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I. METHODOLOGY 

The coefficient of variation was created to measure the population variability.  However, its most common use 

is to measure validity of experiments. The CV is based on the assumption that the mean and error variance 

change together such that regressing natural log of error variance on natural log of the mean produces the 

regression coefficient equals to 2. This assumption is not always true. In the situations, where the assumption is 

bound to be invalid, the use of CV as a yardstick for assessing the reliability of the experiments leads to 

erroneous decisions. 

The proposed methodology makes use of historical information from cotton varietal trials to determine the 

nature of the distribution of estimated experimental variances. 

A set of 196 experiments during 1985-2003 has been considered as historical data for developing a reliable 

rejection criterion. All the experiments conducted during 1998 could not be considered as they were declared as 

vitiated by the experimenter himself due to low yield levels. Inconsistencies in the data reported were observed 

in 19 experiments and a set of 177 experiments has been finally chosen for the present investigation. All these 

trials were conducted in Randomized Complete Block Designs with an exception of one trail conducted in 

simple Lattice experiment. 

This information is used to derive an upper bound on experimental error variance above which a trial may be 

considered to have unusually low precision for that character, crop and location. 

The following information from varietal trails conducted during 1985 - 2003 at Cotton Research Unit, DR. 

PDKV Akola was considered for the present study. 

1.   Date of Sowing 

2.   Gross Plot Size 

3.   Net Plot size 

4.   Number of Treatments (Varieties) 

5.   Number of Replications 

6.   Standard Error 

7.   Grand Mean 

8.   Coefficient of Variation 

9.   Critical Difference 

10.  Daily weather data of Akola for 1985-2003 (1st June - 31st October)  

Seed cotton yield is considered for developing suitable criteria for identifying the experimental data with low 

precision. 

Bowman and Rawlings (1995) proposed the following model for relating the error variance to the mean which is 

similar to popular Fairfield Smith Law. 

σi
2 = ά μi

β        (1) 

where σi
2 and μ are the true error variance and true mean respectively for ith trial. Thus a linear regression of ln 

(Si
2) on ln (Mi) provides the estimates of βo = ln (ά) and β, and a test of significance of the relationship; Si

2 and 

Mi are the estimated error variance and mean respectively for ith trial in the historical data. 

Abstract: A set of 196 experiments during 1985-2003 has been considered as historical data for developing 

a reliable rejection criterion. Inconsistencies in the data reported were observed in 19 experiments and a set 

of 177 experiments has been finally chosen for the present investigation. Seed Cotton yield was considered 

for developing suitable criterion for identification of low precision experimental data using Bowman and 

Rawlings (1995) model. Certain modifications were suggested in the approach in the event of absence of 

relation between Mean and Error variance. The inclusion of the weather variables and parameters of 

experimental design in the model has been suggested. 

 

http://www.iasir.net/


Gandhiprasad et al., American International Journal of Research in Humanities, Arts and Social Sciences, 12(2), September-November, 

2015, pp. 144-153 

AIJRHASS 15-780; © 2015, AIJRHASS All Rights Reserved                                                                                                              Page 145 

In the event of absence of significant relation, Bowman and Rawlings (1995) inferred that the error variance is 

concluded to be independent of the mean and error variance (Sp
2) pooled over all trials has been used as the 

estimated variance for all trials. 

       Sp
2 = ∑ vi Si

2 / ∑ vi       (2) 

Where vi is error degrees of freedom. 

If the regression of ln (Si
2) on ln (Mi) is significant, the expected variance for the ith trial is estimated from the 

fitted regression using the observed mean for that trial. Thus 

Ln (σi
2) = βo + β ln(Mi)      (3) 

OR 

σi
2 = άMi

β
  

where ά=c[exp(βo)]. The factor C is an adjustment to make the estimate of variance obtained from the log scale 

compatible with the pooled variance obtained on the original scale and it is estimated as the ratio of Sp2 to σ2
Mean 

where σ2
Mean is estimated error variance at overall mean of the character under study. 

The final step is to determine the value of k (hereafter referred as Critical Inflating Factor) such that the criterion 

Si
2 > kσ2

i identifies only those few trials in the historical data set that have unacceptable low precision. 

