as Ca and Fe
contents increased significantly due to application of
INM followed by organic and inorganic alone and was
the lowest in control; Mg, Cu and Zn content on the
other hand in fruits were not influenced due to
application of different nutrient sources.

RESEARCH ACHIEVEMENTS

It can be concluded from the study that application of
18 kg vermicompost or 21kg compost or 29 kg cattle
dung manure (CDM) per plant or a combination of
50% CDM+50% RDF improved the fruit yield as well
as quality of pomegranate fruits.

Table4.6.2 Effect of different nutrient sources on juice recovery, acidity and mineral content of

pomegranate
Treatments Juice Acidity Ca Mg Cu Fe Zn
recovery content content content content  content
(%) (mg 100g”)

Control 41.0 0.35 12 11 0.17 0.36 2.0
Vermicompost 55.8 0.29 13 12 0.20 0.44 2.3
Phosphocompost 554 0.29 16 12 0.20 0.44 2.4
Cattle dung manure

(CDM) 59.8 0.28 16 13 0.22 0.50 2.6
RDF (400:250:200 g

NPK plant”) 459 0.32 15 11 0.18 0.44 2.4
50% RDF+ 50% CDM 583 0.29 17 14 0.23 0.49 2.7
CD (P=0.05) 33 NS 1.1 NS NS 0.07 NS

4.6.2. Quality assessment of crops under different
nutrient management system in long term
experiment

Improving nutritional quality of wheat grain under
LTFE experiments

Adoption of different nutrient management practices
improved the nutritional quality parameters such as
protein and tryptophan content of wheat. However,
methionine, cysteine amino-acids and NPN content did
not vary significantly due to different nutrient
management practices, but these constituents were
recorded higher in all the nutrient management
practices compared to control. Protein (12.2%),
methionine (1.43 g 16 g'N) and cysteine (1.48 g 16 g
'N) were the highest with the application of 100% NPK
+ FYM and was the lowest in control (Table 4.6.3).
Nutritionally important mineral elements such as P, K,
Zn, Cu, Mn and Fe contents were higher in different

nutrient management practices compared to control.

Improving nutritional quality of soybean seed
under LTFE experiments

Quality of soybean seed was assessed grown under
LTFE experiments. Nutrient management practices
significantly influenced the 100-seed weight, crude
protein and true protein content. The highest 100 seed
weight was recorded with the application of balanced
nutrition (100% NPK+ FYM) compared to other
treatments and was the lowest in control. Protein,
carbohydrates and oil contents did not vary
significantly due to different nutrient management
practices, whereas, nutrients had effect on true protein,
methionine and cysteine content in seed (Table 4.6.4).
Results of the Ranchi Centre is also showed the similar
trend with respect to the above mentioned quality
parameters in soybean seeds (Table 4.6.5).
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Table 4.6.4. Effect of different nutrient management practices on soybean seed quality (LTFE, Jabalpur)

Methionine Cysteine Tryptophan

Moisture Protein Carbohydrates Oil True protein NPN

100-
seed wt.

Treatments

(216 g'N)

(%)
22

1.78
1.84
1.81
1.80
1.81
1.80

1.55
1.67
1.64
1.78
1.84
1.70

0.11

1.67
1.79
1.80
1.87
1.92
1.84
0.12

0.46
0.49
0.48
0.50
0.50
0.48

NS

34.17

18.2
20.8

.0
i

9.1 34.83

8.70
9.74
10.64
9.97
12.00
10.85
0.21

Control

37.25

20

37.34
36.97
38.37

39.16

8.9
8.9
9.4

9.3

100% N

36.49
37.87

21.1

21.8

100% NP

18.6

21.5

100% NPK

38.66
38.16

19.2
19.0

NS

20.6

100% NPK + FYM

100% NPK - S
CD (P=0.05)

38.74 21.5

9.3

NS

1.20

NS

1.47

NS
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Table 4.6.5. Effect of different nutrient management practices on soybean seed quality (LTFE, Ranchi)

Methionine Cysteine Tryptophan

Moisture Protein Carbohydrates Oil True protein NPN

100-
seed wt.

Treatments

(216 g'N)

(%)
22.40

20.13

1.71
1.89
1.80
1.81
1.83
1.79

1.57
1.64
1.62
1.66
1.68
1.63
0.05

1.64
1.74
1.78
1.82
1.85
1.82
0.09

0.46
0.50
0.48
0.48
0.49
0.48

34.88
NS

18.7

35.34
38.24
37.74

38.16

9.2
9.5

8.66
9.67
10.51

Control

37.74
37.26
37.68
38.92
37.69

20.0

100% N

20.5

21.50
21.72

9.2
9.5

100% NP

19.8

10.71
12.10
10.70
0.31

100% NPK

19.2
20.2

19.74
20.16

39.41

9.6

100% NPK + FYM
100% NPK - S
CD (P=0.05)

38.17

9.4

NS

NS

NS NS 1.34

1.42

RESEARCH ACHIEVEMENTS

It can be concluded from the study that the 100-seed
weight, protein, true protein, methionine and cysteine
content increased significantly due to different nutrient
management practices over control in soybean seed.

4.6.3 Soil Organic Carbon Dynamics vis-a-vis
Anticipatory Climatic Changes for Crop

Adaptation Strategies

To establish the relationship among C mineralization,
biological activities and C pools under different
hydrological regimes, selected treatments such as
NPK, NPK + FYM, NPK+ WR and FYM were used
after 5 cycles of soybean-wheat in rotation. The higher
concentrations of C pools such as SMBC, hot water
soluble carbon and acid hydrolysable carbohydrates
were observed in FYM treated plots followed by 50%
NPK+WR, 50% NPK+FYM and 100% NPK in
surface layer (0-15 cm) (Table 4.6.6). The POM-C
varied from 14.7 to 28.4 % in these treatments and it
was lowest in unfertilized control. Therefore, 71.6 -
85.3 % of TOC was present in terms of mineral
associated organic matter (<0.053 mm) in these soils.
The sand free soil mass aggregates in the size classes of
>2000um were very low in Vertisol. In all the
treatments rewetted sand free mass aggregate size
distributions at 0-15 cm depths were dominated by
small macro aggregates (25-2000 um) accounting for
55.5-70.6% of dry soil weight followed by micro
aggregates (53- 250 um, accounting for 18- 37%) (Fig.
4.6.1). The sand free water stable aggregate carbon was
greater in 2000-250 um size classes followed by 250-
53 um and least was observed in mineral associated
(silt + clay fraction). It was also observed that the
substantial improvement of water stable carbon due to
continuous application of manure through FYM
followed by FYM + NPK and NPK+ WR under
soybean-wheat system in Vertisol (Fig. 4.6.2). The
disruption of aggregates organic matter subsequently
reduces the labile pool of carbon where cultivation is
practiced in a long run. Dynamic interrelationship
between soil structure and SOC indicated that the
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decomposition of SOC affects soil aggregation and
aggregate stability upon microbial action.

The hydrolysis of the fluorescein diacetate (FDA) has
also been used to estimate microbial activity in soil. As
FDA is hydrolyzed by esterases, proteases and lipases,
all enzymes are involved in the microbial
decomposition of organic matter in soil. Itisused asan
alternative estimate of the content and size of soil
microflora. It has been observed that the maximum
FDA was (7.9 ug Fluorescein g h™) in the FYM treated
plots due to greater biological activities. After 60 days
of incubation, it was observed that the CO, evolution
increased with increase in incubation period and it was
maximum at 40 days for all these treatments (Fig.
4.6.3). Amongst the hydrological regimes, the higher
amount of CO, evolution was observed in 100 %WHC
followed submerged condition and least was observed
in 50 % WHC. Application of NPK with 100 % WHC
the CO, evolution was maximum (192 mg CO, 100g™)
followed by NPK+WR, 100% NPK and 50% NPK+
FYM possibly due to greater release of waster soluble
carbon and acid hydrolysable carbohydrates, which
acted as source of bio energy for higher amount of
€X0genous micro organisms.

RESEARCH ACHIEVEMENTS

m Control m 100 %NPK
60 - 0 50%NPK+FYM 0 50%NPK+CR
m100% FYM
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Fig. 4.6.1 Long-term effect of fertilizer, manure and crop
residues on sand free aggregate mass (g) in different size

classes
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Fig.4.6.2. Long-term effect of fertilizer, manure and crop

residues on sand free aggregate carbon (g kg'l) in
different size classes

Table 4.6.6. Soil biochemical parameters (0-15 cm depth) after S cycles of soybean-wheat rotation

Parameters Control 100% 50% 50% 100%
NPK NPK+ FYM NPK+CR FYM
SR (mg CO,-C 100g" d") 3.70 3.63 3.94 3.38 3.50
DHA (ug TPF g'd") 40.00 56.50 59.80 60.80 67.50
Alkaline phosphatase
(ug PNP g' 2h™) 360.00 420.00 460.00 510.00 710.00
Urease (ug NH,-N g'h™) 124.00 138.00 168.00 216.00 224.00
FDA (pg Fluorescein g'h™) 4.17 4.59 5.80 6.93 7.98
Active pools of Carbon
SMBC(mg kg ") 188.00 245.00 450.00 595.00 625.00
WSC (mg kg") 26.00 27.00 30.40 32.80 52.50
WS Carbohydrates (mg kg") 290.7 396.2 476.0 480.9 528.5
POM-C (mg kg") 709 729 889 917 1906
SR: Soil Respiration; DHA: Dehydrogenase Activity: FDA:Fluorescein Diacetate;

SMBC: Soil Microbial Biomass Carbon;

WSC: Water Soluble Carbohydrate

POM : Particulate Organic Matter
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4.7  Microbial Diversity and Biofertilizers

4.7.1 Improving yields and nutrient uptake of
selected crops through microbial inoculants
in Vertisols of Central India

The project is aimed at utilizing the culturable bacterial
isolates of vertisols of Central India in soybean,
chickpea and wheat rhizosphere, possessing improved
nutrient transforming ability and with competitive
antagonist ability, to promote plant growth, survive at
high temperatures and low soil moisture and use them
for preparing consortia of beneficial organisms which
can promote greater grain yields under farmers' field
situations. During 2008-09, further work on the strains
isolated in previous years were done and the main
findings are summarized below.

Database of plant growth promoting rhizobacteria
(PGPR): Of'the 510 bacterial isolates initially made
from the rhizosphere of soybean, chickpea and wheat
in vertisols of Madhya Pradesh and from
vermicompost, vermicast samples 81 were short-listed
as promising PGPR's (16% ofthe isolates). A database
of their physiological and biochemical attributes has
been prepared.

Oligotrophy of rhizobacteria: Initially 6 out of the
403 bacterial isolates (on 8 different media) were
found to be obligate oligotrophs (1.5 %) and 9 obligate
copiotrophs (2.2%). 96% isolates were facultative in
their mode of nutrition. Upon storage (one year) at 4°C,
the obligate copio- and oligotrophs became facultative
and grew on nutrient rich media (nutrient agar) as well
as diluted media (1/100 and 1/1000) and on ultra-pure
agar.

HCN production

A new media formulated with mannitol, glycerol and
0.5% yeast extract gave more sensitive detection of
HCN as compared to YEMA, King's or Nutrient agar
medium.

Diversity of rhizobia

The intrinsic antibiotic resistance (IAR) pattern of 32
nod+ rhizobial isolates of soybean isolated from 20
districts of various geographical region of M.P.
towards 18 antibiotics was evaluated. All the nod+
soybean rhizobia were largely resistant to Nalidixic
acid, Trimethoprim, Vancomycin, Novobiocin and
Polymyxin-B. Dendrogram ofthe IAR pattern showed
a lot of diversity and soybean rhizobia clustered into 6
distinct groups at 75% level of similarity (Fig. 4.7.1).
The standard strains of B. japonicum USDA 110 (S49)
and B. elkanii USDA 31 (S51) and 22 soybean isolates
formed a major cluster (Group 1) which account for 65
% ofthe total isolates.
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Fig.4.7.1. (A) Dendrogram of diversity and (B) Antibiotic
resistance pattern of soybean rhizobia
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Microbial Diversity in 'Haveli' fields of Madhya
Pradesh

In soils, submerged during monsoon, 11 new isolates of
Pseudomonas and 11 of Rhizobium (lentil, pea and
chickpea) were made from five sites in Jabalpur and
Narsinghpur districts. Soils were sampled at four
stages and analyzed. Organic carbon, mineral and total
N, available P and K, microbial biomass carbon, soil N
mineralization, dehydrogenase, acid and alkaline
phosphatase, and D-glucosidase were reduced at
second stage (i.e., about 20-25 days after submergence)
in comparison to first stage i.e. before submergence. At
third stage i.e. after release of water from the fields and
their cultivation for sowing of rabi crops, all the
parameters improved significantly (over stage 1) due to
which the rabi crops (mostly legumes) benefited,
resulting in profuse nodulation in chickpea, lentil and
peacrops.

Microbial Diversity in "Diara' and "Tal' Lands

In continuing work on submerged lands- Diara and Tal
lands of Bihar, 10 new strains of Azospirillum, 6 of
Azotobacter, 6 of Pseudomonas, 4 of Rhizobium
(Lentil and Broadbean) and 5 strains of Bacillus sps.
were added (RAU, Bihar).

New PGPR for Hill Soils

A highly efficient P-solubilizing, [AA and siderophore
producing Bacillus circulans effective in inhibiting
Dematophora necatrix (causative agent of white rot of
apple) was identified from Bharmour, Chamba. A
multi-functional, carbendazim tolerant (2000ug ml™)
plant growth promoting rhizobacterial (PGPR) strain
Bacillus subtilis was isolated from tomato seedlings.

Microbial Diversity in Haryana Soils

In rhizosphere of various cropping systems from
diverse agro-climatic zones in Haryana, maximum
number of morphotypes were obtained on LB media
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(56) followed by Pikovaskaya (41), malate (40) and
Jensen's medium (33). The counts ranged from 106-
107 cfu g'. Genomic DNA of various culturable
bacteria was amplified with Bac 16S rRNA gene
primers and RFLP analysis was done with Mspl
restriction enzyme. Dendrogram of 23 isolates showed
56% similarity among the different isolates on LB
media. Soil community DNA was amplified using Bac
16S rRNA primer. Further, attempts are underway to
standardize DGGE for studying the total microbial
diversity.

Establishment of Cyanobacteria in Rice Soils

Inoculation of a combination of four cyanobacteria
showed maximum nitrogen fixing ability (ARA). PCR
based amplification profiles were generated for the
four cyanobacterial strains using nine repeat sequence
primers. Among them, three primers - STRR 1a, STRR
mod and HIP TG proved discriminative and were
useful in analyzing the establishment of the inoculated
cyanobacterial strains in soil microcosms. (IARI,
Delhi)

Organics Influence on Microbial Community and
Nitrogen Transformation Genes

In a 100 year old permanent manurial trial (TNAU,
Coimbatore) organic manured soil had higher organic
C, N, total culturable bacteria, fungi and diazotrophs
than the one in which only chemical inputs (100%
NPK) were added. Differences in molecular level
diversity of bacterial communities in both the soils
were done by genome analysis. The V1 + V2 domain of
16S rRNA with a size of about 335 bp was amplified by
PCR and further cloned in E. coli. For V1 and V3
regions, the amplification was not up to the level for
cloning. The variability between the organic farming
soil and chemical fertilizer applied soil is higher in the
V1+ V2 domain. The transformants obtained are under
screening for variability and will be analyzed through
DGGE in further studies.
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MIXED BIOFERTILIZERS
Bacillus on Rice

Nitrogen-fixing Bacillus strain TNAUB3 isolated
from rice roots was field evaluated in a consortium
with Azophos on rice var. ADT 43. Inoculation in the
presence of 100% NP gave rice yield of 5432 kg ha'
which was 15% higher over control. Inoculation with
75% NP gave rice yield of 5096 kg ha" which was
7.5 % higher than 100% NP (TNAU, Coimbatore).

PSBinoculation of Sali Rice

The PSB isolates 5W, 28 and 24 are now being
extensively used as phosphatic biofertilizer for rice
based cropping system in Assam. When inoculated
along with Azospirillum in presence of 10 kg P,O; as
rock phosphate on rice var. Ranjit with 50% P
application, yields were comparable to recommended
doses of P(AAU, Jorhat).

Organics for Rice Production

In an evaluation of different organic nutrient inputs
viz., Azolla caroliniana, Sesbania rostrata, enriched
compost, Azolla compost, Azorhizobium and
biofertilizers in combination with 50% recommended
NP on organic rice production, Azolla dual culturing
followed by in situ incorporation of Sesbania rostrata
gave the highest grain yields (AAU, Jorhat).

INM Package for Rice Based Cropping System

Application of Biofertilizer enriched compostat 1 tha’
along with 50 % recommended doses of N and P gave
the highest rice yield of 3.9 t ha™. Toria responded even
better under 25% NP (10.5 q ha') coupled with
enriched compost (2 tha™) (AAU, Jorhat).

Bionutrient package for Rice in Bihar

A microbial based bionutrient package consisting of
Azospirillum, enriched mycostraw (spent residue +
Pseudomonas sp.) and tobacco waste based
cyanobacteria was formulated and tested on rice crop.

Inoculation increased the colonization of root by
Azospirillum, higher ARA activity of rice roots and of
phototrophic nitrogen fixers in vivo. Grain yield was in
the following order: 100% NPK + bionutrient package
(40.0 g ha™) > 100% NPK (36.1 q ha™) > 50% NPK +
BP (35.2 g ha') > BP (30.3 q ha") > 50% N (28.90 q
ha') > control(19.2 q ha"). Bionutrient package could
substitute about 50% of the nutrients. The soil organic
carbon content was increased by 6.3, 8.5 and 10.6%
due to bionutrient package application alone or
alongwith 50% or 100% NPK respectively. (RAU,
Bihar)

Maize

Maize rhizosphere in vertisols was dominated by
Azospirillum. Inoculation of AZS 711 + PSB+ PFM1
with 100% RDF gave maximum cob yields of maize
(6703 kg ha') which was significantly higher by
12.2% over 100% RDF (ANGRU, Amaravathi).

Sorghum

Application of 100% RDF alongwith co-inoculation of
Azospirillum and PSB on sorghum gave highest grain
yield (2647 kg ha™). Fodder yield of sorghum improved
materially in 100% RDF alongwith dual inoculation.
Interaction effect was also reflected on N uptake by
sorghum crop (MAU, Parbhani).

Pigeonpea

Inoculation in the presence of 100% RDF increased the
Rhizobium, free diazotrophs, PSB and total bacterial
population to the maximum extent along with highest
nodulation (42 plant”) and available P content which
was significantly higher than 100% RDEF. Heavy
colonization of arbuscular mycorrhizal fungi was
found on pigeon pea roots. The treatment of 50% RDF
with inoculum mix gave higher grain yields than 100%
RDF. Inoculation along with 100% RDF gave
maximum grain yield (2465 kg ha™) which was 28.8%
higher over 100% RDF (ANGRU, Amaravathi).
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Chickpea

Application of 100% RDF along with co-inoculation
of Rhizobium and PSB on chickpea produced
maximum grain yield (1955 kg ha™), which was 20%
higher over uninoculated. Yield attributes, N and P
uptake were also improved. However, 75 % RDF and
biofertilizers improved the weight of nodules as
compared to 100% RDF (MAU, Parbhani).

Soybean

Application of 100% RDF along with co-inoculation
of Bradyrhizobium and PSB on soybean gave highest
grain yield (2161 kg ha-1), which was 18% higher
over uninoculated. About 22-38 kg ha'N was fixed in
soil by Bradyrhizobium seed inoculation by soybean.
There was significant improvement in soil microbial
population by 75% RDF with dual inoculation of
biofertilizers (MAU, Parbhani).

Groudnut

Mixed biofertilizers were developed for groundnut,
combinations of mutually compatible strains of PGPR
(Pseudomonas sp. C185; Pseudomonas sp. ACC3),
PSB (Pseudomonas sp. ACC10 and Bacillus
megaterium) and rhizobia (NRCG 22 and TAL 1000)
and tested in field conditions. In rabi-summer 2008
inoculation enhanced pod yield by 11-21%. Maximum
increase was obtained with mixture of PSM and
groundnut rhizobia. In kharif 2008, application of
PGPR, PSB and rhizobia resulted in 8% enhancement
inpod yield (NRCG, Junagadh).

Inoculation of Rhizobium (GNB714) + PSB + PGPR
with 100% RDF recorded highest
available phosphorus and gave good build up in

nodulation,

various microbial groups and pod yield (1785 kg ha™)
which was about 19% greater than the uninoculated
crop grown with 100%RDF (ANGRAU, Amaravathi).

Safflower

Application of 100% RDF alongwith co-inoculation of
Azotobacter and PSB significantly increased growth
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and vyield attributes of safflower and produced
maximum seed yield (2012 kg ha"), which was 17%
higher over uninoculated. There was significant
improvement in microbial population by 75% of RDF
with dual inoculation of biofertilizers at rosette stage of
safflower (MAU, Parbhani).

BIOFERTILIZER TECHNOLOGY
Liquid Inoculants Technology

Liquid inoculants coated seeds could be stored up to 24
hrs for sowing whereas carrier based inoculums coated
seeds have to be sown within 4 to 8 hrs. A dose of 4-5
ml of liquid inoculums having a population of 3x10’
cells per ml is enough to coat one kg seed. Liquid
biofertilizer entrapped into granular form was prepared
for easy application and is under evaluation on black
gram (ANGRAU, Amaravathi).

