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AT O ERE LIRS
Approximate Extent of Major Soil Suborders in the Tropics
(million ha)

Total

Crder Suborder | Africa America Asia Area Parcent
QOxisols Orthox i ago s} 750 15.0
Ustox 180 170 0 350 7.5
550 170 0 1100 22.5
Aridisols All 840 50 10 900 18.4
Alfiscls Uetalfs 525 135 100 760 15.4
Udalfs 25 15 /] 40 0.8
550 150 100 BOD 16.2
Ultisols Aquults .Q 40 o 40 1.0
Ustults 15 35 50 100 2,2
Udults 8. 125 200 410 B.2
100 200 250 550 11.2
Inceptiscls Aquepts 70 145 70 285 6.0
Tropepts _o 75 410 115 2.3
1o 225 110 400 8,3
Entisols Peamnents 300 990 V] 330 8.0
Aquents 4] 20 _0 10 0.2
300 100 o) 400 8.2
Vertlzols Usterts 40 0 &0 100 2,0
Mollisols All o 50 0 50 1.0
"Mountain areas" o 350 250 600 12.2
Total 2450 1670 180 4900 100.0

Source: Calculated by M. Drosdoff, Cornell University, on the basls of Aubert.
and Tavernler's (1972) map.
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INDIA
SOIL REGIONS

SCALE
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5+« sAHDY SOILS
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. o
5 2 R S+ RED SANDY SOILS 12
l“de"..ﬂlnlcﬂi b \',’ "ur\:fc'., i ! . RL * RED LOAMY SOILS .
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AL ek "
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SQUACES: Murthy and Pandey {1978) DELINEATION OF AGRO-ECOLOGICAL REGIONS OF INDIA; IRRIGATION ATLAS OF INDIA {1972).
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3) Vertisel & Alfisol @

—BRCH LB IERNOMBEERTEBE LTI S o N5, & & ICEME TR
THBESTEN D%\, Vertisold# MEXM(PH7.2~80)Tdb, Alfisol ik
A (PHG6.8~6.0) Td 3,

VertisoldMEtAOFTHERFEC B0 B EL 2 H0IBA L2 %7, montmorillonite
DHHERITRAKELCE OB, REMBIHEOTY, BHKE -~ CEMICR 7~
HHERT LMK LBKRS % +ARTIHEE Bt o 3 ~BHICBH L T8
BHABAMATOHERN 52 0~3 0MOEI KRB BIBHEOKAERL, X bick
WA LKA ORI LML TRBEEL, BICL D OB A1 mic T
%C&ﬁ&&oétﬂﬁmeJ%Znoﬁﬁﬁﬁﬁ<%&LTKJh%@ﬂMbB%%ﬂ
WEMS» ORI RIEOBERE * h bORIHE AL 5. Hib, TR ek I T K 2 < fesp
TEAD WRINKZZBF( s v e, b oeaavBYcHE 1 BRMERDESC L
(BIHBE 2), BROKKMEZ Do LA LKICDW T MRS A % ¢ 450 4500 &
BEBET>TnEVe Mg KOWTHK LIBIEFAREELEL bR B, (3~3)

Alfisol WHiEDAAn L, BAMIZEHASN L, Vertisol Bl Ew Alfisol ik
g, EMEROoHERLEC, N, P, Zn o R Eillicd s wo T, HEQ 9IRS
ARBEREE DTV D, KEDWTHRBUWIC MG 2B E L% et 484 R0+
DEREELTHMENLHEEEZD, (K—4) ‘

BEBKGC oW TR RIZOTE B BERE 220 CHRANORMLTCOWIR -6, TIC
R Lo |

ErPe s c HME KRB L RT A 2OME Vertisol T2 5 0mnic &3+
DA Alfisol TRERMPE0mmTH 3. 2/ VertisoldEI T4 3 0mnd b, FYdHHE
A~5ZAMTLS5 0~100m iR, TWa. TOHRKFMITZ1 0em~100moE IR
bh b2, Alfisol ClkTDOMitikn,

RIWKORETHOHED H KL DE LS EDL Do 3/, LHWOBACL o TH R D, [ — 8
{CVertisol & Alfisol k5 1FEMNOFE, tRAIRECRMKREONGEEZRLAE.

FHACYERICET DY & Big

FRMANLC S0 5 BB A SR, TN, WSS CREIAS A, HBRCE TS
DPREBo 1Y FORBWHGERAN LT D27 » > BINORKEElE, SRR, 8554
CELoTREZ, MMM TR, A, b vErI Y, 10+, MERLRHEED L
LTRETh, RABECH W TRERRECHELT WL Y v H 4, S—n Ly M50 ED
RRIE IR TW B,
1) Alfisol @ BT A ERHMED ELTHBETHA—A I vor, YA HA, Poean

¥, bx, SMITR Y Y 3y C—, BiEL, 5, WHEBTREe~, o=, 74 Vv —v—
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#—3 Physical and Chemical Characteristics of Vertisols

Items - CEC Mechanical Composition (%)
Sampling PH Fine
area {(me/100 g) Clay | silt sand | Coarse Gravel
Farhatabad
(10 em) 7.75 57 66 28 1 1 4
LCRISAT
(0-25 cm) 7.6 57.6 61.1 16.5 18.3 4.0 -
(25-75 em} ; 7.5 52.9 62.6 14.1 i7.3 6.0
At Farhatabad available nutrients (ppm)
NHy—N | NO3—N| P,05 Kz0 Na Ca | Mg Organic Carbon
18 49 6.0 438 74 12,250 1,207 0.16%
MONTHS J F M A M JoJ A S 0 N D
WEEKS 0 4 8 12 16 20 24 28 32 36 40 44 48 52
0 § 1 1 1 1 ] L 1 1 1 1 1
25 - 30iL MOiSTURE IR A o
{ MM} e LAY / /
50 A AN LOW AWC ’,'
- 3 ‘
75 .r" A “\ :'t
o'" L ‘\ /’
100 A/ VN - e
3 \‘l o .
\ -.\ A
125 4 s0IL AVERAGE WATER \ [ ~ ¥,
STORAGE CAPACITY| MEDIUM AWC s
150 3 [low awe 50 MM Y ;7
MED . AWC 150 MM : :
175 4 |HiGH awc 00 MM 4 S
\w—— HIGH awWC /
200 AN 7
295 LOW AWC : SHALLOW ALFISOLS \'\ <
7| MED. AWC : DEEP ALFISOLS/MED. VEATISOLS  ©, s
250 HIGH AWC: DEEP VERTISOLS \.\_,.’

K— 6 WEEKLY SOIL MOISTURE STORAGE IN THREE SOILS

HYDERABAD 1901-70 DATA)

(ICRISAT;
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Depth (cm)}

Depth (cm)

Volumetric water content{cm’/cm?®)

0 0.20 0.28 0.36 0.44
1 1 1 L
30mm
40 {
80 A S —
120
160 4
Deep Vertisol
40 -
80 4
18
1204
15
160+
10
Deep Alfiscl Medium Alifsol

®—7 Soil moisture characteristics of four soils which are found in the
semi-arid tropics. (ICRISAT)
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MEE D L. Alfisol READMES, 2OLMTOoORBRIRKARCE T, BRLEG
iR oh, FHLHEECDLLO8RHEN 5.
2) Vertisol@RAkNoFEHwe Lo SERERAERCEZ b, ERfERAEfMsdEEn .,
Twhe L L, RAMLLIEKEYWHIOE, M, ¥Y¥asr C—SamMiflzlL CtiliEash s
REHEH T DD, MICRKMHOEW-RE, 7202754 ML OBFERA Lik
mand, BHOEHRE YA+ Ha, toenay, Fy 2 ¥ -KO¥ME FHoMc <=
#, e=0 VSoMEEHLRIEI RS,

A VRUTFH yEECET 5B LE ERHEHOERRE L RECR T

R—5@EA Y FOHlE, THRALETLERLICLOTHIEMRETOHLI 5% T S
W, KRBRHE8FEHD Thhd. RICEERBOPLERIFr v HEKBIT 5 EEEY
OERGRREMNEWE 2B R—6CF h > BEMIE T S Andhra Pradesh (7~ F
5757 a2 )Med L& TEH A FOMHIC BT 2EREHORFTEN LT L, Rici
X, 8, rr2rt L CRK-TF»HREEBK DS Karnataka ( 2+ 21 ) H,
Quibarga{ Za~n 7 )T AHHEEMERESR T RL, 2AK~-8 1
Gulbarga District (X } Gulbarga Talku (B ) O FHEBHHEH LT L.

#z—5 + # Fl A R R
{ 1000%%a)
1950~51 1960~—61 1970-71 1676—=77
@ 0 ) )

4 B *t @ M 32.88 3288 3288 3288

Xt F) R 4 R 2843 | (1000) | 2985 | (100.0) | 3038 | (1000) | 3041 [ (1000)
L & # 405 | { 142) 541 | ( 181) | 639 } ( 210) 668 | ( 220)
2 B 478 | 167) | 508 [( 170) | 446 |( 147) | 395 | ( 130)
M # 8P 095 | ( 33) 148 | ( 50) 1.65 | {  54) .75 | { 58)
(iD s, BHPeTagit 382 | { 134) 359 | ( 120) 282 | ( 93) 220 | ( 72)
3 B L 494 | C 174) | 376 [ ( 126) | 351 | ( 116} [ 336 | ( 1)
(v & & % ¥ b 0.67 | ( 23) 140 1 ( 47) L33 [ (  44) 125 1 (41}
@iy G 198 | { 70) 045 | ( 15) | 043 (( 141} ad4n ({13}
G o1 # *® 229 { ( &1) 192 (( 64} | 175 | { 58]} 171 | ( 56)
4 W 281 [ (89} 228 ; ( 77}y 184 | 64| 240 (( 79)
() BEotkim ey | (38! 116 { { 39)( nos | ( 35) 143 | ( 47)
i & 2] fil L74 | {61} 122} ( 38) 089 [ 29) 097 | {  32)
5 M HE R 1187 | { 418) | 1332 | ( 446) | 1408 | ( 463) | 1402 | ( 461)
ZEEY ORI # 1.31 1.96 249 o 268

B Off B @ 1318 1528 16,57 1670

WPi) QGovernment of India .,
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Thickse, ERFME Y AV HAENETDY, HEEI A A anBRELD, it#&é:;
NEVEBEZDTVD, LHLIEENENY A HLAOMHBEICHETLTWS € &G itRE
ZHIMETL D0 FHMMBOPL &b %% Gulbarga XTIt EHEYEL Y 4+ H 4, ¥ va
YE—=THh, N—rIVvyr, BEE SHEVECHE IR ENM 2. B, X
ROBHD S, KRE, IELdzntogadflinsrcd s,

THYBEC RSB FA RS, T, Wm0 TS bR, kSR LE—
DBRLAETD L, th, BELTEIETNEFNCL 2HEMMREL, BIRHL %ICHE W E
BAEHEELTnde L LBbY vt o, “—n3vy b, BiEkERl—Exh
BT, BEKENZCOMBTRAZY bR, HMOADR MR Sh T,

— 6 Average Annual Area of Postralny-season Crops in Six Indian
States 1975-78 ('000 ha)

States

Crops Andhra Madhya Tamil
Pradesh Gujarat Karnatake Pradesh Maharashtra Nadu Total
Sorghum 1,088 168 1,037 18 3,373 156 5,840
Wheat 27 699 378 3,244 1,195 2 5,545
Chickpea 83 75 173 1,982 452 11 2,776
Safflower 16 0 168 1 499 0 684
Total 1,214 942 1,756 5,245 5,519 169 14,845

. Source: Directorate of Economics and Statistics (1979).

BEFREZBR O THOFHPAL oML SESNI T BECITbATE ~ILYH
RETDHY, 320+ OREBIEEZRL Twdo fEkr bRFEGE ERILE S
(Rbh, CCTREBLESHOBBELEAXL bOEHZL BATWS. CORBRTEERSD
B, BHCErREL s TEODLZHMOEILIKEALGTTRL, OB Hd 53k 2 FHAI7FHo
LEBCHEMETALERTALLRE UARFIHELEDLSL, D% b HASOMT B+
Ariigkb, TORBFOHMARHELAWTAP OHMFORIEMT, BEKEFDEDRBEY
TTFRANEHBEZETDE2L WIRATDH L. 3 RMAI M fife & BB+
MihTa b, L LRoh TaAtHtE, et d b REIEHRYM RO WE LA
Hmotrpolladtt, A—FATTWEMORALE L ~0RRORF» 7 Tdb, L b
Bt s B ELEH£ 4L S0 Quibarga RIZOWAEL L L [HEBOEMEH TR D, FHHO
Alfisol ofiiomwtill, LEOBROZ MK L Y ook rifisbnTn
Bo MATC &L » T BHIMOMEYHRIFIN T, TOREBERFHCRAL ZCTRE
EREBENRTEIRE R 5 Tnice —HQulbargad oLttt 2 ~ 3 fliffio
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Source: "Package of Practices for High Yields June 1981," Northern

#*&—7

Gulbarga Hulyc sV 2 LB EH

Eastern Dry Zone in Karmataka (Gulbarga)

B ¥ Kharif Crops

¥ {3 Rabi Crops

Major Minor Major Minor
Kharif jowar Greengram Rabi jowar Bengal gram
(Fprrda)y]l (B &) (B r#a)| (Foz2e—)
Bajra Blackgram Cotton Linseed
(HA=ni3vob )| (F392774) (v #2) (Yo —¥F)
Redgram Minor millets Safflower Wheat
(Evare=)| (e=, 778) [(~=x3) (N3
Groundnut Sunflower Horsegram
(HHELE) (e=7Y) (h=~zZ58)
Sesamum Paddy
(= =) - (KD

Drilled paddy
(B2 )
Horsegram

(h—=rrsa6)
Castor

(e =)

#%—8 Qulbargaic BT HEE AN

—_———

Gulbarga (Talku)}

Gulbarga (District)

4 (] f#| Geographical area

T ** Hif Forests

# ¥ F i | Land not available for
cultivation

e Other uncultivable land

* Bt #2| Fallow land

M i T @ K| Net area sown

# f # T M{ Net area irrigated

7K | " under paddy

Y oa H o4 " jowar

¥ T3 2 ¥ = 't Ragi

HA—p vy} " Bajra

mh % " Wheat

Lx, TUOH " Minor millets

£ g K| " Gram

it © B #| " other pulses

Koy e " Tur

¥ F v & €| Y gygarcane

7 # "  Cotton

2.3 it & " Groundnut

173,165
467

ha
ha

11,324
6,632
60,093
94,649
3,523
762

ha
ha
ha
ha
ha
ha

ha
ha
ha
ha
ha
ha
ha
ha
ha
ha
ha

31,568
12
5,690
4,635
3,999
4,232
6,057
18,900
515
101
6,431

1,610,208 ha
74,610 ha

116,534 ha
63,652 ha
171,909 ha
1,183,503 ha
27,342 ha

12,199 ha
(1979-80}

304,893 ha
2,290 ha
115,393 ha
32,562 ha
43,535 ha
39,507 ha
90,303 ha
151,911 ha
2,373 ha
105,891 ha
100,918 ha

Source! '"Gulbarga a District at a Gulance
1979-80 Government of Karnataka"
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Ve A RFEISAEAHCRIEIR TR Y, oGP BICEED BNAD 5.
FNTCHRCBHECHBLEREZ T " EROREHEL I LCHHELTA S5,
1) #% &
FRAGORTr—EEoMmMcHiB L, BENKRET 2. hoflHAre, LAL=R
R RAEOI DL ERTENIONEEIA, EEMNHOENWIORRBIFHh 3, BNHTKHDS
AT AR BEEKRTEWEC R bh, BMAPESE L CHERBE T 5, (F
B4 280
et 2 )Ty —, FAvy—v—F, Jrv—§, <=ty
2) A & %
—RXEEHEOoAFEHHFTs 30T, HBHANEY 2 ERT > ZE2REIURETD 5o
WO o EK A nWEHENSEEC 2 5MTE2 BN HEMN L L Bbh b,
Tatetn . 77 (Foxtail millet)/ ¥+ ¥ 4 (Cow peal/ ¥ A& /& s —
3) & & &
) BHgRE
—iR D PO MFART INIZBPET, B CLE Do - 2 fHE (74 0
Yk piFRfisn b, HARLWIREREINLEHOMBE ST . (BEHH3 3 )
EnfEH i vada -3 vy P Y Cav - STeSa ) T E- Y F S
T= Iy X
i) H—gRk
AR E— L F T 5 5 AEAS & R O L RGN cRE L, IEoEME IR
HT 25k, REASHEBC I2RETHD, WAMNFETE 22 EEpo MK
A b, PO EHBEELHRC LD (BHMA29~31)
EARVEH : YyaHa, EPare—, S—nivyh, 72, v, KB
i Skt
AT 598, —EMBCBELT 5. HCRBMEBELHAIhIBEL DY, &
ERIFBLBEAMCMEBRAFAIND T E b D Do 7/ RMEDKIEFM & O R
Mohdokdbddb.a (BERMA3I2, 35)
FEEW: b Ay, Ak F, TR
T OMTHMAEMNE TS LAM ST RIT Y Relay 22 Effpe — 7 — v o » 2 H [ L gl
EHEVHET 5.
B O B A R I S IR 0 R TERE A T (. MoAR A EHIATH D
RLezhtEHLEZ W
1) L&t (IR HE )
2) IR (LFIR )
3) B orvoflimo Stk
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@ FaFER
@ MO ERIC L Z2EREE )
5! KEWBOAF (P 8K
6) MBOAF (EY arv'—~0®R#R, £)
RIFOMICEEFR L HMXEL —HomE TR oM 54, ZEHFEEHOR KLY C
BROBLEN EDEIZ AR ONB Ve I EMNOL L OHRED LW BURE
L, ffcynmdan, “—aivy PECEHERFOBIKL D VE—ENERMET D 3,
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1 Vertisol Management Technology

BEORAOMMEAEEDOFIEHE x AT hid, Rt bLsctCioThrbEIND,
WRERGEL LT 2 o0 B BRSNS,

Blt, 1) RupgRiEmMoik 2) BEGMRUEA IO THE, cO2ARILERD
HEAGE DD,

MZZQFHGAE @ ZEFCIH2LHAHACLI> T ALIN S,

+ AHEHORTRRE QHETHMENON A OHEHKEHORA @FBEHE GO
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—4EFIC cereal crops OB EHATHIF, chALBHYWDITHOEM (Rabidic
REINZo 2% Y A (Kharif) RG-S 2— v OERAMNKE G HEIED O R
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( intercropping ) SAZPEARB e B HMECREMK Y v H 2T RIFFT 2K
VICh YA S v BOREIEYFMELRBE LS BDo

= e M T ROt E —-9 KR,

Traditicnal Cropping System
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Sesamum | i with |Sesamum
' Groundnut

Groundnut

B—9 (R EMHE

) S AafEftéf ( improved cropping system )

COMATHERENELTEL 2D O HHABCHEALBNTHD, REFEEL
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HBEMGRE, ZOZ2EFLBELHEEGE, BECECHECHA L2 AERRN
T, LIHAROMKERLIEDTH L.

M—-10&%K—9, 10RANBLOK, 4~ FeiadVertisol o MPEEME
BEWOME LA, BLA LRI b, Farhatabad #f (Karnataka M)A
FAMMAEOHS 3FR ey a e~ 20 G, RUBEERBECED OGN, BRDD4T
BILROEM IFRBO 2 b K I N 5, oM 2K+ 2 FlgEEv~rT
3 Gulbarga 8l t 9 Ik Farhatabad A} 2 & LM ULHEMETRT, 2O C LM
HAD AR ICF S H O R MBATh AT R EAEHMEL LL T LERKL TV S,

Ltsl, ZOADICEMMIC D 2 HE0EMHERES BRI el %Z L E .

