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1. INTRODUCTION

Intercropping 1is an age old practice of the traditional
system of agriculture in the underdeveloped parts of the world.
In India as many as 84 different <c¢rops are used in mizxed
cropping, but seldom do we find more than four at a time, and a
relatively simple mixture of only two or three <c¢rops is most
common. Intercropping is defined as any cropping system where
there is significant amount of intercrop competition. Food crops
are usually mixed with cash crops. Cereals and legumes are often
mixed. The crops may be grown as random mixtures. The main
consideration for mixing crops together is to reduce the risk of
failure. Other advantages are higher yields inm a given season
and greater stability of yield in different seasons. Nowadays
the aim of intercropping is more towards augmenting the total
productivity per unit area of land per unit time by growing more
than one c¢rop in the field. The available documents show the
superiority of intercropping over sole cropping in terms of gross
returns per hectare as well as per man day used during labour

scarcity period of the crop season.

Mixing different vegetable crops has been an accepted prac-
tice. Two crop intercropping are found to be most common. One
such widely practised common mixture in Kerala is Bhindi and

cowpea.



Cowpea (Vigna unguiculata L) 1is a highly nutritious
leguminous vegetable <crop. It is a rich and cheap source of
vegetable protein. Hence it deserves a place in every vegetable

farm and kitchen garden. Vegetable cowpea being a warm season

crop, can withstand a <considerable degree of drought and
therefore fits every farm every season. It can tolerate moderats
shade and hence can be grown as an intercrop. A number of

varieties of vegetables cowpea are grown throughout India.

Bhindi (&belmoschus esculentus) 1s a popular warm season
vegetable. The tender fruits are used as a cooked vegetable.
Tender bhindi pods are rich in vitamins, calcium, phosphorus,
magnesium, and iron. Bhindi is a direct sown crop whose seeds
are sown directly in the main field. The plants flower within 30
to 45 days after sowing. Frequent harvests promote production of
more fruits per plant and increase the yield. Bhindi is very
much suited for intercropping due to the slow initial growth and
wider spacing. Bhindi, being a soil exhausting c¢rop, the
inclusion of the quick growing leguminous crops like cowpea as an
associate crop will benefit not only the companion crop through
current nitrogen transfer but also the succeeding crop through

residual effect.



Experiments on intercropping systems are complex and require
innovative approach in design and analysis of data. Research
into intercropping is expanding rapidly and data from
intercropping experiments are being analysed in different ways.
No single form of analysis is appropriate for all intercropping
experiments and several different analyses should be used for
most intercropping experiments (Mead and Stern 1979). The
statistical aspects of intercropping system is with regard to its
design and analysis for the experiments to be conducted. The
involvement of different crops, different proportions of the
crops should be a main consideration for suggesting several
analyses of the data. Willey and Osiru (1972) pointed out the
danger of comparing a combined intercrop yield with a combined
sole crop yield on the basis of same sown proportions, because
competition in intercropping wusually results in a different
proportion of final yields than from sole cropping. The
popular method of analysing data from these experiments is as a
univariate problem by converting the bivariate situation to
univariate one such as some function of combined yield which
characterise the competition between crops. Willey (197%)
concluded that the most generally useful single index for
expressing the yield advantage is probably the Land Equivalent
Ratio (LER), defined as the relative land area required as sole

crops to produce the same yields as intercropping. LER puts



different crops, different situations on a comparable basis, and
in addition to giving a measure of yield advantage, it can be
used to indicate the competitive effects. LERs essentially
indicate the physiological efficiency of intercropping compared
with sole cropping. It provides a standard basis so that crops
can be added to form combined yields; in theory it also means
that LERs themselves <can be compared between different
situations, and even between different crop combination (Mead and
Willey 1980).

Statistical methodology plays an important role in evolving
appropriate agrotechniques for the enhancement of crop
production. Field experimentation is the most powerful tool of
agricultural research and it can be successfully conducted if and
only if the experimenter has got some idea regarding the
variability of the experimental material. There are two
principal sources of variation in field experiments.

1. Variation due to soil heterogeneity

2. Genetic variability within the crop species
Due to the above two inherent variability in any experimental
material, the outcome of any biological experiment becomes a
stochastic variable and statistical principles are to he applied
in the study of such phenomenon. Experimental error which is the
plot to plot variation due to uncontrollable factores will affect

the experimental material if left uncontrolled.



There are many ways of minimising experimental error 1in a
trial. One of the simplest and most effective ways of
controlling soil heterogeneity is to have a proper choice of
plets and blocks. For any agricultural experiment with any
crop,the first decision is to select a convenient plot size.
Arbitary selection of plot size vitiate the findings. Very small
plot sizes even though appreciable from the economic point of
view may over estimate and hence give biased results. Extremely
large plot sizes result in wastage of resources. Thus it is
always advantageous to use the optimum plot size for conducting
field trials. For a given size of plot different geometrical
configurations of the wunits are possible leading to various
shapes of plots. It is known that the size and shape of
experimental units will have a direct effect on the magnitude of
error variance and the consequent precision of treatment
comparison and also on the total cost of experimentation. Hence
the primary concern in finding out the optimum plot size should
be that it gives the estimates of treatment effects with a pre
assigned degree of precision utilising only the minimum amount of
experimental material.

Studies on optimum plot sizes for experiments with monocrop
are plenty, but the same on intercropping experiments are scarce.

More over optimum plot size for intercropping of vegetables has



not been attempted before. Therefore, in the present study a
uniformity trial was conducted with Bhindi as the main crop

intercropped with Cowpea with the following objectives.

1. To determine the optimum plot size for conducting field

experiments in intercropping of vegetables Bhindi and Cowpea.

2. To compare the estimates of optimum plot size obtained

through different methods.
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2. REVIEW OF LITERATURE

Several attempts were made in estimating the optimum size
and shape of plots for many cereal, annual and perennial crops,
in India and abroad. Though literature on estimation of optimum
plot size and shape are plenty in monocrops, those with

intercrops are rarely reported.

In this chapter an attempt has been made to give an account
of the literature avaiable on the methods of estimation of plot
size in the experimental fields of different crops under various

headings.

2.1 Univariate case
2.1.1Magnitude of socil heterogeneity

An adequate characterisation of soil heterogeneity in an
experimental site 1is a good guide and at times even a
prerequisite for choosing a good experimental technique. Soil
heterogeneity can be measured as the difference in performance of

plant growth in a uniformly treated data.

Harris (1920) initiated studies on the statistical treatment
of soil heterogeneity and its relation to the accuracy of
experimental results. He proposed the intra class correlation

coefficient of yields from adjacent areas as an index of soil



heterogeneity and concluded that soil heterogeneity was the most
potent source of variation in plot yield and the chief difficulty
in their interpretation. He showed that the correlation between
the yields of adjacent areas was either due to initial, physical
and chemical similarities of the soil or to the influence of
previous crops upon the nature and composition of soil. The
intraclass correlation coefficient of Harris served only to
demonstrate the degree of difference in soil heterogeneity of

adjacent plots.

Bose (1935) found that an experimental site which was
uniform for one crop in one season was not necessarily uniform
for another crop in another season. He showed that analysis of
variance was more useful than Harris' intra class correlation
coefficient, because it provided both the nature of soil

heterogeneity and identification of fertility gradients.

Smith (1938) proposed a gquantitative measure of soil
heterogeneity. This index is based on the empirical relationship
between plot size and variability of mean per plot which was
given by
Vx = le-b

where Vx is the variance of mean yield per plot based on plots of

X units in size, Vl is the variance among plots of size unity and



B is the index of soil neterogeneity whicoh ranges between zeic
apd one. Index of soil heterovgeneity 'b’ indicates the degree of
cottelation wetween sdjacent plots. A value of “b' nearer Lo one
indicates that there was no significant «correlation amenyg
contiguous uniis whe:s2 as a value nearer to zero indicates strong
correilation beitween adjacent units. In the case of self
fertilised c¢rops iuira plot variation is mainly due o genetic
make up of the plants within plots which also had some effect ou
the wvalue of "b' A high value of "b' tending to one thus
indicated that genetlc variation was more predominanit over

pasitronal vasralion,
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i he cost assucsated  with number of plots aand C, the cost
assoclatea with & unit area within the plot and x the number of

basic units per piot. The estimate of optimum plot size is given

cht = bCl/ (1-b)C2

Smith's eguatioun in the modified form is given by Y = ax where

Y 1s the coefficient variation per plot based on plots of =

upits in size,. '&' is the coefficient of variation of plots of

sp7e untiv oamd "bh' index of so0i1l heitecogeneitly.
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forage, Crews et al. (1963) on tobacco, Sardana et al. (1967) on

potato and Binns et al. (1983) on tobacco.

2.2.3 Hatheway's method

Hatheway and Williams (1958) used the method of weighting
the observed variances of plots of different sizes for getting an
unbiased estimate of 'b'with asymptotically minimum variance.

