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FOREWORD 

This Research Bulletin summarizes conclusions that can 
be drawn from 7 years of soil and water management 
research in the Farmi-. g Systems Program of [CIISAF, 
as well as selected conclusions from our other programs 
and subprograms. It clearly states findings that need to 
be evaluated or. farmers' fields; it also indicates areas 
of further research that need continuing intensive *nves
tigations and evaliation. 

The paper has had a substantial impact on the pro
gram and research direction of the Institute, and we 
hope that it will be useful to other researchers and to 
policymakers as well. Farminh systems research is still 
in its initial phases of develolmient, an(t lasic issues 
of how to appr()ach resear(-h ()n a whole-systems basis 
are still not fully settled %within I(C IS.\T and mtside. 
This bulletin is part of the continuing process of defining 
how best to (1o farm1ing systeles research and transfer 
its results to researchers and farmrs across locations. 

J.S. Kan, ar 
Director of Rlesearch 

28 July 1980 1C IIlSAT 
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RMING- SYSTEMS -O N,
 

FORELETEDAREAS IN,INDIA: EVIDENCE FROMI ICR 'AT
 
H.P Binswanger, SA, Virmani, and J. Kampen

Operational-scale research'on natural watersheds at the ICRISAT research 
center has demonstrated that substantial profits (after deductic of all costs 
including those related to capital investments) can be earned bymore input
intensive farming systems than those currently used by farmers. 1 For thie 
best systems on deep Vertisols at ICRISAT, profits are in the range of Rs 3000 
per hectare, while for the Alfisols they are of the order of Rs 2000 per hectare ,
 
However, these systems are complex and require several inputs; before trans
fer to farmers, we need to ask if essential components'of these systems can be ; 
Identified. We must also more precisely describe the agroclimatic and socio- h 

.economic conditions where specific components may be most aporiate, . . : ' -

We attempt to use the massive evidence accumulated in the various 
subprograms of the Farming Systems Research Program (FSRP) and in 
the Economics Program to present a series of generalizations. Some of these 
generalizations may sound obvious to the spec!alists since they form part of:":i'their disciplinary backgrounds. Other gene ralizati0ns are tentative because1' they rest on fragmentary evidence. Tihe geographic limits for which thesegeneralizations hold 'must yet be more clearly defined. However, we believethat generalizations of the nature proposed here, once fully stated, are useful 

for 	several purposes: -

1. 	They lead to further questions and sharpened hypotheses for new 
inquiries at ICRISAT. 'hey mayserve similar purposes at the''research
plannifig stage at regional research centersp riual nswh etss 
engage in new research fields. 3 

2.' They may assist scientists at regi6al research centers and at ICRISAf 

1. Res.earch results that lead to similar conclusions are'Iavailable frorn Indian reseJrch intitution ' 
(e.g., the'All India Coordinated Rusearch Projeci tor Dryland Agriculture-AP:4PDA). ilowever,
we have not yet reviewed these data systematically. 

2. See Ryan, Sarin, and Pereira (1979, Table 3 and p. 9.3 
3. We recognize that tha generalizations and tentative prditin prsne '' na '~ ato

general to be usoful' to the informed regional or local scientist who nahavearrivd at em In 
a more depfiled manner by his own previous work. Furthermoie, one must b. rpprcf so-u 
for example, to say that in a particular soil and rainfall region "interppng a. 	 _
practice to investigate." Cooperating scientists at regional resear~ch 6eaters ofteui'ikso'wf1r 
well what they ought to-do. '2 '-'' 

,3j 



in 	interpreting a variety of research results on a comparative basis 
across locations. 

3. 	 Once the geographic limits of the generalizations are knowii and are
 
otherwise confirmed, they can become useful to action and funding
 
agencies at the project identification level and possibly in actual planning.
 
However, at the planning stage and especially in the execution stage,
 
more site-specific knowledge will inevitably be required.
 

It is therefore important to realize that our generalizations are not 

"development prescriptions"; this is particularly true for our "predicted 

farming systems. " Given the specific characteristics of each area in the 
semi-arid tropics (SAT), few handbook-type solutions can be expected to 
evolve (Kampen 1979). Although the principles for natural resource develop
ment and use may be clear, the ultimate task of finding appropriate, site
specific solutions for the special problems encountered in a given area will 
have to be assigned to local researchers, technicians, extension agents, and, 
finally, to farmers. To fulfill their responsibilities effectively, those charged 
with agricultural develop ent will have to acquire the ability to invent the most 
suitable solutions to each particular situation rather than apply a given set of 
rules. Thus, training programs will be require(] to increase understanding 
of the limitations, constraints, and potentials of present farming systems and 
the requirements of improved production technologies, as well as the adapta
tion and application of such technologies. 

This paper is based on evilence from many different types of inquiries. 
The diverse methods used] and their results are not discussed in detail; however, 
the original sources of the generalizations are given so that they can be easily 
verified. 

Each individual piece of evidence has of necessity been derived to attain 
specific objectives under a given set of conditions and vith sinplifying assump
tions. These can always be used to put the evidence in question; for example, 
large-scale experiments usuall-V have few replicates, sample su rvevs may be 
of modest size, runoff and] soil m ois ir e models may require fuirthe r refine
ments to achieve greater accuracy, ('tc. Nev rtheless, it is our oontentlon 
that such questioning is rather inappropriate as long as evidence from different 
studies, each one with its own limitations, is not contradictory and leads to 
essentially similar conclusions. In such cases, the sum of the evidence is 
robust in th2 sense that minor changes in assumptions or approaches do not 
affect the generalizations that can be drawn from them. On the other hand, when 
different studies contradict each other, one may arrive at more sharply defined 
hypotheses to be further tested. 

In this paper, we first present generalizations and further hypotheses or 
suggestions for research related to soil management, runoff collection, and 
rainy-season fallow, respectively. We then attempt to predict--subject to 

2 



~he onirration what; th esetacmonnse~o inputn 1intn 
faring sytmswu b i olr differ/ntenvironmenlts. _ihe_flna'sc loxf 

on er issues of ICRTSATreah6sitey.Appendix 1 brings t8'oge 'erIe 
speciic researcsu S ofthe dsa basisor 
our generaliitions have ben' summarized in the Appendix Tables. 

Cultivated R rii Fallow onthe 

at~'aVn fallowth	 a ranA
I land fal duin the 4iny season in order to raise a. 

postrainy-season crop based on stored soil moisture; the land is harrowedre

peatedlyduring the monsoon to control weeds. This practiceis frequently 

encountered on deep5 Verfcrls. ICRISAT identified the replacement of this 
practice by more effective lane management techniques as an early goal;pi 

Krantz and Russell (1971) andKampen et al. (1974) have discussed reasons , < 
for kharf fallow in the high rainfall zone wheref)e fallowing cannot beaexplained 

VL 	 by the lagk'-pr the unreliability of soil moisture ciring the rainyr season. Kampen 
et al. (1975) and Kampen (1976) strdslsed undependability of the early rainy,. 
season and risk evasion as important causes of the kharif fallow In low rainfall 
areas such as Bijapur and Sholapur. . 

Recent rapping work suggests that the Important kharif fallow areas 
indeed fall into two clearly distinct groups: (1) the low-rainfall kharif fallow 
found parallel to the Western Ghats through Maharashtra and Karnataka,'and
(2) the high-rainfall kharif fallow concentrated primnajily, in Madha Pradesh. 
rainy-season cropping belt is found in between the two zonesf. We want to 

demonstrate that this distinction is vital for further work on trying to develop 
iiproved 	technology for the khnsif fallow regions. . 

We believe the low-rainfall kharif fallow can be fully explained byi. 
. unreliability of soil moisture. Table 1 presents probabilities of crops having 
fully adequate soil moisture regimes. 7 As the footnotes of this itable amply. 
demonstrate, these probabilities are calculated on the basis of definitions of 
required moisture that can be questioned at every stage. For example, with ..

4. Khari( cropping is a term used in India for rainy season cropping; rabi cropping denotes, growin g 
a crop in the postrainy season, primarily on moisture accumblated earlier in theo illo . 

5. On Vertisols, four depth classes-related to moisture-holding capacity and, therefore,to 
ity and productivity--are generally distinguished: deer Vertisols> 90,cm, mediudee Verti
sols 45 to 90 cm, medium Vertisols 22.5 to 45 cm, shallow Vertisols <22. m.' 

6. These concluslons are evident from data collected by G. Michael. in..,audy on the princP aI 
reasons for the kharif fallow. t ,. ' ... , k.'''-! J! 

7. 	These data are based on the results of weather-driven, proce-s-basedsoil m 
models for the surface layers of the profile andfo the entire rootedoil.Th esP-" 
dict the daily soil moisture status of defined layers an; eetemosuea l 
a crop. For details see Reddy 1979. '. ' ~ -'4 

'4...4 . , .,I .'.4 	 444 44 4,,...44,',4~3 
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evidence from ICRiSAT watershed. on deep Vertisols of a successful rabi crop 
after a kharif crop in 7 successive years, the estimated 50% success rate seems 
rather low, and the figues in parentheses represent probp.bilities based on less 
stringent requirements -thatcould, for example, be sufficient for a chickpea crop. 
Nevertheless, the probabilities represent orders of magnitude of potential and 
risk that can be compared across locations and lead to clear inferences. How
ever, much remains to be done to improve the estimates for each location in an 
absolute sense. 