Instead of assuming any arbitrary value for k (such as 2 as assumed by Bowman and Rawlings) it is proposed to 

determine a suitable value for k in such a manner that the ratio between Observed Error Mss and Error MSS 

estimated from fitted regression (or Pooled Emss in the event of non significant relation) does not exceed it for 

at most 95 percent of cases in Historical data set. 

The practice of rejecting an experimental data on the basis of CV exceeding a prescribed limit is a special case 

of the proposed procedure. In terms of the above relationship between variance and mean, this is equivalent to 

setting 

ά0 = [CV/100]2 and β=2 where CV is the average coefficient of variation based on the historical data. Allowing 

the specific site variance to be doubled before the study is rejected is equivalent to allowing the CVi for a 

specific site to be √2 CV. Note that this relationship between error variance and mean on the logarithmic scale is 

assumed to have a slope of 2.0 as a priori regardless of the empirical relationship exhibited by the historical 

data.  

II. MODIFICATION OF BOWMAN AND RAWLINGS APPROACH 

In the event of non significant relation between Error Variance and Mean of the experiment, Bowman and 

Rawlings (1995) relied on error variance pooled over all the trials under consideration. But the error variance of 

a field experiment is also influenced by other important factors such as erratic variations of the weather, changes 

in net plot sizes, size of the experiment and host of many other factors which cannot be always assumed 

constant across all the plots or set of experiments conducted over a period of years constituting historical data 

for development of criterion. Under this background, the methodology proposed by Bowman and Rawlings is 

modified as under. The modified procedure is carried out in two stages. 

At stage-I, experimental error variances are to be adjusted against the influence of environmental factors and 

parameters of the experiment such as total number of experimental units and net plot sizes. 

The influence of weather being multidimensional, an attempt was made to develop suitable weather indices for 

six important critical growth stages of Cotton crop. 

Table 1. Critical Growth Stages of Cotton 
Stage Description Days after Sowing  

(DAS) 

Influencing period of  

weather 

1 Emergence 3 to 5 DAS One week before sowing 

2 First Monopodium Sympodia 29     to     35 DAS 19 -25 DAS 

3 First square Formation 35-37 DAS 25-31 DAS 

4 Initiation of first flower 56-60 DAS 46 - 52 DAS 

5 50% flowering 68-72 DAS 58 -64 DAS 

6 Boll Development 99-103 DAS 79 - 85 DAS 

The following weather parameters during the influencing period of each critical growth stage of the crop were 

considered 

1.    Maximum Temperature 

2.    Minimum Temperature 

3.    Average Relative Humidity (Morning) 

4.    Average Relative Humidity (Evening) 

5.    Total number of Bright sunshine Hours 

6.   Total Rainfall 

A weather index (Wi) based on the technique of principle component Analysis for each critical growth stage was 

derived. The technique of multiple Linear Regression was adopted to derive adjusted Experimental error 

variances (EMSS) to eliminate the influences of derived weather and parameters of the experimentation. 

Y= a + biwi + b2w2 +b3w3 + b4w4 + b5w5 + b6w6 + b7N + b8S, + u     (4) 
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Where 

Y = EMSS of the trial 

WI = Weather index for i* Stage i= 1,2,3,4,5,6 

Ni   = Total number of experimental Units in trial i 

Si = Net plot size of the trial i 

U error term with usual assumptions of OLS 

From   the   above   Error variance   adjusted   for weather   and   parameters   of the experiment are computed as 

below 

Adjusted (EMSS) = Estimated EMSS + Mean of error variances of all experiments considered. 

At stage-II, the adjusted experimental error variances obtained above will be regressed on Experimental mean 

for developing the suitable criterion for detecting the trails conducted with low precision on the lines of 

Bowman and Rawlings (1995).  

 

III. RESULTS AND DISCUSSION 
The variability in experimental data is influenced by many external factors in addition to the factors introduced 

by the experimenter. Times of sowing, net plot size and size of the experiment are some of the important factors, 

which need to be considered before developing any criteria 

The area under experimentation is dry land and solely depends on the rainfall and as such the sowing date of the 

experiments ranged from 21st June to 18th July depending upon onset of monsoon and availability of required 

moisture. Such a wide range of sowing period creates additional source of variation and contributes significantly 

towards experimental error variance. All 177 trails have been classified on the basis of sowing dates as follows. 

