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ABSTRACT

The semi-arid tropics (SAT) are characterized by a high climatic water
demand. The mean annual temperature |s qreater than 18°C and rainfall
exceeds evapotranspiration for only 2 to 4§ months in the dry and b to
7 months in wet/dry SAT. The cocfficlent of variability of rainfall
ranges from 20 to 30 percent. Alfisols and Vertisols are two major soil
types found in these areas.

The interdisciplinary farming systems research team at ICRISAT
aims to develop basic principles, approaches, and methodologies that ..n be
rcadlly used in alternative, cconomically viable farming systems In the
scasonally dry SAT. Dry-seeding technology on decp Vertisols for double
cropping, a small watcrshed concept for land and water mananement,
and the broadbed-and-furrow system arc a few of the technologies developed
so far for Increased crop production. The simulation tcchnique will be
useful to intcgrate in a holistic way all aspects of operational-scale
systoms research being carrled out in ICRISAT watcrshed units., The
process-based dynamic models of crop production system involving soll,
crop, weather, and management data will also be valuable as rcsearch
tools for analyzing the usefulness of prospective technologles across
locations. Preliminary results obtained from a sorghum growth model
indicate that under a given sct of climatic conditions the analyses could
assist in the selection of ¢crop genotypes In rclation to the amount of
water available In the soil profile at seeding and to the runoff collec-
tion availabli. in the rescrvoirs. Sincc soll types and rainfall patterns
in the SAT show considcrable location specificity, such analyses will
assist considerably in deriving estimates of the crop growing periods
and suitable cropping systems,
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INTRODUCT 1 0!

» farming system is based on complicated intcractions of sevoral physical, blologi-
cal, anu sucio-cconomic factors that include c!imate, soii, crops, otc. A sultable
farming systom is therefore unique for a localc and differs from place to place
according to available resources, thy state of revelopment of these rosources, the
methods of production, and the crop(s) grown. Farming systems rcscarch should
therefore be conducted with a recognition of and a focus towards the Interdepen-
dencics and interrclationships that cxist between elements of the farming systoms,
and between these clements and the farm environment.

The task of improving farming systems In the semi-arid troplcs fSAT)l! Is
complicatcd by the presence of scveral constraints In these arcas. These Include
intensive rainfall intcrspersed with unpredictablc droughts, a relatively short
rainy scason, highly variable rainfall during the rainy season, high evapotrans-
piration rates throughout the growing season, low soi) organic mattor content,
low infiltration capacity of soils, grcat water erosion hazard, small farms with
fragmented holdings, limited caplital resources, severe unemployment during the
long dry scason, ctc. Becruse of these constraints and the ever-present risk of
drought {or flood), farmers are reluctant to invest In high ylelding varietles,
fcrtilizers, and othor inputs even when availablc. Thus unstable food production
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l-/‘ﬂw: SAT are characterized by » mean annual temperature greater than 18°C and

rainfall that exceeds ecvapotranspiration for only 2 to 4} months In the dry
and b3 to 7 months in wet/dry SAT (Troll 1965).
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and low crop yiclds arc common in the SAT (Kampen et al. 197h; Kempen & Burford
1679, Kanwar 1979: Krantz ot al. 1974 Viemani et al. 1979). Farming systems
scientists at the International Crops Rescarch Institute for the Semi-Arid Tropics
{ICRISAT) rentized carly that single component pproaches could not solve the
comolex prod! me cmcountered 'nothoeo = s Thereforc thelr Investigations
involve =11 facers of rosource inventory, development, management, utllization,
*w sl) fainrg jave'ving crop production In » systems approach. An inter-
discir ooy res Y team Is ongaged in many facets of operational-scale systoms
rescarch on natual watershoed units at ICRISAT.  Attompts arc made to Increase
and stabillze ~gricultural production through improved soll, water, and crop
minagement practices. Somc of the technoloqics developed to attain increased
crop prcductioﬁ will bc discussed in this paper.

Systems rescarch relies to a consliderable extent on the use of models
(Wright 1971; Mix 1979). Modcls can be used to intcgrate al) aspects of opera-
tional scalc systems rcscarch In » holistic way and to Identify the major
components of the system. Becausc models reprcsent only the relevant foatures
of reality, they arc relatively casy to manipulatc. Therefore models will be
uscful to eve :ate the rclative poten "als for various prospective technologlies
dcveloped at research centers across diffcrent agroc)imatic locations in the
SAT. It is cnvisaged that process-based dynamic crop production models involving
sol|-crop-wcather-management factors will be useful as research tools In deve-
loping systems that provide for cfficicnt and productive crop growth in the SAT,

The watershed-based resource utllization research conducted at |CRISAT,
the existing cropping systems in the SAT, and the use of modeling and simulation

technique in systems research are discussed In the following pages.