Column 7 of Table 1 shows the total probability of a 90-day kharif crop
 
encountering good growth conditions throughout the growth period. 
 At Shola
pui, in the low-rainfall kharif fallow region, this is the only in roughly
case 

one-third of the years. 
 For similar Vertisols in Hyderabad and for medium 
Vertisols in the higher rainfall zone represented by Akola, this is the case in 
two-thirds of the years. The most scrious setback in Sholapur arises from a 
much lower probability of ruccessful crop emergence before 15 July, which is 
probable in only two-thirds of the years. However, all subsequent conditional 
probabilities also show that the plant is at a highei, risk in Sholapur than in the 
other two areas at every growth sta,-e, even after it has completed the earlier 
stages successfully. A 33/ probability of a favorable soil moisture regime is 
too low a basis for encouraging rainy-season cropping on a normal annual basis. 
The loss of seed and cultivation expenses in some years and the low returns in 
other years would almost certainly reduce average profits of any crop to zero
 
or result in losses.
 

m'he probabilities of adequate soil moisture for a postrainy-season crop
 
after rdharff fallow (column 9) 
 are high at Sholapur (80','); this level of probabil
ity exceeds that for good growth conditions for the rainy-season crop in tHydera
bad or Akola (column 7). However, if a rainy-season crop is taken in Sholapur, 
the chances of the rabi crops are reduced by 20':. Not only would consistent
 
rainy-season cropping often not be profitable; it would probably endanger the
 
profitability of the more important postrainy-season crop. We, therefore, 
emphasize strongly the importance of breeding for high yield potential postralny
season sorghums for these and similar regions.' 

One possibility for rainy-season cropping in low rainfall regions remains 
to be investigated: the establishment of decision rules based on observed soil 
moisture in the early rainy season to sow a low-input, short-duration crop that 
primarily provides cover to prevent erosion and also produces some yield in 
those years when it can be left on the land until maturity. If high rainfall in the 
early rainy season is correlated with above-normal rainfall later, the farmer 

8. We do realize tha: it raiy re inI diffiruIt to ae.,,high rit,.s ,fclemi al fe.rtiliz.r ffectively
in postrainy-scason cropling whiri tol . rf ',.Soil IS ism ill v dry. 1Iowever, itrippf-frs that
 
temperature and possibly other fnetors are 
 also related to tht, lw payoff from imipoved sorghumR 
in the postrainy season. 

5 



may protect the soil during those ycars when it is most endangered and get a 
modest return in some years. We recommend that further work on rainy-season 
cropping (simulation and actual experiments) in the low-rainfall kharff fallow 
areas be oriented to explore this option. However, most emphasis on replacing 
the kharif fallow by rainy-"eason cropping must be concentrated in the high 
rainfall regions. 

In several areas in the low-rainfall kharif fallow zone, there may be ficope 
for advancing the sowing dates of rabi sorghum if problems related to shoot fly 
attack can be overcome and if surface drainage of the deep Vertisols can be 
improved. The All India Coordinated Research Project for Dryland Agriculture 
(AICRPDA) Research Centers in this zone generally recommend earlier sowing 
dates, but farmers experience problems with this recommendation, partly 
because of the ri-sk of inadequate soil aeration--and even flooding--late in the 
rainy season. Potentials for improved soil management systems to remedy 
this situation (see next section) must be investigated. 

Soil Management, Runoff and Erosion Control 

The Experiments, the Data, und the Analyses 

The experimental data9 are of three types: the "Steps in Improved Technology" 
experiments (SIT) the replicated field-scale comparisons of alternative soil 
iianagement techniqaes (FSMT), and the operational-scale research on small 

°natural watersheds (WBR)! The SIIT and WBR have been analyzed for proLt
ability and stability." 

Steps in Improved Technology Studies (SIIT). In 1975, the SIIT experimentation 
was started by the Production Agronomy subprogram in cooperation with other 
ICRISAT programs. The primary gonl was to investigate the effect.- )f step-by
step introduction of improved technology on the Alfisols and Vertisols at ICRISAT 
Center, and to perform complete economic analyses of these steps. The devel
opment and implementation of improved technology was thought to involve many 
steps or facets. An attempt to research the separate effects of each individual 
phase in a complex system would amount to an unmanageably large number of 
combinations; also, the effects of many individual facets were thought tc have 
been thoroughly investigated previously. Thus, the many steps were grouped 
into four phases -r factors in a complete factorial design: variety, fertilization 
levels, soil-, crop-, and fertility-management methods, and supplemental water 

9. Unpublished and some earlier published datt havt be,en suininsrz.ed in Appendix raiics i to 9
 
to facilitate easy reference.
 

10.See ICRISAT Annual Reports, Farming Systems 1973/74 - 1978/79 (ARFS). 

11.See Ryan, Sarin, and Pereira 1979. 

6 
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(ifreuied.-E ''f t' ppeda t4wo leve s,; 4 iitr~i6n1an4 mprved 
ecroppin gay ms~uiw _d-aJ e'n-roedt-v -f -dsese Li 

~inscts and topoieifr on on range of croips.' Medlum-7scale, 5~
replicated plots w~ere used'to make bullock-dropeao' tiose~ll witf6tv

peaoonsil wt 2) 

pre ements an to acli ttheeconomianalysis. 

nInthe SHT, the precision and timelinss of Oerae'tonsis similar to that 
of small-scale experiments. More attention can be given to attaininguniformrnnen~;<:Moe :gvn',1s, adeqate"0ropsover.12
and optimum stari, adqaeedcntrol, rai ver between crops, t 

~' 7 . ... ..... ... ..... . . ... . ... . .. ...,Field-Scale Land Management Trial 
vestigatlons, which were started by 6e 

' Man . The basic goal of the FSMT in
andand Water, Management'siibprogram' 

in 1975, has been to evolve improved approaches towards in situ soland water, 
mxanagement for Al isols and Vertisol . Ftl,eld-scale plots ( >.4 ha).were used 
as replicates, and differences in soil tillag--essentially comparing the graded 
broadbed-and-furrow system (BBF)'13 and flat cultivation--we IreIthe only variable. 
Large plots are essentiallfor this type of research, "because runoff, 'erosion, and 
drairage do not express themselves on small plots. 'These experimental areas, 
in terms~ of operational precision, tir, e's, and control, do not/ineetthe'per-
fo-'ranceII levels of the SHlT but are superior to the WBR. 

Watershed-Based Research (WIR). Research on natural watersheds on deep 
Vertisols at ICRISAT was initiated in 1973 by the Land and Water Management 

. subprogram with three main objectives: (1) investigations of the hydrologic ef 
fects of alternative land and water management techniques, (2) research on the 
integration of new technology components into Improved farming systems, and 
(3) an overall economic evaluation of different farming systems. In the WBR we .. 

try to estimate, the levels to which productivity can be further increased when 
crop varieties of high-yield potential and improved crop'and fertility management 
are combined with in situ soil and moisture conservation--with and without sup
plemental irrigation from collected runoff or locally available groundwater'; The 
precision, timeliness, and accuracy attained on the research watersheds are, of 
all farming systems experimentation atICRISAT, probally most similar towh 
might be attained on real farms. ,Thus, sifgnficant differences in productivity 

12.For a precise description of the treatments, see the ICRISATeAnnual RoiSystems, 

197374, 1978.79. Although tle SliT experiment is not a formal cooperative, rojec 
AICRPDA, a very similar act of experiments has boon conductedy seen rgoa etr 
of AICRPDA since 1978. Also, steps in technology expopOeI binge'p by'. 
scientists in conjeiative research projects inWtW No r t;2 -Africidnd 

3. The normal dimensions of the BBF sys.'am initially experimented with at lCRlSAT"ar6a ~ 
distance of 150 cm between furrows that are relatively sh'p and haea eth 
the br~dedbLweCen the furrows is relatively flat. Maynt nt~''~iuribirte 

i ro asible and may be more appropriate under prtiarcn tin 

of,&i1i6'u~5c 

systm aeX~easile -~4'T 

.A* ~ - . ~ ~I,
4 444 44 -~ , 4 , '4g4, V, 



illobsrv ~ aso -epce to be e idrit~I-in"" it
___ ia arcllm ic~~nd eOnmio1 conditionsYonWidr~sii 

Sn~u e~ard 	 recee4tRyan hyrologic 
datdbfll&c~tbbeei h 1973 a nd1977 oin ICRItrnheso n Alfis:os 
~and e 'V~tisolA 30 years of, small plot; data for"shallo tom-dep 

sis through simulation models. and Pereira have used 

Verfaols frnm the Shopuurres'acuh 
Q2'- modelof the runoff process, baasld ondail rainfal nd'6sil characteristics. 
$ : , 4 e 	 station of AiCRPDA nderi areresseio 

ds 	 Cei !watershedorie
ishna(1979)"dlopaysted 	 on the - a eis h aiaopratimodseo o 

and deep rdons ahtsediu-rter ,datacollcted at ICRISAT betwen,1973 and 1976tapbredict runoff idto esti ate' 
the water balances. 

