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STATI STI CAL ANALYSI S OF | NTERCROPPI NG DATA USI NG A CORRELATED ERROR
STRUCTURE*
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1. I NTRODUCTI ON

Farmers, in the sem -arid tropics, have practised for generations the
growing of two or more species in conjunction with one another (intercropping)
and experimenters have recognized the need to investigate such systems,
(Wlley, 1979a, b). Statistical techniques for intercropping have been
reviewed by Mead and Riley (1981).

A model, for a single factor design, to study two species grown as sole
and as an intercrop is discussed in section 2, with a conmpetition coefficient
derived in terms of the |and equivalent ratio (LER). (Anon, 1972). Esti ma-

tion of the models' parameters and tests of hypotheses of treatments are
di scussed in section 3 with an optimum choice of treatments considered in
section 4.

2. MODEL STRUCTURE

For an investigation on a two species intercrop, let there be p, q and
pg treatments, tested on each single species and intercrop respectively, in
a random zed block design for simplicity. The techni que however, can be

generalized to other designs.

Let YO.. and Yo.,. be the yields from the two species when grown as sole
crops in tﬂéjjth bloékj(j=1,...r) with treatments I and I* (i=},...p;
ir=t,,..q) applied to the sole crops. The model to study treatment behaviour
in sole crops can be taken as the widely used one.

o
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* Submitted as conference paper No. 133 by the International Crops Research
Institute for the Sem -Arid Tropics (I CRISAT).
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where~:1i and T,y BLE the effects of ith and i'th treatments and B? and

525 are jth blolk effects -for the two species respectively. 7

efij and'SZi_j‘are assumed independent random srrors with mean zero znd
. -2 T2
variances %10 and Tt

Further on the intercrop, let ¥ 1175 and Yz{_, be the yieslds of two
Epecies with treatment (I,1¢) applieé 1anth bloék.j We consider the follow-
ing model -for intercrop yields.

=1 + B

Yrii05 = %1 % Sygge 15 7 Crizey

Yoiso7 = %250 T Sop5e T Bay * Fayi0g {2

67.., measures the influence of the second species on the first with treat-
métit s {1,i') applied. Similarly, 62.., is the measure of the influence of
the first species on the second i.e¥"the competition effscts

between the two species in’ the prasence of treatments {(f,i7). wWith no

GOmpetition.dr%ﬁ, and § , are zero. Furtber §, .. and §,, ., may relate to
treatments in e followiTig way.

Spair = iz Cpas

Bai50 = %25:%2450
where a, .., 2nd o, ., are the competition coefficients defined as the LER by

—

a ..f,= (Eryfii’j

~0
113 )/B(YH.,..Uq = LER1~1

with LER1, the LER of cthe first species. Similar relationships can be
obtained for the second speciles.

ity and e,..,  are random errors with means zero and variances oo and o2
regpetttively), asgumed to be different from (1) because the variability in
species may differ in the intercrop compared to the scle crop situation
(R.Sakal, 1955, McGilchrist, 1965). We further assume that the correlation
Prise between ¢ Py and Eaiir is & function of the treatments. This is an
ekfension of t%e chrrelat{dh étructure given by Pearce and Gilliver {1978}
whe analysed intercropping data assuming constant p between errors.

The estimation of p.,, for each combination of treatments requires many

replications to cktain efficient estimates of correlation coefficients, How-

ever, if the interactions of treatments have am insignificant effect on the
correlation ceefficients, the model Pige™ PPy Pyyr maY represent the
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structure and require estimates of only f+pt+g correlation paramsters. However,
the teskting of these correlation models are under study and will be reported
later.

The number of parameters to be estimated from models (1) and (2} are p+g+
Ipy+22+4 from r (pig+pg) observations. Thus we require

r>{prg+3pg+d)/ (pra+pg-2) - 1
3., ESTIMATION OF PARAMETERS AND TESTING OF HYPOTHESES

Maximum likelihood estimates (MLE) of the parameters and likelihood ratio
testing for various hypotheses on competition and treatment effects can be
obtained assuming that the errors in models (1) and (2) have univariate and
bivariate normal distributicns with previously structured parameters, (Rendall
& Stuart, 1973). The MLE of §'s, 8's and g's are

- =0 — =0 ~

€11 = Y1z 8psin = Tpagr ~¥yg @40 =@ Iii’E(:i’ -1
0 - ey —O . =

Capr =Top 8030 = Yo110 " ¥o10 B0 {Y2ii'Egi”

MLE's of other parameters and variance—covariance matrix of MLE's , we refer
te Singh and Gilliver [1983). BAn aspproximation ta the bias (B(.} and mean
squared error (MSE(.)) are below, retaining only terms up to t1,ﬁ:).

n 2, 2
Bl gg0) = (M54 %0/ 55)
B[a gi) = (Tra, o 102 /(rc‘?. |

MSE(n )— (a - ”“"fii', GTO/CTJ'.

MSE{G = {ag + {1+

2447 "zo’_‘zi" ’x

iy
BUS, uby 00 = 05500,0,/{80,,8,500)

24iir

Experimenters may wish to examine competition between species arising
from various combinations of treatments. Thus for a treatment combination
{(1,2') i=7,...p; i'=1,...g the hypothesis of no competition is Sasir=%gs1y
and the test statistic

-1 A ~ '
Wogr = GrypmBoyy 0 Byyyur 8y

can be used, where D 1z the {(estimated) dispersion matrix of {a.

The agymptotic distribution of PP is chi square with two degrees of ﬁéedom
Further W,,, can be taken as a we@sure for choosing treatment combinations
leading t6" maximum or minimum competiticn, if they exist in the region of the
treatments under study.

=0

4, QPTIMUM TREATMENT

If treatments are qualitative then min W, , or max W, ,, may give the
optimal treatment. When the treatments are q&intitative,“ﬁmoted by B¢ i=1,
wveD; Q. ,,z—a‘,...q then a (sscond degree) surface in the model given below can
be fittéd with -."W it and Pz' Ql, with pg treatment combinations.
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_ 2 2
Vg = 3g#aBy 8y + b0y, + by0;, * o0, 6,y

The coefficients a,, a,, a,, b?' b,, and ¢ can he estimated using least
sguares technique. Let the fitgec'l surface be
_ ~ o ~ 2 2 o~
YW= 3 +&p+ 8, + B?Q + 32Q + épQ

Then the cptimum Ereatment combinati i
P eh iom Po_pt & Qopt are given by

™, [a) ~ A2

Pcpt = {c31 - zszaj)/{4a252-c )
. T - -~ al

qut @, - 2a261}/(4a252~c }
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SUMMARY
Intercropping has been wdely recognized as an inportant farming system
in the Sem-Arid Tropics. The analysis of sole and intercrop data from two
species has been suggested wusing a statistical mpdel wth conpetition coeffi-
cients and correlated error structure. A procedure for obtaining optinum

conbination of treatments has also been advocated.

RESUME

Dans les zones tropicales gemi-arides, 1l'association des cultures
represente un important systéme de production agricole. Les données sur les
cultures pures et =ssocikes de deux espBces sont analysées & 1'aide dun
modéle statistique basé sur des coefficients de concurrence st la corrélation
des erreurs. Un processus permeitant une combineison optimale des differents
traitements est proposé.
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