WATERSHED-BASED RESOURCE UTILIZATION RESEARCH

myjor components of the technology that was duveloped in watarshed-based rosource
utilization rescarch include dry sowing on deep Vertisols, runoff collection and
supplomental irrigation, the broadbed-and-furrow system of cultivation, etc.

Ory srwin~ "= @ = V. -ticols

o

Vertisols arc ono of the major «oi) tyr. s “aund n the Indlian SAT. Thoy have low
bulk density and high porcsity in the imndiate surface layers. The subsolls

~re extremely hard when dry and very sticky when wet and conscquently arc diffi-
cult to till., In Indinr, nearly 20 million ha of thesce solls arc presently
fallowed during the ralny soason (Krantz et al. 197L) . An Important factor that
has facilitatcd cropping of deep Vertisols during the rainy scason has been the
rcrbization that creps ean ¢ sown In A dry scedho! shortly ahead of t'u

e rly rains in arcas where recl~itatinn commences falrly rcliatly and where
there is a good probatllity of followup ralns te cnsurc estatlishment of the
germinating croj . Crepring Auring the ralny seasen may nrovide the farmer

with oopertunities for two crops in mae year.

Rainfall col” ction and supplemental irrigation

The collcction of surface runoff during periods of cxcess rainfall and Its
subscquori uu riag dry periods mark.edly decrcases the risks involved in rain-
fcd agriculture. “1fisols, another major soll type found in the SAT, have

high bulk dcnsity and low porosity in the surfacc layer but below the surface
they arc of variable texture. Thesc soils are easily cultivated when molst but
become very hard when dry. Rainfall collection and supplemental irrigation

arc particularly important on Alfisols and shallow Vertisols because of thelr
limited water retention capacity (large quantities of water may be lost as
runoff or deep drainage during the rainy season). On these soils, crops

frequently suffer from molisture stress due to dry periods in the rainy season,;
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A particular example of the beneficial effect of supplemental irrigation
is the response observed in the rainy season of 1974, when a 30-aay dry perloa
colnciced with the grain formation stage of sorghum (1CRISAT 1975). A supple~-
montal irrige on of only § cm to sor .wm in oporationa’ scale research weter=
shads ircrersod yiclas by ~Imost 1003 over thosc « © ralnfac crops. The gross
value O LU incieuss oua to this wator application was 2780 Rs/ha.

The dcep Vartisols rarely roquirc supplomontal irrigation for tho ralny
scason, Hewever, supplomental water ¢a. always be usud on a postralny crop anag
nften & 30cond crup con He benctiitoo Ly a small Inltlal quantity of water
(Kampen & Krishna 1978),

Broadbodg=ana-furrow systems

Establishment of a broadbed=ana=-furrow systom with an amplitude of 150 cm was
founa to be successful in facilitating cultural operations controlling axcess
water (Kampon 1979). Tho broadbea Is about 100-cm wige with a sunken furrow
of about 50 em, The furrows are graded sc that water aischarges Into grassoa
waterways, which may lead to a small surface reservoir., With the broaabea It
Is possible to plant two, three, or four rows at 75=, 45=, ana 30=-cm row spa-
cings, respectively (Fig, 1), Comparisons of flat planting with cultivation
on broadbeds are presentes In Table 2. Results Indlcatc substantia) ylold
advantages of the graded L .adbed system on adeup Vi tisols (Kampen 1979).
Erosion an¢ runoff are relatively low In this system on ceep Vertisols because
the excess water Is lea off at a controlled velocity In many furrows rather
than in concentraten strcams gown the steepest slope. DOrainage during wet
perioas is aiso facilltates.