Table 2. Distribution of Experiments according to Date of sowing 

SrNo Period of Sowing No of trials Per Cent 

1 21 -25 June 21 11.86 

2 26 - 30 June 41 23.16 

3 1 - 5 July 37 20.91 

4 6-10 July 50 28.26 

5 11 - 15 July 25 14.12 

6 16th July onwards 3 1.69 

 Total 177 100 

It can be seen from the table 2 that out of 177 experiments under consideration, near about 35 percent of trails 

were sown before 30th June. Near about 16 per cent of trials were sown beyond 10th July. The effect of time of 

sowing on CV is also examined and the same is presented in Table 3. 

Even though any systematic trend is not apparent from the above table, a χ2 test indicated that the degree of 

variability expressed in terms of CV of experimental data is not independent of sowing time and is one of the 

influencing factors of experimentation as its associated ϰ2 turned out to be highly significant Productivity Levels 

in experimental trials and the associated variability are known to be functionally related with each other. 

Fairfield Smith Law expresses one such relationship. The relationships between variance of the experiment and 

its mean can be any one from the family of all estimable Linear and non Linear Curves. The experiments with 

varying levels of productivities have been classified at various levels of variability and the same is presented in 

table no. 4 

Table 3: Changes in CV under different Dates of Sowing. 

Date of Sowing 
Coefficient of Variation Total Percent 

<10 10-20 20-30 >30   

21-25 June 5 11 2 3 21 11.864 

 23.81 52.38 9.52 14.29   

26-30 June 7 18 8 8 41 23.164 

 17.07 43.90 19.51 19.51   

1-5 July 16 16 4 1 37 20.904 

 43.24 43.24 10.81 2.70   

5-10 July 25 14 8 3 50 28.249 

 50.00 28.00 16.00 6.00   

10-15 July 4 14 3 4 25 14.124 

 16.00 56.00 12.00 16.00   

16 July onwards 2 1 0 0 3 1.695 

 66.67 33.33 0.00 0.00   

Total   • 59 74 25 19 177  

Percent 33.33 41.81 14.12 10.74   
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Bold figures are percentages within each Period of sowing (x2 = 41.874 with 15 df) In the present case it has 

been found that the most of the experiments having higher CV are associated with low productivities. The x2 test 

of the above contingency table turned to be highly significant and the Level of productivity is not statistically 

found to be independent of level of variability expressed in terms of Coefficient of variation 

Table 4. Classification of Experiments according to Various Levels of Yields and Coefficients of Variation 

Seed Cotton 
Yield (Q/Ha) 

Coefficient of Variation 
Total Percent 

<10 10-20 20-30 >30 

<2.5 2 2 1 8 13 7.34 

 15.38 15.38 7.69 61.54   

2.5-5 10 14 10 8 42 23.73 

 23.81 33.33 23.81 19.05   

5-7.5 11 22 9 2 44 24.86 

 25.00 50.00 20.45 4.55   

7.5-10 17 14 5 1 37 20.9 

 45.95 37.84 13.51 2.70   

>10 19 22 0 0 41 23.16 

 46.34 53.66 0.00 0.00   

Total 59 74 25 19 177  

Percent 33.33 42.37 14.12 10.17   

Bold figures are percentages within each Categoryof per ha. Yields (x2 = 65.678 with 12 df) 

Besides Date of sowing and level of productivity, the other factors such as net plot sizes and size of the 

experiment are also important factors contributing to the total variability ( Random Component ) of the 

experimental Data. Both the factors are found be statistically and significantly associated with the variability. 

Two-way tables and associated x2 tests are given in the following Table 5 and Table 6. 