Inaccurate estimates of plot size obtained using the method
of Koch and Rigney (1951) lead to the invention of this method.
They assigned equal weights to the different components of
variation even though they are based on different degrees of
freedom and also used the the regression coefficient 'b' as the
index of so0il heterogeneity. Hatheway and Williams (1958)

developed the relation

E(logvx) = E(logvl) - B logx
where B is the regression coefficient of V(x) on logx, V(x) is
the among plot variance, x is the number of units per plot, Vl is
the variance among plot of size unity and Vx is the variance of

mean per unit area for plots of size x units.

Hatheway (1961) developed a procedure to determine optimum
plot size, where the number of replications and expected
magnitude of difference between the treatments were specified

without taking into consideration the cost of experimentation.
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Hatheway used a relation of the form

xP = 2(ty + tz)zxcxz/rd-2

which depends on the relationship between coefficient of
variation and Smith's 'b'. In the equation “x' is the plot size,
'b' is an index of soil heterogeneity t1 is the observed value
of "t' in the test of significance, t2 is the tabulated value of
‘t' corresponding to 2(1-p) where p is the probability of
obtaining a significant résult, Cx is the coefficient of
variation of plots of size x units, 'd' is the true difference to

be detected between two means expressed as percentage and r is

the number of replications.

2.2.4 Method of estimation of plot size for perennial crops
Perennial plants are large and they are to be treated
seperately. They last for many years and data usually collected
from the same plant for a large number of years. There is large
variation from tree to tree which is due to the fact that this
variation is- made up of two types of variation, namely one
arising due to genetic variation and the other due to positional

variation which is commonly known.

Freeman (1963) suggested a modification to Smith's law by
taking into consideration, the genetic variation in the case of

perennial crops. His new equation is of the form

14



v /V1 = “/xb + 1-¥/x, %, the proportion of variance
due to environment, Vx is the total variance of mean yield per
tree of a plot containing x trees, Vl is the variance of single
tree plot, x is the number of trees per plot and 'b' is the index
of so0il heterogeneity given by Smith. If &= 1 the above
equation represents Fairfield Smith equation. If this hypothesis
is justified then o« = 0 for plots of small number of plants and

unity for plots with many plants but intermediate in other cases.

2.2.5 Method of modified maximum curvature

This method was suggested by Lessman and Atkins (1963)
because of the failure of Smith's equation to describe the
pattern of variability in some cases. The equation is of the
form logcx = af(a + logx)b where Cx is the coefficient
of variation of plots of size x units and found that this
equation was more efficient than Smith's equation in representing

the relationship between plot size and variability.

George et al. (1979) established the relationship Y = ar 9
in turmeric to find out the relationship between plot size and
coefficient of wvariation where 'g' |is the heterogeneity

coefficient.

15



Generalised form of this law

"9 ¢79. was also tried by them to compare the

Y = ar
heterogeneity of rows and coloumns where g's denote corresponding
heterogeneity coefficients. They found that the rowwise
heterogeneity significantly higher than coloumnwise
heterogeneity, thereby emphasising that formation of the plots

with more number of rows will give more homogeneous blocks for

experiments.

Prabhakaran (1983) proposed three non-linear models for
representing the relationship between plot size and variability
which were found to be more efficient than Smith's equation at

least for three different crops tapioca, banana and cashew.

The models are

1. Y =a + b/lx + ¢/x

()
o
I

a + blogx

w
]
]

a + b/lx +c/x
2.3 Percentage relative efficiency concept

Optimum plot size is the one which gives maximum precision
for a given cost. The efficiency of a plot can be defined as
l/xcx where c, 1is the coefficient of variation. Therefore

relative efficiency of plot size X, as compared to Xl is given

by RE12 = Xl CXl/X2CX2 x 100

lg



/\
o
O
iy

N
[}
Ld
jam

Soplan e e (1570} on groundnui, Saxend e o
vat, Sreenzth {1973) on sorghum, Prabhakaran and Thomas {13%74) on

tapioca, Rambabu ~L ~i. (19830} on fodder grass and Hariharan ={

sf. (19865 on brinjal had shown the efficiency of a plol increased

with an 1Lncreas= 11 2ize of plol.

Another method for determining optimum plot size was by
maximising 1nfotwmei;on  per anit area. It has been showed by
various workers suchh as Mencen and Tyagi  (1971) on mandarin
Orange; Blorgeva and SBacaana on appie and  Prabhakaran 0 o)
{(15758) on banana thet singie iree or plant piots were the most
el rerent one Do conaaci iy fo=id driails on Lhese orops Dy bhiv
!’l!{:‘ll,hi)tj .

Somes (1%:7 ) proposed anoiper meihod for  estimating  plout

size which 1s (o seiwct the gize of the plot which required

winimum exper mental maietvial for a given precision.

2.4 Size and shape= o pilois

Ploi 15 delined as the ultimate experimental wunit on to

W

which the random assigameni of Lreatments was done. Size of the
piols refer to the whole area receiving the treatment, shape of

the piot refers .o the ratio of 1is length to its width.

f

thevclreal coonsideralion on the shape of the plor

5
T
73

“3i). He derived an expression fotr



estimating the eifect of plot shape on variability with the help
of the assumption of a iinear fertility gradient and concluded
that long and narrow plois are always better than square ones.
Severai research workers agreed with his findings. They include
Kripasanka: i =/(. (19772) on soyabean, Saxena &t &i. (1972} on
fodder oat, 8reenath (1973} on sorghum, Hariharan ¢ ali. (1%81)
on brinjal, Nair (1%84; on turmweric,and Lizzy #i{ &1 {1987) on
colocasia.

4536) propesed  ihe [irst theortical formula for

-,

Srl it {
assessing the =iiect of plot size on variation. He had derived a
Linear telaliopnonny pelwgei yalsAancee  aewd plol s1ze with
regression co=eificient describing the degree o¢f correlation
between adjacent area ol iand.

Koch and Figney (1931 proposed a new method kunown as

Variteuce Compounent Heleroygyeneity index Method' for estimating

jo3

plot size. Thie meihod utilises data from actual fiel
experiments and nolt from uniformity trial data. This wmethod
consisted 1n estimating the components of variance due to plots

of diriferent

1y
.

=ise by reconstructing ANOVA of the specified
designs and wusing escimated varrance {for f{itting Smith's

egquation.

Cochnran  {1%43; atzo considered Lhe variaiions in the shagse

[}

.

field experiments. He attributed

of plot fer various types cof

Liie cause of wvariation wiith smail and large bands fertility



gradients present in the experimental field. When the variation
in fertility gradient was small the selected plot shape did not
exert considerable effect. When there is significant variation
in fertility pattern long and narrow plots found to give better
control of error variance than square plot.

Sardana et al. (1967) found that the optimum plot size for
potatoes was about 8.5m2.

Agarwal et al. (1968) conducted a uniformity trial on
arecanut and they found that the magnitude of coefficient of

variation decreases with the time interval. The coefficient of

variation decreases with the increase in plot size.

Abraham and Vachani (1964) conducted uniformity trials on
rice to determine the size and shape of plots. He reported that
coefficient of variation for five or ten plot blocks decreased
With an increase in plot size irrespective of the shape of the
plots. Plots elongated in the east-west direction showed less

variability than plots elongated in the north-south direction.

Menon and Tyagi (1971) reported that single tree plots was
optimum in the case of mandarin orange which gave maximum

relative information per tree.

Joshi (1972) conducted uniformity trials with chafa gram to

ascertain the optimum size and shape of plots for the unirrigated

19



areas under cultivation. He found that plot variance and
coefficient of variation were decreased with the increase in plot
size. He also found that long and narrow plots reduced error

2 with length and breadth

more rapidly and a plot of size of 16.2m
ratio 6:1 seemed to be ideal plot size giving maximum accuracy,

from statistical point of view.

Saxena et al. (1972) conducted uniformity trial on fodder
oat to determine the optimum size and shape of the plots and
found that coefficient of variation decreased with an increase in

plot size.

Bist et al. (1975) conducted uniformity trial on potato and
found that the shape of plot had no consistent effect on
coefficient variation. This result was supported by Rambabu et

al. (1980) on fodder grass and Biswas et al. (1982) on cabbage.

Singh et al. (1975) analysed the data of bhindi by leaving
single and double guard rows for different plot sizes and blocks
of six and eight plots. It will be observed with the single and
double guard rows a plot of 192 sq. ft. for six and eight plot
blocks required the minimum area. It was also found block shape
did not exert any influence on coefficient of variation.

They conducted uniformity trial on tomato and found that the

26



coefficient of variation decreased gradually as plot size
increased for all sizes of the blocks. The coefficient of
variation decreased upto 24 plants plot and any further increase
in the plot size did not result in the decrease in the
coefficient of variation and they concluded that smallest plot
size 1is the optimum plot size. Based on uniformity trials on
cabbage and khol khol they found that the coefficient of

variation decreased with an increase in plot size.

Pahuja and Mehra (1981) conducted field experiments with
chickpea and maximum precision was obtained for a plot size

1.8mx5m with four replications.