TheRyan-Pereira work has been.used to simulate a water hed wih r+un 
storage in order to evaluate tie-'isdpplernental irrigation potential fin okctsd 
runoff) for different watershed sizes in thetwo regions.- Based on historicrain
fall data, the model first computes cumulative runoff (to and as a percentage 
of seasonal rainfall) between 1 June and 31 Octoer, Thisinforiation'cn be'...aall4 o a5c supee 'yIriai do th €st Ofcn'cig,
used directly to evaluate the iihpact of a practice on infiltration of 'wate# into the 
soil. The cumulative runoff is then adjusted for losses due to excess water ~ 
disposal via spilloways and evporation and seepage from the reservoir o arri-e 

' 

at the "available" runoff on 31 October. This informatio'n is used to judge, the 
physical potential fo supplementary Irrigation in the postrainy season. Finally,
based on the quantities of available runoff in every year when some water Is' 
available for a 5-cm supplementaryIirigation, and on the costclof cons ructing": 
and operatinig the system, the yield incutement of a coarse cereaicrop (e.g 
sorghum) that would have to be achieveds).norder to pay for the system is com

putd. Trisis the ynield toavoid long-ter financial losses. This.......
 
jnfvmtin is then used to evaluate the econom~c potential of the. system. 

Generalizations for the Deep and Mediu rn-Deep Verti8 1 

Rich documentation is available from the research watersheds on deep.Vertisols 

14. The watershed-baijed studies were IlFto r expanded to the medium-deep to shallow Vertisols, and '~I~~ 

Alfisols at ICRISAT Center and ar conldu cted in cooperation with regional researeh 
centers of the AICRPDA. The m' iT' tha'iicte s tics of alternative farming' systemsadrouc 
management methods presently invostigjated in WBR are: sadrur -, ' 

a. 	 Existing technology: Flat cultivatiodn (without land smoothing, planting - thlocal fam-"- ' 

equipment, traditional, long-duration varieties, common levels of farmyard maue+++.+++	 '0 " - -;:
b. 	Improved technology: Varieties of high yield potential, recommended levels of chmia 

"fertilizers. Seeding, fertilizer application, and all cultural operati Ions e Ixec6 Ledby mcns ij
of animal-drawn precision equipment, regionally acceptj 'land develop monittehiil2n 
(e.g., field, contour or graded bunding, but no land 8moothiior cultivation~' 6Ustrict 

. . . parallel . + 'to bunds ). +
 
V c. Improved technology: Similarto Mbbut with land smoothinad grade d .deuaid'~~
 

"furrow systems, or other regionally developed ladmngmn ntodi rs ae
ways, etc_
 

d. mproved technology:Simrto (c) but inadditionsupplemental Iigaton of ao
 
- ~collected runoff water or oter sources.'K4 V', d

-	 -' ~ V 'V- V-A''V'V~'8 

1,1r! V1,1V; 

-4 



mone ofteF o nmdu-epV l.~Teresu or
 
thesextwo types of epvmnts generalyrelf~~c othe Snce rainy-season
mK 

allu-- oii,- generil ~~h ie- cmil~s 
ar4"%il~a~~systems unerc odtin.Ti 

is what has, bei'n~a~tep nTbe2p.som gemroppoppe 

Inecoph of maize and pligeonpea is the most profitablLcopngPt, 
at'IRISAT Cen.er eerlzation1). Althoug's

6%4~Kh ea',were Iso grown, most of the later comparisons are made oni th" basis 
,of the intercrop results. 

Crop Cover in the raiy seaonfuces run.off (rgrls of olteatment)

and therefore also fr6'quently reduc,3s-erosion toacceua le and'safe levels
 
(Generalization 2). Early vegetative cover reduces the,,erosiof hazard primarlyW.~>

to the crop establishment perPA".. wherever feasible, s crop coverhould
 
therefr-"e be established In thie rainy season. 
 -

"-3p3-3,Generalization 3a on contour bunds imples that the r
 
technology wherever cropping during the mbnosoon season is feasible or where"
 
drainage problems prevent monsoon croppiig. They are thereforenota!eom
 
mended for the deep and medium-deep Vertisols where drainagQi'roblem Iscaused

by this system have long been recognized. 'Graded or u~s 1gie'7 aemo'
 
appropriate in these situations since they have been shown to also reducevater 
 v 

shed erosion. Such gaide, bunds have less impact on watershed runof, they
 
do provide a controlled excess water disposal syste m wdithoucasig,
 
problems. ,
 

BBF reduce runoff under fallow and cropped conditions (General'at,ons 4, 
and 5) but, except in 'he early growing season, they appear to have a substantial
 
impact on soil lo s only under fallow conditions because crop coveralready ,JS'i
 
good erosion protection. BBF thus appear to be a method to increase in: situ
 

-• . . ' -33' . . . '; " :,-- :-: -' . //; - 3,;,:,'-. ii%;' 

15. We will continue to distinguish amoa) dbep, M medium-deep, and (c) medium anddshallow
 
Vertisols because the water-holdin capacity of the soil has a major impact on cropping
 

-possibilities and on potential ben0,1,1s from igation. This dlstinction will, as wesal see 
also be useful in considering benefits from soil surface treatments. - - *- -

16. Otheriml &'caions more suitable to,,hickpea or other postrainy-season.,,ops will have-dfferentroptimum cropping systems and so will those areas where factor or prod ol price relationships 
are si bstantially different. For example, probability calculations no d to be m 
- ulahaPradesh, in th3 ,*hrinelkai fallowarea, tosea whether the potezitils'-and '
returns for sequentinl cropping are better there. Cropping s , '6 a0 t
 

- regional centers should increasingly take Lccount of the results of simulation models,
 
da aes albn sta a i- -- th in 'w17. Graded or guide bund a pne or bothof Purposes.(1) to control the flow of runoff waterwhere ofpfb 

changes in the direction of cult6 i .ati tart ie cuar, 

where nonpermanent 1BBor flat, rdcultivato sjystems are used t 
andIerosion. am smlar to convenlbrial graded buads, altho[]ea FThey ilir "" 

3-~3433smaller, 
33 ~ 3 3 :-;~ 3 ,~,3~~ -~ P~ 

- -~-' -- - 4~----,m A-3
3 

j9 ~~- ~1t - ~ -33 1~- iT 4 ~4b~33 
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Table 2. The effects of land treatments on runoff, soil erosion, and gross and 
net returns on deep and nedium-deep Vertisols. 

Generalizations 

Prom WBR and FSMT: 

1. 	 Intercropping of maize/pigeonpea is more 

profitable than maize/chickpea sequential 

cropping. 


2a. 	 Crop cover reduces cumulative and avail-
able runoff by at least 10% and more than 
that in low rainfall years; this is true for 
both the flat cultivated and the BBF water-
sheds. 

2b, 	 Crop cover greatly reduces soil erosion, 
often to less than one-fourth of the fallow 
treatment. V'ith early vegetative cover, 
soil losses seem well within acceptable 
limits. 

3a. 	 Contour bunds lead to losses in the munsoon 
and postmonsoon crops by causing waterlog-
ging near the bund and by loss of cultivated 
land. They are not necessary if cainy-season 
crops are grown (see 2b). 

3b. 	 Under cropped and fallow conditions, contour 
bunds reduce watershed runoff by storing it 
temporarily above the bunds; water may 
evaporate or add to groundwater recharge (in 
situ runoff may not be reduced). 

3c. 	 Well-designed and maintained contour bunds 
reduce watershed erosion. (in situ erosion 
may not be reduced). 
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Source 

- ARFS 77-78 Table 103 
- ARFS 76-77 Table 71 
- RSP Table 3 
- Appendix Table 2 (FSMT) 

- ARFS 76-77 Table 65 
BW4C vs BW3B vs BW1, 2, 3A 

- RP Table 3 and 5 regression 
coefficients 

- RSP Table 5 long-term 
simulation 

- JIIK (1979) 

- Appendix Table 2 BW4C 
vs others 

- ARFS 76-77 Tablc 68 and 
page 184 BW4C and BW5B 
vs all others 

- ARFS 76-77 
- ARFS 77-78 

- ARFS 76-77 Table 65 
BW6B ye BW5BS and PW4C 

Continued 



Table 	2 continued 

Generalizations 

4a. 	 BBF reduces iunoff under fallow condi-
tions. 

5a. 	 Under cropped conditions BBF reduces 
cumulative and available runoff by atleast 
30% compared with flat cultivation. 

5b. 	 Under cropped conditions BBF may further 
reduce soil losses compared with flat 
cultivation, particularly if high intensity 
rainfall occurs early in the rainy season. 

6a. 	 Under cropped conditions BBF give 
higner gross returns than 'lat planting 
(roughly 15%). 

6b. 	 Under cropped conditions BBF give 
higher profits than flat planting (roughly 
Rs 600/ha). 

7. 	 BBF lead to savings in bullock time required 
for primary tillage but not in other operations, 
compared with flat cultivation. 

8. 	 Operating within field boundaries may not 
lead to substantially lower gross returns 
and profits for either BBF or flat 
cultivation. 
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Source 

- AFRS 76-77 Table 65
 
BW5BS vs BW4C
 

- ARFS 77-78 Pagc 219
 
BW5B vs BW4C
 

- ARFS 76-77 Table 66 
(1976 data only), Table 50. 
RP Table 3 Table 5 pp 12, 
13 regression coefficients 

- PSP table 5 long-term 

simulation 
- Appendix Table 2 (FSMT) 

- ARFS 76-77 Table 50 
- Appendix Table 2 BW3B 

vs BW3A 

- ARFS 76-77 Table 71 
BW1, 2, 3A, vs BW3B, 4B 

- ARFS 77-78 Table 103 
BW1, 2, 3A vs BW3B, 4B 

- Appendix Table 5 BWl, 2, 
3, 7A vs BW3B, 4B 

- RSP, Table 3 
BW1, 2, 3A, 7A vs 
BW3B, 4B 

- Appendix Table 1 

- RSP Fig. 8 B'V2 vs BW1, 
BW7A 

- Appendix Table 6 BW2 
vs BW1, BW7A OR BW2 
vs BW1, BW3 

Continued 



Table 2 continued 

Generalizations Source 

9. 	 Management of cropping patterns and - VSD
 
crops across field boundaries is ex-
 Village experience 1979 
tremely difficult for small groups. 

