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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 Farming Systems Program of ICRISAT,
as well as selected conclusions from our other programs
and subprograms. It clearly states findings that need to
be evaluated on farmers' fields; it also indicates areas
of further research that need continuing intensive inves-
tigations and evaluation.

The paper has had a substantial impact on the pro-
gram and research direction of the Institute, and we
hope that it will be wuseful to otherresearchersand to
policymakers as well. Farming systems research is still
in its initial phases of development, and basic issues
of how to approach research on a whole-systems basis
are still not fully settled within ICRISAT and outside.
This bulletin is part of the continuing process of defining
how best to do farming systems research and transfer
its results to researchers and farmers across locations.

J.S. Kanwar
Director of Research
28 July 1980 ICRISAT
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FARMING SYSTEMS COMPONENTS
FOR SELECTED AREAS IN INDIA: EVIDENCE FROM |CRISAT

H.P. Binswanger, SM. Virmani, and J. Kampen

Operational-scale research on natural watersheds at th®IBAT research
center has demonstrated that substantial profits (afdieduction of all costs,
including those related to capital investments) can beneal by more input-
intensive farming systems than those currently used bynfars. For the

best systems on deep Vertlsols at ICRISAT, profits are ie ttange of Rs 3000
per hectare, while for the Alfisols they are of the ordefr Rs 2000 per hectaré.
However, these systems are complex and require severaluts, before trans-
fer to farmers, we need to ask if essential components ofséhsystems can be
identified. We must also more precisely describe the aglimatic and socio-
economic conditions where specific components may besmappropriate.

We attempt to use the massive evidence accumulated in theious
subprograms of the Farming Systems Research Program PHSE&nd in
the Economics Program to present a series of generalizatiorsome of these
generalizations may sound obvious to the specialistsceinhey form part of
their disciplinary backgrounds. Other generalizationseatentative because
they rest on fragmentary evidence. The geographic limibg Wwhich these
generalizations hold must yet be more clearly defined. Howr, we believe
that generalizations of the nature proposed here, oncHyfistated, are useful
for several purposes:

1. They lead to further questions and sharpened hypothesasnfew
inquiries at ICRISAT. They may serve similar purposestat research
planning stage at regional research centers, particulawhen scientists
engage in new research fields.

2. They may assist scientists at regional research centard at ICRISAT

1. Research results that lead to similar conclusions awelalle from Indian research institutions
(e.g., the All India Coordinated Research Project forland Agriculture-AICRPDA). However,
we have not yet reviewed these data systematically.

2. See Ryan, Sarin, and Pereira (1979, Table 3 and p. 9).

3. We recognize that the generalizations and tentatiredtions presented here may often be too
general to be useful to the informed regional or locaillestist who may have arrived at them in
a more detailed manner by his own previous work. Furtheemene must be more precise than,
for example, to say that in a particular soil and raihfedgion "intercropping appears a good
practice to investigate." Cooperating scientists at oegi research centers often know fairly
well what they ought to do.



in interpreting a variety of research results on a compavatbasis
across locations.

3. Once the geographic limits of the generalizations &meown and are
otherwise confirmed, they can become useful to action dondding
agencies at the project identification level and poslyiin actual planning.
However, at the planning stage and especially in the exéazmtstage,
more site-specific knowledge will inevitably be reqneid.

It is therefore important to realize that our generalizemns are not
"development prescriptions”; this is particularly truerfour "predicted
farming systems." Given the specific characteristics oftkaarea in the
semi-arid tropics (SAT), few handbook-type solutions ca@a bxpected to
evolve (Kampen 1979). Although the principles for natlresource develop-
ment and use may be clear, the ultimate task of finding apprape, site-
specific solutions for the special problems encountériem a givenareawill
have to be assigned to local researchers, technicians,emxiton agents, and,
finally, to farmers. Tofulfill their responsibilities effectively, those charged
with agricultural development will have to acquire the idiiy to invent the most
suitable solutions to each particular situation rathédrah apply a given set of
rules. Thus, training programwill be required to increase understanding
of the limitations, constraints, and potentials of presdarming systems and
the requirements of improved production technologies, aslWwas theadapta-
tion and application of such technologies.

This paper is based on evidence from many different typesimoduiries.
The diverse methods used and their results are not disedsin detail; however,
the original sources of the generalizations are giventbat they can be easily
verified.

Each individual piece of evidence has of necessity beemided to attain
specific objectives under a given set of conditions and wigimplifying assump-
tions. These can always be used to put the evidence in goastfor example,
large-scale experiments usually have few replicates, pbansurveys may be
of modest size, runoff and soil moisture models may requfuether refine-
ments to achieve greater accuracy, etc. Nevertheless,sitbur contention
that such questioning is rather inappropriate as long asdence from different
studies, each one with its own limitations, is not contratddcy and leads to
essentially similar conclusions. In such cases, the sumthef evidence is
robust in the sense that minor changes in assumptions ppraaches do not
affect the generalizations that can be drawn from them.n the other hand, when
different studies contradict each other, one may arrivemaore sharply defined
hypotheses to be further tested.

In this paper, we first present generalizations and furthhepotheses or
suggestions for research related to soil management, férollection, and
rainy-season fallow, respectively. We then attempt to ¢giret—subject to



further confirmation—what the essential components mbre input intensive
farming systems would be in four different environment§he final section reflects
on broader issues of ICRISAT research strategy. Appendibrings together the
specific research suggestions identified. Some oé tthata used as a basis for
our generalizations have been summarized in the AppienTables.

Cultivated Rainy-Season Fallow on Deep Vertisols

Cultivated fallow in the rainy season, popularly knowas kharif fallow; con-
sists of leaving the land fallow during the rainy seasin order to raise a
postrainy-season crop based on stored soil moistutlee land is harrowed re-
peatedly during the monsoon to control weeds. Thisaptice is frequently
encountered on deépVertisols. ICRISAT identified the replacement of this
practice by more effective land management techniques an early goal.

Krantz and Russell (1971) and Kampen et al. (1974) haviscussed reasons
for kharif fallow in the high rainfall zone where the flolwing cannot be explained
by the lack or the unreliability of soil moisture durinthe rainy season. Kampen
et al. (1975) and Kampen (1976) stressed undependayibit the early rainy
season and risk evasion as important causes of therkth&allow in low rainfall
areas such as Bijapur and Sholapur.