Table 5. Classification of Experiments according to Various Net plot sizes and Coefficients of Variation 

PLOT SIZE 
(Sq.Mtr) 

Coefficient of Variation Total Percent 

<10 10-20 20-30 >30   

<10 17 22 15 6 60 33.9 

 28.33 36.67 25.00 10.00   

10-20 35 26 4 5 70 39.55 

 37.143 37.143 5.714 7.143   

15-20 3 16 5 6 30 16.95 

 10.00 53.33 16.67 20.00   

>20 4 10 1 2 17 9.6 

 23.53 58.82 5.88 11.76   

Total 59 74 25 19   

Percent 33.33 41.81 14.69 10.17 100 100 

Bold figures are percentages within each category of Plot size  ( x2 =42.588 with 9 ) 

Table 6. Classification of Experiments according to sizes (Experimental Units) and Coefficients of 

Variation 

Size ( N ) Coefficient of Variation Total Percent 

 <10 10-20 20-30 >30   

<50 37 20 0 3 60 33.9 

 61.67 33.33 0.00 5.00   

50-75 12 21 7 6 46 25.99 

 26.09 45.65 15.22 13.04   

75-100 6 14 4 2 26 14.69 

 23.08 53.85 15.38 7.69   

100-150 3 14 9 3 29 16.38 

 10.34 48.28 31.03 10.34   

>150 1 5 5 5 16 9.04 

 6.25 31.25 31.25 31.25   

Total 59 74 25 19   

Percent 33.33 41.81 14.69 10.17 100 100 

Bold figures are percentages within each category ofsize of experiments ( x2 = 63.87 with 12 df).  
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The above preliminary analysis confirmed that the coefficient of variation is a complex phenomenon of the 

experiment and is affected by the host of several factors. A suitable criterion for detecting the experimental data 

with low precision in the sense of Bowman and Rawlings is developed for each set of the trials with different 

ranges of sowing dates. 

 

IV. DEVELOPMENT OF REJECTION CRITERIA ( BOWMAN - RAWLINGS 1995 ) FOR THE 

EXPERIMENTS CONDUCTED UNDER DIFFERENT SOWING PERIODDS 

Set (I): In this set, 21 experiments sown during 21 - 25th June were considered for the development of rejection 

criteria. The linear regression analysis of Ln(EMSS) on Ln( Mean ) was carried out as indicated in the 

methodology and the results of the same are given below. 

Table 7. Analysis of Regression of Ln(Emss) and Ln(Mean) 

 Coefficients 
Standard  

Error 

T  

Stat 
P-value Multiple R 0.72214 

Intercept -4.0374 2.82307 -1.43 0.1689 R Square 0.52149 

Logxbar 2.01357 0.4425 4.55 0.0002 C=1.9807 

 

The above results confirmed the presence of significant Linear relation between Ln   (EMSS) and Ln (Mean). 

The slope of the equation was, however, found to  be  non  significantly  different  from  2   but  on  other  hand  

the  intercept  is significantly   different   from   ln ( ao)=5.944   where   ά0 = [CV/100]2  =381.6424.   An 

implication of this finding is that, the usual measure of Coefficient of variation, as a yardstick for assessing the 

reliability of the data cannot be resorted to this set of experiments. 

A comparison of observed error variances and variances estimated from the fitted regression revealed that near 

about 95 % of trials have their error variances below 2.46 times of respective error variances estimated from the 

fitted regression. This point is hereby referred as critical inflating factor that also defines the region of rejection. 

A graph depicting the realized error variances, fitted Regression Line and the Critical Line (which is parallel to 

fitted regression Line with intercept exceeding by ln(K)) is presented below for the purpose of illustration. The 

graph indicates the presence of three instances where the observed Error variance exceeds the critical  

levels. Based on the above exercise, the following guiding principle is proposed to identify the cotton Research 

trials with low precision sown during June 21 - 25 at Central Research Station Akola.  

 
Guiding Principle 1: Any Cotton experiment conducted at CRS Farm, Akola sown during 21-25th June is 

suspected to have low precision, if its Observed EMSS exceeds 2.46 times of EMSS estimated from the relation 

Ln (EMSS) = -4.0374+2.01357Ln (Mean)   C=1.980711 

SET(II): In this set, the experiments sown during 26th June to 30th June were considered. During this period, in 

all 41 trials were conducted at CRS Akola. The results of the Linear Regression Analysis of Ln (EMSS) on Ln( 

Mean ) are given below. 