10. 	 Short term group action to implement - Village experience 1979
 
improved soil and water management
 
systems apriears feasible,
 

Abbreviations: ARFS = ICRISAT Annual Report, Farming Systems section 
BBF = Broadbeds and furrows 
Flat = Flat Planting System 
FSMT = Field-Scale Land Management Techniques
 
JHK = Krishna (1979)
 
RP = Ryan and Pereira (1978)
 
RSP = Ryan, Sarin, and Pereira (1979)
 
VOSR von Oppcn and Subba Rao (1980)

VSD Doherty (1979)
 
\IBR = Watershed-Based Research
 

Cumulative runoff The total annual runo'ff or total runoff up to 31 October. 

Available runoff Based on tlelESP long-run simulation study and 
refers to runoff avJlable on 31 October after 
adjustment for tank spillway flow and evaporation. 

profile water infiltration on these soils regardless of whether they are cropped
 
or fallow.1 8 Particularly under fallow conditions, broadbeds and furrows com
bined 	with a system of graded or guide bunds may be capable of minimizing run
off and attaining control of erosion within fields and across watersheds. 

Furthermore, tinder cropped conditions, the present system of BBF gives
higher gross returns and profits than flat planting (Generalization 6). For primary
tillage BBF lead to savings in bullock time compared to flat cultivation' 9 (Gener
alization 7). Inproved surface drainage is probably the major cause of increased 

18. When the profile is alreadv filld to ci;nIam tv sucih increasd infiltration inay result in increased
groundwater recharge rather thanii i)Ci ui'S0)lt, IIYthe crop. Evidhnece suggests that most runoff on these soils may indeed occur wcin they are alrealy filled to capacity. 

19. Both systems operated with wheeled tool carriers. 
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yields with BBF in this soil type. Othe, evidence and experience indeed sug
gest that the BBF-type system should be viewed primarily as a means to improve in situ surface drainage where that is a problem, even in soils other than
the deep Vertisols. This should be kept in mind when studying the results o"I 
BBF on shallow soils. 

For extension and implementation purposes (but not research) it is conve
nient to divide the system of farming into two parts: (1) soil- and water-manage
ment techniques; and (2) cropping patterns and agronomic practices. Soil-- and 
water-management techniques designed to control runoff to dispose of excess 
water and to minimize erosion--frequently including direction of cultivation-
have to be planned and implemented on a whole-watershed basis since guidance
of water from plot to plot is crucial. On the other hand, cropping pattern deci
sions and agronomic practices should be adapted to the watershed topography
only if the benefits of such group action are sufficient. The WBR allow us to 
test whether this may be the case. BBF and improved agronomic practices were
introduced in BW2 in a way that respected the original field boundaries (i. e.,
each farmer in this situation could presumably adopt the 1313" without changing
the field boundaries and without affecting his neighbor). Comparing this water
shed with the others (in particular BW1 and B\V3 and/or BW7) suggests that
watershed-based adaptation of field boundaries to graded cultivation may result
in modest increases of gross returns (Generalization 8). However, it is doubt
ful that the gains to be realized from adjusting present field boundaries to BBF
cultivation are sufficient to actually motivate farmers to exchange land on a
 
voluntary I-asis.
 

Evidence from cross-cultural anthropological research suggests that small 
groups, such as the farmers onl a watershed, can be birought to act as a group

more easily to execute one task in a short period rather than 
to manage a whole

host of decisions for a long period of time (Generalizations 9 and 10). The

implementation of a system of bunds and 
BBF on a watershed seems to ')e such
 
a specific, short-duration task, while crop managemhent across field boun(laries

is not. Except for the Sholapur situation, the experience in the village water
sheds in 1979 bears out these generalizations fairly well.-'" 
 We therefore sug
gest that watershed work in the villages should be directed to wan' rshed-based
 
systems of drainage and runoff and erosion control but tiat the existing field
boundaries in many situations can be respected without major adverse effects on
the goals to be attained. Ongoing land consolidation programs, however, mayprovide opportunities for field boundary adjustments tV-t should then be based on 

20.Adhering to field I)""I"hiries in th. Shoipur villieL , ,,uld h;ivo, r,'sult.dproduction a reltivv vlI irge ;rn fr lifl 
in Inking out ofdrins inihun s. Sin h nn ; pjiro;,hI might wel I m kvthe experientr Unaicii''i'p ile I, thn ow:in,rutnif4 fnrgn h)VI prs.nhlrs s('iause no llhoI'lh i eXisit.lE-.vidlently ho),ogral)hY and ;irujthe local iirtv I,, ulunr(iaw,can, i s1-lvctvfl cas s, I Hucih thatrespecting thein both might rnak' w ,ii-rsh d-hlisnid imil)kmn.n ti,ti of 'rousion aid dIrninng.


control systens verv difficult.
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waa dI*4development principles. Whiere the tpgah and fieldJ bec~~p 
ae uc that inordinate losses would occur i'f niabondare wererspec$ted 

-osldation programs may: even be considered. a prerequisite -tojmprovin 
t nd rsource on a wtrrshed basis.e 

:ener izationsfor the Medium and Shallow Vertisoly Or 

fiep'orting~of findings from watershed-b ese rc on the mediuman shlo 

S Yertisols Is less advanced because work on these soils was i latrthan. 

that on deep and medium deep Vertisols; they have also been less I;ntensivel]y4 
monitored. Unfortunately, on a watershed scale, no contiguous areas of such' 
Vertisols exist at ICRISAT allowing for uniform comparisons. On the other hand, 
SHiT experiments have been conducted on medium to shallow Vertisols~1 s ince 
1975. One of the field-scale land management trials Is located mostly on shallow 
Vertisols (BWB). 

Many of the tentative generalizations on these soilsare similar to those 
derived earlier for the deep Yertisols (Table 3, Generalizations 1, 3, and 4). 
As expected, intercroppng relative to sequential cropping is even more attrac
tive on these soils of lower water storage potential because postralny-season 

ucropping is often not at all feasible on the medium and shallow Vertlsols (Genera
lizwionr2).eOn theseoil the presence o riegt li soverduring therain 
season also has a major impaect onsrimsff and erosion. 
common on these soils c2 ( 

Contour bunds.are now 

assmThe aTonetloldweennutdo h (we oto fB8.ara e parat 

Regression and simulation mcxlerng of runoff has not been does 
for the medium to shallow Vertisols. This is because most analysis in the past 

assmedythatoneco expect deep and less-deep Vertisols to behave similarly
with respect to runoff and soil loss, which are primarily soil surface phenomena.
However, hydrologic data collected on soils of different depths during the past 
few years in the FSMT indicate that runoff pot6 ntia1 ,(and therefore erosion) 
decreases as one moves to shallower soils (Generalization 5). Thus resource 
conservation may be a less critical issue on these'soils. 

21. The SIIT on Vertisols were conducted on the lower portion of BW8C, an area characterized 4 

durin the 'rainy season by shallow groundwater and therefore by frequent inadequate drainage.. 

22. On medium and shallow Vertisols in low-rainfall kharif follow areas, conftour bunds may not l ' < 

as easily dismissed as on deep Vertisols. While thes soils must be cropped in the rainy season 
because of insufficient water storage capa t for postrainyseaon cropping,btheicrop cov 
will often be poor in low-rainfall years providing iufficient erosion protection. Consrur bundi 
do not of course affect in situ erosion but they do decrease watershed erosion. This might be ~
a desirable objective in areas where erosion from contributing catchments threa 10* the *, 

V
K 

efficient operation of irrigation reservoirs. (But bunds would also reduce runoff thil ma 7"' ": 

adversely affect existing reservoirs.) Water stagnation near the bunds will lead to loases to-' 
the rainy-season crop in high-rainfsliyears. Infiltration benefits near the bund' a be''oz td 

-

in low-rainfall years without high intensity, long-duration storms. Probablitypa',,Fu~atns r 
required to see under which condition waterlogging losses are offset by.... t.on...e.s.,. 
But even on these soils, guide bunds of low slope may often be mor efetian cotour 

i"zti 



Table 3. The effects of land treatments on runoff, soil 
returns on medium and shallow Vertisols a 

erosion, gross and net 

Generalizations Source 

From WBR and FSMT: 

1. 	 Intercropping of maize/pigeonpea is higher - ARFS 77-78 Table 103
 
yielding and more profitable than maize/ BW7B, C, D vs BW6C,
 
chickpea sequential cropping. 6Db
 

- ARFS 76-77 Table 72 

2. 	 Cropping based on residual moisture in - Too small moisture 
the post-monsoon is impossible. storage capacity 

3a. 	 Crop cover reduces cumulative and avail- - PP Table 3 and 5 regres
able runoff by at least 10% and by more in sion coefficients 
low rainfall years. - RSP Table 5 long-term 

simulation 

3b. 	 The crop cover effect on soil loss is not 
assembled separately but probably reduces
 
losses to acceptable levels for all soil
 
treatments.
 

4. 	 Contour bunds lead to substantial waterlogging 
losses to rainy-season crops especially on 
medium Vertisols. Generalization 3b implies 
that they are not necessary. 

5a. 	 Runoff on ICRISAT Vertisols is lower the - Appendix Table 3 FSMT 
shallower the soils. 