Recent mapping work suggests that the important khafraflow areas
indeed fall into two clearly distinct groups: (Llhe low-rainfall kharif fallow
found parallel to the Western Ghats through Maharashand Karnataka, and
(2) the high-rainfall kharif fallow concentrated primaly in Madhya Pradesh. A
rainy-season cropping belt is found in between theotwones® We want to
demonstrate that this distinction is vital for furtherork on trying to develop
improved technology for the kharif fallow regions.

We believe the low-rainfall kharif fallow can be fully @kained by the
unreliability of soil moisture. Table 1 presents prolbidities of crops having
fully adequate soil moisture regimes. As the footnotes of this table amply
demonstrate, these probabilities are calculated oe thasis of definitions of
required moisture that can be questioned at everggst For example, with

4. Kharif cropping is a term used in India for raingason cropping;yabi cropping denotes growing
a crop in the postrainy season, primarily on moistaczumulated earlier in the soil profile.

5.0n Vertisols, four depth classes—related to moistbholding capacity and, therefore, to stabil-
ity and productivity--are generally distinguishedeegp Vertisols> 90 cm, medium-deep Verti-
sols 45 to 90 cm, medium Vertisols 22.5 to 45 cm, shalNVertisols < 22.5 cm.

6. These conclusions are evident from data collectedsbyMichaels in a study on the principal
reasons for thekharif fallow.

7. These data are based on the results of weather-dripeotess-based soil moisture simulation
models for the surface layers of the profile and for timire rooted profile. The models pre-
dict the daily soil moisture status of defined layeasd thereby the moisture availability to
a crop. For details see Reddy 1979.
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evidence from ICRISAT watersheds on deep Vertisols of a cassful rabi crop
after a kharif crop in 7 successive years, the estimatd® 5success rate seems
rather low, and the figures in parentheses representbmiilities based on less
stringent requirements that could, for example, be suoféint for a chickpea crop.
Nevertheless, the probabilities represent orders of miagde of potential and
risk that can be compared across locations and lead to cledderiences. How-
ever, much remains to be done to improve the estimates dach location in an
absolute sense.

Column 7 of Table 1 shows the total probability of a @@y kharif crop
encountering good growth conditions throughout the grnéiwperiod. At Shola-
pur, in the low-rainfall kharif fallow region, this is thease only in roughly
one-third of the years. For similar Vertisols in Hyderad and for medium
Vertisols in the higher rainfall zone represented by Alagl this is the case in
two-thirds of the years. The most serious setback in Sipalr arises from a
much lower probability of successful crop emergence dreef 15 July, which is
probable in only two-thirds of the years. However, all sehsent conditional
probabilities also show that the plant is at a higher rilmkSholapur than in the
other two areas at every growth stage, even after it has clemgd the earlier
stages successfully. A 33% probability of a favorabseil moisture regime is
too low a basis for encouraging rainy-season cropping omoermal annual basis.
The loss of seed and cultivation expenses in some years aedlolw returns in
other years would almost certainly reduce average profotfsany crop to zero
or result in losses.

The probabilities of adequate soil moisture for a postraiseason crop
after kharif fallow (column 9) are high at Sholapur0®); this level of probabil-
ity exceeds that for good growth conditions for the raisgason crop in Hydera-
bad or Akola (column 7). However, if a rainy-season crogp tiaken in Sholapur,
the chances of the rabi crops are reduced by 20%. Not onluhMloconsistent
rainy-season cropping often not be profitable; it wouldofpably endanger the
profitability of the more important postrainy-season .o We, therefore,
emphasize strongly the importance of breeding for higitelyd potential postrainy-
season sorghums for these and similar regiohs.

One possibility for rainy-season cropping in low rainfadlégions remains
to be investigated: the establishment of decision rsileased on observed soil
moisture in the early rainy season to sow a low-input, stdmuration crop that
primarily provides cover to prevent erosion and also prods some yield in
those years when it can be left on the land until maturitylf high rainfall in the
early rainy season is correlated with above-normal rainfbkdter, the farmer

8. We do realize that it may remain difficult to use high satd chemical fertilizer effectively
in postrainy-season cropping when the surface soil is Ugudry. However, it appears that
temperature and possibly other factors are also relatetheéolow payoff from improved sorghums
in the postrainy season.



may protect the soil during those years when it is most engkwred and get a
modest return in some years. We recommend that further kvon rainy-season
cropping (simulation and actual experiments) in the lowinfall kharif fallow
areas be oriented to explore this option. However, mostphmsis on replacing
the kharif fallow by rainy-season cropping must be contmated in the high
rainfall regions.

In several areas in the low-rainfall kharif fallow zoheghere may be scope
for advancing the sowing dates of rabi sorghum if problemedated to shoot fly
attack can be overcome and if surface drainage of thepd¥ertisols can be
improved. The All India Coordinated Research Project foryDand Agriculture
(AICRPDA) Research Centers in this zone generally recoemd earlier sowing
dates, but farmers experience problems with this recomdation, partly
because of the risk of inadequate soil aeration—and eVloding—Ilate in the
rainy season. Potentials for improved soil managemepstems to remedy
this situation (see next section) must be investigated

Soil Management, Runoff and Erosion Control

The Experiments, the Data, and the Analyses

The experimental dafaare of three types: the "Steps in Improved Technolbgy
experiments (SIIT), the replicated field-scale compaohs of alternative soil
management techniques (FSMT), and the operational-scedsearch on small
natural watersheds (WBR3J®° The SIIT and WBR have been analyzed for profit-
ability and stability*

Steps in Improved Technology Studies (SIIT). In 1975, thdTSkxperimentation
was started by the Production Agronomy subprogram in coa@deéan with other
ICRISAT programs. The primary goal was to investigate thiéeets of step-by-
step introduction of improved technology on the AlflsolsdaNertisols at ICRISAT

Center, and to perform complete economic analyses of ¢hsseps. The devel-
opment and implementation of improved technology was thbuto involve many
steps or facets. An attempt to research the separate es$fexf each individual

phase in a complex system would amount to an unmanageahlhgd number of
combinations; also, the effects of many individual fasewere thought to have
been thoroughly investigated previously. Thus, the marngps were grouped
into four phases or factors in a complete factorial desigmriety, fertilization
levels, soil-, crop-, and fertility-management methodand supplemental water

9. Unpublished and some earlier published data have beematimed in Appendix Tables 1 to 9
to facilitate easy reference.

10. See ICRISAT Annual Reports, Farming Systems 1973/74818 (ARFS).

11. SeeRyan, Sarin, and Pereira 1979.



(if required). Each factor was applied at two levels, tiadnal and improved.
The cropping systems used have been rotated to avoid adupilof diseases and
insects and to provide information on a range of crops. Memd-scale (450 nf),
replicated plots were used to make bullock-drawn opeoats feasible with both
improved and local implements and to facilitate the econonmanalysis.

