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1. INTRODUCTION 

Intercropping is an age old practice of the traditional 

system of agriculture in the underdeveloped parts of the world. 

In India as many as 84 different crops are used in mixed 

cropping, but seldom do we find more than four at a time, and a 

relatively simple mixture of only two or three crops 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 in 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 crop 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 ( t l i gna  L I ~ Q L I ~ C L I ~  a t a L) is 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 moderate 

shade and hence can be grown as an intercrop. A number of 

varieties of vegetables cowpea are grown throughout India. 

Bhindi ( A b e ? u ~ n s c h ~ r s  r:.sc-~ii e n t ~ l s )  is 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 crop, 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 usually 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 ( 1 9 7 9 )  

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 t h e  

variability of the experimental material. There are twc 

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 be applied 

in the study of such phenomenon. Experimental error which is the 

plot to plot variation due to uncontrollable factors will affect 

the experimental material if left uncontrolled. 



There are many ways of minimising experimental error in a 

trial. One of the simplest and most effective ways of 

controlling soil heterogeneity is to have a proper choice of 

plots 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 units 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. 





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.l.Magnitude of soil heterogeneity 

An adequate characterisation of soil heterogeneity in an 

experimental site is 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 quantitative 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 

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

x units in size, V1 is the variance among plots of size unity and 
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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 soil heterogeneity. Hatheway and Williams (1958) 

developed the relation 

E(logVx) = E(logV1) - 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, V1 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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forage, Crews et sl. (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 soil heterogeneity. Hatheway and Williams (1958) 

developed the relation 

E(logVx) = E(logV1) - 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, V1 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. 



Hatheway used a relation of the form 

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 tl 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 result, 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 



Vx /V1 = v x b  + 1-d/x, s. the proportion of variance 

due to environment, Vx is the total variance of mean yield per 

tree of a plot containing x trees, V1 is the variance of single 

tree plot, x is the number of trees per plot and 'b' is the index 

of soil heterogeneity given by Smith. If a c =  1 the above 

equation represents Fairfield Smith equation. If this hypothesis 

is justified then # =  0 for plots of small number of plants and a 

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 = a/(a + 10gx)~ 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 ad. (1979) established the relationship Y = ar-g 

in turmeric to find out the relationship between plot size and 

coefficient of variation where 'g' is the heterogeneity 

coefficient. 



Generalised form of this law 

- 
Y = ar '1 c-~, was also tried by them to compare the 

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 / E  + c/x 

2. Y-' = a + blogx 

3 .  y-'=a+b/G+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 cx is the coefficient of variation. Therefore 

relative efficiency of plot size X2 as compared to X1 is given 

by REl2 = X1 CX1/X2CX2 x 100 
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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 a l .  (1967) found that the optimum plot size for 

2 potatoes was about 8.5m . 

Agarwal et a l .  (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 



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 

more rapidly and a plot of size of 16.2m2 with length and breadth 

ratio 6:l seemed to be ideal plot size giving maximum accuracy, 

from statistical point of view. 

Saxena et a l ,  (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 



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 is 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 is 

satisfactory. Blocking reduced the variability of a plot of 

fixed size to greater 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. 



Chetty and ?.eddy ( 1 9 8 7 ;  reported that a plot s l ~ e  bekweell 

2 2 35m and 45m + t i - i i  ark app~oximate rectangularity of 3 dpyearea 

adequate for experirr~eni with d r y  i a n d  sorghurrl a s  a test CLOP 0 1 1  

inte~ceptisols. Longer side of the plot, in general, should be 

across the crop seed rows for minimising experimental error 

unless seed rvws a r e  sown a l o n g  the fertility gradient. The 

optimunl dlmenslons u f  t r i p  g ~ i o t  were i2r:r across  and 3 . 5 m  along t h e  

seed cob.  

