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Abstract

This study was performed to determine some physiological traits that affect soybean
,
s grain yield via sequential path analysis. In a 

factorial experiment, two cultivars (Harcor and Williams) were sown under four levels of nitrogen and two levels of weed management 
at the research station of Tabriz University, Iran, during 2004 and 2005. Grain yield, some yield components and physiological traits were 
measured. Correlation coefficient analysis showed that grain yield had significant positive and negative association with measured traits. 
A sequential path analysis was done in order to evaluate associations among grain yield and related traits by ordering the various variables 
in first, second and third order paths on the basis of their maximum direct effects and minimal collinearity. Two first-order variables, 
namely number of pods per plant and pre-flowering net photosynthesis revealed highest direct effect on total grain yield and explained 
49, 44 and 47 % of the variation in grain yield based on 2004, 2005, and combined datasets, respectively. Four traits i.e. post-flowering net 
photosynthesis, plant height, leaf area index and intercepted radiation at the bottom layer of canopy were found to fit as second-order 
variables. Pre- and post-flowering chlorophyll content, main root length and intercepted radiation at the middle layer of canopy were 
placed at the third-order path. From the results concluded that, number of pods per plant and pre-flowering net photosynthesis are the 
best selection criteria in soybean for grain yield.
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Introduction

The grain yield is a polygenically controlled character. 
Breeders try to select varieties with high yield potential. 
The selection on the basis of grain yield is usually not very 
effective and efficient, but selection based on its related 
characters could be more efficient. Recently, strategies to 
optimize yield in soybean have focused on specific produc-
tion systems and the physiology and mechanisms involved 
in yield formation (Ball et al., 2005; Carter and Boerma, 
1979). Wright (1921), proposed a method called path 
analysis that partitions the estimated correlations in direct 
and indirect effects of traits on a basic variable. A path 
coefficient is a standardized partial regression coefficient, 
and measures the direct influence of a predictor variable 
on the response variable (Mohammadi et al., 2003). This 
method has been studied in soybean (Akhter and Sneller, 
1996; Ball et al., 2001; Barbaro et al., 2006; Kau and Mod-
hova, 1972; Santos et al., 1995), rice (Kumar et al., 1999), 
green gram (Singh and Singh, 1973), corn (Mohammadi 
et al., 2003) and potato (Asghari-zakaria et al., 2007). Sci-
entists in path analysis, consider the predictor characters 
as first-order variables to analyze their effects over a depen-
dent variable such as yield (Kumar et al., 1999; Moham-
madi et al., 2003). The estimation of the path coefficients 
can be adversely affected by the effects of multicolinearity 
between the traits, which appear when the random obser-
vations of the explanatory variables or linear combinations 
are correlated (Ferrari, 1989; Hair et al., 1995; Somante et 

al.., 1998). Ignorance of multicollinearity effects can bring 
forth undesirable results (Crus and Careiro, 2003). In this 
condition, the variances associated to the estimators of 
the path coefficients can therefore attain very high values, 
making the estimates little reliable (Carvalho, 1995; Crus 
and Careiro, 2003). Besides, the parameter estimates can 
assume values without any coherence with the biological 
phenomenon under study (Crus and Careiro, 2003). In 
order to lessen the adverse effects of multicollinearity, one 
can identify the variables that are causing the problems 
and eliminate them, to carry out the analysis with a smaller 
group (Barbaro et al., 2006). Other solution is organizing 
and analyzing various predictor variables in first, second 
and third-order paths (Samonte et al., 2004). Akhter 
and Sneller (1996), correlated yield with vegetative mass, 
height of plant, and number of main-stem nodes. Board 
et al., (1997 and 1999a), indicated that seed m-2, repro-
ductive nodes m-2 and pods reproductive-node-1 served as 
the best selection criteria in soybean. Board et al. (1999b) 
proposed the pod number per reproductive-node as a se-
lection criterion for high yield. These traits are highly cor-
related to plant density and growth season, which breeders 
should attend to climate changes and planting methods.

The objectives of the present study were to determine 
the effects of some physiological traits of soybean on grain 
yield via sequential path analysis and with a view to help 
breeders in the selection process of plants by the best con-
trolled trait for high grain yield.
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response variables, which shall be, consequently, second-
order variables for GY. Similar procedure was followed to 
determine the third-order variables for GY. Direct effects 
of yield characters in different order paths were estimated 
by the procedure described by Williams et al. (1990). 