In the SIIT, the precision and timeliness of operations iignslar to that
of small-scale experiments. More attention can be givenatbaining uniform
and optimum stands, adequate weed control, rapid turnobetween crops, eté?

Field-Scale Land Management Trials (FSMT). The basic godthe FSMT in-
vestigations, which were started by the Land and Water Bgament subprogram
in 1975, has been to evolve improved approaches towards im sioil and water
management for Alfisols and Vertisols. Field-scale plots>.4 ha) were used

as replicates, and differences in soil tillage—essentyatlomparing the graded
broadbed-and-furrow system (BBEJ and flat cultivation—were the only variable.
Large plots are essential for this type of research, d&exe runoff, erosion, and

drainage do not express themselves on small plots. Thespeeimental areas,
in terms of operational precision, timeliness, and conltrado not meet the per-
formance levels of the SIIT but are superior to the WBR.

Watershed-Based Research (WBR). Research on natural vsditeds on deep
Vertisols at ICRISAT was initiated In 1973 by the Land and t#8a Management
subprogram with three main objectives: (1) investigains of the hydrologic ef-
fects of alternative land and water management technsjug2) research on the
integration of new technology components into improvedrfang systems, and
(3) an overall economic evaluation of different farmingssgms. In the WBR we
try to estimate the levels to which productivity can be fbetr increased when
crop varieties of high-yield potential and improved cropdafertility management
are combined with in situ soil and moisture conservationithvand without sup-
plemental irrigation from collected runoff or locally alable groundwater. The
precision, timeliness, and accuracy attained on the resdawatersheds are, of
all farming systems experimentation at ICRISAT, probabhypyst similar to what
might be attained on real farms. Thus, significant diffeces in productivity

12.For a precise description of the treatments, see the 82RI Annual Reports, Farming Systems,
1973-74, 1978-79. Although the SIIT experiment is not anfal cooperative project with
AICRPDA, a very similar set of experiments has been cateld by several regional centers
of AICRPDA since 1978. Also, steps in technology expenitseare being carried out by
scientists in cooperative research projects in West Adramd Northeast Brazil.

13. The normal dimensions of the BBF system initially expeented with at ICRISAT are a
distance of 150 cm between furrows that are relativelyrgshend have a depth of about 15 cm;
the broad bed between the furrows is relatively flat. Mahyermative configurations of the BBF
system are feasible and may be more appropriate undeicpdat conditions.



and stability observed here may also be expected to be ewntidea on-farm sit-
uations under similar agroclimatic and economic conditso'rf

Analysis through simulation models. Ryan and Pereira hasedithe hydrologic
data collected between 1973 and 1977 on ICRISAT Center walieds on Alfisols
and deep Vertisols and 30 years of small plot data for shwlto medium-deep
Vertisols from the Sholapur research station of AICRPDA, derive a regression
model of the runoff process, based on daily rainfall and Isoharacteristics.
Krishna (1979) developed a parametric model on the basiswafershed hydrologic
data collected at ICRISAT between 1973 and 1976 to predicnaff and to estimate
the water balances.

The Ryan-Pereira work has been used to simulate a watershietdh runoff
storage in order to evaluate the supplemental irrigatipotential (from collected
runoff) for different watershed sizes in the two regions. ska on historic rain-
fall data, the model first computes cumulative runoff (tbteand as a percentage
of seasonal rainfall) between 1 June and 31 October. Thisormfation can be
used directly to evaluate the impact of a practice on infeltion of water into the
soil. The cumulative runoff is then adjusted for lossesedtio excess water
disposal via spillways and evaporation and seepage frdm teservoir, to arrive
at the "available” runoff on 31 October. This informationused to judge the
physical potential for supplementary irrigation in the goainy season. Finally,
based on the quantities of available runoff in every yearemhsome water is
available for a 5-cm supplementary irrigation, and on thests of constructing
and operating the system, the yield increment of a coarseeaé crop (e.g.,
sorghum) that would have to be achieved in order to pay foe dystem is com-
puted. This is the break-evenyield to avoid long-term fincaal losses. This
information is then used to evaluate the economic potentidkthe system.

Generalizations for the Deep and Medium-Deep Vertisols

Rich documentation is available from the research watershe®n deep Vertisols

14. The watershed-based studies were later expanded to ¢déumm-deep to shallow Vertisols and
Alfisols at ICRISAT Center and are now conducted in cooperatwith regional research
centers of the AICRPDA. The main characteristics of altgive farming systems and resource
management methods presently investigated in WBR are:

a. Existing technology: Flat cultivation (without land sathing), planting with local farm
equipment, traditional, long-duration varieties, commerels of farmyard manure.

b. Improved technology: Varieties of high yield potentiadcommended levels of chemical
fertilizers. Seeding, fertilizer application, and all cwlal operations executed by means
of animal-drawn precision equipment, regionally acceptadd development techniques
(e.g., field, contour or graded bunding, but no land smauoghdir cultivation strictly
parallel to bunds).

c. Improved technology: Similar to (b) but with land smoioth and graded broadbed-and-
furrow systems or other regionally developed land manegd methods, grassed water-
ways, etc.

d. Improved technology: Similar to (c) but in addition, sigrpental irrigation of crops from
collected runoff water or other sources.



and from one of the FSMT located on medium-deep Vertiscls/The results of
these two types of experiments generally reinforce eacheat Since rainy-season
fallow is an important issue on these soils, generalioats should be made com-
paring soil management systems under cropped and undékof\maconditions. This

is what has been attempted in Table 2.

Intercropping of maize and pigeonpea is the most profitalclropping pat-
tern at ICRISAT Cente?® (Generalization 1). Although sequential maize and
chickpea were also grown, most of the later companmisoare made on the basis
of the intercrop results.