5b. 	 Soil loss on ICRISAT Vertisols is lower - Appendix Table 3, 
the shallower the soils. FSMT BW8 vs BW5 

6. 	 BBF do not affect runoff and erosion - AppendNx Table 3 FSMT 
significantly. 

7. 	 BBF do not result in substantial yield, - Appendix Table 4 FSMT 
gross return, or profit increases. ARFS 77-78 Table 103 BW7B, 

C, D, vs BW6C, D 
- Appendix Table 4 
- RSP Table 3, BW7B, 7C, 

7D vs 	BW6C, 6D 

Continued 
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Table 3 continued 

Generalizations Source 

From SlIT 

8a. Soil and crop management (including BBF) - RrP 1979 Fig. 1 
leads to yield and profit increases. - AAFS 1976-77 Table 61 

- ARFS 1977-78 Table 100 

8b. 	 The BBF system has its highest payoff 
when fertilizer level and/or variety are 
improved. 

a. Abbreviations are explained in Table 2. 

b. The 	source table incorrectly designates BW6C, 6D as BW3B, 4B. 

In Table 3, a key difference with the deeper Vertisols (based on WBR and 
FSMT data) appears to be that on medium and shallow Vertisols BBF do not affect 
runoff or erosion (Generalization 6) nor substantially increase yields or profits 
(Generalization 7). Our intuitive explanation and hypothesis is that this difference 
is caused by the absence of serious surface and subsurface drainage problems on 
the medium and shallow Vertisols used for experimentation In WBR and FSMT 
and that same situations lay exist where BBF would be profitable because they 
solve specific drainage problems. 

This tentative hypothesis is strengthened by the results of the S11T experi
ments on these soils; they apparently contradict findings from research water
sheds and FSMT by suggesting that management (including BBF) Lads to higher 
yields and profits (Generalization 8a). "Management," as defined in the SIlT 
experiments includes broadbeds and furrows, improved weed control, and dif
ferences in equipment to perform seed and fertilizer placement (as well as some 
other 	operations), In BW8C, inadequate surface drainage conditions and 
shallow groundwater may further complicate the issue. We hypothesize that 
these confounding factors may be the reason for the apparent contradiction and 
suggest de-emphasizing the SIIT evidence on BBF with regard to well-drained, 
medium and shallow Vertisols. 

We suggest that the difference in the effects of BBF on medium to shallov 
Vertisols, compared to medium-deep and deep Vertisols, requires urgent 
scientific resolution, to be done by careful analysis of existing data and, if 
necessary, by specifically directed experiments, and that the already initiated 
research on alternative soil configurations be further strengthened. We also 
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recommend an urgent search for more effective means to utilize the total
 
available rainfall on these soils (e. g., 
 through mulches and improved residue 
management). 

Generalizations for the Alfisols 

Most generalizations in Table 4 are concerned with BBF. The conclusions from 
WBR abad the FSMT are that the presently used BBF generally increase runoff,
do not reduce soil loss, and do not increase yields, gross returns, or profits.
If one were interested in increasing runoff to store such water in a tank for
 
breaking droughts in the rainy season or for postrainy-season use, one might

advocate this system. 23 Also, in case one wanted co 
irrigate crops supplemen
tally, graded furrows may be needed for applying the water. For most situa
tions, however, alternative :soil management techniques would seem required,

and work is in progress to develop them. 
 This research needs to be intensified, 
especially for situations where surface drainage problems are encountered. 

As on the medium to shallow Vertisols, the SIlT experiments on Alfisols 
suggest an apparent contradiction in that they find improved management to 
result in higher yields and profits. 24 Management in the SIlT experiments on 
Alfisols included the same factors as on medium to shallow Vertisols; specif
ically the effects of improved equipment and BBF cannot be separated from one 
another. Unde±' WBR and in the FSMT, broadbed-and-furrow and flat cultiva
tion are 
both planted with the same equipment. We may hypothesize, therefore, 
that an important reason for the apparent contradiction between results from 
the watersheds and SIIT experiments is the better seed and fertilizer placement
attained in BBF in the SIT experiment. This hypothesis seems supported by
1978-79 tillage experiments in villages (Appendix Table 9) and from the lit
erature on the effects of precision seed and fertJizer placement. We also note 
that conclusion 3b (Table 4) shows a strong interaction between management and 
fertilizer levels, which is consistent with our hypothesis. However, improved
soil and crop management without the application of chemical fertilizer also 
increases SIIT yields both in case of traditional and high-yield-potential vari
eties (as in the Vertisol situatLc0). Inadequate surface drainage is not expected
to have been a significant factor in the SIT experiments on Afisols (contrary 
to the situati in meditun to shallow Vertisols SIlT experiments). Thus, it is 
important to resolve the apparent contradiction between SIlT results and the 
WBR and FSMT-based evaluations of BBF on Alfisols. 

23. Increasing runoff may also increase the risk to rainy-stvason crojps if runoff occurs under 
conditions of a partially filled profile. However, most runoff comes from high-intensity storms 
during which the relatively low water-stor ge capacity of the soil would be filled anyway. 

24. The 311T during the years selected for comparison were executed on a relatively deep Alfisol;
WBR and FSMT were located on shallow to medium-deep Alfisols. 
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Table 4. The effects of soil treatments on runoff, soil erosion, and gross and 
net returns on Aifisols. a 

Generalizations 

From 	WBR and FSMT: 

la. 	 Under cropped conditions, the present BBF 
usually increase cumulative or available 
runoff. At grades between 4 and 8% of BBF, 
cumulative and available runoff are sub-
stantially higher than under flat cultivation. 

lb. 	 The present BBF may substantially 
increase soil loss. 

ic. 	 Different yields and gross returns are 
not substantial with BBF compared to 
flat cultivation. 

1d. 	 Therefore profits are not expected to be 
higher for present BBF compared to flat 
cultivation under rainfed conditions. 

2a. 	 Contour bunds reduce watershed runoff 
(but not in situ runoff) while graded bunds 
du not. 

2b. 	 Contour bunds reduce watershed soil loss 

(but not in situ loss). 

From 	SIIT 

3a. 	 Soil and crop management (including 
BBF) leads to yield and profit increases. 
(These increases are less than on medium 
to shallow Vertisols.) 

3b. 	 The BBF system has its highest payoff 
when seed and fertilizer are also improved. 
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Source 

- RP 	 1978 Table 7 regres
sion coefficients 

- RSP 1979 Table 5 simulatior 
- ARFS 1976-77 Table 67 

RWI D RW2 B vs RW1 C 
- ARFS 1975-76 Tables 56,73 

RW1D. RW2 B vs RW1 C 
- Appendix Table 5 FSMT 

- ARFS 1975-76 Table 56 
- ARFS 1976-77 Table 68 

RWID, RW2B vs RWIC 

- RSP 1979 page 19 
- Appendix Table 5 FSMT 

- ARFS 1976-77 Table 67 
RWIE vs RWIC 

- ARFS 1976-77 Table 68 

RWiE 	vs RWIC 

- RSP 1979 Fig. 4 
- ARFS 1976-77 Table 60 
- ARFS 1977-78 Table 101 

Continued 



Table 4 continued 

Generalizations Source 

3c. 	 Even without the application of chemical
 
fertilizers, improved soil and crop
 
management results in improved yields.
 

a. Abbreviations are explained in Table 2. 

Storing Runoff for Supplementary Irrigation 

The idea of runoff collection and use for supplemental irrigation presupposes 
that the potentials for using the available root profile storage more efficiently
 
to buffer i'.scontinuities in rainfall have been fully utilized. 
 It is more efficient 
and cheaper to store water in the soil than in a tank. It must also be realized 
that runoff will frequently be least available in those years of erratic and low 
rainfall when the payoffs from supplemental water would presumably be largest.
On any given soil type, the potential for supplementary irrigation from stored 
runoff is influenced strongly by the rainfall patterns (Generalizations 2b and 4b 
in 	Table 5) and by subsoil conditions (Generalization 4a). The actual feasibility 
of this technique will therefore always be highly location-specific. 

Benefits from supplemental irrigation from stored water on small water
sheds are more likely on the Alfisols than on deep to medium-deep Vertisols 
because: (1) Alfisols, at ICRISAT Center, have a higher runoff potential
(Generalization 2a); and (2) Alfisols have a lower water-storage capacity arid 
therefore a likely higher payoff from supplemental water. It also appears that 
medium to shallow Vertisols (at ICRISAT Center) have a lower runoff potential 
than the deep Vertisols (Generalization 2c). Benefits from storing runoff for 
supplementary irrigation on small catchments may therefore be low on shallow 
Vertisols, despite the fact that these soils have a limited water storage capacity. 
We recommend that the runoff potential on medium and shallow Vertisols in 
different climatic zones and toposequences be analyzed separately from the deep 
and medium-deep Vertisols. 

On all deep and medium-deep Vertisols, storing water for supplementary 
irrigation of the rainy-season crop has little potential. 25 

25. 	We note that supplementary irrigation of postrainy-season crops on deep and medium-deep
Vertisols may have potential under conditions of rainfall as high as lyderabad or higher
(RSP, Table 6), provided that water responses in that season can be shown to be large enough 
on a year after year basis. 
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Table 5. Runoff potentials and payoffs from stored water for Vertisols and 
AlfisolsO 

Generalizations 

For runoff collection 

1. 	 Watershed runoff increases less than 

proportionately with size of catchments.
 

2a. 	 Alfisols at ICRISAT have greater cumulative 
and available runoff than Vertisols. 