Results and discussion 

At 2004 dataset, all characters except PAR 1/2, PAR 0, 
Height and Root showed significant correlation with GY. 
Among these four variables except Root, the rest showed 
significant correlation with GY in 2005 and combined 
datasets. Computed correlation coefficients between dif-
ferent pairs of characters from three datasets are presented 
in Tab.1 and 2. In these datasets, almost the highest corre-
lations were between PreNP and POD with GY. Conven-
tional path analysis (where the all traits were considered 
as first-order variables with GY as the response variable), 
and analysis of collinearity indicated collinearity in the 
model and inconsistent patterns of relationships among 
the variables. In this condition, interpretation of results 
and determination of actual contribution of each criterion 
on yield will be complicated. In this study, conventional 
path analysis showed that in some traits such as LAI and 
PAR 0, multicollinearity (VIF= 93 and 25, respectively) 
exists and using sequential path analysis can eliminate 
these effects. Also, PostNP had positive (0.52) and nega-
tive (- 0.48) direct effects at 2004 and 2005 datasets based 
on conventional path model, but the direct effects of this 
trait in sequential path analysis were high and positive in 
three datasets (Fig. 1). Some researchers investigated in-
terrelationships among yield and its related traits without 
consideration or computing collinearity (Ahmad and Sa-
leem, 2003;  Akbar et al., 2003; Ball et al., 2001; Rauf et 
al., 2004). In totally, two different ways suggested to elimi-
nating or decreasing of multicollinearity. First, consider-
ing one trait from pair traits with sever correlations in the 
model (Barbaro et al., 2006; Carvalho, 1995), and second, 
evaluation of degree of multicollinearity and perform a 
sequential path analysis (Aghari-zakaria et al., 2007; Mo-
hammadi et al., 2003; Samonte et al., 1998).

In present study, the two mentioned solutions were 
used and proper models were fitted. In sequential path 
analysis (Fig. 1), POD and PreNP were considered first-
order variables, which explained 49, 44, and 47% of the 
variation in GY based on 2004, 2005, and combined 
datasets, respectively (Tab. 3). These two traits had high 
positive direct effects on GY. The path analysis at second-
order variables over the first-order variables showed that 
59% (2004), 33% (2005), and 42% (combined) of the to-
tal variation for POD were explained by two characters, 
namely PostNP and Height (tab. 3). Among these char-
acters, PostNP had significant high and positive direct 
effect, while Height had significant negative direct effect 
on GY based on three datasets (Tab. 3). In the same order 
path, LAI and PAR 0 had significant positive and nega-

Materials and methods

Two cultivars of maturity group II and III respectively 
Harcor and Williams were sown on 19 May 2004 and 12 
May 2005 at the research station of Tabriz university, Iran. 
There were four levels of nitrogen treatments (two levels 
with bradyrhizobium japonicum and two levels of urea ap-
plication that each group contains a complementary urea 
application at R1-R2 growth phase about 50 kg N ha-1) and 
two levels of weed management (weedy and non-weedy). 
The experiment was factorial that arranged in a random-
ized complete block design with three replications. In each 
replication, the size of the plot consisted of five rows with 
a length of three meters. The spacing between and within 
the rows were maintained at 60 and 8 cm, respectively and 
final density was 210,000 plant per hectare. 

Grain yield (GY), pod number per plant (POD), pho-
tosynthesis rate at V6 stage (PreNP), photosynthesis rate 
at R2 stage (PostNP), plant height (Height), leaf area in-
dex (LAI), intercepted radiation at bottom layer of canopy 
(PAR 0), intercepted radiation at middle layer of canopy 
(PAR 1/2), chlorophyll content at V6 stage (PreCHL), 
chlorophyll content at R2 stage (PostCHL) and main 
root length (Root) were measured.

Pre (V6) and Post (R2) flowering chlorophyll content 
and leaflet photosynthetic rate were recorded with SPAD-
502 (Minolta, Japan) and HCM-100 portable photosyn-
thesis meter (WALZ, Germany), respectively. At R2 stage 
intercepted radiation was measured in three different lay-
ers of soybean’s canopy (top, middle and bottom) with Sun 
scan instrument. At this stage leaf area of canopy was mea-
sured too. Observations were recorded on ten randomly 
selected plants from each plot for plant height, pods per 
plant, and main root length. Final harvest area for grain 
yield was 2 m2. 