Crop cover in the rainy season reduces runoff (regardlef soil treatment)
and therefore also frequently reduces erosion to accelgadnd safe levels
(Generalization 2). Early vegetative cover reduces thesion hazard primarily
to the crop establishment period; wherever feasible, soecrep cover should
therefore be established in the rainy season.

Generalization 3a on contour bunds implies that they ame inappropriate
technology wherever cropping during the monsoon seasonfeiasible or where
drainage problems prevent monsoon cropping. They arertliere not recom-
mended for the deep and medium-deep Vertisols where drgéen@roblems caused
by this system have long been recognized. Graded or "guithehds'’ are more
appropriate in these situations since they have beenwshdo also reduce water-
shed erosion. Such guide bunds have less impact on watedstunoff, but they
do provide a controlled excess water disposal system witheausing drainage
problems.

BBF reduce runoff under fallow and cropped conditions e(@ralizations 4
and 5) but, except in the early growing season, they appt@wahave a substantial
impact on soil loss only under fallow conditions becauseop cover already is
good erosion protection. BBF thus appear to be a methodnoréase in situ

15.We will continue to distinguish among (aeep, (b) medium-deep, and (c) medium and shallow
Vertisols because the water-holding capacity of the dwi$ a major impact on cropping
possibilities and on potential benefits from irrigabi. This distinction will, as we shall see,
also be useful in considering benefits from soil surfaceatments.

16. Other locations more suitable to chickpea or othertnqaésy-season crops will have different
optimum croppingsystemsand sowill those areaswhere factor or product price relationships
are substantially different. For example, probabilityladations need to be made for stations
in Madhya Pradesh, in the high-rainfall kharif fallow areto see whether the potentials and
returns for sequential cropping are better there. Ciogpystems work in cooperation with
regional centers should increasingly take account of #eults of simulation models.

17. Graded or guide bunds are small bunds that have one ordiatie following two purposes:
(1) to control the flow of runoff water where drainagé point rows is required because of
changes in the direction of cultivation; (2) to indicate direction of cultivation, in particular
where nonpermanent BBF or flat, graded cultivation eyst are used to control in situ runoff
and erosion. They are similar to conventional graded Buredthough they are often much
smaller,



Table 2. The effects of land treatments on runoff, soil ébms and gross and
net returns on deep and medium-deep Vertisols.

Generalizations Sour ce

From WBR and FSMT:

1. Intercropping of maize/pigeonpeais more ARFS 77-78 Table 103
profitable than maize/chickpea sequential ARFS 76-77 Table 71
cropping. RSP Table 3

Appendix Table 2 (FSMT)

2a. Crop cover reduces cumulative and avail- ARFS 76-77 Table 65
able runoff by at least 10% and more than BW4C vs BW3B vs BW1, 2, 3A
thatinlow rainfall years; this is true for RP Table 3 and 5 regression
both the flat cultivated and the BBF water- coefficients
sheds. RSP Table 5 long-term
simulation
JHK (1979)
2b. Crop covergreatly reduces soil erosion, Appendix Table 2 BW4C
often to less than one-fourth of the fallow vs others
treatment. With early vegetative cover, ARFS 76-77 Table 68 and
soil losses seem well within acceptable page 184 BW4C and BW5B
limits. vs all others
3a. Contour bunds lead to losses in the monsoon ARFS 76-77

and postmonsoon crops by causing waterlog- ARFS 77-78
ging near the bund and by loss of cultivated

land. They are not necessary if rainy-season

crops are grown (see 2b).

3b. Under cropped and fallow conditions, contour ARFS 76-77 Table 65
bunds reduce watershed runoff by storing it BW6B vs BW5BS and BWA4C
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).

Continued

10



Table 2 continued

4a.

5a.

5Db.

6a.

6b.

Generalizations

BBF reduces runoff under fallow condi-
tions.

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

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

Under cropped conditions BBF give
higher gross returns than flat planting
(roughly 15%).

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

BBF lead to savings in bullock time required
for primary tillage but not in other operations,

compared with flat cultivation.

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

returns

11

Sour ce

AFRS 76-77 Table 65
BW5BS vs BW4C
ARFS 77-78 Page 219
BW5B vs BWA4C

ARFS 76-77 Table 66
(1976 data only), Table 50.
RP Table 3 Table 5 pp 12,
13 regression coefficients
RSP 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 BW1, 2,
3, 7TA vs BW3B, 4B
RSP, Table 3

BW1, 2, 3A, 7TA vs

BW3B, 4B

- Appendix Tabl

RSP Fig. 8 BW2 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 appears 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 Oppen and Subba Rao (1980)

VSD = Doherty (1979)

WBR = Watershed-Based Research
Cumulative runoff = The total annual runoff or total runoff up to 31 Octabe
Available runoff = Based on the RSP long-run simulation study and

refers to runoff available on 31 October after
adjustment for tank spillway flow and evaporation.

profile water infiltration on these soils regardless ofether they are cropped
or fallow.'® Particularly under fallow conditions, broadbeds and faws com-
bined with a system of graded or guide bunds may be capablemiafimizing run-
off and attaining control of erosion within fields and acsowatersheds.

Furthermore, under cropped conditions, the present eystof BBF gives
higher gross returns and profits than flat planting (Gealézation 6). Forprimary
tillage BBF lead to savings in bullock time compared tlafcultivation'® (Gener-
alization 7). Improved surface drainage is probably thajmr cause of increased

18. When the profile is already filled to capacity such aaged infiltration may result in increased
groundwater recharge rather than being usable by the.cBEwidence suggests that most runoff
on these soils may indeed occur when they are already filbedapacity.

19. Both systems operated with wheeled tool carriers.
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yields with BBF in this soil type. Other evidence and expence indeed sug-
gest that the BBF-type system should be viewed primaribyameans to im -
prove in situ surface drainage where that is a problem, eversoils other than
the deep Vertisols. This should be kept in mind when studythe results of
BBF on shallow soils.