Delivery System for Inoculants

To identify suitable delivery system(s) for the
consortium of beneficial bacteria various consortia
were applied either through irrigation water or seed
treatment or furrow application through carriers like
talcum, kaoline, FYM, soil, charcoal, etc. Application
of bacterial consortium in furrows through talcum
powder as carrier resulted in significant enhancement
ofpodyield (15%) (NRCG, Junagadh).

DIVERSIFICATION OF BIOFERTILIZERS
Tropical Vegetables

Field experiments were conducted with Spine Gourd
and Sweet Potato at Bhubaneswar (Soil pH 5.7),
Broccoli at Keonjhar (pH 6.7) and Capsicum at
Kendrapara ( pH 6.2) districts of Orissa during kharif
and rabi 2008-09. Spine Gourd (seedlings produced
from cuttings) responded positively to fertilizer
application, soil amelioration and bio-inoculation
(Azotobacter+Azospirillum+ PSB - 1:1:1 inoculated
and incubated with FYM). Soil amelioration with
paper mills sludge alone resulted in 21% increase, bio-
inoculation alone by 33% and two together by 46%
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compared to the yield of 36.2 g ha obtained with 100%
NPK dose. In sweet potato bioinoculation with 50%
NPK gave tuber yield (19.4 t ha™) that was at par with
100% NPK (19.6 tha™). Integration of bio-inoculation
with 75% NPK dose yielded significantly higher (10%)
tuber yield (21.4 t ha™). In Broccoli, use of Bls yielded
34% higher broccoli curds (21.4 g ha™) compared to the
absolute control yield (16 q ha'). However, its
integration with 75% and 100% NPK dose of chemical
fertilizers yielded 53 and 39% higher yields of curds
compared to the yield of 79.6 and 96.7 q ha'
respectively. The Capsicum crop in Kendrapara district
yielded 28% higher fruits due to integration of Bls with
100% NPK dose (93 qha") (OUAT, Bhubaneshwer).

Temperate Vegetables

Inoculation of a Rhizobium leguminosarum strain that
could also solubilize insoluble phosphate and was
highly tolerant to carbendazim (1000ug ml") at three
locations in Himachal Pradesh gave an increased yield
of pea by 9% over 100% N dose due to rhizobial
inoculation alone (YSPHUT, Solan).

Biocontrolin Apple

Inoculation of Bacillus megaterium on grafted apple
plants in nursery resulted in increase in root and shoots
length, root and shoot dry weight of one year old plants
from 18 to 25%. These treated plants were distributed
to farmers in Himachal Pradesh for further evaluation
at different locations (YSPHUT, Solan).

4.8 Amelioration of Contaminated Soils

4.8.1 Developing database on extent of soil and
water contamination in India

Soil and water pollution in Pithampur (Dhar)
Industrial Area: acasestudy

Environmental quality is one of the major issues and
concerns worldwide. Of particular importance is the
protection and sustainability of valuable soil and water

resources. In modern economies, various types of
activity, including agriculture, industry and
transportation, produce a large amount of wastes and
new types of pollutants. With increasing human
population, concentrated animal production areas and
expanding industries, safe disposal of by-product
materials is becoming a greater challenge. Often,
agricultural, industrial and municipal by-products are
applied to land. While they can be beneficial to plants
and soils, there can be negative impacts on soil and
water quality. Therefore, a geo-referenced survey was
undertaken during May 2008 from Pithampur, Dhar
(Madhya Pradesh) industrial area, which is the largest
industrial center in Madhya Pradesh (Fig. 4.8.1). The
areas receiving the effluents discharged from various
industries (textile, biochemical processing, food

Fig.4.8.1. Industrial effluents in local nallah at Pithampur
Industrial Area
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processing, automobiles etc.) and fields situated near
industries were selected for soil and water/effluents
sampling and 42 soil and 39 water/effluents samples
were collected. The collected soil and effluents/water
samples were processed and analyzed for heavy metals
and other chemical parameters.

The result showed that the water of wells and tube
wells in Cheerakhani and Silotia villages near to the
industrial area is categorized as high salinity EC (1.91
4.07mS cm") and sodium hazard (SAR > 10) and about
82 % of the samples have potential for severe CI" (>10
me L") hazard permitting their use as irrigation in
tolerant crops. The EC of some of the tube well water of
polluted villages have gone up more than 2.5 m S cm’

Fig.4.8.2. Salt accumulation in soils at Cheerakhani and
Silotia villages in Pithampur receiving polluted
irrigation water
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indicating that effluents of industrial area have
contaminated the ground water. The ground water
samples of polluted area contained, on an average, 84.2
ngL'Cr,3.7ug L' Pband 1.2 pg L Cd. Surface soil
samples of ground water polluted area of Cheerakhani
and Silotia villages had, higher EC (3.4 times) and
SAR (3.1 times) (Fig. 4.8.2). The soils of polluted
villages (Cheerakhani and Silotia) showed
considerable accumulation of Na’, CI. The soil
receiving polluted ground water also high in chromium
(83-252mgkg ") and manganese (710-1341 mgkg™).

Mercury Pollution in India (Survey report)

A global warning has been sounded. A recent meeting
of the Governing Council of the United Nations
Environment Program (UNEP) concluded that the
global risk to humans and animals from the release of
mercury into the environment is so high that immediate
international action is needed to identify groups at risk
and to reduce human-generated mercury releases.

Mercury occurs as a result of both natural and
anthropogenic sources in our environment. The cycle
involves different forms and types of mercury as a
result of both chemical and biological reactions in
aerobic and anoxic microenvironment. Mercury
distribution in the environment has been a focus of
scientific attention because of the potential health risks
posed by mercury exposure. The atmosphere is the
dominant transport vector of mercury to most
ecosystems. Most of the mercury found in the
atmosphere is elemental mercury vapour, which
circulates in the atmosphere for up to a year, and hence
can be widely dispersed and transported thousands of
miles from likely sources of emission. Most of the
mercury in water, soil, sediments, or plants and animals
is in the form of inorganic mercury salts and organic
forms of mercury (for example, methyl mercury).
Organic mercury, mostly methyl mercury (MeHg) the
most toxic species is bioaccumulating in the biota and
subsequently biomagnified in the aquatic food chain,
especially in fish. The major sources of mercury
pollution in India are chlor-alkali industries, industrial
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processes in thermal power plants, steel and cement
industries, coal fired power and heat production,
mercury-containing products such as thermometers,
blood pressure equipment, pesticides, dental amalgam,
and waste incineration processes. Plastic industry
(mercury is used as a catalyst), pulp and paper industry,
medical instruments and electrical appliances, certain
pharmaceutical and agricultural product accounting for
additional consumption of mercury. India consumes
510 million tonnes of coal in 2007-08 in various
thermal power plants, steel industries and cement
productions (www.mjunction.in/market news
/coal 1/indias 200809 coal consumption.php).
Coal contains mercury ranges between 0.01 to 1.1 ppm

(average 0.25 ppm Hg) and its combustion as a source
of'energy is often sited as significant source of mercury

Table 4.8.1. Level of Mercury in Industrial Effluents

emission (100-110 t Hg). Mercury levels are reported
to be extremely high in the working environment of
these industrial processes including thermometer
factories. Mercury contamination in water in India is
verging on alarming situation due to discharge of
industrial effluents containing mercury ranging from
(0.058-0.268 mg 1") against 0.001 mg I". as per WHO
and Indian standards (Table 4.8.1). Mercury levels in
water near caustic chlorine industry has been reported
as high as 0.176 + 0.0003 mg 1". in water and 596.67 =
25.17mgkg" dry wt. soil against the prescribed limit of
0.001 mg I". in water and 0.05 mg kg in soil (R C
Srivastava, 2002, co-chairperson of the Mercury
Assessment Group, UNEP; http://www.cseindia.org/

dte-supplement/global-warming.htm ).

SI. No. Industrial effluents location Hg concentration (mg 1")
1 Industrial Area, Panipat (Haryana) 0.268
2 Barsai Road, Panipat (Haryana) 0.074
3 Machua Village, Vatva (Gujarat) 0.115
4 Lali Village, Vatva (Gujarat) 0.211
5 Chiri Village, Vapi (Gujarat) 0.096
6 Sarangpur Village, Ankleshwar (Gujarat) 0118
7 Bapunagar, Ankleshwar (Gujarat) 0.176
8 Pocharam Village, Patancheru (Andhra Pradesh) 0.058
Permissible limit (industrial effluent), India 0.01

Source: Down to Earth, August 31, 1999

The mercury consumption in Indian caustic chlorine
companies is at least 50 times higher than the global
best companies. They alone contribute to about 40% of
the total mercury pollution in the country. As much as
44% of mercury consumed by mercury cell companies
are released into environment through unknown
sources. On an average, 47 g mercury is lost in the
production of 1 tonne of caustic soda in the Indian
caustic- chlorine industry. This mercury loss is based
on the total caustic soda production, irrespective of the
production process. The average specific mercury loss

from mercury cell plants in India is about 142 g MT"
NaOH produced. More than 1,000 tonnes of mercury
remains in the inventory of industry and 8 to 10% is the
annual replenishment. For producing 0.5 million
tonnes caustic soda, the total annual consumption of
mercury in Indian caustic-chlorine industry is about
70 - 100 tonnes (http:// www. cseindia.org/
dte-supplement/who-responsible.htm).

A case study on mercury pollution in soils nearer to the
chlor-alkali industries suggest that the mercury content
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Table 4.8.2. Mercury content in soil samples collected within and outside the caustic soda industries

Name of caustic Distance from mercury cell Mercury
soda industries content (ppm)
Hukumchand Jute Industries Near the mercury cell room 0.028
(GMMCO Ltd.), Amlai, M.P. Within the plant but away from the mercury cell room 0.054

1 km away from the plant premises 0.174
Bihar Caustic & Chemicals Near the HCI tank 0.006
Ltd., Daltonganj 500 m away from the plant premises 0.016

Source: Down to Earth, October 31, 2003

in the soil outside the plant premises were higher (Table
4.8.2) than that within the plant. Mercury has a long
retention time in soils. As a result, mercury that has
accumulated in soils may continue to be released to
surface waters and other media for long periods of
time, possibly hundreds of years.

Technologies and practices to control mercury
pollution

The chlor-alkali plants and paper industries using
mercury cell as the electrolytic cell are the main cause
of mercury pollution. The mercury cell chlor-alkali
plant is reported to discharge mercury in wastewater in
the range of 0.08-2mg 1. The phase out of this obsolete
technology is very slow. The government and the
industry should both play a proactive role in phasing
out these obsolete technologies. The units owned by
the public sector, which produce chlorine using
mercury cell technology, should lead the way in the
phase out in the interim. Other industries discharging
mercury-contaminated wastewaters include mining,
smelting, tars and asphalt, coke ovens, textiles and
those manufacturing cements, catalysts, paints,
pesticides, pharmaceuticals, and batteries. The
maximum limit for the presence of mercury in the
industrial effluents, as per Indian Standards, is 0.01
mg 1. The pollution can be substantially reduced either
by the use of some other metal electrodes (titanium
substrate insoluble anodes) and electrolytic cell
(Electrolytic cells) in the chlor-alkali plants or by the
effective treatment (Micro-organism based technology
mercury resistance strains of Pseudomonas; use of low

cost Resins - grafted coconut husk; precipitation of
mercury by a more reactive metal, such as Al, Fe, Cu,
Zn etc., and also as mercuric sulphide using sulphide
reagents) of the effluents from these polluting
industries. Controlling mercury emissions through
end-of-pipe techniques, such as exhaust gas filtering, is
appropriate for raw materials with trace mercury
contamination, including fossil-fueled power plants,
cement production etc. (www.toxicslink.org/
docs/06035 publications-1-33-3.pdf and
www.envisnioh.org/ Mercury-
Exposure/and/effects.pdf).

4.9 Recycling and Rational Usage of
Different Waste in Agricultural Soils

4.9.1 Investigation on the effect of continuous use
of sewage water as irrigation on the swell-
shrink soil quality

Nutrient potential of sewage water in soybean
wheat cropping system in Vertisol

Response of soybean to sewage water application

Field experiment has been initiated in IISS farm to
study the nutrient potential of sewage water. Tenth crop
of soybean (var. JS 335) was grown on rainfed during
kharif (with RDF) with uniform RDF doses and the
eleventh crop of wheat (var. WH-147) was grown after
soybean during rabi with 6 irrigations of 5 cm each
(including one pre-sowing irrigation). Wheat (var.
WH-147) was grown with two irrigation treatments
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Table 4.9.1. Residual effect of sewage irrigation on different growth and yield attributes of soybean

W, W, (% change)

Plant height (cm) 67.5 105.1 56

Total dry wt. (g plant™) 19.9 35.8 80

No. of branches 52 7.2 38

Leaf area (cm’plant™) 1971 2783 41

Grain Yield (g m?) 85.1 136.5 60

Straw Yield (g m”) 318.5 708.3 122

Test wt. (g 100 seed™) 7.3 7.5 3

Oil content (%) 20.0 20.1 0.6

(W1: ground water and W2: sewage water) and four
nutrient treatments (T,: 0, T,: 100%, T,: 50% and T,:
50% of recommended doses of NPK+FYM @10 tha™)
with three replications. Recommended dose of
fertilizer for wheat was 120 kg N, 26 kg P and 50 kg K
ha'. Soybean was grown after wheat crop with
recommended dose of fertilizers.

Plant height, no. of branches plant’, leaf area plant’
were 56, 38 and 41% higher in the plots previously
irrigated with sewage water (in wheat) as compared to
those previously irrigated with groundwater. Residual
effect of sewage irrigation to previous wheat crop has
also been found as increases in the grain yield (60%)
and straw yield (122%). There was no significant
change in the test weight of soybean seed and its oil
content (Table 4.9.1).

Available major nutrient status in the soils during
soybean growth period

Soil samples were collected from surface layer of the
plots during flowering stage of soybean crop. Soils,
after processing were analyzed for available major
nutrient contents. Average available N, P and K
contents in the previously sewage irrigated plots were
about 167, 49 and 14% higher than soils previously
irrigated with groundwater (Fig. 4.9.1).
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Fig.4.9.1.

Effect of irrigation and fertilizer treatments on

available N, Pand K content (mg kg") in soil
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68

Contents of micronutrients in wheat grains collected
from farmers fields of sewage grown area

Composite samples of surface soil and wheat grain
were collected from wheat growing farmers' fields of
sewage-irrigated area (village: Raslakhedi) as well as
from nearby groundwater irrigated area (village:
Sagwani) near Bhopal city. The soil samples and grain
samples were processed and analyzed for available Zn,
Cu, Fe and Mn contents. Significantly higher content
of available Zn (245%), Cu (16%) and Mn (42%) was
observed in the sewage irrigated soils; however no
significant differences was observed in case of
available Fe content (Fig. 4.9.2). Such increases in
available Zn and Cu were not reflected in their contents
in wheat grain. Average contents of Fe and Mn in wheat
grains of sewage irrigated area were about 10 and 16%
higher as compared to those in groundwater irrigated
area (Fig.4.9.3).
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Fig.4.9.2. Changes in available micronutrients status in soils
of farmers' fields due to long-term sewage
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Fig.4.9.3. Contents of micronutrients in wheat grain collected
from farmers' fields
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4.9.2. Developing quality indices of urban waste
composts

Determination of lead and cadmium concentration
limits in agricultural soil and MSW compost
through an approach of zero tolerance to food
contamination

Information on cumulative loading limits (CLL) of
heavy metals for agricultural soils is essential for
taking policy decisions with respect to their
unavoidable additions in crop lands and thereby
protecting the environment. A screen house pot
experiment (in separate batches for Cd and Pb) have
been conducted on a representative light textured
acidic soil (Haplaquept, pH: 4.95, clay: 14.7%) using
spinach crop with the objective of determining CLL of
Pb and Cd applied through MSW composts (Fig.
4.9.5). In this approach of the study, the CLL for Pb and
Cd has been defined as the maximum amount of heavy
metal additions in the soil, which do not increase their
concentrations in the edible food crop above the
background level (i.e., concentration range found in
the crop grown in uncontaminated area).

Lead and Cd were applied at graded levels of
application doses from 0.4 to 150 mg Pb kg and 0.02
to 20 mg Cd kg™ soil. All the treatments were replicated
four times. Half of the heavy metal additions were
provided through their inorganic (nitrate) salts directly
to soil and remaining amounts were added through
heavy metal enriched MSW compost collected from
Vijaywada city. The MSW compost was applied to soil
@ 50 g kg and mixed thoroughly. Spinach crop was
grown for 50 days in the pot containing 5 kg treated (for
60 days) soils. At the end of growing period, leaves
were harvested, processed and analyzed for Pb and Cd.
In order to determine the background concentration
level, leaf samples of spinach crop and soil samples
were collected from 30 farmers' field from the
experimental area and were analyzed for Pb and Cd.
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The upper limit of background metal concentration
was calculated as:

C,=X+3*0 ...coiiiiiinnn (T)or4.9.1

Where, X is the mean value of metal concentration in
spinach leaf in control treatment (Pb, or Cd,) of screen

house experiment and o is standard deviation of the
metal concentrations in spinach leaf from farmers'
fields. Uptake response slope (UR) was calculated for
the best fit regression line (passing through origin)
obtained for soil-Pb or soil-Cd ('x' axis) and tissue-Pb
or tissue-Cd ('y' axis). Maximum concentration of
metals allowed in soil and CLL for these metals were
calculated as:

Maximum concentration of metal allowed in soil =
C/UR ......... 2) (4.9.2)

CLL=C,/UR metal concentration in uncontaminated
soil ...... (3) (4.9.3)

Effect on metal concentrations in plant tissue

Tissue-Pb concentration as well as Pb-uptake
correlated significantly (r = 0.917" and 0.817") with
soil-Pb. Tissue-Cd concentration as well as uptake
correlated significantly (r = 0.972" and 0.900"
respectively) with soil-Cd up to 16 mg Cd kg™ level of
addition (Fig.4.9.4).

Cumulative loading limits for Pb and Cd

Lead and Cd content in spinach leaf samples
collected from farmers' fields varied from 0.6 to 6.6

and from trace to 3.8 ug g with mean values of 2.9 and
0.5 ug g" and standard deviation (o) values of 1.39 and
0.74 ng g, respectively. Upper limits of background
concentration (C,) for Pb and Cd in spinach leaf for
uncontaminated area were calculated using the

equation (4.9.1),as 7.11 and 2.52 pug g respectively.

Uptake response slopes (UR) for Pb and Cd were
computed as 0.084 and 7.524, respectively. Maximum
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Fig.4.9.4. Effect Pb and Cd concentrations in soil on their
concentrations in spinach leaf tissue as well as on
dry weight of above ground biomass

concentrations of metals in the experimental soil that
might not contaminate spinach leaves were calculated
using equation (4.9.2), as 85.7 mg Pb kg and 0.55 mg
Cd kg'. Cumulative Loading Limit for Pb and
Cd were calculated using equation (4.9.3), as 73.73 mg
Pbkg " soiland 0.33 mg Cd kg soil respectively, which
are equivalent to about 170 kg Pb ha' and 0.8 kg
Cdha’, respectively.

On the basis of computed CLL values, maximum
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Fig.4.9.5. Cadmium had higher adverse effect on growth of
spinach compared to lead

permissible Pb and Cd concentrations in the compost
were computed as 170 mg Pb kg and 0.8 mg Cd kg
respectively, assuming cumulative allowable MSW
compost application rate in crop land as 1000 Mg ha
during the 100 years of recycling programme.

As the experimental soil is acidic in nature and contains
lower levels of clay, organic matter, oxides of Fe, its
metal immobilizing capability is expected to be low.
Hence, the regulatory limiting values, viz., maximum
concentration limit and cumulative loading limit for
agricultural soil as well as maximum permissible
concentrations of Pb and Cd in MSW compost
determined for such a sensitive situation, (i.e., low
metal fixing capacity of soils and growing crops with
high uptake capacity) can protect the food crops from
their contamination in all other agroecological
situations in India.

Effect oflead on microbial activity in soils

Heavy metals have considerable influence on
microbiological activities in soil. For the purpose of
understanding role of Pb on soil microbial activity, a
laboratory incubation study was conducted on two
contrasting soils; heavy textured mild alkaline swell-
shrink soil of Bhopal and light textured acidic alluvial
soil of Coochbehar. Soils were incubated with Pb
loading rates of: 0 (absolute control, without MSW

RESEARCH ACHIEVEMENTS

compost), 0.4 (Pb,), 30 (Pb,), 60 (Pb,), 90 (Pb,), 120
(Pb,), and 150 (Pb,) mg Pb kg™ soil, half of which was
added through MSW compost and remaining was
added directly to soil. Treated soils were incubated for
180 days at alternate wetting & drying condition at
25°C and were periodically analyzed for different
indicators of microbiological activity viz., soil
respiration, activities of dehydrogenase, acid and
alkaline phosphatase.

Effect of Pb contamination on dehydrogenase
activity

Application of Pb did not have any significant effect on
dehydrogenage activity (DHA) up to 30 days period. In
acid soil, application of lower doses of Pb (< 90 mg
kg ") maintained higher DHA compared to treatment of
uncontaminated MSW compost (Pb,) (Fig. 4.9.6).
Application of higher doses of Pb (>120 mg kg )
decreased DHA significantly in both soils, the adverse
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Fig.4.9.6. Effect of Pb contamination on dehydrogenase
activity of acidic alluvial soil
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Fig.4.9.7. Effect of Pb contamination on alkaline phosphatase
activity of acidic alluvial soil
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effect being more in acid soil compared to black soil.