Statistical Analysis   

The datasets were first tested for Skewness and Kurto-
sis by Mstatc statistical software. Data from each trait were 
subjected to analysis of variance using SAS software. Test 
for homogeneity of error variance between various data-
sets obtained using Hartley’s Fmax test (Ott, 1988). Cor-
relation coefficients between various pairs of characters 
were computed. A preliminary analysis was performed by 
means of the conventional path model in which all traits 
were considered as first-order predictor variables with 
grain yield (GY) as the response variable. Sequential step-
wise multiple regression was performed to organize the 
predictor variable into first, second and third-order paths 
on the basis of their respective contributions to the total 
variation of grain yield and minimal collinearity. With 
this procedure two variables i.e. POD and PreNP were 
selected as first-order variables. This procedure was again 
performed separately taking POD and PreNP as depen-
dent variables to find out first-order variables for these two 
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tive effects respectively on PreNP. These two characters 
explained 46 (2004), 33 (2005) and 42% (combined) of 
variation in PreNP (Tab. 3). Results of sequential path 
analysis when the third-order variables were used as pre-

dictors and second-order variables as response variables in-
dicated that PreCHL and PAR 1/2 positively influenced 
LAI and accounted for more than 40% of observed varia-
tion in LAI (Tab. 3). These two characters had significant 
positive correlations with each other (Tab. 1 and 2). For 
this, these two characters exerted considerable indirect ef-
fects on LAI through each other. In the same order path, 
only PostCHL influenced PostNP with positive direct ef-
fects above than 0.50 and adjusted R2 above than 24 % in 
combined dataset. Also, the Height of plant was affected 
by Root. The direct effect of Root on Height was above 
than 0.42 and more than 17 % of the Height variation was 
explained by Root (Tab. 3). 

Path analyses performed in earlier studies on soybean 
considered the effects of population density and yield com-
ponents as first-order variables and yield as the response 
variable and did not take into account the multicollinear-
ity factor (Ball et al., 2001; Barbaro et al., 2006). The char-

acters often highlighted in these studies, were the yield 
components and the effects of physiological characters on 
yield investigated using path analysis model. In this study 
specific attention were made toward physiological traits 

and the PreNP as a physiological characters and POD as a 
yield component character due to higher direct effects on 
yield were considered as first-order variables. These char-
acters can be used for selection of soybean genotypes for 
grain yield. Barbaro et al. (2006), found that POD num-
ber, plant height and number of reproductive nodes are 
important criteria for evaluating of different soybean vari-
eties and suggested that pod number per plant as the best 
selection criterion. Ball et al. (2001), also demonstrated 
that pod number per plant is the most important variable 
for grain yield in soybean at constant densities. 

In conclusion, character associations revealed by path 
analysis could be influenced by different factors such as 
variety, traits, climate and statistical methods. Therefore, 
the general applicability of the sequential path model for 
determining the effects of the most important traits on 
grain yield in soybean needs to more studies in different 
conditions.

Tab.1. Correlation coefficients between traits measured in the 2004 (above diagonal) and 2005 (below diagonal) datasets

LAI PreCHL PostCHL PreNP PostNP PAR 1/2 PAR 0 Height POD GY Root
LAI - 0.54** 0.56** 0.5** 0.49** 0.38** 0.41** -0.29* 0.66** 0.52** -0.1

PreCHL 0.65** - 0.83** 0.17 0.26 0.16 0.18 0.03 0.35* 0.32* 0.26
PostCHL 0.72** 0.76** - 0.21 0.43** 0.14 0.19 -0.001 0.45** 0.44** 0.24

PreNP 0.54** 0.43** 0.72** - 0.65** -0.2 -0.24 0.2 0.36* 0.55** 0.04
PostNP 0.63** 0.59** 0.62** 0.61** - -0.14 0.02 0.05 0.6** 0.51** 0.28

PAR 1/2 0.55** 0.44** 0.39** 0.18 0.12 - 0.85** -0.72** 0.36* 0.22 -0.36*

PAR 0 0.59** 0.28 0.25 0.11 0.03 0.6** - -0.77** 0.5** 0.19 -0.15
Height -0.32* -0.04 -0.15 0.03 0.23 -0.52** -0.41** - -0.47** -0.26 0.37**

