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A Structural Equation Model has been used to investigate the multidirectional
causal relationship among agricultural characteristics such as nitrogen content in
the soil (kg/ha), Rice yield (kg/ha), nitrogen uptake by rice (kg/ha) and organic
carbon (kg/ha). There using time series data of experimental project on Raipur
district of Chhattisgarh from 1993 to 2017, this paper investigates the separate but
simultaneous impact of different character on yield. After investigation through
the structural equation model, a highly significant and positive effect found for
nitrogen content on nitrogen uptake & yield. Nitrogen uptake positively affects on
yield, but organic carbon negatively and lowest affects on nitrogen uptake & yield.
Our paper provides a technique for a better understanding of multidirectional
relationship among several key characteristics. By the technique inclusion of many
relevant variables are possible and can be weeding out irrelevant characters. So
that, by path analysis researcher can search specific relations among the variables.

Introduction
Path technique is a type of multiple linear
regression analysis and it is used for
analyzing cause and effect relationship of
variables. Investigators prepare regressions
model to analyze influences on dependent
variables though path analysis. “A regression
is conducted for each dependent variable and

effects are calculated across regressions for
cumulative effects. But in path analysis
consists of a family of models that depicts the
influence of a set of variables on one another”
(Spaeth, 1975). “Path analysis is closely
related to multiple regressions. In other word,
it is an extension of the regression model,
which researchers use to test the fit of a
correlation matrix with a causal model that
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they test” (Garson, 2004). The aim of path
analysis is to provide significance effects and
estimates of the magnitude by causal
connections among sets of variables through
the use of path diagrams. A path diagram is a
diagrammatic presentation of connected
variables. There are independent (X) variables
and dependent (Y) directly or indirectly
connected to each other. In path diagram
single headed arrow shows that direct
connection between variable and double
headed arrow indicate correlation (two side
association) between variables.
In path analysis, path coefficients are
indicated direct connection of one variable to
another variable. Two types of path
coefficients are used in path model, one is
Standardized coefficients and other is
unstandardized. Standardized coefficients are
obtained from standardization of the path
model and they are estimated by correlation
coefficients. So that it is mostly used in path
analysis
rather
than
unstandardized
coefficients. Same assumption is required in
path analysis like regression analysis. There
are also important requirement is a adequate
size of sample to accurate estimation and test
of significance. Klein (1998) suggested a ratio
is 20 sample per variable measured in the
model. In general, the efficiency and accuracy
of a path analysis is increased with increasing
sample size and number of variables. Lea
(1997) recommended the testing of
significance of path model with goodness of
fit test by using a structural equation
modeling program.
Path analysis can be better used to analyze
models that are more complex (and realistic)
than multiple regression. In the study we are
using path analysis to identify the casual
relationship among some agricultural
characters. There are many researcher, they
used path analysis in agricultural and
biometrical characters.

Yield is affected by more than one characters
therefore, it is impotent to find out that which
character contribute more to yield. According
to correlation coefficient estimates are not
enough in case where independent characters
associated to each other or they are indirectly
associated with dependent variables. So,
studies of correlation with path analysis have
more efficient and effective technique for
yield attributing characters (Mahajan et al.,
2011). By the path analysis we can partition
correlation effects in to direct and indirect
effect of the causal components on the
complex component. In different yield
component traits, cause of variability may be
helpful for improving yield (Mehandi et al.,
2013). Path coefficient analysis is an efficient
statistical technique, which provides means to
identifying relationship between different
yield components and indicates weather the
influence is directly or indirectly affects in the
yield (Ahmad et al., 2003).
Materials and Methods
The theoretical framework for the study has
been drawn from four variables: Rice yield,
nitrogen uptake, nitrogen content and organic
carbon. For the purpose yearly data of
nitrogen content in the soil (kg/ha), Rice yield
(kg/ha), nitrogen uptake by rice (kg/ha) and
organic carbon (kg/ha) from year 1993 to
2017 for Raipur district of Chhattisgarh have
used. Path diagram as shown in Fig. 1 has
been prepared to depict the relationship
between yield, nitrogen content, nitrogen
uptake and organic carbon. Validity of path
model is confirmed because there is a high
correlation between (a) nitrogen content &
nitrogen uptake (b) nitrogen uptake & yield,
and (c) yield & nitrogen content and low or
negative correlation is found between (a)
organic carbon & yield (b) organic carbon &
nitrogen uptake. Both direct and indirect
(mediated) effects have been examined by the
help of structural equation model.
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The structure of the path model is shown in
Fig. 1. There, direct and indirect effect of
yield attributing characters have been
analysed by the suggestion of Wright (1921).
Path model is basically generated by
transformation on multiple regression models.
Suppose in a set of n+1 random variables, we
wish to estimate y by a linear combination of
the x1, x2, ….. , xn . Then multiple linear
regression model is:

Results and Discussion

y = β0 + β1 x1 + ......... + βn x n + e

“The strength of the relations is based upon
the beta value according to the following
categories: β < 0.2 is a weak effect, β between
0.2 and 0.5 is a moderate effect, β > .5 is a
strong effect (Chin et al., 2003, Cohen,
1977)”.