Sasmal and Katyal (1980) reported that from a uniformity
trial conducted on tossa jute it was found that the coefficient
of variation of dry fibre decreased as plot size increased either
east-west or north-south direction. The decline was substantial
upto 30 basic units and afterwards it was marginal. Smith's
equation was fitted to coefficient of variation values and the
variation explained by that equation was 86% and the fit 1is
satisfactory. Blocking reduced the variability of a plot of
fixed size to g;eater extent. For a few fixed sizes and shapes
of plots, the efficiency of the block was found to increase as

the number of plots per block decreased.
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Chetty and Reddy (1987) reported that a plot size Dbetween
35m2 and 45m” with an approximate rectangularity of 3 appeared
adequate for experimeni with dry iand sorghwo as a tesi crop on
interceptisuls. Longer side of the plot, i1n general, should be
across the crop seed rows for minimising experimental error
unless seed rows are sown aiong the fertility gradient. The
optimum dimensions of the piel were 1Zm across and 3.5m along the

seed row.

Patil o0 o 0987 conducted uniformity tri1al  as  indiaun
musiard during winter season, Smaller aad narrow plots was {ound
more efficient »n controlling soil variation and requived 7 or

more replication to acheive 95% accuracy but occupied much less

totai @a@rea than Dbigger plots. The optimum plot size varied

-~ 153
-2

- P4 ~ oy L t S .
between 7.7m" and 23m° depending op the percentags cost per unit

area. The value of Smith's coefficient of heterogeneity W

Y
[_(\

630 Dblocks of 20 piots 1a a single row or 20 plots of the same

arranged i1n 2 rvows of 10 plots showed iess variation.

Bajpal and Sikarwar (13%5%2) used Fairfield Bmith's law and

i1ts modified {form to determine the opitimwn plot size of
SUQAT U i ‘e D Ve Hai  ygenerally wvuelficieoni i
Varidiion decieasec wiil jpClease 1N plob size upto 30 unsis

The eslomaies  of ‘eygression coelfilvient lie beltween 6.5 - 0.3

22



indicating that {(hie inherent variation 18 more Ltpan Lne

ositicnai vairiation. The study showed that a net ot of sie=
19

1% to 57m” regardless of its shape will be oplimum.

2.5 Multivariaie case

Determbiitani of scaiier matrix bad been used as & measure  of
variatioep inn duii:var:iaile case by various esearcii woOLRers.
Fraiedman  and  <ubin (1987, Scotit and Symon {(1371), zZveritio,
{L%75} and Sheeias and Unnithan {1987, used the dr detornuant  of

the scabtlisr mal: s as a weasures of variation for ciusieryag,

2.9 Intercioppiig

intevcropping 135 dell1ned as any cropping system where ifwe
more Croups are grown together on the same area of grouund

can often produce higner yields than soie croups, buit Lthere can be

problems 1n assessing the degree of yield advantage. The
pussible advantages of joletcropping include

K Highietr yielnn i 9 glven seasuoil

Z. Gureasiss uiapririy ol yileld in ditieooni seasons,
TXOer pen s o rp s et Wi Lo Mader o n Do e G OMmE L At b 0

B XL UL®eS UL Ui st Gameny Pepioroaed 10y 0 Lbemrabune,
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2.7 RAnalysis

Research 1into intercropping is expanding rapidly and data
from intercropping experiments are being analysed 1in many
different ways. It has been reported by Mead and Stern (1979)
that no single form of analysis is appropriate for all
intercropping experiments and that se&eral different analysis
should be used for most intercropping experiments. Analysis of
intercropping experiments involves more complications compared to
sole cropping. The popular method in analysing these experiments
is as a univariate problem by converting the bivariate situation
to univariate one such as the total monetary values or some
function of the combined yields (indices) which characterise
competition between crops. Among such indices, Land Equivalent
Ratio (LER) is widely used. Another is the bivariate analysis
which 1is a two variate special case of standard multivariate

analysis.

2.7.1 Land Equivalent Ratio (LER)

Willey (1979) concluded that most generally useful single
index for expressing the yield advantage in intercropping is the
Land Equivalent Ratio (LER) defined as the relative land area
required to produce the same yields as intercropping. Using the

notations of Mead and Willey (1980)

24
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LER = LA + LB = YA/SA + YB/SB
Hhere La and Ly are the LERs for the individual crops, and SA and
Sy are their yields as sole crops. The advantages of the LER are
that
1. It provides standardised basis so that crops can be
added to form the combined yields.
2. Comparison between individual LERs can indicate
competitative effects and
3. The total LER can be taken as a measure of relative
yield advantage ie. an LER of 1.2 indicates a yield

advantage of 20%.

They have discussed the need to use different standardising
sole crop yields in forming LERs. A method of calculating an
"Effective LER' is proposed to evaluate situations where the
yield proportions acheived in intercropping are different from

those that might be required by a farmer.

Oyjeola and Mead (1982) have discussed the use in analysis
of variance of six different ways calculating Land Equivalent
Ratio. It was observed that seperate standardisation in each
block had no advantage over using the same standardisation in all
blocks. The use of many different divisors can lead to problems

in the statistical analysis of LERs.



and Relative net return index with the help of intercropping
experimental data conducted at different locations. It was found
that Bivariate ,LER and MA methods gave similar conclusions for 4

out of 9 experiments based on F-test.

Ramachander and Prabhakar (1988) conducted field experiments
in which okra and french beans were intercropped to determine
the optimum plot size for intercropping experiments. A plot of
16 wunits each unit consisting of 2 okra plants planted 15cm
apart and 3 bean plants sown 10cm was found optimal for analysis
based on LER. For analysis of individual c¢rop yields and

calorie content per plot, a large plot size was required.

Chetty and Reddy (1989) conducted uniformity trials with
sorghum + pigeonpea intercropping for two seasons. Methodology
suited to the two existing procedures of analysing intercropping
experiments viz. LER which is a linear function of the yields of
the two species and the Bivariate analysis advocated by Pearce
and others have been worked out and exemplified with the help of

data generated.

7



2.7.2 Bivariate analysis

Pearce and Gilliver (1978) have suggested the bivariate
analysis of data from intercropping experiments which is a two
variate special case of standard multivariate analysis. One
difficulty in the statistical analysis of intercropping
experiments 1is the correlation between X, and Xy, the yields of
the two crops . Two types of transformation were suggested to

overcome the possible correlation between X1 and X2.

1. Let Vll Error s.s. of X1
V22 = Error s.s. of X2
V12 = Error s.p of (Xl, X2)
V' o= v, .2y
11 12 22
Vas' =V -V 2/V
22 22 12 11
= ’ = - n v
Let Y, xl/,vll and Y, (X2 Vio Xl/Vll)/ﬁ22 , then Y, and Y,
are independent and orthogonal.
2. zy = x /[yt 2y = Xp,/R;
The test of significance for comparison of treatments was done by

using F test suggested by Rao(1983).

Nageswara Rao compared the Bivariate analysis and Land
Equivalent Ratio method with four standardisation methods viz.

Effective LER, stable Land Equivalent Ratio, Monetary Advantage

16



and Relative net return index with the help of intercropping
experimental data conducted at different locations. It was found
that Bivariate ,LER and MA methods gave similar conclusions for 4

ocout of 9 experiments based on F-test.

Ramachander and Prabhakar (1988) conducted field experiments
in which okra and french beans were intercropped to determine
the optimum plot size for intercropping experiments. A plot of
16 units each unit consisting of 2 okra plants planted 1l5cm
apart and 3 bean plants sown 10cm was found optimal for analysis
based on LER. For analysis of individual crop yields and

calorie content per plot, a large plot size was required.

Chetty and Reddy (1989) conducted uniformity trials with
sorghum + pigeonpea intercropping for two seasons. Methodology
suited to the two existing procedures of analysing intercropping
experiments viz. LER which is a linear function of the yields of
the two species and the Bivariate analysis advocated by Pearce
and others have been worked out and exemplified with the help of

data generated.
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introduced an additional cowpea crop as an intercrop. Hence the
row ratio for the intercrop was 1:1. The planting geometry 1is
shown in Fig-1 for all the three crops. For the intercrop, one
basic unit consists of one bhindi plant and one cowpea plant

with an area of 0.27 m2.

Harvesting was done on alternate days. Yield of bhindi and
cowpea was recorded for each plant in grams for the intercrop and

the sole crops.

A second crop was raised on similar lines during the winter
season of 1993 for confirmation of the results. But
unfortunately the entire crop was damaged due to severe

infestation of pests and hence no observations could be recorded.

3.2 METHODS
Analysis of the uniformity trial data in intercropping was

mainly carried out by adopting the following two approaches.

1. Converting an essentially bivariate situation to that of
univariate problem through the use of a single index for
expressing the yield advantage such as the Land Equivalent
Ratio (LER) and analysing it using the standard uni-
variate techniques.

2. Bivariate analysis which is a two variate special case aof
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standard multivariate analysis given by Pearce and

Gilliver (1978) and exemplified by Chetty and Reddy(1988).