CROPPING SYSTEMS IM THE SAT

Several systems of cropping such as intercropping, relay cropping, ana ratoon \
cropping are being examines on both the Vertisols ana Alfisols at ICRISAT,

Attempts are belng mase tc Jevelop systoms that provide officlent and productive
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crap growth from the start of the rainy season until as far into the postrainy
scason as residual soll moisture will allow. Much omphasis has been glven to
Intarcropping bocause of its popularity with the poorsr farmers operating in
low rrinfa'l a hich risk situations in the SAT (TAC 15978). It also minimizes
wvaporition losscs. The * pical Intercropping com! inations studied consist

of sorghum/pigeonpea, poar! millet/grounanut, sorghum/chickpsa, ana sorghum/

peart miller,
Clim-te, scils, ang crops arc the bulluing blocks for improving the
cropping systems of a locality, Soll typos ana rainfall patterns In the SAY
show consiicrable location spacificity., Therofore, the new concepts, approaches,
ans methodologics dovelopea at I1CRISAT for Improving crop pruduction In the SAT
neea to be Integratec and tested at other locations of the SAT before whole~
sale adoptiun In thnse rugions, Crop production simulation movels that utilize
soil, cro;, woather, anu management factors will by valusble rescarch touls In
the acvelogment ang extension of technolugy.
MODELING AMD SIMULATION TECHNIQUES i SYSTEMS RESEARCH
Systems simulation offers a of stuaylng gecision problems of farming
systems taking Into accuunt the full complexity any uncertainty of reality,
Systems analysis rescarch |s gonerally carried out with mocels that, to varying
oegrees of precision, simuiate the roal systom. The kinc of mooel one should
utilize gepends on the user's objectives. The purpose of our modeling ressarch
at ICRISAT is:
1. To develop a framework for Interaction with other
ICRISAT programs and disciplines; to bring together
information on oifferent aspects of crop growth ano
deve lopment,
2. To develop a quantitative understanding of crop
responses to the environment leasing to ylela
prediction,
3. To iocentify areas where quantitative knowleoge s

requirea to plan alternate strategies for croppping,
lanog use, and water management practices.
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h. To answar the classical 'Wwhat If" questions, or more
appropriately, to optimize physical, human, and economic
resources.

5. To suggest prioritios for research ana development that
may ala in making crop managsoment cecisions,

T~ Tcentify tho kini of approach wu shoula utitize, aifferent types
of msucls uaut ln crup jrowth, plent development, anc ylela preciction have
boen surveyo:; they arc jresantec In summary’ from in Table 2. Each of thess
. -ruaches has Its morits ant domerits, For cxomple, common assumptions In
statistical muxiels are not oftan met, although thes. moucls used mustly for
yiela prcaictions, Purcly statistical models so not really represent plant
growth ang development processes. Physiologlical mocels have the potential of
helping us Incroase our unverstanaing about the basic Interactions In the
sol I=plant-atmospheric system. However, a aisadvantage is that it Is ofi.n
alfficult to apply these models to large arcas because of cata requlrements.
Some of these models are very complex in that they attemyt to simulate the
vital physiologlcal processcs of the plant step by stop. Most systems of
intcrest, e.g., scil water balance, plant growth any develupment etc., are
aynamic In nature. We are thersfore convinceu that uynamlc crop growth models
involving soll=crop=weather-management factors anu leaving to yleld prediction
will sult cur purpose.

A considerable amount of mooeling rescarch has already beon cone on
corn, wheat, and soybean (Swanson anc ilyankori 1979, Huca 1974, Feyerherm
1977). /wong the five crops of interest to ICRISAT, only sorghum has recelved
some attention, anc thus it wos decldea to work on surghum Initially, it
secemea desirable to test the existing sorghum mudels for adaptation In the
SAT rather than to cevelup new mocels., If the anslyses of the surghum model
satisfactorily serve the purposes outlinea earilor, then the work will be

extended to other crops raised in sole or intercropping situstions,



Sorghum 1rowth mode !

Arkin ct al, (1976) developed n dynamic sorghum growth modal (SORGF) that calcu-
ates the dal'y growth and developmunt of an avorage grain sorghum plant in

~ ficls stand by considering the physical ~nd physioiogical processos of 1ight
intere lan phctosynthesis, rospiration, snd water us. th~t are Independontly
cavut ¢ nd used 8 sudbmoce's.  The apperrance of loaves, thelr growth rate,

and the timing of thes. cvents arg gonerated in the model, Most of the equations
descriv'ng the physiologieal proccsses ~rc omplricrlly derived from flold measure~
ments. /i generalizod flow diagram of SORGF is glven In Figure 2. The model
operatcs on a dally basis and utilizes soil, crop, weather, and managemont
factors. The input data required arc given In Tablc 3.