i .  t : I  ! 1 w I L s : .  S n m i  i e c  alld adt r u w  plots w i >  Locifij 

more f : i  .!.I, c o n t c c j i l l n g  s o i l  v a r i a t i o n  and r equ i r ed  ; oi 

rnoLe rep1 lcdtiun t.o achelve 9 5% accu~-acy but occupied iiuuc'r~ iess 

totdl d ~ e a  t11d.1 higger plots. The optimum ploi s l z e  v a l r e 2  

... 2 between 7 .7mL dnd 2 3 n i  d e y e n d ~ n g  +)n t h e  percentage cost. yet i ~ r ~ l +  

a r e a .  T f ~ e  value u f  Smith's coef f FcFent of heterogeneity was 

636 blucks u f  25 plots 1 1 1  a singie row or 20 plots of the same 

arranged 111 2 rows o ;  16 y l c l t s  sheweci iess variation. 



p o ~ . i t i ~ . 1 1 ~ i 1  v a ~ ~ a i i o ~ l .  The s t u d y  showed t h a t  a 11rt p lo t .  of s l i -  

2 19 t o  t :!T, i -eg41 I ? ~ Y ~ S  o f  i t s  shape will he o y l l m u ~ n .  

I r ~ t . r ~ ~ : ~ u k p ~ t i g  1s u e i i l n e l ~  ds any croppl l ly  s y s t e m  w t l r ~ c - .  r q  

more crops  a r e  q r u w n  t ~ g e t h e :  on Lhe same a r e d  of gru-lj:ii  . T 

/ I 

car1 r ) f i + : l  PI  od~1( e h l y 3 e l  y )  eids t h a n  s o l e  c r u p s ,  bllr : _ h e r e  c . l r s  be 

p r o b l e m s  I n  aasesslrig the degree of y i e l d  a d v a n t a g e .  T h -  

. . 
p1x.k L U I  T d c i v d ~ ~  t e ~ f  j i ,  1 r r L t - o p p ~ n g  lac1 ude 

. 7 ,  

- .  3 1 . ~ 1 r t . t  : ~ r i ~ ~ = .  1 1 s  giver1  seas ; j l t  

n , . . - ,  : .. ,- 
L - G r . ~ * s  .-! ':it.-at>i : i i - y  C J ~  yi.eTc.1 i l l  LI \. I. I y a  -.!,;.. ~ ~ ~ I S I J I ~ :  , 

- . . 
c X P ~ I  . L ~ ! I Y I ~ ;  > .I:: 3 ! - .  . - -  I d , I , ,  t i  ! j .  . ,.;I 

I![.: .X I .  v L c:, IJ :. T; 1. ,. zi,:. ~ ,- j s  - ! . r r - c r  I - L I Q !  :.-I; L L ~  I 1 i . y L d i . u :  c.. 
+ 



2.7 Analysis 

Research into intercropping is expanding rapidly and data 

from intercropping experiments are being analysed in 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 several 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 is 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) 



LER = LA + LB = YA/SA + YB/SB 

Where LA and LB are the LERs for the individual crops, and SA and 

SB 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 units each unit consisting of 2 okra plants planted 15cm 

apart and 3 bean plants sown lOcm 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 t 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. 



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 is the correlation between X1 and X2, 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 (XI, X2 ) 

Let Y1 = x ~ / / v ~ ;  and Y2 =(X2-V12*X1/V11)//V22', then Yl and Y2 

are independent and orthogonal. 

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 



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 units each unit consisting of 2 okra plants planted 15cm 

apart and 3 bean plants sown lOcm 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. 





introduced an additional cowpea crop as an intercrop. Hence the 

row ratio for the intercrop was 1:l. The planting geometry is 

shown in Fig-1 for all the three crops. For the intercrop, one 

basic unit consists of one bhindi plant and one cowpea plant 

2 with an area of 0.27 m . 