For extension and implementation purposes (but not resharit is conve-
nient to divide the system of farming into two parts:) (40il- and water-manage-
ment techniques; and (2) cropping patterns and agronomiactices. Soil- and
water-management techniques designed to control runeffdispose of excess
water and to minimize erosion—frequently including diréeeh of cultivation—
have to be planned and implemented on a whole-watershedsbasnce guidance
of water from plot to plot is crucial. On the other hand, eping pattern deci-
sions and agronomic practices should be adapted to theewstted topography
only if the benefits of such group action are sufficient. heTWBR allow us to
test whether this may be the case. BBF and improved agnoitopractices were
introduced in BW2 in a way that respected the original fdeddoundaries (i. e.,
each farmer in this situation could presumably adopt the BWBithout changing
the field boundaries and without affecting his neighbor). or@paring this water-
shed with the others (in particular BW1 and BW3 and/or BW7)ggests that
watershed-based adaptation of field boundaries to gradattivation may result
in modest increases of gross returns (Generalization 8).owHver, it is doubt-
ful that the gains to be realized from adjusting preséigld boundaries to BBF
cultivation are sufficient to actually motivate farmen® exchange land on a
voluntary basis.

Evidence from cross-cultural anthropological resehrsuggests that small
groups, such as the farmers on a watershed, can be broughactoas a group
more easily to execute one task in a short period rathemtha manage a whole
host of decisions for a long period oftime (Generalizatéoi and 10). The
implementation of a system of bunds and BBF on a watershedms to be such
a specific, short-duration task, while crop managementoss field boundaries
is not. Exceptfor the Sholapur situation, the experienoethe village water-
sheds in 1979 bears out these generalizations fairly w&ll. We therefore sug-
gest that watershed work in the villages should be direkcte watershed-based
systems of drainage and runoff and erosion control bluattthe existing field
boundaries in many situations can be respected withoutaowmagdverse effects on
the goals to be attained. Ongoing land consolidation pramgs, however, may
provide opportunities for field boundary adjustmentsathshould then be based on

20. Adhering to field boundaries in the Sholapur villageuwhd have resulted in taking out of
production a relatively large area for field drains anchdst Such an approach might well make
the experiment unacceptable to the cooperating farmecause presently no field bunds exist.
Evidently the local topography and property boundarias,cin selected cases, be such that
respecting them both might make watershed-based impieati®n of erosion and drainage
control systems very difficult.

13



watershed development principles. Where the topography dield boundaries

are such that inordinate losses would occur if originadulmdaries were respected,
land consolidation programs may even be considered a pgeaigite to improving -
the land resource on a watershed basis.

Generalizations for the Medium and Shallow Vertisols

Reporting of findings from watershed-based research oa thedium and shallow
Vertisols is less advanced because work on these soils wasiabed later than
that on deep and medium-deep Vertisols; they have also bees lintensively
monitored. Unfortunately, on a watershed scale, no conbigs areas of such
Vertisols exist at ICRESAT allowing foruniform comparies. On the other hand,
SIIT experiments have been conducted on medium to shalloartVsols*! since

1975. One of the field-scale land management trials odsdted mostly on shallow
Vertisols (BW8B).

Many of the tentative generalizations on these soils @&renilar to those
derived earlier for the deep Vertisols (Table 3, Generaliions 1, 3, and 4).
As expected, intercropping relative to sequential cropgiis even more attrac-
tive on these soils of lower water storage potential hexsa postrainy-season
cropping is often not at all feasible on the medium and shwlNertisols (Genera-
lization 2). On these soils the presence of vegetative enduring the rainy
season also has a major impact on runoff and erosion. tGonbunds are now
common on these soil4?

Regression and simulation modeling of runoff has not medone separately
for the medium to shallow Vertisols. This is because mosflysis in the past
assumed that one could expect deep and less-deep Versidolbehave similarly
with respect to runoff and soil loss, which are primarilyissurface phenomena.
However, hydrologic data collected on soils of differentpdles during the past
few years in the FSMT indicate that runoff potential (and tbfore erosion)
decreases as one moves to shallower soils (GeneralizaGpn Thus resource
conservation may be a less critical issue on these soils.

21.The SIIT on Vertisols were conducted on the lower portod BW8C, an area characterized
during the rainy season by shallow groundwater and thegefry frequent inadequate drainage.

22.0n medium and shallow Vertisols in low-rainfall khafafllow areas, contour bunds may not be
as easily dismissed as on deep Vertisols. While these soilst e cropped in the rainy season
because of insufficient water storage capacity fostpainy-season cropping, the crop cover
will often be poor inlow-rainfall yearsproviding insufficient erosion protection. Contour losn
do not of course affect in situ erosion but they do decrematershed erosion. This might be
a desirable objective in areas where erosion from cortiing catchments threatens the
efficient operation of irrigation reservoirs. (But bundould also reduce runoff that may
adversely affect existing reservoirs.) Water stagnaticearthe bundswill lead tolossesto
the rainy-season crop in high-rainfall years. Infiltranidbenefits near the bunds can be expected
in low-rainfall years without high intensity, long-durah storms. Probability calculations are
required to see under which condition waterlogging lssaee offset by infiltration benefits.
But even on these soils, guide bunds of low slope may ofienmore effective than contour
bunds.

14



Table 3. The effects of land treatments on runoff, soil erosion, gross and net
returns on medium and shallow Vertisols.?

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, Dvs BWG6C,
chickpea sequential cropping.

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- RP 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 - Appendix 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 SIIT
8a. Soil and crop management (including BBF) - RSP 1979 .Fig
leads to yield and profit increases. - ARFS 1976-77 Table 61
- ARFS 1977-78 Table 100
8Db. 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 BWAB.

In Table 3, a key difference with the deeper Vertisols (d&son WBR and
FSMT data) appears to be that on medium and shallow Vertés®8IBF do not affect
runoff or erosion (Generalization 6) nor substantiallycrease yields or profits
(Generalization 7). Our intuitive explanation and hypesis is that this difference
is caused by the absence of serious surface and subsarflaainage problems on
the medium and shallow Vertisols used for experimentatilcn WBR and FSMT
and that some situations may exist where BBF would be pralie because they
solve specific drainage problems.

This tentative hypothesis is strengthened by the resubtf the SIIT experi-
ments on these soils; they apparently contradict findingrom research water-
sheds and FSMT by suggesting that management (includingFBBeads to higher
yields and profits (Generalization 8a). "Management," dsfined in the SIIT
experiments includes broadbeds and furrows, improvedewecontrol, and dif-
ferences in equipment to perform seed and fertilizer plmeat (as well as some
other operations). In BW8C, inadequate surface drainagenditions and
shallow groundwater may further complicate the issue. Wepothesize that
these confounding factors may be the reason for the appamsrttradiction and
suggest de-emphasizing the SIIT evidence on BBF with redgdo well-drained,
medium and shallow Vertisols.