2b. 	 Runoff potential on Hyderabad deep 
Vertisols is higher than on medium to 
shallow Vertisols at Sholapur. 

2c. 	 On Hyderabad Vertisols, runoff potential 

increases with soil depth. 


3. 	 Larger catchments have a higher 
potential for profitable use of runoff water 

For irrigation and organization 

4a. 	 Traditional tanks are concentrated on soils 
with low moisture retention capacity and in 
areas with granitic subsoils. 

4b. 	 Traditional tanks are concentrated in low 
rainfall areas and especially where postrainy-
season rains are substantial, 

5. 	 Existing tanks in Alfisol areas are more 
profitable than in Vertisol areas. They are 
also better utilized. 

6. 	 Tank construction costs per unit of stored 
water tend to decrease with size of tank. 
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Source 

- RSP 	Table 5 

- RP Table 2 
- RSP Table 5 
- APFS 76-77 tables 65 and 

66 
- APFS 75-76 tables 72 and 

73 

- RP Table 2 
- RSP Table 5 

- Appendix Table 3 
BW5 vs BW8 (FSMT) 

- RSP 	Table 5 

- VOSR 
Vol. 1 Fig. 1 and Table 6 
(regression coefficients) 

- VOSR Vol. 1 Fig. 1 and 
Table 6 (regression 
coefficients) 

- VOSR Vol 2 Table 5 
- Appendix Table 7 

- Appendix Table 8 

Continued 



Table 5 continued 

Generalizations Source
 

7. 	 Gravity flow can be used in larger tanks; 
small dug tanks require pumping, which
 
may increase costs.
 

8. 	 Larger tanks have larger ratios of settled - VOSR (Vol 2) Table 2 
command area to submerged area. Therefore, 
they probably have lower relative evaporation 
losses. 

9. 	 Larger tanks and groups of people can be sup- - VSD 
ported by administrative systems while small
 
ones depend more frequently on spontaneous
 
group action.
 

10. 	 Supplemental irrigation from runoff collec- - RSP Table 4
 
tion on small watersheds is not profitable on - RSP Table 6, 7 and
 
medium and shallow Vertisols in Sholapur even page 26, 30
 
for the postrainy-season crops.
 

11. 	 Supplemental irrigation from small-scale - ARFS 75-76 page 202 
runoff collected may be profitable on Alfisols, - RSP table 4 
especially if applied to high value crops. - RSP table 8 and page 30 

a. Abbreviations are explained in Table 2. 

Wc further suggest that future research on supplemental irrigation of 
rainfed crops for Vertisols in the low rainfall zones be based primarily on 
lifting from rivers, large irrigation schemes, or well water rather than from 
stored small watershed runoff. On Alfisols all sources of water may be con
sidered. Potential on a small scale may exist, especially for high-value upland 
crops. 26 

We recommend that an attempt be made to use existing information and 
the existing methodologies for mapping the semi-arid tropics of India into three 
zones: (1) where benefits from storing runoff for supplementary irrigation on 

26. ICRISAT v, ill have to decide whether research on supplementary irrigation from sources other 
than runoff collected on small agricultural watersheds and applied to crops other than its man-
date crops, falls within its purview. 
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small watersheds are likely; (2) where such benefits are in question; and (3) 
where they are unlikely. To achieve this for countries other than India in the 
SAT, and to narrow down the "questionable" zone, will require specific focusing 
of data-collection programs and more precise modeling exercises based on current 
research.
 

Generalizations 1, 3, 6, 7, 8, and 9 tend to suggest that for the "likely" 
zone, runoff collection may have to concentrate on improved water utilization in 
larger watersheds. The FSRP is already investigating water-use efficiency and 
potential improvements in traditional tank irrigation systems; the Economics 
Program has also done considerable research on management practices in such 
systems and on how to improve them (von Oppen and Subba Rao 1979). 

These economies of scale hiave been realized from the early stages cf 
research on the feasibility of storing water for supplementary irrigation in 
small catchments. However, shifting attention to laiger-scale water collection 
and supplemental irrigation means a move down the toposequences, i. e., the 
benefits of the irrigation will tend to be concentrated on the deeper soils while 
the shallower upper reaches receive no benefits. Unless farmers have land at 
different poiirts in the toposequence, such a move towards larger-scale reser
voirs implies a distribution of benefits away from those with the poorest re
sources and to :hose with an already richer resource base. This potential 
tradeoff between equity and efficiency needs further investigation in particular 
because ICRISAT's mandate also relates to the farmers with the poorest re
sources. 

Predicted Systems for Selected Areas 

The variability encountered in the agroclimatic, soil, and sccin.rLonomlc envi
ronments makes attempts towards broad generalizations and prediction dif
ficult; we refer back to the introduction on this issue. 

The predicted systems (Table 6) are subject to further research and hinge 
on testing or confirming some of the hiypotheses expressed in the earlier sections. 
We offer them as an integrative device. 

With regard to the proposed cropping systems, it is realized that inter
cropping systems are most attractive only for a particular range of crops. 
Particularly in terms of rainy-season crop growth extended into the pDstrainy 
season, crops such as pigeonpea, cotton, and castor seem the most suitable. 
Postrainy-season cereals or legumes can often only be grown as sequential crops. 

Relative to the deep and medium-deep Vertisol situations we can rule out 
small-scale watershed-based runoff collection for supplementarn irrigation of 
rainy-season crops. For postrainy-season crops, such a system will not be 
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Table 6. Predicted farming systems for selected regions ond soil types. 

Soil water 
management 

, Cropping system 

Runoff collection 
for supplemen-

tary irrigation 

Supplementary 
irrigation from 

other sources 

Group action 

a. Potential may be explored 

Kharif Fallow 
Sholapur Madhya Pradesh 

(low rainfall) (high rainfall) 
Deep Vertisols Deep Vertisols 

Broadbeds and fur- Guivc bunds 
rows Broadbeds and fur-
Guide bunds rows to be tested 
Land smoothing Land smoothing 
Grassed waterways Graesed waterways 
Emphasis on ero-

sion control and 
infiltration 

Rainy-season 
fallow (possibly 
short duration low 
input rainy-season 
crop in some 
years) 

No 

Emp!hasis on 

drainage 

Potential for 
rainy-season 
crcpping to be 
investigated 

. .ot for rainy-
season cropsa 

Eyderabsd 
Deep Vertisols 

Broadbeds and 
furrows 
Guide bunds 
Land smoothing 
Grassed water-
ways 

Preferably rainy-
season crops 
with hitercrops 

Not f'r rainy-
se=,soi crops 

Alfisols 

Flat cultivation, 
except where 
supplemental water 
is available 
Guide bunds 
Land smoothing 

Rainy-season 
crops with inter-
crop 

Promising for 
high valued crops 

To be investigated (if water is available) 

Akola
 
Medium to shallow
 

Vertisols
 

Guide bunds 
Land smoothing 
Grassed waterways 
Cultivation and 
tillage to be inves
tigated 

Rainy-season crop 
with intercrop 

Not for rainy-season 
cropsa 

Confined to establishment and maintenance of the soil and water management system 

for collecting runoff for supplemental irrigation of postrainy-season crops. 



attractive in the Sholapur situation, but it may be attractive as one mones to
 
higher Painfall zones.
 

We further note that we cannot extrapolate the findings from the low
rainfall kharif fallow zone to the high-rainfall ldharif fallow zone without first
 
gaining a better understanding of what the basic 
causes of the rainy-season fallow 
are. It is clear that in the high-rainfall kharif fallow area, most components 
are still poor]-, understood. 

Where Table 6 indicates flat cultivation systems, the benefits of graded

flat systems need to be investigated. 
 With respect to possible flat cultivation 
systems, implements other than the wheeled tool carrier should be considered.

Low cost precision seeding with fertilizer application may be essential if our
 
earlier hypothesis on the importance of seed-fertilizer placement is confirmed.
 

On Alfisols receiving supplementary irrigation, type of broadbedsome 

and-furrow system may be required to effectively guide the water. Village

experience suggests that farmers often use 
similar systems when irrigating
 
crops such as chillies.
 

With respect to grassed waterways, experience is very positive on all

soil types at ICRISAT Center. 
 Whether grasses can survive the dry season under 
grazing pressure is currently being investigated for the different soil types in our 
on-farm studies. 

Broader Implications for ICRISAT Research 

Our specific suggestions for rese,rch are summarized in Appendix 1. Such a
list will be a revolving one as current issues are solved and new hypotheses
suggest themselves. Here focus onwe broader implications. 

Based primarily upon a priori reasoning, it was suggested in an earlier 
paper (Binswanger et al. , 1976) that farming systems research at ICRISAT 
should focus on: 

1. Assembling and interpreting existing base-line data in the areas of 
climatology, soil science, water management, plant protection, and 
economics. 

2. International assembly and communication of basic and applied research 
results. 

3. Basic or supportive research on research methodology, agronomy, 
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physiology, crop competition, land and water management, hydrology,
soil science, etc, 

4. 	 Simulation or systems-analysis studies based on climate, soil, and
economic information to predict potential performances of cropping
patterns, and cultivation or soil-and water- management practices. 

5. 	 Organization of international cooperative trials and networks. 

6. 	 Training of researchers for national research institutes. 

7. 	 Development of applicable farming systems at benchmark locations. 

In recognizing the striking location specificity of the predicted farmingsystems, we believe that the experience gained in the past few years clearlysupports such a distribution of emphasis. Taking into account what has happened
since then, we note: 

1. 	 The continued need for more emphasis on comparative evaluation ofresearch done elsewhere and at ICRISAT and for the dissemination of
results from such reviews. 

