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A STOCHASTIC OPTIMUM PROPORTION UNDER SHARED SYSTEM OF SOLE CROPS

MURARI SINGH
lnternational Crops Research Instituie for the Semi-Arid Tropics
Petancheru. Andhra Pradesh 382 114, India.
SUMMARY
Intercropping sysiems are often compared with sole crops.  However, when
responses on both components 1n a two-crop sysiem sre required, 8 shared sole crop
sysiem 15 also considered as an alternative system for comparing the productivity
under intercrops  The productivity of the shared system depends on the proportion of
area allofted 10 two soie crops A method for choosing this shared proportion of the

two sole crops 1n the same plot in a stochastic optimal wav 18 presented in this paper.

| Introduction

Intercropping is 2 system of growing two or more crop species (in separaie rows) in
conjunction on the same prece of land  Such systems have been practised for long
by the farmers of tropicy (Alyer 1949, Willey 1979)  Sole crops are often used for
comparing the productivity of intercrop  But the sole crops can yield on oaly one
type of crop species if used as an alternative 10 1ntercrop. However, when ylelds on
both crops are rbquired, a sysiem called "shared sysiem of two sole crops’ has been
considered by Rao and Willey (1980) Under shared sysiem of two sole crops a
(continuous) portion of the plot is sown under one crop while the remaining part is
allotted 10 the second crop  Thus such a shared sysiem consists of two sole systems
arranged together in a plot. Shared sole crop sysiem differs from intercrop where

the crop specics are sown in alternate rows (or in aliernaie sets of few rows) in



conjunction. A piclorial presentation of the piot (ssy of unit ares) under three
systems sppesrs as below

Sorghum/Pigeonpes Sole crops Shared sole crops

Intercrop Sorghum Pigeonpes Sorghum Pigeonpes

SPSPSPSP SS5S5SSSSS PPPPPPPP SSSPPPPP
SPSPSPSP SSSSSSSS PPPPPPPP SSSPPPPP
SPSPSPSP SSSSSSSS PPPPFPPPP SSSPPPPP

SPSPSPSP SSSSSSSS PPPPPPPP SSSPPPPP

where S and P stand for the two species, sav, sorghum and pigeonpea respectively, for
example.

It may be noted that the area s for a crop, sav S mayv vary under shared system and
hence a class of shared systems would be écneratcd over the values of s where O<s<].
8=0 or | results 1n 2 sole crop system  Rac and Willey (1980 obtained the shared
proportion 8 such that the shared svstem gives the vields in proportion to that of intercrop
component yields.  But such a choice of s depends on behaviour (competition) of the crop
species in intercrop and may not be a production (productivity) efficient choice if
crops are sown under shared sole svstem. where the competition is almost absent.
Therefore, the need of obaning s in an opimal sense arises and this paper atiempts %

develop a method to choose an optimal



Intercroppiag syssems are practised in environments where weather/climate s
unpredicmbie or  poses some risks for crop during crop growth.  For compering
intercropping systoms Rao and Willey (1980) obwined the probabilities of obtining
specified net returs uader variows sysiems Swuch probabilities for getting specified vield on
one component or both were coansidered by Pearce and Edmonson (1982) and avoided the
effects of prices of crops. In a more general framework Anderson (1974) had used the
concept of stochastic dominance or risk efficiencies. We therefore, use a similar stochastic
approach by evaluating the probability of getting specified yields on component crops under
shared system for determining optimum shared proportion s. The comparison of an
intercropping svatem with an optimal shared sole sysiem using joint probabilities would be
most relevant

In section 2, we give a method of determining optimal & and illustrate its computation

in section )}

2. Stochastic Optimum Shared Proportion.

Under sﬁlc system 1t 15 reasonable 10 assume the distribution of vields as normally
distributed  Let the yield of crop 3 be normally distributed with the mean 4 and variance
02, while that of crop P with mean 4, and o p If a scgment of an arca s of a unit area plot
be allotted to sole S, then under the shared svstem. the yicld on crop 5, say Y, will follow
N(s 4. 37 4) and yield on crop P say Y will be N8 4y, 20%). t=1-s. Further, le
the minimum specified sields required under the shared tvsiem be pyy on crop S and q Hy

on crop P. The probabiliy of obtaining at least these yicids 1ogether is given by

Pr = Prob[Y,> px. ‘1‘, - ¥4, ] (1)



Purther, uader the shared sysem, the yields of the two 20l crop S and P are
ladepsadent. Therefore, above probability simplifies s below

Pr = Prob [Y,3 ) Prod{Yp) qu
= Probisiy +¢,2)>py) Probli Uy +apl) > gy
o (1@ DCHI K@ 1) @

where Z stands for the standard normal variabie s0d C; = 4 by, Co=spby

sl ¢ 0ot = (¥ mexp-id)n
(standard normal probability integrsl)

The quanmtity Pr is a function of 1 for given values of p.q.3.C, and Cv The
sochastic optimum shared proportion 1, (<3< 1) 1 defived a3 the one which
maximizes the probability Pr  Thus for & given set of crops (4.0, M Op-
optimum 3, vary with the desired proportions p aad q of sole yields required wador
shared sysiem.  The nature of the function Pr of s for flew selected values of p. q, 4, ¥p
g, udup are preseated in Figure | This figure indicates e exisieace of

optimum s ualess the valves of p and q are 100 high
INSERT FIGURE |

Differcatisting Pr with respect 10 5 and equating to zero results as below



@Prids = -4C, M- ICHI QT -1CHII
- qCMQT -1C(1-Qipis- DC B a0
or,
TRIES UL ®
where
R = q C@T - DT A(p/s- DC)) (pCMUp/-11Cy)
(1@ NC))
The solution of (3) can be obtained heratively The neighbourbood of optimal s
successfully be located by exploring the range (0.1) for s

3. An lllustration

Coasider the following information on two sole crops of sorghum and pigeoapes.

Sole ¢rops
Sorghum Pigeonpes
mean 4103 1226
sandard devistion 1622 609

These mesns and standard deviations are computed from the distribution of mesas
(ofrepllcuions)ofmecromm%mﬂmmn(mﬂw"d9mn‘4
years) from trials administered by ICRISAT, Pamachers, Aadhra Pradesh.

For some sciected values of p and q, Table | preseats the Herative solution of

equation (3).



Table 1.

Optimum values of s in fow

(S-N(4103. 1622) and P-N(1226. 609))

=B —w T T

Tirn Valee Tos Valwe Tom Vawe Dm  Velee

L 52 L 41 ) 67 12 9
9 53 38 42 24 66 33 48
10 9 36 LY/ 25 66 K 48

Itrn = lerstion aumber

We made the application of the sbove method for cbwminiag swchestic optimsl » for
scveral sets of data with & view 10 compare with relsiod intercrops.
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