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 of 



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 useful1 

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 = MA/ SA + MB/SB 

where MA and MB are the component crop 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 SB. 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 



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 crop 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 maximum 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 (V,). He proposed the 



relationship 
Vx = Vl/x b 

Where Vx is the variance of the yield per unit area among plots 

of x units in size, V1 is the variance among plots of one basic 

unit in size and 'b' is the index of soil heterogeneity which 

varies between zero and one. Index of soil heterogeneity 

indicates the correlation among contiguous units. The larger the 

value of the index the lower is the correlation between 

contiguous units, indicating that fertile spots are distributed 

random1 y . 

logV, = logVl - blogx 

logVx - logVl = -blogx 

Y = CX 

where Y = logVx - logV1, X = logx, C = -b 

C can be estimated using the formula 

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 

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

it can be written as 



where Vx(LER) is the variance per plot of LER values among the 

plot of size x basic units, V1(LE~) 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 

2 2 d = 2(tl + t2) x c12/rxb 

where 'd' is 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 

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

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

of soil heterogeneity, 'r' the number of replications and C1 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 maxiurn 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 

where 'y'is the coefficient of variation, 'x'plot size and 'b' is 

the index 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 

a = antilog ( Y  - bz) 

Then the fitted equation will be 

The curvature at any point can be determined by 

where *C' is the curvature of the curve y = ax-b and Y1 and Y2 

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

function. 



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. 

logy loga - blogx 

Y1 = dy/dx = -abx 9-(-btl) 

Y2 = d2y/dx2 = ab(b+l)~(-~+~) 

Substituting the value of Y1 and Y2 in 'C' 

C = ab(b+l)~(-~+~) /[l+(ab) 2 x -2(b+1)]3/2 

By maximising this curvature the optimum plot size can be 

obtained as 

The following models were also tried to express the 

relationship between plot sizes(x) and average coefficient of 

1. Y = a + blogx 



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 + b l o g x  

b. y = a + blogS;; 

a.  Y = a t blogx 

By maximising this curvature, the optimum plot size is 

obtained by substituting the value of 'b' in x = +b/ 5 or x = -b/ 

b. ~ = a  t b l o g G  

Y1 = b/2x 

By maximising this curvature, the optimum plot size can be 

obtained by substituting the value of *blin x = + b / S  or x = -b/ 6. 

Bivariate Analysis 

Pearce and Gilliver (1978) suggested bivariate analysis 

which is a two variate special case of standard multivariate 

analysis. 



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 Wilks 

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 1983) 

A = IR,I/IRII with parameters (p, t-q, q) is 

distributed as the product of independent beta variables under 

the assumption of normality with parameters(t-q-p+l/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 

R1 = Rl(i,j) is the matrix of (residual + (pxp) deviation from 



hypothesis) sum of squares and products. 

I R O I  and IRII are the determinants of Ro and R1 

when p = 2 the ratio 

1- F/ Jx x (t-q-uq 

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 5 will result in the greater precision of 

testing the treatment means. Since the total variability remains 

the same IRII is constant. Hence the criterion for selecting 

experimental plot should be such that the value of .fG should 
be small. The information of Ro for different plot sizes can be 

obtained from uniformity 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 

Yxk' =vxk1 + Exkl k = 1,2, ...... nx 
where Yxkl - - ('xk18 'xk2) ?xkl = ( rxklf rxk2) 

1 - 
xk - ('xkl' 'xk2) 

Yxkl and Yxk2 are the observed yields of crop l(bhindi) and crop2 

(cowpea) from kth plot of size x basic units. 



rxkl and rxk2 are the expected yields of crop 1 (bhindi) and 
crop 2 (cowpea) from kth plot of size x basic units and cxkl 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 

6 E ( ~ ~ ~ ~ )  = 0. E(exk2) ' 0 .  cov(cxk18 Exk2) = lzxt 

V( xkl) = 1 1 ~  V( fxk2) = " 2 2 ~  

and they are independent for different plots. nx 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 

Hence minimising /=I is same as minimising 

In the univariate case, Smith proposed the empirical law as 

where Vx 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 Wx be the value of Ux per unit area among plots of size x 

basic units. Then 



- where Vxi - i, j = 1,2 

( x) 11 is the variance between plots of size x basic units for 

crop l(bhindi). 

From the Smith's empirical law we have 

where Vll - 
- 'xi j for X = 1 

f is the correlation coefficient between crop 1 and crop 2 yields 

among plots of size unity. When f =  0 then 'g' is the arithemetic 

mean of the individual crop heterogeneity coefficients bll and 

b22. ~ h e n f  + 0 ,  'g' is a function of bll, b22 and b12. 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 f 01 lowing 

transformation for making the two independent. 