2. The requirement for rapid publication of the valuable data and evidence
from watershed-based and other resource-management research,supporting evidence from the Economics Program, 	

the 
and the evidence fromthe tank otudies of the Farming Systems Research Program and the 

Economics Program. 

3. 	 The value of science-oriented research that enabled the improvement
of simple soil moisture, runoff, and tank irrigation models on which
the essential conclusions of this paper are bas, . 

4. A need for the widespread use of simple models to test as many
alternative hypotheses as possible. 

5. 	 A need for maps based on review and simulation work for various
 
production techniques such as that for dry seeding (Fig. 
 1). 

6. An urgent need to determine uniform data sets to be collected in
multipurpose or 	omnibus experiments in order: (1) to characterize theenvironment of the experiments from all agronomically relevant pointsof view; and (2) to generate data sets to test and improve components of 
systems models. 

7. An 	increased effort in cooperative research programs at research 

25 



2 

w .,. . 7r 76, WO, 84* eel 100.Q 

3, C H N 

28' GGN oANLASS '-


DL
0 

r 

AA~ PL °NoK LK GAN 

L" . 0. ... o" " 

S~,ctoL~,, 0u~.oYD0,A.Y 

16' 76 P VON 81' 04 


Figur . Nosblte of s e i NrGon V tL . 

VRma ..AoreA Ao "Ciai Ap1oc Trnse ofNarmngSysem
AG 0 o N ATechologinS he., SeiAi A 0 U MTrOisW RISTAgut199TeholgAh Se i ST 99En - TrOisW RIK ugs 

ONG6 



centers and on farms to rapidly generate the required uniform data sets 
and to facilitate local adaptation of broad principles. 27 

8. An increased emphasis on looking at the farming systems as consisting 
of components to be assembled differently for distinct regions according 
to their profitabilities, costs, and local preferences. 

We note that it would be impossible to maintain the quantity of experinen
tal effort implied in these suggestions at ICRISAT Center with present staffing 
levels. Review of evidence from many diverse sources and interpretation and 
publication of research results take considerable time. Emphasis on coopera
tive research at national research stations and in villages (where much of the 
ultimate assembly and evaluation of systems would take place), is similarly 
time-consuming and often more challenging than research at a single experiment 
station. The importance of research at ICRISAT Center is in no way diminished 
by our suggestions; such resear -as to be focused on testing specific crucial 
hypotheses and/or on improving basic knowledge to improve model components 
and individual technology components of the system. 

27. 	In the area of land and water management two cooptrtitive research efforts started in 1978 in 
collaboration with AICRPI)A research stations. The first focuses on resource development,
conservation, and utilization with respect to soil and water (similtar to FS1'IT). It currently 
involves research at 16 stations. The second consists of a set of hydrological studies to 
improve land and water utilization in simaII agricultural watersheds earlier described as WBR. 
It currently involves four locations. Cooperation with AICRDI)A in on-farm studies is presently 
limited to the three villages of Aurepalle, Shirapur, and Kanzara. 
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Appendix 1. A Summary of Research Suggestions 

The research suggestions below are not a list of research topics for the entire 
Farming Systems Research Program but are confined to the areas covered in
this paper. They include suggestions for crop improvement research and sup
port of crop improvement research. They often may require review work, or
 
cooperative research, 
rather than research at the Center. 

We divide them into two sets: "Immediate objectives" are reF'P-rch pro
jects required to firm up the evidence on which the generalizations are based,
to more clearly define their geographic scope and/or to refine specific compo
nents of the predicted farming systems; "Intermediate and long-run objectives"
relate to opportunities arising from the generalizations where we feel that
ICRISAT now has methodologies and comparative advantage, but where refine
ments and/or additional data gathering may be required. 

Immediate Objectives 
Programs/Subprograms 

1. Resolve the question why BBF improve yield and E. Physics

profits on deep Vertisols but less or not at all on 
 L &W. Management 
medium to shallow Vertisols. 

2. Review existing data to see how much BBF reduce L & W. Management 
erosion and improve infiltration and/or drainage 
under fallow conditions on Vertisols (for irreduc
ible kharif fallow areas). 

3. Test BBF in high-rainfall kharif fallow areas on L&W. Management 
medium-deep and deep Vertisols. 

4. Determine through survey and soil sampling L & W. Management
techn~ques the factors most responsible for high E. Physics
rainfall/kharif fallow and how they can be over- Agroclimatology 
come. Economics 

5. Investigate which factors are responsible for Breeding 
low-yiold and low-fertilizer responsiveness of Physiology

rabi sorghum (such as temperature, soil moisture, S. Chem & Fert.
 
and nutrient availability) and how they can be over
come.
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6. 	 Review and compare the impact of better seed 

and fertilizer placement on yields by soil type 

and fertility level. 


7. 	 Identify and test technical minimum machinery 
packages necessary to achieve the sometimes 
considerable management effects identified in 
SIlT and on-farm research, with special emphasis 
on the effects of seed-fertilizer placement. 

8. 	Explore and evolve institutional and legal alter-

natives to implement and maintain soil-water 

management systems on a watershed basis
 
respecting or only slightly modifying existing
 
field boundaries.
 

9. 	 Review experiment station evidence on cropping 
systems and conduct probability-based model 
exercises of alternative systems for selected 
locations of carrent or future ICRISAT involvement. 

Medium and Long-Range Objectives 

Machinery 
S. Chem & Fert.
 
L & W. Management
 

Machinery 
Production Agronomy 

Economics 
L & W. Management 

Cropping Systems 
Agroclimatology 
E. 	 Physics 

Farming systems work must emphasize comparative classifications of the SA'. 
into promising, unpromising, and questionable zones for specific production 
techniques or subsystems. The classification schemes cannot be general but 
must be specific to the production technique or subsystem studied. The topics 
are not listed in order of prioriy. 

A. 	 Classifications that can probably be done on the basis of currently existing 
methodologies (but for which additional data may be required): 

1. 	Runoff collection for supplementary irrigation 

2. 	 Dry seeding 

3. 	 Low-rainfall kharif fallow zone 
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L &W. Management 
Agroclimatology 
E. Physics 
Economics 

Agroclimatology 
Production Agronomy 

Agroclimatology 
E. 	 Physics 



4. 	 Subzones of major ICRISAT crop-growing Agroclimatology 
zones by optimal length of crop growth cycle' Breeding 

B. For ICRISAT to do similar mapping for other techniques, more research 
is 	 required along the following lines: 

1. 	 Summarize existing knowledge on cropping sys- Cr. Systems
 
tems by agroclimatic zone and explore ways in Agroclimatology
 
which to predict optimal combinations for dif- Agronomy
 
ferent locations.
 

2. 	 Explore potential of deriving optimal decision Agroclimatology
 

rules for cropping patterns based on observed E. Physics
 
soil 	moisture at the beginning of the kharif and/


1'
 or 	rabi seasons. 

3. 	 Explore the potential of clustering techniques Agroclimatology
 
to group together distant locations with similar E. Physk-s
 
agroclimatic conditions to facilitate research
 
planning and technology transfer.c
 

4. 	 Develop a rainfall-driven, process-based model Breeding 
enabling the mapping of the SAT into areas where Agroclimatology 
photosensitive genotypes are required. E. Physics 

5. Explore potentials of converting existing tanks L & W. Management 
for supplying supplementary irrigation of dry Agroclimatology 
crops.d 	 Prod. Agronomy 

Economics 

6. 	 Intensify research on more effective land L& W. Management 
manabeiaent systems by studying alternatives Production Agronomy 
to BBF on Alfisols and medium to deep E. Physics 
Vertisols. 

7. 	 Explore cropping systems for medium and Cr. Systems 
shallow Vertisols in low-rainfall kharif fallow Agronomy 
areas. Agroclimatology 

a. 	 For example, questions such as "how large is the zone th-Jt would benefit from a 60-day sorghum 
in Africa," etc. 

b. 	 Special emphasis on kharif fallow belt. 

c. 	 Based on soil moisture and popsibly temperature. 

d. 	 Emphasis on Indian Alfisol areas and possibly shallow Vertisols. 
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Appendix Table 1. Field capacity of one bullock pair with wheeled tool carrier 
for various operations on broadbeds and furrows and flat 
planted fields (1978-79). 

Broadbeds and
 
Management Furrows 
 Flat
 
Watershed BW1 
 BW2 RW1E BW4A BW4B 
Area 3.25 3.46 Average 1.46 2.75 2.16 Average 

Operations 

Cultivation or 0.27 0.46 0.36 0.A0 0.14 - 0.22 
disking 0.17 0.17 

Sowing 0.30 0.23 
 0.26 0.38 0.33 0.38 0.36
 

Interrow
 
cultivation 1 0.32 0.16 0.24 
 0.37 0.14 - 0.25 
cultivation II 0.45 0.33 0.39 

Total bullock
 
pair hours
 
perhaa 
 25.9 29.8 24.3 32.4 18.8 

Source: Courtesy of G. E. Thierstein 

a. Includes other operations not listed. 

Note: On broodleds and furrows a substantiil increase in field capacity, or alternatively bullock 
saving, appears possible for the field preparation, but not for other operations. Overall the 
evidence does not suggest appreciable bullock saving by broadbeds and furrows. 