LER Analysis

Willey (1979) found that the most generally usefull
single index for expressing the yield advantage in intercropping
is the Land Equivalent Ratio (LER) defined as the relative land
area required as sole crops to produce the same yields as

intercropping. Using the notations of Mead and Willey (1980)

LER = LA + LB = A/ SA + MB/SB
where HA and MB are the component c¢rop yields from an
intercropping mixture, SA and SB are the corresponding sole crop
yields, which can be thought of as standardising factors for the

mixture yields.

LA and LB are the component LERs of the two individual
crops. There are different philosophies concerned with the
selection of SA and Sg- It has been shown by Marsaglia (1965)
that the distribution of the ratio of the two non-negative normal
variables can take many different forms ranging from unimodal
symmetrical curves to bimodal positively skewed curves with

extreme kurtosis. LER values which are obtained as sum of two

such ratios might therefore be expected to show some positivie
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skewness. Oyjeola and Mead (1982) recommended that unless there
are good agronomic grounds against the choice, calculation of
LERs for comparative purposes should use a single sole crop yield
for each crop. Also using different sole c¢rop yields for
different treatments can lead to rather imprecise results. Here
the standardising factor is taken as the yield acheived when the
two crops are treated exactly like the intercrop mixture of two

crops by growing them in the adjacent plots.

LER values were calculated for each basic unit and the

standard univariate techniques were applied on these values.

Maximum curvature method

This is a graphical method to determine the optimum plot
size. In this method the coefficient of variation of LER values
for different plot sizes were plotted against the plot size, and
the resulting co-ordinates are joined by using a smooth freehand
curve. The optimum plot size is taken as that size which is just
beyond the point of maxzximum curvature and the shape of the plot
that gives least coefficient of variation for that optimum size

will be recommended.

Heterogeneity index method
Smith (1938) established an empirical relationship between

plot size (x) and plot variance (Vx). He proposed the
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relationship b
vV_ = Vl/x

X
Where Vx is the variance of the yield per unit area among plots
of x units in size, Vi is the variance among plots of one basic
unit in size and 'b' is the index of soil heterogeneity which
varies between 2zero and one. Index of so0il heterogeneity
indicates the correlation among contiguous units. The larger the
value of the index the 1lower is the correlation between
contiguous units, indicating that fertile spots are distributed
randomly.
logvx = logVl - blogx

-blogx

logVx - logV1

Y CX

where Y = logVx - logvl, X = logx, C = -b

C can be estimated using the formula

~ 2

/ EW X,
Where Wi is the number of plot shapes used in computing the
average variance per unit area of ith plot and 'm' is the total
number of plots of different size and the fitted equation is

v, = le'b

Using Smith's empirical relation in the case of LER values

it can be written as

_ b
Vx(LER) = Vl(LER)/x
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where VX(LER) is the variance per plot of LER values among the
plot of size x basic units, Vl(LER) is the value of Vx(LER) when
X is unity and 'b' is the index of soil heterogeneity and it can

be estimated using the formula described above.

Optimum plot size

To select the optimum plot size the convenient plot size
method suggested by Hatheway (1952) was adopted. The
relationship between plot size, and number of replication and

difference to be detected is given by

d2 = 2(t1 + t2)2 X C12/rxb

where °d' 1is the true difference to be detected between two
treatment means expressed as percentage, tl is the tabulated

value of "t' in the test of significance, t2 is the tabulated

~ A ]

value of *t' corresponding to 2(1-p), where “p' is the

probability of obtaining a significant result, "b' is the index

of so0il heterogeneity, 'r' the number of replications and Cl is

the coefficient of variation due to basic size plots. Plotting

*d’ values against plot sizes “x' by varying ‘r' will help in

arriving at a plot size for a required ‘d' value.



Modified maxium curvature method

It is a method which locates exactly the region of maximum
curvature mathematically by maximising the curvature of the
function relating to plot size(x) and coefficient of

variation(cv). In this study the Smith's model

y = ax P

‘where ‘y'is the coefficient of variation, ‘x'plot size and 'b' is
the 1index of soil heterogeneity was fitted to the data and the
parameters were estimated by
converting it into linear form as

logy = loga - blogx
The estimates of “a' and “b' are given by

2

b - (=X)?]

nexy - X ZY/[n £x

a antilog (Y - bX)

Then the fitted equation will be
y = ax” P

The curvature at any point can be determined by
= ,/(1 + 1,232

where °“C' is the curvature of the curve y = ax—b and Yl and Y2

denote the first and second derivatives with respect to x of this

function.

b
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The maximum curvature is obtained when the first derivative
of C' with respect to x is zero and second derivative with

respect to x is negative.

y = ax P
logy = loga - blogx
Y, = dy/dx = -abx? ("P*1)
¥, = d%y/dx? = ab(b+1)z{"P*2)

Substituting the value of Y, and Y, in 'C’
¢ = ab(b+1)z{™P*2) /(14 (ab)2x~2(P*+1)3/2
By maximising this curvature the optimum plot size can be

obtained as

xOpt = [(ab)2(2b+l)/(b+2)]1/2(b+l)

The following models were also tried to express the

relationship between plot sizes(x) and average coefficient of

variation(y)
1. Y = a + blogx
2. Y_l = a + blogx
3. Y =a+t blogf;
4. Y =a+b/{x +c/x
S. Y =a+ blx + cx
6. Y-l = a+ blx + cx

-1

7. ¥ =a+b/lx + ¢/x



The parameters of these models were estimated by the method of
least squares. The maximum curvature method to find out the
optimum plot size was also tried for the following two models.

a. y = a + blogx

b. y=a + blogf;

a Y = a + blogx
Y, = b/x
Y2 = —b/x2
c = ¥,/(1+1,%)3/2

( -b/x? )/(1+p2/x%)3/2

By maximising this curvature, the optimum plot size 1is

obtained by substituting the value of 'b' in x = +b/f§ or x = —b/ﬁi
b Y - a + blogfg
Y, = b/2x
Y, = -b/2x°
c = ¥,/(1+1,%)3/?

= -4bx/(4x2 + b%)3/2
By maximising this curvature, the optimum plot size <can be
obtained by substituting the value of'b'in x = +b/J§ or X = —b/J§.
Bivariate Analysis
Pearce and Gilliver (1978) suggested bivariate analysis
which 1is a two variate special case of standard multivariate

analysis.
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Chetty and Reddy (1988) developed a methodology for
finding the optimum plot size for precise comparison of treatment
means based on bivariate analysis and exemplified with the help
of uniformity trial with sorghum + pigeonpea intercropping system

for two seasons.

In a uniformity trial with intercropping of two crops, the
observed yields follow the bivariate model. From the HWilks
criterian for testing the deviation from hypothesis when the
number of variable p = 2 and considering an appropriate bivariate
model for intercropping with two crops, Chetty and Reddy (1988)
have developed a technique for obtaining the optimum plot size

similar to the Smith's empirical law in the univariate case.

In the case of multivariate Gauss-Markoff set up (Rao 1982)
N = IRnI/IRlI with parameters (p, t-q, g) is
distributed as the product of independent beta variables under

the assumption of normality with parameters(t-gq-p+1/2,q/2)....(t-q/2,

where ‘p' is the number of variables “t' is the total degrees of

freedom ‘q is the degrees of freedom due to deviation from

hypothesis.
Ro = Ro(i,j) is the matrix of residual sum (pxp) of squares and
products

Rl = Rl(i,j) is the matrix of (residual + (pxp) deviation from
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hypothesis) sum of squares and products.
IRGI and IR;I are the determinants of Ry and Ry
when p = 2 the ratio
1-W/ R xit-q-1/q

follows F-distribution with 2q and 2(t-q-1) degrees of freedom.

By considering the above criterian it is clear that a
smaller value of A will result in the greater precision of
testing the treatment means. Since the total variability remains
the same IR;I is constant. Hence the criterion for selecting
experimental plot should be such that the value of j?gg; should
be small. The information of Ro for different plot sizes can be
obtained from wuniformity trial by growing two crops in
recommended geometry under uniform treatment, in an intercropping

system.

In intercropping system the observed yields can be written

as

n
[
-
N
-
=}

Yxk' =r4xk' + Exk' k

where Y_, ' = (Y1, Yogo) Mxx' = (Mgx1fkk2)

€ xk (Exkl’ €xk2)

Yxkl and Yxk2 are the observed yields of crop l(bhindi) and crop?

(cowpea) from kth plot of size x basic units.
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Mgky and Mgy, are the expected yields of crop 1 (bhindi) and
crop 2 (cowpea) from kth plot of size x basic units and exkl and
€xk2 are errors of crop 1 (bhindi) and crop 2 (cowpea) from kth
plot of size x basic units. The assumption underlying this

linear model are

E(exkl) =0, E(ﬁxk2) = 0, cov( e:xkl’ Exk2) = T2x’

—

VOE ex1) = Qi1x V( €xk2) = T324

and they are independent for different plots. n, is the number
of plots of size x basic units. Let Rxo be the corresponding Ro
for plots of size x basic units.

