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ABSTRACT

The study mainly aimed at the comparison of analysis of experiments through ANOVA model and ANCOVA model. The selection
of covariate is one of the most important parts of the analysis through ANCOVA model to reduce the residual error. The study
includesthe necessary conditionsfor selection of best covariate for analysis of covariance (ANCOVA) model in field experiments
using the homogeneity of regression slopes (HOS) test (Karen ,2004) and the test based on the correlation coefficient value of
dependent variable (y) and the covariate (x) (Cochran, 1957). The relative gains in efficiencies of ANCOVA modelsin the above
field experiments were also calculated. The layout of the conducted experiment was done under randomized block design set up
with 6 treatments and 3 replications. The used covariates, taking a single covariate at a time, for the above experiments were
soil pH, Organic Carbon (%), amount of Nitrogen (kg ha'?) in soil, amount of Phosphorus (kg ha*) in soil and amount of Potash
(kg hal) in soil. In experiment, soil pH for the year 2012 and amount of Potash (kg hal) in sail for the year 2013 were selected
as best covariates, respectively. The relative efficiencies were 425.392 and 996.295per cent for the years 2012 and 2013,

respectively.
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The three basic principles of experimental designs
viz., Randomization, Replication and Local control are
aimed to minimizethe error sum of squaresor to control
of errors in the designed experiment and increase the
precision of the experiment. Specialy, local control is
one of the most desirable practicesfor reduction of error
in experimental designs. There is another well-known
method by which the error affecting the treatment
comparisons may be minimized, known as‘ Analysis of
Covariance’ or ANCOVA models. InANCOVA models,
measurements of character of primary interest of the
experimenter is recorded for analysis as is done for
analysis of variance (ANOVA) (y), in addition
measurement of one or more characters (x) are also
recorded for analysis. These additional character (or
characters) or variable (or variables) is (are) known as
‘concomitant’ variable (or variables) or simply covariate
(or covariates). It is also to be noted that y has alinear
regression on X. The typical mathematical model of
analysis of covariance of atwo way classified datais,

Yij =1+ o +Bj+ f(xij—f_)+8ij

D

Here, Yij is the yield of (i, )" cell, while X;; is the
covariate or concomitant variable of (i, j)" cell and
X . isthe mean of Xjj- Again, Yij has alinear regression
relation on x;; with regression coefficient y. If the datais
recorded through a randomized block design with v
treatments with r replication for each treatment then p,
o; and B, have their usual meanings (i =1, 2... v;j = 1,
2...1). The residuasor theerrorsg;; arerandom variables
to be distributed independently asnormal with zero mean
and common variance (62)
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Analysisof covariance requiresthefulfillment of the
following mandatory assumptions,

%  The covariate should be independent of the
treatment effects.

< Therelationship between the dependent variable
(y) and the covariate (x) is linear for each
independent variable.

Thelinesexpressing the abovelinear relationships
for different independent variables are mutually
parallel to each other (homogeneity of regression
slopes).
Further, the following conditions are necessary for
experiments with ANCOVA model,
A. Toreducetheeffect of extraneousvariation onthe
responses of estimated treatment by the application
of ANCOVA is that the concomitant variable (x)
should be unaffected by treatments, either by direct
relation or through correlation with another
affected character (Fairfield Smith; 1957).
B.  Cochran (1957) defined the average precision
factor as, if ¢ isthe experimental error variance
inanalysisof variance model, the adjustmentswith
only one covariate will reduce the above error
variance to a value (approximately)

2
0.0

2 2 1
o.(1-p7) {I + f?} , wheref isthe experimental

error degrees of freedom. p is the correlation
coefficient betweeny and x i.e. variable under study
and covariate. Cochran (1957) also suggested the
followingsfor reduction of error variance:
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a If pislessthan about 0.3, there will be alittle gain
inefficiency.

b. If p is greater than 0.9, there will be a sufficient
gaininefficiency.

c. If error degreeof freedomissmall itisnot desirable
to use more than two concomitant variables.

Severa statisticians have applied the procedure of
analysisof covariancein agricultural field experiments.
Some of the recent works on the above topic applied in
agricultural field experiments are discussed bel ow.