33
 



Appendix Table 2. 	 Runoff and soil loss data from watersheds (kindly provided on 

Year Watershed 

1976 	 BW1 BBF 0.6% cropped 

BW2 BBF 0.6% cropped field bunds 

BW3A BBF 0.4% cropped 

BW3B flat cropped 

BW4C flat fallowb 


1977 	 BW1 

BW2 

BW3A 

BW3B 

BW4C 


1978 	 BW1 

BW2 

BW3A 

BW3B 

BW4C 


Three BW1 
years BW2 
totals BW3A 

BW3B 

BW4C 


a. Runoff and soil loss measurements were beset with problems in
only the comparable total should be used 

Runoff 

Comparable Year total 
total in mm a in mm 

46 

28 

33 

70 


143 


31 

9 


19 

52 


102 


78 

37 

52 


122 

298 


BW3B during 
which, for all watersheds, measures 

measurements are available for BW3B. 

b. Fallow means fallow during the kharif season only but cropped during the rabi 
both seasons. 

73 

53 

51 


n. a 

238 


comparable basis by Mr. P. Pathak). 

Soil loss 

Comparable total Year total 
in tonnes a in tonnes 

.596 .851
 

.118 .332
 

.197 .285
 

.475 n. a
 
1.77 	 9.195 

1 
 .073
 
0 
 0 
0.4 .048 
0.05 .008 

53 
 1.68 

272 
 .919 3.411 
185 	 .091 1.705 
195 	 .945 3.626 
n. a .385 n. a
 
410 2.500 9. 693
 

346 
 1.5P 4.335 
238 	 .209 2.037 
246 
 1.19 	 3.959 
n. a .868 n. a 
701 5.95 20.568 

1976 and 1978. Therefore, for comparisons with BW3B 
only runoff and soil loss for those storms for which 

season. Cropped watersheds are cropped during 



Appendix Table 3. Runoff and soil loss estimation under different treatments in Fied-Scale Management 
Trials. 

Year 

Deep Vertisols, BW5 
Runoff (mm) 

Flat Beds 
Soil loss (tonnes/ha) 

Flat Beds 

1976 
1977 
1978 a. 

b. 

1979 

seasonal 

excluding storms of 
14-15 A.ug. 

141.1 
0.8 

240.8 

132.0 
63.4 

109.9 
0.6 

250.6 

96.9 
53.9 

2.40 
0.04 
2.10 

1.81 
0.84 

1.70 
0.04 
1.38 

0.86 
0.73 

Totals (excluding 14-15 Aug.) 337.0 261.0 5.19 3.33 

1976 
1977 
1978 

1979 

a. 

b. 

Year 

seasonal 

excluding the storm of 
14-15 Aug. 

Shallow Vertisols, BW8 
Runoff (mm) 

Flat Beds 

14.1 16.9 
2.1 5.9 

147.9 ND 

45.3 65.3 
21.5 21.2 

Soil loss (tonnes/ha) 
Flat Beds 

0. 12 0.23 
0.07 0.25 
1.43 ND 

0. 61 0.81 
0.16 0.23 

Totals (excluding 14-15 Aug.) 83.0 109.0 0.95 1.52 

ND-=no data: the recorder clock did not work on 14-15 August. 



Appendix Table 4. Yields (kg/ha) and gross returns (Rs/ha) on flat versus 
and 1978 Field-Scale Management Trials. 

Medium-Deep Vertisols 

Maize Chickpea 
Treatment 1976 1977 1978 1976 1977 1978 

Dry Irra 

Flat 2430 2640 1790 410 580 840 980 

Beds 
 3490 2420 2100 800 1060 960 1100 


Medium to Shallow Vertisols 

Maize P. P Ch. P Saff. 
Treatment 1976 1977 1978 1976 1977 1977 


Flat 2690 2260 510
670 220 480 


Beds 3040 2100 980 620 
 170 380 


a. One irrigation was applied at planting time in 1976 in two replications.
b. Prices used are market prices from Hyde:abad. 

broadbeds and furrows in 1976, 1977, 

Produce valuesb 
1976 1977 1978 

Dry Irra 

2970 3160 4290 3856 

4320 4640 4360 4405
 

P. P Produce valuesb 
1978 1976 1977 1978 

510 3800 2880 1963
 

610 4320 2560 2505
 



Appendix Table 5. 	Yields, runoff and soil loss under different treatments in Field-Scale 
Trials. 

Alflisols 

1976 1977 1978 1979 

Flat BBF Flat BBF Flat BBF Flat BEF 


Sorghum (kg/ha) 2790 2300 700 1280 2920 2420 2940 2460 


Ratoon Sorghum (kg/ha) 680 570
 
-j 

Pigeonpea (kg/ha) 	 230 500 880 910 230 70 


Runoff (%of R. F.) 5.4 13.4 4.3 6.3 ND ND 12.0 14.5 

Soil loss (T/ha) 0.2 1.0 0.4 0.4 ND ND 0.4 0.7 

a. 	 BBF :broadbeds and furrows.
 

ND~no reliable data available.
 

Management 

All years
 
Flat BBF
 

9350 8460
 

1340 1480
 

21.7 34.2 

1.0 2.1 



Appendix Table 6. Comparison of gross returns and profits (Rs/ha) under broadbeds 
and furrows operations within and across field boundaries,a 

Crop year 
Crop system 

A. 	 Gross Returnsb 

BW2 (within boundaries) 

BW1 (across boundaries) 


BW3A (across boundaries) 

Average BW1 and BW3A 

BW7A (across boundaries) 

Average BW1, BW3A, BW7A 

B. 	 Profits 

Maize pigeonpea intercrop 

BW2 (within boundaries) 

BW1 (across boundaries) 

BW3A (across boundaries) 

A, crage BW1 and BW3A 

BW7A (across boundaries) 

Average BW1, BW3A, BW7A 

1976-77 1977-78 1978-79 Average 
Inter Seq. Inter Seq. Inter Seq. Inter Seq. 
crop crop crop crop crop crop crop crop 

5319 4325 5358 5732 4737 4552 5138 4870 

4885 4480 4974 5652 5126 4766 4995 4966 

4946 4538 6403 5598 5868 5943 5739 5360 

4916 4509 5688 5625 5497 5355 5367 5163 

3722 3706 5315 5193 3615 4303 4217 4401 

4518 4241 5564 5481 4870 5004 4984 4909 

1976-77 1977-78 Average 

3125 3968 3547 

2706 3599 3153 

2879 498F 3934 

2793 4294 3543 

1724 3911 2818 

2436 4166 3302 

a. 	 Such comparisons are prinuirily ill istrative since no reIJlwhed experiments can be done on
this issue. Annlysis ill different programns hnve imide comparisons bhised t)i different water. 
sheds. These differences arise betcaus, 
differ in other dimensions in nddition to 

all 	comparisons currently avail b!e. 

b. 	Prices used for the onalysis ire nverage 
watersheds but they differ across years. 

with the exception of H' I and 11W2, watersheds 
tihe difference ill fleld buiihiries. Ave simply report 

market prices from lyderabad and the sane for all 
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Appendix Table 7. Average utilization of tanks in selected districts. 

No. of tanks Av. settled command Av. actual areaDistrict %utilizationstudied area acres irrigated by tanks (4)/(3) X 100 
(1) (2) (3) (4) (5) 

Medak 10 
 340 
 346
Mahbubnagar 10210 232 150Anantapur 653 827 1069Kurnool 1292 693 317Sholapur 463 952 309 32 

Source: Survey Data (KVSR) Tank Irrigation Project 

Appendix Table & Cost of tank construction by size groups in selected districts (Rs/acre of settled command 
area). 

Medak Mahabubnagar Anantapur Kurnool Akola Sholapur 

Small (<250 acres)
Medium (250-500 acres) 
Big (Above 500 acres) 
All 

5036 
3836 
2843 
3904 

5115 
3717 
2859 
3987 

3627 
3392 
3434 

4031 
2511 
2861 

3102 
2247 
2358 

3053 
2032 
2205 

Source: Tank irrigation project. For details see VoSR Part 11 



Appendix Table 9. 

Increase due to 

Implements b 

Broadbeds and 


furrowsc 


Implements 

Broadbeds and 
furrows 

Implements 

Broadbeds and 


furrows 

Impact of implements and broadbeds and furrows (Rs/ha). 

Gross returns 
Pigeonpea 
sorghum 

Pigeonpea 
pearl millet 

intercrop Castor intercrop 

Mahboobnagar (Alfisols) 

907 611 591 
(61) 

262 
(84) 

-22 
(99) 

-106 
(11) (-2) (-9) 

Akola (medium-deep Vertisols) 

Maize 

135 387 

(9) 
252 

(29) 
-460 

(15) (-27) 

Mung followed 
by sorghum 

956 969 
(27) (36) 
127 78 

(3) (2) 

Kharif 

sorgillun 


300 


(17) 
36 


(2) 

Sholapur (deep Vertisols) 

Rabi sorghum 

311 

(16) 
140 


(6) 

Gross profitsa 
Pigeonpea 
sorghum 

Pigeonpea 
pearl millet 

intercrop Castor intercrop 

691 508 178 

196 -8 -162 

Kharif 
Maize sorghum 

85 27c L11 

265 -454 81 

Mung followed 
by sorghum Rabi sorghum 

1484 656 72 

290 272 44 

a. Gross profits are defined as gross returns less costs for material inputs, machinery and bullock labor.b. Changing from traditional to improved implements on flat. 
c. Changing from flat to Broadbeds and furrows (BBF) with improved implements.
 

Number in parentheses are percentage changes with 
gross returns of lower technology level as basis for percentage change. 