From the linear model and also from assumptions it follows

that

x0 = Rxo(i,)/?x1 = V(x)i,j 1.3 = 1.2
Hence minimising J IRxOI is same as minimising

_ 2.1/2
U = (Vixy11 * Vixz)22 -~ V(x)12") /

In the univariate case, Smith proposed the empirical law as

_ b
Vi = Vl/x

where Ve is the variance of yield per unit area among plots of x

basic units, V1 is the variance among plots of size unity, and
b’ is the index of soil heterogeneity.

Let W be the value of U, per unit area among plots of size x
basic units. Then

Hy = Up/x% = {(V(x)llxv(x)22/x4) - (v(x)l2)2/x4}1/2



= {V411%V%22 x12

_ 2 Lo
where inj = V(x)ij/x 1,] = 1,2
V(x)ll is the variance between plots of size x basic units for
crop l(bhindi).

From the Smith's empirical law we have

bij

inj vij/x where V;, = Viij for x = 1

bl1+b22 *.bll+b2 bl2
Wy = Vpp - Vo, /xPLI¥P22 [y _ fiybl14b22, (yb12,241/2

Wllxg

f is the correlation coefficient between crop 1 and crop 2 yields
among plots of size unity. When f= O then 'g' is the arithemetic
mean of the individual crop heterogeneity coefficients bll and
b,,. Whenf + 0, 'g' is a function of by;+ by, and by,. The
above relation is fitted to the data and ‘g’ value estimated.
This 'g' value is then used to find the optimum plot size using

the Hatheway's convenient plot size method.

One difficulty in the statistical analysis of intercropping
experiment is the correlation between the yields of the two
crops. Pearce and Gilliver suggested the following

transformation for making the two independent.

Let Vl1 = variance of (xl) between plots of size one

basic unit

4o
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\122 = variance of (xz) between plots of size 1

basic unit

Vip = covariance of (xl,xz) between plots of size
1 basic unit
Vii's Voq - V.27V
11 © 11 12 22
Vas'= V -V 2/V
22 22 12 11

1 ]
Let ¥, = 31/!V11' and Y, = (%,-V;, X %;/Vy1)/ Vyy
then Y, and Y, are independent and orthogonal.

The above transformation was carried out on the trial data,
and the individual heterogeneity coefficients b11 and b22 were
estimated. g = (b11 + b22)/2 and this value of 'g' is used for

finding the optimum plot size.

All the methods of estimation of optimum plot size made use

with LER values were also tried for wx values.

Sheela and Unnithan (1992) used the determinant of the
relative dispersion matrix for estimating the optimum plot size
in cocoa plants using the multiple character. The dispersion

) where

matrix was defined as (Si PED

3



ij =

>

I

X X
Se—— |

Xik is the observation on ith character of the kth unit.

X; is the mean per unit of ith character. N is the total number

of units.

S| is independent of units of measurment and magnitude of
observations‘ and is proposed as the measure of variation for
determining the optimum plot size. Optimum plot size is the one
which requires minimum experimental units for a specified

precision

X,
£

x|
]

Let :
2p

be the mean vector for the p-dimensional vector variable X for
plots of size r. The relative dispersion matrix of X, say D(X)

is given by

D(X)

(sij)/r)

D(X) = s/rP

for P% error in multivariate case

s/rP = (p/100)2.p
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Sl/p =r

is the number of replication required to acheive p% error

Efficiency of a plot of size x units was taken as 1/x JIS!
in the multivariate case. The plot size which gave maximum value

of for efficiency was taken as the optimum plot size under this

method.
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4. RESULTS

The data generated from the intercropping experiment and
monocrop experiment were analysed by the methods described in
‘Materials and Methods' and the results obtained are presented

below.

4.1 LER analysis

One frequently used index of combined yield from the
intercropping experiment is Land Equivalent Ratio (LER) which
converts the bivariate situation into a univariate one. A basic
unit in the intercrop experiment consisted one bhindi plant and
one cowpea plant with an area of 0.27m2. LER values were
calculated for each basic unit using the separate monocrop yield
obtained from crops raised in adjacent area as standardising
factors. The individual LER values ranged from 0.377 to 2.01
with an overall average of 1.05. The coefficient of variation was

34.3%. These individual LER values were analysed using the

methods available for uniformity trial with a single crop.

Maximum curvature method

Adjacent units were combined to form plots of different
sizes and shapes. The coefficient of variation for plots of
different sizes and shapes are given in table 1. It can be seen

that the coefficient of variation decreases when there is an
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increase in plot size. Minimum value of coefficient of variation
noticed was 5.3% for plots of 32 basic units. The between plot
variance for plots of size x units and the between plot variance
per unit area were also worked out and are given in the same
table. Smooth freehand curves were drawn to represent the
relationship between plot size (x) and coefficient of wvariation
of LER values and are given in fig-2. It was found that the
coefficient of variation decreased rapidly at first when the size
of the plot increased but after a certain point the rate of
decrease was slow and ultimately the curve was almost 1like a
straight 1line parallel to X-axis. 1In this case the point just
beyond the maximum curvature was taken as the optimum plot sigze

which was obtained as 10 basic units (2.7m2).

Heterogeneity Index Method

Smith's equation was fitted to the LER values and the value
of the index of soil heterogeneity "b' was obtained by the
formula given in the materials and methods as 0.9667. Since the
value of “b' was nearer to unity it implies that there is no
correlation between contiguous units and the fertile spots are

distributed randomly or in patches.

For determining the optimum plot size the convenient plot

size method suggested by Hatheway was also tried. In this method,
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the relation between the plot size{x} and the number of

2

replications{(i) required to detect at 5% level of significance
true difference between any iwo treatment means expressed as per
cent{diin 80% of the experiments {p=0.8) and in S0% of the
aie worked out and are given in Table 2 and

experiments {p=0.%

Table 3 respectively. Curves showing the above relations are

given in Jigures % and 4. To find the ontimum olot size the
experimeni ey needs to sv=ciiy the number of ceuiicatioonss he  is

wiliing to  use and the magnitude of treatment difference h

D

wishes to detect. It can be seen that for detecting a treatment
difference of 20% to be significant with 4 replications the plot

will e approximately 10 basic nunits {when p=6.22).

Optimum plot size was worked out using Smith's modified

. - -b . L ; , . \
equation Y = ax Py magimising the curvature, using the calculus

1]

method. The optimum plot size obtained by this method was 7

e
u

o
b—l .
wn

~- K . . R . . = I T
SRS e e sihr W= g o O A - TR f(, L.C!‘ vAajgues,
h € — - LI -

7 = & % R
£ T € PRIV LY

T ,
2. Y Soa o Liogx

3. b = a + b}ong
4 ¥ = a + B/R voix



6. Y = a + b/x +cx
7 Yy ' = & 4 bx +cx
where Y' is the coefficient of variation and “x' i1s the plot

size and the parameters are estimated by the method of least

. . . 2

squaves. The valuess of parametervs ohtained together with R
vaiues 4+ given ia vable 4. Tt ¢ould be seen that amond  ftThe
3 Y 3 o4 33 . PR ol -.;-'_L - j—_ [ T,
modeis fitted the reodels ¥ = & + oh ‘ox, ¥ = a 4+ bJx v cx anag ¥

= a +bfix tc/x were best fit to the LER values than 3Smith's
equation in the modified form in describing the relationship
between plot size and coefficient of variation. The coefficient
of determination for these three models were (.98 which was
fairly high. For models 2 and 4, R2 value was 0.96. For model 3
the R” value was 0.84 and that for model 6 i1t was 0.88.

For models 2 and 4 the optimum plot size was worked out by
e optimum plot size obtained was

o
WOF AT BOoLh TAaseT,

4.2 bivariate Analysis
The data fiom intercropping mixture were also analysed using
the bivariate analysis suggested Ly Pearce and Gilliver (1978}

and exemplified by Chstty and Reddy {(1988) which is a two variate

Beedt

special case of the standard multivariate analysi

n



Wx values were calculated for the intercropping mixture
by the method given in "Materials and Methods' and the index of

soil heterogeneity was found out as g = 1.003.

Optimum plot size was worked out using convenient plot
size method suggested by Hatheway. 1In this method, the true
difference to be detected between treatment means (d) were
calculated for various plot sizes and for different number of
replications (r) at 5% level of significance and for p = 80% and
P = 90% are given in tables 5 and 6. The plotted curves are

shown in figures 5 and 6.

Different models fitted to the LER values were also fitted
in this case. The parameters were estimated by the principle of
least squares. The values of parameters together with R2 values
are given 1in table 7. BAmong the various models fitted, the
models 5 and 8 gave very good fit to the data. The coefficient

of determination for these two models were 0.99.

The correlation between component crop yields which creates
problem in the statistical analysis of intercropping experiments
was overcome by using the transformations described in ‘Materials
and Methods'. W values were calculated and the index of soil
heterogeneity was worked out for two crops seperately and since

there was no correlation between two crop yields the mean of the
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two heterogeneity coefficients were taken as the index of soil
heterogeneity for the intercropping mixture, which was obtained

as g = 0.946.