POD 0.66** 0.6** 0.47** 0.21 0.51** 0.41** 0.48** -0.18 - 0.62** 0.09
GY 0.60** 0.46** 0.59** 0.63** 0.56** 0.55** 0.33* -0.29* 0.38** - -0.11

Root 0.08 0.16 -0.08 -0.02 0.33* -0.09 -0.07 0.53** 0.12 -0.006 -

* and ** significant at 0.05 and 0.01 probability levels

Tab. 2. Correlation coefficients between traits in combined dataset

LAI PreCHL PostCHL PreNP PostNP PAR 
1/2 PAR 0 Height POD GY Root

LAI -
PreCHL 0.51** -

PostCHL 0.49** 0.85** -
PreNP 0.44** 0.43** 0.51** -

PostNP 0.54** 0.42** 0.5** 0.63** -
PAR 1/2 0.47** 0.27** 0.21* 0.008 -0.005 -

PAR 0 0.46** 0.05 0.02 -0.23* -0.03 0.68** -
Height -0.30** -0.07 -0.12 0.04 0.11 -0.61** -0.53** -
POD 0.55** 0.57** 0.54** 0.42** 0.54** 0.37** 0.25* -0.31** -
GY 0.60** 0.46** 0.53** 0.63** 0.55** 0.25* 0.13 -0.31** 0.53** -

Root -0.009 0.26* 0.18 0.18 0.33** -0.19 -0.15 0.42** 0.17 0.004 -
* and ** significant at 0.05 and 0.01 probability levels.
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Fig. 1. Sequential path model indicating interrelationships among various characters contributing to grain yield (GY) for 2004 
(A), 2005 (B) and combined dataset (C). Abbreviations: pod number per plant (POD), photosynthesis rate at V6 stage (PreNP), 
photosynthesis rate at R2 stage (PostNP), plant height (Height), leaf area index (LAI), intercepted radiation at bottom layer 
of canopy (PAR 0), chlorophyll content at V6 stage (PreCHL), chlorophyll content at R2 stage (PostCHL), main root length 
(Root) and intercepted radiation at middle layer of canopy (PAR 1/2).
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Tab. 3. Direct effects of variables on soybean grain yield in sequential path model, variation inflation factor (VIF) and tolerance values (1/VIF) for the predictor variables in Model 1 (all predictor 
variables as first-order variables) and Model 2 (predictors grouped into first, second and third-order variables)

Response 
variables

Predictor 
variables

Direct effect
VIF Tolerance

R2 Adj.
M1 M2 M1 M2

2004 2005 total 2004 2005 total 2004 2005 total 2004 2005 total 2004 2005 total 2004 2005 total

GY POD 0.485 0.258 0.37 3.414 2.433 2.29 1.147 1.044 1.211 0.293 0.411 0.437 0.872 0.958 0.826 0.49 0.44 0.47
PreNP 0.378 0.577 0.50 2.98 2.868 2.367 1.147 1.044 1.211 0.335 0.349 0.423 0.872 0.958 0.826

POD PostNP 0.624 0.587 0.58 1.98 3.641 2.073 1.002 1.058 1.01 0.505 0.275 0.482 0.998 0.945 0.989 0.59 0.33 0.42
Height -0.498 -0.313 -0.38 3.01 2.726 2.029 1.002 1.058 1.01 0.332 0.367 0.493 0.998 0.945 0.989

PreNP LAI 0.711 0.727 0.69 2.566 6.329 2.693 1.199 1.531 1.268 0.39 0.158 0.37 0.834 0.653 0.789 0.46 0.33 0.42
PAR 0 -0.531 -0.322 -0.55 5.586 2.55 2.37 1.199 1.531 1.268 0.179 0.392 0.422 0.834 0.653 0.789

PostNP PostCHL 0.43 0.618 0.50 3.459 3.728 3.546 1 1 1 0.289 0.268 0.282 1 1 1 0.17 0.37 0.24

Height Root 0.372 0.531 0.42 1.518 1.227 1.176 1 1 1 0.659 0.815 0.851 1 1 1 0.12 0.27 0.17

LAI PreCHL 0.496 0.502 0.41 3.353 2.825 3.878 1.025 1.234 1.078 0.298 0.354 0.258 0.976 0.81 0.927 0.36 0.49 0.36
PAR 1/2 0.303 0.335 0.35 4.544 1.825 1.176 1.025 1.234 1.078 0.22 0.548 0.85 0.976 0.81 0.927
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