RBFC DWW TR OB FA A EH & LA long duration ( RUEMEY ) & short
duration (JEMIEUIE/RY ) fE O M A, FARIENEER L2EREDLOMGENE
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?xtgnd of rainy-season fallows in three of the semi-arid tropical states of
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F—9 Estimates of Extent of Ralny-season fallow in India

Average annual area % of net sown area
State Years of rainy-season fallowed in rainy-
fallow ('000 ha) season
Madhya Pradesh 1971-78 5,378 29
Maharashtra 1971-75 4,642 27
Andhra Pradesh 1972-78 2,253 20
[ Toral 3 states |  -- | 12,273 | 26 |
India 1970-71 26,200 19
Sources: Compiled by G. Michaels from data in Directorate of

Agriculture (various years), Bureau of Economics (various
vears) and Government of Maharashtra (various years) and
Malone (1974). (ICRISAT)

#—10 Bench Mark of Farhatabad Agriculture 1981 (100 ha)

{(by Nishimura)

Iten P | o | oot | posts mitter | prosngran | Croundnue
1. Crop area (ha) 40.66 38.17 3.46 3.75 7.75
2. Yield (Q) 508.81 | PP 248.24 PP 9.0 PP 42.19 74.19

GN 114.56 PM 1.73 GG 15.94
3. Yield (Q)/ha 12.51 | PP 6.50 PP 2.60 PP 11.25 9,60

GN 3.00 PM 0.50 GG 4.25

#ME Q:Quintale PP E€ogr-—
(100Kg) ON ;% £ 4
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{2) Dry sowing( &ifulic &1 2 1%5E )
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ORETHE TKRFELAFIIEN 2B #2250 A5, LaLl, dry sowing
CEARMRHREAKES, ThTHBRBAT L2 EICE>T vertisol management
technology DXEMNBZRBZLNSOH—~DOF—F1 v b k& oTh B,

T A-—yRBRTR T 5EGMBFIRO AR OBME T L B2 b, BHERGER
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RBICHMADETFUL BB RET L LD TR 5, ZOdry sowing OHHFI O 0
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EECIGLET1 Om, 2 0mner BBV LEBOMRECES ONHLE % EBORS
5 0mEOoZMMROMEBELEND L, £ELEY A H 4, BEDL S REWEL Om
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BORErled 4 0mns 5 0 v~ A g BIRF 2L BA D5, 1~ FEFWTICRI S
ATHIToTnEEOHED Y LB HLREES,

~26-



10 GO0 ~
az",
i
f/
Intetctop sorghum "
T 500 - /
(’.4'
- o ,’ Sale sasghum
£ L
£ . /lf SORGHUM HARVEST
53 //
E 000 ~ ./ .
g _/,1 . , Sole plgeonpes
Ay
’r
14
4 i
2500 7 s
1/ —
J f e __,.—";L_/ Intererap plgeonpes
it B 3 — g
1] '__'. w4 .
| L | T T —
o 20 : 1] a0 : 1o 149 - 119

Days sher emergance

M —-11 Dry-matter accumulation in gole sorghum and pigeonpea and in sorghum/
pigeonpea intercrop on Vertisols at ICRISAT Center
{ICRISAT Experiment 1, 1977).

l SORGHUM HARYVEST

-
- 1
’./;._\\\‘/“Se o sarghum
0 —ly o
/’/—-n/ . \‘
: /"'/ ASAN
70 . "
’Ii/
s
rJ
mJ /
g f" S [ntererop
5o f
750 / I
§ _J f.’
I
= 4c l.l
g K
!
301" " ®— Sole pigeanpes
|
0 L_.-j Tatal Intercapted snssgy [Kealizm?]
10~ Secle sorghum 154
Sale gigeonpes 9.7
Intarcrop 322
0~ by ] T T 7 T 3 ; 7 T 1
Q 15 0 45 80 75 80 108 120 135 150 1]

Oays stisr smergence

—12 Light interception by sole sorghum and pigeonpea and sorghum/pigecnpea
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{Cropping patt ern}

1) Intercropping {Sorghum/Pigeonpea)

SOrghum
Pigeonpea

{BEF}

Sorghum Pigeonpea

A
gt o

(Flat}

2) Sequence (Maize following with chickpea)

— 30+- 30*— 30-+—30-*—30ée——

150em  ———3

{BBF)

Maize

Chickpea

B —-13 MELZTEKL DHEEIEMNTEOMRE

]
1st Year | 2nd Year
June -Oct {  June Oct
1 i 1 1 1 I 1 1 1 1 1 f i i 1 L
?ZZZralny———a Dry season E—rainy Dry season

\ lst 5 \\__ 2nd Aj\\

4
Dry Sowing T T
Harvesting Harvesting

I
TGreengram ! -Rabi Sorghum

TCowpea  |-Safflower
]
1

B ~14

|
|
|
|
t
1
|

‘ Mixing AN

t
Dry Sowing T T

1st crop 2nd crop
Harvesting Harvesting

-Pigeonpea / groundnut
Sesamum

BB e B R
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So
Initial probability
BLEDOD D~ EROMETAEZ - -rerrrressirensniasinmiieenee e P { W )
Conditional probabiiity
HAEFADOEHH D > BE ORI O BEHEZ wrreeeerrisricsnsesnn P (W W)
AW OER T B RBOMEFREZRE s s PI(W./D )

Conditional probabil ity R F IO RS : K% 5m, 1 0mm, 20
mmeeeee BLORBICED THEBELERHILTETORHOBKERE KDL 40TH S,
Initial, KO Conditional DR DL~EROMA =M 2PN F v 2 2hE+
BOERM Do T/, TAEHMIHNEZERRNTDD2200%8< &2 04F, BROKE WA
T3 0ELUEDF~ I BUBELERD F—2OFb LFHE Markov, ChainiC X o Tt %
ML, —E () OWRUEORTELW, —E (WH) OMBRULTOSEHED L+ 5%
2 o0& IBY

() iFAOMDDI ( HHRE ) OFR

@ jFEB(ilorM)oHOW; (MFRE) OWH

N(Wj) jHOWKELZEH
N FHCE S

P{Wj)=

N(Wj)=jllik &% WO EH

N(DjI=jflcsasaDoEE

2% h N=N(Wj)+N(Dj)
Mk iFE CAGE ) &

N(Di) i#loDick ol

P(Di ) N R

i, FLoes il (4 MBI (D) omRE, j 8l (Kl ) Mm (W) O
EROBEENMML, £ELEP(DI Wj); SEBDCRBAWOREE, 22 b D i
(iMicDeEAL VBHELBCHLELET S EW i jMicWeEL 21k aERITEYDLS
CED D5,

ik

_P(WjIP(Di Wj)

P(Wj Di) P(DIi)
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ELTRD LN S0
S LP(Wj, DiYosREEIG AL

P(Wi, Di )Y® conditional oFEE M5B oLh 5,
P(Wji, Di)
T P(Di)
P{Di/Wj) 4AED(¥R) AW (EBR) C25HER
P(Wj )P(Di/Wj)._(ﬂéEW&:ﬁZxﬁﬁg)X(%ﬂDT%i@W&&%E@%)

P(Wj/Dil=

P(Wj, Dil= H
P(Di) SEDTHokFER
WELT
P(Wj, Di)
P(W;i/Di)=—-—--—-—-P o LULTconditional oEHE B LN S
(Di)

COREP o TF— %A a—2RA Y7y P LTEHEMELCERLTHTRELER
MIROFERE R B T LKL,

MR & RO OKHN T — 20 L 5 MRS O BTH

Sholapur(Maharashitra state), Hyderabad( ICRI S AT CenteriiCiid
MR OHEHN T — 2 BAT

Inttial probability ; —W#RMoOFiE /HREHT=03 3 OE

Conditional probability ; @ SHALEHRETREFOMRSHER

@ AEAETEER T R AR B R
#—12 Sholapur & Hyderabad @R T — £

Station Mean Annual Mean Annual Crop Growing Season
Rainfalllam) PE(zm} Actual Period Days

Sholapur 742 1802 8 Jun.to 22 Nov.148

Hyderabad 764 1757 12 Jun.to 8 Necv.130

initial probability 2@z & X Y ARBHODLMRAIND, thict hFEWA
EWET A LaHEB, 22 b initial probability #7 0L ETH R L IERMER
Kz 50T dry sowing e o—EHHEMKHEt 6B NSE, L2L, ThEHE
MZbDTHHVRELCETOEDE Y A~ YFFJWM L HFML,  MEME L ZL b
Thidiebit\vne £—1 2R LA Sholapur & Hyderabad i E i 8 % W&,
FESE AL, RIS EIERCHEUM LA ERL TW o

—H, B-15 KRBT AP AR EOTF — 202K ELULTWw A2, WA (HF2 28
~4 08 )it s initial probability i Hyderabad#7 0% LW B(EELT
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Date (2 2,5 BB 12 65 P W moNoB S 3,6 0,3 7, 1 15 39 12 % 10 2N

B~ 15 Initial and conditicnal rainfall
semi-arid Indian locations,

probabilities of R/PE 0.33 at two selected
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m%aﬁﬁhShMamwTﬁC®ﬁ§MﬂhMHMMde*50~60%&@(.Eﬁﬁ%ﬁbfh
fi\hg Z Ot % Sholapur OMIC DV CEL T2 LMOBIFrbr bbb, Bih
ZMDFTH D, AOMWEHOBERAEAL NS & EIC% B, HEESholapur OME TH
MR R LAYRA LTS, AMFTTE7e v x27  TLZZ THAWERARE LR
Thiln, 2% bFRINIEE T 50X TE L+ eBRAst 2z LIt d, T CTHL

Vertisol LW O HHgFOFTH TIHADOFEREL EML dependable rainfall H#HE &

independable rainfall #HE X 4L THIBFREBA KK L THAE,

4 Piteirs Vertisel MR HFHLAT—22® -1 6 KT

5. HHEEHT C BRI
n #§ B
Ty A— W OABEAFBTIIHENY, BRE o8 b LIRbh B LTH B, Bk, ¥
PR, = A—-WMETEAMMNCETI[REEL 25 0 0L TR FHo i
T AP LA A—v b, FOADILTORE ZBEXMEIRMcriT ko= ~
v—n Lt KkofECd s, cOlEREMOoBET LB R PR ICHRATHE
MIETEDLDTH 2, LALEAMNOTHLEOBRTHEEA, 3Gt LrnERE
tRTH MR ANECSHORB Y TH LR TS 2, T/, ThOLQETHAEL
MAOERENBGNPDT0~80% 2 SnAc 0, COMMOMBEES, A L0 BRIRD
LHThdoe
MECLR~NA RGBS (MG r2hidr5y 7 )RERETS b 5D
HEGECHAMEThh b TLIHEAT I 0% EET Vertisol SfitiEic wT i’k
WLIIRTE ( post rainy season ) ICHUIEATI bR o & LA ¥ 17 7 ¥ B DM el i
CRT2REOBRTD b, BEEEOFFERRISL bA 4 58D bR LT EHD
HETH S
ICRISAT T4 Vertisol WsnT " KKEH " TWatershed Management
( 7k RMATHPEA ) & Broad Bed and Furrow( BBF: IBiFir THERE ) OB A
L b AMCET s EHOBSHEE KTRIC L BRI E W5 #§R% B "Vertisol Mana-
gement Teehnology” & LT—MOBRBE— 7y r— vRiN—%WL LA L2 L,
watershed ~—=x B BF#H I 2 T B AEREMBEEBHEN LW I FAD 5D
DOYBFLIFTNTOME () CHEATEZ30TE, A ARKRKCL hWROE
NWHBBENIHERSBRINTW B,
(2) Watershad ( $i2Kk5% ) BAL i & 5 {3095 B4
MH# watershad W9 & “JHER " 2R, BREAFEICHED chfP I 1%
L, BEIREShRKRENRERET 2R EKT 2, LrL, FEETE10~100ha
OEME (M) TKIRE R ERE IR b D% watershed L EZ L L, on-farm(K
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WEB ) vrD DT, "HKR" L LAV, BT cOoFLEHFLLTL000
~3000hatifif®micro-watershed & R 20k LE 23S s LUK
RELTRAPABHEAZEL LN TnDe LA 5T, “watershed * BI/ROBBICE P K
DRICESEIL 5o

D 1 0~1 0 0daereererercaren. on-farm watershed
@ 1,00 0~3,00 0dg-eeveveernreens micro-watershed
@ 1 zkmﬂ.---..-----.n-----uo--o¢--.ou..wa tershed

ICRISATONMAMRE LTS DL on-farm watershedT®» b, 10~30
OFBR THE o AMEANCABL, BoMkt RIFK T 2B THi» b RME oK% =
=3Bl LREREBENAAIOTD D,

WAKERO EPREMCE v <) 27T TLRETORHEMNLHE R 28, FAERT
dEeHaanks {, it T2 L, TZTCICRISATTRERO A — 7%
ML, YL cELlL, 004~08FD0RELGHLEMHEEHANL LTHABL, ok
MEfodHEYBA LAk, BMETER"BBF " &fith, 1 miAlSs5 Ocn®& 23 0cn
DMMNELR B, AMA LOKEARBELFIALT2~3%0HRKEDbETHELh A
waterway (FEZk# ) ity b b, errosion ( ZEE A )& A waterway KL B %
b grass-way+ T 5, oA RO runoff water{ #ifRAK VidEA 2 24 b b,waterway
FRECREHCwatershed KA (HRI L LD FHHITh 2, Z oI h AKERE

LEGEND'

—— Bed and turrow direction
——— Field bunds

—c~e=—- Grassed waterways'
== Elevated inlet

s Contour bunds

A, Contour bunds

B, Bed and furrow system C. Bed and turrow system
" #10.6% within the field at0.8% with grassed
boundaries waterways and a tank

E—17 Watershed ~— A2 X % BB F# AR BEEE
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Bty # » 2 & lkKir AL, WBefHcFIRT % ikt "water harvest” &PR7F, Kodi
h FIHE & LT &Moo o < b O 2l 2 HlEAFE 2 2T n 3,
chEBAMLTE~1 7Rt '

BEEE1S5 0 cm, O.G%Xu—roiﬂﬂ't&émi‘ﬁﬂm( field boundary )iTit &
L, HEIEMAIh T3, CEEMBER M biEa, KK &EMEE) HEAZRAN
THEEBL, LIBALCL0. ABEHE» SOMERMERLE (O TS b/ BOIT
FChZRIASTLEHEEL W,

MHEBBFEABS AN LML watershed KO HARBE %21 ~5 $ oL D

- Be 1 BEATF T gravity (HROMA #E) K I2HKIRAGEL, Bo#L %5,
FAMERRLTECLRRMEROSARRELZD), BBFOERALTH L% B,

BBFE s 2 MEAxBHT L

@ depression line{ {BHD: IR ) ZHEKM (waterway) & LTRHT - &0

@ &wF(m)mﬁsalooihweL.za—f&a4~as§%%b¢5tb

DM % BIRT 5.
@ ~vyFoFMETELAXGECHESE & LTHRET S
HEH -1 8kKiRTo

4 it
0.4~0.8%

Bl—18 ARMMTEHE(BBY ) OMBEMEER

*1 100mBlETHALE catchment area 25K % ¢ % b TERH AT oMo

TR TE R NRBE RS B,

*2 THBAIL, Hikigh, TAERRBECLD LKA ORMARAE K @ LA,
vertisolHIT 2 FZMERBECH 2,
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CDwatershedflHIC L 2RAKMIEMEDRRIL dry farmingd LCili ¢ /ITHI 2 it
RWETIHOMD T LHBMUNRD, R RN T TOo—8, v T7—HHho
T 7 A7 Y ERCENTHRERCOFE T B TR EAT W ERMLAT
o, &L EPFAEMOEMMBEEL & THAMERRBL TR DL, RKOFHMBR
UK IOTERCE DD DHR TE 7, "Rain harvest” FBIIh LB EEINLAD M
CDwatershed— R LD2HEMMKIEATH S, D% hmicro-catchment TIED 2 FHK
ZMhICEEE, AL, MAKCHRATLIHETS D RKE%E b BBME Lt LTS
Hlko HETRA—RISVTO—HTIHAIhTHDICRISATCHzOX: %
BEMCRs L, FKSRICTO AR L 5 & LE,

ICRISATHRz®watershed iXOFLER—2&LTZh BB MHEEL#T
DL —DOHAEME L TEHL TW B,

watershed~—~ 2 L3 BB FHAFERFOSFHTKOMCEHIN L,

O MBEMCELI2BEMED I LA ETLET, Blia 2 bBECDC,

® WMPOMBKROPEKIMBRELTP~ORFHR AT ¢ LMWK HMEFETO ( rain
flood irrigation) T &aifisks,

@ MRBRAOMBKOFER L TFIAH (water harvest ) AHRAEEL /D,

@  REEFIAELWTOHOMB R (EIIH ) Ic L 2HEL THEL +5( tram line system ),

® MmBAMEc L2 EWMOBL (compaction) b EREE B ALHE (minor-til-
lage) BB QOMAE AREL T 5,

® LB APTLEER.

4 BIBEOHRE (HEig)
1 4> Ve 2EErbolBEA
TAYBRCETEMMAGIE 1 ¥ PrLELALANB4FE ( 2HT S ) Bk
WIh B, ORI (FEHRM ) MIEMEOMEARLLLTRELALLOT, ThAR
THYREHLA Y F—HCBEEEIhac O LaNnTW2, B L s Laddla iR
*—(Hoe ), ~o—, BHEBELZTWOTNEIBARREELTWE, ThboHEROEN
B9E FEOMAEAD TR & & T LT b, RSO — B0 RO E LT
hedtDoThb,
Th oA BIEOBERETICEFY, RSO MA b3k, WEMNBRE, L & BlhMmY
HIELTE 230 EEL5(F-19),
LALICRISATOURBNEBATING, TOoHFLLHfrEKE LR AEMNNBE
LEhde

* 1 k%t AL fBho XL
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()

M—19 u—»rfiRo—f
Four-Tyned Drill {Mebsana) Bombay

o B AR
ICRISATEFMIRAEDTE 2MHAE L-OREHIMRICE LARABRALE
FRLTnh, 2O—2& LTHNEFIMBEREEAT TWwdH. TARHENEFIA LA IR
(#4%)4t e BEBRTAnimal Drowing Wheeled Tool Carrier (WTC ) &rridh,
Pz a—LRBOBELROL ICHAL TH D
z ORI
i) HAMNBOFSE(2E)ELTNHD
i) 24w+l VRELEESCL, BEoMMETELEL T LIRL DIFHET
BICT bo
i) P22 —LARKOERBIELID, SHOEEMRTETD D, RoHDIEREDN (B
B ) OREIRT 5.
COWTCHBNELZHIE L nwoHFAKsw TR AV ) »HEOMBONERE LW
Bk FRcswtr o v AER T MERCER T2 LRk LTWwa T &0 b,
thoo@eToORMANESR %0 /- vertisol management technology THIl3L
T, BHSEALBEELTE 2 TnAL L b COBANYELINDL L LG, XL
BALREODWTCRHT 2y 72> b2 RABEFT TELMBEERML, —lo ey
mTas b e EHEM s TnA, LB T TAERESZHEL T S vertisol mana-
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gement technology i@, WP CRRA2EMWEREBARLR > TWwhe RILICRISAT T
EWTC 23R AEL, SHTHIETELMELMEL TWDE. WT CERMENIZIRETS
THBELMEEIATADS, CANFEBORERR v~ rt CTEGET 5% TiCd 2 A4
huhldnbrnwWiblsd s, Th ol

1) kMR E~Na R HEFN (FFIK initial cost)

@D vv—anPEhbEoThbabR EETHII&HLE S

@ THIHFrRkMERKNIBRTHEINADIT X« £ Bk THEN

@® Fx—, K—a=<T7Y)¥s, 24 vEOCMRENMAFE ELECE A THEHELES
C(MEAEREAA D)
2) IEDOER, BROPWEICFMANL2 D BR CTEMIEFHRELZ T2 DL B,

@ me, THoLHEE

@ =vv=TFTHNOLEYE

@ MAFCHTLH|EEO T v —=r rOLERE

3) WT Caftkofiflch~Than, thtHFEHTLEEDCIR KB BN D,
O KEHFOTW, HA

® REDAIOHEMR(KBMOTMEELIOMBRLR)

LB EWTCRRI—u o <N TRREIR, 77V IET—HEAIATHALDTE S,
L7 A3 o CSAR 0 AR T Mk (LA 2 (BB 3K ) 185 2o

watershed base-B B F#ifE ik vt 2 WT COEME ROERICAHNLN 5,

@ #iE(tillage) WHT 20 F A > b
Watershed Management :  plow, leveler, spring harrow
BBF works : ridger, moldboard plow, bed former,

blade harrow etc.

® WE(ERERUCEL) : ducks’ foot plow, interculture plow
@ L A : sced cum fertilizer drill
@ Wk : carrier

CHbLE T2 2—DOWMEEFAEd L L THECH) 2 BFEL I VERLLIEH T,
BHEFTOC L RERDN Dok, Th LAMCREFHE, BHTOovAITY 3 zOWTC
Ce&be Bl eEET &% 5,

MEICRISATTHNVW,DHOWT COMBER> TV AD TL TICER EF +EM
/[l S
i} Tropicultor( tm Eh v f—)

75 APERIN, 195 04FERKELLTT 7Y H (2 H2EH)THERAIATH

b Do HFEME LTHEME ATHETE S,
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2) Nieart( =#—F )
1TH¥VATHEBEIRALDOT, 196 04ERIcEELTHT 7YV A THAIhA,
ICRISAT BEEAEVHANMRMAAT (NI AE ) A TCZOHRRCDEBTH 3,

HHEAEEL THW23HRABP LB ADOHBEHRTD Do

3) Agri-cart( 779 #—} ) ‘

18, Tr7F27737 222y 2l dhkcd O rterirs-2lizesF

nThaRMEtETE, LEENKRE LA A PEELTN S,

BFICMIiB LTy P LANBEEINL 4B e 2/, B-20@ e Ehrz -0
HHED & BhEER OB E R T 0

H—13CICRISAT COXRRMBERFTAEWTCEZHABLABRSOS EXD LI
Mz s, 2AR- 2 1E14eDMTHEETEREOF 73, vy Fan—, W
TCOFMBALDETRBERLADDOTHLZ, AR LD L, s —hr MR T
EHREERRWEbIC VRWHERzE ORI bW, WICTR LS mE I —T5
mHETERGEC TR IERS T2 Labir do
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1. FRAME 8. AXLE
2. CHANNEL ASSEMBLY 9. TOOL BOX

3. BEAM 10. PITCH SCREW
4, LIFTING HANDLE 11. TOOLBAR SUPPORT
5. TOOLBAR

6. WHEELS
7. TIRES

The major components of the Tropicultor.