Table 8. Analysis of Regression of Ln(Emss) and Ln(Mean) ( Set-II ) 

 Coefficients 
Standard  

Error 
T Stat P-value 

Multiple  

R 
0.415616 

Intercept 2.904524 2.05379 1.414226 0.165229 
R 

Square 
0.172737 

Logxbar 0.9449767 0.332824 2.853662 0.0006   

C= 1.7595 

The results of regression analysis indicates that the fitted regression is significant i.e. there exists a significant 

functional relation between Ln (Emss) and Ln (Mean). However, the slope of the curve is significantly different 

from 2. The intercept   is   also    significantly   different   from   ln (ao) = -3.10067where ά0=[CV/100]2      

=0.045019. Under this background, the coefficient of variation cannot be used as a yardstick for assessing the 

reliability of the data. Following Bowman-Rawlings procedure, the critical value of k is found to be 2.0857 
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which covers more than 95 percent of cases of historical data yielding error variances smaller than critical levels 

(i.e. 2.0857 times error variance estimated from the above fitted regression). 

In the historical set of experiments under consideration, two experiments were found to have error variances 

more than 2.086 times of error variances estimated from the fitted regression. Incidentally, these experiments 

have coefficients of variation to the tune of 31.20 and 52.37 per cent respectively. Data from such experiments 

have to be discarded not because, higher CV, but the inherent variation in the data is above the acceptable limits. 

Interestingly, in the same set there is an experiment whose error variance is less than critical limits, but whose 

CV is to the tune of 36.62 per cent, is qualified for accepting the data from this experiment by this criterion. It 

demonstrates, that mere application of CV without considering the functional relation may lead to erroneous 

decisions. A graph consisting of observed Ln(EMSS) Lnfestimated EMSS) and Parallel line ( Critical Line ) 

against Ln( Mean ) is drawn and the same is shown in Fig. 2. This figure serves as a handy tool to test whether, 

the experimental data in hand is acceptable or not. 

 
Based on the above analysis of the historical data, the following guiding principle can be formulated for 

detecting any data from the experiment having low precision. 

Guiding Principle II: Any Cotton experiment conducted at CRS Farm, Akola sown during 26-30th June is 

suspected to have low precision, if its Observed EMSS exceeds 2.09 times of EMSS estimated from the relation 

Ln(EMSS) = 2.904524+0.949767Ln (Mean)  C= 1.7595 

SET (III): In this set, the experiments conducted during 1985-2004 sown during 1st July - 5th July have been 

considered. In all 37 experiments of Cotton varietal trials were considered in this set 

The results of the regression analysis indicated the presence of a significant relationship between Log of 

observed error variances and Log of Trial Means. 

Table 9. Analysis of Regression of Ln(Emss) and Ln(Mean) ( Set-Ill ) 
 Coefficients Standard Error T Stat P-value Multiple  

Square 

0.522204 

Intercept 0.056946 2.56337 0.022215 0.982402 0.272697 

Logxbar 1.356605 0.374487 3.622571 0.0000916   

C= 1.680084 

The intercept in this case was not significantly different from ln ( ao )= -3.87488 where ά0= [CV/100]2= 

0.02075 and also the regression coefficient was not statistically significant from 2. Coefficient of variation can 

be used for this group of experiments as a measure to assess the reliability of the experimental data. But one has 

to again prescribe an upper limit to the observed Coefficient of variation by deriving an upper limit to EMSS 

estimated from the fitted regression. The comparison of observed error variances with the variances estimated 

from the fitted regression revealed that near about 95 percent of experiments have their error variances below 

2.28 (k) times of the respective estimated variances. Two experiments with 3rd July 1995 and 5th July 2002 as 

sowing dates were found to have error variances beyond the acceptable limits, (i.e. more than 2.28 times of 

estimated error variance). These experiments have CVs 20.16 and 30.35 Interestingly, in this set also, there is a 

trial with CV =24.85 but whose observed EMSS is not more than 1.48 times of estimated error variance. As 

such, the data from such trials can be safely considered either for pooling or any other purpose. 

observed, Estimated and Crtical Levels of Ln(EMSS) against Ln(Mean) 
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On the basis of the information and the analysis the following guiding principle is proposed for Cotton 

experiments conducted at CRS Akola sown during 1st-5th July. 