We suggest that the difference in the effects of BBF oednum to shallow
Vertisols, compared to medium-deep and deep Vertisols, uiegs urgent
scientific resolution, to be done by careful analysis ofigting data and, if
necessary, by specifically directed experiments, .andtthtee already initiated
research on alternative soil configurations be furtherestgthened. We also
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recommend an urgent search for more effective means tidiné the total
available rainfall on these soils (e.g., through mulchesdamproved residue
management).

Generalizations for the Alfisols

Most generalizations in Table 4 are concerned with BBF. Tdommclusions from
WBR and the FSMT are that the presently used BBF generahlgrease runoff,
do not reduce soil loss, and do not increase yields, grossurns, or profits.

If one were interested in increasing runoff to store sucdter in a tank for
breaking droughts in the rainy season or for postrainyase&n use, one might
advocate this system® Also, in case one wanted to irrigate crops supplemen-
tally, graded furrows may be needed for applying the waterror most situa-
tions, however, alternative soil management techniquesuldoseem required,
and work is in progress to develop them. This research seedbe intensified,
especially for situations where surface drainage prothbeare encountered.

As on the medium to shallow Vertisols, the SIIT experintenon Alfisols
suggest an apparent contradiction in that they find impedvmanagement to
result in higher yields and profit$? Management in the SIIT experiments on
Alfisols included the same factors as on medium to shallMertisols; specif-
ically the effects of improved equipment and BBF cannoé beparated from one
another. Under WBR and in the FSMT, broadbed-and-furrowl dimt cultiva-
tion are both planted with the same equipment. We may hypesize, therefore,
that an important reason for the apparent contradictionween results from
the watersheds and SIITexperiments is the better sard fertilizer placement
attained in BBF in the SIIT experiment. This hypothesisems supported by
1978-79 tillage experiments in villages (Appendix Tab%9¢ and from the lit-
erature on the effects of precision seed and fertilizer mlment. We also note
that conclusion 3b (Table 4) shows a strong interactictween management and
fertilizer levels, which is consistentwith our hypothesisHowever, improved
soil and crop management without the application of chieal fertilizer also
increases SIIT yields both in case of traditional and higield-potential vari-
eties (as in the Vertisol situation). Inadequate surfatrainage is not expected
to have been a significant factor in the SIIT experiments Alfisols (contrary
to the situation in medium to shallow Vertisols SIIT expprants). Thus, it is
important to resolve the apparent contradiction betwedhTSresults and the
WBR and FSMT-based evaluations of BBF on Alfisols.

23.Increasing runoff may also increase the risk to raiegs®n crops if runoff occurs under
conditions of a partially filled profile. However, mostraff comes from high-intensity storms
during which the relatively low-water-storage capacif the soil would be filled anyway.

24.The SIIT during the years selected for comparison vextecuted on a relatively deep Alfisol;
WBR and FSMT were located on shallow to medium-deep Alfgsol
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Table 4. The effects of soil treatments on runoff, soil erosion, and gross and

net returns on Alfisols.?

Generalizations

From WBR and FSMT:

la.

1b.

lc.

1d.

2a.

2b.

From

3a.

3b.

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.

The present BBF may substantially
increase soil loss.

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

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

Contour bunds reduce watershed runoff
(but not in situ runoff) while graded bunds
do not.

Contour bunds reduce watershed soil loss
(but not in situloss).

SIIT

Soil and crop management (including

BBF) leads to yield and profit increases.
(These increases are less than on medium
to shallow Vertisols.)

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

18

Source

RP 1978 Table 7 regres-
sion coefficients

RSP 1979 Table 5 simulation
ARFS 1976-77 Table 67

RwW1 D RW2 B vs RwW1l C
ARFS 1975-76 Tables 56,73
RW1D, RW2 B vs RW1l C
Appendix Table 5 FSMT

ARFS 1975-76 Table 56
ARFS 1976-77 Table 68
RW1D, RW2B vs RWI1C

RSP 1979 page 19
Appendix Table 5 FSMT

ARFS 1976-77 Table 67
RWI1E vs RWI1C

ARFS 1976-77 Table 68
RWI1E vs RW1C

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

Continued



Table 4 continued

Generalizations Sour ce

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 supplementatigation presupposes
that the potentials for using the available root profiséorage more efficiently
to buffer discontinuities in rainfall have been fully dtzed. Itis more efficient
and cheaper to store water in the soil than in a tank. lUsmalso be realized
that runoff will frequently be least available in thoseears of erratic and low
rainfall when the payoffs from supplemental water wouldegumably be largest.
On any given soil type, the potential for supplementaryiigation from stored
runoff is influenced strongly by the rainfall patterns é@eralizations 2b and 4b
in Table 5) and by subsoil conditions (Generalization 4a)lhe actual feasibility
of this technique will therefore always be highly locanispecific.

Benefits from supplemental irrigation from stored waten small water-
sheds are more likely on the Alfisols than on deep to mexdideep Vertisols
because: (1) Alfisols, at ICRISAT Center, have a highrmnoff potential
(Generalization 2a); and (2) Alfisols have a lower wateterage capacity and
therefore a likely higher payoff from supplemental waterlt also appears that
medium to shallow Vertisols (at ICRISAT Center) have a lewrunoff potential
than the deep Vertisols (Generalization 2c). Benefits fretoring runoff for
supplementary irrigation on small catchments may thenmefde low on shallow
Vertisols, despite the fact that these soils have a lindiveater storage capacity.
We recommend that the runoff potential on medium and sbwlNVertisols in
different climatic zcnes and toposequences be analyzedasately from the deep
and medium-deep Vertisols.

On all deep and medium-deep Vertisols, storing water for ghepgnentary
irrigation of the rainy-season crop has little potenlti®

25. We note that supplementary irrigation of postraggason crops on deep and medium-deep
Vertisols may have potential under conditions of rainfa$l high as Hyderabad or higher
(RSP, Table 6), provided that water responses in thatoseaan be shown to be large enough
on a year after year basis.

19



Table 5.
Alfisols.?

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
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.