Operating the plow

Plow the first pass in a straight line keeping the At the end of first pass lift the plow fully by pulling
toolbar level. the handle before making a turn.

B—20 resrz—OFMEEBHEEE (ICRISAT)
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$% — 13 Total Number of Hours Available for Different Operations, and

the Area that can be Covered during Various Periods, with

Wheeled Tool Carrier Using an Improved Management System

Available Total

Working Field
Operations working time working capacity Area worked
time (hr/day) time (ha/hr) {ha/year)
(days/year) y (hr)

Plowing 30.0 6.0 180 0.17 30.60
Ridging 30.0 6.0 180 0.24 43,20
Cultivation 11.0 6.0 66 0.21 13.86
Bed forming 11.0 6.0 66 0.23 15.18
Fertilizer
application 8.25 6.0 49.5 0.31 15.35
Planting 8.25 6.0 49.5 0.28 13.86
Inter~row
cultivation I 10.5 6.0 63 0.30 18.50
Inter-row
cultivation II 10.5 6.0 63 0.33 20.79

Source: Annual Report of the Farm Power & Equipment sub-program, ICRISAT.
1977-78. :

Travel Distance (Km}

o

Desi Plow

Blade

Harrow

. *1)
Wheeled Tool Carrier

[}
t
'
—————————— -.‘————-———-- ————
|
|
I

o o e e

Bg—21

*

40 g0 120 160 200
Width of machine {(cm)

Width of Machine Vs Required Travel Distance To Cover
One Hectare. {ICRISAT)

1l)on 150-cm bed-and-furrow system.
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V Vertisol Management Technology © on farm~O& &

ICRISAT® Farming System Program TREH o MR vkt ARERRE
FELC\vBo O vertisol management technologyit T @—2Tdb, 7707, A
v FiIeEt S Vertisol M THRFERRE TR THBR COBEEELEHAITnE. TORIIBEH
OMBEFO —2ICM I ATAALBTEBEINTWE S D Ton-farm research & FEidh, Tt
RRTLBEE DR CEMLEMOKRY L1 T LR 5T

ICRISAT @5 HHOEEMEE PLICEMBER L HIL, BUFOREL TWn2RRE
E‘C’é% dryland farming project &tHE%:®L, ﬁ%bﬁﬁ@ﬁ&ﬁﬁ%ﬁ%ﬁ%ﬁv&ﬂ.w%ﬁ L
he LTwde Z e ZA4EMEEY Lk >~ b, a2 MO 72 sn AHE (District ) D
L, @ vertisol managenent technology ORIMEAA, iR o AXFHSEICD

WTEEHT 5.

{2 Ficél+ B on farm research DR

4 P19 80EMLEE6RS VERBHERKEIN TS, COFEIORME5T
TH¥%Aikdryland farming project Z FHHL, 1 > FRXEFAFEE(ICAR) O
o d L - RO BRAR T BN L LAEMRRY 7 » v 2 2 P KA Tn b
ICRISATH ICARKHAN L OREMBHE THRAMR LD Thi L LERE L
RUEEORGRBFEHBHOTH T L2 ICRISATk dryland (arming
project B EH L LTWAEMEFKEI L Ton~farm research §tiligil L, WAy
kw2 T o7 bF—20lMEToTnb.

BaF NG REAMESRERMdeyland farming project TEBEI~{ICRIS
ATEEMGDEEHL Tk ThERPICRISATH Y A+ 22 BRYLAHEE LR
grsa ARRORBRECOEHMNBELZTICLORELL. & TOHMBEEE vertisol
management technolopy TME Vv <A THRERBTL2LTd B0 TDproject DHEIE
#FAICRISATOBRMTRABNTMEME L, cheshBadlHEl, Wmekie, &
KFerAbv—vay, vorHEsat a2 Thd . BERLRLERILO
£243% ( soil conservation) #fwatershed & BBF o #fiits & ¥z T L HH
L, fA%%WEEM ( depariment of agriculture-extension ) RRSEM( = —~BTT)
MF, FRSE0T vy oiffn, HAMTROMRLENT I LR st BRBALLR
RoBRos KHFERSHEL, TNTHANTHEET S (BRABAB) L& L, MMk
BA(WTO)®afi¥dsil, ICRISAT #iditdc il Thizo (B~22
Z| )
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ICRISAT

’f 3 1Y
] 1
\

on farm researcl}l‘, I CAR ‘\\ on farm research (SZFFFHAE, &)
Project l’ '\\ Project
/ | \
!’ 5
! bYW —= s “
/
MEos / P a A \ JH Bot
! \
344 R
Jﬁ_%;,y e
Researcher Dryland Project[
A R E ]
f—=y
FrApv—ra~
i
B FE
v
Key farmer
Farmer

Bl—22 ICRISAT on farm research® 4 > FR 3T H{%E|

2. AhilLF+ v HhMCHktrdon farm research

BEBEBRL > TBEShA7 vy =2 144 bdwatershed T&ifibh, ICRISA
TOHEHOY & Tsurvey works, mapping, waterway & B B F layout ing2i g3 E8-+3h
REBRCI->THEBEENAZ, BRI COERCHL, B HhoRite T Lo ic
Bt _

198 20K Gulbarga District @ Farhatabad project 16 £eT{EHAIBLE
TNk, ChVC?k’CBidar'District T2 #FrAndra, Belkuni A4 O & ¥ 4 + 3 £ed 4}
7o vznz b LT SR, 2LiIK1 9824 8§ ALt FarhatabadT 44e2GB I N,
Bidar District TKanthana #2080 S h e

19834« it Farhatabad? T HIC 1 OQhadiindb 3 &3 Gulbarga DistrictT 115
o7 ez b4 bdudiln, K€ 8 BAFHIF 4433 ( Governmental Seed PFarm)
b ZOBEOFRIRbATHZ. —F Bider District AR 2044 ¢ BB I &
@ Qulbarga & Bidar @ 2 Districti€nz Dhalwar District T Cwe+564 200
District AT e Yz 2 P44 b R2T &7 VARFEIEH L .

1982~4EFER»TLEbhiwatersheds OFMlER— 1 901 b TH 5,

bk
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3.

1

@)

Farhatabad Watershed Project @EH

Farhatabad it 2 BRRHF L Project ME _

Farhatabad@db# A~ £ # MICGZBH+ % Gulbarga District® 1 ¥ T ADHK 2,000
ADHMFEIN 2 E MR EMFCD 5, FMERRZ T 27mT, 6 A59A02T04 A
Moo 77 @plihd s, ARIIAOPHYETRIKI 4ACHLEH40CE TOMETRD
MR HDABET — 2L Agriculture Research Station(Pulse), GulbargatT79
FHIoF— 203 bh 5. COMET ~ 24 5 “Markov Chian * OFXEEATHHED
dry sowing O#M i@ Lrie chick 2L HE6 A4 A~11HATSDH, water-
shed N TD dry sowing EHliO BEREL 7o '

TuyzZ by 4 biddeep Smedium®FH AT S black soil o - Tk b,
¥t black lime stone rockThdbo LT, BT HEMIE vertisol Lo
ThnaHEICRISATD vertisol TN L silt OFFRPZ T ETHS 5,
HMAH O RERE R~ 3T TR LA, ‘

YemYxs bY 4 bETDHwatershed DFEIGHEMIIZ I CRISAT TH BT W = BUF
OB PLEL D BRoBH YLD, $/CIRISATELE T Y22 b % IR:E, W
BES e, MEXHOBMARUBR~OKMNIEH 2T o, FCWT COMME, RMiohHk
BBFEACHI AWML TCO VA 79 P RUMIEFRCEA B & R eliES LT o LA
B, F—FDRETT 5o

Parhatabad watershed D4 7o b %M -2 3KCRL, 198 24D watershed
OMEFiREHR~1 5 KRTH

TRF—213F—16, 1 7+EBMENA N,

1982,/ 340}

1982,/ 3FERITAwatershed ProjectRC T 2 EInFERITIE—1 8Ty I
Nbd, TRz tAOOBFEER,r b3 s bu—-—n b LTH 7 ) v 2 %iT Lm0,
CORHRARRFEOBFHEOLZ L THEBL TRET,

ATET R NAARIC R & 2 EFO AR LD 2 e~ 7 —va » R RIERFELL
TERMBLAE L Ladbedvs »E—RBREEWTREREREELTWwWAC E, 7,
HBrInwe e b2k (entire-mono-cul ture ) & T 2BEHEM 5/me BT
% RN 5o
|) watershed KT ABMBEEZ LT Y s v B L LAMEbETH S,

1) L OMEHEIE1 98 2ECERLEL E U 3> E— 2 ilik®1 : 2 (G : PP

=1 2)0HECEMLANELECREREroT &, F—F+ 21EHELTHAL

AMBEY 3 € —BIERMICH~N, €Y € —ORRMES T ¥R LGAMBER »

oo ZORH 198 ERL: €var—%2: 221, local MilciMiRobart
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- . ROAD

1982/3 cCultivation year N Zih&

-- Blackgram + Rabi~Sorghum

R .G.
l";xt;‘ -~ Greengram + Rabi-~Sorghum

(G.G.)
-- (Pi)g(ionpea
P )
[T R e——

——— M)
=i Pigeonpea/Groundnut

-- Pigeonpea/(sesamum

s)
D-— Fallow in Rail{y Season

+Rabi-Sorghunm

LEGEND

FIELD BOUNDARY

----- DRAIN

———— DIRECTION OF CULTIVATION

~~.9g-—") CONTOUR LINE

TO GULBARGA

d

CULVERT
1983/84 cultivation year

(ha) , =
(4.4 (3,0)] 14 o (6.04) "[[Fallow+ | =4
Blackgram ‘. ! Groundnut/ Rabi-Sorghun Rabi-
'Pigeonpea. Gioéund izégeonpeali Soxghum
intercrop) " intercrop
{in r !.Pigeon Pigeonpea —
Pea (sole) G5t —— TO TILAGUL

gigeonpea
{sole)
Groundnut/
Pigeonpea
Sesamum/FP.P.
Sunflower/P.P.—
(intercrop)

{Greengram)

Rabi-Sorgl'num
|R

[ — 23 ° FARHATABAD VILLAGE WATERSHED
IN GULBARGA
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#F— 15 Watershed Operational Aspects 1982

End of Dec. 1981

Beginning of Jan.
1582

End of Mar. 1982

Beginning of Mar,.
1982

End of May 1982
10 June 1982

f@ June 1982

16 June 1982

18 June 1982

2% June 1982
Beginning of Jul.
1982

10 July 1982

21 July 1982

End of July 1982
20 August 1982

Beginning of Sep,
1982

6 August 1982

!

Middle of Sep. 1982
End of August 1982

17 Sept. 1982
20 Sept. 1982
27 Sept. 1982
8 Oct. 1982

10 Oct. 1982

October-November 1982

5-10 Jan. 1983
End of Feb. 1983
End of Feb, 1983

1

Land preparation - plowing by the .

tractor and traditional ways

Officer training in ICRISAT (3 weeks) watershed
Made up the layout of the watersheds operation
(after topographic survey was completed)

Bed marking and formation of broadbed

and furrow

Farmers training

Dry sowing by the Nikart and the Vi

tropicultor, Greengram, blackgram

35 mm rainfall received

Wet sowing
greengram, mailze, pigeonpea, groundnut,
sesamum

(Water stress appeared)

cultivation of
Weeding by hand
Interculture by tropicultor Rainy season
Drought Crops
Harvesting of greengram

Harvesting of Sesamum
Operation (BBF) of new watershed No, 2

Land prepara-
tion for 2nd
crops

Cultivation (field preparation for Rabi
crops) in Site No., 1

Good rain (40 mm) for Rabi sowing
Spray for pigeonpea
Sowing of sorghum

Resowing of sorghum and sowing of cultivation of
safflower

Harvesting of groundnut Post rainy
Spray for pigeonpea (6 times) season crops
Harvesting of pigeonpea

Harvesting of sorghum

Harvesting of safflower 5‘[
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Gulbarga C BT HERTF — &

#t—16 Monthly Rainfall Statistics for Gulbarga

Mean Maximum Mininum

Month  Rainfall  Seepedtd o O Rainfall  Rainfall (0SS
(mm) (mm) (mm)
January 3.7 16.1 436 i3l.6 0.0 131.6
February 5.3 12.9 245 89.5 0.0 89.9
March 7.5 15,7 210 78.4 0.0 78.4
April 15.2 20.5 134 147.8 Q.0 147.8
May 37.7 45.3 120 242.1 0.0 242.1
June 101.7 6l.6 61 276.9 0.0 276.9
July 133.3 89.6 67 501.1 0.0 501.1
August 134.4 108.8 81 531.6 0.0 531.6
September 189.3 119.2 83 535.8 0.0 535.8
October 73.9 61.0 83 256.3 0.0 256.3
November 21.3 35.4 166 221.7 0.0‘ 221.7
December 4.1 16.0 392 121.4 a.0 121.4
Annual 727.4 (Ave.) 36 1,464.3 196.3 1,268.0
#—17 Temperature (1976)
Month Jan, Feb, Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Max (°C) 28.2 31.5 37,3 38,2 40.3 34.1 31.0 30.4 31.6 33.1 31.9 30.3

Min (°C) 14,3 16.7 22.5 24.8 25,5 23,8 22,8 21,9 21.7 21.9 21.9 16.2
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7 -~ 18 The Result of Yield in the Watershed

1982 Kharif 1982 Rabi 1983 Kharif
Site Area Grain Fodder Grain Fodder Crops
{ha) |Crops yield yield | Crops yield yield (Area/ha) Yield
(kg) (Q) (kg) (Q)
GULBARGA .
No. 1 6.15|green~ 514 -~ |Sorghum 1,456 - 48 |Pigeonpea N.R.3 %
gram Sesamum/pp 150/N.R.
(0.6 ha) *3
Groundnut A/pp 100/N.R.
(0.2 ha) %3
Groundnut B/pp N.R./N.R.
(0.2 ha)
*32
No. 2 |0.85|pigeon- Pigeon~ 1,350 54 - (Sorghum)
pea pea
#*2
No. 3 11.85|ground- 216 -~ |Pigeon- 932 37 - (Sorghum)
nut/ pea
pilgeon-
pea
. %3
No. 4 |0.3 |sesamum/ 160 -~ |Pigeon~ 930 37 -- (Sorghum)
pigeon- pea
pea
No. 5 |4.8 Sorghum 1,150 32 |Pigeonpea N.R.*3
No. 6 |0.5 [black- 100 -~ |saff- 1,025 Pigeonpea N.R.™3
gram lower
No., 7 |0.35 maiégy Pigeon- 800 32
pigeon— pea
pea
*3
No. 8 |1.20 Saff- 1,200 Pigeonpea N.R.
lower
No. 9 |l.52|green~ 395 Sorghum 900 44 |Pigeonpea N.R."‘3
gram
*3
No.l0 |4.44 Blackgram/ 160/N.R.
Pigeonpea
No.ll (4.0 Pigeonpea
Groundnut/
Pigeonpea 50/ N.R.
(0.6 ha)
BRIDAR
%3
No. 1 2.8 |sorgh- 2,702 -~ ‘Pigeon- 917 Greengram 500 Sorghum N.R,
um/ pea Blackgram 500
pigeon~
pea
®]
Maize was sold as green cobs at Rs. 143/ha;

*2 (Crops); operated without BEF
*3IN.R.; data are not ready yet

-50-



AR LBEELOMN AR I L L h i LTiiEL T4 700K hakik
ﬁﬁv@oﬁo%a%avmumnimfu%méﬁmmﬁémé%.tﬁtﬁ&ﬂfm
TAROILBEEVRRE (R LT b EEIEREhtoTd )y, REPRIBATS
BEBERATWEEL S,

iy == ( sesamum ) OB ¥ sy —%1: 2088 0HREIRA. €9
A E—DRBEMRBETESRRNT, K=+ 2 ( QK ) EHE G+ 5 H8Er 6 8
TEvay €—-0RGEE Enithil@nsnntdd 6. Lo LIREmE» AT, oM
AhEATHICHEL T3 D SRAMEUEDLEELBTHE 5,

V) tveeavlofigbtitCGulbarga TRIBTHbALLOT, tvera vz
bopz e TRFALAGHTL D, TOFHEMNer B, RIEBALEm L TLE oL
EHLBFOREEREETIETLE oo 2Ok v 4E R grain yieldeBadz &
AHRIE, 70 198 2FEMMic By oz RIAEBL L FhihvETnAT L
v arHadvyra— 734 (shoot {ly) O¥EE KT HFT NP xR
BFECE TV v #DDEERL L,

VY 75wz 50l 19834 OMMELE LTRAESRA. Aland R T
300Ky, ha ORFAHIBORAHIEDTO0K " ha KHNZLEDPTDHD, ZORIEOH
ARG BT 2B TS5 5.

Vi) va#a /€0y e—0Hlabed ICRISAT TATARBINTHELOTH S
A 198 24EC Bidar HTHEWL L,

Y AHL2E5t,/ha, €¥ar =091t hatBREL, —BHLBEETHS cereal
crops 3 t/ha, legume 1t/ 7 ha® BIEHICEBIEBEWH EL o/ WAERALE Y =
v ¥ — O EFERBCKOBK, S & REW ( phytophthora blight ) 24 LW
PP L.

¥ 1 A—FrRFCIHEDOVertisol TREESERERFNCHREZHTH 2,
H. M. Ishag et al. Groundnut Production in irrigated vertisols of the Gezira
! Achievement and problems, 5 th international soil classification workshop,

2—11, Nav. 1982,
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\ 2 Vertisol Management Technology DS A & &8

IR 3T R FED Key point EBERBICD 2 Lo T BT CHL W, LI R~NZ
FRIC long duration EMID I ZMRT I VertisoliW 2 1) 2 ML AR 212 LA £ TH B,
semi-aridiCH T 3 ME OHERGHMIERE TS b, chid semi-aridi o B HIRBE
(limiting factor) THBKEOMEDLL ENEARRBLOA L, LAL a2t Vertisolits
hfﬂ*ﬁﬁﬂ&hﬁibﬁULbﬂﬂféb,Cﬂﬂwmagﬁa#b&&afpmtwaMy
seasonlC R HMITbh, MHETEAKSBE 20, E1FEoREE2oTn 2D,

Vertisolit+Wrilillic g fThoh 2 WEBhE R BEHIH L 5,

D MRS o g

3) MitAnZ BorxRBolB cl EEnEETS 5,

b) FMIARUCEMAANHMATS b, BEAERCY 2>~ d0&a b, BoBMEL T

BT EIE D,
e) ERLLZDZIAMHAGERTLE Y 2= 754 0EBHUNENFCRML T EOBHE
b HN,

d) IRHEMA2: 9 Ao KB ( MINKEM Y etz b, AR A 7% b, # ¢ (grain

mole ) PHIRFEO BN FEHF B Do

e) MPICH T SEREICTEHAL 1B,

i WO LENMECBELEZ220FHETRRE LY, EENBhib, BHki %2,
i EEDTHLZENED( 2 A+ V2B YO RELTHFICT S 2B MAEFOB Ah b AR BHC &

2 THERE L&D,

LlEDMERFR IV TNENTETS b, BRNHCHROT~EDEDN B, L L&A
LRAKBRBECENATERAL ZBREIADL 2D, 2 bolE4MlLar s bo—rT 32
ERHEELV. BFCEY, RERHCIoTHAREG T T TR\ AL B I L THEIH
Eedh, ILEIEHTRICLY, WRIDIWMBUHIREHROLIFREROHLTHD 5. %
ATCORTHR L TR T 520K vertisol management technology T EHKL T
WarzAThDH, chbLoXnER
i)—alldwatershed - BBF¥ES AL A MBETMHD T
|} — bl dry sowing, MM R ( HRELERY, GEUVMETRI ), FHAAFORBICL 25

ek

) — ) Tt RO BT
IV—dAIWTCHK XA ( inter—~culture) @O A
i) —e) EHMEMHMOT L L IR oR A
i DN THBRROBA(WTC)IKREST, iR EZEL2 2L - TAERT 2o
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i KonwTtRBHOMAKE>TE R, (EY e —F —v a0 L - THEWRT 3,
LIF on-farmic 3T BREER%50 LIS 2358+ 50