Noureldin et al. (2000) observed that ANCOVA was
ahighly efficient tool for increasing the precision of field
experiments. Stevenson et al. (2001) discussed the
advantages of ANCOVA in experimentswith three crop
rotations viz. Pea (Pisum sativum)-wheat (Triticum
aestivum)-barley (Hordeum vulgare), rape (Brassica
napus)-wheat-barley and wheat-wheat-barley. Karen
(2004) reported that despite a strong importance of
ANCOVA in field experiments, the experimenters not
been ableto utilize the benefits of the ANCOVA dueto
wrong or unjust selection of covariates as well as lack
of knowledge of assumptionsof ANCOVA. Karen (2004)
also discussed some useful methods for testing the
statistical assumptionsof ANCOVA. Zafar et al. (2007)
described the methods of adjustment of the treatment

Lay out
Treatment details :

: RBD with 3 replications

T, =Mango + Pigeon pea

Mango based cropping system

effectsby controlling covariatesin research of agriculture
purpose. Goaszewski et al. (2009) reported the
usefulness of ANCOVA instead of ANOVA in 35 field
experimentson traits of pea(PisumsativumL.). Masood
et al. (2012) discussed the application of ANCOVA on
chilli cultivars. The error mean square was reduced by
using the method.

Keeping in view the paramount importance of the
ANCOVA model infield experiments, the present paper
also aimsto study the application procedure of analysis
of covariance (ANCOVA) model on mango based agro-
forestry experiments for consecutive two years (2012
and 2013) with the relative gain in efficiency of
ANCOVA model over ANOVA model. The study also
includes a selection of the best covariate for analysis of
covariance (ANCOVA) model for the above mango
based agro- forestry experiments.

MATERIALSAND METHODS

The experiment for the present study was conducted
on “Agri-Horti-Silvicultural” system of cropping at
Regiona Research Station (Red and L aterite Zone) under
Bidhan Chandra Krishi Viswavidyalaya, Jhargram,
Paschim Medinipur, West Bengal ( 21° 45'to 24935'N
and 850 45' to 880 45' E) during 2012 and 2013. The
experiments were conducted under the trails of AICRP
onAgro-Forestry, ICAR, New Delhi. The experimental
details are given below:

T, =Mango + Blackgram (kharif) + Mustard (rabi)

T =Mango + Bottle gourd (kharif) + Mustard (rabi)
T, =Mango + Lady’sfinger (kharif) +Mustard (rabi)
Ts= Eucalyptus tereticornis + Mango and

T =Mango (var. Amrapally)

Duration : 2 years (2012 and 2013)

Here, the yields of treatments of the above
experiments (i.e,, Mango in t.hal) were recorded for
the years 2012 and 2013. For every year, before
conducting an experiment the information on soil
parameters (viz., soil pH, Organic Carbon (%), Nitrogen
(kg ha'1), Phosphorus (kg har1) and Potash (kg ha'1)) of
each plot of the experiments were collected.

According to the obj ectives of the study, the analysis
of each experiment was done under the ANCOVA model
in a randomized block design layout. The soil
information parameters like soil pH, Organic Carbon
(%), Nitrogen (kg ha), Phosphorus (kg har1) and Potash
(kg hal) were used as concomitant variables or simply
covariates of the experiments, separately.

J. Crop and Weed, 13(2)

Before proceeding with the ANCOVA model, there
are a number of assumptions and conditions to be
fulfilled in analysis as mentioned previously. The
experiments can also be tested by Johnson- Neyman
procedure as mentioned by Karen (2004) for
homogeneity.

Test of homogeneity of regression slopes for each
treatment (or group) of covariates by scatter plot
method

The dependent variable (Y) is plotted against the
covariate variable (X) with separate regression linesfor
each Treatment (or group). The main focus of the Y
versus X Graph will be to test whether the slope of the
regression lines expressing in linear relationships for
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Fig. 1: Scatter-plotstotest HOS of pH ascovariatevs. yield with separateregression linesfor six treatments

for experimentson Mango
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Fig. 2: Scatter-plotsto test HOS of organic carbon (%) as covariate vs. yield with separate regression lines

for six treatmentsfor experimentson mango
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Fig. 3: Scatter-plotstotest HOS of nitrogen (kg ha?) as covariate vs. yield with separateregression linesfor

six treatmentsfor experimentson mango

Tablel: Year wise correlation between
dependent variable (DV) and covariate
variable (CV) for mango

Covariates Mango

2012 2013
Soil pH 0.910 0.922
ocC 0.852 0.901
N (kg ha) 0.849 0.759
P (kgha?) 0.525 -0.035
K (kg ha?) 0.802 0.957

Note: OC as organic carbon (%), N as nitrogen (kg hat
1), P as phosphorus (kg ha') and K as potash (kg ha?)

J. Crop and Weed, 13(2)

different Covariate (independent) variablesare mutually
parallel to each other or not. If the lines are parallel,
then it can be said that the slopes of the lines are
homogenous. Then the selected covariate will play a
good role in the ANCOVA model.