20

Runoff potentials and payoffs from stored water for Vertisols and

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.
(regression

1 and Table 6
coefficients)
1 and

VOSR Vol. 1 Fig.

areas and especially where postrainy-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 coOSts.

8. Larger tanks have larger ratios of settled - VOSR (Vd®) 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 Tlab4
tion on small watersheds is not profitable on - RSP Table 6,nd a
medium and shallow Vertisols in Sholapur even page 26, 30
for the postrainy-season crops.

11. Supplemental irrigationfrom small-scale - ARFS 75-786gp 202
runoff collected may be profitable on Alfisols, - RSBhle 4
especially if applied to high value crops. - RSP table redgpage 30

a. Abbreviations are explained in Table 2.

We further suggest that future research on supplementaigation of
rainfed crops for Vertisols in the low rainfall zones bas®ed primarily on
lifting from rivers, large irrigation schemes, or well wart rather than from
stored small watershed runoff. On Alfisols all sourceswdter may be con-
sidered. Potential on a small scale may exist, espegiddr high-value upland
crops2®

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

26. ICRISAT will have to decide whether research on supplementargation from sourcesother
than runoff collected on small agricultural watersheds 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 amequestion; and (3)

where they are unlikely. To achieve this for countries othkan India in the

SAT, andtonarrow down the "questionable" zone, will reqaiispecific focusing,

of data-collection programs and more precise modeling exses based on current
research.

Generalizations 1, 3, 6, 7, 8, and 9 tend to suggest thatthe "likely"
zone, runoff collection may have to concentrate on impeadwater utilization in
larger watersheds. The FSRP is already investigatirgew-use efficiency and
potential improvements in traditional tank irrigationstems; the Economics
Program has also done considerable research on manageprartttices in such
systems and on how to improve them (von Oppen and Subba R&®)19

These economies of scale have been realized from the eardgest of
research on the feasibility of storing water for supplemany irrigation in
small catchments. However, shifting attention to largecase water collection
and supplemental irrigation means a move down the toposeges, i.e., the
benefits of theirrigationwill tend to be concentrated on thkeepersoils while
the shallower upper reaches receiveno benefits. Unleasmfers have land at
different points in the toposequence, such a move towsatdrger-scale reser-
voirs implies a distribution of benefits away from thoseatw the poorest re-
sources and to those with an already richer resource base.is pPlotential
tradeoff between equity and efficiency needs further intgation in particular
because ICRISAT's mandate also relates to the farmershwhte poorest re-
sources.

Predicted Systems for Selected Areas

The variability encountered in the agroclimatic, soil, asdcioeconomic envi-
ronments makes attempts towards broad generalizatiomd mrediction dif-
ficult; we refer back to the introduction on this issue.

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

With regard to the proposed cropping systems, itis reabizkat inter-
cropping systems are most attractive only for a particutange of crops.
Particularly in terms of rainy-season crop growth extendato the postrainy
season, crops such as pigeonpea, cotton, and castor seemmblsd suitable.
Postrainy-season cereals or legumes can often only be graw sequential crops.

Relative to the deep and medium-deep Vertisol situations aan rule out

small-scale watershed-based runoff collection for suppéeamtary irrigation of
rainy-season crops. For postrainy-season crops, suchstem will not be

22
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attractive in the Sholapur situation, but it may be atttiv® as one moves to
higher rainfall zones.

We further note that we cannot extrapolate the findingofm the low-
rainfall kharif fallow zone to the high-rainfall kharif fhow zone without first
gaining a better understanding of what the basic causedhefrainy-season fallow
are. Itis clear thatin the high-rainfall kharif fallow aag most components
are still poorly understood.

Where Table 6 indicates flat cultivation systems, the b&hs of graded
flat systems need to be investigated. With respect to pbbksflat cultivation
systems, implements other than the wheeled tool carribowd be considered.
Low costprecision seedingwith fertilizer application méae essential if our
earlier hypothesis on the importance of seed-fertilizdacement is confirmed.

On Alfisols receiving supplementary irrigation, some teypf broadbed-
and-furrow system may be required to effectively guide thater. Village
experience suggests that farmers often use similar seyst when irrigating
crops such as chillies.

With respect to grassed waterways, experience is veryipiog on all
soil types at ICRESAT Center. Whether grasses can suevthe dry season under
grazing pressure is currently being investigated for thiéferent soil types in our
on-farm studies.

Broader Implications for ICRISAT Research

Our specific suggestions for research are summarized irpdmpdix 1. Such a
list will be arevolving one as currentissuesare solved and new hypotheses
suggest themselves. Here we focus on broader implications

Based primarily upon apriorireasoning, itwas suggestadan earlier

paper (Binswanger et al., 1976) that farming systems raercé at ICRISAT
should focus on:

1. Assembling andinterpreting existing base-line datathe areas of
climatology, soil science, water management, plant protiea, and
economics.

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

3. Basic or supportive research on research methodologygronomy,
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physiology, crop competition, land and water managemehty,drology,
soil science, etc.

4. Simulation or systems-analysis studies based on clienasoil, and
economic information to predict potential performances mfopping
patterns, and cultivation or soil-and water-managemenaqtices.

5. Organization of international cooperative trials andtworks.

6. Training of researchers for national research ingt#s.

7. Development of applicable farming systems at benchiéocations.

In recognizing the striking location specificity of ther@dicted farming
systems, we believe that the experience gained in thetfaws years clearly
supports such a distribution of emphasis. Taking into acctowhat has happened
since then, we note:

1. The continued need for more emphasis on comparativaleation of
research done elsewhere and at ICRISAT and for the diss@riion of
results from such reviews.

2. The requirement for rapid publication of the valuabdata and evidence
from watershed-based and other resource-managementaesh, the
supporting evidence from the Economics Program, and tlwvédence from
the tank studies of the Farming Systems Research Prograd the
Economics Program.

3. The value of science-oriented research that enablea tmprovement
of simple soil moisture, runoff, and tank irrigation modebn which
the essential conclusions of this paper are based.

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

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

6. An urgent need to determine uniform data sets to be cotléecin
multipurpose or omnibus experiments in order: (1) to chatrerize the
environment of the experiments from all agronomicallylegant points
of view; and (2) to generate data sets to test and imprawenponents of
systems models.

7. An increased effort in cooperative research programsrasearch
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centers and on farms to rapidly generate the required unnfodata sets
and to facilitate local adaptation of broad principlé5.