1. HREAEAORFYE
Farhatabad watershed® 1 9 8 2 ~3 R+ AR 2B HRBALrLE LD TH B &R
—18(1, 2VDL5KHbLy CHELIDLEHPADE W EBHI SR, BHE Y4 H A
DEME, CRRRE Y Y oY ¥ —~ORER I &0, BE & ¥ 4 # a0 2T E 55 2 2 HOMSR
TFeRET 220, EARIE(2E, ©Var E-HEOH MR CHE < & » 2o KIT kharif
Rt E ¥ 7 50— ( <=-39 ) OILIEHNT <, BETHIEWAZBT NG, Ty o
—QRM, BEELEY sy —DRMNBZALIKHE, kharifhthe v o HaRBHREE
ofce WMFTZ7 02 776 V753 7 -DIEELTZ 02275 anRETHMEL =1 > 2
ELABYZI 7 —DWEPMIETH <~ Lo ZhoD EH KR T EHREALEE LT MB
ORFEEHTLZEAED T 3 —v 3 T EHwatergshed-B BP S A H A DTN
FUAERED ok TOMMER-20RTT o
Farhatabad W CHEMNBEL VST, BEALOBFETE T CRER - L HERHAL
FeAEER A D D ANERNOBACD > TLEM - BFEHLOMRET L E e T hidTH -
A4 (operational cost) bW TEHEREBRBREEL CH 2 2B KERRT VT &
N Y
COMBTOERZTETD S rabi Y2V AafliEdR Ak LEHEOBBECPWTIREOEG £
<_, rabi ¥ A #H s Bt A watershed ~ BBFPoRdnd -~
Bhoz s b Farhatabad® eI 2 ® A HEZLVG 4 0% O 2R 4888 L
THIHT A & @ intercropdffFEW v A — v a3 v 2 RO 22605 EFL L %

2. URRFEZHLIOCHMMREZY
A RSB ET BT 2 A0 CRE L2 2T A ( ZEE), €9 are— (#
), LT Ad <L ey ary©— (R, FMHRBE TR Y 2+ 9 2t DWW TR
R EHH Lz (R-218B) h»b&EROBMERTIB L

1) 24l CHRERVEREE L EENAHIO MG ERITRE L T b IRHE 3% R
MWD RD L, CRICRTPHEFRERHI 0%, MBPBOEMMRERK2I~1 6%,
B3I ~8%, BELHREYBHRO~13%LE>TNE, (H—-24)

2) ADBHDREBIEOFAEHEDBRS I L PTE{BLTWL Y, REASEATE
WTh?5, L L&ES (bullocks @ ERAREMICH W T3k A k0K 2R B B~
DL oaTnd, chEWTCHREHEOMAOKH2EOBE 2 THABHTHS I,

3) BT (top dressing) & HB{E¥ (plant protection) %4 5 & chiki{RME, &
AEEICHRTEBNEDLZ N, CORATFTTY Y ax E—iiltest L R+ 5% H#
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# — 19 Economics of Improved Watershed-based Technology
Options on Deep Black Soils in Farhatabad Village,
Karnataka 1982~83

(19-1) A Gross 1) |Operation| Gross Yield Q/ha 2)
Improved Water- (Ezaj &3] returns cost profits| Grain (Fodder or
shed ' (Rs/ha) (Rs/ha) |[(Rs/ha)| Kg/ha | Stalks
Greengram 6.15 38| 1,542 573 969 514 -
Sorghum 4,061(2,621) 971 3,090 1,456 48
{sequence) 5,603 1,544 3,059
Sole pigeonpea 0.85 5| 5,400(4,860) 1,214 4,186 1,350 54
Grundnut/ 1.85 12 | 4,560 1,535 3,025 |G 216 -
pigeonpea (G 832) P 932
(intercrop) (P3,355)
Sesamum/ 0.30 24,680 1,019 3,661 |Se 160 —-
pigecnpea (5 960) P 930
(intercrop) (P3,348)
Fallow sorghum 4.8 30 | 3,040(2,070) 682 2,358 1,150 32
Blackgram 0.5 3 300 587 287 |B 100 —-
Safflower 3,895 998 2,897 |Sa 1,025 -
(sequence) 4,195 1,585 2,610
Maize/ 0.35 213,640 1,252 2,388 1M ~=3) 30
plgeonpea (M 143) P 800 32
(intercrop) (P2,880)
Fallow safflower 1.20 8| 4,560 773 3,787 1,200 -
Total 16.0 100
1) Prices in Rupee per Quintal are
Grain Rs./Quintal Fodder Rs./Quintal
Rabi Sorghum 180 Rabi Sorghum 30
Greengram 300 Pigeonpea 10
Pigeonpea 360 Maize 10
Blackgram 300
Sesamum 600
Safflower 380
Groundnut 385
2) Fodder yields have been estimated.
3) Maize was sold as green cobs at Rs. 1l43/ha,
4) Data refer to 17.5ha of watershed 37.6ha of traditional farmers' fields.
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(19-2) Area Gross 1) | Operation| Gross Yield Q/ha 2)
Traditional Farmers' (ha.) %) returns cost profits Grain | Fodder or
field ' (Rs/ha) (Rs/ha) |(Rs/ha)| Kg/ha | Stalks
Greengram 4.6 15 970 338 632 G 341 -
(2)
Sorghum S 1,248 39
(sequence) 4,439 1,365 3,074
Sole pigeonpea 4.4 4 2,914 1,165 1,749 729 29
(2)
Groundnut 5.0 10 3,956 1,446 2,510 Gn 190 -
)
Pigeonpea P 807 32
(intercrop)
Sesamum 0.9 6 2,550 851 1,699 Se 25 -
(1L
Pigeonpea P 600 24
(intercrop)
Fallow sorghum 10.9 35 3,222 356 2,266 1,040 45
(2)
Greengram 2,8 7 294 —
(3
Safflower :
{sequence) 4,044 1,334 2,710 832 -
Greengram/ 0.8 3 3,900 1,336 2,564 G 225 -
Pigeonpea (1) P 807 32
(intercrop)
Sesamum 3.7 3 Se 105 -
(1)
Sorghum
(sequence) 3,300 1,296 2,004 |So 950 32
ole groundnut . , R ,
Sol d 4.4 15 2,818 1,328 1,490 732
(2}
£—20 WRBHOFEAMER
Eft o 5 — 2 Improved ./ Traditional
Greengram + Sorghum(sequence) 132%
Sole pipgeonpes 239%
Graundnut .~ Pigeonpealintercrop) 121%
Sesamum .~ Pigeonpealintercrop) 215%
Sorghum 104%
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(pod borerBiBE ) % HBL TWnAhH, —FH rabi v arHa, BEHiEsra ss, 2hb65DME

¥R A2IN T b, ZOZENbLzoEBECEBRNL0 LT, FHEENESTH

5 EEHA Bo
4) rabi Y AN &K 5 0manday,ha B HL, O RKICENHBIELEE L,
LALZhitR o emsE_feT s &9 TmandayAe L0252 22 K ORI Y
142 7% b i%IZ 5 0 man/day4e CfioTn 3,

R ERE LR RBKEESE(CER IO 21 OHfEE~N2:£—2202 9
.

CRICEBERBIEAKRESRETSROo 200 e+ stk bh, n—an
EOX 2EOMABE L LCORMRBIbhi, BERL? — D v TEERETS 7 40 ¥ —
DHFGEE L ToORAD D, BAKFRRLTET04~96 9+ E—DRHED 7%,

a) dry sowing ZHE
COMKBMLIT T dry sowing & wet sowing CREDOREMNZ 52 Lk

TH LB L dry sowing £ wet sowing @1 3 8.4 OMRA A b, REOITFbR
LHEABEEELTwsT L, MLWTCEMALAC L, FIEMROMTEEMEH ML
oo, BRWMEHEBLELEL CL e LB LIE—DF7e 2 A0t dry sowing &wet
sowing Thodo LOT & bdry sowing DIEIRIC oo b D E#EL b,
519 8 2FEOMPE WAL A % ¢ dry spell BB, o7z & E0 b dry sowing €
L AHEWMRKOFHMAL L THRES b0 L Bbh 5,
bl rabi ¥ & ¥ 4 €I BT AT O LHR
rabi ¥ A A A CEATHHBFMIAKRRUOT AL VR AR OR TS, Ll
B A ABEOBRE, Y TEEBTL DV T i, chigibHitic 6 o H( harroving )
BEIncLoTeh, MPANL R BETS 5,

e) watershedlCs it 2% @)= 7
Farhatabad#i 6.1 5 £a@ K BRI BT 2 EHEME ( ficld operation) {2
Eﬁ—?—wayfééoﬁﬁ—?»ﬂb—E&HVE—DWMW%O%mQF»&%

NCHLLRDLE ST D. (FX~-23ER)
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& — 22 Different Farming Systems in Farhatabad
1982 (per hectare)

Improved varevabed %gzi%].:ay Local farming
(Rahi flat) crapping)
Area (ha) 6.15 1.52 4.6 10.9
1} Greengram (Kharif)
Sowing date (wet/ 9-13/Jun. 18-19/Jun. - (Wet) -
dry) (Dry) (Wet)
Harvesting date 18-23/Aug. 23~24/Aug. End of Aug. -
Yield (Kg/ha) 514 395 345 -
Gross income (Rs) 1,542 1,185 1,023 —
Input cost (Rs) 573 481 468 --
Operation (Rs) (227 (225) {314) -
Materials (Rs) (346) (256) (154) -
Net income 969 704 574 -
2) Rabi sorghum
Sowing date 26/Sep.-8/0ct. 13/0ct, Beginning of Beginning of
Oct, Oct,
Harvesting date Begioning of Beginning of Beginning of 'Beginning of
Mar, Mar. Mar, Mar,
Yield grain :
(Kg/ha) 1,456 900 1,248 088
Fodder (Kg/ha) 4,800 4,400 3,900 4,400 .
Gross income (Rs) 4,061 2,940 3,410 3,098
Input cost (Rs) a71 467 877 926
Operation (Rs) (644) (195) {503) {551)
Materials (Rs) (327) (272) (374) (375)
Net income 3,090 2,473 2,533 2,172
Total net income (Rs) 4,059 3,177 3,107 2,172
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£—23 fEfn—5— v 5 OHEHEH

1 4 Man/day } Bullocks/day
116 (green gram) 173 1
Preparation 13 2
|2 {5 {sorghum) 49 2
Preparation 7 2
#H3f(pigeonpea) 52 5

T, VEQRIENE MM ECE L, BHIELRABELOZHEONH % L+ 5 &
HM-250uibersd, fokTaddanpal ly HiICET2FMD 75 7 s ERICHMAL,
Farbatabad RIS hit XL 2 MO E -2 B3R MAEKE D et o Thn
B4, Rttt EOMERMEI ML T3, CHIBIRFMMENGEL T b, T4, Bk
POAHEHELEETIERCHRERDT O 2, EHTMECE W T HEAEFMRKCE
MOnhbEETHD, LA LUBMETEPHAERESMATZIZEWCE b, 50 EE
DE=2FNhITLLTVE, L{EbRATWEZETHLN" FHlET2ThiT R WX
MERONEZN" LS Lt TR LT 2REEXNTRIC S 2D, BENNR T E
LAF2RKPET7 7278 —LhoTn b,

ZEMCEn TENHER & RO R RIMFEOR € — 2 2 A K BBICT 2 288
LEREZMETD 2, COMRTMETIERI CBMBAORADERT KE W,

BHELELTICRISATHSRHEBR Ty 2na v /Lo avd—pififfié b se o2
Y—F v 2 E-OTERC ST AR RME L EHAEOMERYE AN I~
(B—-26, 278K ), BCEMBETHBNNREY—2Lrb09AL1 0 AoE{ED
WML MM OB PEREE o I35 (RIT + 5 228, B BUSIERIE 2 SRR TH D, B
FRAT T2 RO EHIM THET 2L, WICOMAREREREY FF2 2 &1
L O HHOHECHETD oL LA Ba
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Average person-hours per hectare of net cropped land

Farhatabad #f
1204 Legend:

1001 é ?-//é- Traditional technology
é Improved technology
60 7 % | |
] 2,
1 Z . 2
. -
= £ // Z 4
L % WA W Y
1404 _ Taddanpally #}

Standard Fortnight

#l— 2 5 Average seasonal human labor use with traditional
and improved deep Vertisol technology.

Farhatabad, Gulbarga [c&iT 5B E @A

WMAGE7 oY 22 b RFPTANBE(TAIVO—HOEFE*FANCTL LB -280 L5l
BEIND,

Feftl, chbOMBEES~10OMERELTWIRE TS )V ERBIFLA SMLNK
FEBRL e

BRCHTAHABOMELOHEBM AT EATEZLBEALABRTRFEMRHOH BF (-~ —
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5019

Improved
. 45+ WATraditiunal
40

354

20+ postharvest '
cultivation Sawing
15 Ltand preparation

Bullock pair hours/nat sown ha
&
1

10+

5

T 1

- T T T
4 5 6 7 8 9 10 M 12 13 W 1516 17 18 15 20 21 22 23 26 25 2 1 5 3
Feb Mar Apr May Jun Jul Aug Sep Oct Hov Dec Jan Feb

Fortnights/Months

®|—26 Average seasonal use of bullack labor with improved maize/pigeonpea intercrop
‘'versus traditional rainy-season fallow with postrainy-season sorghum and
chickpea on Vertisols at ICRISAT Center, 1976-81,

T T T 1 1

i 3 ) . | T
4 5 6 7 B 9 10 11 12 13 4 15 16 17 18 20 21 22 23 24 2% 26 1 Z 3
Feb Mar Ape May Jun Jul Aug Sep Oct Noy Dec Jan feb

50 ~ Impraved

454 7722 Traditional
-
= 404
E 3
e
€.
£ 204
&
2 254
i |
2 204 posenarvest

1 Sowing

FRTR cultivation A Land preparation
3 Land preparation
2 104 . //

5 / //"

2 / 2,
19

Fartnights/Manths

&B—27 Average seasonal use of bullock labur with improved maize-chickpea sequence
versus traditional rainy-season fallow with postrainy-season sorghum and
chickpea on Vertisols at ICRISAE Center, 1976-8l.
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TR =R VBT NG, LANoTETAGTREEEEPS ), HELEOT VYo%
TA2HETTHL, TOZ7RALEFNTEANTHE LESBERERXEINb>TWARKI O
AR 2~3 ARETTH ok,

a.m p.m ( Farhatabad # )
P 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 B8 9 10
1 1 : 1 1 - 1 1 I 1 | I 1 1 I 1 i 1 L
| I :
i i |
AME 1‘ J b QIHJL ,I‘ d
1
(Santap]:)a)4 1 { T 1T 1 T 11
BE | moaiby WOAEHLD KA mOAEbD B 4 g
HIOBRY  FETOVT  —> £ HIFOBMD (#%) 7t

(‘V'\‘V—',ﬁﬂ)g}- |

!
!
! !
! 1
i
I
I
]

B £ L L + l
(Swami) 1[ { 1 T ’I{
et WoAThY 3 i - wWoAtbh B H
H ORIy g ARERUREOC  gmommy (i) &
RUNT 4~ rTam | e
I |
{ | :
C e L L ]
{Nagana) ™ + T | % J{
) 1
1 MOBWh RETOC ! ! MWoAthbh : g d 1
RERVATDY w5 - L G EE A ) | (%),
| L i 4
| : {
(siomamamns) T i : JT %
Shishanappa 1 I { l
IV OEHL b {
5 _ ., By ¢ o A 4w (= <
S g CHe# ) ) ®
E ' :
| ! :
BM—28 MF(EA)DLI ROEFERH
M-293BE ( Svami JORBO—~ROFERTH .
() a m p. m
4 5 6 7 8 9 1011 12 1 2 3 4 5 6 7 8 9 10
B gig ﬁ —_r 1 | ; 1 [ ) I | ] A 1 1 L ;_ | llj .1 ]
£ B & ] mrexl e (RBasrSeme) T &d
® T DEHRL b EFEFAIVITQ%
—29 BFE(REB Y01 30 &% 5F (Farhatabad %D

-65—



Chid A==t V=T EWnWTIRENCRELLENWIDTH L, D% h HHHER
8B &% 6 FEt CIEGK B M OS BN FR % 1T 5 ¢ & 107 By (1 LA OMRE £ 0
fE2k & % B PE BB,

Farhatabadfic s 2 it & MR BB S ~1 04aT 2 ~ 3 ADHBMEC X >TH
BEENZ I TWnD, BECLPHRENOCLIS K 1BKSE O AFOLBE LRI OMAEGELRE
n= 32— YARTH3E,

EMEATHE =~ d v b« V= SOEABFORRETH00 02— S ETH D,
FHRiE1L,000~1L500r0E—4ETCESICL I BLR D,

FHDOELHNMEBEHOWFIL BT LN I PENE N, Fk, FAER( 24U ToHRA)
OEEFREBLTZBCOMAETA2M»0BATEFTDITREEZNWLD, HFEHHDERMULTHBAL
BTWni, TOPENL DD N2 -rhR s bbb,

@ MEELRNCEAITHELTYW S, HEBHLLTHORCEDLALTWS O %R
OLXRBEM Y BAOHMMOERC D LD, TOBEGNRE, FHEEAILHL Y 2BERE
g

@ FrhMtACHL, HAGHEEE LTORIM 2 - 3B\, ZORELHORN
R LFHEEHRAR L & 5,

N hEAOB T - A2 BB LIEFCI RN, B~ 24 OFarhatabadD - &ES
Nichn, COMRESRICE Y EROHAA DD, 2% VMERANEE WS B TH % { HilH &
WOHORTHRECTERLTNELLTHE D, 2, BHLLMAARABE (BETHERATLTWEA,
EBE, REES ) 0LMOHELTROITATLIRRLE ¢, HeREHFIaDT 2E5% <
Roh, BAOIHILERICHEE L THRE. COBREGNEEHEEHERE LD,

F— 24 Farhatabad viltage, Gulbarga

Exte;mt of area No. of owners
{ 24a 110
~2.5 ke~ 85
Y Sha 174
Total 369
Tenants 3

* 1 HPRERGOMBRBTEOE, cOMRNE 5,

—HO-



FrTEHEOEMAE ( PO TFRMICODWTEL TE2 2, —BPHCHIBEOZENWHED
MUBELI DL NFROBEENTIOTH 22, ZOHE TR @ & LT
HEh a0 CAMEARDEZ N,

T " ANMEC L ABE" L " HHECLAMR" OX L AKBREORANEHLE, HE(1E
MU ) OERENEZ X DI EVWI BPTEBE % B0 IMEMSYTEBTED S iZ BIRE 2
ZNLOONEACEDMENRENL IR TN D, L LHMHE—EHRE L W oTBEBHES (0
FYVRREENEZIEDTHEER AV, TOBCOBRITELETI Y, T HOHEE T
Ba

ﬁ%mf5&@—30@ﬁmm%o

——— i A D — i} —
R o oE

e F -

MR E ks

% % o ENTT
& ~—

M—-30 o xExHKtto X E

BEHBETZELABE, MCdBECHER LW B2 B8 CEHE, HunalETd 35
BREBEORDEThE L > LUMRBBEL LT B BE Lo B HEORGE TR T 54
BinlFERZAETHRET 20855, 22 8 A THTORBEBRICHL 201X, T
BOEFH LAHN, B2 BALAZRES, TOWMEEO I v-=r 2R RAaRERD LI %D
DThd, BEY, HHEOWHRAI 2L whraThd THEMETE L, T AHLWEH
BATE D WERDORERE LG RE 2HRMEZERE T LT LB W 2 29 E N LB &
hhe TOLILAMETLLOBERTAZLAREZRL LTHLWHFHEACHETE 5Kk
THhOITRMECIEOLbNE, LAFSTHLWHEFTZEZEARCHFTWwa Az Thidt
NTHRMAER T 2L WO MAEZELZE, LT LI TRBTEELA VW, 5% TOMNY
Ak " #HeifitBEIhERWwoL" RABTH o, AXBCHFCRTEET LA
BWHDThofke TAZOMBRIE BT LM KONV ARSBEATVWETLETHE, 22 D
PERERREN, HETA(—REEH ), HEHEB (BRIE ), HEEC ( XER ) HORXFUpnD 5,
COHBEREKRDPEDE IR ML RR 2 >ATI LW 2L Z7ORRBILLEET LSS 5,

HUEFHOHALHLPES oK TA4ER L THEm %2 2l L % 7 h i R0 % 3Tl o
5% N,

4. Wheeled Tool Carrier DRI A & BiR
() WTCoH&

vertisol management technologyZ iR KIEN BT 2BE5 0K & 2 MERE AE

—67-



BTd b, ZOFHEFNTWheeled Tool Carrier( WTC ) O MiZHBARTTXREZ 3O

LTADo Wik 27 A —HHCEBWREXRZITHETDELICRISATOMBLLT
WERNERE N Z 72 -OBRBATETHY, Totb LW T Codt Kt
EhBAIHTVD. L L, ThIPPRRCERIN D2 TiICE s = 1 EOMEARS
Bo TLTCHEMEL LN DFRFEL OV TAFRERICRTT 5o
D WTCohaxpbaLYrdidsd
@ WTCofHRrEE+T2
@ BTRMBcoMACHIRMB) Skad#s b,

i) HESrsBEABEORE

1 L0 LM (private, corperation ) D3
@ il BEEoMm CERFM) #EL S

ATV X —, FRE-ZLOT L oF A OENER

coft@®, QRIBTOHEMAEETSH ), RECEBFRTEA VL, 22DV TR
REEEERD L 3 4 00fiKo LG MR AREZRTHMEHE T2, T2TO
OBREHBRROERHTHEILCHENTDHLLELLALL, HIKO®— |) OBESMNE ok
PR EER T84 » FOW -2 HIEHOHSHEUTEL 2 LEEZ MRS 5,
chitfio@— i & LTHAZE, AHEE TR ARKIZEHLET Iy —vaf
ELTHBTRET 2 HENRENTDS 5,

2 WTCRLE L¥ORBRRE

KRB ARCcOMETEABHE - BEBEB LW BBL LI L THEBEL K
TokblnhblAsHERSL, FZCWTCHHTHLETIHBFFHEMNE L <A
BATHARDICT 54— 2 2 —OFEMERET L, TR ZACEMLARPE T »
YERK T Y A LORE, MBLWIEELEWTALR, ChLOHAERT T4
Re— b2 22— CREEL TS,

DF h B EHBELMCRAL, BEHLAROSAS L Lo TFEHBEMNELALL L
br et T 2N Th o, ChEMMCEL, ARBUELABAOWTC Lehtihs
ANV — 2 — e MROENCHELRE LMIETHETWFES LSRN S 2824 n s
L DT H D,

RCZDOWTC e ALARLBLEOREZHL T, R-250RTAHLWTC
AT 2 HE, AR, SRERLIILLEEVRCT 185000~ RE20nRYTH
D9 LaLBUBENYMAL, WTCOMBATAE1 BORB (2 )3 XL THb.
BB MR ER T TSRy, BREICRISATTHRLTWE 27 14
Y= @ FR24—bT 20 FTHEAE S 6B RAEIMNT.