Testing SORGF: The SORGF mode! was computorized and Is curront'v avallable

on the ICRISAT computer system. The minimum data sct required to test this mode!
were not readily available at ICRISAT. However, the motoorologlical data that
were necded to test this model were avallable for both the ralny and postralny
scasons of 1978. Assumptions regarding othcr input data such as soll, crop,
and maangement, ctc., were made In consultation with the concerncd [CRISAT
scicntists so that first approximation results of the modc! can be obtained. The
assumptions are as follows (1) Dates of sowing were 14 June and 10 October for
rainy and postrainy-season crops, respectively. (2) Depth of sowing was § em.
(3) Row spacing was 75 ecm. (4) Adequatc fertilization, weed control and other
plant protcction mcasurcs were undertaken. (5) o irrigation was glven, And
(6) Crop stand was 180,000 plants/ha.

Results obtaincd from the 1978 rainy season are presented in Figure 3.
Thesc results indicate that under the climatic conditions at ICRISAT Center during
this time (amount of rainfall received during June-October was 1077 mm), a

sorghum cultivar producing 18-20 lcaves with a maturity duration of 90-100 days
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would bc nocded to achleve optimum grain yiclds In the range of 6000 to 7000 kg/ha.
These rosults are revsonably in agroement with the roality since some of the best
cultivars recommended for this reglon take about 100 deys to mature and yleld
approxiratcly € metric tons/ha under  ptimum managoment conditlons.

In the postrainy ¢« son, the cror thrives cn the conserved profile soll
moistur.  hence water becomes the main Vimleing factor for crop production.
Therefore, an attempt was made to simulatc sorghum yield for the 1978 postralny
scason in response to varying lavels of initial profile sol! molsture. The
rcsults are prescnted in Table b, The duration of sorghum had been defined by
the number of maximum leaves utllized as input data by the model. Tho Input
data were 18 and 1h for long and short-duration crops respectively. Tho modo)
simulations show that a long-duration crop would take approximatcly 94 days
to maturc, whercas the short-duration crop would maturc in 68 days. The
results indicate:

1. Short-duration sorghum yiclds are highcr than long-duration

sorghum when availsble soil water in root profile at sowing
is only 10 cm.

2. long-duration sorghum yiclds are higher than short-duration
sorghum when avallable proflle watcr at sowing Is 3 15 cm,

3. Optimum yiclds of short-dur~tion sogrhum can be obtalned
wit. 15-cm avallable snil w ter: long-duratior crop ylclds
arc highest with 20-cm available soil watcer at sowing.
Such »n~lve s could be us fi1 in Aiviloping strat ~i s for optimizing
the use of water (availahle in the soil profile and in the surface storage tanks
at the beginning of the postrainy scason). This Information along with surface
watcrshed hydrology data could be uscd In hullding 3 stochastic model based
on long-term rainfal) obscrvations for optimizing crop production.
The preliminary simulation results are encouraging, and further testing

including the sensitivity analysis of the model is underway. The preliminary

results show a need for modifying and developing subroutines In order to derive
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spocific answers undcr the conditions encountered In the somi-arid troplics In
rarticular. The Ritchie (1972) model, which has becn used In SORGF, 1s found
to undcrestimate the daily cvaporation ratc from the crop surface at 1CRISAT
Center.  Attempts arc being made to calculate daily soil water balance using data
on rainfall onen-nan cvporation, svallable soil water »t sowing, watcr storage
crracity for difforent laycrs of soll proflile, crop charactaristics, ete.

Ftothe prescnt time we do not have ficld datsy to compare the simulation
resuity. Thoreforc it became neccssary to conduct field experimomts in order to
collect the cssential scts of soil, crop, wenther, and managomont data for
testing the SORGF modec)., A multilocation coopcrative experiment on sorghum at
a fow benchmyrk locations In the SAT will be useful to modify some of the sub-
models uscd in SORGF to adapt them to specific regions. iIn other word: these
experiments will help cxamine the location specificity of the model. Thus from
1979 omwards, the multilocation expcriment on sorghum is bhceing conducted at the
ICRISAT Center and At cight other centers in India.