Effect of Pb contamination on alkaline phosphatase
activity

In acid soil, Pb contamination did not have significant
effect on alkaline phosphatase activity (AlkPA) upto 30
days of incubation (Fig. 4.9.7). During subsequent
period, however, Pb contamination (particularly at
higher doses) had adverse effect on the activity of this
soil enzyme. In black soil, however, it did not have any
significant effect on this enzyme.

Effect of Pb contamination on acid phosphatase
activity

Contamination with Pb at higher doses (>120 mg kg’
soil) had significant decreasing effect on acid
phosphatase activity (AcPA) after 90 days of
incubation (Fig. 4.9.8). In black soil, however, Pb

contamination, even at higher doses did not have
HControl BFR0 &P A2 0P oPd 8PS

(Sl

Acil phophatase activity {1
gpnitiophenoliy soil
o M B8
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Fig. 4.9.8. Effect of Pb contamination on acid phosphatase
activity of acidic alluvial soil

Effect of Pb contamination on soil respiration

Lead contamination resulted in increased soil
respiration (CO, evolution) during initial period (30 to
45 days of incubation). However, at later days, it did
not have any significant effect on soil respiration in
both acid and black soil.

4.9.3. Impact of Linear Alkylbenzene Sulphonate
(LAS) and Sodium Tri poly phosphate
(STPP) present in detergent on crop and
soil quality

The dye, methylene blue, in aqueous solution reacts
with anionic-type surface active materials to form a

blue colored salt. The salt is extractable with
chloroform and the intensity of color produced is
proportional to the concentration of MBAS (methylene
blue active substances).

LAS & STPP content in sewage in Bhopal and some
of the major cities of Madhya Pradesh

A survey was conducted to have a estimate of detergent
pollution from four cities of Madhya Pradhesh viz.
Bhopal, Gwaliar, Jabalpur and Bhopal, based on
MBAS activity and STPP content in the samples
collected and questionnaire filled by the different
income categories of respondents. Among the four
cities, Indore had the highest content of LAS and STPP

(Fig.4.9.9)
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Fig. 4.9.9. LAS and STPP distribution in four cities of MP
based on water bodies

The LAS content in residential washout water samples
was high (5.04 ppm) as compared to that in water
bodies (3.15 ppm). Based on the washout samples from
different income group, the average LAS content in
MIG (Medium income group) was the highest (6.64
ppm) and the least(1.30 ppm) in LIG (Low income
group). On the contrary, the average phosphate content
was the highest (12.87 ppm) in HIG (High income
group) and the lowest (2.37 ppm) in LIG. Similar
trends have been found, except Jabalpur, where HIG is
not using very costly detergents. HIG & MIG are
polluter of LAS and HIG and LIG in STPP category
(Fig.4.9.10).
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Fig4.9.10. LAS and STPP distribution in different income
group from four cities of MP based on washout

samples and questionnaires.
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Fig. 4.9.11. Effect LAS (pure chemical and detergent Surf) on
productivity and photosynthesis in selected crops.
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Effect of Soil application of LAS on Crop
Productivity and Biochemical Properties of Soil

During the crop growth period, nitrate reductase
activity, chlorophyll a/b ratio, photosynthetic rate were
measured before and after flowering. At maturity,
yields were recorded. Overall, all the LAS levels
showed inhibitory effect on yield level, except in
mustard, which seemed to be resistant and even
showed increase in yield over control (Fig. 4.9.11).

Pure LAS was found to be less toxic compared to surf
applications. Overall the spinach was found to be
having highest activities (Fig. 4.9.12).
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Fig.4.9.12. Effect of LAS addition in soil on soil
dehydrogenase activity with different field crops

LAS & STPP accumulation and biodegradability in
long-term sewage treated plots

Estimation of LAS from detergent pollution has been
undertaken in the on-going long-term sewage irrigated
experiment. The soil samples were collected after five
years of continuous application of sewage water and
ground water. The results showed that methylene blue
active substances were present both in the ground
water and sewage water irrigated soils. It was possibly
due to the presence of different substances in
agricultural soil, such as organic sulfonates, sulphates,
carboxylates, phenols, inorganic thiocyanates,
cyanates, nitrates and chloride which reacted with
methylene blue. However, content of MBAS in
sewage-irrigated soils were higher than groundwater
irrigated soils. Sewage water irrigated soils has more
LAS and STPP (mg kg' soil) than ground water
irrigated soils (Fig. 4.9.13 & 4.9.14).
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4.10 Organic Farming
Performance of soybean under organic farming system

Field experiment was conducted for the fifth year with
three management practices viz. 100 % organic, 100 %
chemical and integrated nutrient management (50: 50)
with four soybean based cropping systems in strip plot
design. In organic treatment, well composted cattle
dung manure @ 4 t ha' on dry weight basis (which
could supply 30 kg N ha ') along with rock phosphate
@ 100 kg ha ' was applied. In chemical treatment, 30-
26.2-16.6 kg ha' of NPK were applied through
fertilizers. In integrated nutrient management, 50 % of
nutrients through organic and 50% nutrients through
chemical fertilizers were applied. Soybean (JS-335)
seed was treated with Rhizobium + PSB inoculation
and Dhaincha (Sesbania aculeate) was planted around
the field as a border crop. Plant protection measures
like soil application of Trichoderma viride and
Beauveria bassiana and spraying of Neem oil
(Azadiractin 0.03 %), NPV, use of pheromone traps
and keeping bird perches were adopted in organic
management.
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Fig. 4.10.1. Dr. M.S. Gill, Project Director, PDCSR and
Dr. A. Subba Rao, Director, IISS observing the
growth of soybean under organic management

The results indicated that the organic management
practice recorded the highest soybean seed yield (2009
kg ha™) which was 20.7 % higher than the chemical
treatment (1664 kg ha') and 9.4 % higher than the
integrated nutrient management (1837 kg ha"). This
was due to more number of pods/plant (44.6), higher
straw yield (3479 kg ha') and better harvest index
(0.366) in organic compared to other treatments
(Table4.10.1).

Table 4.10.1. Yield attributes and yields of soybean as influenced by management practices

81 &>
2 3
S 4 I Management Pods Seeds 100-seed Seed yield Straw yield Harvest
2 — Practice (plant ) (pod ™) weight (g) (kg ha) (kg ha) index
0- S W Ground Wat - Organic 44.6 2.83 10.24 2009 3479 0.366
owage Water roune e Sewage Water Ground Water Chemical 38.9 2.88 10.25 1664 3198 0.342
Integrated 40.3 2.86 10.39 1837 3407 0.350
HWO-15cm W 1530 cm [ 30-45¢m W 0-15cm W 15-30 cm [ 30-45cm CD (P: 005) 2.6 NS NS 124 NS NS
0.5
— Table 4.10.2 Quality of soybean as influenced by management practices
% o
*é: g Management Protein Oil Ash Methionine Cysteine Tryptophane
= L practice (%) (g16g'N)
— Organic 35.87 18.42 5.26 1.69 1.51 1.90
Ceyeap e Ground Water . ot Sround Wat — Chemical 35.14 17.98 5.20 1.64 1.50 1.86
ewage Yvater round Yvater Integrated 35.44 18.39 5.24 1.66 1.51 1.89
Fig.4.9.13. LAS concentration from long-term sewage Fig.4.9.14. STPP concentration from long-term sewage D= i e B N NS NS

application field at different soil depth. application field at different soil depth
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Quality parameter of soybean viz. protein and oil
were better in the organic than chemical treatment
but was on par with integrated nutrient
management. However, ash, methionine, cysteine
and tryptophane content were not affected
significantly among the nutrient management
practices (Table 4.10.2).

The post harvest soil analysis data indicated that
organic treatment improved the organic carbon and the
available P and K status compared to the chemical and

integrated nutrient management. Dehydrogenase
activity was higher in organic compared to both
chemical and integrated nutrient management.
However such significant differences were not
observed with regard to alkaline phosphatase due to
management practices (Table 4.10.3).

Organic nutrient management recorded higher gross
returns; net return and benefit cost ratio compared to
either chemical or integrated nutrient management
(Table 4.10.4).
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Table 4.10.5. Productivity of crops (t ha") in organic vs. conventional farming

Table 4.10.3. Soil characters as influenced by management practices

Management Organic Soil available nutrients Dehydrogenase  Alkaline
Practice carbon (kg ha™) (png TPF phosphatase

(%) g ' soild") (ug PNP

N P K g 'soilh")

Organic 0.70 181.4 27.37 609 99.6 59.8
Chemical 0.56 175.5 20.29 579 89.3 50.3
Integrated 0.64 180.5 23.45 594 90.4 57.5
CD (P=0.05) 0.04 NS 222 14.2 6.2 NS

Table 4.10.4. Economics of soybean grown under different nutrient management practices

Management Gross returns Cost of cultivation Net returns Benefit : cost
Practice (Rs. ha") (Rs. ha™) (Rs. ha) ratio
Organic 34,232 10,540 23,692 3.24
Chemical 28,542 11,660 16,882 2.44
Integrated 31,436 10,940 20,496 2.87

Survey of certified organic farms in different states

A survey was conducted in Maharashtra, Karnataka,
Tamil Nadu (including Pondicherry) Kerala and
Uttarakhand involving 10 certified organic farms in
each state. The objectives of the survey were to
compare the production potential and economics of
organic farming and to evaluate the soil quality in
comparison to the conventional farming. These farms
are currently being certified by NOCA, Pune in
Maharashtra, APOF, Bangalore in Karnataka, Control
Union (Skal), Indocert, Cochin, IMO, Bangalore and
Lacon quality in Tamil Nadu and Kerala and UOCB,

Dehradun in Uttarakhand. Replicated soil samples
were brought from each certified organic farm and
comparable soils from nearby conventional farms for
in depth analysis of different soil quality parameters.
On an average, the mean land holdings of each certified
organic farm was found to be 12.7 hectares. On an
average, these farms are under certified organic farms
from the last 6 years. The average number of cattle
possessed by each organic farm is around 11-12.
Different crops grown under these certified organic
farms and their productivity levels in comparison to
conventional farms were given in the Table 4.10.5.
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State Crop Organic Conventional Per cent increase (+) /
farming farming decrease (-) in organic farming
Maharashtra Vegetables 11.0 13.0 -15.3
Fruit crops 11.4 13.6 -16.1
Rice 2.0 2.5 -20.0
wheat 1.2 1.5 -20.0
Karnataka Soybean 0.9 1.1 -18.2
Chickpea 0.8 0.8 0.0
Fruit crops 8.0 9.0 -11.1
Groundnut 1.2 1.4 -14.2
Sugarcane 120 140 -14.3
Tamil Nadu &
Pondicherry Cotton 0.6 0.8 -25.0
Cashew 1.3 1.0 +30.0
Banana 25.0 30.0 -16.6
Mango 8.0 6.0 +33.3
Guava 20.0 23.0 -13.0
Coconut 28,250 nuts 28,750 nuts -1.7
Rice 5.0 6.0 -16.6
Kerala Pepper 1.38 1.40 -1.4
Banana 23.6 27.2 -13.2
Coconut 31,000 nuts 30,500 nuts +1.6
Coffee 1.23 1.31 -6.1
Turmeric 22.5 25.0 -10.0
Uttarakhand Rice 3.77 3.82 -1.3
Wheat 3.12 3.92 -20.4
Potato 12.0 15.0 -20.0
Mean -9.2

On an average, the productivity of crops in organic
farming is lower by 9.2 % compared to conventional
farming. There was a reduction in the average cost of
cultivation in organic farming by 11.7 % compared to

the conventional farming. However, due to the

availability of premium price (20 to 40 %) for organic
produce in most cases, the average net profit was 22.0
% higher in organic compared to the conventional
farming (Table 4.10.6).
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Table 4.10.6. Economics of crop production in organic vs. conventional farming

Table 4.10.7. Soil quality parameters as affected by organic and conventional farms

RESEARCH ACHIEVEMENTS

Cost of cultivation (Rs ha™) Net returns (Rs ha™)
State Crop Organic  Conve- Per cent Organic  Conve- Per cent
farming ntional increase (+) farming  ntional increase (+)
farming / decrease farming / decrease
(-) in organic (-) in organic
farming farming
Maharashtra Vegetables 25,000 26,000 -3.8 25,000 29,000 -13.8
Fruit crops 70,000 78,000 -10.2 50,000%* 47,000 +6.4
Rice 10,000 11,500 -13.0 20,000* 18,000 +11.1
wheat 8,000 9,000 -11.1 10,000* 9,000 +11.1
Karnataka Soybean 7,200 7,800 -7.7 9,000 10,350 -13.0
Chickpea 6,700 7,250 -7.6 4,700 4,750 -1.1
Fruit crops 20,000 23,500 -14.9 84,000%* 64,500 +30.2
Groundnut 13,000 14,500 -10.3 17,000 23,000 -26.0
Sugarcane 55,000 60,000 -8.3 1,01,000  1,08,000 -6.5
Tamil Nadu &
Pondicherry Cotton 10,000 10,000 0 11,000* 10,000 +10.0
Cashew 12,500 14,000 -10.7 13,500%* 6,000 +125.0
Banana 60,000 80,000 -25.0 2,40,000* 1,70,000 +41.2
Mango 25,000 30,000 -16.6 1,35,000 90,000 +50.0
Guava 20,000 25,000 -20.0 80,000 90,000 -11.1
Coconut 30,000 34,000 -11.7 1,11,250  1,09,250 +1.8
Rice 25,000 20,000 +25.0 37,500%* 40,000 -6.2
Kerala Pepper 36,500 40,200 -9.2 88,600* 44,300 +100.0
Banana 61,000 75,000 -18.6 1,94,000* 1,45,000 +33.8
Coconut 50,000 60,000 -16.6 1,66,000* 1,20,000 +38.3
Coffee 40,000 54,000 -25.9 75,000%* 48,000 +56.2
Turmeric 87,000  1,40,000 -37.8 1,30,000* 85,000 +52.9
Uttarakhand Rice 18,000 20,700 -13.0 28,800* 17,750 +62.2
Wheat 20,000 23,000 -13.0 17,500%* 16,000 +9.3
Potato 20,000 18,000 +11.1 28,000 42,000 -33.3
Mean -11.7 +22.0

Parameters Kerala Tamil Nadu Uttarkhand
Organic Conven- Organic Conven- Organic Conven-
tional tional tional
BD (Mg m®) 1.18 1.27 1.24 1.28 1.22 1.25
pH 5.96 5.64 7.71 7.57 7.42 7.40
EC (dSm™) 1.74 1.18 2.85 2.98 5.87 5.85
0.C. (%) 1.55 1.44 1.28 0.84 0.81 0.66
Avail N (kg ha™) 244.4 209.1 183.9 171.4 257.2 246.5
Avail. P (kg ha") 16.61 13.52 18.02 15.05 36.63 31.60
Avail. K (kg ha™) 337.0 314.7 477.4 411.5 389.2 351.8
Dehydrogenase
(ug TPF g soil 24 h™) 53.9 29.8 53.6 39.8 104.0 64.7
Alkaline Phosphatase
(ug PNP g'soil h™) 77.2 66.2 89.9 76.6 85.3 61.3

Table 4.10.8. Soil quality parameters as affected by organic and conventional farms

* Premium price (20-40% high) available to organic produce

The soil quality parameters in both organic and
conventional farms in different states were given in
Tables 4.10.7 and 4.10.8. The results indicated that on
an average, there was an improvement in soil physical,

chemical and biological parameters in organic farming
compared to the conventional farming indicating an
improvement in soil health in organic farming.
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Parameters Maharashtra Karnataka All States Average
Organic Conven- Organic Conven- Organic Conven-
tional tional tional
BD (Mg m”) 1.18 1.27 1.24 1.28 1.22 1.25
BD (Mg m”) 1.24 1.28 1.27 1.30 1.23 1.27
pH 5.99 6.01 7.28 6.52 6.86 6.62
EC (dSm") 0.12 0.12 0.17 0.13 2.15 2.05
0.C. (%) 1.49 1.11 0.98 0.65 1.22 0.94
Avail N (kg ha) 2159 150.8 181.2 150.0 216.2 185.4
Avail. P (kg ha™) 10.41 6.60 32.04 36.70 22.72 20.69
Avail. K (kg ha™) 529.4 5379 422.6 290.8 431.0 381.3
Dehydrogenase
(ug TPF g soil 24 h™) 85.3 66.0 118.1 71.6 82.9 544
Alkaline Phosphatase
(ug PNP g'soil h) 67.1 54.9 59.8 42.8 57.8 45.0
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4.11 CropAdoptability to Climate Change

4.11.1 Diagnosis and Management of Emerging
Physiological Disorders of Cotton, Wheat
and Soybean in Black Soils of Central India
under Changed Climatic Scenario

The physiological, biochemical and nutritive response
of plants grown in black soils of central India to some
of the changes in climate such as sudden wilt in
soybean, senescence of wheat and leaf reddening of
cotton was studied in field, pot culture and
hydroponics.

Wheat senescence

The total green plus yellow leaf weight and area were
on par in (senescent) and NS (non senescent) lines (Fig.
4.11.1A). However, NS lines had greater number,
weight and area of green leaves that of S lines and vice-
versa for yellow leaves. The root length was longerin S
lines but the root volume and weight was less

compared to NS lines (Fig. 4.11.1B). The greater
number of branching roots and root hairs contributed to
the larger volume and weight of NS lines. The rate of
water and nutrient uptake was faster in case of NS lines
compared to S lines. The nutrient contents in different
parts of S and NS lines differed significantly. Both root,
green and yellow leaves of S lines were deficit in N, K,
Zn,Mn and Fe. The root properties such as low density
root hairs and weight observed in S lines could have
limited the nutrient uptake. The photosynthesis (Pn) of
flag leaf did not differ between the S and NS lines. But
the Pn of second and subsequent leaves from top
declined in both S and NS, with the decline being
steeper in the former lines. Thus, the early senescence
observed in S lines could be ascribed to the limited
uptake of N, K, Zn, Fe and Mn as a consequence of poor
root structure. The early senescence in addition to the
reduced photosynthesis resulted in poor grain yield of
S lines.

Fig. 4.11.1. Non-senescent and senescent wheat lines at panical initiation (A) plant growth and (B) rooting pattern

Cotton

Amongst the cotton hybrids variability was seen in the
occurrence of leafreddening. Leafreddening was more
in RCH 2 Bt hybrid while it was less prevalent in
Bunny hybrid. The occurrence was aggravated under
soil moisture depletion, flooding, dry weather, high
temperature and plants possessing heavy boll load.
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Reddening starts from the margin and gradually
spreads to the base of the leaf lamina (Fig. 4.11.2). Soil
and reddened plant samples collected from Nagpur and
Bhopal were analysed for major and micronutrient
content. Red leaf plant contained 13, 9.5, 33 and 36 less
K, Fe, Mn and Mg, respectively compared to green leaf

plants. Maximum decline in these nutrients was seen in
leaf followed by stem and roots.

Fig. 4.11.2.Leaf reddening in cotton (A) reddened plant (B) Normal plant

Soybean

A short duration fast growing soybean variety JS-9305
wilted under prolonged moisture stress condition (Fig.
4.11.3). The wilting was sudden and the whole crop
collapsed and got devastated within a few days (Fig.
4.11.4). During the same period, another popular
variety JS-335 remained healthy and was growing
normal. Morphological and physiological
investigations revealed that the poor regulation of
water use under soil moisture depleted condition
caused the wilting in JS-9305 (Fig. 4.11.5). The better
stomatal regulation and the consequent moisture
conservation on the other hand enabled JS-335 to adapt
and survive under adverse environment. Further, it was
observed that JS-335 had higher water use efficiency
compared to JS-9305. This study suggests that the
stomatal regulation is one of the most important traits
that need to be incorporated while evolving newer

varieties for stress tolerance/resistance so as to make
them to adapt to the anticipated drought due to climate
change.
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Fig.4.11.5. Photosynthesis (Pn), transpiration (Tr) and
stomatal conductance (gs) measured in the healthy
plants (just before wilt initiation) of soybean
varieties JS 335 and JS 9305 in 2008 (Values above
the bars represent CD at5%)
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4.12  On-farm Research and Impact Assessment

4.12.1. Ailing Agricultural Productivity in
Economically Fragile Region of India: An
Analysis of Synergy between Public
Investment and Farmers' Capacity

Since mid-Nineties, India has been targeting a more
than 4 per cent growth rate in Indian agriculture, but the
actual growth rate has not turned out to be even half of
this target. The present study aims at to examine the
status of different kind of infrastructures and its effect
on input use and agricultural productivity in three most
poor states- Bihar, Madhya Pradesh and Orissa- of the

country.
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Value of output from agriculture (VOA)

From analysis of value of output from agriculture
(VOA) in the selected states, it has been observed that
growth in total VOA at 1993-94 prices has been
abysmally low viz. 0.90 and 0.64% for M.P. and Orissa,
respectively during 1990-2002 as compared to national
average growth of 2.02% (Table 4.12.1). In Bihar,
agriculture has shown significant resilience with
4.79% growth even after recurrent floods and drought.
Among crop groups, cereals, pulses and oilseeds in
these states have shown either very slow growth or
negative growth during the period under study. Most of
the positive growth has come from fruits and
vegetables sector.