Guiding Principle 3 Any Cotton experiment conducted at CRS Farm, Akola sown during 1st - 5th Julye is 

suspected to have low precision, if its Observed EMSS exceeds 2.28 times of EMSS estimated from the relation 

Ln(EMSS) = 0.056946+ 1.356605Ln (Mean)   C= 1.680084 

SET (IV): Experiments conducted during 6th - 10th July constitute this group. The regression analysis of Ln 

(EMSS) on Ln (Mean) was carried out and the results of the same are given in the following table. The proposed 

relation between EMSS and Mean of the experiment has turned out to be non significant. 

Table 10. Analysis of Regression of Ln(Emss) and Ln(Mean) ( Set-IV ) 

 Coefficients 
Standard  

Error 
T Stat P-value Multiple R 0.114638 

Intercept 3.075427 0.979413 3.140071 0.002889 R Square 0.013142 

Logxbar 0.27003 0.337745 0.79951 0.427934   

Pooled Variance: 17606.85 

Bowman and Rawlings proposed to make use of Pooled variance (17606.85) for comparing individual variances 

in the event of absence of any significant relationship. The value of k in this case is determined by the same 

method used in earlier sets. In the present case, the value of k turns out to be 1.89. One experiment conducted in 

1986, 6th July as date of sowing is found to have an error variance higher than the admissible limit. This 

experiment has recorded CV to the tune of 27.5 per cent. Since no established relation is found between Mean 

and EMSS, using CV as a tool for rejecting the data may lead to erroneous decisions. 

 

On the basis of this analysis the following guiding principle is proposed for the experiments conducted during 6-

10* July at CRS Akola. 

Guiding Principle 4: Any Cotton experiment conducted at CRS Farm, Akola sown during 6th - 10th July is 

suspected to have low precision, if its Observed EMSS exceeds 33379.29 

Set (V): Twenty cotton trails were sown during 11-15* July during 1985-2004. The results of the regression 

analysis of Ln (EMSS) on Ln (Mean) indicated that the proposed model best fits to the data yielding a multiple 

correlation coefficient to the tune of 0.6867. The slope of the equation is significantly different from zero but its 

deviation from 2 is not significant. At the same time the intercept of the equation is not significantly different 

from ln( ao )= - 2.996 where  ά0 = [CV/100]2   = 0.0499836 which justifies the use of CV as a measure of 

reliability of the data.  But it is necessary to determine an upper limit. 

Table 11. Analysis of Regression of Ln(Emss) and Ln(Mean) ( Set-V ) 
 Coefficients Standard Error T Stat P-value Multiple R 0.686796 

Intercept 0.032567 1.885967 0.017268 0.986372 R Square 0.471688 

Logxbar 1.403215 0.309655 4.531547 0.00015   

C= 1.739026 

On comparing the estimated error variances with the observed variances, it has been found that 95 percent of 

observed error variances are smaller than 1.65 times of the variances estimated from fitted regression. 
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The historical data contains three experiments sown on 11, 12 and 14th July 1977 have CVs to the tune of 44.36, 

42.03 and 35.99 percents respectively. The data from these experiments can be however, considered as their 

observed error variances are smaller than permissible limits. The graphs can be used as quick tools to check the 

validity of the experiment if their observed error variances fall above the critical line. Based on the above 

analysis the following guiding principle is proposed. 

Guiding Principle 5: Any Cotton experiment conducted at CRS Farm, Akola sown during 10th - 15th July is 

suspected to have low precision, if its Observed EMSS exceeds 1.65 times of the error variance estimated from 

the following fitted model 

Ln(EMSS) =0.032567+ 1.403215 Ln(Mean) C=l.739026 

V. REVISED BOWMAN AND RAWLINGS APPROACH 

The proposed regression model could not significantly explain the total variability in the estimates of error 

variances in respect of set-(IV) i.e. for the experiments sown during 6th- 10th July. In this context one has to 

consider other factors such as weather, net plot size, total number of experimental units etc, for assessing their 

influence on error variance. Before developing any criteria, the observed EMSS has to be adjusted for such 

external factors. The technique of principle component analysis was carried out on weather data of 6 variables 

and 96 sowing dates separately for each critical stage. A principle component score ( Li ) based on 2 or more 

eigen vectors yielding more than 75 percent of cumulative variance was used to derive weather index. The 

composite  coefficients,  means  and  Standard  deviations  of weather parameters prevailing during influencing 

period of the critical stage are given in the following table. 