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

basic unit 



V22 = variance of (x2) between plots of size 1 

basic unit 

v12 = covariance of (x1,x2) between plots of size 

1 basic unit 

r Let Y1 = / and Y2 = (x2-V12 x x ~ / V ~ ~ ) / ~ V ~ ~  

then Y1 and Y2 are independent and orthogonal. 

The above transformation was carried out on the trial data, 

and the individual heterogeneity coefficients bll and b22 were 

estimated. g = (bll + bZ2)/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 

matrix was defined as (Sij) 
PXP 

where 



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

- 
Xi is the mean per unit of ith character. N is the total number 

of units. 

1.51 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 

be the mean vector for the p-dimensional vector variable X for 

plots of size r. The relative dispersion matrix of %, say D(:) 

is given by 

for P% error in multivariate case 

s/rP = (p/100)~.p 



&/p = . 
is the number of replication required to acheive p% error 

Efficiency of a plot of size x units was taken as l/x 

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 

2 one cowpea plant with an area of 0.27m . 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 



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 variation 

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 like a 

straight line parallel to X-axis. In this case the point just 

beyond the maximum curvature was taken as the optimum plot size 

2 which was obtained as 10 basic units (2.7m ) .  

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, 



the relation between ihe plot  size(^) and the number of 

replicationsji) required to detect at 5% level of significance a 

true diffet-enre h e t ~ e e r ~  any  t w o  treatment means e x p r e s s e d  as pet- 

centidjln 80% of the expe i - lments  ( p = 0 . 8 )  and in 90% of the 

expel-iments (p=O.Y) a ~ e  worked out and are given i n  Table 2 and 

Table 3 rcsyectlvely. Curves showing the above relations a r e  

- .  
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- 
V .  Y = a t lj,G +ex 

.7 i <- 

I Y = a i 'U:X +i;x 

wheie 'Y' is the coefficient of variation and 'x' 1s the plot 

size and the parameters are estimated by the method of least 

squares. T h e  v h 7 i i e s  of par&mete;:s ohtained together w l t h  R 2 

~aiut-.; ii ?-. yi ver-1  I :i i.*~blr;. 4 .  Tt. ~ o ~ l r 3  be seers t h a t  *mong *.i:*~ 

- - 1 models f i t t e d  t i l e  r,code& 'i - 5 ;- :$; : , : j ,  y -= 3 + b.& + cx ,,G< 7< 

- 
= a +bhx + C / X  were bes t  f i t  to the LEX values than Sriii t j - i ' 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 0.99 which was 

fairly high. Foi- rrtodels 2 and 4, R *  value was 0.96. For mods: 3 

R2 -.- 3 .. - v e i t l t .  was 2 - 8 4  and t h a t  for rnodel 6 it Mas 0.88. 

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

maxixtisic~g t h e  cui-vstui-e aLid the aytimum plat size obtained was 

3 . 2  E i v a r i a t e  analysis 

" ibe  da t*  f i o m  rntel-cropping mixture were also analysed using 

the bivariate analysis suggested Sy Fearce and Gillivei- (1978) 

and exemplified hy  Chetty and Reddy (2.988) which is a  two vat-iate 

special case of the  s t a c ~ d a i - d  nul t i v a l - i a t e  a;-is1 y s i s  . 



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. In 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 R' values 

are given in table 7. Among 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'. Wx 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 



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). In 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. 

IS1 decreased from -02866 to .00007 when blocking was not 

2 adopted. Here the plot with 10 basic units (2.7m ) 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 



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 Vx = V ~ X - ~  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 R~ 

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

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

q q ,  % ~ ~ ~ L M U W  plot Siac I J L ~  &+vrnintd wing modiJt.ed maximum 

curvature method and the optimum plot size was found to be 

2 1.348m . 

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. 

Smith's equation Vx = V ~ X - ~  was fitted and the index of soil 

heterogeneity was estimated as b = . 6 2 6 7 .  