Table4.12.1. Growth rates in value of output from different crop groups in selected states during 1990-

2002 at 1993-94 prices

(per cent per annum)

State Cereal Pulses Oilseeds Fruits & Vegetables  Total Agriculture

Bihar 2.568 -1.530 1.051 9.741 4.789

M. P. -0.798 3.000 2.284 5.916 0.876

Orissa -2.520 -10.981 -11.802 4.663 -0.636
Initial symptoms All India 1.259 -0.351 -0.233 5.432 2.023

After 5 days

Fig. 4.11.4. Wilting of soybean variety JS 9305 before (left) and after (right) pod initiation
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Production trends of major crops in selected states

The production performance of major crops occupying
more than 80 per cent of gross cropped area (GCA) in 3
selected states has been examined for two periods-
period I (1970-1989) viz. post-green revolution period,
during which foodgrains production in many parts of
the country have leapfrogged and period II (1990-till
date) viz. post economic liberalization period, when the
domestic economy got direct link with the global
economy. During this second period, two new states
Jharkhand and Chhattisgarh were carved out from
Bihar and M.P., respectively. Though, for comparison
purposes, the results of Bihar and M.P. in the study
include the data of Jharkhand and Chhattisgarh.

From Fig. 4.12.1, it can be observed that except in
wheat, area under all the crops has declined in Bihar

during Period II. Although, the decline in area have
been compensated by increase in yield of all the crops
in Period II. Among all the foodgrain crops, rice &
maize performed exceptionally well with more than
2% annual growth during 1990-2005. Though, growth
in yield of most of the crops has decelerated during 2™
period, and in case of wheat, it became negative.

A B C D E F A B C D E F
4.00

2.00 -
0.00 +
-2.00 +
-4.00 +
-6.00 -
-8.00 -
-10.00 | W 1990-05
-12.00
-14.00

m1970-89

Growth rate, %

-16.00 -

Fig. 4.12.1. Production performance of major crops in Bihar
(A- Rice, B- Maize, C- Wheat, D- Other Cereals, E-
Gram, F- Other pulses)
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In Madhya Pradesh state, soybean was introduced in
early eighties and proved to be a wonder crop. Area
under soybean has increased exponentially at the
expense of jowar, sesamum, even groundnut (Fig.
4.12.2). In fact, area under all the crops has increased
due to increase in GCA. Similarly, yield of maize,
wheat and soybean during later period were
appreciably high. However, except in maize, no crop
exhibited robust growth in yield of 2%.

A B C D E F A B C D E F
40.00 +
35.00 -
30.00 -
25.00
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15.00 -
10.00 -
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0.00 -
-5.00
-10.00 -

mE1970-89

W 1990-05

Growth rate, %

Fig.4.12.2. Production performance of major crops in M.P.
(A- Rice, B- Jowar, C-Maize, D- Wheat, E- Gram,
F-Soybean)

From perusal of Fig. 4.12.3, it can be observed that rice
is the most dominant crop in Orissa state. In fact,
except rice, no single crop occupy >2% of GCA.
Further, area under most of the crops are declining.
More surprisingly, yield of rice has marginally
increased during 2" period, but growth in yield for all
crops after 1990s was found to be negative. This
means, agriculture in the state is in real crisis, where
about 75% of rural population depends on it and
maximum death due to starvation has been reported in
the recent past.
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Fig.4.12.3. Production performance of major crops in Orissa
(A- Rice, B- Ragi, C- Groundnut, D- Other pulses,
E- Edible oilseeds, F- Small millets)

Growth of factors affecting agriculture

In order to find out the reasons for the stagnation or
deceleration in crop productivity of food crops in 3
states, trend of critical factors used in agriculture has
been analysed and tried to link these changes to output
growth in various periods. It was hypothesised that the
level of agricultural output over time was affected by
area, inputs like irrigation, fertiliser, prices, technology
and infrastructure. Year to year changes in agricultural
output were also influenced by weather, particularly
monsoon rainfall.

In these states, in fact, irrigation has not made much
headway as percentage of GCA irrigated is as low as
less than 30% in M.P. and Orissa. In Bihar, although,
percentage irrigated area is about 60% but reliability of
irrigation is under question. It is well known fact that
across the region, proportion of area under surface
irrigation is shrinking while that of by groundwater
irrigation is expanding. Under such circumstances, in
states like Bihar, M.P. and Orissa, where electricity for
irrigation purposes is quite erratic and unreliable,
farmers depend on diesel engine for drafting of
groundwater.

Under spiraling crude oil prices, groundwater
irrigation has proved to be uneconomical proposition
and therefore it became one of the most limiting factors
for increasing crop productivity.

Furthermore, consumption of chemical fertilizers in
these states is very low- 35-45 kg ha' in M.P. and
Orissa and 95 kg ha" in Bihar (Fig. 4.12.4) as compared
to other states like Andhra Pradesh, Haryana, Punjab,
Tamil Nadu, etc. Low doses of plant nutrients without
supplementing with organic manures accordingly are
also important factors for low productivity.

Similarly, disbursement of institutional credit in these
poor states (Rs. 1800-2500 ha") has remained laggard
till mid-1990s, while developed states enjoyed more
than double of this credit amount. Poor credit
disbursement for agriculture in the poor states worked
as double edged weapon- on one hand, due to poor
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economic condition, farmers in these states are not able
to use capital intensive inputs like fertilizer, irrigation
or plant protection measures, on the other hand, it
hampered in realization of higher crop production, thus
left with very low investible surplus.
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Fig. 4.12.4. Status of critical inputs' use in selected states
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Public expenditure in agriculture

Trend of public expenditure (includes expenditure on
crop husbandry, soil & water conservation, food
storage & warehousing and agricultural research &
education) by the state governments in agriculture
during 1990-2004 given in Fig. 4.12.5 shows that MP
has highest expenditure on agriculture and allied
activities, while Bihar has the lowest. In fact, over the
years, growth in expenditure by the Government has
declined in Bihar. Similarly, in the state of Orissa,
investment in agriculture increased significantly after
mid-1990s. However, most surprising, most of these
expenditures were incurred on revenue account, which
only 10-15% of total expenditures were meant for
creation of assets. It is very interesting to note that
although total expenditure on agricultural
development as well as share of this expenditure in
total value of agricultural output is the lowest and
declining in Bihar state as compared to other two

states.
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From the aforesaid discussion, it appears that in the
selected states, resource poor farmers are not only
struggling due to their own poor economic capacity but
also due to the inappropriate institutional support from
the Governments in terms of assured supply of critical
inputs like fertilizer, irrigation, farm credit and public

investment.

4.12.2 Demonstration of effect of integration of
broad bed furrow (BBF) and balanced
fertilization on growth and productivity of
soybean-wheat system on waterlogged
fields in Vidisha district

About 20-25% of cultivable land in Vidisha district is
left uncultivated by farmers during kharif season due to
prolonged waterlogging condition. Even though
farmers sow some waterlogged fields with soybean,
the yields are negligible due to poor establishment of
soybean. Most of the fields in this district were also
deficient in available N, P, S, and Zn but high in
available K. Therefore, three demonstration field trials
were conducted in Rangai village, Vidisha district to
demonstrate the beneficial effect of integration of
Broad Bed Furrow (BBF) with balanced fertilization or
integrated nutrient management (INM) on soybean
wheat system. The beneficial effect of integration of
BBF with balanced fertilization (100% NPKSZn) or
INM on soybean seed yield was compared with that of

flat-on grade (normal) with balanced fertilization or
INM on waterlogged fields which could not be
cultivated in most of the years.

During kharif season, the results of demonstration
trials showed that the integration of BBF with INM
produced higher soybean yield by 83%, 78% and 96%
at site 1, site 2 and site 3, respectively over the
integration of flat land (normal) with INM. Whereas,
the integration of BBF with balanced fertilization with
inorganic fertilizers produced 73%, 82% and 75%
higher soybean yield over the integration of flat land
(normal) with balanced fertilization at site 1, site 2 and
site 3, respectively. The pooled data of 3 sites showed
an increase of about 92% in soybean seed yield with
integration of BBF with INM on waterlogged fields
over that of integration of flat land with INM (Table
4.12.2).

During rabi season, wheat was grown on flat land with
INM, balanced fertilization and farmers' practice of
nutrient management. On plots those had BBF in kharif
season, INM and balanced fertilization produced 18%
and 24% higher wheat yield, respectively over the
farmers' practice (Table 4.12.4).

Economics of BBF and nutrient management in
soybean-wheat system grown on waterlogged fields

has been computed. The economic evaluation in

Table 4.12.2. Soybean grain yield (kg ha™) as affected by the integration of nutrient management and
land treatments on waterlogged fields. (Mean of 3 Sites)

RESEARCH ACHIEVEMENTS

soybean showed that a farmer can get a net income of get a net income of Rs.68121/- and B:C ratio of 3:1
about Rs.12000/- and a B:C ratio of 0.96:1 with the with the adoption of BBF and INM in soybean and
integration of BBF with INM on water-logged fields INM in wheat (Table 4.12.5). These results have
(Table 4.12.4). During rabi season, cultivation of clearly indicated fact that the farmers can cultivate
wheat on plots those had BBF in kAarif produced a net water-logged fields with soybean with BBF and INM
income of about Rs.59000/- with balanced fertilization in kharif and wheat with INM in rabi which facilitate
through inorganic fertilizers and a net income of higher cropping intensity and net income to the farmers
Rs.56000/- with integrated nutrient management in Madhya Pradesh.

(Table 4.12.4). If soybean-wheat system grown on

water-logged fields considered as a unit, a farmer can

Table 4.12.3. Economics of nutrient management in soybean grown on BBF plots (Mean of 3 sites)

Treatment Mean yield Gross income Total cost Net returns B:C ratio
(kg ha™) (Rs ha™) (Rs ha™) (Rs ha™)

FP 1068 (+70) 17088 11353 5735 0.51

BF 1331 (£251) 21296 12369 8927 0.72

INM 1533 (+267) 24528 12520 12008 0.96

FP: Farmers' Practice; BF Balanced Fertilization; INM-Integrated Nutrient Management, * Figures in paranthesis are standard deviations.

Table4.12.4. Economics of nutrient management in wheat grown on plots those had BBF in kharif season

(Mean of 3 sites)
Treatment Mean yield Gross income Total cost Net returns B:C ratio
(kg ha™) (Rs ha™) (Rs ha™) (Rs ha™)
FP 3977 (£184) 56424 10173 46251 4.55
BF 4931 (£272) 70178 11180 58998 5.28
INM 4690 (£284) 66620 10507 56113 5.34

Land Treatment (LT) Nutrient Management (NM) Options Mean
FP BF INM
Flat (Normal) 1017 1159 1246 1141
BBF 1585 2047 2322 1985
Mean 1301 1504 1784
LSD (5%) LT NM LTx NM
481 309 487

FP: Farmers' Practice; BF Balanced Fertilization; INM-Integrated Nutrient Management
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* Figures in paranthesis are standard deviations.

Table 4.12.5. Economics of nutrient management (NM) in soybean-wheat system grown on waterlogged
fields with BBF and NM in kharif and NM in rabi (Mean of 3 sites)

Treatment Mean yield (kg ha™) Gross income Total cost Net returns B:C ratio
Soybean Wheat (Rs. ha™) (Rs. ha™) (Rs. ha™)

FP 1068 3977 73512 21526 51986 24

BF 1331 4931 91474 23549 67925 2.9

INM 1533 4690 91148 23027 68121 3.0
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4.12.3 Follow up trials on validation of fertilizer
prescription equations (AICRPon STCR)

The collaborative centres of the soil test crop response
have generated several fertilizer prescription equations
for applying to crops to attain the desired target yields.
Later, these would be validated either on the university
farm or on the farmers' fields. In the sixty front line
demonstrations of Rice conducted by Raipur revealed
that soil test based fertilizer recommendations of
STCR targets were found to get higher yields than the
farmers' practice and the general fertilizer
recommendations in both inceptisols and vertisols of
Raipur, Durg, Dhamtari, Bilaspur, Raigadh, Jangir,
Rajnandgarh, Kawardha and Korba districts. The
wheat FLD's (2) organized by New Delhi centre at
Sonepat, Haryana revealed that the net profit in the
STCR treatments ranged from 27, 345 to 28, 765 Rs.
At Hyderabad, in follow up trials on farmers' fields it
was observed that in turmeric trial at Jagtial,

Karimnagar district the relative income at 45 q target
was Rs. 5134/- over RDF and the B.C. ratio was 2.2
while it was 1.8 with blanket dose. Similarly, in
groundnut, about Rs. 9440 to 13,211 ha" income was
obtained with STCR target yield of 30 q ha" over

farmers' practice. At Palampur, some of the generated

equations also were tested on farmers' fields. The trials
of Toriarevealed that B:C ratio was higher (10.77) with
STCR target yield dose than the farmers' practice CC
(6.93)and GRD dose (8.23).

Table4.12.6  Work accomplished by some cooperating centres of AICRP on STCR during the period

under report
Centre FAE IPNS MLT FLD LTD Cropping
sequences
Pusa Sesame Rice (3) Rice-Wheat
Mustard Sesame (1) Rice-Winter
Maize
Pigeonpea (2) Rice Potato+
winter Maize
Cauliflower (2) Potato-Onion
Wheat (4)
Winter maize (3)
Mustard (6)
Linseed (1)
Lentil (1)
Gram ( 1)
Coimbatore Beet root Hill wheat Rice-Rice
Beet Root

RESEARCH ACHIEVEMENTS

contd...
Centre FAE IPNS MLT FLD LTD Cropping
sequences
Hyderabad Red gram Turmeric Groundnut
(Clay loam)
Ragi Sunflower
(Alfisol)
Groundnut
(Alfisol )
Sesame
(alfisol)
Bengalgram
(vertisol)
Palampur Turmeric Maize (5) Maize-wheat  Soybean-
Wheat
Garlic Soybean (6) Rice-Wheat
Peas Toria (6)
Rahuri Bt-Cotton
Sugarcane
Pre-seasonal
Sugarcane
Caster
Gram
New Delhi  Maize Maize Maize
Wheat Wheat Blackgram
Greengram
Wheat (2)
Raipur Hybrid Rice Rice (60) Rice-
Wheat
Rainfed Rice
Chickpea
Cauliflower
Bangalore Dryland Sunflower
Ragi
Carrot
Ragi Groundnut Paddy-Ragi
Sugarcane Maize
Ratoon
Paddy

FAE: Fertilizer adjustment equation; IPNS:Integrated Plant Nutrient System ; MLT: Multi Location Trials
FLD : Front Line Demonstration ; LTD: Long-term Demonstration
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Technology Dissemination Events
Farmers' Day

A Farmers' Day was organized at Rangai village,
Vidisha district under ACIAR project on 16 September
2008. About 100 farmers from Rangai and surrounding

5. TECHNOLOGY ASSESSED / TRANSFERRED

Farmers were very much attracted by the soybean trials
on Broad Bed Furrow (BBF) with Balanced
Fertilization on waterlogged fields. Host farmer, Shri
Ram Manohar Verma, explained the advantages of
integration of BBF with Balanced Fertilization on
soybean crop growth as compared to flat field (normal

Farmers' visits to the Institute

Dr. A. B. Singh coordinated the visits of farmers and
agriculture officers to the institute (Table 5.1) and

TECHNOLOGY ASSESSED / TRANSFERRED

explained the technologies generated in the institute
particularly on vermicomposting, phospho-sulpho-
nitro composting, organic farming and organic
pomegranate production technologies.

Table 5.1 Farmers' visits to the Institute

villages, project scientists from India and Australia, Dr. field) with Balanced Fertilization. The BBF maker- S.No Department Number of Period
Christian Roth, ACIAR, Australia, Ms. Simrat Labana, cun?—seed drill was'also demonstrated to the farmers participants
ACIAR, New Delhi and Dr. Michael Webb, ACIAR during the farmers' day. Farmers have shown keen
Reviewer, Australia have participated in the Farmers' interest to procure the BBF maker-cum-seed drill from 1 Agriculture Officers of Uttar Pradesh 25 Officers 19/8/2008
Day. Both the host and non-host farmers visited the the local fabricator. ) i
demonstration trials of NADEP compost heaps 2 Agriculture Officers and Extension Officers from Govt. of
Mabharashtra Deptt. of Agriculture Shrirampur, Ahmednagar 35 Officers 26/8/208
AR ACAR PROJECT 3 Shajapur, Madhya Pradesh 30 F 09/09/2008
& pEE ajapur, Madhya Prades armers
feeris = 4 Agriculture Development Office, Sagar, Madhya Pradesh 25 Farmers 22/09/2008
X s 11‘12“”"!1;1'+: .m"m— 1.9.)
e [ 5 Agriculture Development Office, Khandwa, Madhya Pradesh 30 Farmers 12/12/2008
6 Assistant Director of Agriculture Extension, Tonk, Rajasthan 40 farmers 17/12/2008
7 Kisan Welfare and Agriculture Development Office, Indore,
Madhya Pradesh 30 farmers 09/01/2009
8 Assistant director of Agriculture Extension, Daulpur, Rajasthan 50 Farmers 21/01/2009
9 Office of Assistant Director of Horticulture, Sagar, Madhya Pradesh 20 Farmers 29/01/2009
10 Office of Assistant Director, Shivpuri, Madhya Pradesh 30 Farmers 18/02/2009
11 Chamunda Agricultural Technology Training Management Agency
(ATMA), Dewas 25 Farmers 27/02/2009
12 Kisan Welfare and Agriculture Development (ATMA Project),
Shajapur, Madhya Pradesh 75 Farmers 12/03/2009

Dr. N.R.Panwar coordinated an exposure visit of 34 and 7 March 2009 respectively. During field and
farmers from Ratlam and 36 farmer's from Amarwada, institute museum visits, the technologies generated in
Chindwara district of Madhya Pradesh on 19 February the institute were explained.

ACIAR Project Scientist visiting a compost pit at Rangai village  Farmers and Scientists observing the root growth of soybean in
BBF plots
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Display of Institute Technologies in Kisan Mela

The technologies developed at the institute were made
available to the farmers, watershed functionaries and
representatives from line departments through “Kisan
Mela” organized by various State/Central Agricultural
Departments. Live demonstration was given to visitors

in the farmer fairs on vermicomposting (Pit and Heap
method), phosphocomposting (Pit and Heap method)
and NADEP composting etc. The Institute publications
containing the user friendly technologies were also
sold in the farmers' fairs. Institute's scientist
participated in the following Kisan Melas during the
period under report (Table 5.2).

Table 5.2. Institute technologies displayed at different Kisan Melas

Name Venue

Period

Drs. Brij Lal Lakaria and N.R. Panwar

Drs. A.B.Singh and S.Ramana

Dr. R.H. Wanjari and Sh.O.P. Shukla

Directorate of Agriculture,
Hoshangabad

Directorate of Agriculture, Sironj,
Distt. Vidisha, Madhya Pradesh

DWSR, Jabalpur

May 28-June 1, 2008

May 31-June 3, 2008

March 8, 2009

Transfer of technology at Krishi Mela, Hoshangabad

Transfer of Technology

Training on vermicompost, phospho-sulpho-nitro
compost and organic farming to the farmers of the
Sagonikala, Dobra, Adampur and Koluva villages.
Around 100 farmers from adjoining villages
participated in the training, arranged by = Madhya
Pradesh, Vigyan Sabha on 18/08/2008. Bulletin and

pamphlet materials on vermicomposting and organic

farming were distributed to the farmers along with on
farm practical demonstration of vermicompost
preparation. Video films on vermicomposting and
organic farming were shown to the farmers during

training programme.

One day training on phospho-sulpho-nitro-compost
production to the farmers at the village Panchayat
Bankot on 29/12/2008, jointly organized by MP
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Council for Science and Technology and Swami
Vivekanand Shiksha Samiti, Madhya Pradesh. Around
150 farmers participated in the training. Bulletin and
pamphlet materials on vermicomposting, organic
farming and phospho-sulpho-nitro-compost
production were distributed to the farmers along with
Practical demonstration of phospho-sulpho-nitro-
compost preparation on farmer's field. Video films on
vermicomposting for biofertilization and organic
farming for sustainable agriculture were shown to the

farmers during training programme.