The optimum plot size was worked out by the convenient plot
size method suggested by Hatheway (1952). 1In this method, the
true difference to be detected between two treatment means(d)
were calculated for various plot sizes and for different number
of replications (r) at 5% level of significance and for p = 0.80
and p = 0.90 are given in tables 8 and 9. The plotted curves are

shown in figures 8 and 9.

4.3 Multivariate case

The determinant of the relative dispersion matrix (ISI) of
plots of different sizes and shapes have been evaluated and
presented in table-10. The number of replications along with

efficiency for different plot sizes are also given in the same

table.

ISI decreased from .02866 to .00007 when blocking was not
adopted. Here the plot with 10 basic units (2.7m2) has given the

maximum efficiency and hence is taken as the optimum plot size.

In the case of Bhindi (monocrop) adjacent units were

combined to form plots of different sizes and shapes. The basic
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unit of observation was .27m2.

The coefficient of variation for
plots of different sizes and shapes were worked out and are given
in table 11. It can be seen that generally coefficient of
variation decreased with an increase in plot size except for the
plot size 6 basic units. The between plot variance for plots of

size =X units and the between plot variance per unit were also

worked out and given in the same table.

Smith's equation V_ = le-b was fitted and the index of soil
heterogeneity was obtained as b = .8541 which implies that there

was no strong correlation between contiguous units.

Eight other non-linear models were fitted in this case also

and the parameters were estimated by the principle of least

squares. The values of parameters obtained together with R2

values are given in table 12. Among the models fitted, Smith's

2

modified equation (model 1) and model 5 gave the R values as

93, “The optimum plot Sz was dekvmined watng modified  maximum
curvature method and the optimum plot size was found to be

1.348m2.

In the case of cowpea (monocrop) adjacent units were
combined to form plots of different sizes and shapes. The
coefficient of variation were worked out and are given in table

13. It can be seen that generally coefficient variation



decreased with an increase in plot size. The between plot
variance for plots of size x and the between plot variance per

unit area were also worked out and are given in the same table.

b

Smith's equation Vx = le_ was fitted and the index of soil

heterogeneity was estimated as b = .6267.

Eight other non-linear models were also fitted and the
parameters were estimated by the principle of least squares. The
values of parameters obtained together with R2 values were given
in table 14. BAmong the models fitted model 8 has the maximum
value of R2 as .99. The optimum plot size was determined by the
modified maximum curvature method and the optimum plot size was

found to be .774m2.
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5. DISCUSSION

Optimum plot size for intercropping experiments are rarely
reported in literature. For the present investigation a
uniformity trial was conducted in Bhindi intercropped with Cowpea
with the objective of finding out the optimum plot size for
increasing the efficiency of experiment with intercropping.
Basically three different approaches have been attempted to
estimate the optimum plot size and a comprehensive discussion of

the results obtained from the investigation are given below.

5.1 Land Equivalent Ratio (LER) method

The LER values convert an essentially bivariate situation
into a univariate one. Hence all the univariate methods for
estimating the plot size can be tried using the LER values. LER
values were <calculated for each of the basic units. The sole
crop yields of the two crops raised in an adjacent area were used
for standardising. The LER values ranged from 0.377 to 2.01 with
an average of 1.05 and a coefficient of variation of 34.3%. LER
is defined as the relative land area required as in sole crops to
produce the same yields as intercropping. It can also be taken
as a measure of relative yield advantage in intercropping. It
represents the increased biological efficiency acheived by

growing two crops together in a particular environment. In the
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present investigation a mean LER value of 1.05 shows only a
marginal yield advantage in intercropping. The comparatively low
value of LER value coupled with the high coefficient of variation
could be partly because of the fact that the intercrop yield was
slightly affected by pest infestation even though control
measures were taken in time. The distribution of the LER values
was not skewed (P = 0.007) but platicurtic (R = 2.5) compared to
the normal. The following widely used univariate techniques were

adopted for finding the optimum plot size with the LER values.

Mazimum curvature method

Adjacent wunits were combined together to form plots of
different sizes and shapes. In general the coefficient of
variation decreased with the increase of the plot size. The
shape of the plot was not found to have any consistent effect on
coefficient of variation (Table 1). Similar results were
observed in wuniformity trials with monocrops by many authors.
From the smooth free hand curve drawn the optimum plot size was

fixed as approximately 10 basic units (2.7m2) (Fig-2)

Heterogeneity Index method
Smith's empirical relation V_ = V; x® fitted to the LER

values. The index of soil heterogeneity was estimated as 0.966.

The high value of "b' indicates that the contiguous plots are not
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ccrrelated and the fertile spots are distributed randomly or in
patches. The curve was a good fit for the data as the

coefficient of determination was highly significant.

For determining the optimum plot size the convenient plot
size method by Hatheway was used. Relationship between plot size
(x), number of replications (r) and the true difference to be
detected (d) in an experiment expressed in percent of the mean
are given for p = 0.80 and p =0.90 at 5% level of significance in
table 2 and table 3 respectively. The relationship is also shown
by plotting curves and shown in Fig-3 and Fig-4. It can be seen
that for detecting a true difference of 20% between treatment
means 1in an experiment with 4 replications, the plot size would
be around 10 basic units(2.7m2)when p = 0.80 and 16(4.3m2) with

p = 0.90.

Modified maximum curvature

This is a more precise method proposed by Meir and Lessman
(1971) which locates mathematically the exact region of maximum
curvature. The parameters were estimated by the 1least square
method (Table 4) and optimum plot size by maximising the

curvature was 7(1.9m2) basic units.

Seven more alternate models were also fitted to the LER

values. The parameters were estimated by the least square method
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and the R2 values are given in the same table. All the models
have exhibited high R2 values. However one could not attribute
any physical meaning to the parameters of the equations. The
optimum plot size were worked out for the two models Y = a+ blogx
and Y = a + bloglx using the calculus method of maximising
curvature and in both the cases the optimum plot size was

estimated as 12 basic units (3.2m2).

5.2 Bivariate Analysis

The method of Chetty and Reddy (1988) extending the Smith's
empirical variance model to the bivariate situation was tried
with the data generated in the investigation. The model given

was

Hy = Vppx Voo /xP" *Papn JfgPu By by 29172

Wllxg

where 7 is the correlation coefficient between crop 1l(bhindi) and
crop 2 (cowpea)yields among plots of size unity. 'g' is the index
of so0il hetereogeneity which is a function of the individual crop

heterogeneity coefficients bll' b22 and b12' The coefficient of

variation has also been worked out for this situation.

The index of soil heterogeneity “g' in the present case was
estimated to be 1.003. As an index of soil heterogeneity in the

Smith's variance law, it should vary from zero to unity. Clearly
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the estimate obtained here can have no unambiguous physical
interpretation. However occassional abnormal values of 'b' have
been reported in literature. Hatheway and Williams (1958)
reported a situation where the index value was more than one.
Wiedermann and Leinninger reported an abnormal value of -0.1 1in

uniformity trial with safflower.

Hatheway's convenient plot size method was used to find the
optimum plot size. The results are presented in Tables 5 and 6.

The plotted curves are shown in figures 5 and 6.

Further, wusing the coefficient of variation and the plot
size a number of models have been fitted. The parameter values

and R2 values are given in table 7.

Pearce and Gilliver observed that correlation in yields
between component crops in an intercropping experiment could
create problems in statistical analysis. Hence the individual
crop yields could be transformed so that the crop yields are
uncorrelated. Using the above method the c¢rop yields were
transformed and the Smith's extended equation for bivariate case
was used. In this case the index of soil heterogeneity ‘g' is
the average of the individual crop heterogeneity coefficients bll

and b22. The “g' value was observed as 0.945.
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Hatheway's convenient plot size method was used to determine
optimum plot size. The results obtained are given in Tables 8

and 9 and the corresponding curves plotted in figures 7 and 8.

The following table gives a comparison between the LER
method and the two bivariate situations described above making
use of the convenient plot size method. It gives the optimum
plot sizes (estimated in basic units, 1 basic unit-.27m2)for
finding a true difference of 20% between treatment means to be

significant with 4 replications for p = 0.80 and p = 0.90.

Replications - 4

Methods p = 0.80 p =0.90
LER 10 16
Biv(1l) 16 20
Biv(2) 20 24

It can be seen that for the same level of precision the LER
method gives smaller plot size compared to the bivariate method.
ie. the unit cost of experimentation will be larger in the case
of bivariate analysis. Alternatively, for any choosen plot size,
the precision attained through LER analysis 1is larger than
through bivariate analysis. From the coefficient of variation
values and from the curves shown in figures 5,6,7 and 8 the above

results can be seen to be true for any choosen plot size.
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Similar results were obtained by Chetty and Reddy (1988) in

uniformity trials with sorghum + pigeonpea intercropping.