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 R' values were given 

in table 14. Among the models fitted model 8 has the maximum 

value of R~ as . 9 9 .  The optimum plot size was determined by the 

modified maximum curvature method and the optimum plot size was 

2 found to be .774m . 





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 



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 (): = 0.007) but platicurtic (P,= 2.5) compared to 

the normal. The following widely used univariate techniques were 

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

Maximum curvature method 

Adjacent units 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 uniformity trials with monocrops by many authors. 

From the smooth free hand curve drawn the optimum plot size was 

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

Heterogeneity Index method 

Smith's empirical relation V, = V1 x-b 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 



ccsrelated 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 in an experiment with 4 replications, the plot size would 

2 2 be around 10 basic units(2.7m )when p = 0.80 and 16(4.3m ) with 

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 least square 

method (Table 4) and optimum plot size by maximising the 

2 curvature was 7(1.9m ) basic units. 

Seven more alternate models were also fitted to the LER 

values. The parameters were estimated by the least square method 



2 and the R values are given in the same table. All the models 

have exhibited high R~ 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 t blogfi using the calculus method of maximising 

curvature and in both the cases the optimum plot size was 

2 estimated as 12 basic units (3.2m ) .  

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 

where'j" is the correlation coefficient between crop l(bhindi) and 

crop 2 (cowpea)yields among plots of size unity. 'g' is the index 

of soil hetereogeneity which is a function of the individual crop 

heterogeneity coefficients bll, bZ2 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 



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 in 

uniformity trial with safflower. 

Hatheway's convenient plot size method was used to find the 

optimum p l ~ t  size. The results are presented in Tables 5 and 6. 

The plotted curves are shown in figures 5 and 6. 

Further, using the coefficient of variation and the plot 

size a number of models have been fitted. The parameter values 

and R' 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 crop 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. 



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 

2 plot sizes (estimated in basic units, 1 basic unit-.27m )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 =O. 90 

LER 10 16 

Biv(1) 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 is 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. 



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 Sheela and Unnithan (1992) to estimate the optimum plot size 

for experiment in cocoa plants using 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, tCe 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 of 10 basic 

? 
units(2.7n').Thereforethe optimum plot size can be taken to be 10 

2 basic units ( 2 . 7 m  ) .  

Conclusion 

The i~dividual LER values calculated for each basic unit was 

found to yary greately with a coefficient of variation of 34.3% 

and a meaz of 1.05. The rather low value of LER indicates only 

marginal 7ield advantage due to intercropping. Univariate 

techniques normally adopted for estimating the optimum plot size 

were employed with LER values. The maximum curvature method gave 



2 ,. an optir~~u~i~ plot. size of 10 basic units (2.7rrt 1 .  The modi f i ed 

maxlmiim cu! vatiit - y i e l d e c l  an optimum plot size u: 7 haslc m1ts 

1 
1. 1 ,  IJSL : 0 1 ) :  allt-d l>ar:rc_! "11 Smith's equation. A r i \ ~ ! n b e ~  o f  

models fitted using the relation between coefficient of variation 

and plot s l a t + .  Ti le  oytk~num plot sizes were calculated for the 

two models i. = a t tlogx and Y = a+blog &- using the calculus 

method of rnaxlmlsing the c i ~ ~ v a t a i e .  F O E  both models the l ,pt j l t t t in~  

2 plot size was estimated as 12 basic units(3.2~1 ) .  Hatheway's 
C 

unvenient plot size method was attempted using the heterogeneity 

coeff icieni . 

m 7. 
L tie b ;  v d  i idt.t: e11a2 y s i s  s a k i r i g  use of the Smith's einpii .  ical 

law was fitted to the d a t ? .  The index of soil heterogeneliy was 

found to be very h i g h  (g=i.003). Val-ious models relating 

I ' L L  coefficient of v a i i 3 . t .  F I ~ ~ L  ~ . T i i  p l ~ l c .  s i z e  were d i s c ,  L I L L ~ ~ .  The  

'1 - -  . d ~ v a ~ ~ - ~ t t  azz:ysi= gas t z - i e d  on yields of the two ci-ops 

after making therfi iincorr-elated aftel- a transformation. The i ndex  

of soil heterogeneity was high ( g = .  3467) which is in iiy~ezi~teiit. 

with the value obtaiiierl i ~ t .  t h e  case of LEE values (b= .9&.67 j . 