The technologies developed at the institute were
demonstrated to a group of about 30 farmers and
representatives from Chhindwara district (M.P.) on 03"
March, 2009. They were also given training on soil
sampling, vermi-composting, NADEP method of

composting, manure preparation etc.
Biofertilizer Interventions in Tribal Areas

Efficacy of a bionutrient package consisting of 50%
NPK (Urea, SSP, MOP), FYM 5 t/ha and biofertilizers
(Azotobacter, Azospirillum and PSB)  was
demonstrated on soybean, maize, kodo, kutki and
nigerin 5 farmer's fields in Tehsil Kurai, Seoni district,
M.P. and compared with Farmers practice (FP- 50% N
P through DAP). The yield increase was 17, 25, 40, 20
and 18% in soybean, maize, kodo, kutki and niger. The
absolute increment for the crops (kg ha™) was 240, 550,
175,50 and 80 kg ha” respectively. (JNKVV, Jabalpur)

TECHNOLOGY ASSESSED / TRANSFERRED

Research and Demonstrations on 4zolla

Highest Azolla biomass production was recorded
during November to February both under semi and
permanent structures (10-15 fold increase). During
May-September the biomass production was 8-10
folds. The variation was due to increase in temperature
that reached more than 38°C in the month of July.
Comparing the two structures, the semi-permanent had
slight edge over permanent structure in maintaining
better growth. (AAU, Jorhat)

Demontrations on Oilseeds

Biofertilizers costing Rs.3,70,000 were produced and
sold to the farmers from university counter at Parbhani.
Nine frontline demonstrations were conducted during
the year 2008-09 on farmer's field on efficacy of mixed
inoculation of Bradyrhizobium and PSB in soybean.
Soybean seed yield in farmers fields varied from 1420
to 2642 kg ha'. There was an average increase of 24%
inyield due to inoculation. (MAU, Parbhani)

Bionutrient package Demonstrations in Bihar

Evaluation of the package in eight farmers of
Samastipur, Muzaffarpur and Vaishali districts showed
32% increase in grain yield in resource poor farmers
and 11-14 % increase in grain yield in resource rich
farmers who also applied chemical fertilizers. There
was an increase 0f 20% in grain yield of broad bean (11
qha in farmer's practice and 13.2 q ha™ in biofertilizer
treated plot).
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6.1 Training Attended

6. EDUCATION AND TRAINING

6.3 Students Guided

EDUCATION AND TRAINING

Name Programme Venue Period

Dr. S. Ramana MDP Workshop on “Policy Prioritization, NAARM, June 17-21, 2008
Monitoring and Evaluation (PME) Support Hyderabad
to Consortia based Research in Agriculture
(Under NAIP- L&CB Project)”

Dr. Ranjit Kumar Management Development Programme on NAARM, September 16-20,
“Performance Assessment of Agricultural Hyderabad 2008

Drs. Tapan Adhikari

and R.H. Wanjari

Drs. R. S. Chaudhary,

D.D.Reddy,
K.B.Hebbar and
Blaise Desouza

Drs. K. Ramesh
and S.K. Behera

Research Organizations”

management

FTIR training programme

Intellectual property and Technology

Efficient use of on farm and off farm

resources for sustainable crop production in

organic farming

Perkin Elmer
(India) Pvt. Ltd.,
Mumbai.

CIAE, Bhopal

Indian Institute
of Soil Science,
Bhopal

September 17-19,
2008

November 27-29,
2008

December 1-8,
2008

Drs. S. Kundu and Procurement Procedures of the World Bank-  IISR, Lucknow February 9-10,
Tapan Adhikari NAIP 2009

6.2 Training Organized for students
Name of the Name of the Trainee Coordinating Duration of the Training
Institution / and Degree Scientist Training Programme
College Programme & Division at IISS
Amity Institute of Miss Parul Rajput, Dr. A.B.Singh August 2-16, 2008  Techniques in
Biotechnology B. Tech. Biochemical
Noida, Biotechnology, Analysis
Uttar Pradesh,
Barkatullah Mr. Muzaffar Ahmad
University, Bhat, Research Scholar,  Dr. A.B.Singh December 2008 Analytical
Bhopal Department of Applied to February 2009  Techniques used

Aquaculture & Zoology in Biochemistry
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Name of the Name of the Student Coordinating Duration Title of the
Institution / and Degree Scientist Dissertation
College Programme
Department Mr. Tariq Ahmad Dr.K.B.Hebbar Three months  Adoptation of wheat to
of RPEG, Qureshi, M. Sc. climate change:
Barkatullah Environmental Genotypic variability
University, Science in morphological and
Bhopal physiological traits
associated with growth
and yield.
Mr. Imtiyaz Ahmad Dr.K.B.Hebbar Three months  Adoptation of wheat to
Shah, M. Sc. climate change:
Environmental Genotypic variability
Science in root traits and
nutrient uptake
Mr. Rouf-ur-Rafiq, Dr.A.K.Biswas Three months  Potassium supplying
M. Sc. power of a black soil
Environmental amended with spent
Science wash and post-
methanation effluent.
Mr. Javed Ahmad Dr. Ajay Three months  Linear alkylbenzene
Lone, M. Sc. sulphonate behaviour
Environmental in vertisol in relation
Science to detergent pollution
Mr. Malik Mubashir ~ Dr. T. Adhikari Three months  Effect of nickel on
Ahmad, selected soil enzyme
M. Sc. Environmental activities and plant
Science growth
Mr. Shanaz Nazir, Dr. N.R. Panwar Three months  Soil enzymatic and
M. Sc. basal respiration
Environmental response to the
Science addition of lead
contaminated
municipal solid waste
compost in acid and
alkaline soils
Jawaharlal Nehru Mr. Sajad Ahmed Drs. J.K. Saha and Three Months  Effect of Pb
P.G. College, Seikh, M.Sc. N.R. Panwar contaminated
Bhopal (Biotechnology) municipal solid waste
compost on soil
biological and
biochemical
(enzymatic activity)
properties in acid soil”
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Name of the Name of the Student Coordinating Duration Title of the
Institution / and Degree Scientist Dissertation
College Programme
Mr. Shadab Aga, Drs. N.R. Panwar Three Months  Effect of Cd
M.Sc. (Biotechnology) and J.K. Saha contaminated
municipal solid waste
compost on soil
biological and
biochemical
(enzymatic activity)
properties in acid soil”
Mr, Manoj Kumar Dr. Tapan Adhikari Three months  Characterization of
Singh different soils
M.Sc. (Biotechnology) collected from
different parts of North
Bengal
Barkatullah Miss. Manta Narware Dr. A.K. Biswas Three months  Tolerance of Pongamia
University, Pinnate to Nickel in a
Bhopal Vertisol

Vellore Institute
of Technology,
Vellore

JINKVYV, Jabalpur

Barkatullah
University,
Bhopal

Miss.Marry V.Toppo

Miss. Alankrita
Dashora
M.Sc. (Bioscience)

Miss. Aradhana

Sharma
M.Sc. (Bioscience)

Mr. Arijit Biswas
M.Sc. Applied
Microbiology

Ms. Sunita Tirkey,
M.Sc., INKVYV,
Jabalpur.

Mr. Nishat Sharma
M.Sc. Student

Dr. A K. Biswas

Dr. Tapan Adhikari

Dr. Tapan Adhikari

Drs. D.L.N.Rao and
A K. Biswas

Dr. Sanjay Srivastava
acted as research
guide

Dr.A.B.Singh and
Dr.S.Ramana

Three months

Three months

Three months

Six months

Three months

Tolerance of Pongamia
pinnate to chromium in|
a Vertisol.
Tolerance of Pongamia
pinnata L. to cadmium
in a Vertisol &
Effect of Copper Nano
particle on germination
of Mustard seed
Tolerance of Pongamia
pinnata L. to lead in a
Vertisol & Effect of
Zinc Nano particle on
germination of
Mustard seed
Physiological effects
of zinc stress on soil
bacteria
Fertilizer requirement
based on soil tests for
garlic grown in
vertisols of M.P.
Biochemical quality
evaluation of soybean
seed under different
nutrient management
systems
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7. AWARDS/HONOURS/RECOGNITIONS

7.1 Awards

Dr. K. Sammi Reddy, Senior Scientist, Dr. A. Subba
Rao, Director, and Dr. Muneshwar Singh, PC (LTFE):
received the FAI Golden Jubilee Award for Excellence
in the Field of Development of Fertilizer Best
Management Practices.

Dr. K. Sammi Reddy receiving the FAI Golden Jubilee Award
from Mr. Atul Chaturvedi, Secretary, Ministry of Fertilizers
and Chemicals, Govt. of India.

Dr. Sangeeta Lenka, Scientist, Soil Physics, received
the Jawaharlal Nehru Award for Postgraduate
Agricultural Research for the year 2007 for
outstanding research in the field of Soil Science, NRM
and Agronomy.

Dr. Sangeeta Lenka, receiving Jawahar Lal Nehru award from
Minister of state for Agriculture

7.2 Best Poster Awards

The poster entitled “Impact of organic farming system
on soil quality a case study” by Panwar, N.R. Ramesh,
P., Singh, A.B. and Ramana, S. was awarded the best
poster in the poster session of the International
Symposium on Natural Resource Management in
Agriculture at Agricultural Research Station, (RAU,
Bikaner), Durgapura, Jaipur during 19-20 December
2008.

Mr. Javed Ahmed Lone received the Best Young
Scientist Award based on the paper presented on
“Linear Alkyl Benzene Sulphonate Behaviour in
Vertisols in Relation to Detergent Pollution” by Javed
Ahmed Lone and Ajay in the National Seminar on
Science Education and Attraction of Talent for
Excellence in Research organized at Sant Hirdaram
Girls College, Bhopal, during 21-22 February 2009.

7.3 Recognitions

Dr. D.L.N.Rao, Network Coordinator (Biofertilizers)
was nominated as Member, Institute Management
Committee, NRC on Seed Spices, Ajmer.

Dr. Y. Muralidharudu, Project Coordinator (STCR)
acted as Chairman Technical Session II on Fertility
during Annual Convention of Indian Society of Soil
Science at UAS, Bangalore held on 30 November
2008.
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The institute has strengthened linkages with ICAR
institute and SAUs located throughout the country, the
international agencies, and the extension &
development agencies. Linkages have been
strengthened by organizing workshops/ meetings of
AICRP projects in which scientists of co-operating
centers located at SAUs or ICAR institutes have
participated. Efforts have also been made to strengthen
research collaborative activities with SAUs through
guidance of PG/Ph.D students by the institute
scientists.

The Indian Institute of Soil Science has established
research linkages and collaborations with other ICAR
institutes and State Agriculture Universities (SAUs)
through its network of NAIPs and AICRPs/Networks
and their cooperating centers. All the three AICRPs
and one Network Project's co-operating units located
at IISS, Bhopal have 56 cooperating centers spread
overinalmost all the SAUSs.

One ACIAR, Australia funded research project on
“Integrated manure nutrient management in
soybean/wheat cropping systems on vertisols in
Madhya Pradesh and Queenland” has been started

8. LINKAGES AND COLLABORATIONS
IN INDIA AND ABROAD

from July1, 2004. In this project, IISS is collaborating
with University of Queensland, Australia and
Department of Natural Resources (DNR), Brisbane,
Australia.

Three network projects on the following aspects are
being operated in the institute.

1. Network project on organic farming (NPOF)

2. Evaluation of efficacy of Granubor II in
ameliorating boron deficiency in important field
crops under major ecological zones of India.

3. Assessment of quality and resilience of soils in
diverse agro-ecosystems.

In a NAIP project on Nano-technology, institute has
collaboration with CAZRI, Jodhpur. IISS has
collaboration with CRRI, Cuttack in another NAIP
project on “Soil Organic Carbon Dynamics and
Climatic Change”. AMAAS funded research project
on “Improving Yields and Nutreint Uptake of Selected
Crops through Microbial Inoculants in Vertisols of
Central India” was initiated in the year 2008 in
collaboration with NBAIM, Mahoo.

Co-operating Centers of AICRPs/Networks located at IISS, Bhopal

S. All India Coordinated Research Projects

No. of co-operating centres
ICAR SAUs/SGUs Total

1. AICRP on Long Term Fertilizer Experiments to Study Changes in Soil
Quality, Crop Productivity and Sustainability (LTFE): Hyderabad,
Raipur, New Delhi, Junagarh, Palampur, Ranchi, Bangaluru, Pattambi,
Jabalpur, Akola, Parbhani, Bhubaneshwar, Ludhiana, Udaipur,
Coimbatore, Pantnagar, Barrakpore.

2. AICRP for Investigation on Crop Response Correlation (STCR):
Hyderabad, Pusa, Raipur, New Delhi, Hisar, Palampur, Bangaluru,
Vellanikkara, Jabalpur, Rahuri, Bhubaneshwar, Ludhiana, Bikaner,
Coimbatore, Pantnagar, Kalyani, Barrackpore.

3. AICRP on Micro and Secondary Nutrients and Pollutants in Soil and
Plants: Hyderabad, Pusa, Anand, Hisar, Jabalpur, Akola, Bhubaneshwar,
Ludhiana, Coimbatore, Pantnagar, Lucknow.

4. Network Project on Biofertilizers (BNF): Jorhat, New Delhi, Hisar,
Jabalpur, Parbhani, Amarawathi, Bhubaneshwar, Junagarh, Coimbatore,
Pusa, Solan.

Total

2

15

15

11

50

17

17

11

11

56

9.1 Research Papers

Bandhopadhyay, K.K., Misra, A.K., Ghosh, P.K., Hati,
K.M., Mohanty, M. and Singh, R.K. 2009.
Assessment of critical soil water potential for
emergence of wheat, chickpea and linseed
seedlings in relation to water stress in a
Vertisol. Journal of Indian Society of Soil
Science 56(3):267-275.

Bhattacharyya, R., Prakash, Ved, @ Kundu, S.,
Srivastava, A. K. and Gupta, H. S. (2009) Soil
aggregation and organic matter in a sandy clay
loam soil of the Indian Himalayas under
different tillage and crop regimes. Agriculture,
Ecosystems and Environment, (DOI:
10.1016/j.agee.2009.03.007).

Hati, K.M., Swarup, A., Mishra, B., Manna, M.C.,
Wanjari, R.H., Mandal, K.G. and Misra A.K.
(2008). Impact of long-term application of
fertilizer, manure and lime under intensive
cropping on physical properties and organic
carbon content of an Alfisol. Geoderma, 148
(2):173-179.

Hebbar, K.B., Venugopalan, M.V., Seshasai, M.V.R.,
Rao, K. V., Patil, B.C., Prakash, A .H., Kumar,
V., Hebbar, K.R., Jeyakumar, P.,
Bandhopadhyay, K.K., Rao, M.R.K., Khadi,
B.M. and Aggarwal, P.K. (2008). Predicting
Cotton Production Using Infocrop-cotton
Simulation Model, Remote Sensing and
Spatial Agro-climatic data. Current Science,
95(11): 1570-1580.

Jeevandas, Anupama, Singh, R.P. and Kumar, Ranjit
(2008) Concerns of groundwater depletion
and irrigation efficiency in Punjab agriculture:
A micro-level study. Agricultural Economics
Research Review, 21(2):191-199.

Kundu, S., Bhattacharyya, R., Prakash, Ved and Gupta,
H. S. (2008). Carbon Sequestration Potential

9. LIST OF PUBLICATIONS

of Inceptisols under Long-term Soybean-
Wheat Rotation in Sub-temperate Rainfed
Agro-ecosystem of North-West Himalayas.
Journal of Indian Society of Soil Science 56
(4):327-331.

Lenka, Sangeeta, Singh, A.K., Lenka, Narendra Kumar
(2009). Water and nitrogen interaction on soil
profile water extraction and ET in maize-

wheat cropping system. Agricultural Water
Management. 96 (2); 195-207.

Mandal, B., Majumdar, B. Adhya, T. K.
Bandhopadhyay, P. K., Gangopadhyay, A.,
Sarkar, D., Kundu, M. C., Guptachoudhary, S.,
Hazra, G. C., Kundu, S., Samantaray, R. N.
and Misra, A. K. (2008). Potential of double
cropped rice ecology to conserve organic
carbon under Subtropical Climate. Global
Change Biology, 14:-2139 -2151.

Mishra, P.K., Mishra, Sumit, Selvakumar, G., Bisht,
JK., Kundu, S. and Gupta, H.S. (2009).
Coinoculation of Bacillus thuringeinsis-KR1
with Rhizobium leguminosarum enhance plant
growth and nodulation of pea (Pisum sativum
L.) and lentil (Lens culinaris L.). World
Journal of Microbiological Biotechnology.
25:753-761.

Muneshwar Singh, Mohan Singh, and B. Kumrawat
(2008). Influence of nutrient supply system on
productivity of soybean, wheat and soil
fertility of Vertisols of Madhya Pradesh.
Journal of Indian Society of Soil Science,
56:436-441.

Ramana, S. Ramesh, P, Panwar, N. R. and Singh, A.B.
2008. Physiological and biochemical changes
in soybean as affected by organic, chemical
and integrated nutrient management practices.
Indian Journal of Plant Physiology, 13 (2):
130-136.
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Ramana, S., Biswas, A K., Ajay, Singh, A. B. & Subba
Rao, A. (2008) Tolerance and bioaccumulation
of cadmium and lead by gladiolus. National
Academy Science Letters, 31 (11&12): 327-
332.

Ramana, S., Biswas, A.K., Ajay and Subba Rao, A.
(2008) Phytoextraction of lead by marigold
and chrysanthemum. Indian Journal of Plant
Physiology, 13 (3): 297-299.

Ramesh, P., Panwar, N. R., Singh, A.B. and Ramana, S.
(2008). Effect of organic manures on
productivity, soil fertility and economics of
soybean (Glycine max)  durum wheat
(Triticum durum) cropping system under
organic farming in Vertisol. Indian Journal of
Agricultural Sciences, 78:1033-1037.

Ramesh, P., Panwar, N. R., Singh, A.B. and Ramana, S.
(2008). Effect of organic manures on
productivity, nutrient uptake and soil fertility
of maize (Zea mays) - linseed (Linum
usitatissimum) cropping. Indian Journal of
Agricultural Sciences, 78(4):351-354.

Ramesh, P., Panwar, N. R., Singh, A.B. and Ramana, S.
(2008). Effect of organic nutrient management
practices on production potential, nutrient
uptake, soil quality, input use efficiency and
economics of mustard (Brassica juncea)

Indian Journal of Agricultural Sciences,
79(1):40-44.

Saha, J. K., Panwar, N., Srivastava Ajay, Biswas, A. K.,
Kundu, S. and Subba Rao, A. (2009).
Chemical, biochemical, and biological impact
of untreated domestic sewage water use on
Vertisol and its consequences on wheat
(Triticum aestivum) productivity.
Environmental Monitoring and Assessment.
(DOI:10.1007/s10661-009-0756-5).

Sammi Reddy, K., Mohanty, M., Rao, D.L.N., Singh,
M., Dalal, R.C., Subba Rao, A., Pandey, M and

Menzies, N (2008). Nitrogen mineralization in
a Vertisol from organic manures, green
manures and crop residues in relation to their
quality. Agrochimica (Italy) L1I (6): 377-388.

Sammi Reddy, K., Singh, M., Tripathi, A.K., Subba
Rao, A. and Sudhir, K. (2008). Contents and
depth distribution of nitrogen fractions in
Kandic Paleustalf soil following long-term
cropping with fertilizer and farmyard manure
applications. Agrochimica (Italy) LII (6):
337-351.

Selvakumar, G., Joshi, P., Nazim, S., Mishra, P. K,
Kundu, S. and Gupta, H. S. (2008).
Exiguobacteriun acetylicum strain [ P(MTCC
8707) a novel bacterial antagonist from the
North Western Indian Himalayas. World
Journal of Microbiological, Biotechnology,
(DOI10.1007/s 1127 008 9874 4).

Singh, A.B., P.Ramesh, N.R. Panwar and S. Ramana.
(2008). Nutritional quality of soybean, wheat
and chickpea and soil biological properties as
influenced by different organic manures.

Indian Journal of Agricultural Sciences,
78:781-784.

Singh, A.B., Saha J.K. and Ghosh, P.K. (2008) Effect of
nutrient management practices on soybean
(Glycine max) - chickpea (Cicer arietinum)
cropping system for improving seed yield,
quality and soil biological health under rainfed

condition. Indian Journal of Agricultural
Sciences, 78 (6): 485-489.

Singh, Alka, Vasisht, A.K., Kumar, Ranjit and Das,
D.K. (2008) Adoption of Integrated Pest
Management Practices in Paddy and Cotton: A
Case Study in Haryana and Punjab.
Agricultural Economics Research Review,
21(2):221-226.

Srivastava, S.K., Kumar, Ranjit and Singh, R.P. (2009)
Extent of Groundwater Extraction and
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Irrigation Efficiency on Farms under Different
Water-market Regimes in Central Uttar
Pradesh. Agricultural Economics Research
Review,22(1):87-97.

9.2 Books/Bulletins

Aggarwal, P.K., Hebbar, K.B., Venugopalan, M.V.,
Rani, S., Bala, A., Biswal, A. and Wani, S.P.
(2008) Quantification of yield gaps in rainfed
rice, wheat, cotton and mustard in India.
Global theme on Agroecosystems Report
No.43, ICRISAT, A.P., India.

llamurugu, K., Natarajan, T., Balchander, D. and Rao,
D.L.N. (2008) Research-Adoption-Impact
Analysis of Biofertilizers in Tamilnadu. AINP
on BF Bulletin, TNAU, Coimbatore, pp 62.

Kachhave, K.G., Adsul P.B. and Rao, D.L.N. (2008)
(Eds.) Frontline demonstrations on
biofertilizers for oilseeds. AINP on BF
Technical Bulletin MAU, DEE. no 30/2008,

pp 20.

Kundu, S. and Saha, J.K. (2008) Information Brochure,
NAIP Sub-project 'Assessment of Quality and
Resilience of Soils in Diverse Agro-
ecosystems', Indian Institute of Soil Science,
Bhopal, pp.1-8.

Kundu, S. and Saha, J.K. (Editors) IISS Newsletter,
July-December, 2009, Volume 11, No.2,
Indian Institute of Soil Science, Bhopal, pp.8.

Patnayak, S.K. and Rao, D.L.N. (Eds) Biofertilizers for
tropical vegetables. AINP on BF Bulletin,
OUAT, Bhubaneswer, pp 20.

Prasad, S.N., Singh, R.K., Kumar, Ashok, Parandiyal,
A K., Ali, Shakir, Somasundaram, J., Sethy,
B. K., Sharda, V. N. (2008) Natural Resource
management for sustainable Development in
Western India, Allied Publishers Private Ltd,
New Delhi: 1-263.