RECmAGWTC, 4, A~v—2 %t 1L L THARETAIBAOHER, B

-68-



OA, FORBLETR, HFHNEKrnWraBEnHEraR LY tohdtb,

SHANAHTERN L LTEL ABE, 1~ FrrdttFX, MEFRanE fimmiEs FkT
H5 95,

#-25 WTColmAAINLA

{ Bf ; Rs)
WTC Bullocks (1% Operator
B A6 17,000 8,000
HeFF & (EH ) 1,700 2000 3600
 tHER 10 10 10
1 DEMOER 34,000 28000 36000
” &% 98000
1 EoE& 9,800
i B ¥
1 BMAboa x ¢ 49 (9800,200days}

BL, cORHAFBRCEVNZEBEC A2 EFARITITATHWE W, TAHBRAOWTCIC
AR T RD DD, 17 vBEZERLTWE N,
ICRISATTHRCHELYTHS, TROBRMIKEDIWTCoHEAERTLTWLAE,

WTC Rs 22-day
Bullocks( 1 3f) Rs 25/day
A — B Rs b5/day

& it Rs 52/day

COFROHARAE RO LI EHRIND,

1) WTCo#f, TRRUBRNEETHS

m) MECHES MAOIKAER S

~) R EORERAEARFIBLETSH S

=) BRBETTONRENREINS

&) RPN TEOBFRICO RSB S (agro—industiry)

~ WTCoMNBETL240RALRKEICIZ AV -FAEOMBEEHRRTED
BErzoBEwKi ICRISATHAWTCoOMHEIB22 4 - bR ALTHEIRADLL
1ty tOF, A~v—%—, WTCT1HS5 OrE—LlETHhEHECE2LE5 5605,
th, CCREFTHIFIZZ—HHAMEN 1Y 600 Ed—~T 02 E-LE2ED
£THRBHICEHS RAF PO

AL, cht T 2B BHEL EsTantEshidz sz (EHEEETHL

-69-



), LB LEME T TEH&NI 24520, BFOMMICL b BEESEAL, BRI &5
Ebbbhfd4 V. FrrERKet2R0BAE/UEREEL LR 5,

5. %A Vertisol Management Technology @B EIR TOELERR
(1) S BLEI i @ 5 I R 0 MR 4T & 4 24
PESBT MR CRO FREC T2 REOREM L WA ICHE R fEl % BB T RERT 5

B b, HCRBERNE 5T ICRISATORBIKENTVertisol man-

agement technology @Mk rH L2 BB F, dry sowing ALABASoRH O

REPWN27e0RREFTok, il "Step in technology” &b ¥— = T 2 LD}

W6 treatment T 2RI ARO 2HMARTIT oo Hik, HET REWCIEBT A,

RAZ CORRBHOEHAMBREL L 2 o TV 2 HERNO —2 T2 B REMITHE(B
BRI LHBBRAOBE2BGLYE, TORNAMRTERT I LZAML LA O T
Hbo

@ BBFO#EATIlocalit A (local® ) ick 28

BBF®D#HATAgri-bar (Tocal B8R ) & BHHE
BBFOHATWTC(ICRI SATHAR YICL 2HE
Flat{ A2 T% LY TWTC i & 2¥HE

Flat ¢ localfffliT X 2 #ifE

® ®Clocal Z#fitEcH LD (ML EH)

CRICLBHEBBF, RABOMBWIC L 5% treatment i€ 1T 5 BN c ik AR =0
PNz ofk, WCBBFUR CHAMTTHBERRODL LT WIECREK (runo £f
water) DL WECRETOMBERbhA L Ve 2ARFOHRBIR R TH S Lf1at
THELTHOIWT COREI>TAA Y22 BHEOMHMELRMT 22 L 2BH LD,
ZoE B vertisol management technologyid B3, T OEORFETRIC L o TEF ORI
bZEDLY, ETOVertisolME TR LR £HK T 20 THEEWEEL D, ThidRAKM
KTHHR VOWUMICH BN A b BRwoTh s,

L Lads, cee/rvdia, bovraavlerhtRftE 7y bEolligz Lo~
TH5HE, treatment KEXBZRED D LWRELD, MEABELHRET 2L &0H ML
HRCDBDLEENBP D, B— 3 1—(1), @, 9, QEFREIhieTF~2Ts AaHa, t

® ©& ® 8

VERIVEETIZT Ry bbb YTy EITN] treatment 2 Y 7Y ¥ SO5E
FHEWERY, IO EE IO WTOHEBRE RS cAR LD E Y A Hal
FNATHEEHOZW T o » t O HRERHERENC L BHEI L, T2ty T3 YT
WT 4 PLHAREBENI OO Y 24 4 LEBRODRHEDL bRk,
CORBRAOLHERMTICL S treatment OB L Y 3 WO BERE 2R TAHENLD

-70-



FM—-31 YaHablovzoavgBraRags

Malze
D X%
fEfk #0838 7% viold
Yield Sorghum kg/ha
1 30007
kg/ha
5000 .
400D— 2000 -] ¥=15G1.85+50. 62B6X%
4 % R = 0.716**
1000 A
2000 ¥=1918,.58+26.6781X 1000 -}
Y R = 0,7 **
1000
T T T T T —
50 100 14 20 30
No. of Standings at Seeding Stage No, of Standing at Seeding Stage
{plants/Sm/row) - {(plants/5m/row)
(1) ¥ »rH s tsiy HFEIFMEE LIRE OB (2) b e e a o BT AR & T OBUE
vield Sorghum
[+]
Ny '
kg/ha
4000
[}
3000 -
L
¥=1421.664+26,7266%
2000 R = D.Bﬁ**
1000 7 *
T 7 T T T T T T =T T ~Y
20 40 60 8o 100
{x1,000}
No,0f Plant / ha at harvest
B) ¥ nH s TS B VR & I OB
Maize
Yield
kg/ha
1000
2000 ¥=1531.75+19,4838%
. . R = 0.641F
™
1000 T
L ¥ T T T 1 L ) ) L
20 4qQ 60 80 (%x1,000)
No. of Plant / ha at harvest
@ P vEwa e R LRI BT

-71-



(2}

HMPKERL 5L 230 LHI A D,

dry sowing ®ERIC X 5 F g

dry sowing ORFIK T HBELFTHICOWTH~N7, dry sowing THEE OFE
HaCL e, PR LIARELZHCC LT ENELTRMEZBALTNE, 26D
Ry BEEYTHELAREG, BEC OIS ZEBRB LT ELZ20I~NAIDTH L,
ESpIE K, HIEE, BT rHBKMENLer, Scn, 1 0cnPBICH AL, T 5ICIEMH
LRt coMiMeMAkcl-oTEL, 4«2 08M, 1 588, 108/, 58M, 0
REMFORBIREITAEBHHE Lo treatment EHROFMECODW TR T~ ~2 %
R INIL N,

zhitksd s, ¥YERMORBBRHETHEHEL, 20 HHOENCRBL Tt T EBED
BRERT AN LN B, (MHTHFOMBORESEH—3 2 281 )

el BRIRFCERTL2I0L LTHMAIERI SR bNE, ChIKELD2EATTH
1 0em@BMI L %979 LMMICTEFBENFT D, P ~=4 FREZDEH DD D, Bk
EVDBRATWEREITL 1 Ocn OB CRBEERETH L, THEMP Ty iic L bEg
ML ERAES, 2hEEBRUECREEREREEL S5, T Tdry sowinglCinT
DHBICL o TRFLAMF IR BTAREES, R TLE SRR EEE L CEm
ACHHUTELY, COBRMALEH TR SmABETH L %5 Lh 2,

InuHa, H=rivy PEOBBHTEHIMNE MR RT3, HFES b/
ROTPE DS VRMA 2T B4 S THEERLRETRARDL L 5Th b,

-72-~



Report of Dry Sowing Test

At BP-1 ICRISAT Apr.-May 1983
by Y. Nishimura, G.M. Heinrich, J.,A. Thompson

Germination test for dry sowing
Treatments: (1) Crops; Soybean, Groundnut, Greengram

SE
cv

1)

2)

3

(2) Depth of sowing; 1 cm, 5 cm, 10 cm
(3) Interval between sowing and irrigation
20 days, 15 days, 10 days, 5 days, 0 day

Result: Percentage of Germination
' Soybean Groundnut Greengram
Interval 20 days: Depth 1lcm 53 B4 77
S5cm 30 89 91
10cm 0 71 67
Interval 15 days: Depth lcm 53 92 90
5em 33 65 a2
10cm 1 59 58
Interval 10 days: Depth lcm 53 85 93
Sem 28 79 95
10cm 1 56 75
Interval 5 days: Depth lem 45 92 90
S5cm 28 88 87
10cm 1 44 69
Interval O days: Depth lem 64 88 92
Scm 49 83 90
10cm 1 36 78
Depth of Sowing Interval between sowing and irrigation
Soybean G'nut G'gram Soybean Groundnut Greengram
(m) 3.96 21 4.6 5.5 27 4.8
23 9 g.7 33 11.56 10

#*% Significant (P<0,01)

Stgnificant differences were found between the % germination and the depth
of sowing for the three crops. If seeds are sown deeply in the soil,
germination may become poor especially soybean cannot germinate well below
the 5 em, however, groundnut and greengram are still active even if sowing
is below 5 cm depth.

No significant differences were found between the % permination and the
interval between time of sowing and irrigation (under dry and high tempera-
ture conditions}. The seeds of the three crop types tested were still
active even after 20 days interval between sowing and irrigation, and
especlally greengram was particularly active when compared to the other two
crops.

When dry sowing is introduced into the fileld, the depth of sowing is more
critical than the time of sowing.
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6. REPORT OF WORK ON “STEPS IN TECHNOLOGY”
EXPERIMENT 1982—-83

Y. Nishimura & G.M. Heinrich

Introduction

As the demand for the use of the Black Soil Management Technology grows in various
Indian states, more and more local adaptation is required. Further, when farmers and depart-
ment officials first confront the management sysiem and the cost of the wheeled tool
carriers (WTC) their earliest questions commonly focus on the need for and uses of; a) the
WTC; b} the broad bed and furrow system (BBF).

In the future, the spread of the technology is likely to be impeded by the cost of the
WTC (now at Rs.17 to 20,000 with attachments) and farmer resistance to the BBF part of
the technology has already been manifest at 2 out of 3 test locations.

Earlier work in steps in technology experiments has not separated these two com-
ponents of the system from other management factors such as dry planting, improved
cropping systems, banding of fertilizers and use of HYV’s. In this experiment we attempted
to eliminate these confounding effects and concentrate on answering three of the most
commonly asked questions; a} is the BBF really necessary for improved production? bl is
the WTC essential to make the system work? and c¢) how much can we produce without
either.

Materials and Methaods:

The experiment was conducted in field BW4B (black soil watershed 4b) at ICRISAT
cenfer, Patancheru, in 1982—83. Laid out in an RCB design is contained 12 treatments with
2 replications. Replications were minimized to accommodate plot size (0.08 to 0.1 ha)
within the field. Large plots were necessary to examine the efficiency of various machines
in performing field operations.

Two cropping systems were used. System A was a sorghum/pigeonpea intercrop (CSH 5
and ICPI-6 respectively). Plant populations of 180,000 and 60,000 plants/ha were targeted.
All sorghum plots were thinned. System B was a maize-chickpea sequential crop (Deccan
101 and Annecgeri respectively), with targeted plant populations of 70,000 planis/ha for
maize and 60,000 plants/ha for chickpea. Improved crop row arrangements were used in all
treatments except in the Traditional, and were as follows: For sorghum/pigeonpea, on a
100cm bed, a center row of pigeonpea was bracketed by two rows of sorghum, each 45cm
away. The beds were separated by 50cm furrows. The same spacings were retained on
flat-on-grade treatments; for maize-chickpea, the maize was planted in 75 cm rows; Chickpea
was planted as 4 rows, 30cm apart on a 100cm bed, the beds again separated by 50cm
furrows. The same spacings were retained on the flat treatments. In the Traditional treat-
ment, “traditional” row arrangements were used. For sorghum/pigeonpea, there were 9
consgcutive rows of sorghum with 30c¢m spacing, followed by 2 rows of pigeonpea on a
60cm spacing. In maize-chickpea plots, maize was planted in 60cm rows in the kharif, and
chickpea was planted in 30cm rows in the rabi, [t was attempted to keep plant populations
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per hectare the sume throughout the experiment. Maize and sorghum both received 100
kg/ha DAP (1846-0) as a basal fertilizer does, plus a top dressing of 46 kgs N/ha applied as
urea. Pigeonpea received a basal application of 33 kg/ha of DAP and chickpea 100 kg/ha
DAP. All basal applications were banded with appropriate equipment and all top dressing
was done by hand. Each cropping system (A&B) was used with 6 management treatments,
giving a total of 12 treatments. (1-6A and 1-6B). The 6 management treatments were as
follows:

1) BBE-Traditional: A BBF system was formed using an “agriber” !} and spraying of
pulses was done with modern machinery. Otherwise only “traditional” equipment (tippon,
blade harrow, etc.) was used for planting weeding, etc. Crop row arrangements were of the
“improved”” type.

2) BBF-Agri: All operations were performed with the lower-cost agribar*? instead of the
WTC, on a BBF system. A metal tippon attachment and handmetering of seed was used for
planting, in place of the mechanized metering system.

3) BBF-WTC: This treatment was on a BBF layout, with all operations performed by the
WTC. Improved row arrangements were used.

4) Flat-WTC: All operations were performed with the WTC on a flat-on-grade surface, with
improved row arrangements,

5) Flat-Traditional: All operations were performed with traditional equipment on a flat-on-
grade surface. Improved cropping patterns were used. -

6) Traditional: Traditional equipmeni was used on a flat-on-grade surface. While HYV’s™
and fertilizer were used, only “traditional” row arrangements were employed.

In all treatments, initial moldboard plowing was performed with the WTC. The pulse
crops received one spraying of endosulphan just after flowering. This was done with a
“Blue Boy™ tractor/sprayer in pigeonpea and with a knapsack sprayer in chickpeas.

Difficulties occurred at planting time because of a lack of available manpower and
equipment. The results were that planting was (a) generally late and (b) there were differ-
ences in time of planting for each type of equipment because operations had to be
performed consecutively rather than simultancously. The WTC treatments were planted
first, the “traditional” last. Towards the end of the planting period the soil was drying
enough to affect germination.

Weeding also presented problems in the “traditional” plots because of uneven rows and
poor equipment for intercultivation. The situation was finally resolved by hand weading all
weedy plots. Plots 13-17 included 5 ‘“‘traditional” equipment treatments and one agribar
treatment. Unfortunately this section of the field was severly weed infected (prior to the
experiment) and this had a major impact on plant stands and yields.

In each plot, at each harvest, 4 samples of 18m? (1.5 x 12m) were harvested from the
center sections. {In pigeonpea plots, whole plot harvests were used instead of samples, for

*1) Sholapur bed shaper
*2) Akolacart
*3) High Yielding Varieties
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yield data, because of variation within the plots). Plant counts were taken at this time in the
sampled areas., Harvest samples were sun-dried and heads threshed before the dry weight
of grain and stover were measured. Pigeonpea yields were reduced by 10 to 20% due to
shattering.

Notes were kept as to the time and labor required to perform each field operation, and
this is being analysed by the economics program.

The dates of each operation are presented in table 1.

Table I Operation and dates

Operation . Date
K harif';

Bed marking 26.5. 82
Bukhar . 27.5.82
Bed formation 28-29/5/82
Fertilizer application 18-24/6/82
Planting 19-24/6/82
Intercultivation 9—-14/7/82
Hand weeding 21/7/82
Thinning 24/7/82
Harvest 5/10/82 (muaize) 19/10/82 (sorghum)
Hand weeding and land preparation 15/10/82
Fertilizer application 18/10/82
Planting 16—22/10{82
Hand weeding 9--19/11/82
Spraying 25/11/82
Harvest (1st) P.P. 7/1/83
Harvest (Bulk) P.P. 19/1/83
Harvest Chickpea 31/1/83

Results and Discussion:

Qualifications about the data:

Few direct conclusions can be drawn from this data because:

1) 1t is only one year’s data. Though precipitation was *‘average” runoff was quite low
(around 1 00mm).

2) There was considerable difficulty implementing the agribar and traditional treat-
ments due to poorly maintained equipment (as in the case of the *‘agribar”) and a low level
of operator expertise (as in the case of planting with the tippon). This is a very important
point in considering the comparisons and we should probably try to correct this if we want
to make accurate comparisons in the future.
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3) A group of 5 traditional and one agribar treatments were grouped by random
chance in a poor and weedy section of the field. As a result, yields of ‘“‘traditional” treat-
ments were unduly biased downwards giving an unrepresentative picture of the variability
and potential of the traditional treatments. A revision of experimental design is essential

for next year.

4) No statistical differences were found in the analyses, except for the comparison
between chickpeas, planted with the tropicultor, on flat versus broad beds. (flat was better
than beds). This is a reflection of the fact that within treatment variation was as great or
greater than between treatment variation. The explanation for this probably lies in the

above comments.
Neverthless, there are some generalities that can be extracted from the data, and it is

worth considering these in regard to their implications for future experiments of this kind
and to be technological package as a whole. Yield data are presented in table 2.

Tahle 2 Crop yields in the 1982—83 “Steps inn Technalogy™ experiment

Crop yield (kg/ha)
Treatment Rep, A B
Sorghum Pigeonpea Maize Chickpea

BBF-Traditional 1 3945 404 1553 593

2 3083 420 2505 1019
BBF-Agribar 1 2804 915 2871 1024

2 1148 180 2326 o017
BBF-WTC 1 2396 467 2608 1033

2 3375 751 2627 989
Flat-WTC 1 4955 724 3251 1429

2 3739 399 2952 1327
Flat-Traditional 1 3048 348 1464 550

2 2935 748 2548 789
Traditional 1 3160 785 2339 663

2 1822 146 1262 439

1) Is the BBF necessary for maximizing yields?

a) In only one case was there a significant difference between yields on flat and on
beds, (in WTC planted chickpeas) and the flat planting was superior by about 400 kg/ha.

b) Iin general, yields on flat tended to be higher than on beds even though statistical
significance was not shown.
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Inference:

In this year drainage was not a problem since rains were “average™ and reasonably well
distributed thus the indication of no yield difference between beds and flat-on-grade is
probably correct for these conditions. But to go a step further, only rarely in the past has
there been evidence in “‘steps in technology” experiments to attribute significant increases
in production to beds. And even in Madhya Pradesh in 1982, when rainfall was over
1300mm (with excessive runoff), soyabeans on flat-on-grade did as well or better than those
on beds. This evidence suggests that the real benefit from beds are long term; erosion
control and reduced soil compaction; rather than short term increases in production.

2) Is the WTC required for maximizing yields?

a) The WTC generally gave higher and more consistent yields (probably associated with
better plant stands). Unfortunately it is not clear how much of the variability in “agribar™
and “traditional” treatments was due to later planting, poor machinery, inexperienced
operators and poor field location. There is need to improve this side of the comparison in
future tests.

b) The WTC generally achieved the maximum yields. This was true even though the
operator had little experience with the WTC. Use of the tippon is more dependent upon
operator’s skill than is the WTC. However, all machines were capable of producing 3—4 ton/
ha of sorghum and 2.5-3 tons/ha of maize (without BBF but with otherwise improved
management).

¢) Economic analysis of time and labor required for the various operations is very
important, but has not been completed yet. It will be released later.