Hatheway's convei-,lerit plot size method were used for both the 

situations. 

Compar~sons of the LEi< and the bivarlate anal y s ~ s  method 

showed that f o r  Li- seme 1fiiieI of prec i s lo r ;  t h e  T,ER rnetkl~d jives 



-. 
smaller p i a t  size. k ' o r  any choosen plot size, the precision 

a t t a ~ n e d  t h r o u g h  LFi: a i l a l y s i s  is larger than t h r c j u g h  b i v a i  i a t ~  

analysis. T i -  i n u l t i v a r i . a t e  method adopted also y i e l d e t i  the 

2 
optimum plot size as iO basic units(2.3m ) .  

m 7. L r l e i - e f o r e ,  t h e  o p t i m u m  plot size ' L O U  intercroppiny 

i r, . e x p e r i m e n t s  wi t t i  t h i n d i  + cGwpe6 c , i ~  he t a k e n  ta be J i j h 3 j c  

of pi-ec:isiori L i i *  i E Z  n i e t t o d  g i v e s  smaller plot s i z e  compairei?l to 

the bivariate method i i t l id t :  t h e  p e r  i i i l i t  Cost o f  



Table i. Between p l o t  variance V , LXR val :es, variance/basic 
unit Vx and cv, f o r  p iX1 o s of v a r i o u s  sizes and shapes 

................................................................... 
Units/ Total No. of Between p13t  Variance/ Coefficient 
p l o t  plots having variance(V ) unit a r e a  of variation 
Row x col. x u n i t s  

(x) 
vx Cvx _-_---_--_--------------------------------------------------------- 

1 x 1  320 .lo2 8 .LO28 3 4 . 3  



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%) 

--------------------------------------------------- 
r= 2 r=4 r=6 r=8 r=10 

x d d d d d 
................................................... 



Table 3. The true' difference expressed in percent 
(d) betw~en treatmeq't.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%). 



Table 4. Different models fitted to coefficient of variation (Y) of LER 
values along with R 2 

Model a b c R~ 

Y = ax-b 3 5 . 6 1  . 5 2  97 

-I Y = a + blogx 



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 
t cowpea intercropping using bivariate an- 
alysis taking into consideration the cov- 
ariance between two component crops(p=80%). 



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%). 



Table 7. Different models fitted to coefficient of variation along with R 2 

values for intercropping data (Bivariate Analysis) 

.............................................................................. 
models a b c R~ 



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%). 



\ 
Table 9. The true difference expressed in 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%). 



rn ,251e it. -, - e of r e p l i ~ a t i r ~ l ~  r q u i r e d  to a t t a l a  5" 

standar2 error and efficiency for dizferent 
s i x e s  of p l o t s  

Number of replication Efficiency 
310.: size I s :  x 2.3 5 for 5% S.E. I / ( X & ~ )  
........................................................ 



l e  11. Between plot variance [V ] Bhindi (Monocrop) (XI  
variance per unit area Vx and CVx for plots of 
various s i z e s  and shapes 

............................................................. 
Units Total no. of Between plot  Variance per Cofficient of 
Per p lo t s  having Variance unit area Variation 
plots  x uni ts  

v ( x )  vx ............................................................. 



Table 12. Different models fitted to coefficient of variation along 
with R~ values for Bhindi (monocrop) 

Y = a + blogx 33.591 -21.479 95 

Y-I = a + blogx .023 ,050 93 



Tab lle 13. Between plot variance [V ] Cowpea (~onocrop) (XI 
variance per unit area V, 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 



Table 14. Different models fitted to coefficient of variation 
along with R~ values for coupea (monocrop) 

--_------------------------------------------------------------ 
Model a b c R~ 
............................................................... 