….(1)

The residual e has zero expectation and is
uncorrelated pairwise with each of x1,x2, .......,
xn. Equation (3.39) can be simply be rewritten
as:
…(2)
If we divide the equation (2) by σy throughout
we have in fact standardized dependent
variable (y)
and make the similar
transformation on x1, x2, …xn. Equation can
be rewritten as:

Than Path Equation can be written as:
…(4)

Where,
Y=
,X =
pe = βn σx / σy , E = e/σe .

After analyzing of variables by path analysis,
It can be seen in Table 1 that the inclusion of
organic carbon and nitrogen content as an
independent variable in regression perform
better and significance influence on nitrogen
uptake (0.402) in comparison to nitrogen
content and nitrogen uptake on yield (0.334).
According to the beta values (path
coefficients), organic carbon had a negligible
effect on nitrogen uptake (β = -0.026).
Nitrogen uptake & nitrogen content
performed moderate effect on yield (β
=0.299) & (β =0.340) respectively. Whereas,
nitrogen content has been strong effect on
nitrogen uptake (β = 0.425).

…(3)

Y = plXl +p2X2 . . . . pnXn + pe E ,

Based on the conceptual framework, the
relationships of each of the variables have
been examined using the network or
standardized beta approach. The structural
model is focused on the relationship between
dependent and independent variables. The
relationships have measured by path
coefficient (β).

,

The pi's (i=1, .... ,n) are standardized partial
regression coefficients (path coefficients) and
it is also known as direct effect of
independent variable on dependent variable.
The indirect effect of y on x1 via x2 is p2r12
and via xn is pnr1n. Where r12…r1n are the
correlation coefficient between x1 and x2
,…..x1 and xn. Their path analysis has been
analyzed through AMOS SPSS 20 software.

There is significant interaction for path
coefficient between the nitrogen uptake as a
dependent variable and nitrogen content as
independent variables (p=0.001) and nitrogen
content on rice yield (p =.014) has also
statistically significant interaction.
Fig. 2 shows that the structure of model,
which depicts the relationship between rice
yields, nitrogen content in soil, nitrogen
uptake by rice and organic carbon.
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Table.1 Path coefficients based on the path model
Outcome
variable
Nitrogen
uptake
Rice yield

R
squared
0.402
0.334

Predictor
variable
nitrogen content
organic carbon
nitrogen uptake
nitrogen content

S.E.
0.15
19.22
9.21
8.99

P
value
0.001
0.868
0.165
0.014

Standardized
path Estimate(β)
0.631
-0.026
0.299
0.340

Strength
Strong
Weak
Moderate
Moderate

Table.2 Direct and indirect effect
Outcome
variable
nitrogen
uptake
Yield

Predictor variable
organic carbon
nitrogen content
organic carbon
nitrogen content
nitrogen uptake

Standardized
direct effect
-0.026
0.631
0.000
0.340
0.299

Standardized
indirect effect
0.000
0.000
-0.008
0.189
0.000

Total
effect
-0.026
0.631
-0.008
0.529
0.299

Fig.1 Structure of the path model

Fig.2 Structure of the path model
After analyzing the final network model
shown in table 2, the variable which exhibited

the strongest network path (0.631) was
nitrogen content on nitrogen uptake and
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medium associated path (0.340) was nitrogen
content on rice yield while, weakly associated
path (0.00) was organic carbon on rice yield
and organic carbon on nitrogen uptake (0.026). Therefore, nitrogen content in soil is
the much more important as comparison to
other selecting variables during consideration
of direct relationships.
While considering the indirect effects listed in
Table 2, nitrogen content in soil on rice yield
(0.189) was the highest indirect strength.
Thus, while nitrogen content in soil has a
strong direct effect on nitrogen uptake, but it
is also had a greatest magnitude of indirect
strengths for rice yield. Expressing it in the
another way, nitrogen content in soil
exhibiting a strong direct link as well as
exhibited a indirect influence through the
other predictor variables.
Structural Equation Model is a powerful
statistical technique for Path analysis that
allows for more complex models than
multiple regressions with its single dependent
variable. In the study, we suggested how to
choose strongly related characters through
path analysis among yield, nitrogen content,
organic carbon and nitrogen uptake. After
that, direct and indirect influence was
identified.
Direct effect is the direct contribution of
explanatory variable to dependent variable.
Cause of indirect effect may be due to other
predictor variables. There also concluded that,
by this technique, inclusion of many relevant
variables is possible and can be weeding out
irrelevant characters. So that researcher can
search specific relations among the variables.
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