Table 12. Means, Standard Deviations and Composite  

Coefficients used for deriving Weather Indices 
 Mean Stdev Coeff (L) 

Emergence 

Max temp 36.20 2.01 0.36 

Min Temp 22.59 1.01 0.21 

BSH 29.23 14.49 0.42 

RHM 82.29 3.91 -0.26 

RHE 59.31 9.28 -0.40 

RF 44.85 50.03 -0.09 

 
 Mean Stdev Coeff (L) 

Monopodal Branches 

Maxtemp 32.95 1.89 0.24 

Min Temp 22.21 0.83 0.40 

BSH 25.57 15.59 0.23 

RHM 85.54 5.76 -0.40 

RHE 66.94 11.33 -0.37 

RF 73.86 89.23 -0.36 

 
FIRST SQUARE FORMATION 

Maxtemp 32.92 1.71 0.37 

Min Temp 22.19 0.78 0.08 

BSH 30.61 15.29 0.40 

RHM 85.25 5.32 -0.34 

RHE 62.68 14.10 -0.08 

RF 38.04 46.49 -0.26 

 

 
First Flower Initistion 

Maxtemp 32.21 1.66 -0.43 

Min Temp 22.05 0.82 -0.16 

BSH 28.87 14.92 -0.44 

RHM 87.49 4.32 0.31 

RHE 27.06 9.41 -0.38 

RF 48.56 43.12 0.16 

 
50 Percent Flowering 

Maxtemp 32.84 1.58 0.27 

Min Temp 21.21 1.50 0.22 

BSH 37.73 17.49 0.32 

RHM 85.66 5.27 -0.37 

RHE 61.08 13.01 -0.38 

RF 28.75 38.97 -0.39 

 
Boll Development Stage 

Maxtemp 34.50 2.19 0.23 

Min Temp 20.32 1.89 -0.21 

BSH 52.54 13.56 0.41 

RHM 81.58 7.16 -0.27 

RHE 47.01 13.88 -0.05 

RF 14.30 29.39 -0.39 

A multiple regression technique was applied as indicated in the methodology and adjusted error variances were 

derived. The fitted multiple regression equation for the set-IV is 

Y= a + biwi + b2W2 +b3W3+b4W4 + bsW5+b6W6 +b?N +bs S + u  

Where 

Y = Ln(EMSS)  of the trial 

Wi = Weather index for i* Stage i= 1,2,3,4,5,6 

N   = Total number of experimental Units 

S- Net plot size of the experiment 

U error term with usual assumptions of OLS 
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Table 13 Multiple Linear Regression of Ln(Emss) on Weather 

Parameters and other parameters of experimentation 

Variable Coefficients Standard Error tStat P-value 

Intercept 8.942 1.194 7.492 0.000 

Emergence -0.114 0.132 -0.865 0.392 

Monpodal syimpodia -0.061 0.131 -0.466 0.644 

Fist Square formation -0.279 0.118 -2.367 0.023 

Flower Initiation 0.104 0.105 0.991 0.327 

50 Percent Flowering 0.291 0.084 3.458 0.001 

Boll development 0.077 0.118 0.649 0.520 

Total Number of e.u 0.004 0.002 1.794 0.080 

Plot Size -0.037 0.028 -1.314 0.196 

Multiple R = 0.772                                   R Square =0.595 

The results of Multiple Linear Regression Analysis revealed that the weather during First Square Formation, 50 

percent flowering and Size of the experiment are some of the major factors significantly affecting the error 

variance. 

The fitted model has a reasonable explanatory power to the extent of 59.5 percent. The Error Variances in Logs 

of the individual experiments adjusted for these factors have been estimated and the same were regressed 

against Ln (Mean) for developing the rejection procedure. The results of the same are as detailed below. 