Preliminary implications:

The WTC is probably the most effective and efficient equipment for maximizing yields.
However, it is also evident that fairly good yields can be achieved with other equipment,
under conditions of good management. This would be good to keep in mind should WTC’s
be unavailable or present in sufficient numbers in a particular situation. The results of the
economic analysis will be important,

Potential productivity of the system without BBF or WTC:

It is clear that both the WTC and the BBF system can make significant contributions to
improving productivity in the deep-black soil-reliable rain fall zones of India. However,
should the results of this year’s experiment be substantiated in future years, they could
have significant ramifications in the terms of increasing the rate of spread of the technology.

The following discussion will be primarily concerned with potentials of what can be
achieved and will therefore, concentrate on comparing maximum yields per treatment
rather than averages.

The overall maximum yield of sorghum was almost 5 t/ha, achieved in the Flat-WTC
treatment. However, maximum sorghum yield under the BBF-WTC was 3.4 t/ha versus
3.0 t/ha in the flat-traditional. This is not a large difference and the 3.0 t/ha of sorghum is
still six times higher than the normal yields in farmers fields of about 0.5 t/ha.
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The results for maize were quite simifar, Maximum yields were obtained from the
Flat-WTC treatment (3.3 t/ha). But maximum yields from the BBF/WTC and flat-local
treatments were 2.6 and 2.5 t/ha respectively. Pigeonpea yields in the BBF-WTC and flat-
traditional treatments were again the same. Only in chickpea yields was there a large
difference between these two treatments and this was non-significant.

The evidence from this year therefore strongly suggests that there is potential to im-
prove significantly on traditional dry-land yields in black soil areas by using a system of land
smoothing and fields drains, dry planting and using HYV’s and banded fertilizer, but
without using the BBF or the WTC. This is only one year’s data and requires further con-
firmation in future years. But if the data is substantiated, it could have important ramifica-
tions for more rapidly spreading the black soil technology package. Farmers could start
with the simple parts of the package —plowing after the rabi harvest, land smoothing with
buck scrapers, use of field drains, dry planting and improved cropping systems —and achieve
a major yield boast. Later, as WT'C’s became available and farmer’s familiarity with the
system improved, they could be introduced to the WTC for easier, more efficient field
operations and to the BBF system for improved soil conservation and maintenance of soil
structure. By initially delaying the use of the two more complicated parts of the technolo-
gy, the project areas could expand very rapidly. Introduction of the last two components
could proceed at the siower pace required without hindering the spread of the technology.

NOTES:

Plant stand: The importance of good planting and ebtaining a good plant stand are indi-
cated by the relationship found between plant stand and yield. R values for plant stand
versus yield in this experiment were 0.86 and 0.64 for sorghum and maize respectively.

Miscellaneous: Notes were kept during the year on difficulties encountered and sugges-
tions for improving the experiment in future years. Some of the more relvant observations
were;

1. Plot lay out should be re-examined because at present almost a whole set of traditional
treatments is located in the poorest area of the field.

~J

A split plot design with machine type as the main plot factor would make for faster
and more timely planting.

3. The traditional single-blade harrow is difficult to use on traditionally planted sorghum
(30cm rows). This is because (a) it is unstable and (b) the rows are generally not
straight. A double blade harrow would probably work better.

4. Planting with all different types of equipment should be done simultaneously, not
consecutively to avoid confounding with planting date.

5. Beds with sloping sides complicate seed placement adjustment and make use of the
tippon difficult.

6. Stubble on the beds complicates planting (rabi).
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11.

12.

. The problems with stand establishment when hand metering is used in seeding might be

off-set by overseeding and thinning where necessary.
We need better “traditional” equipment for different cropping patterns.
There is a problem in maintaining proper row-to-row spacing with the tippon.

When using two blade harrows on the WTC for intercultivation, (unless they are widely
separated) debris tends to collect between them. Using an extension to place one blade
further back than the other would be helpful.

The tool bar on the agribar is attached with three hitches which tend to complicate
spacing adjustments for attachments.

The yolk used for the WTC does not allow for proper spacing of bullocks when using
traditional equipment and cropping patterns. It is important to use a traditional yolk -
with traditional equipment when using traditional crop spacing.
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Step in Technology 1982-83 Pre-results

Gross Total Gross Yields
Craop & treatment | returns operatio- Profit
(Rs. /ha) nal cost (ks./ha) Cro Grain Fodder
¥ (Rs./hat) : P (Kg/ha) | (Qry/h)

Sorghum/P., pea.

BBF - Traditional 6,972 1,691 5,281 Sorghum 3,514 107
III Pigeonpea 412 -

BBF - Akola cart 5,029 1,786 3,243 | Sorghum 1,993 63
VI Pigeonpea 555 -

BBF - Wheeled T.C. 6,820 1,588 5,232 | Sorghum 2,826 105
IRY Pigeonpea 592 -

FLAT - Wheeled T.C. 8,445 1,670 6,775 | Sorghum 4,326 117
I Pigeonpea 556 -

FLAT - Traditional 7,208 1,627 5,581 | Sorghum 2,991 123

with improved row IT Pigeonpea 549 -

arrangements

FLAT - Traditional 5,916 1,519 4,397 | Sorghum 2,434 104

with traditional Pigeonpea 438 -

row arrangements

Maize/chick pea.

BBF - Traditional 4,480 2,388 2,092 | Maize 2,031 26
v chickpea 807 -

BBF — Apri-bar 5,609 2,285 3,324 | Maize 2,607 33
II1 chickpea 972 -

BBF- Wheeled T.C. 5,966 2,208 3,758 | Maize 2,603 52
IT chickpea 1,010 -

FLAT - Wheeled T.C. 7,352 2,872 4,480 | Maize 3,111 47
I chickpea 1,402 -

FLAT - Tradicional 4,315 2,157 2,158 | Maize 2,107 27

with improved row v chilckpea 692 -

arrangements

FLAT - Traditional 3,598 2,389 1,209 | Maize 1,781 24

with traditional vi chickpea 556 -

row arrangements
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II. ON-FARM VERIFICATION FOR IMPROVED VERTISOL MANAGEMENT
TECHNOLOGY IN KARNATAKA, INDIA

Y. NISHIMURA

I. INTRODUCTION

Since 1972 ICRISAT has attempted to improve the technology of farming systems in the
semi-arid tropics. Its approach has been through plant breeding trials, fundamental research
on five crops, pest and disease control, soil and water management and integral aspects of
these four disciplines. These have been carried out by individual programs over the post
10 years.

The farming systems program is attempting to integrate these different aspects to
develop an improved farming system, which will help increase and stabilize agricultural
production. Emphasis is given to more effective use of natural and human resources in the
seasonally dry semi-arid tropics.

In the ground state a basic technology has been formulated at ICRISAT and is called
“Improved Vertisol Management Technology (IVMT).” This technology is a composite of
many aspects including soil science, crops management, fertilizer and chemical research,
agroclimatology and land and water management. This packaged technology has been
created and tested at the Institute and has produced a viable response that could be applied
to on-farm work. However, the technology has not yet been transferred to farmers. In
1979 ICRISAT introduced on-farm research as part of the farming system research program,
The vertisol management system was tested by farmers at Taddanapally village (Andhra
Pradesh) in the 1981-82 cropping season, and in 1982 IVMT was transposed to 3 states in
India located at Taddanpally (Andhra Pradesh), Begumganj and Bhopal (Mahdya Pradesh)
and Gulbarga and Bidar (Karnataka). These trials were termed as “‘on-farm verification”.

The objectives and scope of on-farm verification trials using Improved Vertisol Manage-
ment Technology are:

1. To test and adapt black soil management technology to farmer’s field conditions

2, To provide a means of technology transfer within the national program

3. To channel information between farmers and researchers.

Within the framework of the above, I have had the opportunity to be involved in this work,
especially in the Karpataka state program, since the end of 198].

FFarhatabad and Andura villages have been selected by the Department of Agriculture
of Karnataka State Government, for initial testing of IVMT in 1982. In this report the
results are presented on 2 years operation (1982/83) of field trials dedicated to the verifica-
tion of IVMT in Karnataka state.
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1. FIELD PRACTICES AT THE PROJECT SITE

1. Initial stage

The testing of IVMT in Karnataka was initiated for cultivation of kharif crops (rainy-season
crops) in 1982, The Government of Karnataka had decided to introduce the IVMT to
dryland farmers in Gulbarga district. Finance and associated funding was arranged by the
district authorities of Gulbarga, The initial field operations were implemented by the
Department of Agriculture and while the transfer of technical information was carried out
by ICRISAT. The latter involved a preliminary technical training course given to the key
officers selected by the Department of Agriculture which was held for 20 days at ICRISAT
Centre during January 1982, Following the training the officers returned to the project
site and began preparation for the project by initiating negotiations with farmers, ICRISAT
decided to locate a technical assistant at the project site and to distribute two wheeled tool
carriers (WTC) for use by farmers in Farhatabad village. In addition, the authorities of Bidar
district which is located in the northern part of Gulbarga district, approached 1ICRISAT
with the desire to introduce the technology to their local development scheme. This was
agreed upon and Bidar was included in the project for on-farm testing. Subsequently,
technical advice and training were provided by itinerant staff at ICRISAT.

The components of the technology are:

e cultivation of land immediately after harvest of the previous postrainy season crop
while the soil still contains some moisture and is not too hard;

e jmproved drainage with the aid of field and community waterways and the use of
graded Broad Beds and Furrows (BBF);

e dry seeding of crops before the arrival of monsoon rains;

s the introduction of moderate amounts of fertilizers, improved seeds and cropping
systems, and the wheeled tool carrier (WTC) drawn by bullocks;

o improved placement of seeds and fertilizers for better crop stands, and finally, atten-
tion to improved plant protection, particularly for the legume crops.

Cultivation in 1982

Farhatabad

The layout of the watersheds (16.5 hectares) was completed by the end of March 1982. A
topographic map (scale: 1/1000) of the watersheds was constructed by the Department of
Agriculture-Soil Conservation Division, Gulbarga. This was followed by land cultivation and
smoothing, bed marking and finally the formation of the BBF which took place during the
summer of 1982. Greengram and blackgram were dry sown on 6 ha between 10th June and
14th June, and a 35mm rainfall received on the 16th June was sufficient for successful
germination. In addition, wet sowing of greengram was carried out on 18th June on 1.5 ha
and sole pigeonpea and pigeonpea intercropped with groundnut, sesamum and maize were
wet sown shortly afterwards. Weeding and interculture took place during the dry spell
between 10th July and 21st July. Unfortunately, both blackgram, which was sown in a deep
plowed field, and maize were damaged by drought during this period. Greengram and

~105-



blackgram, the first crops in a sequential cropping pattern, were harvested on 20th August
and sesamum, which was sown with pigeonpea, was harvested at the beginning of Septem-
ber. In the beginning of August other farmers joined the project for rabi cultivation, and
the BBF preparation in a second watershed area was initiated.

Immediaiely following the harvest of first crop, the fields were cultivated, retaining the
bed formation for the rabi crop. In mid-September there were good rains and rabi sorghum
as a second crop was planted between the end of September and mid-October. Unfortunate-
ly, most of sorghum had to be resown because the seeds issued by the Seed Corporation
showed poor germination. Safflower was planted after blackgram harvest on 8th October.
Groundnut, that had been intercropped with pigeonpea, was harvested in mid-October.,

An endosulphan spray for Heliothis control in pigeonpea was applied on 20th Septem-
ber at flowering and was repeated several times during this stage. Some farmers employed
a malathion dust as an alternative. Harvesting of pigenopea was completed at the beginning
of January and sorghum and safflower were harvested at the end of February.

Bidar 1982/83

The survey operations and layout of watersheds and BBF were initiated in May. BBF
preparation could not be properly carried out because of soil compaction in dry conditions,
however, shallow beds were reformed at the time of interculture. As sorghum (CSH-1)/
pigenopea (ICPI-6) intercrop was tested at Andura village in the Bidar area. Sowing was
carried out from 20th June under dry and wet sowing conditions. The farmers performed
field trials using the Agri-bar made by Medak, Medak Agriculture Center of Medak District,
A.P. and which was issued by the district authorities of Bidar. This equipment was not
designed for the attachment of the seed-cum-fertilizer drill, and instead a local improved
seed drill was used at planting time. Some sorghum seedlings were damaged by wilt disease,
but germination was generally good. Interculture was carried out and top dressing applied
at the end of July by the local equipment and the Agri-bar. Sorghum matured by the end of
September, at which time a Field Day (exhibition) was organized by Bidar district authori-
ties in which local farmers and agricultural officers were invited to the project site.

Sorghum was harvested at the beginning of October. However, pigeonpea was damaged
by Pytophythra blight disease in poorly drained fields after receiving heavy rains in Septem-
ber. Those which sustained growih were harvested at the end of February.

Gulbarga [983

There were 11 project sites and 8 povernment seed farms selected for new testing areas in
accordance with the dryland development scheme initiated by the State Government. A
one-week training course was held at [CRISAT in mid-January. Watershed and BBF
operations for the new sites were carried out in summer 1983 by the Department of
Agriculture-Soil Conservation division, and 48 WTCs were purchased and issued to the
project sites. Unfortunately, BBF preparation was delayed in many of the new sites due to
the late arrival of the WTCs. Rainy season crops did not develop well, because pre-monsoon
rains did not arrive and the north-east monsoon arrival was delayed by about one month.
Dry sowing was tested at Kotnur seed farm in mid-June; however, fhere were no rains for
one month and germination was poor. In other areas the late arrival of the monsoon not
only caused poor germination of the dry sown crop but, also prevented the sowing of the
first crop for fear of late harvest and therefore missing the favoured rabi crop. Only the
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project site at Aland responded well to dry sowing and double sequence cropping systems
this year. Pigeonpea, sesamum/pigeonpea, blackgram/pigeonpea, groundnut/pigeonpea were
planted at Farhatabad at the end of July, although, due to onset of rains greengram sowing
was missed. Sufficient rains for germination were received at the end of July and following
the first rain there were continuous rains upto mid-October. These rains caused many
problems for field operations in certain areas (specifically Halikhed, Bidar and parts of
Gulbarga) (1) weeding and topdressing could not be carried out; (2) the field preparation for
rabi-crops, especially rabi-sorghum, was delayed and in consequence it was not possibile to
sow at the proper time and the sowing was abandoned, and (3) it was not possible to harvest
blackgram and the products were spoilt in the field.

In those areas where rains did not create problems (mainly Aland and Farhatabad) rabi-
sorghum was sown in mid-October by local equipment and partly sown by WTC blackgram
and sesamum were harvested in September and groundnut was harvested in October.

Bidar 1983

Under the dryland development program, 20 sites for watersheds were selected by the
Department of Agriculture in 1983. The project set-up was similar to the Gulbarga
watersheds. In Andura village a sorghum/pigeonpea intercrop was tested by dry sowing in
June. However, due to the late arrival of monsoon and pre-monsoon rains, the seeds did not
germinate. In some of the new watersheds, greengram and blackgram was planted, but
yield was poor due to damage by continuous rain. The total rainfall in Bidar was greater
than in Gulbarga, consequently, kharif crops were more severely damaged. Rabi-sorghum
was sown at the end of October. Details of operation at Guibarga watersheds in 1982 are
shown in Table 1.

III. CROPPING SYSTEMS AND CROP PRODUCTION

1. Traditional cropping patterns in Vertisol in north Karnataka

In general the cereal crops grown on these Vertisols are sorghum and pearl millet, alternated
with perennial (shrub crops) such as pigeonpea and cotton. The basic cropping pattern in
Gulbarga and Bidar district would be sorghum planted in the first year followed by
pigeonpea in the next year. Sorghum is generally cultivated in post-rainy season since there
is less risk involved, and cultivation is easier than in the rainy season. Thus the land is
normally left fallow in the rainy season prior to rabi-sorghum planting. The proportion of
fallow land in the rainy season is about 40% of total cultivated land in Farhatabad. Short
duration crops such as greengram, blackgram, sesamum, etc., are grown in some fields in the
rainy season, although it is more common for these crops to be planted togetlier with
pigeonpea as intercrops. Recently in some small areas groundnut may be sown instead of
pigeonpea as a cash crop. Traditional cropping system is shown in Figure 1 and Bench
Marks of Farhatabad agriculture is shown in Table 2.

2. Improved Cropping System

Improved cropping systems are aimed at obtaining a greater yield than that of traditional
systems. Two main aspects were tested in the field: (1) utilization of fallow land during
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the rainy season; and (2) introduction of intensive cultivation by intercropping.

The introduction of new crops and substantially different cropping systems can create
some initial land management problems for farmers. Most of the farmers will give a negative
response to drastic changes, and it is advocated that new cropping systems should be based
on the traditional system. Particular aspects which the farmers are reluctant to change are:

1. The farmers do not like to miss the possibility to plant rabi-sorghum which is the main
staple crop in this arca. Thus, only short duration crops should be planted in the
kharif season. It is recommended that greengram or blackgram should be sown in the
kharif, prior to rabi-sorghum.

4%

The most intensive intercrop is the combination of a short duration crop with a long
duration crop. Pigeonpea is the main long duration crop in Gulbarga, and can be inter-
cropped with greengram or sesamum. An example of this combination is shown in Fig.
2. The yields obtained in the watershed area using different cropping systems are
summarised in Tables 3 and 4.

3. Result and discussion
a. Intercropping

Several kinds of intercrop patterns were tested in the watershed area but all of the cropping
systems were based upon combinations with pigeonpea. The yield of pigeonpea was about
900 kg/ha in all combinations, except with maize where it was 800 kg/ha in 1982/3. In
Gulbarga, pigeonpea was sown 2 rows per bed while in Bidar there was only one row per
bed. Even so, no difference was noted between the respective yields of pigeonpea. The
farmers in Gulbarga are interested in growing more pigeonpea than other intercrops due to
the high price obtained. Mixing pigeonpea with greengram or blackgram are good combina-
tions to maintain soil fertility, whereas sesamum/pigeonpea can be recommended as a good
combination for short duration and long duration crops. However, it is still necessary to
improve the yield of sesamum in order to obtain a worthwhile profit from the same
combination. Groundnut/pigeonpea intercrop did not produce good results mainly because
groundnut cultivation is not suitable in Vertisols; sole groundnut gave only 700 kg/ha in
farmer’s fields. In addition it was found that pigeonpea growth disturbed the growth of
groundnut by shading when planted in a 2:2 ratio. A sorghum (high yielding variety)/
pigeonpea intercrop was tested at Andura village. The result was shown to be quite
reasonable with a yield of sorghum of 2500 kg/ha and pigeonpea 900 kg/ha. When black-
gram was sown with pigeonpea with an intercropping ratio of 2:2, the yield of blackgram
decreased by less than half as shown in the following table:

Aland watershed in 1983

Crops Yield

Blackgram/pigeonpea intercrop 240 kg/ha
lines/bed (2 = 2)

Blackgram sole 6018 kg/ha
lines/bed (4)
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The following combinations can be recommended:

i. A high yielding combination; sesamum/cereal crops — sorghum, maize, or foxtail
millet; combining a short duration crop and a tall crop;

ii. A soil fertility combination consisting of a combined short duration pulse such as
blackgram, greengram and cowpea and & long duration pulse such as pigeonpea.

b. Sequential cropping patterns

A sequential pattern could be developed by introducing & short duration crop in Kharif
season prior to rabi sorghum. Greengram and blackgram were tested for this purpose and the
key question that arose from these tests was how to achieve a good yield from the kharif
crop, considering the risk factors of kharif cultivation. The factors that must be considered
are;

i.  Rain is variable and areas should be defined according to the amount of rain, and the
start of the rainy season;

ii. There are difficulties of sowing under conditions of a long dry spell (drought)
iii. There are difficuities of weeding

iv. If sowing is delayed then harvesting may become a problem due to the onset of the
North-east monsoon before the crop is mature.

In 1982 greengram rabi sorghum and blackgram-safflower combinations were tested in
Gulbarga. Greengram was sown on the 10th June by drysowing and harvested on the 20th
August. Sorghum was sown on 28th September and harvested at the end of February. This
cropping system was shown to have the best gross return of all the combinations; greengram
500 kg/ha and sorghum 1450 kg/ha, with a total return of Rs. 5600/ha.

In 1983, preengram and blackgram were tested in most of the watersheds. Only in
Aland village were substantial yields of blackgram harvested (700 kg/ha) whereas only 40
kg/ha yield of greengram was harvested in the Halikhed B watershed. Initial growth was
quite good. However, harvesting was missed due to continuous rain in September.

Most of the farmers in watershed areas did not succeed in growing kharif crops in 1983
when using the double crop system.

i. The opportunity to sow was missed due to the delayed monscon and poor pre-
monsoon rains. (some farmers are afraid that the kharif crops might disturb the rabi
planting)

ii. Weeding problems due to continuous rains.

iii. The seeds of the mature crop were spoilt by rain.