LIST OF PUBLICATIONS

Ramesh, P. and Subba Rao, A. (Eds.) (2009). Efficient
use of on-farm and off-farm resources in
organic farming, Indian Institute of Soil
Science, Bhopal, 190.

Rao, D.L.N. (2008). Biofertilizer Research Progress
(2004-07). All India Network Project on
Biofertilizers, IISS, Bhopal, pp 105.

Rawat, A K., Dwivedi, B.S. and Rao, D.L.N (2008)
Biofertilizer based nutrient management for
tribal areas of Madhya Pradesh. AINP on BF ,
JINKVYV, Jabalpur, pp 6.

Rawat, A K., Khatik, S.K., Rao, D.L.N. and Saxena, A
K. (2008). Soybean rhizobial inoculants
survey in Madhya Pradesh. AINP on BF
Bulletin, INKVYV, Jabalpur, pp 33.

Saha, J.K., Panwar, N.R., Singh, M.V. and Subba Rao,
A. (2008). Quality indices of municipal solid
waste compost for safe use in agriculture.
Technical Bulletin No. 6. Indian Institute of
Soil Science, Bhopal, 44.

Saha, M.N., Singh, Muneshwar, Wanjari, R.H.,
Majumder A., Ghorai, D., Saha, A. R. and
Majumdar, B. (2008) Soil Quality, Crop
Productivity and Sustainability of Jute - Rice -
Wheat Cropping System after 36 Years of
Long Term Fertilizer Experiment in
Inceptisols. AICRP-LTFE, Indian Institute of
Soil Science (ICAR), Nabibagh, Bhopal. p. 1-
88.

Sammi Reddy, K. (2008) (Ed.) IISS at a Glance. Indian
Institute of Soil Science, Bhopal.

Subba Rao, A., Blaise D'Souza, Sammi Reddy, K.,
Tripathi, A.K., Lal, Brij, Panwar, N. R. and
Kumar, Ranjit (2008). IISS Annual Report
(2007-08). Indian Institute of Soil Science,
Bhopal. pp.1-120.
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Subba Rao, A., Sharma, A. K. and Sammi Reddy, K
(2008) Soil Science Research in India (A
Bibliography of IISS Scientists' Research
Contribution 1988-2008), Indian Institute of
Soil Science, Bhopal. p. 90.

9.3 Book Chapters

Adhikari, Tapan (2009). Nickel in Soil Environment.
In: Nickel in relation to Plants. (Ed. Barket Ali,
S. Hayat, and A. Ahmad). ISBN: 978-81-
7319-899-1. Narosa Publication House, New
Delhi.

Ajay (2009). Scope of medicinal crops in organic
farming. In “Efficient use of on-farm and off-
farm resources in organic farming”. (Ramesh,
P.and A. Subba Rao, Eds). pp.163-178.

Biswas, A.K. (2009). Utilization of off-farm wastes on
soil and environmental quality. In “Efficient
use of on-farm and off-farm resources in
organic farming”. (Ramesh, P. and A. Subba
Rao, Eds). pp. 179-190.

Kundu S. (2009). Conceptual frame work of soil
quality: Its' importance in organic farming. In
“Efficient use of on-farm and off-farm
resources in organic farming”. (Ramesh, P.
and A. Subba Rao, Eds). pp75-81.

Mayee, C.D. and Blaise, D. (2009). Organic Farming.
In: PERI-URBAN AGRICULTURE -
Agriculture by Twenty20 and Beyond (Ed. S.
Masood). S.B. Nangia APH Pub. Co. New
Delhi, pp. 38-52.

Panwar, N. R. and Ramesh. P. (2009). Sources,
availability and characterization of inputs in
organic farming. In: Efficient use of on-farm
and off-farm resources in organic farming
(Eds. P.Ramesh and A.Subba Rao). Indian
Institute of Soil Science, Bhopal, 25-37.

Panwar, N.R. (2009). Computation of carbon
management index (CMI): As a measure of

soil quality. In “Efficient use of on-farm and
off-farm resources in organic farming”.
(Ramesh, P. and A. Subba Rao, Eds). pp.146-
148.

Ramesh, P. (2008). Organic Farming Research in
Madhya Pradesh. In: Organic Farming in
Rainfed Agriculture, Opportunities and
Constraints (Eds. B.Venkateswarlu, S.S.
Balloli and Y.S.Ramakrishna). Central
Research Institute for Dryland Agriculture,
Hyderabad, pp. 12-20.

Ramesh, P. (2009). Organic farming research in India:
Case studies on crop productivity and soil
fertility. In: Efficient use of on-farm and off-
farm resources in organic farming (Eds.
P.Ramesh and A.Subba Rao). Indian Institute
of Soil Science, Bhopal, pp. 149-162.

Ramesh, P., Singh, Mohan and Subba Rao, A. (2008).
Organic Farming: Its relevance to the Indian
context. In: Organic Farming: A Global
Perspective (Ed. Subir Ghosh). The ICFAI
University Press, Hyderabad, pp.166-185.

Sammi Reddy, K. (2009) Nutrient release
characteristics of organic manures in relation
to their quality. In: Efficient Use of On-farm
and Off-farm Resources in Organic Farming
(Eds. Ramesh, P and Subba Rao, A.), Indian
Institute of Soil Science, Bhopal. pp.139-145.

Sethy, B.K., Ali, Shakirand Somasundaram, J. (2008).
Potential of Rainwater Harvesting For
Sustainable Agricultural In South-Eastern
Rajasthan. In: (Eds. Prasad Et Al) “Natural
Resources Management For Sustainable
Development In Western India” CSWCRTI,
Research Centre, Kota, Rajasthan, Allied
Publishers Private Ltd, New Delhi, pp.57-64.

Singh, A.B. and Subba Rao, A. (2009). Recycling of
Biodegradable Organic Wastes by Selected
Composting Techniques. In: Efficient Use of
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On Farm and off- Farm Resources in Organic
Farming (Edited by P Ramesh and A Subba
Rao), Indian Institute of Soil Science Bhopal,
pp. 38-52.

Singh, A.B., Ramesh, P. and Subba Rao, A. (2009).
Assessment of produce quality in different
nutrient management systems. In: Efficient
use of on-farm and off-farm resources in
organic farming (Eds. P.Ramesh and A.Subba
Rao). Indian Institute of Soil Science, Bhopal,
99-115.

Somasundaram, J., and Chauhan, V. (2008). Impact of
different land uses on cracking pattern of black
soils in south-eastern Rajasthan. In: Natural
Resources Management for Sustainable
Development in Western India. (Eds: Prasad et
al.) CSWCRTI, Research Centre, Kota, Allied
Publishers Private Ltd , New Delhi, pp.105-
108.

Subba Rao, A. and Ramesh, P. (2009). Soil fertility
management in organic farming. In “Efficient
use of on-farm and off-farm resources in

organic farming”. (Ramesh, P. and A. Subba
Rao, Eds). pp.14-24.

9.4 Reviews/Popular Articles

Lal, Brij, Panwar, N.R. and Behara, S.K. (2008). Mrida
parikshan vidhi avam upyogita. Mera Gaon
mera desh. 39: 8.

Subba Rao, A. and Sammi Reddy, K (2008). Soils:
Deterioration in Physical, Chemical and
Biological Qualities. The Hindu-Survey of
Indian Agriculture 2008, M/s. Kasturi and
Sons. Ltd. Chennai, 105-108.

9.5 Invited/ Lead Papers Published

Manna, M.C., Wani, S.P., Rego, T.J., Sahrawat, K.L.,
Bhattacharyya, T., Ramesh, V.,

LIST OF PUBLICATIONS

Bandhopadhyay, K.K., Rupa, T.R., Singh, P.,
Pathak, P. and Padmaja, K.V. (2008). In:
Global Theme on Argoecosystems (R. no 41),
ICRISAT, pp 1-60.

Rao, D.L.N. and Sharma, P.D. (2009) Policy
Interventions for Promotion of Biofertilizers
in Indian Agriculture. In: Balanced and
Integrated Nutrient Management-Key Policy
Issues. S. P. Sharma et al (eds), CSHP
Agricultural University, Palampur, pp 47-54.

Subba Rao, A. and Srivastava S. (2009). Fortified,
customized and 100% water soluble liquid
fertilizers in agriculture. In. Policy issues on
balanced and integrated nutrient management
(Eds. SP Sharma, PD Sharma, PP Biswas, K
Sanjay, RP Sharma and Narendra K Sankhyan.
CSK HP Agricultural University, Palampur
(HP), 103-116.

Rao, D.L.N. (2008) Microbial Diversity, Biofertilizers
and Soil Health. Keynote address delivered at
the International Conference on “Microbial
Biotechnology: Diversity, Genomics and
Metagenomics” the University of Delhi during
18-20 Nov2008.

Rao, D.L.N. (2008) Policy Interventions for Promotion
of Biofertilizers in Indian Agriculture.
Delivered theme paper at Min. of Agric.
Seminar on “Policy Initiatives for Promotion
of Balanced Fertilization and Integrated
Nutrient Management” at  CSHPKYV,
Palampur, April 2008.

Rao, D.L.N. (2008) Role of Microbes as Nutrient
Mobilizers. Delivered a synthesis paper at
Brain storming session on Agricultural
Sustainability through Microbial
Biotechnology-Novel and Innovative Concept
at National Academy of Agricultural Sciences
(NAAS)on 11 Nov 2008.
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Programme I: Nutrient Management and Fertility
Improvement

(A)
1

(B)

In-house Projects

Long-term Evaluation of Integrated Plant
Nutrient Supply Modules for sustainable
productivity in Vertisol.

Muneshwar Singh, K. Sammi Reddy, A.K.
Biswas, A.B.Singh & R.S. Chaudhary

Development of potassium management
strategies for Alfisol in view of lessons learnt
from long term fertilizer experiments.

R.H.Wanjari, Muneshwar Singh, Sanjay
Srivastava, and N. Vasuki and S. B Yogananda
(GKVK, Bangalore)

Development of region-specific databases on
nutrient resources in agriculture and user
friendly intelligent data retrieving systems for
rational and efficient nutrient management.

S. Srivastava, A.Subba Rao, D. Damodar
Reddy, S. Ramana, N.R.Panwar,Y.
Muralidharudu and Abhishek Rathore

Long-term effect of fertilizer and manure
application on carbon pool dynamic in a Vertisol
under soybean-wheat system.

Brij Lal, Muneshwar Singh, K.Sammi Reddy,
A.K.Biswas, R.S.Chaudhary and A.B.Singh

Investigations on phosphorus fraction in diverse
organic manure and their effects on phosphorus
speciation and availability in contrasting soils.

D. Damodar Reddy and Brij Lal Lakaria

Development of web enabled statistical software
for analysis of data of AICRPon STCR.

Abhishek Rathore, Y.Muralidharudu, A.Subba
Rao, V.K.Gupta and Rajender Prasad (IASRI,
New Delhi)

Transformation and phyto-availability of zinc
and boron in selected bench mark acid soils
amended with lime and farmyard manure.

Sanjib Kumar Behera and M. V.Singh
Externally Aided Projects

Integrated Manure Nutrient Management in
Soybean/Wheat cropping systems in Vertisols
in M.P. (ACIAR Project)

A. Subba Rao (Project Leader), K. Sammi
Reddy (Operational Leader), D.L.N. Rao,
Muneshwar Singh & M. Mohanty

9

10

11

12

13

14

15

16

10. LIST OF APPROVED ON-GOING PROJECTS

Development of suitable methodology for soil
fertility using GIS and GPS tools for precise
fertilizer recommendations based on spatial
variability. (ICAR Cess Fund)

K.N. Singh, A K. Tripathi, N.S. Raju, Abhishek
Rathore and A. Subba Rao

Development of methodology using RS, GPS &
GIS for delineating area of a district in different
fertility zones. (MP COST)

K.N. Singh, Abhishek Rathore A.K.Tripathi and
A.SubbaRao

Ailing Agricultural productivity in
economically fragile region of India: An
analysis of synergy between public investment
and farmer's capacity. (ICAR Cess Fund
Award)

Ranjit Kumar

Network on evaluation of efficacy of Granubor
IT in ameliorating boron deficiency in important
field crops under major ecological zones of
India. (Contractual Research Project)

M.V. Singh and R.H. Wanjari

Boom Flower (Nitrobenzene 20% EW)-its
influence on growth, Physiology, nutrient
uptake and yield of tomato plant. (Contractual
Research Project)

K.B.Hebbar, D.Damodar Reddy, Ajay and
S.Ramana

Nano-Technology for Enhanced Utilization of
Native Phosphorus by Plants and Higher
Moisture Retention in Arid Soils. (NAIP)

Tapan Adhikari, A.K.Biswas and S. Kundu

Understanding the mechanism of variation in
status of a few nutritionally important
micronutrients in some important food crops
and the mechanism of micronutrient enrichment
inplant parts. (NAIP)

M.V.Singh, S.K.Behera, Muneshwar Singh,
K.B.Hebbar, P.C.Mishra and Tapan
Adhikari

Evaluation of Allwin wonder and Allwin top for
their effects on maize productivity and soil
fertility. (Contractual Project).

K.Ramesh and S. Ramana
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Programme II: Management of Soil Physical
Components

(A)
17

18

19

In-house Project

Study of Long-term tillage management with
differential nitrogen on soybean-wheat
cropping systems in Vertisols.

A.K. Misra, K.M. Hati and R.K.Singh

Tillage and manure interactive effects on soil
aggregate dynamics, soil organic carbon
accumulation and pass flow in Vertisols.

Sangeeta Lenka, A.K.Misra, M.C.Manna,
D.D.Reddy, K.M Hati, R.K.Singh, S.K.Rautray
and B.K.Garg.

Tillage effects on weed dynamics in soybean-
wheat system on Vertisol

Blaise D'Souza,, R.H.Wanjari, D.D. Reddy and
R.K. Singh

Programme III: Soil Qualities for Sustainable
Productivity

(A)
20

21

22

23

(B)
24

25

In-house Project

Studies on the effect of organic nutrient sources
onyield and quality of pomegranate

A.B. Singh, D.L.N. Rao and A.K.Tripathi

Development of composting techniques for
recycling of municipal solid waste

M.C.Manna and A.B.Singh

Quality assessment of crops under different
nutrient management system in long-term
experiment

A.B.Singh, P.Ramesh, Muneshwar Singh,
A K.Tripathi and A.Subba Rao

On farm Production and evaluation of
vermicompost and enriched compost

A K. Tripathi
Externally Aided Projects

Improving yields and nutrient uptake of selected
crops through microbial inoculants in Vertisols
of Central India (AMAAS)

D.L.N.Raoand M.C. Manna

Soil organic carbon dynamics and climatic
changes and crop adaptation strategies. (NAIP)

M.C.Manna, S. Ramana, K. Sammi Reddy, A.K.
Tripathi, Muneshwar Singh and K.N. Singh

LIST OF APPROVED ON-GOING PROJECTS

Programme IV: Minimizing Environmental

Pollution

(A) In-house Project

26  Investigation on effect of continuous use of
sewage water as irrigation on swell-shrink soil
quality
J.K.Saha, A.K. Biswas and Ajay

27  Nutrient dynamic and production sustainability
of cropping sequences under organic farming
system in Vertisols
P. Ramesh, A.B. Singh, S. Ramana and N.R.
Panwar

28  Developing quality indices of urban solid waste
composts
J.K.Saha, N.R.Panwar and M.V.Singh

29  Impact of Linear alkylbenzene sulphonate
(LAS) and sodium tri poly phosphate (STPP)
present in detergent on crop growth and soil
quality
Ajay,J.K.Sahaand M.V Singh

30  Developing database on extent of soil and water
contamination in India
N.R.Panwar, Abhishek Rathore, Tapan
Adhikari, S.Ramana, A.K.Biswas, J.K.Saha,
S.Srivastava and S.Kundu

31 Diagnosis and Management of Emerging
Physiological Disorders of Cotton, Wheat and
Soybean in Black Soils of Central India Under
Change Climatic Scenario
K.B.Hebbar, N.R.Panwar, S.Ramana, Ajay,
P.Ramesh and S.Kundu

32 Phyto-extraction of Cr by some floriculture
plants.
S.Ramana, A.K. Biswas and Ajay

(B) Externally Aided Projects

33 Network Project on Organic Farming(ICAR)
P. Ramesh, A.B.Singh, S. Ramana and N.R.
Panwar

34  Assessment of quality and resilience of soils in

diverse agro-ecosystems (NAIP)

S.Kundu, A.Subba Rao, Muneshwar Singh,
Y.Muralidharudu,, J.K.Saha, A.K.Biswas,
A.K.Mishra, A.K.Tripathi, K.Sammi Reddy,
N.R.Panwar, R.H.Wanjari, K.M.Hati,
K.N.Singh and T.Adhikari
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11. CONSULTANCY, CONTRACTUAL SERVICES, PATENT,

(Institute Research Council, Institute Management Committee, Research Advisory Committee, Institute

COMMERCIALISATION OF TECHNOLOGY

Building Committee, Institute Purchase Committee, Institute Joint Staff Council Committee)

Institute Research Council

Drs. K.B. Hebbar, D. Damodar Reddy, Ajay ° Drs. M. V. Singh and R.H. Wanjari undertaken L Dr.A. Subba Rao Director Chairman
and S. Ramana undertaken a contractual research project entitled “Evaluation of 2. Dr. A.K. Misra Head, Division of Soil Physics Member
research project entitled “Boom Flower efficacy of Granubor II in ameliorating boron 3. Dr. Y.Muralidharudu PC(STCR) Member
(Nitrobenzene 20% EW) its influence on deficiency in important field crops under 4, Dr. Muneshwar Singh PC (LTFE) Member
growth, physiology, nutrient uptake and yield major ecological zones of India” with M/s 5. Dr.D.L.N.Rao PC (BNF) Member
(ojit:rrlr;zt: plant” with M/s. Dev Crop Sciences, Rallis India Limited, Chennai. 6. Dr.P Ram.esh Pr.Sc%en t?s ¢ Member
7. Dr. K.N. Singh Pr.Scientist Member
8. Dr. M.C. Manna Pr.Scientist Member
9. Dr. A.B. Singh Pr.Scientist Member
10. Dr.A.K. Biswas Pr. Scientist Member
11. Dr.Ajay Senior Scientist Member
12. Dr. J.K. Saha Pr.Scientist Member
13. Dr.R.S. Chaudhary Pr.Scientist Member
14. Dr. A K. Tripathi Senior Scientist Member
15. Dr. K. Sammi Reddy Senior Scientist Member
16 Dr. D. Damodar Reddy Pr.Scientist Member
17 Dr. Sanjay Srivastava Senior Scientist Member
18. Dr. Tapan Adhikari Sr.Scientist Member
19. Dr. Kuntal M. Hati Sr.Scientist Member
20. Dr. S. Ramana Sr.Scientist Member
21 Dr. K.B. Hebbar Pr.Scientist Member
22. Dr. R.H. Wanjari Scientist (Sr.Scale) Member
23. Mr. M. Mohanty Scientist (Sr.Scale) Member
24, Dr. Abhishek Rathore Scientist (Sr.Scale) Member
25. Dr.N.R. Panwar Scientist (Sr.Scale) Member
26. Dr. Brij Lal Lakaria Sr.Scientist Member
27. Dr.S.Kundu Head, Division of ESS Member
28. Dr. (Mrs.) Sangeeta Lenka Scientist Member
29 Dr. Sanjib Kumar Behera Scientist Member
30 Dr. Blaise Desouza Pr.Scientist Member
31 Dr. K.Ramesh Sr. Scientist Member
32 Dr. M.V.Singh PC(MSN) Member Secretary
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The first Institute Research Council (IRC) meeting
during the period under report was held on 9-11 June,
2008 under the chairmanship of Dr. A. Subba Rao,
Director IISS, Bhopal. At the outset, Member
Secretary of IRC, Dr. M. V. Singh, Project Coordinator
(Micronutrients) pointed out that IRC is an important
forum to help the scientists in planning and reviewing
the research work to fulfill the objectives and mandate
of'the Institute.

The Chairman in his opening remarks welcomed the
members and requested all the Heads of Divisions to
send the progress reports of technical staff regularly,
for effective monitoring of their duties.

He reiterated all scientists to work with devotion and
sincerity. Scientists were asked to submit one page
progress report to the Technical Cell well before the
IRC Meeting. All together the progress of 25 on-going
research projects and 2 new research proposals were

reviewed.

In his concluding remarks, Dr. M.V.Singh, Secretary
IRC has suggested the members to improve the
presentation quality. He has requested the scientists to
carry out patentable research which will be more

deliverable.

The Chairman, IRC in his concluding remarks
observed that the expectations from the ICAR and
other peers on our institute are very high. Therefore,
he requested the scientists to think sincerely how deep
we are going into the subject as scientist and try to
improve the research work to the international
competence level. He also observed that no new
technologies are coming out from the research projects
of the institute. He has asked the scientists to submit
two to three pages scientific achievements of high
caliber, if any. He suggested the scientists to get
analyzed soil and plants samples from other

organizations on payment basis wherever facilities are
not available in our institute. He once again reiterated
that each scientist should have at least one project as PI.
The Chairman has appreciated all the scientists who
have presented the progress in the IRC.