Table 14 Analysis of Regression of Ln (Adj Emss) and Ln (Mean) ( Set-V ) 

 Coefficients 
Standard  

Error 
T Stat P-value Multiple R 0.399 

Intercept 4.898929149 1.323264 3.70215638 0.000551 R Square 0.159 

LOGXBAR 0.597582585 0.198177 3.01539969 0.004094   

The regression analysis of Ln( adjusted EMSS ) on Ln(Mean) indicated that the proposed relationship fits to the 

data to a significant level in terms of Significant R2 which was not the case when linear regression of Ln(EMSS) 

on Ln(Mean) was carried out. The intercept of the equation is significantly different from zero and the slope is 

also significantly different from 2. As such CV cannot be used as a tool for measuring the reliability of the data. 

On comparing the estimated error variances with the observed variances, it has been found that 95 percent of 

observed error variances are smaller than 1.576 times of the variances estimated from fitted regression.   As 

such any experiment whose error variance is greater than 1.576 times of the error variance estimated from the 

regression model, is likely to have low reliability. 

Three noteworthy instances were observed whose error variances are within prescribed limits, but have CVs in 

the range of 20-45 percent. On the basis of the analysis the following guiding principle is proposed 

Guiding Principle 6: Any Cotton experiment conducted at CRS Farm, Akola sown during 6-10h July is 

suspected to have low precision, if its Observed EMSS exceeds 1.576 times of the error variance estimated from 

the following fitted model 

Ln(Adj.EMSS) =4.8989+ 0.59758 Ln(Mean) 

Where Adj. EMSS is estimated from the above fitted multiple regression and the weather indices for different 

phonological stages are computed from: 

Wi= LlZl + L2 Z2 + L3 Z3+ L4Z4+L5Z5 + L6Z6 

where Li s are coefficients)  and Zi s are  standardized observations of weather parameters given in the table (12) 

above.  

VI. CONCLUSIONS 

The above study leads to formulation of following guiding principles for the benefit of scientists for detecting 

the experimental data of low precision. 

Guiding Principle 1: Any Cotton experiment conducted at CRS Farm, Akola sown during 21-25th June  is 

suspected to  have low precision,  if its Observed EMSS exceeds 2.46 times of EMSS estimated from the 

relation 

Ln(EMSS) = -4.0374+2.01357Ln (Mean)   C= 1.980711 

Guiding Principle II: Any Cotton experiment conducted at CRS Farm, Akola sown during 26-30th June is 

suspected to have low precision, if its Observed EMSS exceeds 2.09 times of EMSS estimated from the relation 

Ln(EMSS) = 2.904524+0.949767Ln (Mean)  C= 1.7595 

Guiding Principle 3 Any Cotton experiment conducted at CRS Farm, Akola sown during 1st - 5th Julye is 

suspected to have low precision, if its Observed EMSS exceeds 2.28 times of EMSS estimated from the relation  

Ln(EMSS) = 0.056946+1.356605Ln (Mean)   C=1.680084 

Guiding Principle 4: Any Cotton experiment conducted at CRS Farm, Akola sown during 6th - 10th July is 

suspected to have low precision, if its Observed EMSS exceeds 33379.29 
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Guiding Principle 5: Any Cotton experiment conducted at CRS Farm, Akola sown during 10th - 15th July is 

suspected to have low precision, if its Observed EMSS exceeds 1.65 times of the error variance estimated from 

the following fitted model 

Ln(EMSS) =0.032567+ 1.403215 Ln(Mean) C=l.739026 

Guiding Principle 6: Any Cotton experiment conducted at CRS Farm, Akola sown during 6-10h July is 

suspected to have low precision, if its Observed EMSS exceeds 1.576 times of the error variance estimated from 

the following fitted model 

Ln(Adj.EMSS) =4.8989+ 0.59758 Ln(Mean) 

Where Adj. EMSS is estimated from the above fitted multiple regression and the weather indices for different 

phonological stages are computed as:  

Wi= LiZi + L2 Z2 + L3 Z3+ L4Z4+L5Z5 + L6Z6 

Where Zi s and Li s are standardized observations of weather parameters and coefficients respectively as given 

above in the table (12). 
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