IV. CULTIVATION AND AGROCLIMATOLOGICAL ASPECTS

The agroclimatological data can provide useful information for selection of suitable farming
systern for a specific area. Gulbarga and Bidar belong to a typical semi-arid climate as
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shown by the rainfall data. Average annual rainfall in both areas is similar and is 727mm
in Gulbarga and 828mm in Bidar. Of these amounts 87% is received from June to October
in Gulbarga and 89% in Bidar. However, according to probability analysis by Gamma distri-
bution, the rains during the rainy season are more reliable in Bidar than in Gulbarga (Tables
5 and 6) and according to the aliocation of areas for “dependable” and “undependable”
rainfall, Bidar belongs to the dependable rainfall area and Gulbarga belongs to the un-
dependable area.

1. Dry sowing

Dry sowing helps to maximise utilisation of soil moisture for kharif cropping, and sowing
operations are easier on the dry soil. However, determination of the sowing date by data
analysis is not always accurate. Fig. 3 shows the probability of an initial rainfal! of 10mm,
and 30mm for a specific date in Gulbarga and Bidar by the Markov chain method, Accord-
ing to the analysis, the monsoon starts on 10th—15th June in both areas. If it is 2 normal
year, dry sowing operation should be done before those days. But a final decision must be
taken by considering the movement of the monsoon for that specific year. In 1982, the
yield resulting from dry sowing on greengram was good in Gulbarga district. The farmers
planted the seeds on 14th June and then suitable rains (37mm) were received on 16th June.
In 1983, dry sowing was tested at Aland, Andura and Kurikota watersheds and at the
Kotnur seed farmm. However, in most cases the practice failed because the monsoon was
delayed by one month more than expected with the exception of the Aland watershed
where 700 kg/ha of blackgram was harvested.
The important considerations for drysowing are:

i. The seeds must be sown sufficiently deep (5em) to avoid premature germination
after a small rainfall but not too deep such that the seeds cannot sprout; this is
especially in the case of soybean. (See the results of dry sowing Appendix I).

ii. The seedbeds must be formed uniformly and the top of beds must be smooth and of
fine soil.

2. Climatic situation—1982.

The initial effective rainfall was 35mm in Farhatabad and 20mm in Bidar and arrived on
15th June and 22nd June respectively. However, this was followed immediately by a dry
spell of 20 days and caused some damage to seedlings. During kharif crop growth good rains
were received only twice at the beginning of’ August which caused drought stress in some of
the crops. In September, suitable rains were received for rabi crop planting followed by
substantial rains received at the end of October and beginning of November caused by
cyclones passing over the area. Rainfall adn field operations at Farhatabad in 1982 are
shown in Fig. 3.

V. WATERSHED AND BBF OPERATION

Watershed sites were selected by the Department of Agriculture, and surveying, mapping,
and the layout of BBF were also carried out by the Department of Agricuiture under the
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technical supervision of ICRISAT. Within this framework, the Farhatabad watershed was
established as a model watershed in Karnataka in the beginning of 1982. The field
operations were performed well and officers who attended the training at ICRISAT showed
much interest in the technology. In May 1982 the Andura watershed was included in the
scheme for the development of BBF. However, the preparation of BBF was not good due to
the fact that the soil had already become hard and compact by dryness. It was mainly
these two watersheds that were managed and tested in 1982, The development cost of the
watershed was recorded in Farhatabad. Total development cost was Rs.182/ha for which
34 man. hours were required to prepare one hectare. However, if the additional cost for
manpower supplied by the Department of Agriculture is included, then an additional Rs. 50
per hectare should be added to the total amount. For one hectare of watershed to be
developed by 1 pari bullocks (working 8 hr/day), a total of 4.5 days is required. This
-information can be usefully employed for the development of new watershed areas. The
details of development works for watershed are shown in Table 7.

1. Results and problems

A total of 16 ha of the watershed area was developed in Karnataka in 1982. This was
expanded to 228 ha in 1983 in other watershed areas taking part in the project (Table 8 and
9). The BBF preparation in the watersheds was carried out by officers who attended the
training course for the technology at ICRISAT. The BBF performed well for drainape of
the fields during rainy season, however the effect of the BBF in the postrainy season is
uncertain. Practical considerations and problems are described as follows:

i. Grading of BBF must be adjusted to more than 0.5% of slope in farmer’s Tields for
effective drainage. Otherwise water stagnation will take place in certain areas and
near drainage outlets. It is, therefore, necessary to increase the slope above that
previously intimated in ICRISAT’s recommendations.

ii. For the layout of BBF, not only grade of the bed but also operation of the WTC
and associated implements in the field must be taken inte consideration. The bed
direction must be as straight as possible and sharp turns should be avoided to
facilitate WTC manoeuvrability.

iii. Before sowing, seed beds must be formed uniformly and smooth, otherwise sowing
problems arise and seed depth cannot be precise. Most newly developed beds cannot
be prepared properly due to soil compaction during summer months, It is therefore,
better to prepare shallow but uniform furrows for the first year and then properly
developed bed in the following year.

iv. Most water stagnation in the watershed area was observed where (a) initial prepara-
tion and land smoothing was poor, (b) waterways were not properly developed, (c)
grading of the beds was insufficient, and (d) layout of the beds were not properly
formed due to poor surveying.

v. In certain cases, although arrangement of the bed and field were carried out proper-
ly, waterlogging problems still arose due to intake of water from outside of the
project area. A drainage network should therefore be formulated by making a
master plan of water drainage for the complete area.
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vi. Watershed and BBF layout is given in Appendix 1L

VI. SOILS AND FERTILITY

The soils in the site of Gulbarga are deep and medium black soils formed on parent material
consisting mainly of black limestone. These Vertisols have high clay and Mg content: 60%
clay and 1207 ppm Mg. The pH is 7.75 and is similar to Vertisols at ICRISAT. The st
content is higher than ICRISAT or Taddanpally soils; 28% silt was recorded in Gulbarga
soils as compared with 18.3% in I[CRISAT. (Table 10).

Farm yard manure (FYM) application has been practiced by local farmers, and one
farmer at Bidar watersheds has maintained fertility of the soil by introducing green manure.
Chemical fertilizer are also used by the farmers of Gulbarga and Bidar. The fertilizer
application for 1982 are shown as below:

Gulbarga Kg/ha
N-P-K
Greengram 1641-0
Blackgram 18-46-0
Pigeonpea 15-39-0
Groundnut 14-37-0
Sesamum 14-37-0
Rabi-sorghum 50-25-0
Safflower 37-50-25
Bidar .
Sorghum N - P - K
{Kharif HY Vs) 54 ~ T2—18~ 24-0
Pigeonpea 7~ 9-18~ 24-0

The effect of FYM has been noted at Aland watersheds on kharif crops in 1983. The yield
of blackgram at Aland village watershed in 1983 is as under:

. No. of

Plots Yield (kg/ha) plants (No/ha)
applied FYM 893 227000
without FYM 766 199000

FYM is quite beneficial for crop growth and improvement of soil characteristics. How-
ever, FYM should be well composted before field use, so that the problem of grass and week
growth is prevented. It is obvious that FYM is excellent material for intensive agriculture.

VII. ECONOMIC ANALYSIS

1. Economic analysis for the improved technology
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Economic analysis of the Farhatabad watershed has been carried out since 1982. In addi-
tion, Pattan and Aland were included in the collection of operational data for the economic
analysis from 1983. The result for Farhatabad in 1982/83 crop year is shown in Table 11.
The best gross returns were recorded from the combination of greengram + sorghum
sequential cropping system (Rs.5603). However, the best gross profits were obtained from
sole pigeonpea (Rs.4186), although the greengram + sorghum sequence also showed high
profits (Rs.4059). These were followed by sole safflower, sesamum/pigeonpea intercrop
and groundnut/pigeonpea intercrop.

Blackgram and maize were shown at a loss due to yeild reduction by drought. In inter-
cropping patterns it is necessary to find a good combination crop for pigeonpea without
reducing its yield. This is because the farmer is not interested in reducing his pigeonpea
yield, which fetches a good cash retumn, even if the yield of other crops increase. Improved
farming is shown to have a greater benefit than traditional farming as seen as follows:

Crop combination Improved/Traditional
Greengram + Sorghum 132%
Sole pigeonpea 239%
Groundnut/pigeonpea 121%
Sesamum/pigeonpea 215%
Fallow — sorghum 104%

The improved technology is effective in increasing the yield per unit area by proper
crop and field management even though there is not much difference between the operation
costs of the improved technology and traditional systems. In both methods the farmers are
introducing fertilizers and chemicals for cultivation.

2. Improved operation and Traditional operations

Detail of labour inputs for different cropping systems: greengram + sorghum sequence, sole
pigeonpea, groundnut and sesamum/pigeonpea intercrop and kharif fallow-rabi-sorghum can
be compared from Table 12.

There is no difference between work input for improved and local methods. Most of the
labour is involved in harvesting and threshing, which consume 50% of the labor input, and
interculture, such as weeding which consume about 30%. Tillage for field operations is
about 3—16%, sowing 3—8% and topdressing and plant protection 0—13% of the total
inputs, Improved methods are a little more laborious compared to the local methods, but
the difference is mostly negligible, and at most there is only Rs. 100/ha difference between
the two methods. However. using the WTC is considerably more rapid than using traditional
equipment such that the number of bullock working hours is only half that of traditional
methods. An important consideration for the economic standpoint of labour inputs is the
observation that in traditional systems the farm labourer will work, on an average for 100
days/year. Evidently this is a very inefficient use of manpower and by implementing the
improved technology the manpower could be used far more efficiently. There was little
difference between the two methods with regard to fertilizer and chemical application.
Plant protection by chemicals was mainly observed on pigeonpea, and the amount applied
was quite variable, depending upon the farmers. Greengram and rabi-sorghum were shown to
be the most simple and easy crops to cultivate and only 50 man. days per hectare was
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required to cultivate each crop.

3. The result of different farming systems

The different farming systems on greengram and sorghum are evaluated in table 13. Accord-
ing to the results, improved watershed system provides twice the annual income of the local
system. This income is mainly acquired by introducing a kharif crop such as greengram to
the improved watershed system. Dry sowing and wet sowing were compared for greengram
in the watersheds. Dry sowing was found to increase the yield of greengram by 138% of
that of wet sowing. Both crops were located in adjacent fields and were similarly managed
with the exception of the sowing date; dry sowing was carried out from 9 to 13 June and
wet sowing 18 to 19 June. 35mm rain was received on 16th June. In local rabi sorghum
cultivation, the operation cost became high due to the introduction of repeated harrowing
(5 to 6 times) before sowing.

4. A model of two years’ rotation in Farhatabad

The field operations in Farhatabad watershed (6.15 ha) are shown in Table 14. Data has
been collected for 2 years, although the final half of 2nd year is still not complete. How-
ever, by using data of neighboring fields in same watershed for the st year, an analysis can
be made. The working model for 2 years rotation per hectare is as follows:

Man. days Bullock pair (days)
Development 45 34
Ist crop (greengram) 178 1
Field preparation 13 2
2nd crop (sorghum) 49 2
Field preparation 7 2
3rd crop (pigeonpea) 52 5

VIII. TECHNOLOGY TRANSFER

In general technology transfer takes place through the institution of a training program. For
this purpose ICRISAT has organized several training programs for national research workers,
extension officers and farmers such that the technology could be transmitted either directly
or indirectly (see Table 15).

The aim of technical transfer is for the technology to be passed on from ICRISAT to
the farmers via department of agriculture extension officers. In this manner the technology
can be transmitted to a wide area without the direct intervention of ICRISAT. However,
as a result there is a certain dilution between the original technology and the farmers, and
moreover there is a distinct communication gap between the extension officers and the
farmers. It is therefore, necessary to clarify the problem, which are not only of technical
nature but are also sociological, in order to test the new technology. An important question
that arises is who uses the technology?

In general cultivation is carried out by the farmers but in many developing countries,
three situations may arise: (i) where the farmer will employ labourers and work together

~114-



with them'in the field (ii) where the farmer will contract out his land to a cultivator who
will then give repayment to.the farmer in the form of yield returns (iii) where the farmer
will employ labourers to carry out the cultivation of the land and will take a more manageri-
al position rather than become personally involved with the field work.

If we consider farming in Gulbarga most of the middle to large farmers employ
parmanent labourer for the farm work. These would normally be the small or landless
farmers. As such two distinct societies are established in the villages that of the farmers
and that of his labourers. An important feature of farming in Gulbarga is that practical
cultivation is largely carried out by labourers and there is little contract/tenant system
operating there (Next table).

Farhatabad village, Gulbarga '

Extent of area No. of owners

< 2 ha 110
2.5ha(2 ~ 5 ha) 85

> 5ha _ 174

Total 369

Tenants --_3—

B. Saradgi village, Gulbarga
(Farhatabad watershed located at B. Saradgi village)

Extent of area No. of owners
Less than 1.25 ha 54
1.25-2.5ha &5
2.5-5ha : 80
5-7.5 ha 35
7.5—10ha 26
More than 10 ha _ 8_

Total 288

The prime difference between the employment of laborers and the contract/tenant
system is that in the former case responsibility and decision making is made by the farmer
and in the latter case it is the tenant who makes the decision. Thus in the transfer of the
technology we must first find out to whom we are giving the technology. In such a situation
it would be necessary to incorporate a biphasic training program: Principles and managerial
matters should be for the attention of farmers whereas technical and practical matters is
directed to the laborers. However, it is also important that the farmer, himself, is in touch
with the practical aspects and should learn the technology. It was noted that of ten farmers
only one farmer worked with the laborers in the fields, whereas the other farmers only
supervised the farming in our project.

A most important aspect for technical transfer of IVMT is the utilisation of the WTC.
. The TVMT recommended by ICRISAT requires the use of the WTC; however, WTC is still
not adopted by Indian farmers due to its high price. '
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There are four options available to adapt the WTC to the constraints of low income
farmers, (a) to reduce the cost possibly by further modifying the WTC, (b) by sharing the
WTC by forming cooperatives in the villages, (c) to develop a contract scheme by forming
private or cooperative organisations for rental of the WTC and (d) to increase the applicabili-
ty of the WTC by development of various additional attachments such as a sprayer, duster,
etc. For cost reduction it is necessary to approach the industrial sector, whereas for
formation of private or cooperative organisation a socioeconomic standpoint should be
taken. The adaption and utility of the WTC mentioned in (d) is specifically an engineering
concern. It is of my opinion that the introduction of private or cooperative coniractors
would be successful in the Gulbarga district. The contract scheme mentioned in (¢} is
similar to threshing contracts or hiring of tractors and would require the contractor to
arrange for the WTC, bullocks, and operators according to the requirements of the cultivator.
Cost will be about Rs,50/day as detailed in the following estimation.

Economic Estimates for Tropicultor Contract Scheme

Tropicultor Bullocks Operator
Purchase price {Rs) 17000 8000 -
Maintenance fee 1700 2000 3600
(Rs/year)
No. of years for x 10 x 10 x 10
repayment
Total repayment over 34000 28000 36000
10 years (Rs)

Total cost to Contractor = Rs. 9800/year or Rs. 98000 over 10 year
Rental rate to cover cost = Rs,9800 for 250 days or Rs.40/day
Cost of hire for WTC as assessed by ICRISAT

WTC Rs. 22/day
Bullocks Rs. 25/day
Labour Rs. 5/day
Total Rs. 52/day

The advantages of this system are:

1. to facilitate maintenance and repairs

2. to increase employment in the area by a contracting scheme
no requirement of initial cost to the farmers

to make the possibility for technology transfer more feasible

to initiate agro-industry to farming in India.

o v opow

to solve the problem of bullock power (small bullocks, etc.)

IX. CONCLUSION AND RECOMMENDATIONS

The key to increased yield for rainfed agriculture in the semi-arid tropics is found in crop
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production during the rainy season. Particularly in Vertisol areas, this requires the uliliza-
tion of land left fallow during the kharif. Currently, kharif fallow land occupies 40 percent
of the total cultivated area in the Gulbarga district, which could be utilised by better
management of the fields for increased yield production. The most important aspect of
good management for kharif crops are (i) to obtain good germination and (ii) to exercise
good weed control although fertilizer use and timely plant protection are also important
components for improved production. It was noted that farmyard manure was important
in promoting the growth of plants not only from fertility point of view, but also by
changing the physical characteristics of the soil. Similarly, by introducing new high yielding
varieties of crops and disease and insect resistant strains, yields can be increased. However,
marketability of these new varieties, particularly in reference to sorghum, must be checked,
otherwise even though the crops may show good results in the field, they may not be
profitable for the farmer when sent to market.

The basic cropping system in Vertisols in the Gulbarga and Bidar districts consists of a
two year crop rotation where sorghum and pigenpoea (or cotton) are grown in the postrainy
season on alternate years. This system promises a sure yield and is a low risk cropping
pattern for the farmers. When a new technology is introduced it is important that the tech-
nology not only improves the yield, but is also of low risk and provides a basic assured
yield equal or better than that of local farming methods. The recommendations for farming
methods gained through the experience obtained in Gulbarga and Bidar are itemised below.

1. When implementing a double cropping system of greengram or blackgram as a kKharif
crop, a yield of at least 200 kg/ha must be obtained in order to be profitable.

2. In intercropping combinations with pigeonpea, a decrement in the yield, as obtained
by the sole crop, will not be tolerated by the farmers even if there is yield benefit from
other crops planted together with pigeonpea. The farmer considers pigeonpea as the
main crop and other crops are only a welcomed bonus.

3. Dry sowing has been shown to contribute to higher yields; however, there is a high risk
factor involved in that germination may fail. Dry sowing requires improvement in the
prediction and probability for the onset of rains. This could be carried out not only by
further development of data analysis models, but also by micro-agroclimatic observa-
tions for monsoon forecasting. Of particular importance is the effect of pre-monsoon
rains on the timing for dry sowing. If pre-monsoon rains are below normal then sowing
will be delayed. Similarly, it is important to investigate the relationship between pre-
monsoon rains and soil moisture content and its effect upon the workability of the soil
in bed preparation. Confidence in dry sowing cannot be created unless the technology
assures a risk free crop.

4. Sequential double cropping pattern have a distinct potential for increased returns.
However, intercropping with pigeonpea is still questionable and it is necessary to
perform more experiments to attain better combinations.

5. A yield increase per unit area was undoubtedly attained by introducing IVMT. How-
ever, it is not clear as to what fraction may be attributed to the improved technology,
and what fraction is simply due to more attentive management of the land by the
cultivator. It is however, certain that IVMT is a far better system for land management
than the previous kharif fallow system.
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10.

11.

For implementation of IVMT it is necessary to use specifically designed tools and
machinery for which ICRISAT recommends the WTC. The Tropicultor or Nicart,
which are variations of the WTC, have certain inherent problems in that the price is
high, the weight is heavy and training js necessary for their operation. Of these, the
major constraint in popularising this equipment is its high price. The solution to this
problem could be to find ways to reduce the cost of the equipment and to introduce
a means for cooperative use by the farmers.

Training is essential for technology transfer and must be given to key officers and key
farmers through the National Program or through z development project. ICRISAT
should assist the training directly and indirectly by contact with the State government
of India,

To increase the yield of small farmers, it is best to introduce intensive agriculture. The
essential component for growing crops intensively is to create a uniform and good
stand of seedlings. Gaps in seed beds are a prime factor for yield reduction. It is there-
fore important that seeds be sown at a uniform depth and the seed beds are uniformly
formed and the WTC be used for sowing,

IVMT is a packaged technology and requires a concise series of operations. It is there-
fore more complicated than traditional farming, and when introduced to the farmers,
training should not only consider each technical aspect of the technology but also
correct timing of each operation. If farmers cannot operate properly or miss the
opportunity for a single component operation, then they immediately return to
traditional methods. A most important point for the establishment of the technology
is to provide the cultivators with a smooth series of operations that fit into the climatic
pattern of the region. Only by adequate training and a backup advisory service to the
farmers can the transfer of technology be successful,

There are certain problems for the application of IVMT to the small farmers (owning
less than 2 ha). It is evident that certain components of the technology are not appro-
priate for small farmers since the techniques of IVMT do not consider intensive
agricultural technology. IVMT is therefore mainly suitable for large farms (10 ha) in
India. In the present situation it might be more advisable to focus ones attention on
medium and large farmers. It may be possible to modify or improvise the IVMT to
suit small farm conditions. For this purpose it is suggested that the technology be
introduced to the farmers in a stepwise fashion such as by incorporating hand tool
implements in the initial stages of introducing the technology. In this manner [IVMT
could be adapted to small farmers as well as large farmers.