8. An increased emphasis on looking at the farming systeassconsisting
of components to be assembled differently for distinegions according
to their profitabilities, costs, and local preferences.

We note that itwould be impossible to maintain the quaptétf experimen-
tal effort implied in these suggestions at ICRISAT CentertWwipresent staffing
levels. Review of evidence from many diverse sources anterpretation and
publication of research results take considerable time.mplhasis on coopera-
tive research at national research stations and in villagevhere much of the
ultimate assembly and evaluation of systems would takacgl), is similarly
time-consuming and often more challenging than researttaaingle experiment
station. The importance of research at ICRISAT Centerimsno way diminished
by our suggestions; such research has to be focused onintgsspecific crucial
hypotheses and/or on improving basic knowledge to improvedml components
and individual technology components of the system.

27. In the area of land and water management two cooperatiseareh efforts started in 1978 in
collaboration with AICRPDA research stations. The firgtdises on resource development,
conservation, and utilization with respect to soil andteva(similar to FSMT). It currently
involves research at 16 stations. The second consists et afshydrological studies to
improve land and water utilization in small agriculturaatersheds earlier described as WBR.
It currently involves four locations. Cooperation with @RPDA in on-farm studies is presently
limited to the three villages of Aurepalle, Shirapur, danzara.

27



Appendix 1. A Summary of Research Suggestions

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

We divide them into two sets: "Immediate objectives" aresearch pro-
jects required tofirm up the evidence on which the genezations are based,
to more clearly define their geographic scope and/or toinef specific compo-
nents of the predicted farming systems; "Intermediateddong-run objectives"”
relate to opportunities arising from the generalizatiowbere we feel that
ICRISAT now has methodologies and comparative advantadait 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 reduceL & 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
techniques the factors most responsible for high E. Physics
rainfall/kharif fallow and how they can be over- Agroclimatology
come. Economics
Investigate which factors are responsible for Breeding
low-yield and low-fertilizer responsiveness of Physogy
rabi sorghum (such as temperature, soil moisture, S. AkeFert.
and nutrient availability) and how they can be over-
come.
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Med

Review and compare the impact of better seed Machinery

and fertilizer placement on yields by soil type S. Chem & Fert.
and fertility level. L & W. Management
Identify and test technical minimum machinery Machinery

packages necessary to achieve the sometimes Production Agronomy
considerable management effects identified in

SET and on-farm research, with special emphasis

on the effects of seed-fertilizer placement.

Explore and evolve institutional and legal alter- Economics

natives to implement and maintain soil-water L & W. Management
management systems on a watershed basis

respecting or only slightly modifying existing

field boundaries.

Review experiment station evidence on cropping Cropgi Systems
systems and conduct probability-based model Agroclimlotgy
exercises of alternative systems for selected E. Physics

locations of current or future ICRISAT involvement.

ium and Long-Range Objectives

Farming systems work must emphasize comparative clagsifions of the SAT.

into
tech
mus
are

A.

1.

2.

3.

promising, unpromising, and questionable zones fgresific production
nigues or subsystems. The classification schemes chrbre general but
t be specific to the production technique or subsystetmdied. The topics
not listed in order of priority.

Classifications that can probably be done on the basiscofrently existing
methodologies (but for which additional data may be rémpd):

Runoff collection for supplementary irrigation L&W. Magement
Agroclimatology
E. Physics

Economics

Dry seeding Agroclimatology
Production Agronomy
Low-rainfall kharif fallow zone Agroclimatology

E. Physics
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4. Subzones of major ICRISAT crop-growing Agroclimatolpg
zones by optimal length of crop growth cydle Breeding

For ICRISAT to do similar mapping for other techniques,ome 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/
or rabi season$.

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

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

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

Economics

6. Intensify research on more effective land L&W. Management
management 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 inlow-rainfall kharif fallow Agronomy
areas. Agroclimatology

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

. Special emphasis on kharif fallow belt.
Based on soil moisture and possibly temperature.

. Emphasis on Indian Alfisol areas and possibly shallowrtVeols.
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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 BW?2 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 0.30 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 | 0.32 0.16 0.24 0.37 0.14 - 0.25
cultivation 11 0.45 0.33 0.39

Total bullock
pair hours
per hd 25.9 29.8 24.3 32.4 18.8

Source: Courtesy of G. E. Thierstein
a. Includes other operations not listed.

Note: On broadbeds and furrows a substantial increase in fealglacity, or alternatively bullock
saving, appears possible for the field preparation, butfoo other operations. Overall the
evidence does not suggest appreciable bullock savingrbgpdbeds and furrows.
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Appendix Table 6. Comparison of gross returns and profits (Rs/ha) under broadbeds
and furrows operations within and across field boundaries®

Crop year 1976-77 1977-78 1978-79 Average

Crop system Inter Seq. Inter Seq. Inter Seq. Inter Segq.
crop crop crop crop crop crop crop crop

A. Gross Return

BW2 (within boundaries) 5319 4325 5358 5732 4737 4552 5138 4870

BW1 (across boundaries) 4885 4480 4974 5652 5126 4766 4995 4966

BW3A (across boundaries) 4946 4538 6403 5598 5868 5943 5739 5360

Average BW1 and BW3A 4916 4509 5688 5625 5497 5355 5367 5163

BW7A (across boundaries) 3722 3706 5315 5193 3615 4303 4217 4401

Average BW1, BW3A, BW7A 4518 4241 5564 5481 4870 5004 4984 4909

B. Profits

Maize pigeonpea intercrop 1976-77 1977-78 Average

BW2 (within boundaries) 3125 3968 3547

BW1 (across boundaries) 2706 3599 3153

BW3A (across boundaries) 2879 4988 3934

Average BW1 and BW3A 2793 4294 3543

BW7A (across boundaries) 1724 3911 2818

Average BW1, BW3A, BW7A 2436 4166 3302

a. Such comparisons are primarily illustrative since nolicated experiments can be done on
this issue. Analysis in different programs have made panisons based on different water-
sheds. These differences arise because, with the extepfiBW1 and BW2, watersheds
differ in other dimensions in addition to the differencefield boundaries. We simply report

all comparisons currently available.

b. Prices used for the analysis are average market prioes Hyderabad and the same for all

watersheds but they differ across years.
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