Test of the correlation coefficient between covariate
variable (X) and dependent variable (Y) to increase
the precision of the experiment

According to Cochran (1957) as mentioned earlier,
the reduction of the experimental error variance over
the analysis through without considering the covariate
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5 5 1
(ANOVA) will be Gg(l-p'){Hﬁ},wherefeis
the experimental error degrees of freedom and p isthe

correlation coefficient between the dependent variable
under study (y) and the concomitant variable (x).The

Relative efficiency (RE) of ANCOVA over ANOVA model

analysisof covariance suggeststhat if p islessthan about
0.3, covariance adjustment offers a little gain in
efficiency. Otherwisg, if p isgreater than 0.9, thereisa
sufficient gainin efficiency.

Analysis of the experiment has been done by
considering the model (1) for ANCOVA in randomized
block design set up as given by Das and Giri, (1986).

The Relative Efficiency (%) of ANCOVA compared to ANOVA will be obtained by the following way of

Zafar, et al. (2007):

(100) ( Error Mean Square of Y)

R.E=

(Error Adjusted Mean Square of Y)(H

RESULTSAND DISCUSSION
Testing for homogeneity of regression slopes (HOS)

Before going to analysis of the experiments under
ANCOVA model, the experimental results were tested
for assumption of homogeneity of regression slopes
(HOS) by using scatter plots. This assumption of HOS
can be tested by Johnson-Neyman procedure using
scatter plots (Karen, 2004). A scatter-plot of the dataiis
the best way to assess HOS while examining descriptive
statistics.

In fig. 1, the scatter-plots to test homogeneity of
regression slopes of pH as Covariate vs. Yield with
separate regression lines for six Treatments for
experiments on Mango for the years 2012 and 2013 are
presented. It has observed that thelinesare more or less
parallel, which confirms that the selection of the factor
pH as a covariate to mango yield for both the yearsis
correct. Similar results are shown inthefig. 2, 3and 5
for using organic carbon (%), amount of nitrogen (kg
ha?) present in soil and amount of potash (kg ha?) present
in soil as covariates, respectively. Thus, choices of
factors, viz., organic carbon (%), amount of nitrogen (kg
ha?) present in soil and amount of potash (kg ha?) present
in soil as covariates to mango yield for both the years
(2012 and 2013) ascovariatesare a so correct. However,
itisclearly showninfigure 3.4 that the regression lines
arenot parallel to each other. Therefore the selection of
phosphorus as covariate is not correct.

Test for choice of covariates

According to Cox and McCullagh (1982), thetest is
based on the simple correlation coefficients between
covariate and yield or dependent variable for two years
onthecrop. Theresultsare shownintable 1 for boththe
years (2012 and 2013). It is observed that all the simple

J. Crop and Weed, 13(2)

Treatment Mean Square of X
Error Sum of Square of X

correlation coefficient values are reasonably higher
except the factor phosphorus.

Application of ANCOVA model and assessment of
relative efficiencies

Table 2 represents the original mean yield and

adjusted meanyield of Mango (after removal of the effect
of covariate) at RRS, BCKYV, Jhargram during 2012-
2013. It was observed that pH of soil used as covariate
gave the maximum relative efficiency percentage
(425.392%) over the ANOVA model (Table 2). Other
factorslike organic carbon (%) in soil, available nitrogen
in soil and amount of potash availablein soil canaso be
used as covariates for the ANCOVA model but the
relative efficiency percentage are lower than pH as
covariate. These results are also confirmed by the
precision factor given by Cox and McCullagh (1982).
Therefore, we only use the adjusted mean of different
treatments given by ANCOVA model with pH as
covariatefor theyear 2012. The decision about the best
or worst treatment can be taken only on the adjusted
mean values when pH is used covariate.
The amount of available potash (kg ha?) in soil used as
covariate gave the maximum relative efficiency
percentage (996.295%) over the ANOVA model (Table
3). Other factors like pH, Organic carbon (%) in soil
and available nitrogen in soil can also be used as
covariates for the ANCOVA model but the relative
efficiency percentage arelower than potash as covariate.
Theseresults are also confirmed by the precision factor
given by Cox and McCullagh (1982). Therefore, weonly
use the adjusted mean of different treatments given by
ANCOVA model with potash ascovariate. The decision
about the best or worst treatment can be taken only on
the adjusted mean valueswhen potash is used covariate
for the year 2013.
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Fig. 4: Scatter-plotstotest HOS of phosphorus (kg ha?) ascovariatevs. yield with separateregression lines

for six treatmentsfor experiments on mango
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Fig. 5: Scatter-plotstotest HOS of potash (kg ha?) ascovariatevs. yield with separateregression linesfor six

treatmentsfor experimentson mango
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