R e l a t i o n s h i p  be tween  p l o t  s i z e  ( e  1 ,number o f  r e p l i c a t i o n s  (r) and 
t r u e  d i f f e r e n c e  t o  b e  d e t e c t e d ( d 1  be tween  any t w o  t r e a t m e n t s  
e x p r e s s e d  a s  p e r c e n t a g e  i n  b h i n d i  + cowpea i n t e r c r o p p i n g  u s i n g  
LER a n a l y s i s  (p  = 80%) 



Rela t ionsh ip  between p l o t  s i z e ( x ) ,  number of rep1 i c a t j  ons(r-1 and 
t r u e  d i f f e r e n c e  t o  be de tec ted(d )  between any two treatments 
expressed as percentage i n  bh ind i  +cowpea in te rcropp ing  using LER 
a n a l y s i s  (p = 90%) 



Relat ionship  between p l o t  s i z e  ( x  ,number of rep1 i c a t i o n s  ( r )  and 
t r u e  d i f f e r e n c e  t o  be detected(d1 between any t w o  t reatments 
expressed as  percentage i n  bhindi  + cowpea in te rcropp ing  using 
b i v a r i a t e  a n a l y s i s  t a k i n g  i n t o  considerat ion t h e  covariance 
between two component crops (p = 80%) 



Relat ionship between P l o t  s i r e ( x  .number of rep1 i c a t i o n s  ( r )  and 
t r u e  d i f f e r e n c e  t o  be detected(d1 expressed as percentage i n  
bhindi+cowpea intercropping using b i  v a r i a t e  ana lys is  tak ing  i n t o  
considerat ion t h e  covariance between two component crops(p=96%) 



R e l a t i o n s h i p  b e t w e e n  p l o t  s i z e ( x  1 ,  number o f  r e p 1  i c a t i o n s  ( r )  and 
t r u e  d i f f e r e n c e  t o  b e  d e t e c t e d ( d )  b e t w e e n  any  t w o  t r e a t m e n t  means 
e x p r e s s e d  a s  p e r c e n t a g e  i n  b h i n d i  + cowpea i n t e r c r o p p i n g  u s i n g  
b i v a r i a t e  a n a l y s i s  ( a f t e r  t r a n s f o r m a t i o n )  ( p  = 80%) 



R e l a t i o n s h i p  b e t w e e n  p l o t  s i z e ( x 1 ,  number o f  r e p l i c a t i o n s ( r )  and 
t r u e  d i f f e r e n c e  t o  b e  d e t e c t e d ( d 1  b e t w e e n  a n y  t w o  t r e a t m e n t  m e a n s  
e x p r e s s e d  a s  p e r c e n t a g e  u s i n g  b i v a r i a t e  a n a l y s i s  ( a +  ter t r a n s f  or- 
m a t i o n )  (p  = 90%) 





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 be1 ow. 

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. All 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. 



Smith's empirical law gave satisfactory fit to the data. 

The index of soil 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 

2 was found to be 10 basic units (2.7m ) .  The optimum plot size 

calculated using modified maximum curvature was found to be 7 

2 basic units(l.9m ) and for the models Y = a + blogx and Y = a + 

2 blog x it was 12 basic units(3.2m ) .  Optimum plot size estimated 

using Hatheway's convenient plot size method were found to be 10 

2 and 16 basic units (2.7m2 and 4.3m ) 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 soil 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 



(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 

2 yielded the optimum plot size as 10 basic units(2.7m ) which has 

the maximum efficiency. 
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ABSTRACT 

A uniformity trial was conducted in bhindi intercropped with 

cowpea at the experimental field of College of Horticu:t~:~, 

Kerala Agricultural University, Vellanikkara during July 1933 t o  

Decembel 1993 to assess the nature and magnitude of soil 

heterogeneity, and to determine the optimum size of  lot fo;  

iricreasi~~g the efficiency of experiment with intercroppiny. 

Three different approaches have been attempted in the statlstizai 

analysis. At the time of harvest, the yield data from 320 p l c t s  

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: 

very high in all these approaches indicating that the contig~ous 

plots are not correlated and the fertile spots are dist~ibut~d 

randomly or in patches. It was also observed that an increase iii 

the plot size in either direction decreased the coefficielit a: 

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 nor1 - linear models tried also gave ci 

satisfactory fit to the data in all these apprcaches. 
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