5.3 Multivariate analysis

The determinant of the relative dispersion matrix was used
by Sheelz and Unnithan (1992) to estimate the optimum plot size
for experiment in cocoa plants wusing multiple characters.
Considering the two crop yields as multiple characters from a
plot, relative dispersion matrices for plots of different sizes
and shapes were calculated. The determinant of the relative
matrix, tke number of replications for 5% standard error and the
efficiency meassured were tabulated for different plot sizes in
Table 10. It could be seen that maximum efficiency for a given
precision was obtained for the plots pf 10 basic
units(2.7m2).Thereforethe optimum plot size can be taken to be 10

basic units (2.7m2).

Conclusion

The iadividual LER values calculated for each basic unit was
found to vary greately with a coefficient of variation of 34.3%
and a meaz of 1.05. The rather low value of LER indicates only
marginal sield advantage due to intercropping. Univariate
techniques normally adopted for estimating the optimum plot size

were emploved with LER values. The maximum curvature method gave
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. o C 2. o .
an optimum plot size of 10 basic units {(2.7m" . The modified

-

maximum curvatiuie yvielded an optimum plot size of 7 hasic units

7

x1.9m7) wai  obtailuned based uvn Smith's equation. & number of
modeis fitted using the relation between coefficient of variation
and plot size. The optiimum plot sizes were calculated for the
two models Y = a + blogx and Y = a+blogJ;< using the calculus
method of maximising the curvature. For both models the oplimum
plot size was estimated as 12 basic units(3.2m2). Hatheway's
c

onvenient plot size method was attempted using the heterogeneity

coefficient.

eyl
1

e Divailiate euaiysis making use of the Smith's empiiical
law was fitted to the data. The index of so0il heterogeneity was

found to be very high {g=1.003;. Various models relating
coefficient of wveriat.un and plot size were a.so  fitted. The
same bivariate analys:is was tried on yields of the two «c¢rops
after making them uncorreliated after a transformation. The index
of so0il heterogeneity was high (g=.35467) which is in agreement
with the value obtained in the case of LER values {b= .S5667).
Hatheway's convernient plot size method were used for both the

situations.

4 3

Comparisons o¢f the LEXR and the bivariate analysis method

showed that for the same level of precision the LER method gives
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Between plot variance V )’ LER val .es, variance/basic
unit Vx and eV for p{ogs of various sizes and shapes

Total No. of Between plot Variance/ Coefficient
plots having variance(v(x)) unit area of variation

X units Ve CV,
1x1 s20 . 1028 . 1028 43

160 .1089 .0545 24.4

160 .1076 .0538 24.2

80 .1202 .0300 18.1

80 .1194 .0299 18.0

80 .1064 .0266 17.0

40 .1287 .0161 13.2

40 .1022 .0128 11.8

32 .1224 .0122 11.5

20 .1461 .0091 9.9

20 .0844 .0053 7.6

16 1257 0063 8.3

T e e o e o e o e e e o v e e o = e e = e = —— —— - —— o W— -~ —— ———— = - - —————— — — — — -
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Table 2.

The true difference expressed in percent
(d) between treatment means to be detect-
ed as significant shown for various numb-
er of replications(r) and plot size(x) in
bhindi+cowpea intercropping using LER an-
alysis (p=80%)

10

15

20

25

30

35

40

45

50

30.

25.

22,

18.

18.

16.

15.

14.

14.

2 r=4 r=6 r=8 r=10
d d d d
.1 30.5 24.9 21.5 19.3
8 21.8 17.8 15.4 13.8
3 17.9 14.6 12.7 11.3
0 15.6 12.7 11.0 9.9
8 14.0 11.4 9.9 8.9
1 12.8 10.5 9.1 8.1
8 11.9 9.7 8.4 7.5
8 11.2 9.1 7.9 7.1
9 10.5 8.6 7.5 6.7
2 10.0 8.2 7.1 6.3
5 9.6 7.8 6.8 6.0

55

60

13.

13.

c3



Table 3. The true difference expressed in percent
(d) betwmen tieatmegt_means to be detect-
ed as significant shown for various numb-
er of replications(r)and the plot size(x)
in bhindi+cowpea intercropping using LER
analysis (p=90%).

r=2 r=4 r=6 r=8 r=10
X d d d

5 49.8 35.2 28.8 24.9 22.3

10 35.7 25.2 20.6 17.8 15.9
15 29.3 20.7 16.9 14.7 13.1
20 25.5 18.0 14.7 12.8 11.4
25 22.9 16.2 13.2 11.5 10.2
30 21.0 14.8 12.1 10.5 9.4
35 19.5 13.8 11.2 9.7 8.7
40 18.3 12.9 10.5 9.1 8.2
45 17.2 12.2 10.0 8.6 7.7
50 16.4 11.6 9.5 8.2 7.3
55 15.6 11.1 3.0 7.8 7.0

60 15.0 10.6 8.7 7.5 6.7



Table 4. Different models fitted to coefficient of variation (Y) of LER
values along with R

Model a b c R
Y = ax-b 35.61 52 97
Y = a + blogx 31.99 19.01 96
Y_l = a + blogx .004 .09 84
Y = a + bloglx 30.59 -36.04 96
Y =a+b/E+ clx ~.99 40.59 6.27 99
Y1 =a+bp/3®+c/x .24 .56 .35 88
Y = a+ byT + cx 1.74 .02 -.26 99
Y1 =a+bE+ ex .02 .003 .009 99
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Table 5.

The true difference expressed in percent
{d) between treatment means to be detected
as significant shown for various number of
replications(r) and plot size(x)in Bhindi
+ cowpea intercropping using bivariate an-
alysis taking into consideration the cov-

ariance between two component crops(p=80%).

10

15

20

25

30

35

40

45

50

51.

36.

29.

25.

22.

20.

1s.

18.

17

16.

2 r=4 r=6 =8 r=10
d d d
4 36.4 29.7 25.7 23.0
3 25.7 21.0 18.2 16.2
6 21.0 17.1 14.8 13.3
7 18.1 14.8 12.8 11.5
9 16.2 13.2 11.5 10.3
9 14.8 12.1 10.5 9.4
4 13.7 11.2 9.7 8.7
1 12.8 10.5 9.1 8.1
.1 12.1 3.9 8.5 7.6
2 11.5 9.4 8.1 7.2
5 10.9 8.9 7.7 6.9

55

60

15.

14.

cé



Table 6. The true difference expressed in per cent
(d) between treatment means to be detected
as significant shown for various number of
replications(r)and plot size(x)in bhindi+
cowpea intercropping using bivariate anal-
ysis taking into consideration the covari-
ance between two component crops (p=90%).

r=2 r=4 r=6 r=8 r=10
X d d d
5 59.5 42.1 34.4 29.8 26.6
10 42.0 29.7 24.3 21.0 18.8
15 34.3 24.3 19.8 17.2 15.3
20 28.7 21.0 17.1 14.8 13.3
25 26.6 18.8 15.3 13.3 11.9
30 24.2 17.1 14.0 12.1 10.8
35 22.4 15.9 12.9 11.2 10.0
40 21.0 14.8 12.1 10.5 9.4
45 19.8 14.0 11.4 9.9 8.8
50 18.8 13.3 10.8 9.4 8.4
55 17.9 12.6 10.3 8.9 8.0

60 17.1 12.1 9.9 8.6 7.7



Table 7. Different models fitted to coefficient of variation along with R
values for intercropping data (Bivariate Analysis)

models a b c R2
Y =ax® .3247 .5578 36

Y = a + blogx .3939 -.2398 95
Y1 = a+ bleix .1155 8.6419 | 84
Y = a + bloglx .3768 ~.4558 96
Y =a+ b/ix + c/x -.0238 .5182 -.0827 99
v 1 = a+b/lx +e/x 21.4842 -50.3870 31.9300 89
Y =a+b& + cx .5617 .0201 ~.0200 97

Y = a + bix + cx 1.3753 .2808 1.0061 99



Table 8. The true difference expressed in percent
(d) between treatment means to be detect-
ed as significant shown for various numb-
er of replications(r) and plot size(x) in
bhindi+cowpea intercropping using bivari-
ate analysis(after transformation) (p=80%).

r=2 r=4 r=6 r=8 r=10
b 4 d d d
5 53.9 38.1 31.1 27.0 24.1
10 38.9 27.5 - 22.4 19.4 17.4
15 32.1 22.7 18.5 16.0 14.3
20 28.0 19.8 16.2 14.0 12.5
25 25.2 17.8 14.5 12.6 11.3
30 23.1 16.3 13.3 11.6 10.3
35 21.5 15.2 12.4 10.7 9.6
40 20.2 14.3 11.6 10.1 9.0
45 19.1 13.5 11.0 9.5 8.5
50 18.1 12.8 10.5 9.1 8.1
55 17.3 12.3 10.0 8.7 7.8

60 16.6 11.8 9.6 8.3 7.4

- —— — —— —— . ——— ——— —— " ———— ——— - ——— — - ——— A —— - — ————



Table 9. The true difference expressed ih percent
{d) between treatment means to be detect-
ed as :zignificant shown for various numb-
er of replications(r) and plot size(x) in
bhindi+cowpea intercropping using bivari-
ate analysis(after transformation)(p=90%).