The second IRC meeting was held on November 20-
24,2008 under the chairmanship of Dr. A. Subba Rao,
Director. The chairman pointed out that research
output must be in line with the expectation of RAC and
QRT. He also remarked that work load is highly
skewed towards some scientists while many are not
having sufficient work load and asked those scientist to
undertake more research work to justify their time.
Total 19 In-house projects and 11 Externally Aided
Projects were discussed. Two research projects were
declared completed by the IRC. Three new research
proposals were approved in this IRC Meeting. In
concluding remarks, the chairman suggested that new

project proposals must cover the following areas;

(i) Use of nano-technology in nutrient use
efficiency and remediation of contaminated
soils.

(ii)) Precision farming using digital and space

technology.
(iii)) Climate change and mitigation strategies,
(iv) Agro-biodiversity
(v)  Carbonsequestration and carbon credits.

All the Heads of the Divisions were advised to take
necessary measures to bring non-functional
equipments into working condition. They were also
asked to maintain a work done register for all the
technical staff indicating the date-wise duties

performed by the technical staff.
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Institute Management Committee (IMC)

Representation Name Designation

Director of the institute Dr. A. Subba Rao Chairman

Institute's scientists Dr.S.Kundu, Head, ESS Division Member
Dr.R.S.Chaudhary, Pr.Scientist Member
Dr.D.Damodar Reddy, Pr.Scientist Member

Asst. Finance & Accounts Shri Rajesh Dubey Member

Officer of the Institute

Administrative officer of the Institute Shri Kumar Vivek Member Secretary

Institute Management Committee (IMC) meeting was
held thrice on September 9, 2008, December 3, 2008
and January 30, 2009. During the first meeting, the
chairman elaborated on-going activities to the IMC
members. The IMC recommended to procure the
urgently required equipment that were mentioned in
XIth Plan EFC, renovation of footpath of main roads in
the institute campus, deepening of tubewells in the
wake of drought situation, reappropriation of funds
from other heads to establishment charges. The IMC
also approved the recruitment of computer
programmer on direct recruitment basis.
Subsequently, the council examined the IMC
proceeding and approved the proposals cleared by the
IMC.

In the second IMC meeting, the proposals for
procuring urgently needed equipment, digging of two
new tubewells, civil works on water harvesting and
conservation structures, deepening of farm ponds,
construction of building for two labs, remaining
boundary wall and threshing floor have been approved.
Subsequently, ICAR has approved the IMC proposals
and authorized the Director to undertake these
proposals subject to the approval in the XIth Plan EFC.

The IMC has approved the proposals of replacement of
staff car and jeep which are twenty years old from the
non-plan budget in the third IMC meeting. ICAR,
New Delhi permitted the institute to replace the said
vehicles with the non-plan budget. As a result, the old

staff car was replaced by new staff car successfully.
Research Advisory Committee (RAC)

The composition of RAC w.e.f. Jan 25, 2008 is as
follows

1. Dr.J.S.P. Yadav Chairman

2. Dr. R.K. Gupta Member

3. Dr. PK. Chhonkar Member

4. Dr. P.D. Sharma Member

5. Dr. Biswapati Mandal =~ Member

6. Dr. A. Subba Rao Member

7. Dr. PK. Aggarwal Member

8. Dr. Y. Muralidharudu Member Secretary

The 14" Meeting of the RAC (first meeting of the fifth
RAC since inception of the institute) was held on 18-19
September, 2008 under the chairmanship of Dr.
J.S.P.Yadav.

At the outset Dr. A.Subba Rao, Director, Indian
Institute of Soil Science welcomed the members. The
chairman in his initial remarks highlighted the need for
focusing research on frontier areas at [ISS, Bhopal. He
traced the history of the institute and mentioned that a
few years prior to establishment of IISS, Bhopal in
1988, a Working Group (of which he was Convener)
was constituted by ICAR to recommend the site of
location as well as the mandate for the Institute. The
Group had expressed very high expectations from the
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Institute. Initially, high yielding fertilizer responsive
crop varieties were given more importance during
Green Revolution era in mid 1970s. But
indiscriminate and unscientific management led top
soil deterioration, low nutrient use efficiency,
deficiency of some nutrients, and decline in factor
productivity and sluggish agricultural growth rate. As
a consequence, the situation has changed and there is a
need to give greater importance to soil over the crop
variety, to fully exploit the yield potential of the crop
varieties, as the yield level of even most high yielding
crop varieties can not be realized if the soil is not in
good health. Under the changed situations, the
scenario is now to give priority to soil over the crop
varieties alone. Hence, it is imperative to improve the
soil health for increasing productivity, as the net
cultivated area has hovered around 140 M ha for last 38
years, and there is no hope of further increase in the
cultivated area. Besides, many prime farm lands are
being diverted to non-agricultural uses and per capita
land availability is declining. Proper land use planning
and periodic monitoring of soil health have become
imperative. There is a need for more strategic and
basic research at IISS, Bhopal to achieve this objective.
The Institute is lucky to have four related
AICRP/Network projects and therefore, has enough
opportunity to validate its technologies at
multilocations across the country representing major
eco-systems and to come out with well proven
recommendations.

Dr. A.Subba Rao, Director, IISS presented the
achievements of the institute during his presentation.
He mentioned that the institute has published over 107
international research articles. The institute has also
handled 10 NATP projects and now initiated four NAIP
projects. He also mentioned that the institute has
developed 18 technologies which include INM on
cotton, pulses and soybean-wheat system, wheat
residue management, GIS based fertility mapping,
bentonite sulphur efficiency, efficient use of water in
soybean-wheat system, identified species of
vermicompost, safe use of distillery effluents,

bioremediation, organic farming etc. In addition to the
above, training on composting technology and soil
testing are also being organized. He drew the attention
regarding the constraints of the manpower and
technical support. In the end, he requested the RAC to
identify the critical gaps and to make
recommendations.

Later, Project Coordinators/Network Coordinator/
HODs presented the research achievements of their
respective projects. Subsequently, the RAC gave the
following comments:

AICRP on Micronutrients: Current status of
micronutrient deficiency in different states,
methodology for soil fertility mapping, methodology
for delineation of polluted soils needs attention. The
DTPA method was originally developed for neutral and
non-calcareous soils. The use of this method in other
soils including calcaresous and acid soils may be made
with caution. Information on extent of multi nutrient
deficiencies in the country is needed.

AICRP on Long-term Fertilizer Experiment:
Physical, chemical and microbiological properties
need to be determined wherever not being done at
present. Statistical analysis for splitting of treatments
should be paid due to attention. Scientific reasons
should invariably be given for explaining the
differences observed in the effect of same treatment in
respect of different crops and sites. Many cropping
systems have been studied for last several years and no
significant changes are observed in the effects of the
treatment(s) in some cases. It will be worthwhile that
this issue may be critically examined and discussed in
the workshop to decide as to how long a particular
experiment is to continue further, and if a change in the
cropping system is needed, the appropriate alternative
systems/treatment combinations may be suggested.

AICRP on STCR: The yield levels based on soil test
in STCR and LTFE centers at a particular locality need
to be compared critically. How to make soil testing
laboratories made more effective and how to achieve
transfer of technology are to be examined.
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Division of Soil Physics: The work done in the
Physics Division on conservation tillage is
commendable. To transfer the technology to farmers'
fields, the main constraint is management of weeds in
Vertisols and therefore, management technology
developed may be demonstrated on the farm. Besides,
the members have also suggested for further studies on
other soil types.

Division of Soil Chemistry and Fertility:
Considerable research has been conducted on cotton at
CICR, Nagpur and elsewhere. In view of this, it is to
be examined whether such studies on cotton will serve
any useful purpose at IISS.

Division of Soil Biology: More work is needed on soil
biology, especially on soil bio-diversity.

After considering various presentations and
discussions the following future lines of work have
been suggested by the Hon'ble RAC,

1. Enhancing the use efficiency of inputs like
nutrients, water and energy employing modern
tools like nanotechnology.

2. Identifying quantitative parameters for
developing indices for assessing and categorizing
different degrees of soil quality/ soil health with a
view to enhance soil health.

3. Development of eco-friendly remedial measures
for efficientrecycling of solid and liquid wastes.

Institute Building Committee

4.  Anticipatory research on soil-related problems
arising from impending climate change.

5. Identification and quantification of agriculturally
useful microorganisms in different agricultural
ecosystems.

6. Rhizosphere studies for increased mobilization of
nutrients in soil-plant system.

7. Quantification of carbon sequestration under
different land uses and cropping management
systems.

8. Isolation and identification of tolerant microbial
strains for abiotic streses management.

9.  Exploiting the synergistic interactions among the
nutrients as well as between nutrient and water
under different management/productions
systems.

10. Soil management for improving physical
conditions for sustaining high crop productivity.

11. Studies on nutrient deficiencies and heavy metal
toxicities in soil-plant-animal continuum.

12. Establishment of quality standards/ specifications
for organic manures and locally available
amendments.

Preparation of geo-referenced soil fertility maps of
selected districts.

1 Dr. A. Subba Rao, Director Chairman

2 Dr. M. V. Singh, PC (MSN) Member

3 Dr. Muneshwar Singh, PC (LTFE) Member

4 Dr. Y. Muralidharudu, PC (STCR) Member

5 Dr. A. K. Misra, Head, Division of Soil Physics Member

6. Dr. S. Kundu, Head, Division of ESS Member

7. Dr. D. L. N. Rao, PC (AINP on BNF) Member

8. Shri Rajesh Dubey, Assistant Finance & Accounts Officer Member

9. Shri. Kumar Vivek, Administrative Officer Member Secretary
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Institute Purchase Committee

13. PARTICIPATION OF SCIENTISTS IN CONFERENCES/

1 Dr. R.S. Chaudhary, Pr.Scientist Chairman MEETINGS/WORKSHOPS / SYMPOSIA
2 Dr. K. Sammi Reddy, Sr. Scientist Member Name Programme Venue Period
3 Shri. Rajesh Dubey, Assistant Finance & Accounts Officer Member Dr. K. Sammi Reddy | National Conference on Open | CSIR, India March 24,
4 Shri. Kumar Vivek, Administrative Officer Member Access to Scientific Habitat Centre, | 2009
Publications: Policy New Delhi
Perspective, Opportunities
Institute Joint Staff Council and Challenges
) Dr. A. Subba Rao, Director Chairman Dr. S. Srivastava Nationa}l Semin.ar' on CSKHPKY, April 9  -11,
customized fertilizers, Palampur. 2008
2 Shri. A. S. Rajput, Assistant Administrative HPKVV, Palampur.
3 Shri. O. P. Shukla, T-2, Mechanic Technical
4 Shri. Harish Kumar Barmaiya, Lab Attendant Supporting Dr.Y. Muralidharudu | National Seminar on HPKYV, April 9-14,
Customized fertilizers Palampur 2008.
Dr.D.L.N.Rao Seminar on Policy Initiatives | CSHPKYV, April 2008
for Promotion of Balanced Palampur
Fertilization and Integrated
Nutrient Management
Dr.K.M.Hati International Symposium on | TNAU, June 23-25,
Water Harvesting - Bringing | Coimbatore 2008
green revolution to rainfed
areas
Dr.Y. Muralidharudu | Participated the QRT meeting | Coimbatore July 7-8,
and to attend the presentation 2008
of Coimbatore, Vellanikkara
Centre.
Dr.Y. Muralidharudu | Participated in QRT meeting | MPKYV, Rahuri | June 31-July
organized and to attend 1,2008
presentation
Dr.Y.Muralidharudu | Presentations during QRT Lucknow August 2,
meeting by STCR centre, 2008
Uttarakhand, Kalyani and
West Bengal
Dr.J. K.Saha Ist Meeting of Technical ICAR, New August 18,
group to look into the Delhi 2008
feasibility and all technical
and scientific aspects of
organic fertilizers and
biofertilizers included in the
FCO 1985
Dr.R.H. Wanjari Launching Workshop of Indian Institute | September 6-
NAIP on Assessment of of Soil Science, | 7, 2008
quality and resilience on soils | Bhopal
in diverse agro-ecosystems
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PARTICIPATION OF SCIENTISTS IN CONFERENCES/
MEETINGS/WORKSHOPS / SYMPOSIA

Dr.Y.Muralidharudu | National Symposium on ANGRAU, January 29-
Vegetable Oils Scenario: Hyderabad 30, 2009
Approaches to meet the
growing demands

Drs. A. Subba Rao, 4™ World Congress on NAAS, New February 4 -

K.Sammi Reddy, Conservation Agriculture Delhi 7, 2009

D. Damodar Reddy,

Brij Lal Lakaria,

K. Ramesh, K.M.Hati,

Y. Muralidharudu

and J. Somasundaram

Drs. S. Kundu and Workshop for consortia IISR, Lucknow | February 9-

Tapan Adhikari partners on Procurement 10 2009
Procedures of the World
Bank- NAIP

Dr.K.Ramesh International conference on Indian February 23-
challenges and opportunities | Meteorological | 25, 2009
in Agro-meteorology society, New

Delhi

Dr.J.K.Saha ond Meeting of Technical Krishi Bhavan, | February 27,

group to look into the New Delhi. 2009

feasibility and all technical
and scientific aspects of
organic fertilizers and
biofertilizers included in the
FCO 1985

2008-09
Dr.Y.Muralidharudu | National Seminar on Natural | NBSS&LUP, September
Resource Management for Nagpur 12,2008
livelihood security
Dr. N.R. Panwar National Seminar on Non - | India September
biological Contaminants in International 23-24, 2008
Food, Feed and Their Safety | Centre, New
Standards Delhi
Dr. Ajay Golden Jubilee Conference IARI, New November
on Challenges and Emerging | Delhi 12-14,
Strategies for Improving 2008
Plant Productivity
Drs. Y. Muralidharudu,| Annual Convention of Indian | UAS, November
M.C. Manna and Society of Soil Science Bangalore 27-30, 2008
A. B. Singh
Dr.D.L.N.Rao 49™ Annual Conference of Delhi November
AMI 2008
Dr.K.Sammi Reddy | FAI Annual Seminar FAI, The December
Ashok, New 4-6, 2008
Delhi
Drs. K. Sammi International Conference on | 2™ Bangalore December
Reddy, Brij Lal Nanotechnology in Indias Nano at Grand | 11-13, 2008
Lakaria, K. Ramesh | Future Ashoka,
and Tapan Adhikari Bangalore
Dr.N.R.Panwar International Symposium On | Agricultural December
Natural Resource Research 19-20, 2008
Management in Agriculture Station,
Durgapura,
Jaipur
Drs.S.Kundu, A.K. | Launching workshop of CAZR], December
Biswas and Tapan NAIP sub -project Nano Jodhpur 23-24, 2008
Adhikari technology fo r enhanced
utilization of native
phosphorous by plant and
higher moisture retention in
arid soils
Drs.Ajay and Tapan | 96™ Session Indian Science North-eastern January 3-7,
Adhikari Congress Hill University, | 2009
Shillong
Dr.Ranjit Kumar Fifth Biennial Conference of | Gujarat January 21-
Indian Society for Ecological | Vidyapeeth, 23,2009
Economics (ISEE) on Ahmedabad

Environmental Governance
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14. WORKSHOP/SEMINARS/SUMMER INSTITUTES/

GROUP MEETINGS/ FARMERS' DAY /

WOMEN'S DAY ORGANIZED AT THE INSTITUTE

14.1 Workshops/ Group Meetings/
Seminars

Review Workshop of ACIAR Project

Final Review Workshop of the ACIAR project entitled
“Integrated manure nutrient management in
soybean/wheat cropping systems on Vertisols in
Madhya Pradesh and Queensland” was organized
during 15-17 September 2008 at IISS, Bhopal. The
project Scientists from IISS, Bhopal and BAIF
Research Foundation, Bhopal, India; University of
Queensland & Queensland Department of Natural
Resources, Brisbane, Australia, Dr. Christian Roth,
Programme Manager, ACIAR, Canberra, Australia;
Ms. Simrat Labana, Assistant Country Manager,
ACIAR, New Delhi had participated in the workshop.
During the workshop, Dr. Michael Webb, Soil
Scientist, CSIRO, Brisbane, Australia has reviewed the
work done under the project and appreciated the
research outcomes. He has recommended for
conducting another 100 baby trials (Demonstration
trials) in new villages for popularization of the INM

technology among the farmers during 2009-2010.
Therefore, the ACIAR has extended the project period
up to June 30, 2010 for conducting these trials with the
unspent funds of the project.

Launching Workshop of NAIP Project

NAIP sub-project entitled “Assessment of Quality and
Resilience of Soil under Diverse Agro-ecosystems”
(under component 4) was launched on 7" September
2008. The total budget of the project is Rs. 276.65
lakhs. IISS, Bhopal is the consortium leader while
BCKV (Kalyani), PAU (Ludhiana), CRIDA
(Hyderabad) and NBSS & LUP (Nagpur) are the co-
operating centers. Dr. N.N. Goswami, Ex-Vice
Chancellor (CSAUA & T, Kanpur) was the chief guest.
Dr. N. Panda Ex-Vice Chancellor (Sambalpur
University) and Dr. M. Velayutham, Ex-Director
(NBSS & LUP, Nagpur) graced the occasion.

Dignitaries attending the Launching workshop of NAIP
sub-project

Seminar /Workshops outside the Institute
AICRP on STCR conducted two regional workshops

cum seminars on soil testing on 21 - 22 May 2008 at
Rahuriand 15 - 17 July 2008 in Hyderabad.
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Group Meeting of All India Network Project on Soil
Biodiversity-Biofertilizers

The group meeting of the All India Network Project on
Biofertilizers was held during September 11-13, 2008
at the Y.S. Parmar University of Horticulture and
Technology. It was inaugurated by Hon. Minister for
Health and Family Welfare of H.P. Govt., Dr. Rajeev
Bindal. The vice-chancellor of YSPUHT, Dr. K.R.
Dhiman, Dr. P.D. Sharma ADG (Soils) and Dr. A.
Subba Rao, Director, IISS graced the occasion. Dr.
D.L.N.Rao, Network Coordinator presented the salient
achievements and the XI plan programme. There were
4 technical sessions where the progress and future
programmes of the centres was discussed. The annual
report of the project, 4 bulletins and 1 folder was
released.

Inaugural meeting of the Group Meeting of AINP-
Soil Biodiversity-Biofertilizers

Model Training Course (MTC)

An eight-day Model Training Course (MTC)
sponsored by Ministry of Agriculture, Department of
Agriculture & Cooperation, New Delhi. on “Efficient
use of on-farm and off-farm resources for sustainable
crop production in organic farming” was organized at
IISS, Bhopal during 1-8" December, 2008. Eighteen
candidates from different State Agriculture/ H
orticulture Departments, State Agricultural
Universities and ICAR Institutes were participated in
this training program. Dr. P. Ramesh, Principal
Scientist was the Course Director of the training
program.

14.2 WINTER SCHOOL

ICAR sponsored Winter School on “Farmers Resource
based site specific integrated nutrient management and
on-line fertilizer recommendations using GIS and GPS
tools” of 21 days duration was organized at IISS,
Bhopal from January 3-23 2009. Dr. Y. Muralidharudu

117



"S Annual Report
2008-09

and Dr.K.Sammi Reddy were the Course Director and
Course Co-Director, respectively. A total of 22
participants from ICAR institutes and Agricultural
Universities attended the training programme.
Dr.D.N.Sharma, Director of Agriculture, Govt. of
Madhya Pradesh inaugurated the winter school.
Dr.M.M.Pandey, Director, CIAE was the guest of
honour at the inauguration.

About 57 lectures including Theory and Practicals
were delivered to the trainees. These lectures were
categorized into the six modules, viz., (1)Soil fertility
scenario, fertilizer use and Agril. Production in the
country (ii) Concepts of STCR and SSNM (iii) INM
and its use of higher efficiency (iv) Farmers' resource
based site specific INM (v0 Role of GIS and GPS tools

in soil fertility mapping and on-line fertilizer
recommendations. (vi) Issues and challenges of soil
testing. During the course, 8 invited speakers from
outside organizationViz, IARI, New Delhi, DOR,
Hyderabad, NBSS& LUP, Nagpur, NIC, Pune, TNAU,
Coimbatore and CIAE, Bhopal delivered lectures and
shared their views with the trainees.

During the valedictory function, Dr. A.K.Singh, DDG
(NRM), ICAR was the chief Guest and Dr.S.P. Shukla,
IFFCO advisor was guest of honour. Dr.A. Subba Rao,
Director, IISS presided over the function. In the feed
back, the trainees appreciated the programme and said
that course schedule was well planned and the
programme was slightly tight. Finally, the participants
received certificates from the Chief Guest.

Participants of Winter School

Dr. A.K. Singh, DDG (NRM) distributing certificates

118

14.3 EVENTS

Independence Day/Republic Day: All the staff
members and their families celebrated the
Independence day and Republic day with great
enthusiasm.

Children participating in running competition
on the Republic Day

IISS staff participating in musical chair competition
on the Republic Day

International Women's Day: International
women's day was celebrated on March 9, 2009.
The function was graced by Chief Guest
Dr.Rashmi Jha, Medical Officer, District
Ayurvedic Hospital. Her speech highlighted the
importance of nutrition and balanced diet for
children and women. Other guest speakers for the
function were Mrs.Young, Principal, People
Public School and Smt. A. Bhulakshmi Devi.

Various competitions viz., Rangoli, musical chair,
Antakshri were held to bring forth talent of women
participant. Prizes were distributed to winners of
competition. The function concluded with vote of
thanks by Dr.(Mrs.) Sangeeta Lenka, Chairperson
Women Cell.