The IVMT contains many good ideas; however for it to become an integral part of
agriculture in this country, investigations must be carried out to incorporate into its
body the other extraneous factors that composite village agriculture as a whole. In a
similar line of argument the IVMT must be incorporated into a large scale project
considering a watershed area as a whole and then subdivided in smaller area (1000 ha)
as micro-watersheds.
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Tuble 1 Watershed Operational Aspects 1982

— Land preparation—plowing by the tractor and traditional
ways

End of Dec. 1981

Beginning of Jan. 1982 — Officer training in ICRISAT (3 weeds)

End of Mar. 1982 — Made up the layout of the watersheds (after topographic

survey was completed)
Beginning of Mar. 1982 — Bed marking and formation of broadbed and furrow
End of May 1982
10 Jaune 1982

— Farmers training

— Dry sowing by the Nikart and the tropicultor
14 June 1982 Greengram, blackgram
16 June 1982 — 35mm rainfall received
18 June 1982

I
20 June 1982

— Wet sowing

greengram, maize, pigeonpea, groundnut, sesamam
Beginning of Jul. 1982 — (Water stress appeard)
10 July 1982 -- Weeding by hand
21 July 1982 — Interculture by tropicultor
End of July 1982 — Drought
20 August 1982 — Harvesting of greengram
Beginning of Sep, 1982 — Harvesting of Sesamum
6 August 1982 — Operation (BBF) of new watershed No. 2
Midfile of Sep. 1982
End of August 1982 — Cultivation (fieid preparation for Rabi crops) in Site No.1
17 Sept. 1982 — Good rain (40mm) for Rabi sowing
20 Sept. 1982 — Spray for pigeonpea
27 Sept. 1982
8 Oct, 1982

10 Oct. 1982

— Sowing of sorghum

— Resowing of sorghum and sowing of safflower
— Harvesting of groundnut

Oct.-Nov, 1982
5-10 Jan, 1983

— Spray for pigeonpea (6 times)

— Harvesting of pigeonpea
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Fig.1 ‘Traditional Cropping System
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Table 2. Bench mark of Farhatabad agriculture 1981 (100 ha) -

Crops Rabi Pigeonpea/ Pigeonpea/ Pigeonpea/
Item sorghum groundnut pearl millet greengram Groundnut
1. Crop area (ha) 40.66 38.17 3.46 3.74 7.75
. PP 248.24 PP 9.0 PP 42.19
2. Yield
teld (Q) 0881 GN14s6  PM 173 GG 15.94 74.19
. PP 6.50 PP 2.60 PP 11.25
3. Y
feld (Q)/ha 1251 6N 300  PMoOSO GG 4.25 9.60
Remarks; PP : Pigeonpea GN: Groundnut
PM: Pearl Millet  GG: Green gram
Table 3 Improved crapping pattern 1982/83 in farhatabaci & andura
FARHATABAD
i) Sequence (double cropping) crop
a) greengram (var. china mung) + rabi sorghum (var. M35-1) (Legume + cereals)
b) blackgram (var. T-9) + safflower (var. Manjira & Annegeri) (Legume + oil seeds)
ii}y Mixing (intercrop) crop
Short duration crop + long duration crop
a) Groundnut (local)/pigeonpea (var. PT-2-21 & ICP-1-6) (Legume + legume)
b) Sesamum (local)/pigeonpea  (var. PR-2-21 & ICP-1-6) (Oil seed + legume)
c) Maize (Deccan 101)/pigeonpea (var. PT-2-21 & ICP-1-6) (Cereals + legume)
i} Sole crop a) Pigeonpea (var. PT-2-21)
b) Rabi-sorghum (var. M35-1) including from Rabi season.
ANDURA

iy Mixingcrop
Sorghum (var. CSH-1)/pigeonpea (ICP-1.6)
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Table 4 The result of yield in the watershed

1982 Kharif 1982 Rabi 1982 Kharif
Site Ai:ea Grain Fodder Grain Fodder Crops
(ha) Crops yield  yield Crops yield  yield (Area]pha) Yield
k) (@ k) @
GULBARGA
No.1l = 6.15 greengram 514 —  Sorghum 1456 48  Pigeonpea NR
. Sesamum/pp 150/NR
(0.6 ha)
Groundnut Afpp 100/NR
(0.2 ha) ‘
Groundnut Bfpp NR/NR
(0.2 ha)
No.2 0.85 pigeonpea Pigeonpea 1350 54 - (Sorghum)
No.3 1.85 groundnut/ 216 ~  Pigeonpea 932 37 - (Sorghum)
pigeonpea
No.4 03 sesamum/ 160 —  DPigeonpea 930 37 - {Sorghum)
pigeonpea
No.5 4.8 Sorghum 1150 32  Pigeonpea NR
No.6 0.5 blackgram 100 —  Safflower 1025 Pigeonpea NR
No.7 0.35 maize/ Pigeonpea 800 32
pigeonpea®
No.8 1.20 Safflower 1200 Pigeonpea NR
No.9? 1.52 greengram 395 Sorghum 900 44 Pigeonpea NR
No.10 4.44 Blackgram/ 160/NR
Pigeonpea
No.li 4.0 Pigeonpea
G.roundnut{ 50/ NR
Pigeonpea
(0.6 ha)
BIDAR
No.f 2.8 sorghum/ 2702 —  Pigeonpes 917 Greengram 500 Sorghum/NR
pigeonpea Blackgram 500

a: Maize was sold as green cobs at Rs.143/ha; (Crops); operated without BBF

NR; data are not ready yet
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Table 5 Precipitation for given probabilities using a gamma distribution (mm)

STATION: GULBARGA
S Four week STD Probability levels (percent) . Mean
No. period week No. 90 "5 50 25 10 (mm)
1 Jan 1 —Jan 28 1-4
2 Jan 29 — Feb 25 5-8
3 Feb 26 —Mar 25 9-12
4 Mar 26 — Apr 22 13--16 7 17 30 11.
5 Apr 23 —May 20 17-20 18 37 63 26
6 May21 — Jun 17 21-24 32 70 109 144 70
7 Jun 18 —~Jul 15 25--28 32 72 116 162 202 116
8 Jul {6 —Aug 12 29-32 0 53 113 174 229 113
9 Augl3 —Sep 9 33-36 24 52 106 189 292 136
10 Sep 10-0ct 7 3740 31 67 133 235 362 170
11 Oct 8 —Nov 4 41-44 2 9 30 72 133 51
12 Nov 5—Dec 2 4548 0 2 7 21 43 15
13 Dec 3 —Dec 31 49-52
Annual 405 529 T 694 890 1095 727
Table 6 Precipitation for given probabilities using a gamma distribution (inm)
STATION: BIDAR
s Four week STD Probability levels {percent) Mean
_ No. period week No. 90 75 50 95 10 (mm)
1 Jan 1 —Jan 28 14
2 Jan 29 — Feb 25 5-8
3 Feb 26 —Mar 25 9-12
4 Mar 26 — Apr 22 13-16 1 4 11 24 42 16
5 Apr 23 — May 20 17-20 1 3 8 16 27 11
6 May21 —Jun 17 21-24 15 43 74 107 136 74
7 Jun 18 - Jul 15 25-28 48 90 136 184 226 136
8 Jul 16 ~ Aug 12 29-32 53 105 162 221 273 162
9 Augl3 —Sep 9 33-36 78 112 161 223 290 174
10 Sep 10 —0ct 7 37-40 64 94 138 194 255 150
11 Oct §—Nov 4 41-44 2 30 77 145 55
12 Nov 5—Dec 2 45-48 0 11 36 78 27
13 Dec 3 —Dec 31 49-52
Annual 591 690 814 951 1087 B28
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Table 7 Development cost of Farhatabad Watershed 1982—83%: Area: 17.52 ha.

R P T M
Land preparation® 101 18.2 21.5 4.1
Field drain 13 35 7.0 -
Land shaping (ridging) 45 9.6 14.0 5.0
Bed forming 13 2.2 2.2 22
Surveying' 10
Total 182 335 447 11.3

® Costs include bullock and human labor, hiring charge for the wheeled tool carrier at Rs,2.75
per hour, tractor hiring at Rs.60.00 per hour. Development required 33 bullock pair hours per
hectare, plus 6 hired male, 35 family male and 4 hired female hours per hectare, The tool
carrier was used for about 11 hours per hectare. Development commenced April 9, 1982 and

ended June 13, 1982.
® BH—Bullocks pair working hours
¢ TMH —Total Man working hours (one female = 0,75 male)
dWTCH ~Wheeled tool carrier working hours
® Including the cost of tractor (35.4 Rs/ha)

f The cost of surveying is only field work belonging to farmers expenditure

Table 8 Watershed in Kamataka

Dist. Village 1982 1983
Kharif Rabi Kharif Rabi
Ara  WIC PR A wre Famer/ pp,  yre Famer/
(ha) (No.) (No.} | (ha) (Neo.) (ha) (Na.) (No)
Gulbarga TL Farhatabad sz 2 2 |1215 2 204 4 3
Vot Tlnsz 2z (1215 2 2 | 7893 49 osites |
Bidar | Andura 28 1 1 28 1 48 1 1
| Belkuni 2.0 1 1 - - - - -
| Kamthana - - - 1.5 1 3.8 1__ _1_ N
[ Tot | 48 2 2 | 43 2 2 |s15 22 20sites
Ralchur 1 taluk 4 1
Bellary 2 taluks ) 1
Dharwad 9 taluks 63.5 10
Belgaum 4 taluks 10.0 2
Kamnataka  Tatal 16 4 4 16 4 2215 85 36sites
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Table 9 Black soil management technology in 1983/4

Target of Achievement of
District Taluk Village project BBF till July Remarks
area (ha) 10th (ha)
Gulbarga  Gulbarga  Farhatabad 40 204 Pigeonpea, groundnut
Blackgram/p. pea
Pattan 40 8.0
Kurikota - 40 6.0
Aland Aland (1) 40 10.0
(2) 40 5.0
Kodalhangaraga 42 5.0
Yadgir Karangi 40 4.0
Gurumitkal 40 20
Kandkur 40 2.0 Greengram/p.pea
Chincholi  Sulepeth 15 -
Navadgi (1) 12 -
(2) 12 -
Nagaidali 22 -
Bidar Aurad Sangam 12 -
Holsamandur 27.5 2
Kotgiyal 24 4
Humnabad Bemelkheda 13,93 2.0 P. millet/p. pea
Madayanoor 13.78 2.5 P. millet/p.pea
Halikhed 12.12 2.0 Greengram
Dubulgundi 12.93 4.0
Bidar Chilargi 13.60 5.0 P. millet
Kamathana 1040 2.0 Greengram/p.pea
Andura 10.0 4.8 Greengram, p.pea, blackgram
Sorghum/p.pea
Markunda 13.4 4.5 Greengram
Basava- Hulsoor 14 2.0
kalyan B. Balaunda 14 2.0 Greengram
Muchalam 12.5 4.0 -
Kherda. B 14 2.0
Bhalki Sungtan 13 2.0
Dadgi 14 0.0
K. Janalga 14 2.3
K. Melkunda 14 2.0
Alandi Tugaon
(chalkapur) 12.5 2.0
Nitur 10 0
Total: 718.66 113.8

~128-




Table 10 Physical and Chemical characteristics af Vertisols

Mechinical Composition (%)

PH CEC
(me/100g) Clay Silt Finesand  Coarse Gravel
Farhatabad
(10cm) 7.75 57 66 28 i 1 4
ICRISAT
(0—-25cm) 7.6 57.6 61.1 i6.5 18.3 4.0 -
(25-75¢cm) 7.5 52.9 62.6 14.1 17.3 6.0 -
At Farhatabad available nutrients (ppm)
NH,4 NO, P,0O; K Na Ca Mg Organic Carbon
18 49 6.0 438 74 12,250 1207 0.16%
Table 11 Economics of Improved Watershed-based Technology Options on
Deep Black Soils in Farhatabad Village, Karnataka 1982-83
11-1
Gross!? Operation  Gross . Q/ha®
Impraved Watershed f:a % returns cost profits E__%ld_“__ “Fodder or
: (Rs/ha) (Rs/ha)  (Rsfha) 20 BB grke
Greengram 6.15 38 1542 573 969 514 -
Sorghum 4061 (2621) 971 3090 1456 48
(sequence) 5603 1544 4059
Sole pigeonpea 0.85 5 5400 (4860) 1214 4186 1350 54
Groundnut/ 185 12 4560 1535 3025 G 216 -~
pigeanpea (G 832) P 932 37
(intercrop) (P3355)
Sesamum/ 0.30 2 4680 1019 3661 Se 160 —
pigeonpea (S8 960) P 930 37
{intercrop) (P3348)
Fallow sorghum 4.8 30 3040 (2070) 632 2358 1150 32
Blackgram 0.5 3 300 587 287 B 100 -
Safflower 3805 998 2897 Sal025 -
(sequence) 4195 1585 2610
Maize/ 0.35 2 3640 1252 2388 M 3 30
pigeonpes (M 143) P 800 32
(interciop) (P 2880}
Fallow safflower 1.20 8 4560 773 3787 1200 —
Total 16.0 100
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Cont'd Table 11-2
112 Area Gross? QOperation Gross Yield Q/ha®
Traditional Watershed ha % returns cost profits Gam Kejha Fodder or
' (Rs/ha) (Rs/ha)  (Rsfha) ¥0 BE Stalks
Greengram 4.6 15 970 338 632 G 341 -
(2
Sorghum S 1248 39
(sequence) 4439 1365 3074
Sole pigeonpea 4.4 4 2914 1165 1749 729 29
(2
Groundnut 50 10 3956 1446 2510 Gn 190 —
Pigeonpea P 807 32
(intercrop)
Sesamum 09 6 2550 851 1699 Se 25 —
¢y
Pigeonpea P 600 24
{intercrop)
Fallow sorghum 109 35 3222 956 2266 1040 45
(2)
Greengram 2.8 7 G 294 —
(3)
Safflower Sa 832 -
(sequence) 4044 1344 2710
Greengram/ 0.8 3 3900 1336 2564 G 225 -
Pigeonpea (1) P 807 32
{intercrop)
Sesamum 3.7 3 Se 105 -
(1
Sorghum So 950 32
(sequence) 3300 1296 2004
Sole groundnut 44 15 2818 1328 1490 732
(2)
1) Pricesin Rs. per quintal are
Grain RsfQtls Fodder Rs/Qtls
Rabi Sorghum 180 Rabi Sorghum 30
Greengram 300 Pigeonpea 10
Pigeonpea 360 Maize 10
Blackgram 300
Sesamum 600
Safflower 380
Groundnut 385
2) Fodder yields have been estimated.
3) Maize was sold as green cobs at Rs. 143/ha.
4) Data refer to 17.5ha of watershed 37.6ha of traditional farmers® fields.
cont.
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Table 12 Operationwise labour utilization (Farhatabad 1982/83)

Man Bullock
(hrfha) (%) (hr/ha) (%)

Man Bullock

{hrfha) (%) (he/ha) (%)

Tillage

Sowing

Interculture

Fert, plant protection
Harvesting & threshing
. All operation

Tillage

Sowing

Interculture

Fert. plant protection
Harvesting & threshing
All operation

Tillage

Sowing

Interculture

Fert. plant protection
Harvesting & threshing
All operation

Tillage

Sowing

Interculture

Fert. plant protection
Harvesting & threshing
All operation

Tillage

Sowing

Interculture

Fert, plant protection
Harvesting

All operation

GREENGRAM + SORGHUM SEQUENCE

Improved (6.15 ha)

147.5 18.7 29.0 63.7
21.8 2.8 12.9 28.4
286.1 36.3 34 7.5
1.8 0.2 0.2 0.4
330.4 42.0 o 0
787.6 100.0 45.5 1400.0

Traditional (7.4 ha)

89.0 11.8 42.7 52.9

39.3 5.2 24.5 30.0
233.3 30.9 8.2 10.2

10,7 1.4 5.4 6.0
381.6 50.7 o 0
7539 1000 80.8 0

SOLE PIGEONPEA

Improved (0.85 ha)

16.0 3.8 15.7 31.8
3.2 1.9 4.1 8.3
137.1 32.0 9.5 19.3
55.9 13.1 20.0 40.6
210.6 49.2 0 o
4278 1000 49.3 1000

Traditional (4.4 ha)

19.3 5.1 19.3 31.8

17.7 4.6 13.6 22.4
127.3 334 6.4 27.0

45.2 11.8 11.4 18.8
171.8 45.1 0 0
3813 1000 60.7 100.0

GROUNDNUT & SESAMUM/PIGEONPEA

Improved (2.15 ha)

16.0 3.1 15.7 3.6
8.8 1.7 4.4 8.9
128.9 25.0 11.2 2.6
50.7 9.8 8.3 36.9
312.1 60.4 0 0
5165 1000 49.6 1000

Traditional (5.9 ha)

15.3 3.0 153 349

19.4 3.8 102 233
1835 363 163 312

31.5 6.2 0 0
2554  50.7 2.0 4.6
505.1 1000 43.8 100.0

KHARIF FALLOW SORGHUM

Improved (4.8 ha)

9.1 2.3 9.1 42.5
18.0 4.6 12,3 57.5

88.8 22.7 0 0
2.4 0.6 o o
272.7 69.8 0 0

391.0 100.0 214  100.0

Traditional (10.9 ha)

73.0 20.8 37.2 72.2
19.3 5.5 8.8 7.1
78.0 22.2 5.5 10.7
0 0 0 0
187.0 51.5 0 0
3531.0 100.0 51.5 100.0

GREENGRAM

Improved (7.67 ha)

16.0 6.3 15.7 69.2
7.8 3.0 3.9 17.2
124.2 48.6 3.1 13.6
0 0 0 0
107.8 42.1 0 0
255,8 100.0 22,7 100.0

Traditional (7.4 ha)

264 8.7 26.4 60.0
12.2 4.0 10.8 24.4

105.5 34.8 6.9 15.6
19.7 6.5

139.3 46.0

303.1 100.0 44.1 100.0

Bullock — one pair bullock worked per hectare in hrs.
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Table 13 Different Farming Systems in Farhatabad 1982 (per hectare)

Improved Improved Local way Local farming
watershed watershed (double
{Rabi flat) cropping)
Area (ha) 6.16 1.52 4.6 10.9
1} Greengram (Kharif)
Sowing date (wed/dry) 9-13/Jun (Dry} 18-19/Jun (Wet) —(Wet) -
Hatvesting date 18-23/Aug, 23-24/Aug, End of Aug, -
Yield (Kg/ha) 514 295 345 —
Gross income (Rs) 1542 1185 1023 —
Input cost (Rs) 573 481 468 -
Operation (Rs) (227) (225) (314) -
Materials (Rs) (346) (256) (154) -
Net income 969 704 574 —
2) Rabisorghum
Sowing date 26/Sep-8/0ct. 13/Qct. Beginning of Beginning of
Oct. Oct.
Harvesting date Beginning of Beginning of Beginning of Beginning of
Mar. Mar. Mar, Mar,
Yield grain (Kg/ha) 1456 900 1248 988
Fodder (Kg/ha) 4800 4400 3900 4400
Grass income (Rs) 4061 2940 3410 3098
Input cost (Rs) 971 467 877 926
Operation (Rs) (644) (195) (503) {(551)
Materials (Rs) (327) (272) (374) (375)
Net income 3090 2473 2533 2172
Total Net income (Rs) 4059 3177 3107 2172
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Table 15 Training and Demonstration

Kind of training

at ICRISAT

— Workshaps policy maker seminer
Dry farming
— -3 weeks training (initial stage)

~ 1 week training
~ 2-3 days training
one day training
— Farmers’ day

I

at the Department of Agriculture

Participants

Administrator

etc.

Key officer

Cfficer and Researcher
Officer and Farmer
Technical officer & Farmer
Farmer and Officer

(Seed Farm, Training center, Farmers’ field etc.)

— Regular meeting

— Seasonal training

— Operation individual
— Field Day

Agriculture Officer

Apriculture officer & Farmer
Agriculture officer & Farmer
Agriculture officer & Farmer

Remarks; M/D — Man per Day
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Appendix I, Dry Sowing Test

At BP-1 ICRISAT Apr-May 1983
by Y. Nishimura, G.M. Heinrich, J. A. Thompson

Germination test for dry sowing
Treatments: (1) Crops; Soybean, Groundnut, Greengram
(2) Depth of sowing; lem, Scm, 10cm
(3) Interval between sowing and irrigation
20 days, 15 days, 10 days, 5 days, 0 day

Percentage of Germination

Result
Soybean Groundnut Greengram
Interval 20 days: Depth  lem 53 84 77
Scm 30 39 91
10cm 0 71 67
Interval 15 days: Depth lem 53 92 90
Sem 33 65 82
10cm 1 59 58
Interval 10 days: Depth lem 53 85 93
Sem 28 79 95
10cm 1 56 75
Interval § days: Depth iem 45 92 90
Scm 28 88 87
10em 1 44 69
Interval Oday: Depth lem 64 38 92
Scm 49 83 90
10cm 1 36 78
Depth of Sowing Interval between sowing & irrigation
Scybean G’nut G'gram Soybean G'nut G'gram
SE (m) 3.96 21 4.6 5.5 27 4.8
cv 23 9 9.7 33 11.56 10
**Significant (P < 0.01) NS

1} Significant differences were found between the % germination and the depth of sowing for the three
crops. If seeds are sown deeply in the soil, germination may become poor especially soybean cannot
germinate well below the 5cm, however, groundnut and greengram are still active even if sowing is
below Scm depth,

2) No significant differences were found between the % germination and the interval between time of
sowing and irrigation (under dry and high temperature coiiditions), The seeds of the three crop types
tested were still active even after 20 days interval between sowing and irrigation, and especially green-
gram was particularly active when compared to the other two crops,

3) When dry sowing is introduced into the field, the depth of sowing is more critical than the time of
sowing.
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Appendix JI-1

Farhatabad Village Watershed in Gulbarga
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Appendix I11

Key Map
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