CONCLUS 1044

We bolicve that the use of modcls In systems analysis is complementary to the
study of rca! systems. The simulation modc!s that involve soll, crop, weather,
nd management factors have the potential of Intcgrating information avallable
from “ifferint ox,criments and identifying major componcnts of the system.
First ~oproximation answers will be obtained to such questions, for cxample,

as what will happen to the yleld when crop production factors such as date of
sowing, dcpth of sowing, row spacing, available sol) water at sowing, soil
water storage -capacity, plant stand, agroclimatic conditions, etc., are chenged.
Field experiments are usually conducted to evaluate the effects of these
production factors singly or in a combination, but they are time-consuming and

expensive. Crop modcling research could help in synthesis of such empirical
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dit~ nd thus could minimize fligld oxperimunts, Morsover, such models could

te usuful research tools to cxwine the possible aaronomic consequonces of
intrcducing  w tochnologivs into A renge of agroclimatic situations. Answors
te th.s. quustions will help identify the crops or gonotypes needod to obtain
~ L o« Lo s T~ articular agroc!lmntl} location. Such simulations would
“ie v o iNntify immroved technologics that would be hest sultod for the crop
ct o« For chat leeslity. Once such questions are undurstood for one crop, ¢.9.,

serahg woertis. could Yo ortended for others to ldentify types of crops that

aroduce com ntitile combinations in both timc and snace to obtaln optimum ylolds,
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Talle Z. silfurent approaches of crop weather ling

Authors Type of mocels listed
(1974) Detorministic; sna stochastic
Jensen (1975) Stetistical; state-of-the~art physiological
ang statistically based crop weather soll
moisture
Baler (1977) Crop growth simulation; statistically bases

crop weather analysis; and multiple regression

Shaw (1977) Mothemstical or statistical; blological ane
combination



Table 3. Input cata required for 'SORGF' - a sorghum simulation
mooge! (Arkin at al. 1976)

Plant adata

Leaf number - total number of leavus producou p
Loaf arca - maximum arcas of each Inalviaual lesf, cm

#lanting cota
Planting date, month, year
Plant population, plants/ha
Row width, cm
Climatic oata (cally from planting to maturity)
Maximum tumperature, °C
Minimum tomperature, °C
Solar radlation, ly/aay
Rainfall, cm/cay
Soll cata

Available water-holding capacity, cm
initial available water content, cm

Location a~ta
Latituoe, ceg



Table &, VYicio simulation of 'SORGF! utllizing 1978
postrainy=-season JCRISAT aata

Avaiiable soll Grain yleld S%ﬂlﬁﬁl
w tus at sowlae Cop duration

e, Long “hort
10 1342 2101
15 Mol 3099
20 4659 3156

25 k723 3165




Narrow ridges and furrows are only adapted to 7% cm rows.

A maize Lrop

Broadbeds and furrows are adapted to many row spacings:

¥y ¥ 2 4

S 15 em w
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w ) 0P e op p o
\/ .
3o 60 e300

A groundnut or (hickpea wrop

e

P 5

Mo M
Y \,
\_/y Y S Ym Qi“z“ wm,f\..../

e crt—— -—-—xso PO

[ 9]

A pigeonpea’sorgham intercrop or & pigeonpea/maize intercrop

Figure 1. Alternative cropping systems and row arrangements
or. broadbeds (150 cm); all dimensions in cm
(after Kampen, 1979)



Plant deta, soil dats
Planting data
Locetton daty

o n—— . e ey,

f Reed climetic date )

. o
¢QICulato oL QEnce
e o o —ﬂ“ b

e e

m:.uwlau lea’ appea-
| _rance for all luvm.

o~ - ot PRI

st

Calwlno datly tutm,. (:D

loaf area

hoss o e s I

[Calculate aatly 1ignt
L ing&rcup!&on

e

Calculate datly potens
tia! photosynthesis

- .

et —— 5101 e g— o

La!c;)atl datly tolal
nvcpntnnwu ation

be e s vs o e e

N

L-laulate datly water
_siresy

g - s e ar it

o~

U

v —_— hronts o s o
Caleulate datly tvmm
rc(urr stress

- - —— oy

i

Calculate dn!y net
pnotosynthes ia

respirption

R S g

F;Euu dail !y dark

P v ——,

Lo?»ulitl datly stage
of development

i

{Ci){.ullt& daily par-
titigning

=

Calculate datly dry
mtlter gain

&

Figae 2. A generalized fiow diagram of the growth model (SORGF)



Simulated sorghum yleld (kg x 100/ha)

Days

20

10

or

70

Days to maturlty

b ——— Days to anthesis

110

T IR S T S | S| BT 72
Maximum number of lsaves

Figure 3. Simulstion results of SORGF using 1978 ralnysesson

ICRISAT dats
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