WOMENS DAY |

Chief Guest Dr.Rashmi Jha, Medical Officer, District
Ayurvedic Hospital and other dignitaries on the occassion
of International womens day

Institute Foundation Day

Institute celebrated its 20" foundation day on April
16,2008. The function was graced by Chief Guest
Dr. J. Venkateshwarlu, Former Director, CAZRI,
Jodhpur. On this occassion Chief Guest relased
Institute publication and delivered a lecture

Tidrr
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° Dr. Neal Menzies, Professor, and Dr. F. P. C.
Blamey, University of Queensland, Brisbane,

and Dr. Ram Dalal, Senior Principal Scientist,

Queensland Department of Natural Resources
& Water, Brisbane, Australia: Visited IISS,
Bhopal during 11-17 September 2008 to
participate in the Final Review Workshop of
ACIAR Project (SMCN/2002/032).

° Dr. Christian Roth, Programme Manager,
ACIAR, Canberra, Australia and Dr. Michael
Webb, Soil Scientist, CSIRO, Brisbane,
Australia: Visited IISS during 15-17
September 2008.

15. DISTINGUISHED VISITORS

Shri A. K. Upadhyay, Additional Secretary to
the Government of India, Department of
Agricultural Research & Education (DARE)
and Secretary, Indian Council of Agricultural
Research (ICAR) visited the institute and
addressed the staff members on 28/11/2008.

120

16. PERSONNEL

(Appointments, Promotions, Transfers, Retirements etc.)

Appointments

Sh. Kumar Vivek, Administrative Officer,
joined the institute on April 30, 2008.

° Dr. M.C. Manna, Pr. Scientist joined as HOD,
Soil Biology

° Dr. K. Ramesh appointed as Sr. Scientist
(Agronomy) on September 4, 2008.

° Dr. J. Somasundaram appointed as Sr. Scientist
(Soil Physics) on December 22, 2008.

Promotion

° Dr. A.K. Biswas, Senior Scientist promoted to
Principal Scientist w.e.f August 23, 2007.

° Dr. J.K. Saha, Senior Scientist promoted to
Principal Scientist w.e.f. August31,2007.

° Dr. Abhishek Rathore, Scientist promoted to
Scientist (Sr.Scale) w.e.f. December 16, 2006.

o Dr. N.R. Panwar, Scientist promoted to Scientist
(Sr.Scale) w.e.f. April 16,2007.

o Mr. Thomas Joseph, Personal Assistant
promoted to Private Secretary to the Director
w.e.f. February 1,2009.

o Smt. Babita Tiwari, UDC, promoted to assistant
on May 15,2008

Transfer

° Dr. S. Elamathi, Scientist (Sr. Scale)
transferred to Allahabad Agricultural Institute,
Allahabad on May 31,2008.

Supernnuation

° Shri. K. Chandrabhanu, Private Secretary to
the Director retired on January 31, 2009.
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17.1 Technical Cell

Strengthened the technical cell by procuring Colour
Photocopier, Air Conditioner etc. Achievements of the
Technical Cell during the report period are;

° Compiled and submitted 2 scientist-wise Six
Monthly Progress Reports, 4 Quarterly Reports,
4 Quarterly Performance Reports and 12
Monthly Reports for the Cabinet Secretariat.

° Compiled and Edited IISS Annual Report (2007-
08)

° Prepared the “IISS ata Glance”.

° Compiled/ prepared and submitted the replies to
20 Audit Paras given by the External Audit
Party for the financial year 2007-08.

° Prepared the XI Five Year Plan EFC Memo of
IISS, which has been approved by the ICAR,
New Delhi.

° Compiled the material for DARE Annual
Report.

° Involved in preparation of Agenda Items for IRC
Meetings and IRC Proceedings.

° Prepared Action Taken Reports (ATR) on the
recommendations of Directors' Meeting,
Regional Committee Meetings and QRT
recommendations.

17.2 Statistics and Computer Application
Section/ARIS Cell

Software Developed

A software “Soil Test Crop Response (STCR) Based
Fertilizer Recommendation System” is an application
software developed using principles of web
technologies. The application gives an easy and user-
friendly mechanism to prescribe major fertilizers in
various districts of different states of the country based

17. INFRASTRUCTURE DEVELOPMENT

on soil type, crop, crop variety and target. The
application takes care of the location specific
information while prescribing the fertilizer rates. The
calculation for recommendation of fertilizer is based
on the STCR equations. The Database contains
information on soil type, crops, crop variety, range of
achievable target, available nutrient in the soil, climatic
zone. MS-Access is used to design and manage the
database repository and proper care has been taken for
the issues related to data ambiguity, inconsistency,
redundancy, data loses. User-interfaces have been
developed using ASP and ADO techniques.

Updating PERMISNet Database

ICAR has developed an application software,
Personnel Management Information System Network
(PERMISNet), to maintain the activities and records of
its various institutes/research centers and their
employees. The records are to be updated on monthly
basis. ARIS Cell is doing the work regularly.

Maintenance of IT and Communication Systems

The ARIS Cell is looking after the Information
Technology and Communication related activities of
the institute. The ARIS Cell is looking after the institute
LAN equipped with 256 kbps FTDMA Broadband
VSAT connections. It is maintaining the e-mail server
and Proxy server configured with LINUX Network
Operating System. All divisions and sections are
connected to the Internet through proxy server.
Scientists and staff are having individual email
accounts. It also takes care of the maintenance of
computers, printers and other electronic peripherals.

ARIS Cell is also taking care of the internal
communication needs of the institute by providing
intercom telephone connection to all divisions and
section through EPABX system. It also facilitate the
Audio-Visual presentation need of the institute,

Updating Institute Website

The ARIS Cell is also maintaining the Institute website
(www.iiss.nic.in). The site contains complete
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information about the institute R&D and other
activities. It is updated from time to time as per the
requirement of the institute. Recently the WebPages
have been redesigned and the home page is given

/2 Indian Institute of Soil Science. Bhopal - Windows Internet Explorer

INFRASTRUCTURE DEVELOPMENT

below. RTI Act 2005, Photo Gallery, Latest News,
Forthcoming events, other information, Search engine
etc. have been incorporated in the present form to make

€ ~ [e nitosmwwissnic.in
- Favoites | < @ STATE BANK OF INDIA Saf.. @

88' v| (€ Indian Institute of Soil Sci.. X | {& Cantact Information | |

» & Customize Links & | Free Hotmal @ ‘Windows 82 Windows Marketplace £ | ‘Windows Media

j 4% |8 Google P~

[;:-?T A f:j = ;é; v Page~ Safetyr Tools~ I@Iv

iy -'h‘,-l..
& INDIAN INSTITUTE OF SOIL SCIENCE
(INDIAN COUNCIL OF AGRICULTURAL RESEARCH)

To provide Scientific Basis for Enhancing ar |

P MANDATE AND THIRST
FDIVISIONS

k AICRPs

PRE&ED Soil Fertility Maps (STI:R);ﬁi
k AWARDS & HONOURS
P FACITILITIES

F PERSONNEL

Soil Fertility Maps (Macmnutrienis)iw

Soil Fertility Maps (Micronutrienis)’ﬁ!

Soil Fertility Mapping (STII:R)*Ei

DR. A. SUBBA RAD

NEWSLETTER

F RESEARCH
PUBLICATIONS

k STAFF NEWS
Crop... [ Run the Software]

Awards and Honours

17.3 Farm Development

The farm section undertook the following developing
activities:

1. An extensive geo-hydrological survey was
undertaken to find out the underground water
resources beyond 200 feet keeping in view of
the serious shortage of water due to repeated
drought conditions in the last four years.

» DISTINGUISHED &n application software named "Soil Test Crop Response
VISITORS Based Fertilizer Recormmendation Systerm” is developed & IRC Meeting During 9-10
far recormrmendation of fertilizer far targetted vield of June 2009

L JUREEE % FEEEE——

MTC (Two Courses)
» VISITS ABROAD Fertilizer Recommendation software developed @ Doaliiecting 2122 tay

2009
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2. As per the survey report, 2 number of tube
wells were dug up up to a depth of 600 feet and
400 feet each, to generate additional water
resources.

3. Purchase of 2 number of submersible pumps
with suitable 3 phase specifications are fitted to
extract the water from the newly dug tube wells.

4, Certified seed production program was taken
up in the collaboration with National Seed
Corporation (NSC), Bhopal to generate farm

resources.

5. Initiated the work on deepening of farm ponds to
improve the water storage capacity and lining of
silpaulin film to reduce the seepage losses from
the storage ponds.

17.3 Civil Works Undertaken

° Deepening of the farm ponds

° Construction of threshing floor
17.4 Library

During the period of report, the Institute Library has
acquired total documents categorized as listed in the
table

Table17.4.1. Books and Journals procured
during 2008-09

Documents Addition Total
during 2008-09  Holding

Books 33 2370
Bound Journals 877 2507
Annual Reports 121 1417
Foreign Journals - 30
Indian Journals - 44
Gifted Books 19 467

The library is well maintained with the facilities of
Document Lending Service, Reference Service,
Reprographic Services. The Library has procured the
Library Automation Software TLS, in which the
bibliographic data of the books were imported from the
existing software. In the field of digitization, the
library is providing all the databases available on CD to
its user online on their desktop. During the period of
report, library became an active member of CeRA.
The electronic resources and facilities provided by the
CeRA arebeing used actively by the institute scientists.
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ANNEXURE
DETAIL OF MANPOWER
SL. DIVISION/CELL/LAB/ PRESENT DATE OF DATE OF DATE OF
NO. UNIT/SECTION DESIGNATION JOINING JOINING  JOINING IN
ICAR 1ISS PRESENT
DESIGNATION
1 DIRECTOR'S CELL
Dr. A. Subba Rao, FNAAS Director 27.07.89 27.07.89 05.02.04
Mr. Thomas Joseph PS to Director 18.09.89 18.09.89 02.02.09
Mrs. Geeta Yadav Personal Assistant 26.12.95 26.12.95 16.03.04
Mr. Sanjay Narayan Gharde Lab Attendant/SSS 01.09.93 15.06.99 15.06.99
II DIVISION OF SOIL PHYSICS
Dr. A. K. Misra Pr. Scientist & Head 14.03.86 23.03.90 08.05.06
Dr. R. S. Chaudhary Pr. Scientist 10.11.93 08.12.99 08.06.07
Dr. Blaise D' Souza Pr. Scientist 27.07.94 22.12.07 22.12.07
Dr. Kuntal Mouli Hati Sr. Scientist 27.12.96 27.12.96 27.12.00
Dr. J. Somasundaram Sr. Scientist 12.11.01 22.12.08 22.12.08
Mr. Manoranjan Mohanty* Scientist, Sr.Scale 10.11.99 10.11.99 10.11.04
Dr. R. K. Singh Scientist, Sr.Scale 25.01.93 16.10.02 07.09.98
Dr. Sangeeta Lenka Scientist 08.01.07 18.05.07 18.01.07
Mr. R. K. Mandloi Tech. Officer (T-6) 19.06.89 19.06.89 01.01.05
Mr. P. K. Chouhan Field Asstt. (T-4) 15.02.93 15.02.93 15.02.08
Mr. Darash Ram Lab. Attendant/SSS 15.03.90 15.03.90 17.01.01
II1  DIVISION OF SOIL CHEMISTRY & FERTILITY
Dr. D. Damodar Raddy Pr. Scientist & I/c Head 25.07.94 25.09.95 11.06.07
Dr. K. Sammi Reddy Sr. Scientist 05.08.91 24.07.92 05.08.00
Dr. Sanjay Srivastav Sr. Scientist 22.03.96 02.09.96 10.03.03
Dr. B.L. Lakaria Sr. Scientist 01.10.97 15.01.07 01.10.06
Dr. K. Ramesh Sr. Scientist 04.09.08 04.09.08 04.09.08
Mr. Deepak Kaul Tech. Officer (T-6) 29.12.88 29.12.88 01.10.04
Mr. T. Ayodhya Ramaiah Personal Assistant 29.12.80 15.07.96 15.10.99
Mr. K. S. Raghuvansi Field Asstt. (T-3) 29.12.88 29.12.88 29.12.03
Mr. Sanjay Katinga Lab Attendant/SSS 20.06.89 20.06.89 17.01.06
IV DIVISION OF ENVIRONMENTAL SOIL SCIENCE
Dr. S.Kundu Pr. Scientist & Head 22.08.86 01.07.07 24.12.07
Dr. P. Ramesh Pr. Scientist 05.12.89 10.09.99 05.12.06
Dr. K.B.Hebbar Pr. Scientist 25.07.94 12.07.07 12.07.07
Dr. A. K. Biswas Pr. Scientist 21.01.92 11.01.93 02.07.09
Dr. J. K. Saha Pr. Scientist 21.01.92 02.01.93 31.08.99
Dr. Ajay Sr. Scientist 12.04.93 31.08.99 31.08.99
Dr. Tapan Adhikari Sr. Scientist 22.03.96 07.11.96 22.03.05
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NO. UNIT/SECTION DESIGNATION JOINING JOINING  JOINING IN
ICAR 1ISS PRESENT
DESIGNATION
Dr. Nav Raten Panwar Scientist, Sr. Scale 16.04.03 18.08.03 16.04.07
Mrs. Seema Sahu Tech. Officer (T-6) 14.04.87 24.01.89 01.04.07
Mr. S. K. Rai T-2 15.06.89 15.06.89 21.05.04
Mr. Kalicharan Lab. Attendant/SSS 01.09.93 15.06.99 15.06.99
v DIVISION OF SOIL BIOLOGY
Dr. M. C. Manna Pr. Scientist & I/c Head 21.01.92 11.01.93 19.03.07
Dr. A. B. Singh Pr. Scientist 22.03.99 22.03.99 22.03.07
Dr. A. K. Tripathi Sr. Scientist 05.08.91 25.07.92 05.08.00
Dr. S. Ramana Sr. Scientist 06.02.97 06.02.97 06.02.06
Dr. Ranjit Kumar Sr. Scientist 31.10.00 01.05.07 01.05.07
Mr. Vinodbabu Pal Tech. Officer (T-5) 15.02.93 15.02.93 10.02.05
Mr. Vinod Choudhary Lab Asstt. (T-2) 14.06.89 14.06.89 28.10.00
Mr. Bhoi Lal Lab Attendant/SSG.II 13.11.95 13.11.95 28.08.06
VI STATISTICS AND COMPUTER APPLICATION SECTION
Dr. K. N. Singh Pr. Scientist & In-charge 05.08.91 24.12.98 24.12.98
Mr. N. S. Raju* Scientist 08.12.99 08.12.99 08.12.99
Mrs. Kavita Bai Sweeper/SSS 20.12.88 20.12.88 17.01.01
VII PROJECT COORDINATING UNIT
(a) Micronutrients
Dr. M. V. Singh Project Coordinator 08.09.75 28.04.88 14.08.01
Dr. Sanjib Kumar Behera Scientist 08.01.07 18.05.07 08.01.07
Mr. Sahab Siddque Tech. Officer (T-5) 05.10.92 05.10.92 19.12.04
Mr. Jai Singh Field Asstt (T-4) 22.05.90 22.05.90 22.05.05
Mr. Venny Joy Stenographer (Gr.I1I) 14.02.91 23.03.98 14.02.91
Mr. Harish Kumar Barmiya Lab Attendant/SSS 14.03.90 14.03.90 28.08.06
(b) STCR
Dr. Y. Muralidharudu Project Coordinator 31.12.77 25.11.05 25.11.05
Dr. Abhishek Rathore® Scientist (SS) 16.12.02 16.12.02 16.12.06
Mrs. Yojana Meshram Personal Assistant 12.05.97 12.05.97 20.03.09
Mr. Janak Singh Khalasi/SSS 08.09.97 08.09.97 08.09.97
Mr. Ram Bharose Lab Attendant/SSS 08.11.96 08.11.96 08.11.96
(¢) LTFE
Dr. Muneshwar Singh Project Coordinator 11.07.89 11.07.89 18.08.05
Dr. R. H. Wanjari Sr. Scientist 07.01.99 07.01.99 07.01.03

ANNEXURE
SL. DIVISION/CELL/LAB/ PRESENT DATE OF DATE OF DATE OF
NO. UNIT/SECTION DESIGNATION JOINING JOINING  JOINING IN
ICAR IISS PRESENT
DESIGNATION

Mr. A. K. Mishra Lab Attendant/SSS 01.09.93 10.06.99 10.06.99

(d) AINP on Biofertilizers

Dr. D. L. N. Rao Pr. Scientist & Network 29.07.78 25.06.98 25.06.98

Coordinator

Mr. Bhanwar Singh Yadav Messenger/SSS 01.09.93 23.01.99 23.01.99
VIII CENTRAL LAB

Dr. A. K. Tripathi Sr. Scientist & In-charge 05.08.91 25.07.92 05.08.00

Mr. Vinodbabu Pal Tech. Officer (T-5) 15.02.93 15.02.93 10.02.05

Mr. Jagannath Gour Lab. Attendant/SSS 20.07.92 20.07.92 20.07.04
IX  TRAINING-CUM-REFERRAL SOIL TESTING LABORATORY

Dr. Y. Muralidharudu Project Coordinator 31.12.77 25.11.05 25.11.05

Mr. Ram Bharose Lab Attendant/SSS 08.11.96 08.11.96 08.11.96
X LIBRARY, INFORMATION AND DOCUMENTATION UNIT

Mr. A. K. Sharma Doc. Officer (T-7) 02.02.90 12.08.94 12.08.94

Mrs. Nirmala Mahajan Tech. Officer (T-6) 15.03.93 15.03.93 15.03.08

Mr. Arun Bhojraj Mate Lab. Attdt/SSS 15.06.99 15.06.99 15.06.99
XI  ARIS CELL

Dr. S. Srivastava Sr. Scientist & In-charge 22.03.96 02.09.96 22.03.03

Mr. Babulal Watchman/SSS 08.11.96 08.11.96 08.11.96
XII TECHNICAL CELL

Dr. K. Sammi Reddy Sr. Scientist & In-charge 05.08.91 24.07.92 05.08.00

Ms. Kirti Singh Bais Stenographer (Gr.I1I) 05.05.97 18.03.02 05.05.97
XIII FARM SECTION

Dr. P. Ramesh Pr. Scientist & In-charge 05.12.89 10.09.99 05.12.06

Mr. V. B. Andurkar Farm Supdt. (T-9) 11.11.77 05.05.89 01.01.02

Mr. D. R. Darwai Field Asstt. (T-4) 23.01.93 23.01.93 23.01.08

Mr. C. T. Wankhede Electrician (T-4) 03.08.92 03.08.92 03.08.07

Mr. O. P. Shukla Tractor Mechanic(T-2)  22.04.89 22.04.89 01.01.99

Mr. Hukum Singh Field Asstt. (T-2) 30.12.88 30.12.88 30.10.00

Mr. Bhagwat Prasad Beldar/SSS 24.01.92 24.01.92 17.01.01

Mr. Lalaram Sahu Beldar/SSS 24.07.92 24.07.92 24.07.92

Mr. Rakesh Sen Beldar/SSS 08.09.97 08.09.97 08.09.97
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SL. DIVISION/CELL/LAB/ PRESENT DATE OF DATE OF DATE OF
NO. UNIT/SECTION DESIGNATION JOINING JOINING  JOINING IN
ICAR 1ISS PRESENT
DESIGNATION
XIV  ADMINISTRATION SECTION
Mr. Kumar Vivek A.O. 21.12.98 30.04.08 21.12.98
Mr. Rajesh Dubey A.F. & A.O. 21.12.88 26.11.98 26.11.98
Mr. P. S. Sunil Kumar Assistant 30.01.89 30.01.89 26.02.02
Mr. Anupam S. Rajput Assistant 14.03.90 14.03.90 26.02.02
Mr. M. S. Hedau Assistant 31.10.95 31.10.95 29.11.07
Mrs. Babita Tiwari Assistant 30.05.96 30.05.96 15.05.08
Mr. Anurag Security Supervisor 29.09.97 29.09.97 13.08.08
Mr. Bansilal Sarsodia U.D. C. 10.09.97 10.09.97 29.11.07
Mr. Heeralal Gupta U.D.C. 23.12.88 23.12.88 23.08.08
Mr. Somnath Mukherjee L.D.C. 30.09.99 30.09.99 30.09.99
Mr. Jineshwar Prasad L.D.C. 13.12.88 13.12.88 22.05.99
Mr. O. P. Yadav L.D.C. 19.12.88 19.12.88 10.06.99
Mr. L. N. Chouksey Messenger/SSS 17.12.88 17.12.88 17.01.01
Mr. Dharm Raj Singh Messenger/SSS 01.09.93 14.06.99 14.06.99
Mr. Subhash Khare Sweeper/SSS 20.04.89 20.04.89 28.08.06
Mr. Amerjeet Singh Watchman/SSS 08.11.96 08.11.96 08.11.96
Mr. Pramod Raut Beldar/SSS 21.07.92 21.07.92 20.07.04
Mr. S. K. Batham Messenger/SSS 19.12.88 19.12.88 17.02.96
XV  VEHICLE SECTION
Mr. Deepak Kaul T-6 & In-charge 29.12.88 29.12.88 01.10.04
Mr. Sukhram Sen Driver (T-2) 25.01.91 25.01.91 29.06.01
Mr. Naresh Yadav Driver (T-3) 23.09.87 03.05.99 29.06.06

* On Study Leave

* On Deputation
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