e - e - ———— — e — ——— A = e " T e S = e e . - — - — —— -

r=2 r=4 r=6 r=8 r=10
X d d d d d

5 62.4 44.1 36.0 31.2 27.9

10 45.0 31.8 26.0 22.5 20.1
15 37.1 26.2 21.4 18.6 16.6
20 32.4 22.9 18.7 16.2 14.5
25 29.1 20.6 16.8 14.6 13.0
30 26.7 18.9 15.4 13.4 12.0
35 24.8 17.6 14.3 12.4 11.1
40 23.3 16.5 13.5 11.7 10.4
45 22.1 15.6 12.7 11.0 9.9
50 21.0 14.8 12.1 10.5 9.4
55 20.1 14.2 11.6 10.0 9.0

60 19.3 13.6 11.1 9.6 8.6



4 er of replicatiras szguired to attain ™7
standard error and efficiency for different
sizes of plots

NMumber of replicaticn Efficiency

plot size (s} z 19 5 for 5% S.E. ll(szET)
1 2866.86 68 5.90
2 829.60 36 5.49
4 219.60 19 5.33
8 48.90 9 5.65
10 22.50 6 6.67
16 13.96 5 5.29

20 7.00 3 5.98

- ——— —————— ————— ———— ——— —— —— A ———— o ——— ——— —— > = " ——— ————— o o= ——— o~ o



Table 11. Between plot variance [V x)] Bhindi (Monocrop)
variance per unit area Vx and CVx for plots of
various sizes and shapes

Units Total no. of Between plot Variance per Cofficient of

per plots having Variance unit area Variation
plots X units V(x) Vx CVx
1x1 120 1732.83 1732.83 34.96

1 x2 60 2221.76 1110.88 28.11
lx 4 30 1782.42 445.60 17.80

3 x1 40 1909.40 636.46 21.27

2 x3 20 2754.56 459.09 18.07

4 x 3 10 2340.88 185.07 11.78
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Table 12. Different models fitted to coefficient of variation along
with R2 values for Bhindi (monocrop)

Mcdels a b C R2
Y = ax’P 24.598 .524 97
Y = a + blogx 33.591 ~21.479 95
Y1 = a + blogx .023 .050 93
Y = a + bloglx 33.594 - -42.977 95
Y =a+b/iE+ c/x .486 41.183  -7.085 97
Y1 =a+b/&+ c/x .137 .231 .122 95
Y =a+bix +cx 57.716 -27.227 4.073 96

Y ' =a+blx + cx .007 .021 .0001 96



Table 13. Between plot variance [V % ] Cowpea (Monocrop)
variance per unit area Vx and CVx for plots of

various sizes and shapes

e e M —— - —— —— — — o —— —— - —— ——— - — " — . ——— —— —— S — ————— — - ——— — — —— t vm= —

Units Total no. of Between plot Variance per Cofficient of

per plots having Variance unit area Variation
plots X units V(x) Vx CVx
1 x1 64 2662.88 2662.88 34.00
lx2 32 3617.35 1808.67 28.02
2 x 1 32 2981.38 1490.69 25.44
1l x 4 16 3979.23 994.80 20.78
4 x 1 16 4007.06 1001.76 20.85
2 x 2 16 4107.56 1026.89 21.11
4 x 2 8 6142.32 767.79 18.25
2 x 4 8 5955.17 744.39 17.97
4 x 4 4 8363.58 522.74 15.06
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Table 14. Different models fitted to coefficient of variation

along with R values for cowpea (monocrop)
Model a b ¢ R2
Y =axP? 15.268 .264 82
Y =a+ b logx 31.668 ~14.420 83
Y1 =a+b logx .027 .030 78
Y =a+b log/x 31.669 -28.888 : 84
Y =a+b/yXx+c/x  13.571 -7.571  13.280 94
vl =a+b/x+ c/x .074 .053 .006 83
Y =a+ b + cx 55.668 -25.943  4.135 99

Y = a+ b/ + cx -.013 .047 .007 94
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Relationship between plot size(x) ,number of replicationsir) and
true difference to be detected(d) between any two treatments
expressed as percentage in bhindi + cowpea intercropping using
LER analysis (p = 80%)
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Relationship between plot size(x),

number of replications(r) and
true difference to be detected(d) between any two treatments
expressed as percentage in bhindi +cowpea intercropping using LER
analysis (p = 90%X)
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Relationship between plot size(x),number of replications(r)

true difference to be detected(d) between any two treatments

expressed as percentage in bhindi + cowpea intercropping

bivariate analysis taking into consideration the covariance

11

between two component crops (p = 807)
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Relationship
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between Plot size(x).number of replications{r) and
true difference to be detected{(d) expressed as percentage in
bhindi+cowpea intercropping using bivaritate analysis taking into

consideration the covariance between two component crops{(p=90%)
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number of replications{(r) and
between any two treatment means
intercropping using

Relationship between plot size(x),
true difference to be detected(d)
expressed as percentage in bhindi + cowpea

bivariate analysis ( after transformation) (p = B8BO0OX)
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Relationship between plot size(x), number of replications{r) and
true difference to be detected{(d) between any two treatment means
expressed as percentage using bivariate analysis (after transfor-—-
mation) (p = F0%) '
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6. SUMMARY

A uniformity trial was conducted in bhindi intercropped with
cowpea with the objective of finding out the optimum plot size
for increasing the efficiency of experiments with intercropping.
The experiment was conducted at the experimental field, College
of Horticulture, Kerala agricultural University, Vellanikkara.
At the time of harvest, the yield data from 320 plots each of
size 0.60m x 0.45m (consisting of one bhindi plant and one cowpea
plant) were recorded seperately after discarding the border rows.
Basically three different approaches have been attempted in the
analysis. The salient results of the different approaches are

given below.

LER values were calculated for each of the basic units which
ranged between 0.377 +to 2.01 with an average of 1.05 and a
coefficient of variation of 34.3%. A mean LER value of 1.05
shows only a marginal yield advantage in intercropping. BAll the
univariate techniques which were used to estimate the optimum

plot size was tried in the case of LER values also.

An increase in the plot size in either direction generally
decreased the coefficient of variation but the decrease was not

proportional.

33



Smith's empirical 1law gave satisfactory fit to the data.
The index of so0il heterogeneity estimated in this case was
fairly high. The empirical models suggested by various other

authors were found to be more efficient than Smith's model.

Optimum plot size calculated using maximum curvature method
was found to be 10 basic units (2.7m2). The optimum plot size
calculated using modified maximum curvature was found to be 7
basic units(l.9m2) and for the models Y = a + blogx and Y = a +
blog x it was 12 basic units(3.2m2). Optimum plot size estimated
using Hatheway's convenient plot size method were found to be 10
and 16 basic units (2.7m2 and 4.3m2) for p = 0.80 and p = 0.90
for detecting a true difference of 20% between two treatment

means with 4 replications.

The bivariate analysis making use of Smith's empirical law
was fitted to the data. The index of so0il heterogeneity was
found to be high. Various models fitted in the case of LER were
also tried in this case. All the models gave satisfactory fit
to the data. The same bivariate analysis was tried on yields of
the two crops after making them uncorrelated after a

transformation. The index of soil heterogeneity was still high.

Optimum plot size was found out using Hatheway's convenient

plot size method in both cases. The optimum plot sizes

B4



(estimated) for finding a true difference of 20% between two
treatment means to be significant with 4 replications when p =

0.80 and p = 0.90 were 16 and 20 basic units in the first case,

and 20 and 24 basic units in the second case.

Comparison of the LER and the bivariate analysis method
showed that for the same level of precision the LER method gives
a smaller plot size indicating that per unit cost of

experimentation will be larger in the case of bivariate analysis.

Considering the two crop yields as multiple characters from
a plot, relative dispersion matrices for plots of different sizes
and shapes were calculated. The multivariate method also
vielded the optimum plot size as 10 basic units(2.7m2) which has

the maximum efficiency.
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ARBSTRACT

A uniformity trial was conducted in bhindi intercropped with
cowpea at the experimental field of College of Horticulture,
Kerala Agricultural University, Vellanikkara during July 1993 o
December 1993 to assess the nature and magnitude of soil
heterogeneity, and to determine the optimum size of plot for
increasing the efficiency of experiment with intercropping.
Three different approaches have been attempted in the statistical
analysis. At the time of harvest, the yield data from 320 plots

each of size 0.60m x 0.45m were recorded seperately after

discarding the border rows.

It was observed that the index of soil heterogeneity wa:z
very high in all these approaches indicating that the contiguous
plots are not correlated and the fertile spots are distiibuted
randomly or in patches. It was also observed that an increase in
the plot size in either direction decreased the «coefficient of

variation but the decrease was not proportional in all these

approaches.

The empirical law suggested by Smith gave a satisfactory fit
to the data. All the other non - linear models tried alsoc gave a

satisfactory fit to the data in all these apprcaches.
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